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We have carried out a series of tests for studying an electron beam (E=4 MeV) influence on adaptive mutability
test cultures of the sanitary-model microflora in various regimes (0.4...3.2 kGy) of processing samples of natural
water and sewages. Mutafacient properties and modifications of the residual microflora stimulated by the electron
beam effect are scarcely pronounced. They do not indicate themselves in the regimes that guarantee the water purifi-
cation up to the indices stipulated by the corresponding standards.

PACS: 87.23.-n

INTRODUCTION

Biological objects adapt to the negative factors in
the environment. This reaction can take the form of ap-
pearance of modifications that exist during briefer or
longer time intervals. Otherwise, mutagens can be gen-
erated. The water disinfection can also stimulate biolog-
ical changes in the residual microflora so that the latter
will essentially differ in its characteristics from the orig-
inal ones. That is, the influence of electron beam can
threaten us with the formation of bacteria’ populations,
characterized by a high pathogenic potential. Therefore,
it is expedient to study of the water disinfection tech-
niques from the viewpoint of a possibility of injuring
the environment. For this purpose, one must study
changes that can be introduced into biological properties
of the microbiological organisms in water media.

The goal of the work is to determine the nature of
adaptive mutability of the sanitary-model microflora
and frequency of the mutants’ appearance stimulated by
the electron beam influence in various regimes of pro-
cessing samples of natural water and sewages.

TECHNICAL APPROACH

We have elaborated the installation on the basis of a
resonance accelerator of electrons for investigations of
the sewage purification in the running water regime.
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Fig. 1. Test bench
1, 6, 9 are water tanks; 2 is a remote-control valve;
3 is the resonance accelerator of electrons; 4 is the beam
scanner; 5 is reactor for purification of running water by
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electron beam; 7 is a pan containing photometric liquid;
8 is a computer.

The reactor (5) is a set of tanks made of stainless
steel. Dimensions of the reactor are prescribed by the
condition of homogeneity of the irradiation dose ab-
sorbed by the working fluid volume. From the side of
the beam arrival, a mylar film of the thickness 20 um is
installed to prevent the beam penetration into the water
volume. In the reactor bottom- and upper parts, the in-
put and output openings are placed, through which the
water under investigation is passing through. Inside the
reactor, several plates, made of stainless steel, are in-
serted under a small angle one to another. Thus, the
working fluid is propagating upwards through the irradi-
ation zone in the zigzag-like manner. During the pro-
cess, the fluid flux is being processed with the electron
beam of the energy 4 MeV, the current 0.5 A, the pulse
of the duration 2 ps.

The choice of the electron energy is conditioned by
the necessity to minimize the energy expenditure and
the beam divergence angle during the electron extrac-
tion into atmosphere through the titanium foil of the
thickness 50 um. Besides, one has to remove the in-
duced radiation during the processing of the objects.
The tilted position of plates permits changing the veloci-
ty of running water and avoiding air bubbles in the reac-
tor working volume.

The microbiological objects, intended for the inves-
tigations, have been chosen within taxonomic groups of
the sanitary-model microflora.

Hitherto there does not exist any universal test-sys-
tem that could detect all principal types of genetic in-
juries. All such installations are designed for finding out
the adaptive changes. The phenotypic changes are esti-
mated by temporal appearance of microbial cells of un-
typical forms and sizes, short-term disturbances in the
colony morphology and in the test culture biochemical
characteristics. The irradiation influence is more
minutely investigated by detecting the frequency of ap-
pearance of the dissociation of various types (R-forms).
Besides, we have examined mutations inherent in one,
several and scores of genes: alteration in an individual
biochemical feature; disturbance of two or more of the
typical characteristics; the bacterium mobility and sensi-
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tivity to fags, respectively. The electron beam influence
on the generation of toxins is examined with the help of
test cultures of opportunistic pathogenic corynebacteria
C.ulcerans, capable of producing exotoxin.

Similar and statistically-identical data are obtained
by examining microbiological features of bacteria in
samples of natural waters and sewages after their pro-
cessing with the electron beam in the stationary and run-
ning regimes. Therefore, the analysis is given to the re-
sults of the investigations in the aggregate.

EXPERIMENTAL RESULTS

In Table, we have submitted the results of the study
of phenotypic changes in the residual microflora, detect-
ed after irradiating water samples in different regimes.

Phenotypic changes in the residual microflora

Modifications (%

Test culture 08kGy | 1.6kGy (3.; KGy
K.pneumonia Nel159 16.6 333 50.0
K.pneumonia Ne32 16.6 41.6 41.6
K.oxytoca Ne180 25.0 33.3 66.6
E.coli ATCC 25922 25.0 41.6 58.3
E.coli B Nel16 33.3 58.3 66.6
C.freundii Nel5 41.6 66.6 66.6
S.marcescens Nel84 333 41.6 50.0
S.aureus ATCC 25923 25.0 50.0 58.3
E.faecalis No183 33.3 41.6 50.0
E.faecalis No185 16.6 50.0 58.3

The frequency of emergence of the induced mi-
crobes’ modifications depends on the sample processing
intensity.

The study of test-cultures’ biochemical properties
before and after the sample processing indicates that
most frequently there arise modifications with the dis-
turbance of just of one of the fermentative feature -
70.2%. Modifications with the disturbance of two fer-
mentative features are detected in 14.9% of the cases.

The water chemical compound can also influence
the character of adaptive reactions in the test cultures
and frequency of their development. To ascertain the
role played by various mineral and organic compounds
in the appearance of modifications in the above-men-
tioned biological objects, we have separately investigat-
ed the samples that contain the following substances in
high and low concentrations.

Tests have proved that when the chemical compound
contents in samples of natural water and sewages are
low and high, the frequencies of emergence of modifi-
cations make 51.3% and 58.7%, respectively. Changes
in test cultures’ biological properties concern mainly
one or two features of the bacteria’ biochemical activity.

Later on, it is suggested to study anti-lyzocyme,
anti-complementary and anti-interferon activities of the
residual microflora [1, 2]. Such features give the bacte-
ria an advantage in colonization of the man’s intestinal
tract.

The water samples are processed in such regimes
that the representatives of enterobacteria, staphylococ-
cus and enterococcus can survive in large quantities, in

198

certain cases (10.0%) this circumstance stimulates the
appearance of modifications with the above-mentioned
features. As a rule, such variants are detectable when
higher energies (more 1.6 kGy) are spent on the water
processing.

The influence on the adhesive properties of different
representatives of the sanitary-model microflora is test-
ed on enterobacteria (K.pneumonia #159; E.coli ATCS
25922; C.freundii #116) and staphylococcus (S.aurcus
ATCS 25923).

The sanitary-model microflora sensitivity to the cor-
responding bacteriophages should be also regarded as
the index of bacterium viability — i.e., the capability of
surviving in the environment. An increase in the specif-
ic gravity of subpopulations resistant to phages can fa-
vor accumulation of bacteria and disturb the ecological
balance among many-component associations that be-
long to the aquatic microflora.

The data of experiments testify that irradiation
1.6 kGy do not affect the test ability to lysis.

To estimate a possible after-effects of the given dis-
infecting technique application on the reservoir mi-
croflora, one must know the mode of changes in the
sanitary-model bacteria’ sensitivity to antimicrobial
means. At present, the problem of formation of popula-
tions of pathogenic and conditionally pathogenic bacte-
ria, resistant to antibiotics, has become of special impor-
tance all over the world. As it is known, formation of re-
sistant microbial groups can be stimulated not only by
the full-scale application of antimicrobial means but
also by nonspecific agents.

After irradiation with the beam dose (1.6...3.2 kGy),
the sensitivity of enterobacteria’ cultures vary at the
same frequency in both of the regimes (34.8...43.5%).
The results permit determining the tendency in the char-
acter of test bacteria’ reaction to antibiotics stimulated
by the physical and chemical agents. In all the tests
these reactions are identical and characterized by an in-
crease in the enterobacteria’ sensitivity to antimicrobial
means, these data being trustworthy from the viewpoint
of statistics.

Enterococcus also often (in 56.3% of the cases) alter
their sensitivity to antibiotics after the laboratory sample
processing with the electron beam. As the data indicate,
the irradiation does stimulate an increase in the test cul-
ture sensitivity to antibiotics. This phenomenon is ob-
served even in single cases when the original microbial
culture is completely resistant to the antimicrobial
agent.

The electron beam induces the staphylococcus modi-
fications of two kinds. 48 of 53 changed isolates
(90.6%) are characterized by a higher sensitivity to cer-
tain antibiotics. On the contrary, the rest of isolates are
more resistant than the original test cultures.

The isolates that preserve changed features induced
by the electron beam during ten generations are defined
as stable modifications.

A specific form of variability is related to mutant
changes. It indicates itself via dissociation of bacteria:
there arise two forms of colonies — R (uneven edges) and
S (even edges). There are three regimes of processing the
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laboratory samples of natural waters and sewages: irradi-
ation 0.8; 1.6; 3.2 kGy.

The data of experiments indicate that enterococci,
staphylococci and enterococci statistically do not differ
from one another in the frequency of appearance stable
modifications among their representatives (within
(6.7...9.7)%). Besides, the appearance of R-form has
been observed just in certain cases.

It is worth mentioning an increase in the test-cul-
tures’ sensitivity to antibiotics (19 isolates), the fermen-
tative activity suppression (5 variants) and decrease in
adhesive characteristics (2 modifications) belong to sta-
ble changes in the bacteria’ characteristics.

The electron beam not only affects the bacteria’
properties due to which the population viability in the
environment either improves or gets worsen. These fac-
tors can be responsible for changes in the bacteria’ viru-
lent properties too.

For estimating the given technique of water process-
ing from this viewpoint, it is important to understand the
mechanism for the physical-chemical agent influence on
the intensity of pathogens’ reproduction and production
of exotoxin. For these tests we have taken certain cul-
tures of corynebacteria characterized by toxicogenic
properties (C.ulcerans, C.diphtheriae gravis Ne75,
C.diphtheriae mitis Ne2).

In the first series of the experiments, we have stud-
ied specificities of the test-cultures’ reproduction after
the water sample processing in various regimes. The
comparative analysis given to kinetics of the develop-
ment of the check- and processed samples indicates the
chosen regimes of the water processing steeply suppress
the bacteria’ reproduction ability. After irradiation with
the doses (0.8 and 1.6) kGy, the number of colony-
forming cells has become (4 and 11.5) times as small,
correspondingly.

The next step of our investigation was to determine
the electron beam influence on one of the most impor-
tant characteristic of the difteric microbe — the exotox-
ine generation.

Variants of gravis and mitis have been also subject-
ed to irradiating with the doses (0.8 and 1.6) kGy. After
processing in the first regime, the majority of isolates of
gravis (85.0%) and mitis (84.6%) lost their ability to
produce exotoxins. As regards the other clones of both
the types, the exotoxin synthesis intensity was slowed
down. After 10-times reseeding on solid selective medi-
ums, just some of isolates (6.0...7.5%) restored their ca-
pability to produce toxin.

Thus, the study of electron beam influence on cer-
tain toxicogenic representatives of corynebacteria indi-
cates that the given technique of water processing in the
regimes, after application of which residual microflora
is still detectable, all the same diminishes virulent prop-
erties of survived isolates.

CONCLUSIONS

Water sample processing with the electron beam in
the above-mentioned regimes favors the formation of
the sanitary-model microflora populations characterized
by a heightened sensitivity to antimicrobial means. At
the same time, this technique does not change the phage
cultures’ ability to lysis as compared with this property
inherent in the corresponding original cultures.

The processes of water sample irradiation with the
beam doses (0.8 and 3.2) are not mutafacient with re-
spect to sanitary-model microflora representatives.

The work is fulfilled within Project #1971 under the
financial support given by STCU.
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W3YUYEHUE YACTOTbI NOSABJEHUS MOJU®UKALIMI U MYTATEHHBIX BAPUAHTOB OCTA-
TOYHOM MUKPO®JIOPHI IO/1 BJIUSTHUEM EE OBPABOTKHU SJIEKTPOHHBIM ITYYKOM

B.C. Aumunoe, EM. baouu, H.B. bepescuas, T.B. Xupnasa, E.A. Kopnunos, B.A. Kucenes,
A.®. Jlunnux, H.H. Cxnap, B.B. Yckos

[IpoBeneH MK SKCIEPUMEHTOB I10 BJIMSHUIO 3JIEKTpoHHOTO ydka (E=4 MeV) Ha ananTuBHYI0 H3MEHUYHNBOCTD
TECT-KYJIBTYP CaHHUTapHO-TIOKa3aTelbHOH MHUKpPOQIOphl B yclnoBusX pa3Hbeix pexumos (0,4...3,2 k['p) obpadoTku
npoO MPUPOIHBIX M CTOYHBIX BOJ. Y CTaHOBJIEHO, YTO MyTareHHbIE CBOHCTBA U MOJU(UKAIMS OCTATOYHOW MHUKpO-
(hr0pBI TIOCIIE BO3ACHUCTBHS 2JICKTPOHHOTO ITyYKa UMEIOT c1a00 BBIPAYKCHHBIM XapaKTep U He MPOSBIIIOTCS B PEXKHU-
Max, KOTOpbIe 00ECIIeYNBaIOT OYMCTKY BOJIbI 10 CAHUTAPHBIX HOPM.

BUBUEHHS YACTOTHU NOSIBU MOJUDIKALIIIA TA MYTATEHHUX BAPIAHTIB 3AJIMIIIKOBOI
MIKPO®JIOPH IT1J] BINIMUBOM ii OFPOBKH EJJEKTPOHHUM ITYUYKOM

B.C. Anminos, €. M. babiu, 1.B. bepescna, T.B. Xipna, €.0. Kopninos, B.O. Kucensos,
A.®. Jlinnix, H.I. Ckaap, B.B. Yckos

[IpoBeneHo UK EKCIIEPUMEHTIB IO BIUIMBY esleKTpoHHOro nyuka (E=4 MeB) Ha aganTuBHY MiHJIMBICTD TECT-
KyJBTYp CaHiTapHO-ITOKa30BO1 MiKpodiopu B yMoBax pizHuX pexumis (0,4...3,2 k['p) 06poOku mpod mpupoIHUX Ta
CTIYHHMX BOA. BcTaHOBIIEHO, IO MyTareHHI BJIACTUBOCTI Ta MOAM(IKAIisl 3aJUIIKOBOT MIKpO(MIOpH TiCis BIUIMBY
€JIEKTPOHHOT'O ITyYKa MaloTh CJa0KO BHPaXXEHUH XapakTep 1 He NPOSBISIOTHCS B PEXHMax, 10 3a0e3MedyroTh
OYKCTKY BOJH JI0 CAaHITAPHUX HOPM.
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