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0 4c-inhnorhy, UTSSR, Vol. 8, An-. 1. 1q39, Pa-e ?5-ý'ý'

oýt-n(f Infrartd Re':'s on ý'icrooryanisms, by G~. D. (bncharov

The stagin, of' teits on the notion of infra-red rays (FUi) con a !4-e

crtnriiý. c'enerris on the uniersatnr~in of' the very n-iture of' the I.Ri. If we

!hnve in m~ind the elrcTro'n~netic theor"- of li-ht, tha~t is. that tYP IRR, whil.c

cn'~ssrv' an oscillatory r-'ve-"ent of hthfro-~uency of' the srnnll oor't~c!:z of r

srbh:tince encountered In. their path, render en excentotnnIly th',ýrnn! enprr'y by

t1'¶s rcason which raises the temoerpture of this sý:bstnnce, thin the Potion of'

th~e I-1i on thýe orý-anism can be exclusively considered as Rn retinn of r 1'r~

f'-ctor which stimulates or hinders the vital activity of thp cell or v-~lis the

cell, Oený'ndincg on the intencity of' the heating. Then the tests shlou",i. be r-ir.

so that the object being irradiated is completely isolated from covectiortl

Qwarmth which is escaping fror, the source of the IRR, considerivnZ only tl-c ra-ýi--t

11P we consider that the elcctrori2netii oscillation rerders an i"luence to

a(-.cell and alon7 with this an increase in the temoerat'ire of' thp ce'l, thin ri

-r ~ dnar:c te the nction of both f'actors; tho-ýric arY electroma:7netic occlll"-ý

-o o' - eterynined frecuency. Then the tests shcu1d be rlin so t1-At the n~bjecte-6

r.ýtIrY 4rrnediated is fully isolpted fror. the total, -etion of' the convectiononl nnr;

~v h.t.th't Is, fro- the basic th,-rr-ic n-o-ertics of' th-C I~iR, considerir' Cn'.v

t~'- -ctinn of the electromaR-netic oscillation. Tl-'e test run by us meet these

In 190'?, when there were already nitnerous studies (Arolonh' l7ard, Bie) W~Ic4h

n~oted the bictericidn'1 pronprtie-, of the P3ý, Nitesn~r .-,ýntc- --'~ th-:t th- 'R~i

ý-sesg signif icant bpctericidql nactions (o, Stcýyoncr, V -vn-e' -- enf-)



Sat the sare time confirming thc fir3t observwtionq of Geirl'r in tV-- v

(sooty) retorts with tynhus baccilli. Wiesner utilizen cast iron 2 h-tes r

the souree of the IRA. They were heated an a burner with special -itors whicý

allowed regulation of the intencity of the (e) radiation and avertion of tho

convectional transmission of the heat to the object being irradiated. The contr-1

object is put into a themostat at a temperature equal to the temneratire of t1.

air of the testing enclosure. The temnernture in the te9tinc enclosure is never

increased higher than the temperature which is menacing to the life of the

bacteria. Wiesner also stre-~As that it is necessnary that there be n^ alterntion

of agar plate on which the colonies of bacteria are 7rowin7 d'Z-in7 this ten"cnr -

ture runder Irradiation; the temporature of the pl-te should be hiher than the

terparatLre of the surroundingy air (because it does not cool) whict, evidently,

O stipulates the lethal action of the IRR. Further on in 1is tedts on the effect

* of the temperature of the air during irradiation, Wiesne- wus convinced Lhyt

during the same intencity of (e) radiation, but during nn increase of the temner-

at're of the air, the bactericidal action of the rays increased, and 4 ,rinr ½c--rr-

ing of the temperatre the action of them decrensed. Trregard'ess cf this, "isr

comes to the conclusion that the bactericidal action of the IRR is not a tbe~nie

effect.

Work of recent rears (Nazaroba, Glyison, Arnaitov) which sneak in 1'-vn1,r of

the specific action of the IRR do nit differ with any pernupivenars of' l:itr

because of the lack of physical conditions in the tests in which the Pction n"

the TRR was not expressed, but the total actions of the convectlon*• -ý -i 4nnt

hent and, besides this, the said authors, utilizing nn electric .tove w•hnt

filter as the source of IRR, were working not with IRR r'one burt w•÷t• mtý-r rvs
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0 wHich 'nd.Joned the tests.
Inl our fi-Rt tests, as wps re-nrfted earlier (Goncharov '.937). th,' ,b~ect

hain: irrndinted wrie not a'-fficiently ir~olth.ed fr-'m th'i onnv~otionr1 bent.

The-efore we had a tendency to contend the presence of' thermic, rqtion of the

IRR exrn1usively. Lrnter we built a cryostrnt for the ellirnination of thn con-

vpcticn~l heat, this w-is s' two ',hase me~tal box with a ypovpble screeritnZ pi'rti-

tinn-shelf. On c,.ne side the brx hns a cut-o-at 15 by 15 cmr -n wlic)h jq secIred,

afilter with e cooler. Ths vessel with the object betw, !.-radited is 71it into

th- box nn the coolin~r suipport. .Al1 thr coolin,! of thc cryostat, a5 will ns- th-C

f'4ter and support, was r4cne with flowling w.t~er.

To elJ.1-ir.'te the n~ozsibi lity of the heat factor, ccntrol. ýb~ect,ý we-e

ri-ced into a theripostat with, the sr'me tempernture tlht w-s p-esent d-i-in7 the

irrdi!ntiorn, the mediuim before so-min~g was subjected ti P thernnett vintil t'-

ýis~r'-d ten-1erature w'ns -ttained t3 ivert an effect of fpst hentihn' ý!u-in- c--

-- ~n- the oonttrol a=d testing ob~ectp'. The terne~rature of' the 1-4n7'~

irrartteI wvts alwayq inder control in contrist to the tests of' Wieprnorr The

c-nrtroiing w-3 done with the aid of a th-rrnooo'iple accorain-' to the diff'erencoe

the deviat~.ons of thomro-avnrtr
The sourwce of thr, TRR wni' a 100.0 TV. eleotric lamp oergtin7 c- 11V' v. TI-r

_ýist-ncý- fro7 ths lnr7 Thlar-nrt to the! 911-'ae !'f the medi'irn with the ou'.tu-~ wns

s ~o~ib½t- 19 en. in r-der to obht-'.n the best effect. A. filts-r

-'eosen t-ý re'.y, wrve len7ht 0.8 to 1.? microns, that is, ra,!s rcdty

~ ~ to the visible red rays.

ireca,;:- the tests we-c mainly wit`. f Cli~id mxitritive nei-mr it vns nr~cess!-r"-

tn PstIbI4!Sh to what extent the 1-( wero'ý retained by the r.cd4"-. 7with th- *'fA



0 of a thermotrunk it wus estab]iahed tht at a distsnce of 19 cm from thn

la-p filament through a 15 im layer of the nutritive nedtum in Ko':r-. vesl-

there is the followlM from the -eneral stream of the IM;R thrnlrih licquid in

8.5 B1--9.5%; through Ghiltan medium--12.6%.

Four other series of tests were run. Irradiation was condicted ir !on c'r3

of the wash B11, 15 mw high in P Kokha vessel, there wns added ? cm3 of n venft

suspension of a 2 day a-ar culture. Determination of the roisible fermerntative

variations after the irradiation we, done by determin4 n.w the ouantit'.- of s8,w

in the liquid in the process of alcohol fermentation accor6tnZ to Ber.trpn.

Determinations were made every 24 hours. 2he culture- were irradlteO. / .'i-,

each day for 3 days. The temperatur- of the wash tlurirg irradiation wn's ner

37-L2 C.

0 The quantity of maltose rev,,%ining at the en! of the main Ier ont-tion in

the irradiated and non-irradiated ciiltures wps percenta-e wise 0.1, w~ich in -n

the levels of a possible error.. The weight of sediment deuermrired nt the enc- nf

the fermentation process, having been dried in an deEiccator, also f!L-ctsterd in

t-he levels of 0.1%.

Under these conditions of the test the IRR did not render any effect or t1-

fermertotive pro-erties of the yeast to ferment the maltose. .oro1orC'icr

varizt-ons of the yeast cells during this were not noted either.

The bacteria Ppct. Prodi-iosum and Pseudomonas flub-rescens liquehcai•- • -....

used In the fnlloving tests.

The B-tct. prodigiosum wns subjected to irrnaintior wit* a. i-o,- ,o,-:-.

There were three tests. The tem-erntlare of the wedium duin- th •.-... '- ..

maintained near 46-47 C. One control culture was at this temperatuire - -r t"'l

O lenght of time, that is, 4 hours, in a thermostat (wripned in blanca ,onwr.!i-,

4. __ ___I__ -1



rornined red wh.ielp the control -'ý this same tem-Prature were all co2'Orless.

A~'~taltests were conliict.ý-.i; wlt'ý ?i. fluorescens li,-uef.nciers on '.¶?AZO

nn on an i-tar rtd",G-ss, with. Pluco~e. Vnri:I~oris n't'- ther:Tic ný,w-r"

notf- ,oiý here also, and in particular oim the G(j*-- -.;edi'ri beo(:c ht' ,s;'

.izof the irradiation medium and control equiuled 0.-!,6 C. These var~itions

were fixed by photo-sti-vey of seperate dniley colonies, re~l~-: ;' r rrr.d-

intion -n! &te th:; act½'I r" t",-ji at 45-4,6 C in -- t--noc-'2,.

vari-tk-cnýT vn-linkinZ of the ori..Ir.al form into tvic ty.--)r: of

O n- r. n the v-sf-s ctc tz rr:ý-t~on ýý we"ll n-s tho~ H~e ~ z-

(Ec.,cs..r-- 2 hour~s; therisoSt-t tF p.er--At,:re-L-Lr-6 C.). The cr~littin,§ n~.-

rnt not&3' ct 30 C. Thf- co2rn1r-- rort. of one %rv

Du ýn- :ý h' ir r :ýiatio- ct 4,5 C. in .9 thcz--icst-t th~erc e' n, r~~

2tr~nz-ýrcnt. jl'S; colontcz of tIle +,'-c 17. At 35 ^,. -' a hrrý-t!-c-

0-thc ý ty'pe -revr out, as also at 30 C., vith tw~o conceýntric z-oncr :

brzA'%,r in t!h', cc-,ter.

SI'ccc~c-ve te-tz with2.-P. fli-~resccen ;1e.-ifz.ci~rs "'er c cnj :c-tr on t

2'.t~. ~ ~itZ c cc:int or the..r dcnit'.r'fic;.tior. abi'litjr in r'or-nIr, -Kri

c~..~t o. o t~i rnltritp-z -.- d~nc c ro~.--tr! csIy~co.n to ~*'r2<

* 1.:t~rh-z e. The rftr o, the o c ':- obze".'-,r-' ar T". ' ~-

.~ ~-eto: ~ I-~:...inn 'used Iz tLe sarnc ! 'h- t ~ .:'

f1. ic medL.. 'Jtiliz inr7 t osi t"of rr~, ~ t>rt
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O 'Pvi1z o: 2 C) o' the cal sure -'cfr: 4-rall.te'4 4. the cr-'oot..tc, tý_tr.-t:

were condiucted i.t various tem:erA~.."s s'~ ir~valt-recus contzci intl1e V---

fication of' the oilt-are beirý L-rrdiated is Lt 27-2q C. nnd at t-2C.

Table one shows, the process of' denitri~icý.ticn of' th~j c,,:1L` '

in~ the irr!.diated cult.trt's; a-, i!,-17 C.-- on th6 3rd dýý:' fo" the r~.c

oulturto and on the Lth fcr the control; at 4'-42- r.'tI y'C'. 7 1

4tý day; at 27-29 C.- irr;.~.!!.ted 2nol %cy --ni contrno .4t!h +; A -. 7 C. 't

irradiated .4th da;, and conz.ol~ 5th LY. Titzthezr ol~rpvati-ns t: ".;C.,

in the c~nditions o.' TR2 v~u~d undoubtably :ivE. 's the annver to

is a speeding u;) of the denitrffication in the culturcs on the CI-41t' -cY

A .long rith thiz., as was exnected, there ý7a ob-i-ved t~it tf.

the temperature 4n the c-lt~irs cu-.sed a variatiý-n in th~e size n' t.!. ý

the &.ýeaence oC vcaolt1.on. 3,,- oT tý,f Azot ch_:'-cterI:tt_*c

-ictured by microph!otographic means. The ssizze of the lrradiatý-~d n- -- 4

cu.) ture baccillI at. an equn.l terae-.t'.ure res so.ICvAhýt di.Zf'rcn.r~. 'ThC ~-

c-ulture btccilli woc.r ±'rLm 1.9 t~c 3.0 m.icrors; in th3 control cjAtmur,;ý'tl

zame temperature- from 1.; to 2.3 microns, -,.nd shasrrly Iiff'e--ý f'rcr t,, cnntc:l

s;.t 30 C. rhere the b~cc~lli vera ffrcn' 0.9 to 21.2 7.1crons rith- thc;w'o½

e C~?m~h.'- *Tms an incr&.se o'ý the te7ý.er~tuxre s2.owz the 0-'ez .

d~ivision in tlhe irrai!..ted c~ilturero Liso.

C oncLos - ons

.Al.Ž.ou-'h ouir work had a preliminary c~aracter, i .- `'-crŽ

n' tha ::id' t'pzts, wh-ich n2.owed f'o:' th'e icolaitikr of' t~ oI,.-._c,~.. . .

6



kJ ~ th sum - c.-on -f th~e corn'cti.on'r :rnd r"Itt/cý5 Lt v" can ~'xeth-t

t, c,., Cf' t':.r Iutt, hz'vin, " %clnht of O.F-1.2 cric~rons

1. dic: -.cL reflect on thfe ferT-;r,,t-ltvc ilroncrties o-- thc cc-'c-

--o~ f the ye-st cells;

2. tended to hindee th- fcrmration of the leukorz;ccs of the Fact. Wd~OO

3. e!14 r'.o reo"L-ct n. the H tý of th; r~trctu-ý nf the z:o2onl1! nY'

.. stir,!r'ftte' t-Ie ':-cce~ss ol2 -rrtr'If-C'Ltion !n thec I~t-wt-s'yo

1 . 5. o'>',hly hirnchred the prc~cc-s -ý f :':i r. .r to the e-tsn

o of the cls

--- ~~ný I ex--rcs3 .ry dc--: -,--rec!.-.t4.or to 2rz2* .1. ~o~k c

r .ooV&'uzb-Ic zij~: in this wcA+ and a-so Prof. %~ ~'-I Frýrl.

.'I-anlon TIntitiLte 7xf ý rronta, Mo.;cov..



C Table 1. Denitrificaton ability of Pseudomonas fluorescens lc.uefaciens
(102 In mg on 1. 5 c23)

Time of .-1.7•? 4 g,.-7

determination

0 - 0 .0, -

of nitrite 
1 

1 4

0 0 .0

.41.

E-4 E-

On 2ad dDy prior- - _ _

to 2nd action of
IRU and tempera. 0,0382 0,0428 0,0334 - 0.059TP0537 0,0443 o,0463

2nd day after 2n
action of IL and
temperature. 0,0417 0,0423 0.00 0,0262 0,00 0,0597 0.0559 0.0555

3rd d~y after 2nd
action of IRR and
tempatture. 0,00 0,0417 - 0,0252 - ++ 0,0492 0,0358

04th day after. - 0,00 - 0,00 - 0,00 0,00 0,0154

5th dY after-. - - - 0,00

- No nitrite? q ualitive determination of a Very 2arge quantlty of nitrlte

0


