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neFilters adtheir use in

Mcrcbi;olo,:;caJ. studies of '.-.7ater,
by

Ha Zzlzv.

LD solvingý problcza f'.;Pninz -iu ye

W of liquid necjcia.

00 a~.ouh s .idU- ha indicz:ted late, n.brana fýitcrs

wei-e f-r'-t r..ruf-ýctured abýroad (in. LeL,'zny), týhey wer;:e fir-t, used

extensi-vely in zi-cr-ob--iooy, a:-d especially in stud;yin.g -w.ater in

The aim of -.his short survey is to (lx Zive a -precise

description- of mche I zbrare filters, (2) e:, i-ne th1-e various trends

.a:i-thi u:;, in hydro*ý-';oloý:jI. i-n geral and, in oratar .- rbil~

in. pa-rticular, (3)i to arnalyzc the resernt-day statLus of L'.e use of

n~brne iltrs in. th-e field in for-3i,: cowitriez.and, finally,

(4,) to point out w.sfor: furthcr w.ork with membrane' filtcers on the

basi's of personal ext,,ri-crnce Z-Liths cc-ntribute to ehein

interest an ir.eawch.:, unfortu-r-a-ely, Lrown. zo:Le;hat less In

tIt; Ud- rcw.tyathough. th-e possibilities t;ic th'ey offer

-invcst-Jtei -v not beeni cx-.austed.

....tat w.e call me~brane filters in Gr any -L,-.a t. and.
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now - -I ~ 'Ui jso-)oious or zzil1½orous fi.tr3 in~ he

"-~c --. c from rTto-~uo.. 2 cY zay lzo be =ýde ffro=. o-i'.cr

ecilulosc este:,z, a. cý-ycal1kOze.

of 20.ý: (19317) cG.;s.ý~z~'r oez de

me.-.zbranre £itorz a.;-uý'rý.,.

At przesen~t ti-.eý:e a nuz-bar off typeo of :~jbcn ie~

The most wiaely distributed are filtors made ..it'a a-4cohol-eLher

(collodium) or acetone soluti<,n. off nitrocellulose as a 16L-e. In

developing the mathodoloý-r fo~r a direct rticrosco7pic count offbtri

in water (Razuxov, 1932) -we wvere forced to ma:ke our own men'brarne

filters.

Our first filters wer-e me in 1929 at the VO EZO (A.'! Union

Scientific i~esearch Institute for ';'"ter SU,7;LY, oewer 6.4Ze:-s, EydrazIýi

Structures and KHydrogeolo-ical Zn-aineerin-;) institute ,rith the co1Z)-

oration of G.I.Dolgov az-corý-inz to Bachz-ann's sn~ eo~~tcs

According to his t'orn-ula the ffilters are Zmade from col.odiun:- o.

asolutIon off movie, or rogazc imvihthe euirlzayer reno,.Ca

in ac~torxý;. ;-.ter tni a in cr .. .c'dhee Zin

are poured onto a glass in a p,;.fctly '-rizont:J ,fzt~. ce:,

evaporation of the 1ýx-ai-d onnt of tho --4 e, re a- -4

filter is cut into di cs on the reculru cý:e.an.- wigh

relative &Lount of acetone ir --he irtc-se z.nd ;L in, thýý
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z.,;cornd, one ray obta-in filters &f different density. The presence

of filtcrS and plasticizir.ý agent ,S in the movie and photog-aphic films

ildus to re!Lace: C'-. oa ion cotton of snec;ific brc.nds

Z~ fr~corlc...~~fZor 1. ig~ b.n iters in

was 'zoz~ L..vc. nd Voroshilovra (1932). In tr.-.s case

acýtaa~ aac eth:-yl acet,-ze, -.:re Zo:vcn-Lti of _-itrocell!ulo~a arnd isoaLayl

alcohol wa s t--ao congulati;n:; a-nt. "s the solventz evapor.-.te the
* ~.ive .ount of coaZ-l~tfr.Z ag;ent in the solutio f4n ls

in~creases a~nd this is ,.-at dýýLe:Tines the -- 'cr0- and nacroscopic

structure of the filter.

Ze p2 _Uct'on of 5=all-dimrension filtýrz iz cui 'e ea sy in the

laborctor-Y but it i~s difficult to =ia<e them of zýtarndard cu. i ty sinc.e

a nu:.boer of cornditions n-azct be met exactly, in zar-.icu',ar: stand~ard

qu2lity of the nitrocellulose (collodion cotton) accordinZ to the

dez.-ee of r,.itrz-ý'ion and vi.-cozity ol' its solution~s, solvents and

coag-ulating ajents, tc::.perature, iztmoz chr~c rzoisture of th.e roozi

4.;ere tlie f'ilterz are _-"de, the evaporat.-_on cycle of t.emixt~ure

poured out on glass, etc.

In. consecýucnce of 15s ti c-fr~ to Use fCOory-=date

filterz. "-,; firs .fa ory to z mk n:i'rarne filters was set up in

Oir.~,Gcr=."ny, on. the b,*i--'s of 2~~.nr :r;it is still

:.existen~ce.
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In Iussia the production of =nbrare filters on a scale to

satisfy the neec3 of :oscow w.ater U:orks labor-tories was starced in

1932-1933. Liter production waz increased to meet the requirem-nts

of t..e whole country at thc ex-e.r.mEntal ultrafilter plant of the

14inistry of Comudnal Services RSF. (in I--ytishchi).

The first membrane filter factories were established in the

US in 1951-1952.

The structure of the filters is quite complicated. ].e may

distinguish: (1) the almost ideally ever and smooth surfice turned

toward the glass during manufacture and (2) twe wavy side turned

upward toward the air. Filtration is usually slower if intake is

from the less smooth ("air") side than when the liquid passes into

the "glass" side. It is supposed that the pores are broader on the

"glass" side (cf. IAander and Zakovsk.y, 1937, ?age 8L).

Some types of membrane filter.1, w..en examined from the air

side or held up to the light, show a more or less clearly pronounccd

system of polygonal cells (cellular structure). The faces of the cells

appear to be more finely pored than the cential 'art3.

Suspensions separated from .ater on these zembranre f •--aza

distributed unevenly in spotz. hne arpearance of this type of struzture

dcpends, on the composition of the original zixture, in partic•lar on

th• introduction of ethyl alcohol into it. This str..t.re a-

ly lacking in filters made according to Zia.nova and V -'o •
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'h' ~1:. ice of ~~~cefilters is us-ually s.hirny a.,d

'e(v-l;ey --a l.Q ru ilters) ar sýnd ie the

is offorasily or is a fi j

finepowc~j ~ ins--e '.:or ~ty in on of

the sus-pc-naed, .ýt: ýc. _i c,.:c f~iter wea e ý,n reno4vi

this firne uc;ChoZi;t L bit- of ~bobr:cotýton (for -L-e preparation

o" f~ n fij-ters for b~trooian alyses, c,:. Drachov,

,tazuz.Ov a.-ýci o~hr:s, 1953, D-_ý7 2'7). Concep.ts of th-, 'in-:ezrsci

struct.urc oi .l:'rn filtez%..-L:rc until recently laf~ely sc-eza:,ie

ardtoarezt de_-'ree ;-teie (a syteo- t-ny chunneis with

round or 31ot-like cross sections).

.ieloke (1953) made an electron opti cal study of' Gera-n

m.embrane filters after powierinO them withL metal, hihperzit-ted hiL-

to oxa.'c.ir.e the detal-,s of surface structure and t'he absorption of

hy~droca.rbons with thneir subsequen~t ev,ý.poration, by disSolving of the

body of th-e ffIlter with Lcetone in both cases and by stereoscopic

exnia~o.of -he res:;idUO - the-. l"incrintl" of t~he por.. system.

Five typoz of filters werer studied With a ..- tcr penet-ration

z.6 the speed of flrio.of 100 --ilZil-ters througýh an,

.. rnof 130 square ceizt rs a fro.m 100 LL1 secona'Sp , -he

cclvities of the deýnsesa i~z o .it of v0:y fine vesiclas

aistributed through,ýout thsý boa-ir of the L-ban Ilter adof
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relatively uniform dimc.-sons. .hn the w~ter penetrability of

the membrane filtc" inc acxtý;e size of t-, cavLtiez increases;

the body of th- LcnFbr: --r a fLrched sy.stem of

tiny canals. The outlets of e •- c:-c.z zke thea

uneven and irre~ular. ThZ easily .raol f>-. >ve rather

large cavities but the r.ain lss of the filter i: spread cut be-

tween them like little i2.anc•. Lh•ir surface is .til. 3roae unfven.

"•ccording to calculations r-ade by Goetz and Tzacishi (1951)

the ':res r.:.ke up 75-20 percent of the volu'ne of bacteriolos-ical

(=Ileculpri: ==-ibrane filters while the body substance is only 15-20

percent. On a maembrane filtration surface 50 millimeters in diameter

there are approximately 500 million pores.

Filters made in Ruszia are disks 35 millimeters in diasmeter,

0.1 mldlimeter thick and weighing appreximately 20-30 milligrams.

The porosity of the membrane filters is characterized by •.::ter

penetrability defined as the rate of passage through t-he filtration

area (30 millimeters in diameter) of moist merfbrare filters of 500

milliliters of distilled w.ater and by penetrability of dry membrane

filters by air as expressed in atmospheres. Ihe specifications of

membrane filters are presented in the table.

For direct bacteria count there are memobrane filters with an

l8-_illi meter diameter.
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Fact~ory ::o. *:1t2 ix*---- a:zh~yA~a jre zize

j.9 :..2 - 2.5 0.

2 4.5 h 1.3 -200.5

3 2.15 zi.1.5 - 1 -8 0.7

4 65 ---c 12- 1.5 ,.9

5 3O sec 0.5 -1.2 1.2

Preliminary 12 sec -2 - 5

Filters ma-de in Ge.:Lany are 0.1 hilm tor tck, total d:.;:iaeter

42 ndlirmeterz c-nd an avera-,e pore di-z-ater in c-ifferernt types of

mez~branc filters of 0.7 - 2.0 microns-(re 194,9). Their ..ater

pezrmeabiL'ity h~z beer. ci!ted .2-li:c(lei.ckc, 195.3).

Sto 23(195S) t-.:o a-tsof H.-olecularll =%embrane :at--erzi

z~~ae~cdin ;h :. ::1 -for sc2-aratinZ suspended

;.~tran-d bac-teria fec-z 7a:zec,uL, c~i an~d - "Ih..roso!" for

-%eparatinr.- suspendeid. andte cVce2i '~ ocid medic,.

KA- filtcrs atre put,out ir, ane forZ2 of. dý.ic:s '4-! mi-Jim-ters in

c-ia..eter -..orkine, sur~f"ac of 9.6 zraecniztsand thicknless of

3.15 millimeters). ^ACcor.dir.Z- to C-octz (1951) the filters are 50

millimeters in diamaetcr. Filtratiorn ra~te: 103 z!iliterz: of distilled
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water at room te::.perature and one atztOsphere pressufe i-l p-,zs

through in 5 seconds, or 15 seconds in the case of do:.sr -c-a.rane

filters.

The moot iforr .r. 'ion :or -'e cax.ity o2 a

filter is the size of t"-; 9oes.:r a:2i._ry >.c:Jro-ic2.

analyses of wate.r, . .'. .h an avera -e pore di:n.nnion

of 0.7 microns are satisfc--c7y. - v-lae i rivi .roz t.e

filtration rate of cistiill/ :a-- Lva 7Zt'c z sis of ?oiscaille't law

(cf. IAander and Zakovskiy, 1937, page 93).

As is evident from •hc earlier de-cziption of the 3tracture

of membrane filters, the di-mcnsions of differen-t pores may vary at

times both towards greater as well as towards lesser size ar.d for

this reason it is imuortant that bacteriologists have data on r

pore size.

This index is obtained by measurinJg the pressure necessary

for the passage of air through a wet filter (cf. L~ander and Zakovskiy,

op. cit., pa.ge 121).

Satisfactory airect counts of bacteria may be obtained with

those aembrane filters on Whose surface is produced a regular sp)ot

ly the passage of a dilution in dUstillcd watei w.:ose suspenddz

bodies do not settle during 24 hours d w;Ihere there is no color

on the reverse side of the filter and whcre the filtrate is trans-

parent.
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rLte a-nd in wa,'ýr z.n. tr~. r t pQ iu;i crt .J

Tnc'rnar bu "i.ze.

air --,d e:t-raction :.~n~ r~ :~. .- r- :cc.

not curl U-) oz Cm.n.,,e Ot:-.Zr rC on -,-y--:..

(1953), An---rfican filte-rs wh- .ic hz; as;c,

corc~ecedo rno` stLck welto a----------- 0.

a 1little and beco:ýe brittýlo. Fo:- iti :c..

tk.-tz~y be zoter-Iizo-d with etyceo:.ide (c. cv)or ~~:li

raa:Lat' on. (.: fi nd ;ý rceduction in, viciblo co-rnt ull:%er - -

"-,d foldud L:z.Lny tinxes wtozdc. ebuti- s3o:, c,:,

ý;le.std rc ou~n~ oxri. eti-;cd. The C~r l i.C of -- e

ea~itcr. Ion tr~e:: c .ncancr3cCrcoc 2 ntoL

.xcro are a --,'unt. ::-.:-.yu :.x ~.



• tt~:~ - i•.-..•..;u'•ct of Lhozc '../ieh are u3cd

i:. ur-f" zy a r of zpecial manuals

.... oz•_j =7• • ovu ... -.y-;.d CýIu-harov 1951,

a:.U othcrs,.

For nxi.. -n- -.-.e _o,_,.i, are -used: jokvri-.tz

api.aratus propoad c pfcntor. fro..a water (.LzuTnv,l932

Figure 1); oditz? xts, oC ifferent dinc.asions, .e~o.: .ed for

filtration trjou, 'Ii sos-ccllulose nbrones (cf.,-,anova and

VorosL2.'ova, 1932, Yi.are I); t'..o Olikhov apparatus for •dy-ng

plankton (cf. I ~zu.,ov, 1933, Figures I and 2). The ha•.•..• AI..t and

zi;axplest for .icrobiooio.cal studies of w.ater is the S. 3. Sc.eoov

apparatus and the very si:;dlar one .ade by Ž.gineer G'o'dzan. ts

lower par- has an area orith a ro•,md opeening closed with a porous

Slayer of crushed .lass or one cut ou; of punice, brick or other

porous material (dia=nter 30 millimeters) and ending in a double

tube: the outer tube is fitted with a spigot and cornnected to a

vacuum pump: the irner tube coz-unicaTes with the porous layer and

serves to carry off the filtrate. The stopper which closes the bottle

to receive the filtrate needs only one opening. The upper part is

fitted with a metalor glass fuAnel holding up to one liter. Th,

lower part has two wedge-shaped flanges, the upper part corresponds

to the shape of the grove idtich assures air-ti;ht coupling. r-•ny

laboratories maint-ined by our water companies are equipped with

- 10 ~



vrit` 0: 2It--t~ofl a:ýa~rutus( 6 -o20

pa-a i aa-- cyiand. for -. o;erat

a :-z o loro..5 car7dca' air 02r~ý' l 9.6'~cur c&aL~te~~. ;er L~ro eadforu~j j ot ir so t11.e

rec~tc~f:or teflltrate; Zz-~b :"Eusr lss he presence

o f a ur-':)e r -,a 3'.-e-r L.. un u z;e o f ila L c n a: :knd zoc>rs

th-e a-.y-aratu6 excluc-'es the oossibi'-ty of stez lizin-- iby heý-izir..

"'he aTaau s stari*lized cisazsczo.beu fo:..tr. i'r.a voonors nroduce-I

by o; IrQc-le c to.of m'etLyl a-lcoh-ol ir -- c.-. r adQjacet

to heanlt)ratus.

C-ootz (1953) Drz~aa s-.ccial filltr'azior. devce, the

eo~cr~roo~r.Its srrctcfeature is Te fact thtthe =_ferane

" i ter is nhz~ccd verýacall -,-d not hoi~tlyas usal. is

faltr~tion rr)csst.. z~~ f z-uslr.nded --to n-- baz:teria

L~~scs fro-, the top of' tihc :orofle c;a-tebt

(thes'oscnaed matter -s d;oit in th ozof a ;:ccýo.: Thi-s

zencof filtration is ooza iesnce a t:tc



thee usun).n rfnn-

preide sinrle aparhu ac cfrcc; c.-

Xcst uscndin. tor thez nu~s nton~C'-' n Z.?.c1

Us10 or 0i1 .1 tor inloo e lsd ihapru ayra~cno

tablesiee to e tbe ta conuct o'fo throbabilrat- is- 3f hi

the usual.maner.oaprduwhcealeoetoueayotea

eJ~nin very cotminton azartu :ea.ordes Th tc ars rejon

as coin th ?ol'shi~tncho (i u screw) oc

10ml -ther izn diame 1tcr rcpoos d w cyh zporcsiayert in W; ied o fa

phtalsical; and tubidcaa~tr e thatconuctssfa thero filtraeisin3'-l

~the SS ca eo oe appiragontue sivf.:c enbe soet urici1e ar. I.-otton asnne

asin thee weres a iny, wer b nut sli cl rrea .ond .d

v.=- ~ ~ 12 -1" --



§~.r~ CiL cr ar used 'or .ataiv

aao~~f.n p-rti., Zr used by

C-nd the Olko I;air ~~au.'CSC. ... ry:~ba

filters are f:: oy&~r z .o'c. of bod-ies of'

~o~efiltur:3 in C~~u lr'l~gc2 ui S, ezpoea--y

"tnosc c~sas w',erc a .~alczrtof iobs.roudirco r.ve

ly laecuant-iticz of >lcuid media. 2:efina3rceoe:zb&. filterz

y -r-- Iiy r -Lfi:-r.-. us- -,n viruzob.o~r (c l oaraizskidy and

Glukharev, 1951).

In adc~iiton, :.'raoilescan P.rOduce filtrates free of

baczte.-Ia, tiri;a e om..ncvir-uses (.iecri-rca Loecicl=e. brane

f-lT~ers; for Thsj. y &c. U--iý-n or. a Z.31 scalefo

aecnta~.tonof wrater in ý--iva-.c n harr-acies,

1a-Cbo~ratoric:z, etc. (ef. 2ic.b~ 19"3, r al.

in, t:.;e 0i.-. of er.eral an-d zri.ar coib .mrn
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fil~c~rs wore firýt usccd -ras uc--Qss, azý !i-c~r .ne' n

It i~ke~ise Li.e U.ý2: 'w!.ich 'jIrst L ;:ýite Of

mcýabranc filtcrs for studvrin- t -e r:.ircf2.ora of th-e air' (-V- -y-v,:aa

Thtre c~r. be n~o dou~bt th;iths f'.Y tZse

;he micobiaI po'pulat:Lon of ---.e z~,o~& n.a ..ateri;

is hundreds, thousands or cven r~oro tizes -.ore ..'3o~ :a caýn

conceive fro= methods ba:.ezi on th.e ctui of zcrob.':ý n

"c olonies and deter~rýinir.Z L.he ý4titer on aLl ooabc cZ4 eiZir

quite clearly the -cfects of -zna culture :Lethod in --;udyir.I the ic-

flora of' water, raany investi-a-tors have been scokin- met-,hods for

direct, irr~ediate exa=irnation. A* very real dif~ficulty in this ied

is presented by the search for a more simple and reliable aetý;o

concentrating felatively small nmnbers of bacteria from coa.ýaratively

larze qaantities of ;rerzzamples.

The mostv ilmz.rcved cand zi;.ole ..ethod is th-atv of filternL tr.a

quniyof water mentioned to teend, aryir.Z --nf. fix-'-. th:e zcoe

w.-i*ch have settled on the zurf-ace, sta-'.ir.-n ht rp:;aZ~

cizzolerythro sin, wash-InZ- the stýainr froý:: the moz~r-:ne fiz .rs 'ih

di-stilled water, a secor.d drig onigin CzO-anaiar b2.z-am a-nd

exazmir i-r.with a microscope.
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~. Q .OX~±.~20 Wct.;tr :=-L~tz~

:- Lv)-:,,e or.OC c-'a-= er as

rai-txflC-t-O or sg.cýa~.~ a~u. L~:. r 3 ", -T, 1-1tF

z ~ ezce (31 rLcctýz .e.....c... .;3. :c ;d r

eaCc3-r. is. ~iov echoa stOf~%2 ... c

are~ li~ccrzthck- avy~ vraop size of 0.7ra

not rdisrasatLo r.aov or.c. Vroc.c)loa ahc : .~ if

-dcon of.' o3 tm i:z ;~~.nn z areza

czrntaa-inatilon nor, ir. prtaa, .;::ii2 or hir:zo:.es.

~ ~inclu;usaf .V .zn 'c~ :f"Czt 'n n



IC ) water with sparse =icroflcra. _-c4ntly .,,.i . bzen teed

to this possible source cf _s-ror .z iz (-.53), and •--s colleajues

Rukina and Bir-uzova (1952) -. e dc,ed a mcthod for =2-:1ing MC:.branc

filters which are free of this

The problem of the c' .-. of -- z--e filtersno it-

evaluation has been treated n a - in 2;:e pages of` -is L=-U"-ne

in the above-;uentioned articze of -. riss, `'fiins and E--zovaas

well as by Xuznetsov (1952) and ?•zov (952). cont:-r.ation

of the membrane filter used :.--y .e casily evaluatud by stuayir.n the

edges which did not participz.te in the filtration of watcr.

c;.Iamining the stained material. .ý.ere there is a relatively

number of microbes in the water it is reco.--niended tht &ttheamtity

of water to be filtered be increased. it is of course ix,:ossible

0 to use really contaminated batches of membrane filters -ithout

hurting the study being made.

As in couIts on :.A (meat-peptone aZar) not all cl,:.p• are to

be regarded as colonies of bacteria so in this .ork not all particles

that take the stain are to be considercd as microbial cells, i. e.,

the work =ust be cone by a rather exy.0eie4nced -icroscomist v•/.o is

able to distinguish microbes from c:%Lnce conta-mination.

-arect mt.hods for counting microbes in soil and, in p-rticlaar,

in sea water have been subjected to veýr sharp .- t wholly unjuztified

criticism by Kalinenrko (1953). Finaing that Gl,-.otsk 6,a .ator sho:ed
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ý- c~lo,-des In cul.,urcL o.-. d i2c~irect cý,urt Show,:d up to

-,~ J lier he P. z:: d-~ dt a ol;tL"ir.ec. lbr L..e irst

.-nd nore rýlal hc :n by th.: zeo ,. or Other

vuzd -;ea -Ls (iIs snoc.rs far from

soeP.rOducod r-o a3 0.~. o -2U Jt: o

~ ~2;:e ccecpt c~ a~a- zf uhc~~rn izt z; l'o:ical

to ccc cc L:.-t in Ll~~.-: b~ :y ,-o :ct~ical role s-ince

t.-;ey are -.oz o-tazl' -bsc:.-.-

aý ý.:ýtter of if:3 a sin * 2x :Izrc o;f one cubic

dCrorn volu.Le there IS once3- 132 cubiLc z.Crcns Of' Wzter

it is dif:acuat, t:o cse . rat..c ocr~ooeS ;;O''.U.LL

pres-cn'.- thec elebor-.te C~i: or:az~ a rioz cr tivc

cornce--trat Ion of' artibioticz anta enzyze wchwud be delectabZLe

by a-ny reod at ever.

,he -rreat- v.:.riance in results of' cua-rtitative c-iculat~ions

bzy direct count or culzure o.- ordi-nary =euiia arc ca-uscd pri=ari 2.y

by tepreseýnce in r.atLurai waters of' nu~zerous snecific aZicrof'lora

-.;ill not -rowI on tBs oua oth in :rs:. a seI water the

~ietneth-od ha-s dýiscovercd ,- !ý.arncti-voscro itwicha

uc n Iunown u' Tijý T,:--r evenr tr-ou- not 4arzreouentiy e'sitifl, in

larze cuaan.ý-titis (c'Rau~v15;Xs,1949; htr,1950).

.knere iý Ls bais for conjecturez t.-zt a rtn ln:o.include

a very - >n..s of' dead cells.

-17-



C::e do not .no-% of a single biococnosis in -.;•ch

; .:ould wlays be a lai'je nuz.ber •f dead bodies foi- an urno.n c-on.

Thc water from natural bocies cannot be equated .rit. a fi:-.nz agent

and for this reason dead cells ranher cqZclky zlly -er doco.'ozition

as the result of autolysis aZ b It

s possible to make a direct a of the n ae-our of deadc cells

inwtr;te ore .. jic.. ch' 'trsiso m zcoo r.

)uin wterthey ore usualy found o:n U`e fits of 10-20 sercent

(Lazareva, 1953).
Fi-nally, it. is Coibe•ds.)ite _-i.n::•satemzent, to

approach a d renr-nation f a'e quýalikativae or- ofy- biocoenoeis

accordin g tothe L orpholofrica . s of t*droe i..d inlae .cth;s and

-icroch-erical reactions (,Qr.-. .... " ...s-"' teonrniquo, c ic L cr nz _ýTh•n

storage of iron, calsci ng, .... ra s'nz is i s " ....
k•usi4ng met'hods for mierocuittures on _=ýýbrane filters and on specialI

media (?tazumov, 1953).
These preparat'.ons are used iike-,i~se for ...--

(in computing, the a•ount of ferric hydro.xide Inlae....., .- .uo°.....,

1952, page 264) in studying mi~eral suspensions in rivers ý.aszu'"ov,

1954, page 20).

The direct method for counting bacteria in w.ater by usir

membrane filters has hardly attracted the attention of foreign -icro-

biologists. ALmost the only exception is the work. of Zcctti (1935)

which confirmed the main conclusions of Iussian authors. •arin., t.-e pa.t

2-3 years mention has been made of the possibility in principle of

- 18 -
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rs, 953) le onl

*~*-orý 'u,: Li~ worko, hcs publizhed

- - r- o: ....- o.~-n- ar-r 'lw-

'-ý -' 70 degr~cs aftýer wa'er

h-as pa o,; tryd> n.c frc.. 'c-3-5 r~.;sw.t

*'-e .1,:i-x o :0tz uril dc&ep ~~ anQ

t,...:..,rc.-. .Lran are c2'z.:ifict. aeavcr",C error ir. CýUantjTa-tivc

caltia~ .ob~cnc fcurat -:or b-ý .e~ 4 and 5 s:e.cc:'-t. i a

$-~E~tyc :~ar.tr~.. c~ce,ý;z Ltao deep ofana zt-- mmba

.1;ana trics to incrca-sc cantraot by uzia,- _. xtures of Var 3ous

o ";r~xz ~ for p c, i-i zzu of Clove adi.-l.r-.oS:.Of

oil or pa---:f oll ~~ zu-,.-ol (jarnLac:.-, 1954). -'i ly t'here is a

~~~~~~- L92z.:~sa~n.~cty~odreat St~cca56 has

-~. .. 2 4.e.;~. co c:.c r.- rat -o n o 2 wa to c.-icrobe s on :.ezlbra:..

v.wtth sýbzcqc;.ct Lro-a.th. o. va6rlous ~ia,-fnostic z.--da.



01ý c wLer iLs na.e fn £ilters ý a.. in a

Pct.ri cdi~h w-.tn.Ž or L; * 3c~ ssi-ble orc- :.a,.-y

c~uJ-.Ure SytuO; "o .-r>. I.~~a. --c. .yo

.shis otacraý,n.-.; ;..v fI. --. I.: Of yc'x3 t~e~ Of

colonies of a a~~~.to ~ c:~ . 0 ve:. os

uhaT. more bY Zh XCvf < 3~m~ C,... :C-t. t-joc..t

is Paured -2n) --.; Ji o.-.,tz. i:oZ i.K~e-

"fro-.~ sufae urcu's of ~t:orn ---̀ 's meci- or by th2tier' :cto

on starndard 2Zotid z.L~dia. T.:.is approacr. to 3vId.,,n,:- waox --r . :cr

liq-uid =edia zecr.-cci týo oosess a rýuzber ofi.ot.t vd.~ -

for thi-s reason soon -ained z~ atter-.tion. of -;ýcr.batriolOZIiStS,

hygienists and workers, in t.-.e field of sarnitxtions;. in rou.:

1. This meth~od allows a consider'able rmiuction. in -'-e rnc"Zo

of labor.±tories for bacterio-'oýICZa. veiSels , fo;. e z~e n

capacity of irncubat.Ion, for culiture neaand zaterials a-dre2a~erts

wnich are neces~ary for their Drotn-ct-*on.

2. There is a corrcostondinZ redU-c-.i-on -.In the. aznourt of

work for porsornrcl, occupied uitý'h zx:-nz Lnalyces.

13. -ýhe whole syste:. of s.iair ~tzooeclzLyi

of' water =a-y be shortened adtstin~e reaucoa týo 2 Ir.~teac of -S-5

days as demanded by t-hý standard mesthod in .s.

-20-
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0 (2) ,.2fur dryir.•, an tecontar:inaoion (by forn~a1in,

for example) L,-.e filterz on ';';ch colon.ies have been -rinn r._-ay be

kept as s\~l:ants to '.o rc of :naysis.

In 1939 ir: u y or'-- o' ½- Peo2.c's Co:_xssarits

Oublic Health a..cý Co:.-arnal ua'ic.. iiS •bis nct.od .;z introcLucad

to replace the titar method •..• i-nalY, 12950, it beca:..e the

principal retho.d in the first ..l-U1nloa book of standards (C-3ST -

5281-50: Drinking water; metho;ds for bacteriolojical analysis).

The metýhod of fermentation tests rezains only as a substitute.

This method has found wide acceptance in various fields of

applied microbioloj7 in sanitation studies of water (.Alfi::.ov, 1954;

Pozybay, 1933), of beverages (Gronval'd and Kanovskaya, 1945), of

mineral waters (Lashchilina, 1946), for the detection of parhogernic

Smicrobes in water (,ats, 1941), in milk and milk products (Askolonov

and Faybyahenko, 1940), in air (;{ilyavokaya, 1947) etc. - great

number of works treating the details df this method and particular

problems in its applications have been published in Gi~iyena i

sar..1;triya (Hygiene and Sanitation), L-boratornava Draktiea

(Laboratory Practice), 1-ikrobologiya (2.acrobiology) and other

publications since 1932.

1:ention z.-st be . 2 of caifficult cases of using z.ebrane

f.lters in studies of water.

Wnere thero is a large amount of suspended zatter and a

- 22 -



. c_•. nJ...ber of bnctc.ýia the accz-_ulation of suspended matter

pro~ g~az :..ore r tialy than coes that of the bacteria.

"Tn,• a of spscnd-.d ::.-tter, by chnginr. the conditions

.,nder ,hic t'he ccoo: =-a: .D, y di--__i sh the selective properties

of the ;:media ut>_d. To L . : Zrce this influence of -he suspended

=atter ray 'e !i;1t, be rs-n the size of the en-bra.e filter
ifialch, nutural-y, c-:ir ta2a • ;t change an .he construction of

the filtration aparatus. -athod iL. used both in Russia and

abroad. GOLtz anj OthCers (1951) propose for th•is case the use of

larger Y.e:..brrne filters erith 50-niiieter -"-e e

For thre sa&.'e purpose we use filtration through 2 membrane

filters, on tp of a fine filter we place a larger pored Eo.5 or a

"preliminary" me brane filter. Whven filtration is finished both

K.) filters are placed on a thick aedium am t.-.e nunber of colonies

grown "re addid together.

Potkov (191.L) proposed a special modification of a-n apparatus

for cihilar two-stage filtration. ihis mezhod Zke.vse does not solve

the problem in case of an excess of very fine suspended matter as is

charace.ic of mountair. ztreazs. and rany rivers of Central asia

(Raz'uov, 1954).

Special difficulties are presented by the presence of plankton

in thý water. In this cse the suggestion has been =_de to increase

the selective quality of Zrndo's mediun by introducin- 0.1 percent

phenol or to increase the concentration of fuchsin while the amou.nt

- 23 -



0 of sodium sulfite re:ans unchangcd (?.zu:.v, 1947,1953).

To avoid ph- precipitation of ferric hydr-o:i-e from soa u-mneral

waters it is reco=ended tht the f2 rrus o.dde ba stabiZLzed by sodium

citrate (Lashchilina, 1946).

As shown by Skored.-ov ,_933, bacteral colon-i¢i decidedly

dehydrate a thick medium :n z::iche •hcy are growtn.

"'.is phenomenon is even more pronounced in cultures on

membrane filters: under large colon-•es There are clearly,visible

pits which point out the difficulty in this c-se of a latcr-al

subcurrent of liquid to the colonies, and in general the size of

colonies on media with ordinar.y amounts of agar (1.5 - 2.0 pe.zcent)

is somewhat reduced.

To speed yp the growth of colonies on membrane filters

Barsov (1937) proposed to decrease the amount of agar in media to

0.75 percent or even eliminate it entirely, by effecting the

growth of cultures on beds of filter paper soaked in a nutritive

medium. j% number of similar absorbents of liquid media (sand,

ground glass, etc.) were proposed by Dianova and Voro'.hilova (1943).

Membrane filters have opened uo new and extens.ive possi-

bilities in the field of accelerating b-cteriological analyses of

water.

Along this line Barsov (1937) suggested not only a decrease

in the amount of agar in nutritive and diagnostic meaia zut an

increase in the amount of peptone in them, the introduction of

- 24 -
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j 'r~Z'ry .1 Liive z ~:ce ir. tý * o. oi

Slysate and y ý2. L:yzate, Z.. '. in~crease in L'1-

-ro'.aýIn tez'-erar.ture to 4.1 -':'z n-thc.:-' ci ir. dci-.

th-e -Lime- for the a a C' fcL.e of C-~ b0i. C isb1t

the naked'. eye fro::. 24-L to iL z;*~~ksar h

=ecaanical rceduction in talc;-a :.e -. 7:,s o =3 crzsc;-Z c obser-

vat J -n Of Dzzra cci-.In thi-*s cas r the C..AO

filters are cultured for 5-8 hours ýnd zhen rczov--d frzL: -.he cult.Ure

niedaum and treated as orotarations for direct bacteria count(azn,

'1933).

In this way Barsov (1937) succeaded in fnigco'- bac:illi

in water fro,- the "-oscow River aftýer 3 h.-ours Of g-rowth. The possi-

bi-Lity of transplanting colcniJes growrn on ;czembrane filters to otbhex

media o'Pens broad prospects not only in the field of sz.nitary bacterio-

logical. investig~ations 'out in studyir., th-e various proce.3ses coznnected

-w.ith the metabolism- OIL thi,ý i.ost va:-ied bacteria. :-.F. Lazareva, a

our su ,,estioi,, carr-ied out simultaneous "oetection of a, number Of

~nti4c 'bacta:aýa "na coli bacilli in one culture; the water was

sccded on meat peptxne ag-ar --nd tile colonies counted- th-ea the

=merbrarne filters vwith the coloniefs pizecacca-z L:n a r~ oza ed.,:=.

in thcase of Zndo's..aed.-u= rcd colonieýs Lppeazrod ;ihn2 hourG,

i.e., it i4a possible tzo detect bactcria ca-oa'le o--' ic~n

Lactosc with th-e form~ation of aýcids ýnd aldchydes.

- 25-



c.r.z-_c media r-ly Llytpin diff .-zt tvoas of inhibitors

of gro,.th of out i~c bactcraa aa:- arnd other L-yas, ph'cnol, etc)

which prolong the lag phase in the rcroduction of bacteria. A =-re

rapid transition to the phas- of lojiritbuic gro-...h • ay be cbtained

by growing the bacteria for 2-'hirs on a.c..eratod mediia and

completing the developmer.t o.v. Laedi.

With the works of Sa::de:- (9) a:.d -ocfflng (1934-1935) as

a basis, tests were made ote intrtoductio"n of ". .. .ox "yaue

copper, nickel, sodium nitror.ssidu and otho.rs into .ntrtive media.

As shown by our expcrimo;.s, carried out .ith tho collabo-

ration of Mudretsova-Vies and Orlova, it is possible within a short

time to establish tha capacity for decomposing cozplex cyan.--aes of

copper and nickel by transplanting mex.brane filters with co.o:ies

0.2 growm on meat peptone agar to media with the proper supplez-nts. In

the latter case the nickel ions in the colonies were detected by

"developing' the mambrine filters with Chugayev's reagent (dimethyl-

glyoxime). On meat peptone agar with 0.5 percent sodium nitro-

prusside, bacteria of the coli bacilli group fo.r. blue colonies.

Gram-positive and many gram-negative bacteria do not have this

capacity.

On nutritive media with a source of carbon in the form of iron

citrate oi- potassiutm ferrocyanide blue colonios of citrate-assimilating

bacteria grow. It is better, however, to introduce or.y iron citrate

into the medium and remove the filters with f_ ,:'o thz medi-aa

- 26 -



It; 3nt ;.--:th z. so lut-or. of potassium

:-Jý_:y est--blis QeCapacity of

ace'a ni.. -~ ~ c~- c;ate Lt

-- cl~=3 covercj a: (5 fccd-) 2e incLe

fk~ £x'zta -a;- .~i~coZ, .L the r~t~~~c~blue SzJlts

ur c:dE ~ ~ .~z colc:..izs of bacteria

:.a:y nlp2aced i2- secucncc f~. Ie:liod or. a r.z.ýba: of r=eaia-

anc.,: uzr,- th nr~it ~.~-~ ~ ec s, a Qeta*I~e,

de~~itir~of theI nicc.id r,;,ý,rties of Ti-a bc;.c .uci ed

ira:y thus be obt_-ir.~d. Dliazrnostic r..eý`a for t~analy.zca b e

pricqpared cx tem-,orQ, itr.~.'t ~cIaaLeZat~ ne-yore avar,

and otherz, and addir."- the rei nrc aredien-s =d.er ste.-ile

conditions. fa~a. iltz~rs wihcoloniýes on~ r nay be Icept

for days if~ dry, IfOr fx:cIe n Petri di.-es. 21-a activity of

"b~ctaria in th.coe U~in i pt:3ce~s rezain C'n,,te hi --

.. 'ih the corrdýct f--'-t zonb.ane fU :.,e ro1-

:o: b~~~ ~o:~~n. z;;perimonts ;with c'u1tu2-es o2 :aintesooe

end 0f .hihnz, ~ filtrL .a~atce co-"'c-ilon. ý:na rlaced

_in 2lskS sho01 theabene of . .;2 of - i, hr- tile

filterz. Ccr7;ain -.Od ful.J_. an-` actinoznycctc.. L. o:' _eLLroyir.3
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0 ; '• dg--•. tnhrous~h the ... rne.... j
thne subujtr.:ce_ off tn,- filters dz) 7-.: m ........ th. This

property Cf .. :..a. i rs--" uti-lized in vivo sýtucdies of

colo.--ie5 oI, _-_ crobcz:, p?••o n.. _.n,,.jand others (a~~v

1953)

for field and

exoediation sudfie3 of bode c ".-r.. .... t. foVo,.-.ing opportu-

nities are espccially valuable: (1) doing t-ithzut licid nutritive

media, (2) reducing the i .;oýut of eUioment needed arnd (3) having a

simple solution for the difficult problem of the incubator which

has not yet been satisfactor-y either in RIussia or abroad. zarsov

(1932) proposed that in these cases one substitute inetal (for ex.y.ple,

aluminum) cans for the Petri dishes ana grow the cultures by placing

them in the pockets of a special vest, thus utilizing the heat of the

body. We have available a portable laboratory which is adequate for all-

work in studying w•ater in situ (selection df samples, processing them,

obtaining answers ana collecting material for use in the hone

laboratory to make the results of analysis more exact). Instructions

for carrying out these openations have been published several times

(Razumov, 1943, 1947, 1953). Using this method Kuznetsova and I made

an extensive examination of sources of water under extremely difi'cu±lt

conditions in districts only recently liberated from occupation

during the past war. In the US there are portable laboratories with

a thermos for growing cultures on mezbrane filters(Goeatz, 1953b). At prcsent

the mcthod for growing cultures on membrane filters is undergoing, inr .t-q

sive development in Gercany where it was carried from tha U-SS during

-28-



th-e G;reat Father'l-nd ;r.Tefirst report on it there was publi shed

in 1943 wit antion of the of0 L.*-e Hussians wh,-o first had the

idca of placin- thec ne`rr_ JlterZ on nutriti1ve =ýdia. Kraý:e (19L49)

calls this ci4rcu=.;taz-ca ) e~~ havinZ in mind the unused

opportunity for overco_1.-i._-' e;:-_1i-.a. ofia~is ~ Gcr=_.a bacterio-

logists durin. - h-e war. '-r L. L.. ta-i aceertngt.e

sanitary bacteriolojical. 0n-'-~i w.ater (re,1949), on developing

a standard ana`lysis, and c.- u..i`nC the mef:icrarnai..r hd

":ethods based on the; ucz of §za-,e 'Crz haýve passed

to the US from Guern-y ..: ere theo fornier country sent a speci al connision

izz=ediatcly after thcnd of ýhe ato st;udy the6 ach- evczent - of

G,:r.-.-ny, particularly in this fieald. in t US the- ac.-ethods for

catudying- water aýnd air have interested both =i`-u-ry (Ohemical Corp..s

of the US i~rzyr) and civilian san-~titation a-nce and the co~nidttee

to ztandardize methods for arnaly-sis of dzririn1-n ,.ater caad set:ae. in

general, research in the US follows Th-e line of usin- and irmroving the

rnembrane filter method's developed in the U33'1 and described above. The

culturing of me:..brane filters t,'Kes ac on a Ia of inert material

(for exa.-p-le, thick filter paper', impregnated wit.h a licuid nutritive

nedium. In order to sh-orten the lag- p:nase, ycast a-.tolysate and other

stim~uiawýors of colony growth a:-o int--oduced into the nutritive media

whic". ae reconcentratcd thzanu a. "'oZ ; sanme purpose there is

a La-ort pi.;li~inary culturin2; of the =n.crx.Zne filtýers (2-3 hours)

on co~plete media after Wnich the filtters are moved to a 7pad i=-

-29-



pr,;..tud ;ith selecive or di-Znoztic media *..here the cu.ture

completes its growth. There -re pad.; which ýLre soaked in advance

with the proper media and then drieca ard sterilized. Before beirn

used they are moistened in zs:e. ie Petri dish ,with 2 milliliters

of water. ihere are also poadZc:" pads con *tng ofz o hree

layers: an upper impregnated %-th : eLam to speed u3 the frowth

of colonies, and a low'er impregnated ith a selective mediuz w.Iich

nay penetrate thrcuZh the mid-Le layer alfter the -a- ph-se has elansed

(for example, in 2 hours). The details of me='brar.e fjlicr zethods

developed in the US may be found in the publication of C0-tz (1951,

1952, 1953a), Bush (1953) "nd others.

In Znzland work with me:.brzne filters has been limited to

adopting methods worked out in the US and to testing their suitabili-

Q ty for established practice of sanitary bacteriological analysis of

water in that country (Taylor and others, 1953).

C0NCLUSIONS

The preceding analysis and the far from complete list of

Russian works on various problems in the use of membrane filters,

primarily in the field of microbiological analysis of wuater, show

that much work has been done in the Societ Union on this question

and that in this field we have been z•oýre than 20 ye.rs ahez-d of

foreign countries. This in turn imposes a great and responsible

obligation to keep in first place. ,L.ile many forei-n courntries are

- 30 -



~ .. ~iv~v c. u- -- onL and rv'.n of the rnew

... ':ten..IvC~y to study

' s de-ýcmdined.

ncOt 0:'-y !'y~ tz: zzy raidz'y .ý.ow cost,

accuracy" 'u-t oj .7 . Zc:. . Lc:._ ns'Z211, hýrouz)

tLheir u;c;.

In z; -. -in ',.: rc-ýL u~iri:

1. Tn -stazy of recicbie a --orer.

Drobable z~ounr.t o: .-'roL- l.~ wr.t; arn azu-ý --ore 2n- ýcecp-41,- with

th.-eir -;u.)osca n true 7noe Thco nental IWa~er$ Fr~d seas ..e

have found a n crof ne-w riro~ain ot roi onI ordirnary

mae..a.

2. 'he1 =etfod for oulturinZ microbes on n-e=Ibrar f.lterz;

by trarnsfarznc thEnm to vl--r-'ous mcaal;sfor a com-s'-eta study

of the biochen.Ical pop'oeries of~ n~icrobes and their interrelation-

ships without se-parat~on int.o isoilated cultures and for a Lmore

ra-.id and nrore sizmnle fulfilL-:cn:t of a n~umber o-F' -racticzlJ. obz.

The poo-sibilities for icun fluorescent anra2.ySi.., ch-:Onazo~raphy,

ph.:.Ze :,icrozcj:y &.nd o~hrs h~vo -ot been sufficcienz.ly utilized.

-. ~va.-iabi.e con--tion --or ic: z n direction is

.0c.tcr cDroducz--on quality fýrozn our ~ztl-.:n ~e

Foactory, a zotanckirdization of produýCtion, an increase i. rit



K, ~of =cmzbrane filters de.,-'.-cd fc V-ro.i -jrposes. an~d C.

for si~ilar ne~i filte~zirizatc:ý.as w::,.ich co ot have th' £2

nerativc propcr.4ies of f-~'n i ý&ý.' f -4 1 itocCl.1oz~e.

It is to be hoped th.-t we ý.-iZ ac*-.-'x,,, -.-- 7: --', ns

direction.
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