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Yerbrane Filters and their use in
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smbrine Jiliers (W) oro woectleally wiziiout fault in
solving the problex of scpuraiing suspensions Iroi vorious typecs
of liquid media,

\dtoouzn, os wiil ke indicated later, menbranc {ilters
were firct manufacturedAabroad {in Germzny), thery were first used
extensively in zicrobiolosy, and especially im studying water in
tne U3sSR.

Tre aim of iais short survey is 2o (1} zive a precise
description of ihe mautrane filters, (2) exaiineg the varicus trends

rd in water zicrobiolozy

]

marking their use in hydroviolo:y in gensral

]

in particular, (3) to analyze tie oresent-dzy siztus of t.e use of

membrane filters in tie field in forzign countries,and, fineily,

kS

(4) to point cut wuys fcr further work with membrane filvers on the

basis of personal experience 2ad thus contribute to heignuening

interesy in them which was, unloriunziely, srovwrn zomewhat less in

tie USSI receatly cithouzh the jossibilities wihilch tihey offer

LM L.VE Ot been exbhausted.
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B0 FILTZRS.

Watt we call mezbrane filters in Germury Lid tne Uild, ard




~ \/

in the

U)

wre row colied zolecular, isoporous or milliporous filter

&
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Ul, are =ude froz ritroce’lutose, Thcy mny alce be made from olner
celiulose esters, o Jon oot Lo ccetrleszlluioze.
sathor dec.nllod LoJosa.lin oa the cenosliicn ord preperiics
. . . B T . mne e - PR
of membrone filterc moy Lo Joull Lo Zonder wnd Zllovoinyts (19237) and
' o ~
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mendrare filters and study then were Zsiysucndy =

At present there are a nmumber of Lypes of nunbrane filters.
The most wiuely distribuiec are filters made witl alcohol-ether
(collodiunm) or acetone solutions of nitrocellulose as a tase, 14
developing the methodology Jor a direct microscopic count of bacteriz
in water (Razumov, 1932) we were forced to mike our own membran
filters.

Our first filters were male in 1929 &i the VOIUGEO (AXl Uniexn
Scientific desearch Iastitute for wzter Supply, Sewer Systezs, Hydraoll
Structures and Hydrogeological Encireering) institute with the collizb-
oration of G.I.Dolgov aczcorcing to Bachmann's simple recomienuaticns,.

According wo his formula the filiters are zacde Jrom collodiuz o

& solution of movie. or provograzhic film viun the exulsion layer rezovea

in acctonc. ~lter stunding ¢nd Teing carcfully Zlitcrod these so.ullcens
are poured onto a glass In 2 porfectly norizontil positicn. «olter
evzporation of the liguid components of the miiture, ths remzining

filter is cut into disits on the reguirecd dimensionc. ) varying e

relative amount of acetone in the IJirst cuse -nd e £i.-..31 in the
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cecond, one ray obtain filters éf different density. The presence

of filters and plasticlizirng azents in the movie and photographic films
irpelled us to replage oo Will ccllodion cobton of srnecific brunds
wilch produced filters o .ore oteniard cuality.
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acevone zaa etnyl acetute vere sowvents of nitrccellulosze and isoawyl
aleohol was tae conguletiny azinte. ~s the solvenis eveporate the
Suliiive amount of coazulating azent in the solution of Lae zlass
increases and thls is what determires the zicro- and macroscopic
structure of the filter.

The proaductlion of small~dimension filters ic cuite easy in the
laboratory but it is difficuli to mzike them of standard cuulity since
a nunber of conditions must be met exactly, in particular: standard
quslity of the nitroceilulose (collodion cotton) according to the
dezree of nitration and viscozity of its solutions, solvents and
coasuiating ageats, teuperature, atmocsineric rmoisture of the rooa
Anere tue filters are nzde, the eveporzilon cycle of ine mixture
poured oui on gliss, etc.

~

Ir consecucnce of this, it is preferable to use fuctory-zmzde
e first fudory to rake menurane filters was set up in

Gueillingen, Germuny, on the basis of Zoisondy's wori; it is still

in erxisitence.
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In Jussia the production of membrare filters on a scule to

satisfy the needs of loscow waber Works labvor.iorics was starced in
1932-1933. iter production was increased to meet the requiremsants
of t.e whole country at tic experimental wlirafilier plant of the

23

Ministry of Communal Services 25FSR (in Miytisheni).
The first membrane filter factories were established in the
US in 1951-1952.

The structure of tie filters is quite complicated. we may

(X3

distinguisﬁ: (L) the almost 3ideally even and smoscth surince turned
toward the glass during manufacture and (2) iie wavy side turaned
upward toward the air. Filtration is usually slower if intuke 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
wglass" side (cf. Idander and Zakovsk.y, 1937, Page E&).

Some types of membrane filter., wi.en examined from the air
side or held up to the lizht, show a more or less clearly pronounced
system of polygzonal cells (cellular structure). The Iaces of the cells
appear to be more finely pored than the central paris.

Suspensions separated Irom water on these membrane filiers zre
disgributed unevenly in spots. The angsearance of this type of structure
dcpends on the composition of trhc original mixture, in porticular on
the Introduction of etliyl alcohol into ib. Thals structure 15 compleie-

ly lacking in filters made according to fianova and Vorsinlilovu's
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method (19325,
Thae flaze zide of misbrune Iiliers is usually shiny and
P

clLilea=1lke (velve:y in Lsve sorcusz filters) ard somezimes the

aod mulo off easily or ziore is a(film)

N s A D . Iy
sooter (zuewiric; on the filter we reccmuend removing

51 of ebsorsent coton {for tne preparation
of mambrane filters Jor bucteriolozical analyses, cl. Drachov,

Hazurov and oiaers, 1953, size 287). Concepts of the fin- =icroscopic

> P ar -y

structure or nonbrane Iilicrs were until recently lefzely scremalie

ard to & srect derree nypotnetical (a systan of tiny chunrels with

rourd or zlot=like cross scchbions).

—

Helrmoke (1953) rmzde &n electron optical study ol Germa

3

membrane filters after powdering tnem with metzl, which perzitted hinm
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etaijs of surface structure and the agsorpiion of
hydrocurbons with their subsequent evaporation, by dissoiving of the
body of tihe filter witn =cetone in both cases cnd Dy stereoscopic
e reciduc - the Mizpriathm of the pors systed.

Five i pes of filters were studied wita & wwabter penetration

ilirevion of 100 mjlliliters throuzh an

E T U - P
Glaalied &5 VAL Speld ol

arca of 100 square centimeters in from 180 & 1 seconds, <ne

s -

cavities of the densest Iiluers consiot of vory fine vesicles

s . . . »

istrivuted throughout th: toay of the mexbrans {ilter &nd ol

[¢]
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relatively wniform dimensions, wWhen the w:i:ter penetrability of
the membrane filter incscascs,tive slze of the cavities increases;
the body of the membriane JLliir Lo o nrslasely branched system of

B - -
.Css -#e Then

viny canals. the outlets of ..e ciieli i Jho surs
uneven and irrezular. Tre ecsily owi.icalle Ziluors ave rother
large cavities but the noin no.ss ol the filter is sprezd cul be-

-

tween them like littie islcncs. “heir surfece is still nore uncven.

according to calculations rade by Goeiz and Tsowaeisni (1931)
the rores rike up 75-20 percent ol the volure of Gactericiogical
(moleculsr) mirbrene filters while the body subsicnce is oaly 15-2C
percent. On a mezbrane filtrztion surface 50 millimeters in diameter
there are approximately 500 million pores,

Filters made in Russia are disks 35 millimeters in dia=cter,
0.1l millimeter thick and weighing appreximately 20-20 milligrams,
The porosity of the membrane filters is characterized by wzter
penetrability defined as the rate of passage through the filiration
area (30 millimeters in diameter) of moist mezbrane filters of 500
milliiiters of distilled vwater and by peneirabiliiy of dry meubrzne
filters by air as expressed in =imospheres. ‘he specifications of
membrane filters are presented in the table.

For direct bacteria count there are membrene filters with an

2-rillimeter diameter.

i
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Filiers made in Geruany ar » toick, total &

42 millimeters and an averzie pore dizmeter in aifferent type
cezbrene filters of 0.7 - 2.0 ricrons (iruse, 1949). Their w2
14

permeability has been cited ecriier {Helmcke, 1953).

accondinz o Zush (19330 two 1yoes of "molecular® rmexbrane

(zicrons)

5

ameter

s ol

Tilter

LYo ILaulaciure@ In Lho LDt oaae foerosol" —— for scparating suspencded

weober end vacteria frox Sicecus meule and ni = Bhycdrosol! fo

YA filbers ere put,out in tne Zorn ol dicits (47 millizeters i
cdoueter working surface of 9.5 square centimeters and thlcix

9.15 millimeters). accordinz to Coctz (1951) the filte

millimeters in diameier. Filtration rute: 100 illiliters of

-7 -
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wabter at room temperature and one zctrosphere pressufe will pics
through in 5 sceconds, or 15 seccnds in the case o denger nLo.crane
filters,

The most iuportuns eritinicn for .hne cuclity o o mortrone

"3 3 - P . G-~ T R R
ilter is the size of tic zores. Jor samiti.ry L.cterlolo

B N - AL e A - P 3 v
nalyses of water, rwilr.oie Jilicrs iz an averc te pore dimansion

of 0.7 microns are satisf.ctery. “nds value 1z —srived Irom tie
filtration rate of daistillcd woter ¢ tiz tusis of Polseuillicels law

-
|

(cf. Izander wnd Zalkovsikiy, 1937, zaze 93).

4y

As 1s evident {rom ihe earlier description ¢
of membrane filters, the dimensions of different pores rmoy very at
times both towards greater as well as towards lesser size end for
this reason it 1s imycriant that bacteriologists hove data on masdimnl
pore size.

This index is obbained by rmecasuring the pressure necessary
for the passage of air through a wet filter (cf. Liander ond Zaixovsxkiy,
op. cit., page 121).

Satisfactory airect counts of bacteria mzy be obtairned with
those membrane filters on whose surfoce is produced a regular spob
Ly the passage of a dilution in dstillod water wiose suspended
bodies do not settle curing 24 nours and where tnere is no color
on toe reverse side of the filter and where the Iiltrate is trans-

parent,
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air and cxiraetion wgente Ivom bheli, Lurin: this wooccol il it

nob curl up or cranZe 0oLncr Hropertics. aciondl Larlin oani Cu.els
(1953), Amcrican he Tesvcd, as igilnol JoLa o Lloon
ones, curled up following Loiling inwover ond zsiesilicoiiion wnt oo o
STIviloun
. GOl il o LAY
/ they be sterilized with etaylene ordde (explocive) or uliraviolet
radiation. (Ve find & reduction in visible count ofter uWliravioiol
irradiation).
Cur membrane filters e
and Iolded muny tires without Qwmege bul some tobhohls sl mirfs oo
less marked Sucuiing wacrn . Ters mede in oo VS nave L
orid orine vae
Jilsration €Oloracs Luch
easicr. |
Thore are a 20 GLOLDAUUD Dol Jloeoring Tloas
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in wlera=llitration oay Be IounG In & onwasoer of special menucals

R Yeted D

(Thlmzer wnd Zuioveidy, 1037 Tover.licidy wnd Glusharev 1951,
ane others,.

by R L . DT e . N 3 W 4
For cxulrinz w.i r wie Jollowing are used: nolawilz!

N ~ D R ST A -t 3 -
apparatus proposcd for sozorsoins 2

plunkron froa weter (.zcumov,l9

0

Figure 1); ceitsz! cuparatus ol aliferent dimeasiens, recomnended Jor
filtration tlrousn asusstos-cellulose nmembranes (ci.otanova and
Vorostilova, 1932, Fioure 1); two Olikhov apparatus for ziudyin
plankton {(cf. Hazuwov, 1933, Fimures 1 and 2), The handiest «d
sliplest for ricroblolosical studies of water is the 3. S. Sencnov
apparatus and tise very similar one made by zngineer Coltdman, 1ts

\

lower part has an area with a rownd opening close

.

withn a porous
layer of crusied glass or one cut oul of punice, brick or otvher
porous material (dizm:zter 30 millimeters) and ending in a double
Lube: inhe outer tube.is fitted with a spigot and connected to a
vacuun purp: the inner tute communicates with the porous layer and
serves Lo carry off the filtrate., The stopper waich closes the tottle
1o receive the filtrate needs only one opening. The upper part is
fitted with a metalor glass funnel holding up to one liter. The
lower part has two wedge-shaped rlunges, the upper part corresponas

to the shape of the grove which assures air-tight coupling. iany

lavoratories maintuined by our water companies are equipped with

~ 10 ~




. Al $ L2 2w e e -
svicces, Sunplied wWiln Zus il vecuwl.. ond a

e~ .
R S T I VORI © PURE v

e

witely uscd in Gernmayy
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Lo To iz Zoetat oizarsiis (Souo
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scuLre centinetess, DWLLSANG ouv &l 20 ine
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seccpuacle for the filtrate noy te only Eunsen lasis. The preserc
o

pse

The apnaraius

&

by incowplete combusticn of methyl cleohol in o chunder adjacent

s sterilized cisasscamdbled wiin formalin vzpors produced
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to air ot no less Liin 3 aTiosniiore Dressurc.

provided wiih a frame on wilca Loe arhed tne norizZonitil levels

corresponding to the standora vwlil..o ol

~ “a

US (from 0.1 to 100 milliliit.r s

4

tables for the coli index (70 - ot »rodvable rusier

coli), After filtration the menbroas Ciliers becons overy

the usucl manrer.

e <l TCOILATS LI UlZ

Bl BRIk SR
oo coLutetlon

5l Zzchericria

~ very simple apparatus Jor direct bueteric count in water

(mictobial plarkton) is the Pollsi Moinchcock No.lM (2ollsl, 1935).

P . . -

»ost useful for this purpose in tae rmodificaiion by J.2.131 v

(Razumov, 1953). The lower part of tie apnaraius Las

"

an csening

10 millizeters in diameter closcd with a porous layer instezd of a

EaN

N 1

-/ metal sieve; the tube that conducis oIf the filirate is double as in
the S.S.Scuenov apparatus wnich enables one to use any tottle &s o
filtrate receptable. The metal cup is replaced by & zlass one which
eliminates contamination with metal oxides, The two pirts are joined
as in the Pol'sa pinchcock (nut screw).

Tru SCIPE COF Usd OF ML2iBRanz FILTZRS
The mambrane Iillors proposed oy spscialists in tac fleld of
paysical and colloid chenlsiry were first usew therc os filtering
zaterial operating on the sieve principle wiclesy corsulon pasnolens,
if there were any, were but slighily pronouncid (cor.iiinder and
-12 -
-~
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filters are culoyed for nelminiiolo
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L4058 cuses waere a osnall cncunt of oi
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1y larze quantities ol liguid media. Tne Tirepore :isbrane filiers

~,

especially wre finding us: in virusolory (cf. Tovarritskiy and

Gluxharev, 1951).

In addition, mezirane filters can produce filirates Iree of
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izboratories, etc. (cf. Reichenbucy,
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£ilterz were Jirst used with o2l CUuCTess, a2 lLLer s£howm, lere in
vhe Uusl. It was likewlse tie UssR wihilch Jirst procposed e
mcibrane filters for studying toe micercilora of the air (Mlliyaviiaya,

19.7).

. apADT . - . R -
MICRISCCPIC STULIES O W23 WITd ll Dl FSILISs
P T e e mmem WM e 5

Trere cun te no coubt that 1Y has toon Jimly estellished toan

ihe microbial population of tie ciws, Ocelas zal ccasinentzl waters
is hundreds, thousands or cven rore times more nuwLorous TLon WE can
conceive from meithods based on tie culturing of microvzs (ko counting

N
LeGiay. sealizing

-~

colonies and deteruining the titer on 2il possitle
quite clearly the .efects of the culovure uethod in siudyinz the micro-
flora of water, many investizators hrave been seekinz metnods Jor
direct, immediate examination. » very real dirfficuliy in this Jiield
is presented by the search for a more simple and reliable metncd fur
concentrating felatively szmall numbers of bacteria from cozparatively
larze guantities of watur zuwmples.

s P - e
vhab of filtering tne

[ 5]

The zost impreved and sinnle method L
cuaniity of water mentioned to tie end, aryinz and fimio: the xicrobes

which have settled on the surlzce, staining tids poeparaiion wioh

o
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carbolerythrosin, washing the stzin frox the mon
uistilled water, a second drying, mounting in Canadian bulsam nd

exazining with a microscope.
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water with sporse microflora,. :lccently avtoel.ica oo bien iresed
to this possible source o coror Ly (riis (L953), and nls collcaTues
A . -

Ruxina and Biryuzova (1952) -.ve wevolozed o metnod Ior maxing melbrinc

tilters whica are fres of thils cilict,
The problem of ihe cornii. .nnilon of mexbreae Jiliers and its
evaluatlion has been treated In aosuil in the pazes of tais ko

in the above-mentioned articlzs of Iriss, Ruldns and Ziruzove as

well as by Kuznetsev (1952) cnd Juzumov (1932). Cho coaluminaiien

of the membrane filter msed 1.y Z¢ casily evaluzted by studyinzg th

(4

edges wnich did rot particizote in the filtration ol water @ . .1lc

o

ezamining the stained materiel. Jaere there is ¢ relativel
nunber of microbes in the water It is recommended thalt the crantity
of water to be {iltered be increased. It is of course ingossitle
to use really cortaninated batches of membrane Iilters vitaout
hurting the study being made.

4s in counts on P4 (meat-pepione azar) nov all clumps ore to
be regarded as colonies of bacteria so in this worx not cll pzruicles
that take tne stain are to be considercd as zicrobvial cells, i. e,
the work must be aone by a rather experienced microscopist wio Is
able to distinguish microbes froz: cuunce convazinatilon.

~irvect meihods fur counting ndcrobes in soll and, in p.rticilzr,

in sea water have been subjected t0 very charsd Lut wad._y utajuctiied
(v} v

&

criticism by Kalinenko (1953). Finding thut Cifotsi Sea water zhowed

b-?
O~
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t~C colonies in culiturces
D v r 313303 e, Te Losiaion T o= 4.d St Lirec D T £ wat
Loyl podt LALadl1Lel, LE LCoWled LoD LS dula ontelned O T..e 1irst

Y x

L2tn0d wWas more reliable thun Lhil olilizca by the scocond. Jor other

- - P T O PR . -2 P -~ 2
AS L mitbter of .oy, 12 oz @ sinsle nicrove of one cuble
. - . P NSV . -
micron volune whnere Ls one nlilsilier oo 107 cunic rmicrons of water

it is Alflicult o exoect Tiwo cualh concentreticn ricrobes would
presen’ the eleborate cumnmtitior o metchelice produsts or astiive
conceantraticn ol untibiotics Lna enzymes wilch would be delectavle
Ly any metnods whatsoever,

“ne great vuriance in resulis ol cuzntitaiive culculations
oy direct count or culiure on orainary mecla arc czused primarily
by the presence in natural wavers o nuzerous specific rdcrolilora

wiich will not crow oa iheze mediu. poth ia Iresi oznd sea waier lhre

irecy mevhod has ciscovered Wistinctive micrcorg.niesms wiich nad

I8

. not inlrecuently exisiting in

1

larce cuaniitics (cf.Razw.ov,1953; iss, 1949; Smiurm, 1930).

Trere is no zwsis for conjectures trat micrebicl planimon include

a very L..ooo nauocr of dead cells.
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Je Co not u«now ol a sinzle biococnosis in whien iherc
would slways be a large nunber af dead bodies for an unknown rcLsan,
She water from natural bocies canrnot te equated with & Jixding azen
and for this reason dezd cells reiher guiclly wnder o decozzosition
as the result of autolysis a: demon:irutos by Lazarove {(3933). It
is possible to make a cdirecct evalustlon ol the nuuber of dezd cells
in water; they are ustally Zounc wZiinin the limits of 10-20 percert
(Lazareva, 1953),

F 53 poszible, despite Halinenlofs siztement, to

(¥

P

inzily, it

approach 2 determinailon of =ite cualitative muite-up of tils biocoeno:iis

ccording to tae morpholoical characteristics of the uicrotes and

o

- 3 s [N - - - .
crocherical reactions (Ui stuining tecnnicue, qeterminin

E.

storage of iron, calcium, vullur, c¢ie in the cells) as well os by

1

nods for rderoculiures on umembrane filters and on szecial

[+

sing met
media (Razuzov, 1953).

These preparations are used likewise for siudying cblosesicne
(in computing the zmount of ferric hydroxide in lake wabcr-iuznetsov,
1952, page 264) in studying migeral suspencions in rivers {(Rzzuuov,
1954, page 2C).

The direct method for counting bacteria in water by using
xemcrane filters has hardly atiracted the attention ol Joreign zicro=-
biologists. almost the only exception is the worlk of Zeciti (1533)
which confirmed the main conclusions of Russian authors. During the past

2=3 years mention has been made of the possibility in zrianciple of
p 7 e P
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important zdvantu
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for this reason soon jained tne attentlion of Jussian dbaoleriolce

hyglenists and workers in tiae field of sanitutions. In poruiculir:

] T

l. Tais method allows & considerable reduction in tie nesds
of laboratories for bacteriolozicul veusels, for tae numier nd
capacity of incubation, for culture mecia and materizls aad rea
waich are necessary for their procuction.

2. There is a corrcssending reduction in e amount of
work IJor personrncl occupled with zuldng anclyses.

3. +he whole gystenx of saaitabtion bacicriological wiilysis

of water may be shortened und its tize recucza 30 2 insteud of 3-5

doys as cemanded by the standard zmzthod u.oin
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(z)  wlwer drying wnd decontamination (oy Jormalin,
for exumple) tie filterc on wiich colonies nuve been growin
kept as sugplements to thc rocords ol wnalysis.

In 1939 irn Ruscle Ly or.or oF ihe Peozlels Coindssar:
Bublic Health a.d Communal =<zovic.. ZLU88 whiz metlod wzs insrocucad
to replace the titer methoed <.l finllly, 1950, it bacame the

rincipal metiod in the first s11-Unlion bock of siancdards (GIST —-

5281-50: Drinking water; nmethods for bacteriolozical analysis).
Phe method of fermentation tests remains only =s a substitute.

This method has found wide acceptance in various fields of.
applied microbiclosy in sanitation studiss of water (4lfirov, 1954
Pozyovay, 1933), of beverages (Gronval'd and Kanovskaya, 1945), of
rineral wzters (Lashchilina, 1946), for the detection of pathogenic
zicrobes in water (Mats, 1941), in milk and milk products {Askolonov
and Faybyahenko, 1940), in air (M¥ilyavskaya, 1947) etc. ~ great
number of works treating the details &f this method and particular

problems in its applications nhave been published in Cigivena i

saritorive (Hygiene and Sanitation), Leboratornava praktixa

{Laboratory Practice), likrobiolo: oloriya (idcrobiology) and otler

pudlications since 1932,
Fertion zzst be . : of cifficult cases of using membrane

filters in studies of water,

Wnere therc is a large amount of suspended ratter and a

-22 -
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£ boetcria the accurmulation of suspended matter

releiive sm:ll nanber
reccec more rupidly then coes that of the bacteria.

Tae ioyer of suspencsd Liaiter, by ch.nging the conditions

REASS X
wnder whleh the colonl.. wrnvilop, mzy dimdnish the selective properties

of the madia ussd, To o contiln Jogree this influerce of the suspernded

rensing e cize of the membrane filter

matter ray te Mnited by -
waicn, nuturally, recguirsc buv a 211gut chunge in the comsiruction of

tne filtration asnarasius. -oio wetlhed 215 used both in Russia and

gbroad. Goctz 2nd otaers {1951) propose ior this cese the use of

For tne same purpose we use filtratlon through 2 membrane

£ & fine filter we place 2 larzer pored Lo.5 or a

)
H.
r_’
ct
@
~
©

.
[}
5
18}
(o]
[

"oreliminary menbrane filter. when filtration is firisned btoth

filters arc placed on a thdeck medium amd t.e nuaver of colonies

Trovin wre acdsl together,.
&
Botkov (1951) proposed a SyeCi&l modification of an apparatus

o « - . . . s . “ . . N
for cimiler two-stage filtration. *ils method likewise does not solve

[$]
-,

cxce o

fv

the problenm i zn excess of very fine suspended matiter as is
charac.eristic of mountain strears and many rivers o Central asia
(Ra:mv, 195L|-\) .

Special difficulties are preseated by the presence of plankton
in the water. In tais cuse the sugzestion has becn xmude to increase
the selective quality of Zndo's mediun by introducing 0.1 vercent

phenol or to increase the concentration of fuchsin while Tie eazount

-23 -




of sodiwz sulfite rezains unchanzed (Xazumsv, 1947,1953).
To avoid tie precizitation of ferric nydroxdce from sous mineral
waters it is recommended thit the ferrous oxide be stabilized by sodium

citrate (Lashchilina, 1945).

oloricy cdecidedly
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As shown by Skoredundv (-
dehydrate a thick medium on wilch they are srowing.

Yhis phenomeron is evern more prorounced in culiures on
membrane filters: under large colories there are clezriy,visible
pits which point out the difficuliy in this czse of a latera
subcurrent of liquid to the colonies, and in genecral the size of
colonies on media with ordinary amounts of agar (1.5 - 2.0 perceat)
is somewhat reduced,

To speed pp the growth of colonies on membrane filters
Barsov (1937) proposed to decrease the amount of agar in media io
0.75 percent or even eliminate it entirely, by effecting the
growth of cultures on beds of filter paper soaxed in a nuiriiive
medium. » number of similar absorbents of liquid media (sand,
ground glass, ebc.) were proposed by Dianova and Vorochilova (1943).

Membrane filters have opened uo new and extensive possi-
bilities in the field of accelerating b.cteriologiczl analyses of
water.

Along this line Barsov (1937) suzsested rot only a decrease

in the amount of agar in nutritive and diagnostic meaic tul an

inerease in the amount of pepbtone in them, the introductis: of
24
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axbrect, meav lysate and ool cuollysate, wo. on inerease in the

crowing tempersture to 41 Qelrecl.

the naked eye from 24~_3 to 17=10 lsurc. the
2 d - b9 S S ma s e s w a At fa s N T vk e
in action of viiazin B- 1nio cccelerated nedle (19.2). Turiher

cnaniecal reduction in the Jrowins time leads Lo miersscigic obser-

4%

filters are cultured for 5-8 nours and then remove
medium and treated as pregerations for direct bacteria count (zizurmov,
1933).

In this way Zarsov (1937) succeeded in firding coli tacilli
in water from the Moscow River afier 3 hours of growth. The sossi-
bility of transplanting colcnies grown orn rembrane Jiliers to other
media opens broad progpects not only in the field ol sinitary tacterio=-
lozical investigations but in studying tihe various processes connected
with the metabolism of the rost varied bacteria. il.F. lazareva, at
our sugzesbioci, carried out simultaneous detecticn ol 2 nurber of
serronhyvic tacteria wnd coli bacilli in one culture; the water was
seeded on ueat peptone agar wond the colonies counted: ikea the
menorane filbers vith the colenies were zlaced ¢n & dla_nostic mediun,
In the case of Zndo's :zedium red colonies cppesred witnin 2 Lours,
i.e., it is possible o cdevect bacteria capable ol Leoc.zooing

luctose with the formation of acids and aldenydes

!
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Dii nostic medis wesually contuin cifferent types of inrdibitors

,

of srowth of oubside bacteria (c:lilin and other wyas, pacnol, etc)

which prolong tre lag phase in the reozroduciion of bzcteria. A rore

N =

ragid transition to the phasc of lojzuriihzic growth may oe chtained
by growing ti.e bacteria Jor 2~/ hours on acceleratcd media an
coxmpleting the develonment oo cel.cuive medic.
With the works of Sander (193.) azd looffling (1934~1935) as
a basis, tests were made of iie intrcductlon of couplex cranides of
copper, nickel, sodium nitrosrassicde and oihors into nutritive nedia.
As shown by our experim:nis, carried out wiih the colliabo-
ration of Mudretsova-Vies and Orlova, it is possible witlin a short
time to establish the capacity for decomposing couplex cycrices of
copper and nickel by transplanting menbrane filters with colcnles
grown on neat peptone agar to media with the proper suppleronts. In
trne latter case the nickel ions in the colonies were detected by
“developing' the membruze filters with Chugzyev's reagent (dimethyl-
glyoxime). On meat peptone agar with 0.5 percent sodium nitro=-
prusside, bacteria of the coli bacilli group form blue colories,
Gram=-positive and many gram-negative bacteria do not nave tiis
capacity.
Cn rutritive media with a source of carcon in the form of iron
ciirate or potassium ferrocyanide olue colonies of citrate-uassimilating
vacteria grow., It is better, howsver, to intrecduce only iron citrale

into the medium and remove the filters wiith ccloil.. fo0ou thc mediv:
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pe > e, g ead 3TU
erties of the tacuerie studied

deseriviicn of the

may thus be obi.incd, Jiecnostic redia lor these anzlyscs iy be

for days if dry, for ex.nole, in Peirl disies. “he aciiviiy of

bucteria in the coloricc
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filversc. Certain moid fun i und aciinomycctes cizuole 0f Lesiroy:iny

- 27 -




e —

tne subsbznce of taz filters &0 gro.s through tne memiranes. inds
property ol msilrane filvers o te uvlilized in vivo stuales of

colonies of ricrokbes, nimo= -nw zooslaniioa, and others (lazumov,
A»~»~\
19)))0

3 P . —— e - L -
swembrane [ilvz05 e lrrosloceiitle for nuxing field and

.2 following opporiu=-

ct

expediation siudies of boiles ¢ w.ier., <ers

_nities are eszpceiully valuablc: (1) coing without licuid nutritive

redia, (2) reducing tic wiount of equipmeni needed cnd (3) having 2
simple solution for the difficult problem of the irnculator which

has not yet been satisfuoctory either in Russia or abroad. Zarsov
(1932) proposed thai in these cases one substitute mestal (for exuple,
aluminum) cans for tae Petri dishes anz grow the cultures by placin
them in the pockets of a special vest, thus utilizing the heat of the
body. e have available a portable laboratory which is adecuate for all
work in syudying water in situ (selection &f samples, processing then,
obtaining answers and collecting rmaterial for use in the hone
laboratory to meke the results of analysis more exazct). Instructions
for carrying out these opezations have been published several times
(Razumov, 1943, 1947, 1953). Using this method Kuznetsove and I made
an extensive examination of source; of vater under extrcmely difiicult
conditions in districts only recently liberated from occupation

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

a thermos for growing cultures on memorane filters(Goetz, 1953b). AT presens
q

the mcthod Zor growing cultures on nembrane filters s underzoing inten-

sive development in Gerrany where it was carried Zrom the ULIR during

-28 =




re was publisned

in 1943 with mezntion of the work of tihe Zussians wro first had the

placing the mesbrare
pportunity for overcosinz Ti. eilriiz CIIIcultlies ¢
Yogists durin: tne wor. Voris L. Leli dine tnescin ec
sanitary bacteriolo-icul zriliiis o
a standard anulysis, and cn u:ilng the membrane filoer
Yethols based on the uce of ..iiraze Ifiller

to the US from Germony where the lormer

irzediately afte

3

Ger.any, particularly in this JTield. In the US the ne

atudying water ond air have int ved booh milivary

of the US army) and civilicn sanitation azencies and

to standardize methods for arelvsis of crinking water

general, rescarch in the U3 follows the line of using

membrane fiiter methods ceveloped in the USSR and des

cuituring of meubrane filters takes place cn a pad of

’

(for example, thick filter paper), irmsregnzted wiih a
D4, pep > Jres

rediun. In order to shorten the lag chese, yeast auvo

stinmulavers ol colony growth are introduced into the

which wog mare concentrated than usuzl. Jor Lhe same

Iilters on nutritive m:dia

Xruce (1945)
n rind the unused

I German bacterio=-

DelncC,

€ nive passed

counvry sent a special commision

the end of Jne war to study ihe achleverents of

&4 methods Ior
{Crezical Corps

the commiitee

-

ard seraze. 1n
znd improving the
crized avove. The
inert material
liguid nutritive
lysate and otaer

rutritive nedia

purpose there is

a chort perlicinary culturing of the ma.irane Iilters (2-3 kours)

~s

on complete media after winich the filters are rmoved
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pregpated with selective or dizznostic media where ihe culture
completes its growth, There .re pods wrich cre sozked in zdvance
with the proper media and then dried and sterilized. Eefore being
used they are moistened in o zierile Petri dish with 2 milliliters
of water. ‘nere are also . ..¢ coz3lo pads consisting of Three

layers: an upper impregnated iitn & medium to spesd u) the frowth

o4

of colonies, and a lower impremmeted with a selective mediwa walch

3]
—~
(S
O
Uy
P

-

developed in the US may be found in trne pudblicavion of Goct
1952, 1953a), Bush (1953) wnd others,

In Zrngland work with membrane filters has bzen linited to
adopting methods worked out in the US and to testing their suitobili-
ty for established practice of sanitary bacteriological analysis of

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

‘CONCLUSICNS
The preceding analysis and the far from cozplete list of
Russian works on various problems in the use of membrane filters,
primarily in the field of microblological analysis of water, show
that much worx has been done in the Societ Union on this cuestion
and that in this field we have beewn ore than 20 ye.rs ahead of

foreign countries., This in turn irposes a great ani responsivle

oblization to keep in first place. wrile many foreign countriee are
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1. The stugy of miceobick pluaxion has reveiled a nore
protable arournt of nicrobes in woilerg, an amount uore in xeeping with
thelr supposca and true role. In conitinental waters and seas we
rave found a number oI new microorganisms not growing on ordinery
meala.

2. The metizod for eulturing microbes on mezirane Siliers
by transfering then to various media allows for a complete siudy
of the biochenical properivies ol microbes and {heir interrclation=- :
shins without separaiicn inwo 1lsclzted cullurses and for a nore
rapid and more simple fullfillment of a number of practical jobs,
ihe poscsibilities for incluaing fluorescent znalysi., chromatosraphy,
phize microscopy cnd others huve not been sufficiently utiiized.
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Factory, a standardization of production, &n increase in oz variely




N
Y} of mcmbrane filters designed for various purposes, and & scZich

for similar new filterinz ratesials wiiich co ot have thz fow

¢l

negative properiies of mencrans filtooz mude from ritrocclliulose,

It is w be noped ti.t we vill aciicve _rolt suceo:is

- v~
.d Ve b nd

10

dircction,
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