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COMPARATIVE INVESYICATIONS OF THE FILTRATION
EFFICIEACY OF BEWGRANE FILTERS
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Prausser (1) conducted extsnsive elsctrommmicroscops studies with mem.
. brane filter surfaces, [e found, among others, that nedther the sverags
. ‘pure diameter nor the dismeter of the largest porss, by itself, 1s suffi.
; sient to dsfine the fMltration effestivensss. It therefors seemed a good
! idea %o dotermine the quality of a lairger musber of diflerwnt meabrane 11l

tor types snd products bty investigating the flltrates of particle suspen.’
#ions for comparison, o ‘

Materiel and Method

Filtors Tested: Sartorius metbrane filter MF 500, NP 265G, KF £50
MF 125, MP 300, MF 50, MF 30, MP 15, MF 14, HF 12, P 10 (diamstier 50 mm);
millipore filter SK, Ad, B, GS (diameter &7 mm); Gelman fSlter GA &, GA §
{diamoter &7 mm), Aliogother, at loust 20 or X, und in sowe ceses emidn .
erahl; more filiters of evary swade and iype Yere testsd,

Test Particlies: polystyrol latex, diameter 2.05 mem, 1.90 mm,
1,305 mm, 1,171 men, 0,796 wm, 0.557 mm, 0,365 wm (very kindly mede
available by the Dow Chemlosl 0o, Midland, Michigan); colanyl green G from
the Boechst Dyestuff Factory: normel and inhibition furme of Serratia

marcsscens, sirein 153 from the Gottingen Iniversity's Institate of mm-‘ '
u@lﬂgyo

Preparation of latex Suspensionss Bach vase, one drop of latex
, parent susponsion was diluted wiih 50 ml of & &4 NaCl solution ([1) en exme
; tensivoly ole-frse NaCl solution, filtered threugh Sartorius mesbrene

fllter ¥ 10, s used in all experiments). hafﬂmn.tnam’-
ofththM%bcud.
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Preparation of Colsnyl Oresn Suspensions A glass rod, at whose emd

- & ovall quantity of Colanyl Grewn dough had been glued, war dipped in 50 ml

of 4% HaCl solution wmtdl the developing suspension becsme romtransparent,
Ppeparstion of Beoterls Suspensions:

(a) Hormal form: efter at least B days of cultivatfon at 26%28° ¢
in a peptone-glucsse medium (pgptona 0,58, glucoss 9,58, ¥adl ©,3, PaS0, ¢

“ 9 1,0 teace, pH 7.047.2; ploced in 300-ml Erlermeyer flasks in 100 ml 4n

) { nl of basterie suspansion (coni.inivg aboat i=3 + 10° cells cep-
shle of mitiplicstion) was dilutsd, in each experiment, with 49 w1l of 44
{2 ssletion, |

(b) zgmwmnégm ¢ad] foris: Normal cells of the teet bectere
iua were incubated at 6 -28" € in 50 ml °f mitrient solution (100-ml Erlen

- meyer flasks) with Che following ocomposition:

o (%} BP% . b 520 0.154, KHL, PO, 0.05%, sz‘,& 0.05%, ¥gso, © 7

- E,C 0.05f, Asparagin 0.3%, glucoss if; pil about 7,2, After 5.8 days, the

. entire malared bectaria popaulation wes then used for imoculation of 450 ml
o of 8 watrient eclation which, in wddition to the absvementioned components,
< comtained 18.8% g LACL, 4s o result of the rather woderate formmtion of
' ’g;ﬁyiwto, the 1ACl conoentration of the overeall solution was net quite -

07 WO

ler efter inoonlation, Imcubstion took place in upright 1-liter Roux

 flasks at 209%21° ¢, Aftur as 1ittle ae 24 hours, it was possible to use

i ol seuples, diluted with 49 ul of a 4% KaCl solution, for the testirg of

- the filters, After 10 days of oultivation, the IiCl.contaiidrg medivw eone

tained a large number of bactoria cells caepable of multiplyimg but sowm. of
Lhen by then hed elrsedy lost their capability of forwing dyestuff, Accorde
iug to optical and elestven mioroscope investigations, the bactaria inhibe
tion forws uvsed for filtar testing ssre on the average somewhat shorter and
stove #ll they were defindtely slimmer than the "normsl forms® cultivated

~dn the paptone-gluccee medivm,

PMitration of Particle Suspensions: Increments of 50 ml of particle
imspension wers suctioned inte extansively dust-fres, previously carefully
clsened beakors, through the filters to be tssted. The filters were clamped

. 4n "Coll 5% dmstr..nave “rou the Sartorius Membrane Filter Company, Ino,
. Gottingen, The m..al fritts, which are provided as filter supports or tasses

in tide spparatur, could do clesnssd of particles only with great diffMoulty;
thia i3 wiy an cavily clesned perforated plate was used as filter support in
the filiration of later and Colanyl Green. For microdMological investiga«

" tioms, the filtration Listruments were sterilised in autoclsves.

Farticle Sise Messursment: Tho megnitude spestra of the particlse

.. ocontained in the filtrates ware detersined with the help of & Coulter

Counter, Model B (with recordar); (Lere wa heve the follomring dimensions:

'aousle ddameter 30 xmm, 1/sperture curront = 1/6 + fine motion = 160;

1/empiification = 1, volume per drdividual weaserement = 6,05 wl, ociibrs.
tion of appuratus with latex perticles having a dim of 1,305 and 1,173

| : “)o
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Cultivation Msthod for Establishment of Bacteria in Mltrate: The
filtrates to be tested were filtered through sterile Sartorius membrane file
tor MF 30 and wers incubated at 26°.28° C after placing on sgar piates
(paptone-giucose medium with addition of 1.5% agar), These experiments were
alwayz conduoted parallel to the corresponding Coulter Counter measurements,
There wers no contradictory results in any oase here.

Results and Discussion

The results of the investirstions can essentially be seen in Tables
i and 2, ‘ .

Table 1 gives us & gemeral picture of the filtration efficiency of
the filtars tested, Using the available test particles, it was possible to
arrange almost all filter types sccording to thedr qualitative nature., Ounly
ths membrane filters MF 10 and MF 12 did not sllow any typs of particle to

s¢ through in measurable quantities. On the basis of the differing auil
f‘m] rates, regiatered in connection with the Coulter Counter measurs-
ments, it was lhowavar possible to determine that the MF 12 was deﬁnitaly
the coarser of the two,

Teble 2 in particular 2llustrates the relationships between the form
and the filterability of the test particles: assuming that the diameter is
Just about the same, the longitudinal bacteria cells turned out to be just
@8 easily filterabls as the latex particlss whose volum~ on the basis of
their spherical shape was many times smaller. The Colanyl Green particles,
which reached the filtrates, likewise were disproportionstely voluminous e

obviously as & result of the very high plastic deformabdlity,

The volume of the latex particles used, which was C,557 mmu, is al«
ready so small that the particles hers, under the experimental conditions
described, cannot be measursi as individual particles, However, in watary
suspenasions, latex nearticles inclire twward the formation of particle agg»~
gates, The size of these sgpregates, as Preusser determ’ned also by means
of the electron microscope (perscnal communication), is a function of the
total particle concentration, Moreover, the Coulter Counter, at hgh parte
icle concentraiions, registers several or many individual perticles found
simultaneously in the noszle arsa as & single, correspondingly larger parte
icle, This so-called ocoincidence effect is likewise a function of the cone
centration, It was therefore pocsible salso to astablish the presence of
latex particles with diameters of 0.557, 0.355, and 0,264 »omi; 4t was thus
also poasible to use the volumss of the largest "particles" registered in a
filtrato in each case as a yardstick for the relative mlmtion of the per-
neability of the filters tested.

The filters mede by the Sartorius Membrane Filter Co, Inc, which
ware tested here proved to be uniform in terms of thelr quality, The vole
unee of the largest latex particle aggregates and bacteria cells, registered
in the filtretes, differed from each other, assuming we work with filters of
the sams type, generally by no more then adout 0.08 cudde wm,
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‘ ((2] In ke Colanyi Green filtrates, the fluctuations were somewhat .
- greates altasugh this is due obvicusly to the fect that the particle spectra
Yoo of the wnitltrated pigment suspensions wers not completely uriform,)

On the other hand, there was quite a bit of difference in the quality.
oo of the tested alllipore filter of Type HA and the Gelman filter, Type GA 6,
v, Pertisles of cortain sise were completely or almost complotsly retained by
.. some of thess filters while other filters (inoluding those from tho same
§ © oharge [lot]) allowe? these particles to pess in .oderate or larger quanti-
8 - ties. o volumss of the largest particle agpregates and baoteria cells
' . regletered in the filtrates of these two filter types differed quite com-
. ‘cidmhlvfﬂnmewﬁmththomxt.puthhwfnmothmOiouuo
< T e

I want to thank Mr G Komig for his extremsly conscientious collaborw
ation in thece exparimmmts. At the scme time X want to wxprest my apprecie-
. tion to I D Thom and Dr R Oropl from the Sartorius Membreno Mlter Co, Ins,
- CGottingen, and my colleague, Dr H.J. Preusser, for the disoussions and ideas
8 . they offered; I am particclarly irdebted to the latter for the oloctrcu-
xicrosoope study of the bacterial inkitd tiom forms,

filtretion d’rwuvms of a total of 17 Sartoriue membrane,
and Oslmen filters was tested through sxperiments for test part-
form and 23ise, susperded in & 4€ watery ReCl solution
. {latex, Colanyl Green, and beotsris sells), This was dtme by means of
“ - electromic and Miercbdological filtrate analyses, The most important invest.
. igation results cre cempiled in the form of tables and are triefly éisoussed,

:
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(1) Prousoor, U.J., Jelledd % u 3 Folymere (in print)

W. ml Dr Mersnried Petres, Institut fur Aswocbiologle
- ” m Saverland ;
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- TABLE 2
WAXINUM VOLUMES OF PARTICLES RBUGISTERED BT SARTORIUS
HEMBRAXE, m.um AND GELMAN FILTZRS

I’EXT NOT REPRODUCIBLE_

mﬁmomMgﬁvm

‘ (b) Testpartikel
. Polystyrol.Latex:) (e) () Colanyigrin Serratia marcescens
| Filtertyp Volumen der Volumen
! Besoichnung Grobe der Tostpartikel grofhien im | Volumen der [ der groBlen Velumen der
und vom Herstellér (d) (Mittelsrert) Filtent mtm“:; im Filtrat  groBten im-
& mittierer registicrten iltrat nmenen l“ilmt
mw Partikel und Ni m‘i
(a) Durchmemer Volumen  Partikel. PYL sxol
a (f) (2) aggrepate i
(amt) {pm) (]llﬂ% {pn?) (pem® '\
. MF 800 a & .20 4.401 0,87 2, 8,44% akhtuamkt
Millipore BM 1,300 2,164 2.26 X ] 3,449
MF 260 3 (%) 1,306 - b A4 1.4 2,48 3,37 ” »”»
MF 150 l.z (1,9 T TR YY) 115 23 2,33 v " )
. Gelman GA 49 0, 0,796  0.204 1.63 2,00 102, -
MF 128 o,a (0.9) 076 0264 1,52 ' 198 L, "
il (i3 ] 0,587 0.080 1.70 1,04 . L1 " ”»
MF 100 0,8 (0.8) 0.557 0,680 1,63 1,81 1,62 " "
Millipore HAY 0,46 0,365 0.028 1,74 L74 188 ¢ ".
Goimen GA %) 0,48 0,285 0,028 1.52° 1,50 1,88 »
MF 30 0,45 (0.8) 0,385 0,028 148 1,62¢%) l.ﬁ’ " "
68 o2 0,385 .0,028 141 1,458%) 1,83
Mur 01 {03 0,388 0,028 1,97 (L3N k. - 1,78
MFis 0.18 (0.37) - - - nicht un - l.ﬁ'i
"r l‘ O.l (09’) - had - " ” - lva,
MF 13 008 (0,15, @ —- - - " —
) 1 0,1 (0,01) - — - " ”" - -
Kv. 2. Filter tyve desighetion s. Volume of largest partiocles

and particle aggrsgates reg-

bty manufsctarer isterad in the filtrate

b, Test particle f. Dlamster

8, Gvlanyl Green g- Volume

d, 8ise of test particles (sverege h, Volume of largest particles
value) rcgistered in tho f4ltrate

41, Yoluae of largest normal forms
registered in the fiitrate
J. Yolume of largest 4nkibition
lorss registered in filtrate
k. Not investigated
~ (1) Por the Sartorius Mesbrane Fiiters, ws have, in the first place hsre,

- the valnes deterwmined withk the help of the merovry intrusiorn method while
the 2nd place {digit] in parsmtheses shows us the valus determined by means
of through-flow msesursments,

(2) Only the valnes for the largest particle types passing through a filter
here i sach casc are showm,

(3) It would seem to be possidble that considerably larger bscteria could be
filtrated through M 500 and M1llipore Filter 3K, Minthhctcrupom-
lations imvestigatad only very few cells hdvalme ¢l more

-»m{mwlmomxjsu-n).

g, e oA T E




e ettt A TP

(%) Considersble quality diffsrences from one filter to the nurt, elso
within one and the same lot. . ,

(5) Mitratu only very slightly stainsd [dyed].

(6) Pltretc oolorless. BHare ~s measured only the colorless sphciul
paxiicles ooming from the &.hn.vl Grcen preparation used, o oo




