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Brown (1973) demonstrated that one commercial hraind of filters 
recovered sitatilsHcially more coloniies of bacteri<a f:rom pure cul
tul'es of E. coli than did another one. This di1screpancy oould be 
demoll!strated at 1eHher 35°C or 44.5°C. 

In our laboratory we therefore decided to make a comparative 
study of the t:wo commercial brands of membrane filters which 
we use. The study was designed to produce a number of data 
sufficient for a statistical analysi·s. Pure cultures of E. coli sfrains 
were s:tudiied and the filte11s were inculbated at 37°C and 44°C 
para:Ueley. As a method of reference was us1ed pour plating. 

It should be emphasized that other commercial brands of 
membrane filters are available in the market. The resrults of the 
pvesent study, therefore, do not indicate which brand is the one 
of choice. 

MATERIALS AND METHODS 
Bacterial strains 

A total of 20 strains of Escherichia coli were included in the 
study. They were all i1solated from drinking water samples. The 
identity of the st1rains were established according to typical 
reactions in the following tests: growth in semi-solid agar, Voges
Proskauer 1·eacUon, indole production, fermentation of glucose 
and malonate, gelatin liquefaction, H2 S-p·roduction. Media used 
for these tests were as described by Lautrop (1956). Further
more, determination of lysin and ovnithiine decarboxylase was 
dlone acOOl'ding fo Mpller (1955). 

Membrane filters 
The folfowing trwo commel'cial brands of 0.45 µm porosity 

membrane filters were compared: Millipore, HA WG 04 7Sl (Milli
pore Col'poration, Bedford, Massachusetts 01730, USA) and Seitz 
type M, catalogue no. 0045 1 047 4211 (Seitz-Asbest-Werke, Theo 
u. Geo Seitz, Bad Kreu2mach, Germany). Both brands of fmer:s 
are made from mixed ester1s of cellulose and they arre sforiilized 
by the manufacturers wHh ethylene oxide. The same lot of the 
two fi'lters were used ·throughout the study. 

Preparation of bacterial suspensions 
The strains werie grown overnight in nutrient broth (Difeo) 

at 37°C. In the folLowing morning fresh broth was inoculated 
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foom these cultures. The cell densiity was followed in a spectro
photometer (Spectronic 20) at 450 nm. Incubation was inter
rupted at O.D. 1.0 which corresponded to an approximate celil 
concentration of 108 per ml. From the cultures, ten-fold dilutions 
W1ere made in quarter stirength Ringer solution. Two 1 of 10-s 
dilution were made by adding 20 ml of 10-6 dHutfon to 1980 ml 
of Ringer solution. The final suspension thus contained a ooncen
trati-Oll of ceLls within a workable range for membrane filtration, 
i. e. approx. 102 per 100 ml. 

Procedures 
From each of the cell su.sipensions 20 replicate cultures werie 

prepared on MiHipore filters, and 20 on Seitz filters. Fifty ml 
were filtered through each filter by use of a Millipore filtering 
apparatus. The filters were transferred to Teepol agar plates. 
Of the rieplicate samples haltf were incubated at 37°C and haltf 
at 44°C for 24 hrs. After incubation the number of colonies were 
counted under a stereo-microscope at a 7X magnification. 

For pour plates, six replicate samples were made in platie 
count a'gair (Di:fco). Of these, three were inoubated overnight at 
37°C and three at 44°C. Number of colonies were counted in a 
Quebec colony counter. 

RESULTS 
A mean vaLue was calculated .f:rtom all lots of replicate sam

ples. These data are 1presented in Table 1. Results from pour 
plating represent the number of colony forming units per ml of 
the 10-6 dilutions whereas figures foom membrane filters are 
deri;ved tirom 50 ml of 10-s dilutions. 

In paired experiments, the differences of t;wo partners re
ceiving tiWo kinds of treatment can be assumed to be normally 
di1strilbuted. The differences can therefore be applied to a t-test 
by using the following equation: 

d 
l=----

sd/Vn 
where d is the mean of the differences between paired lots of 
replicate samples, sd is the standar:d deviation, and n is the num
ber of paiti·ed experiments. 
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Table 1. Mean counts of 1-0 replicates on membrane filters and 
three repHcates by plate counts of 20 strains of Escherichia coli. 

:;7°C 44°C 

E.coli Plate Milli- Seitz Plate Milli- Seitz 
strain no. count pore count pore 

1 176 60 7t0 132 67 82 
2 393 134 110 3521 8·7 1'31 
3 372 1,39 154 358 148 1'6>9 
4 2t93 93 101 222 100 108 
5 32.5 179 179 282 1'68 190 
6 280 1,37 132 264 119 148 
7 2195 139 136 284 146 154 
8 181 47 45 182 53 47 
9 1'33 38 40 1'3t0 4.1 40 

10 255 92 115 271 100 102 
11 244 86 97 2.51 91 107 
12 198 94 111 205 9,3 116 
13 2116 68 91 222 70 87 
14 16i5 68 76 169 64 7'7 
15 3421 118 137 345 114 135 
16 324 1,51 164 317 148 163 
17 24·0 74 71 235 77 76 
18 277 118 uo 261 115 112 
19 2;92. 135 133 277 13.5 134 
2i0 249 100 95 263 86 94 

Average 26-3 104 108 251 101 114 

In Taible 2 a summary is giv.en of comparisons between the 
various methods which were tested. Since figures from mem
brane filtrations and pour plates are based on dififerent dilutions, 
no direct comparison has been made between thes·e procedures. 
The results given in Table 1, however, indicate that the number 
of colony forming units seems to be somewhat les·s when deter
mined by the membrane filtration pl'IOcedures. Pour plates were 
included in the study in order to assess whether an incubation 
temperature of 44 ° C per se had a detrimental effect on the 
growth capacity of E. coli. According to Table 2, this apparently 
is not the case. On a selective medium like Teepol agar, 44°C 
does not irnhibit E. ooH cellis in the logarithmic growth phase to 
a significant degr1ee. This can be seen by comparing results for 
identical fillers at two temperatures. Likewise, no discrepancy 
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T a b l e 2. Summary of statistical analyses of the differences between 
methods for enumeration of fecal coliforms. 

Plaite count 37°C vs Plate count 44°C 
Millipore 37°C vs Millipore 44°C 
Seitz 37°C vs Seitz 44°C 
Millipore 37°C vs Seitz 37°C 
Millipore 44°C vs Seitz 44°C 

t-value 

2.W 
0.91 
2.73 
2.()1 
4.47 

was demonstrable when comparing the ef.fici,ency of Millipore 
and Seitz fillers at 37°C. A statistically highly si·gnificant dis
creP'ancy, however, was in evidence when the two brands of fil
ters were compared at 44°C (t = 4.47, P < 0.001). 

DISCUSSION 
Membrane filtration as a method for enumeration of ooli

forms and .fecal coliform in drinking water offers several ·advan
tages when compared to MPN ... methods. Bacteria can be ·concen
tmted from larger samples. It is less labor oonsumin•g, which 
increases the capacity of a routine l·a:boratory. Furthermore, re
sults are available in a shorter time. The main objection which 
can be raised against membrane filtration is that gas production 
is not detectable. This may necessHate confirmatory steps. 

Whereas MPN-methods are well established in Danish labora
tories, little e:x.perience i·s available as regards membrane filtra
tion. In our laboratory we have therefore i.ni1iated preliminary 
work in order to gain some experience. The present study is .part 
of this work. The data presented, clearly indicate that two com
moocial brands may differ in their capacity to recover feool coli
forms. In a similar investigation, Presswood & Brown (1973) 
arrived at the ,same conclusion. They compared Gelman and Milli
pore membrane filters and found that Gelman GN-6 filters r·e
covered staiti1st:Jically more oolonri.es .from pure cultures of E. coli 
than did Millipore HAWG 047SO filters. Thi.s difference was 
demonstrated at either 35°C or 44.5°C. Comparative examinations 
of ·river water for fecal coliforms gave results comparable to 
those obtained for pure cultures. Schaeffer el al. (1974) also 
examined natural samples and .found no significant diff·erences 
in the effi.tciency of the recovery of fecal ooliforms on Gelman 
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or M11Lipore fil'teris. However, higher couin:ts of total coliforms 
were obtained with Gelman filters. 

Presswood & Brown suggested that different methods of ste
rilizaHon of the filters could be the reason for the difference in 
the ext1ent of effects on the griowth of ba.cteri<a. 

Dutka et al. (1974) compared autoclave- and ethylene oxide
steriHzed membrane filters manufactured by Gelman, Mimpore, 
and Sartorius. Their studies indicated that tJhe various brands 
differed as regarids recovery of total colifor1ms., fecal colifol'IJils, 
feca'l s1tlreptococd, a:nd heterotrophs. In general, ethylene oxide
sterilized filters were less efficient than those sterHized by auto
clave. Sladek et al. (1975) demonstrated that the morphological 
structure of the filter material was a critical factor. The surface 
openi1ng diameter seems to be a primary determinant of f.ecal 
colirfornn ·growth on membrane filters. 

The present study supports the view that the method of ste
ri.'lization is not the criucial factor determinilllg differences be
tiween filters of different oriigins, since the two bria:nds whi1ch 
have been compared were both sterilized by ethy1ene oxide. The 
study has also confirmed that selecting membrane filters from 
a va:riety of brands which are commercially available should be 
done with some criticism. 
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SAMMENDRAG 
En sammenligning a/ Seitz og Millipore membranfiltre til pdvisning 

af f rekale kolibakterier. 
To almindeligt anvendte membranfiltre til bestemmelse af frekale 

kolibakterier i vand blev sammenlignet. Det er pavist, at Seitz type M 
filtre gav vrekst af et statistisk sikkert hj!ljere antal bakteriekolonier 
fra renkulturer af Escherichia coli ved 44 • C. Membranfiltrene blev 
dyrket pa 0,4 % Teepol agar. Ved 37°C kunne ikke paviises statistisk 
signifikante forskelle. Som referencemetode er anvendt kimtrelling i 
plate count agar (Difeo). Det kunne vises, at en dyrkningstemperatur 
pa 44°C ikke i sig selv hremmede vreksten af E. coli. Begge typer af 
fi.1tre er steriliseret af fremstillerne med ethylenoxiid. Den fundne for
skel kan derfor ikke tilskrives steriliseringsprocedurer. 
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