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Claim
1. A method for evaluating the virus-removing capa-

bility of a porous polymeric membrane module for remov-
ing viruses from a virus-containing fluid by filtra-
tion, said module comprising a casing having an inlet
for a virus-containing fluid and an outlet for a fil-
trate, and a porous polymeric membrane disposed in said
casing to partition the interiér of said casing into a
first épace on one side of said membrane which first
space communicates with one of said inlet or said .
outlet and a second space on the other side of said
membrane which second space communicates with the
remaining one of said inlet or outlet, which method
comprises subjecting said porous polymeric membrane
module to testing I,

said testing I comprising the steps of:

(1) filling the first space on one side of said

.J/2
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membrane with a liquid, chemically inert to said mem-
brane,

(2) supr'ying the second space on the other side
of said membrane with a gas, chemically inert to said
membrane,

(3) termiﬁating the supply of said gas when the
transmembrane pressure on said membrane reaches prede-
termined value Ph, said value Ph satisfying the follow-
ing formula:

d < Ph < c

wherein d and c are respectively the transmembrane
pressures at points (d) and (c) in Fig. 1 hereof,

(4) allowing the module to stand, thereby causing
the transmembrane pressure on said membrane to be
lowered,; and

(5) measuring the transmembrane pressure lowering
from vélue Ph a predeteririned period of time after the
termination of the supply of the gas,

wherein Fig. 1 is a graph containing a curve
showing the relationship between the transmembrane
pressure and the gas supply rate of a model porous
polymeric membrane module, said model module being
substantially the same as said module to be subjected
to testing I, containing a porous polymeric membrane
having an averagé pore diameter and a maximum pore
diameter which are, respectively, within ranges which
are predetermined in accordance with the size of vi-

ruses to be removed, said relationship between the
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transmembrane pressure and the gas supply rate being
obtained by filling the first space on one side of the
membrane of said model module with a liquid chemically

.inert to the membrane and supplying the second space on

the other side of the membrane of saia model module
with a gas chemically inert to the membrane while
measuring the transmembrane pressure and the gas supply
réte, and

wherein:

a straight line obtained by extending the straight
line portion first occurring in the curve of Fig. 1 is
defined as straight line (a), said first occurring
straight line portion of the cgrve representing the
increage in gas supply rate in proportion to the in-
crease in transmembrane pressure,

a transmembrane pressure at point (d) correspond-
ing to point (d1) on the curve at which point (d,) said
cufve starts to diverge from said straight line (a), is
defined as transmembrane pressure d,

a straight line obtained by connecting points (e)
and (f) on the curve at which points (e) and (f) the
gas supply rates are, respectively, 2.5 times and 3.0
times the gas supply rate at point (dy), is defined as
straight line (b), and

a transmembrane pressure at point (c¢) correspond-
ing to point (c;) at which straight line (a) intersects
with straight line (b), is defined as transmembrape.

pressure c.



P/00/011 285191
Regulation 3.2(2)

AUSTRALIA

Patents Act 1990

543174
ORIGINAL

COMPLETE SPECIFICATION
STANDARD PATENT

Application Number:
Lodg. :

Invention Title: METHOD FOR EVALUATING THE VIRUS-REMOVING CAPABILITY
OF A POROUS POLYMERIC MEMBRANE MODULE FOR REMOVING VIRUSES
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BACKGROUND OF THE INVENTTON

Field Of The Invention

| The present invention relates to a method for
evaluating the virus-removing capability of a porous
polymeric membrane module for removing viruses by
filtration. More particularly, the present invention

is concerned with a method for evaluating the virus

- removing capability of a porous polymeric membrane

module for removing viruses by filtration from a
virus-containing fluid, which method comprises fill-
ing a space on one side of the membrane of the module
with a liquid, supplying another space on the other
side of the membrane with a gas, terminating the supply
of the gas when the transmeﬁbrane pressure on the
membrane reaches a predetermined level (higher than a
level at which non-visible bubbles begin to form but
lower than level at which visible bubbles begin to
form), allowing the module to stand to thereby cause
the transmembrane pressure to be lowered, and measuring
the transmembrane pressure lowering a predetermined
period of time after the termination of the supply of
the gas. By the method of the present invention, the
capability of a module to remove viruses can be effec-
tively and efficiently evaluated, thereby enabling the

selection of a module which has at least a predeter-
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mined level of virus-removing capability and which can
be suitably used for removing viruses from a fluid
which may contain a virus, for example, protein solu-
tions, such as a plasma, a plasma fractionation
product, a culture medium used for cell culturing, and
biological pharmaceutical products.

Discussion Of Related Art

- In recent years, separation techniques using a
pol!ymeric membrane have made marked progress and have
been used in a wide variety of application fields. The
separation techniques using a polymeric membrane are
classified into two types according to the principal
mechanism of separation, that is, separation by filtra-
tion based on the difference between the pore diameter
of a porous membrane and the size of a substance to be
removed, and separation based on various physical and
chemical interactions, such as an adsorption etc.,
between a membrane and a substance to be removed.

In removing viruses from a virus-containing fluid,
however, a porous polymeric membrane module employing
the former type of separation technique (filtration) is
especially advantageously employed.

With respect to the separation technique for
removing viruses from a virus-containing fluid by

filtration using a porous polymeric membrane module,
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various proposals have been made. Examples of such
separation techniques are disclosed in Japanese Patent
Application Laid-Open Specification Nos. 60-142860,

60-142861 and 61-168367 (in each of which a porous

"polyolefin membrane is used); U.S. Patent Nos.

4,808,315 and 4,857,196 and Japanese Patent Application

Laid-Open Specification Nos. 61-254202 and 61-274707

(in each of which a porous regenerated cellulose mem-
brane is used); and Japanese Patent Application Laid-
Open Specification No. 62-266072 (in which a porous
substance comprising calcium phosphate as a main compo-
nent, is used).

Meanwhile, since the virus-removing capability of
a porous polymeric membrane module is largely influ-

enced by the pore diameter of the membrane, the selec-

~tion of a porous polymeric membrane module having a

predetermined virus-removing capability, has conven-
tionally been conducted mainly by the measurement of
the pore diameter of the membrane. Thus, many methods
for measuring the pore diameter of a porous membrane
have conventionally been known. However, as will be
described below in detail, none of the conventional
methods are satisfactory as a method for measuring the
virus-removing capability of a porous polymeric mem-

brane module for removing viruses.
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For example, the mercury intrusion method is
known. However, in the mercury intrusion method, the
measurement of the pore diameter of a porous polymeric
membrane (the diameter is of a submicron order) re-
quires application of an extremely high pressure to a
porous polymeric membrane, so that the porous membrane
is likely to be damaged. Therefore, this method is

unsuitable for the measurement of the pore diameter of

a porous polymeric membrane module for removing vi-

‘ruses.

Further, the so-called bubble point test is known
in which a first space on one side of a porous polymer-
ic membrane of a module is filled with water and a
second space on the other side of the membrane is
suﬁplied with a gas and the transﬁembrane pressure at
the time when clear formation of visually observable
bubbles oécurs, is measured. However, in the case of a
porous polymeric membrane having a pore diameter of
100 nm (=0.1 pm) or less, such as membranes for use in
removing viruses, the measurement of the pore diameter
by the bubble point test requires application of a
pressure as high as 30 kg/cm2 or more, so that the
membranevis likely to be damaged. Therefore, this
method is unsuitable for the selection of a porous

polymeric membrane module for removing viruses.

-5 =
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There is also known a method in which the measure-

ment of the pore diameter is conducted by observing

pores thrdugh én electron microscope. This method hau
an advéntage_in that the pore diameter of individual
pores‘can be directly and accurately measured. Howev-
er, this'methqd has the following serious disadvan-
taées; That is, the greater ﬁhe magnification of tﬁe
electron microscope, the mbre the area of a portion
which can be observed is limited. In general, for
obviating this disadvantage, it is necessary that
electron photomicrographs of numerous portions of the
membrahe:be taken, thus causing the procedure to be
extremely éumbersome. Further, it is impossible to
measure the diameters of all of the vast plurality of
pores‘of a membrane, so that measurement of pore diame-
ters‘cannot be conducted with respect to the entire
membrane. Therefore, this method cannot be practically
used. |

As a relatively practical method, a method is
known in. which the rate of permeation of water through
a porous membrane is measuied, to thereby determine the
average pore diameter of the membrane. However, with
this method, it is impossible to measure a distribution

of pore diameters of the membrane, so that the ratio of

pores having a pore diamet=r larger than the average
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pore diam2ter and the magnitude of the difference from
the average pore diameter (both of which have a great
influence‘onvthe perxrformance of a membrane) cannot be
determined. Therefore, this method canﬁot be satis-~

faCtorily used for the selection of a porous polymeric

membrane module for removing viruses.

In the field of filters for removing bacteria,
several testing methods called "integrity tests" have

been developed and used as methods for examining the

: capability of a filter to remove bacteria.

Among the integrity tests are a method in which a
bubble point is measured as described above, and a
diffusion method in which the degree of diffusion of a
gas into a ligquid through a membrane at a transmembrane
pressure at which no bubbles are generated, is meas-
ured. The diffusion method can be further classified
into a forward flow test in which the flow rate of a
gas through a membrane while supplying the gas is
measured, and a pressure hold test in which the gas
supply is terminated at an appropriate transmembrane
pressure and then, a transmembrane pressure lowering is
measured a predetermined period after the termindation
of the supply of the gas (see, for example, "Field
experience in testing membrane filter integrity by the

forward flow test method", by Wayne Pauli, Ph. D.,
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published by Pall Corporation, Glen Cove, New Yor’
U.S.A.). Thus, these integrity tests can be roughly
classified into two types of methods, that is, a method

(bubble point test) in which a transmembrane pressure

~at which visually observable bubbles are generated, is

measured, and a method (diffusion test) in which the
degree of diffusion of a gas into a liquid through a
membrane at a transmembrane pressure at 'which no bub-

bles are generated, is measured. Practically, the most

~suitable measuring method is selected, taking into .

consideration various factors, such as the porous

'structure, uniformity, strength and production method

of the membrane to be examined.

In each of the abov2-mentioned integrity test
methods for examining the capability to remove bacte-
ria, water is mainly used as a liquid. In general,
water is suitable as a liquid for use in testing a
filter for removing bacteria, which filter has a maxi-
mum pore diaﬁetervas large as 0.5 um or more. However,
since water has a high surface tension, when water is
used as a liquid in the measurement of the virus-remov-
ing capability of a module for removing viruses (in
such a module the maximum pore diameter of the membrane
is as small as 0.25 pm or less), the transmgmbrane

pressure at which the measurement is conducted is
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inevitably too high, thus damaging the membrane con-
tained in the module. ‘Therefore, the above-mentioned
integrity tests for bacteria-removing filters cannot be
used for evaluating the virus-removing capability of a
porous polymeric membrane module for removing viruses.

' Thus, there have been no conventional testing
methods which can be effectively and efficiently ap-
zlied to the evalua*ion of the virus-removing capabili-
ty of a porous polymeric membrane module for removing
viruses without the danger of damaging the porous
polymeric membrane.

In these situations, a novel method for evaluating
the virus-removing capability of a porous polymeric
membrane module for removing'virusee has been earnestly

desired.

SUMMARY OF THE INVENTION

With a view toward developing an effective and
efficient method for the evaluation of the virus-
removing capability of a porous polymeric membrane for

removing viruses, the present inventors have made

extensive and intensive studies. As a result, it has

unexpectedly been found that this goal can be attained
by a spewial pressure hold method in which the supply
of a gas is terminated when a transmembrane pressure

reaches predetermined value Ph satisfying the following
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formula:
| d < Ph< c
vwherein d and'c are respectively the specific
transmembrane pressures at points (d) and (c) in
Fig. 1 hereof,

and then,ia transmembrane pressurxe lowering from

value Ph a predetermined period of time after the

tenﬁinaﬁion of the supply of the gas is -measured. The

Qreéené invention is based on this novel finding.

It is, therefore, an object of the present inven-
timn to provide a method for the evaluation of the
virus—removing'capability of a porous polymeric mem-

Ibrane module for removing viruses, which method is free
from *he drawbacks of the conventional testing methods
~and can be performed at a relatively low transmembrane
pressure, SO ﬁhat the selection of a porous polymeric
membrane module for removing viruses, which module has

a predetermined level of virus-removing capability, can

be effectively and efficiently performed with high

: reliability and without the danger of damaging the

membrane.

The foregoing and other objects, features and
advantages have becn achieved according to the present
invention and will be apparent to those skilled in the

art from the following detailed ‘description and append-

- 10 -



ed claims taken in connection with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

Fig. 1 is one example of a graph containing a
curve showing the relationship between the transmem-
brane pressuré and the gas supply rate of a model
porous polymeric membrane module, in which graph points
(d) and (c¢) are identified for determining value Fu
‘which is essential to the present invention;

Fig. 2 is a diagram illustrating a preferred
embodiment: of apparatus employed according to the
method of the present invention; and

Fig. 3 is a graph showing the relationship between
the trénsmembrane pressure lowering from value Ph a
predetermined period of time afterlthe termination of
the supply of a gas in testing I and the capability to
remove JEV (Japanese encephalitis virus) (JEV removal
ratio) in terms of the logarithmic virus rejection
coefficient (@) for JEV, which relationship is obtained
with respect:toia porous polymeric membrane module
containing a poréus polymeric membrane having an aver-
age pore diameter of 35 t+ 2.0 nm and a maximum pore
diameter of about 66 nm to abcut 80 nm and having an

effective surface area of 0.03 mz.

- 11 -
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DETAILED DESCRIPTION OF THE INVENTION

Esséntially, according to the present invention,
there is provided‘a method for evéluating the virus-
removing capability of a porous polymeric membrane
mbdule fox removing viruses from a vifus-containing
ﬁluid by'filtration, the module comprising a casing

having-an inlet for a virus-containing fluid and an

- outlet for a filtrate, and a porous polymeric membrane

.dispéSed in the casing to partition the interior of the

casing into a first space on one side of the membrane
which first space communicates with one of the inlet
or the outlet and a second space on the other side of
the membrane which second space communicates with the
remaining one of the inlet or outlet, which method
comprises subjecting the porous polymeric membrane
module to testing'I,

the testing I compxy iné the steps of:

(1) filling the first space or, one side of the
membrane with a liquid, chemically inert to the mem-
brane,

(2) supplying the second space on the other side

of the membrane with a gas, chemically inert to the

membrane,

(3) terminating the supply of the gas when the

transmembrane pressure on the membrane reaches prede-

- 12 -
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termined value Ph, the value Ph satisfying the follow-
ing formula:
d < Ph < c

wherein d and c are respectively the transmembrane
pressures at points (d) and (c) in Fig. 1 hereof,

" (4) allcwing the module to stand, thereby causing
the transmembrane pressure on the membrane to be
lowered, and ‘

(5) measuring the transmembrane bressure lowering
from value Ph a predetermined period ef,time after the
termination of the supély of the gas,

wherein Fig. 1 is a graph containing a curve
showing the relationship between the trensmembrane
pressure and the gas supply rate of a model porous
polymeric membrane module, said model medule being
substantially the same as said module to be subjected
to testing I, containing a porous polymeric membrane
hav;ng an average pore diameter and a maximum pore
dianeter which are, respectively, within ranges which
are predetermined in accordance with the size of vi-
ruses to be removed, tne relationship between the
transmembrane preseure and the gas supply rate being
obtained by £illing the first epace on one side of the
membrane of the model module with a liquid chemically

inert to the membrane and supplying the second space on

- 13 -
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the other side of the membrane of the model module with

a gas chemiCally'inert to the membrane while measuring

the transmembrane pressure and the gas supply rate, and

AW

wherein:

~a straight line obtained by extending the straight

line portion first occurring in the curve of Fig. 1 is

~defined as straight line (a), the first occurring
. straight line portion of the curve representing the

~.increase in gas supply rate in proportion to the in-

crease in transmembrane pressure,

a transmembrane pressuie at point (d) correspond-
ing to point (dy) on the curve at which point (d;) the
curve‘starts to diverge from the straight line (a), ié
défined as transmembrane pressure d, |

a straight line obtained by connecting points (e)
and (£) on the curve at which points (e) and (£) the
gas. supply rates are, respectively, 2.5 timés and 3.0
times the gas supply rate at point (d;), is defined as
straight line (b), and

a transmembréne pressure at point (c) correspond-
ing to point (cq) at which straight line (a) intersects
with straight line (b), is defined as transmembrane
pressure C.

In the method of the present invention, the porous

polymeric membrane module to be subjected to testing I

- 14 -
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comprises a casing having an inlet for a virus-contain-
ing fluid and an outlet for a filtrate, and a porous
polymeric mambrane disposed in the casing. The porous

polymeric membrane partitions the interior of the

‘casing into a first space on one side of the membrane
‘which first space communicates with one of the inlet
- or the outlet and a second space on the other side of

the membrane which second space communicates with the

remaining one of the inlet or outlet.
' With respect to the type of the porous polymeric
membrane contained in the module, there is no particu-

lar limitation as long as it has a porous structure

suitable for removing viruses. Examples of such mem-

‘branes include various types of membranes, such as a

hollow fiber membrane, a plane membrane, and a tube-

-shaped membrane having an outer diameter which is

greater than that of a hollow fiber membrane. Of these
membranes, .from the viewpoint of attaining a large

effective surface area per unit volume of the module, a

hollow fiber membrane is preferred.

With respect to the type of the module, there is

no particular limitation. Examples of types of modules

_include various types, such as a stacked layer type, a

~pleated type, and an artificial kidney type in which

both ends of a bundle of a plurality of hollow fiber
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membranes are fixed by a potting resin or the like.

Among these modgles, modules containing porous polymer-
ic membranes of the type disclosed in U.S. Patent Nos.
4,808,315‘and 4,857,196 can be advantageously used.
~With respect to the materiél for a porous polymer-
ic membrane, there is no particular limitation. That

is, the material for a porous polymeric membrane may be

either an organic polymer or an inorganic polymer.

Examples of such materials include organic polymers,
such as synthetic polymers, e.g., a polyolefin, nylon
and polyester; cellulose derivatives; regenerated
celluloses, such as a cuprammonium cellulose, viscose
rayon and acetylated cellulose, which are obtained by
subjecting cellulose derivatives to such treatment as
saponification: a naturally occurring polymer; and
inotganic polymers, such as glass and ceramic types.
Of these; cuprammonium regenerated cellulose is most
preferred becaﬁse it has éxcellent permeability for
protein aﬁd has actually been widely used in artificial
kidneys and the like.

The method of the present invention comprises
subjecting the porous polymeric membrane module to
testing I described below. By testing I, the virus-
removing capability of a porous polymeric membrane

module can be evaluated.

- 16 -
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Testing I of the method of the present invention
comprises the following steps:

(1) f;lling the first space on one side of the
membrane with a liquid; chemically inert to the mem-
brane,

(2) supplying the second space on the other side
of the membrane with a gas, chemically inert to the
membrane while increasing the supply rate of the gas,

(3) terminating the supply of the gas when the
transmembrane pressure on the membrane reaches prede-
termined value Ph, the value Ph satisfying the follow-
ing formula:

d < Ph < c

wherein d and ¢ are respectively the trénsmembrane

pressures at points (d) and (c)‘in Fig. 1 hereof,

(4) allowing the module to stand, thereby causing
the transmembrane pressure on the membrane to be low-
ered, and

(5) measuring the transmembrane pressure lowering
from value Ph a predetermined period of time after the
termination of the supply of the gas.

Following the above-mentioned testing I; selection
of a module having at least a predetermined level of
virus-removing capability can be done by a method

comprising the steps of:
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(6) determining whether the measured transmembrane
pressure lowering is not greater than a value which is

predetermined in accordance with a preselected virus

‘removal ratio, and

(7) identifying the module as qualified or dis-
qualified, based on said determination in step (6).
As mentioned above, Fig. 1 is a graph containing a

curve showing the relationship between the transmem-

V‘brahe pressure and the gas supply rate of a model

polymeric membrane module, the model module being

substantially the same as the module to be subjected to

testing I, containing a porous polymeric membrane
having an average pore diameter and a maximum pore
diameter which are, respectively, within ranges which
arelpredetermined in accordance with the size of vi-
ruses to be removed.

With respect to an example of the actual procedure
for preparation of Fig. 1, explanation is made below in
detail.

The procedure comprises, for example;

(1) a desired average pore diameter for porous polymer-
ic membranes of modules to be produced (and to be
evaluated by the method of the present invention) is
specified and then, conditions for producing porous

polymeric membranes having the above-specified average
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pore diameter are established;

{(2) with respect to pdrous pol?mericvmembranes to be

~produced in accordance with the established production

conditions, écdéptable ranges respectively for the
average pore'diaméter and the maximum pore diameter
(obtained from the bubble noint pressure described
below) are determined;

(3) using the porous polymeric membranes produced
under the'above—mentioned production conditions and
identified as qualified in accordance with the above-

determined acceptable ranges of the average pore diame-

ter and the maximum pore diameter, model modules are

constructed;

(4) on the othér hand, types of liquid and gas to be
used in the method of the present invention are speci-
fied; and

(5) the relationship between the transmembrane pres-
sure and the gas supply rate of the model porous poly-
meric membrane ﬁodule constructed in item (3) above is
obtained by fillihg'a first space on one side of the
membrane of the model module with the liquid specified
in item (4) above and supplying a second space on the
other side of the membrane of the model module with the
gas specified in item (4) above to the membrane while

measuiing the transmembrane pressure and the gas cupply
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rate, and a graph as shown in Fig. 1 is prepared and

transmembrane pressure values at points (d) and {c)

- (which are defined below) are oktained, wherein graphs

'are respectively prepared with respect to at least

three model modules constructed in item (3) above, and
(a) transmembrane pressures at points (d) and (c)
are obtained with respect to all of the at least three

model modules, and the obtained transmembrane pressure

_valués at each of points (d) and (c) are averaged, or

(b) an average graph is selected from the at
least three graphs, and transmembrane pressure values
at points (d) and (c) are obtained with respect to the
selected average graph.

In connection with the preparation of Fig. 1,
particularly with items (1), (2), (3) and (5) above, it

should be noted that the porous polymeric membrane

module to be evaluated with respect to a virus-removing

capability thereof by the method of the present inven-
tion is specified depending on the type of a virus to
be removed from aivirus—containing fluid. The size of
a virus depends on tlLe type of the virus. For example,
Japanese encephalitis virus has a size of about 45 nm
and AIDS virus has a size of about 100 nm. That is, it
is necessary that the average pore diameter and the

maximum pore diameter of the porous polymeric membrane

- 20 =
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of the model module fall within respective ranges which
are predetermined in accordance with the size of a
virus to be removed. Accordingly, in item (2) above,

the acceptable ranges for the average pore diameter and

the maximum pore diameter of the membrane of each of

the at least three model modules to be used for obtain-
ing the transmembrane pressure-~gas supply rate rela-
tionship represented by Fig. 1, are determined, based
on tﬁe deéired average pore diameter which is specified
in item (i) above in accordance with the size of a
virus to be removed. The range for the aQerage pore
diameter is defined by D t 0.. x D wherein D repre-
sents the desired average pore diameter specified in
item (1) above and the rangé for the maximum diameter
is from 1.5D to 5D wherein D is as defined above.

In. item (3) above, the average pore diameters and
the maximum pore diameters of the membranes of the
constructed model modules are measured.

The .average pore diameter of a porous polymeric
membrane can be determined by calculation from the

water permeability according to the following formula:

v o x tox n

2_ff = 2.0 -
AP X A X o

wherein 2r¢ is the average pore diameter,

v is the water permeability (ml/min), t is
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the wall‘thickness (rm) of the membrane,
~is the viscosity of water (cp), AP is the

traﬁémémbrane.préssure (mmHg) at which the

water‘permeability is measured, A is the

effeétive surface area (m2) of the membrane
. and @ is the porosity (%) of the membrane.

Alternatively, measurement of an average pore diameter

- may be conducted by other conventional methods. For

- example, a method in which a pore diameter is directly

measured through an electron microscope may be em-
ployed.

The maximum pore diameter of a porous polymeric

membfane can be determined, for example; by calculation

using the bubble point pressure (transmembrane pressure
at which visually observable bubbles begin to form)
obtained by a bubble point test. A bubble point test
can be conducted according to ASTM-F316-80. From the
obtained bubble point value, a maximum pore dismeter
can be determined by calculation according to the
following formula:

4 x T X cosb x 100

2Tpax =

P x 9.806
wherein 2r ., is the maximum pore diameter,
t is the surface tension (dyne/cm) of

the liquid used in the bubble point test, ©
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is the contact angle of the liquid wused in
thé'bubble‘pdint'test and P is the trans-
membréne'pressuré (kg/cm2) cori;sponding'to
the bubble point. :
5 | . Alternatively;‘meésurement of a maximum pore diameter
may be cohduéted by other conventional methods.
In Fig. 1, a‘straight li.e obtained by extending
the straight line portion first occurring in the curve

~of Fig. 1 is defined as straight line (a). The first

il
|
o

10 occurring straight line portion of the curve repre-
sents the increase in gas supply rate in proportion to

A LT the increase in transmembrane pressure. . A transmem-

: : : o
° . -

o0, : 2 brane pressure at point {d) corresponding to point (dq)
f':- ’_‘ ’_' on the curve atvwhich point (dl) the curve starts to
L 15 bb‘ - diverge from the straight line (a), is defined as

<

transmembrane pressure d. A straight line obtained by
R . connecting points (e) and (£) on the curve, at which

points (e) and (f) the gas supply rates are, respec-

S tively,; 2.5 times and 3.0 times the gas supply rate at
“eees® 20 point (d;), is defined as straight line (b). A trans-
s e, membrane pxeséure at pbint (c) corresponding to point
:E:ﬂ (ci) at which straight line (a) intersects with

straight line (b), is defined as tran Jaembrane pres.ure
c.

25 Straight line (a) in Fig.'l oteined bygextending

o
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the straight line porticn first occurring in the curve
represents the relationship between the transmembrane
pressure and the gas supply rate during the diffusion

of the gas from the gas-liquid interface into the liquid
without generation‘of any bubkles.

Straight line (L) obtained by connecting points
(e) and (f) on the curve, at which points (e) and (f)
the gas supply rates are, respectively,'z.Sltimes and
3.0 times the gas sﬁpply rate at point (d;)., is derived
from a portion of the curve corresponding to the gener-
ation of visually observable bubbles and has a correla-
tion‘to,the average pore diameter distribution of the
at least three model modules.

The transmembrane pressure (C) correéponds to
pbint‘(cl) at which straight line (a) intersects with
straight line (b).

The transmembrane pressure (d) corresponding to
point (d;) on the curve at which point (d;) the curve
starts to diverge from the straight line (a), is con-

sidered to represent a transmembrane pressure at which

1

“fine bubbles which cannot be visually observed begin to

form at a pore having a maximum pore diameter.
After the preparation of the graph of Fig. 1, an
appropriate value Ph is set so as to satisfy the fol-

lowing formula:
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d < Ph < ¢

wherein d and ¢ are respectively the tansmembrane

“pressures at points (d) and (c) in‘Fig. 1,

'In‘step (1) of testing I of the method of the
present invention, a first space on one side of the
membrane of the module is filled with a liquid chemi-
célly inert to said membrane.

As the liquid to be used in testing I, which is
dhemically inert to the membrane, various liquids can
be‘employed. For example, in the case where the porous

polymeric membrane is made of cuprammonium regenerated

"~ cellulose, representative examples of such liquids

include fluorine -containing liquids, such as a perfluo-
rocarbon liquid and a flon, such as Freon (registered
trademark), alcohols, such as ethanol and methanol, and
hydrocarbon solvents, such as hexane and pentane.

In the method of the present invention, it is

preferred that the liquid to be used in testing T

exhibits a surface tension of not greater than about 25

dyi.e/cm and the gas to be used in testing I exhibits a
solubility 6f about 1.0 cm3~-gas/cm3-liquid for the
liquid in terms of Ostwald’s solubility coefficient.
When a liquid exhibiting a surface tension of not
greater than 25 dyne/cm is used in testing I instead of

water exhibiting a surface tension as large as about 70
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to 75 dyne/cm, which has conventionally been used in

_the measurement of the capability of a filter for

removing bacteria, it becomes possible to conduct

~testing I at a transmembrane pressure which is not

greater thaﬁ about one-third the transmembrane pressure
which is needed when water is used as a liquid in
testing I. For example, when a porous polymeric mem-
brane module employing a membrane having a maximum pore
diameter of 100 nm is subjected to testing I, by the
use of a.liquid exhibiting a surface tension of not
greater than about 25 dyne/cm, a transmembrane pressure
at whidh formation of visually observable bubbles
occurs can be held down to not greater than about

10 kg/cmz, which. is one-third the transmembrane pres-
sure (30 kg/cm2)'at‘which formation of visually observ-
able bubbles occurs with the use of water as a liquid.

In step (2) of testing I of the method of the
present invention, a second space on the other side of
the membrane of‘the module is supplied with a gas
chemically inert to the membrane.

As the gas to be used in testing I, which is
vchemically inert to the membrane, various gases can be
employed. For example, in the case where the porous
polymeric membrane is made of cuprammonium regenerated

cellulose, representative examples of such gases in-
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clude air, nitrogen gaé, helium gas, argon gas and the
like. | | |

| In stép (3) of testing I of the method of the
present invention, the supply of the gas is terminated
‘when the transmembrane pressure on the membrane reaches
value Ph, which is preliminarily set, based on Fig. 1,
as menticned abové. Then, in step (4), the module is
allowed to stand, thereby causing the tfansmembrane
pressure on the membrane’to be lowered and, in step
(5), a transmembrane pressure lowering from value Ph a
predetermined period of time after the termination of
the supply of the gas is measured.

© The periodvof time after the termination of the.
supply of the gas, at which a transmembrane pressure
ldwéring from value Ph is measured (hereinafter fre-
quently referred to as "measuring time") is defined as
a period of time at which a first module (defined as the
module to be subjected to testing I) exhibits a smaller
transmembrane pressure lowering than a second porous
~polymeric membrahe module, said second module being
substantially the same as said first module, except
that the second module exhibits a lower transmembrane
pressure at a point corresponding to point (c) than the
first module (module to be subjected to testing I). An

example of a method for predetermining the measuring
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time will be explained below.

At least‘ten‘model modules from the mcdel modules

',anstruCted in item (3) of the procedure as described

'above‘for the preparation of Fig. 1, are individually

subjected to first testing comprising the same opera-

~tions as in Steps (1) to (5) of testing I, wherein

varied periods of time within 60 seconds are employed

.as a’measﬁring time' for the first testing of each of

the model modules. Based on the results of the first
teSting, periods of time with which a transmembrane
pressure lowering can be determined with good reproduc-

ibility (which means that the transmembrane pressure

:lowering values measured at certain periods of time in

the first testing do not scatter largely and are within
a range defined by AP t+ 0.1 x AP wherein AP repre-
sents the average of the transmembrane pressure lower-
ing values measured at the certain periods of time in
the first testing) are selected. Then, fresh at least
ten model modules from the model modules constructed in
item (3) of the procedure as described above for the
preparation of Fig. 1, are individually subjected to
second testing comprising the same operations as de-
scribed in item (5) of the above-mentioned procedure
for the preparation of Fig. 1 to obtain graphs similar

to the graph of Fig. 1, thereby determining points

- 28 -



10

15

20

25

éorresponding to point (c) with the respective at least

ten model modules. Further, with respect to each model

‘module;-the relationships of transmembrane pressure

lowering values (corresponding to the above-selected

periods of time) to the transmembrane pressures at the

'points corresponding to point (c) are studied. Among

the above-selected periods of time at which transmem-

brane.pressure lowering can be measured ‘with good
reprdducibility, periods of time at which a first model
module exhibits a smaller transmembrane pressure lower-
ing than a second model module which exhibits a lower
transmembrane pressure at a point corresponding to
peint (c) than the first model module, are further
selected and can be used as the "measuring time".
However, in practice, it is preferred to choose as the
measuring time a shortest period of time from the
above-further sélected‘periods of time. The reason for
the choice of the shortest period of time is that when
the measuring time is too long, the ratio of the influ-
ence of diffusion of the gas into the liquid at the
gas-liquid interface on the transmembrane pressure
lowering relative to the influence of the generation of
gas bubbles at pores having pore diameters around a
maximum pore diameter on the transmembrane pressure

lowering, becomes disadvantageously large.
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The "measuring time" which is once determined for

model modules containing specific porous polymeric

- membranes, can be commonly used in testing modules as

'lqng as not only the production conditions for porous

polymeric membranes but also the prescribed ranges of

the average pore diameter and maximum pore diameter

(cOrresponding to bubble point pressure) of the mem-
branes are not changed for the modules to be tested.

~In the conventional pressure hold test, the supply

- of a gas is terminated at a transmembrane pressure

which is lower than a transmembrane pressure at which
fine bubbles that cannot be visually observed begin

to form, and then a transmembrane pressure lowering is

determined a predetermined period of time after the

termination of the supply of the gas. Accordingly, in
the.cbnventional pressure hold test, the transmembrane
pressure lowéring measured is due mainly to the diffu-
sion of the gas, but ﬁot formation of bubbles, so that
the period of time between the termination of the
supply of a gas and the determination of a transmem-
brane pressﬁre‘lowering is inevitably long, namely, at
least about 10 minutes.

By contrast, in the method of the present inven-
tion, the supply of a gas is terminated at a predeter-

mined transmembrane pressure (Ph) which is higher than
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- a transmembrane pressure (d) at which fine bubbles that

cannot be visually observed are considered to begin to

form, and then a transmembrane pressure lowering from

~value Ph is determined a predetermined period of time

after the termination of the supply of the gas. Ac-

~.cordingly, in the method of the present invention, the

transmembrane pressure lowering detected is due mainly

-tp.thé fd:mation of bubbles, so that the period of time

between the termination of the supply of the gas and

the determination of a transmembrane pressure lowering

~can be extremely decreased to, generally 1 to 60 sec-

onds, preferably 5 to 45 seconds.

In another aspect of the present invention, after

the evaluation of the virus-removing capability of a

- porous polymeric membrane module, a module having a

desired virus-removing dapability is selected by a
method comprising the Steps of:

k(6) determining whether the measured transmembrane
pressure'IOWering is not greater than a value which is
predetermined in accordance with a preselected virus
removal ratio, and
| (7) identifying the module as qualified or dis-
qualified, based on said determination in step (6).

In step (6) of the present invention, a determina-

tion is made as to whether the measured transmembrane
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pressure lowering is not greater than a value which is

‘predetermined in accordance with a preselected, desired

- virus removal ratio. The upper limit value of trans-

membrane pressure lowefing as a criterion for the
selectioh of a‘pordus polymeric membrane module canvbe
détetmined from the relationship. between the virus
removal ratio (in terms of iogaxithmic virus rejection

cdeffigient, ®) and the transmembrane pressure lowering

‘(as shown in Fig. 3).

~In the present invention, the virus removal ratio

is expressed in terms of logarithmic virus rejection

coefficient & which is defined by the following formu-

la:
® = log (N,/Ng)

wherein Ny is the virus concentration (in
terms of TCIDgp/ml, 50 % tissue culture
infectious dose/ml) of the virus-containing
fluid before filtration, and N¢ is the
viras concentration (in terms of TCIDg,/ml)
of the filtrate obtained by the filtration.

In the case of the filtration to remove bacteria by
means of avfilter for removing bacteria, since bacteria
can multiply by itself without a host cell, it is
required that no bacteria be present in the filtrate

obtained by one time filtration. On the other hand,

"
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since a virus cannot multiply by itself without . host
céll, in'theYCase_of the filtration to remove viruses
by meéns df'a porou$ polymeric ilnembrane module for
removing viruses, it is pbssible to express the virus-
removing.capability in terms of the ratio of the virus

concentration of the virus-containing fluid before

_filtration to the virus concentration of the filtrate

obtained by the filtration (virus removal ratio).
Accoraingly, in the present invention, the virus-
remdving capability of the modﬁle to remove a virus is
expréssed in terms of a logarithmic virus rejection
coefficient (&) value defined above.

In determining a & value of a module, the virus
concentration Ng of the filtrate in the above formula
is practically determined as follows. After the filtra- -

tion of a virus-containing fluid, several aliguots of

‘the filtrate are taken and diluted to various concen-

trations, and individually cultured with an appropriate
culture host to thereby infect the host with any unre-
moved viruses. - From each of the ratios of the virus-
infected host to the total hcst, which is obtained with
respect to each of the cultureu aliguots, the virus
concentration (in terms of TCIDgqy/ml) of the whole

filtrate is determined. When the host is not infected

with any of the cultured aliquots of the filtrate, it
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can be presumed that the whole filtrate con*tains no
virus.‘ In this case, however, for safety, the virus
concentration of the whole filtrate is defined as

100'5 TCIDSO/ml-when the virus concentration of the

- virus-containing fluid before filtration is 10%

TCIDSO/ml< Accordingly, it is highly possible that the

'actual ® value of such module is higher than

1og(1ox/1o°f5). Further, it is noted that since a

virus cannot multiply,by itself without a host cell,
removal of viruses from a virus-containing liquid by
filt#ation using a module can be performed by multi-

step process. Therefore, the required level of virus-

removing capability is generally expressed as a certain

& value (obtained by the above formula) "or more".
'Wifh respect to an examplé of the actual procedure
for predetermining the upper limit of the transmembrane
pressure lowering measured at step (5), which upper
limit is a criterion for identifying the test module as
qualified or disqualified, explanation is made below.
At least 20 model modules from the model modules
COnstructed.in item (3) as described above for the
preparation of Fig. 1, are individuaily subjected to
third testing comprising the same operations as in
steps (1) to (5) in testing I, to thereby measure a

transmembrane pressure lowering from value Ph with
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~respect to each module. 1In this instance, it is pre-

ferred that the model modules exhibit a wide variety of

transmembrane pressure lowering values, so that such a

graph as shown in Fig. 3 is prepared, in which the

graph shows the .relationship between the transmembrane
pressure lowering from value Ph a predetermined period
of time after the termination of the supply of a gas in

the third testing and the capability to'remove a virus

in terms of the logarithmic virus rejection coefficient

(§) for the virus. This procedure is more illustra-
tively described below.

For example, when the virus to be removed is JEV
(Japanese encephalitis virus), the size of which is
about 45 nm, model porous polymeric membrane modules
each containing a porous polymeric membrane having an
average pore diameter of 35 + 2.0 nm and a maximum por=z
diameter of about 60 to about 80 nm are employed. 1In
addition, in order to disperse the transmembrane pres-
sure lowering values, various types of model modules
exhibiting various transmembrane pressure lowering
values are preéared by an appropriate method. For
example, ‘various model modules are prepared using both
a large number of pcrous hollow fibers each having an
average pore diameter of about 35 % 2.0 nm and a maxi-

mum pore diameter of about 60 to about 80 nm and having
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an effective surface area of 0.03 m2, and a predeter-
mined smaller nunber of porous polymeric membranes each
having a varie? average pore diameter of greater than

35 nm, for example, 75 nm. These at least 20 model .

modules are individually subjected'to third testing, to

- theresby determine a transmembrane pressure lowering

from value Ph a predetermined period of time after the
termination of the supply of the gas. Further, the
cepability to remove JEV in terms of the logarithmic

virus rejection coefficient (®) is determined with

‘reSpect to each of the model modules. The logarithmic

virus rejection coefficient (%) of each of the model
modules is determined by calculation in the manner

mentioned above. Based on the results,; a graph as

‘shown in‘Fig. 3 is prepared.

Fig. 3 1s a graph showing the relationship between
a transmembrane pressure lowering from value Ph a
predetermined period of time after the termination of
the supply of a gas in the third testing and the capa-
bility to remove JEV in terms of the logarithmic virus
rejection coefficient (&) for JEV, koth of which are
determined with respect to each of at‘least 20 model
modules each containing a porous polymeric membrane
having an average pore diameter of 35 * 2.0 nm and a

maximum pore diameter of about 60 to about 80 nm and
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having an effective surface area of 0.03'm*“, wherein

the at least 20 model modules comprise those a0t con-

taining and those containing 1.ollow fibers having

varied aVe:age pore diameters. In Fig.l3, a filled

‘circle having an arrow directed upward indicates that

the & value represented by the filled circle is a value

such that an actual’é value corresponding to the filled

circle may be higher thai: that as indicated.

In the experiment conductea to prepare the graph

~of Fig; 3, é'perfluorocarbon liquid haviny a surface

tehsion of 15.0 dyne/cm and nitrogen gas having a
solubility of 0.37 cm3—gas/cm3—liquid for perfluorocar-
bon liqﬁid in terms of Ostwald’s solubility coefficient

were used as a liquid and & gas in the third testing

“and the measuring time was 15 seconds.

Fig. 3 indicates that in order to attain a & value
of at least 4.5, the upper limit of the t:ahsmembrane
pressure. lowexing is 2.5‘atm. Practically, a & value is
arbitrarily set according to the objective of the use
of a pornus polymeric membrane module for removing a
virus.

Another example in which the uppér limit of a
transmembrane pressure lowering value is determined

with respect to AIDS viius, is explained below, taking

as an example the case wherein a perfluorocarbon liquid
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having a surface tension of 15.0 dyne/cm and nitrogen

gas having'a solubility of 0.27 cm3—gas/cm3—liquid for

- perfluorocarbon liquid in terms of Ostwald’s solubility

coefficient are used as a liquid and a gas ir the third

testing.

Wrei: the virus to be removed is HIV (human immuno-

~deficaonmy wirus, i.e., AIDS virus), the size of which

is about 100 nm, a model porous polymeric membrane

module containing a porous polymeric membrane having,

:fqr example, an average pore diameter of 75 * 4.0 nm

and a maximum pore diameter of about 120 to abrut 175
nm and having an effective surface area of 0.01 m? is
employed. Value Ph is set at a transmembrane pressure
of 4.0 kg/cm2 and the measuring time is set at 15
seconds. Substantially the same procedure as mentioned
above in connection with the preparation of the graph
of Fig. 3 1is conducted, except that the conditions are
changed accordingly, thereby obtaining a graph showing
the relationship befween a tfansmembrane pressuxre
lowering from value Ph a predetermined period of time
(15 seconds) after the termination of the sﬁpply of a
gas in the thifd testing and the capability to remove
HIV in terms of the logarithmic virﬁs rejection coeffi-
cient (®) for HIV. As a result, it is found that in

order to attain a logarithmic rejection coefficient &

~ 38 -
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of at least 5.0, the transmembrane pressure lowering

from value Ph 15 seconds ‘after the termination of the
supply of the gas should be not greater than
1.5 kg/cmz.

After determining whether the measured transmem-

 brane pressure lowering is not greater than a value

‘which is predetermined in accordance with a preselected

virus removal ratio [step(6)], and the module is iden-

~tified as qualified or disqualified; based on the above

determinaticn [step(7)].

Referring now to Fig. 2, the method of the piesent
invention will now be illustrated as follows.

In Fig. 2, there is shown a diagram illustrating a

preferred embodiment of the method of the present

invention.

First, a vessel for liquid is filled with a per-
fluorocarbon ligquid exhibiting a surface tension of
15.0 dyne/cm, and a porous polymeric membrane module to
be'examined'is piovided. The module comprises a casing
having an inlet for a virus-containing fluid and an
outlet for a filtrate, and a porous polymeric membrane
(hollow fiber membfane) disposed in the casing to
partition the interior of the casing into a first space
on one side of the membrane which first space communi-

cates with one of the inlet or outlet and a second



10

15 -

20

25

space on the other side of the membrane which second
space communicates with the remaining one of the inlet
or outlet.

- Then, valves V1, V2 and V3 are opened and valve V4

'is-closedQ"The pérfluorocarbon liquid is transported

by liQuid transporting pump Pl through valve V1, pump

P1, valve V2, filter Fl and valve V3, and injected into

the first space on one side of the membrane, to thereby

'fill the first space with the perfluorocarbon'liquid.

Then, automatic valve V5 is opened to supply the
second ‘space on the other side of the membrane with

nitrogen gas exhibiting a solubility of 0.37
s

' vcm”—gas/cm3—liquid for the perfluorocarbon liquid in

terms of Ostwald’s solubility coefficient, from nitro-

~gen gas-line through filter F2, automatic valve V5 and

pressure sensor Sl while detecting the transmembrane
pressure by pressure sensor Sl. When the transmembrane

pressure on the membrane monitored by sensor Sl has

‘reached a predetermined value Ph, the supply of the

nitrogen gas is términated by automatic valve V5.
The module is allowed to stand, thereby causing the
transﬁembrane preséure on the membrane to be lowered.
A transmembrane pressure lowering from value Ph a
predetermined period of time after the termination of

the supply of the gas is measured.
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_ Deterﬁinatioh is made as to whether the transmem-

X brane‘pressure lowering value thus measured is not

greater than a value which is predetermined achrding

to a preselected,virus—removing capability, i.e.,

logarithmic virus rejection coefficient &. When the

‘transmembrane pressure lowering value is equal to or

smaller than the predetermined value, the tested module
is selected as an acceptable (qualified) module, When
the‘transmembrane pressure lowering value is greater
than the predetermined value, the tested module is
excluded as an unacceptable (disqualified) module.

As described above, according to the method of the

present invention, if a desired average pore diameter

of a porous polymeric membrane, Ph value and "measuring

time" are once determined in accordance with the type

IOf a virus to be ‘removed and with the desired level of

virus-removing capability in terms of a & value, the
virus-removing capability of a porous polvmeric mem-
brane modﬁle can: be evaluated according to steps (1) to
(5) of the method of the present invention. And if the
upper limiﬁ of the transmembrane pressure lowering at
the "measuring time" (for a module to be identified as
qualified) is determined in accordance with the desired
® value, the module having a desired level of & can be

easily selected according to steps (6) to (7) following
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steps (1) to (5) of the method of the present inven-
tion. '

‘For practicing the evaluation of and the selection

of the module more effectively and more efficiently by

the method of the present invention, it is deSLred that

the modules to be evaluated and selected have porous

.'polymeric membranes hav1ng an average pore diameter and

a maximum pore diameter within predetermined ranges.
From this view point, it is preferred that the modules
to be tested are those which have been produced using

porous polymeric membranes preselected, for example in

'accordance with production batches, so that the mem-

branes have an average pore diameter and a maximum pore

diameter which are, respectively, within predetermined
ranges.

Meanwhile, ‘in the field of filters for removing
bacteria, manufacturers of bacteria-removing filters
have developed methods for examining the capability of
a bacteria-removing filter to remove bacteria. 1In this
field, it hasbrecently been desired for manufacturers
to prOVide users of bacteria-removing filters with
methods for examining the capability of bacteria-
removing filters, so that users themselves can check
the bacteria -removing capability of such filters before

and/or after the use thereof. Recently, also in the
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field of modules for removing a virus, due to the fact

“that the‘development and use of modules for removing a

virus are growing, it is becoming desirable to provide a
double testing system in which a testing of a module by

the manufaCthrer is effectively combined with testing

. of the module by the user of the module so that the

user can check whether or not a predetermined level of

the capability to remove the virus has been maintained

after the testing by the manufacturer.

 'Accordinqu, in the present invention, it is

preferred that the method of the present invention

- further comprise, after testing I, a non-destructive or

déStfudtive'testing with respect to the maintenance of

a‘predétermined level of the capability to remove the

virus,

When a porous polymeric membrane module has been

 selected by conducting testing I described above, it is

sure that ﬁhe tested module has a predetermined level
of the capability to remove a virus at least at the
time of testing I. Therefore, when, after testing I,
the module has suffered no damage, eSpecially in the
porous polymeric. membrane disposed therein, the prede-
“termined level of the capability to remove a virus is
surely exhibited by the module. However, if it is

possible that, after testing I, the module has suffered
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any damage, especially in the membrane disposed there-
in, it is ‘desired to'confirm, before and/ox after the

use thereof, that the predetermined level of the

“virus-removing capability is maintained.

As describedvabove,.since testing I is to be
conducted on a module before use, it is necessary that

testing I of the method of the present invention be a

“non-destructive testing.

On the other hand, the further testing (testing
II) which may be conducted after testing I may be

either non-destructive or destructive, depending on

”whether the further testing is to be conducted before

~or after the use of the module. When the_further

’testing is to bevccnducted before the use of the mod-
ule, it is requisite that the further testing be non-
‘destructive. However, when the further testing is to
be conducted on sambles of modules, the further testing
may be destructive even when conducted before use.

With respect to the further testing (testing II),
it should be noted that since a module which is to be
subjected to testing II has necessarily already been
Subjected to testing I, so that it has already been

completely confirmed that the module has the predeter-

~mined level of the virus-removing capability, testing

II may be a relatively simple testing as long as it can
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_'pressure of up to about 2.0 kg/cm

be»effectively Confirmed that after testing I, the

module has not suffered damage due to strong impacts,

- drastic temperature changes, extremely high pressures,
‘etc.vwhich might have been caused during the storage or

use. Thus, with respect to testing II, it is not

needed to conduct strict measurement of, e.g., the

~ maximum pore diameter and average pore diameter of the

porous_polymeric.membrane used in the module.

| Aécordingly, a . more preferred mode of the method
df‘the.present invention further comprises, after
testiné I, sﬁbjectihg'the module to non-destructive
testing (testing iI) including filling the first space
6f thé mbdule with water and apply;ng a transmembrane

2 to the membrane by

v-supplying a gas to the second space of the module, and

determining whether generation of visually observable
bubbleé does not occur in thé first space filled with
the water.

In this instance, if bubbles are generated at such
an extremely low transmembrane pressure, it.is apparent
that the membrane used in the module has suffered
sexrious daﬁage, such as a break, and thus, the module
cénnot suitably be used for removing a virus. In this

connection, it should be noted that a porous polymeric

membrane for remcoving viruses, which generally has a
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, particleisize'of ndt larger than about 200 nm, has

extremely fine pores suitable for removing viruses

—and that it.is impossible for a module having a com-

plete pore structure without any defect in the membrane
to generate a bubble at a transmembrane pressure as low
as up to about 2.0 kg/cmz.

~Examples of gases usable in this testing II to be

conducted in the more preferred mode of-the method of

the présent invention include the same gases as men-
tioned above in connection with testing I.

‘The above-mentioned testing II in which examina-
tion is conducted with respect to the generation of
bﬁbbles at a transmembrane pressure of up to about
2.0 kg/cm2 is hereinafter frequently referred to as the
"leak test." By the "leak test", it can be determined
in a simple manner whether or not the membrane has
suffered‘any damége, such as great expansion of pores
and occurrence of breaks. |

However, if it is desired to more strictly confirm
the maintenance of a predetermined level of the virus-
removing capability of a module after testing I, test-
ing II may be conducted in a different manner.

Accordingly, another more preferred mode of the
method of the present invention further comprises;

after testing I, non-destructive testing (testing II)
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including filiing the first space with water; applying

a trahsmembrane pressure of up to about 2.0 kg/cm2 to

'the menibrane by supplying a gas to the second space,

termihating the supply of the gas, allowing the module
to stand, thereby causing the transmembrane pressure on

the membrane to be lowered,‘and determining whether a

_ transmembrane pressure lowering from the applied pres-

su:e does not occur before about 10 minutes after the
termination of the supply of the gas.

- In this more preferred mode of the method of the

present invention; by thié testing IT after testing I,

whether or not the membrane has suffered relatively
minor damage which may not be detected by the above-

mentioned leak test, suitably can be confirmed by

- determining any lowering of transmembrane pressure due

“to the increased dispersion of the gas into the water.

When a transmembrane pressure as low as up to
apou£ 2.0 kg/cm2 is applied to the membrane of a mcdule
which has suffered no damége after testing I, it is not
possible for the normal membrane tc exhibit any trans-
membrane pressure lowering.‘ Therefore, if any trans-
membraﬁevpressure lowering is detecfed after the appli=
cation of a transmembrane pressure as low as up to
about 2.0 kg/cmz, it is apparent that the module has

suffered some damage in the membrane after testing I,
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'so that the module cannot suitably be used for removing

'a virus from a virus-containing fluid.

_Examples of gases, usable in this testing II to be
éonducted in this more preferred mode of the method of
the present invention, include the same gases as men-
tioned above in connection with testing I.
| ‘in the above-mentioned two more preférred modes of
the method of the present invention, non-destructive

testing (testing II) is conducted after testihg I.

‘However, if it is desired to further confirm the main-

tenance of the predetermined level of the virus-remov-

ing capability of the module, destructive testing may

be cbnducted as testing II after testing I.
Accordingly, still another preferred mode of the

methed of the present invention further cdmprises,

after testing I, subjecting the module to destructive

ftesting,(testing,II) including applying to the module a

fluid containing a virus substitute to be separated by
filtration, and determining whethex the module is
capable of removing the substitute at least at a prese-
lected removal ratio.

Representative examples of fluids containing a
virus substitute include an aqueouas solution or disper-
sion of the virus substitute.

With respect to the virus substitute, there is
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no particular restriction as long as it has a particle

~diameter which is about the same as that of the virus

Which_is to be removed by the module, and it has a
nérrow-particle diameter distribution.

Representative examples of virus substitutes
inclﬁdeVCOlldidal gold particles and fine particles of
poiystyrene latex.

The method for evaluating the virus-removing

capability of a module by using a virus substitute

- is more illustrétively described as follows.

‘For the evaluation of the virus-removing capabili-
ﬁy of a module by using a virus substitute, a module
having a predetermined level of the virus-removing
capability is provided and a fluid c.:ntaining a virus
substitute is applied‘to the module and a'logarithmic
rejection coefficient. (%) is determined for the virus
substitute. This logarithmic rejection coefficient (@)
for the substitute is used as a standard forvevaluating
the virué—removing capability of a module. This proce-
dure is furthér described below, taking as an example
the casé in which colloidal gold particles are used as
a substitute for Japanese encephalitis virus (JEV).

As mentioned abové, when a module employing a
porous polymeric membrane having an average pore diame-

ter of 35 + 2.0 nm and a maximum pore diameter of about
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60 nm to about 80 nm and having an effective surface

‘area of 0.03.m2'exhibits a transmembrane pressure

lowering of 2.5 kg/cm2 or less as determined by testing

I described above, it has a JEV-removing capability

represented by a & value of 4.5 or more. When the

present inventors corducted experiments in which an
aquéeus dispersion of colloidal gold particles having

an average particle diameter of 40 nm was applied to a

~plurality of such modules, all modules exhibited a

logarithmic rejection coefficient for colloidal gold

particles (Qg) of 2.5 or more.  The results of the

‘ éxperiments show that when the above-mentioned modules

_(which employ a porous polymer.c membrane having an

average pore diameter of 35 + 2.0 nm and a maximum pore

diameter of about 60 to about 80 nm and having an

2

effective surface area of 0.03 m“ and which exhibit a

transmembrane pressure lowexring of 2.5 kg/cm2 or less

as determined by testing I) exhibit a logarithmic
rejection coefficient (2g) of 2.5 or more for colloidal
gold particles having an average particle diameter otf
40 nm, it can be concluded that the predetermined level
of the JEV-removing capability thereof, i.e., a loga-
rithmic virus rejection coefficient (&) of 4.5 or more
has been maintained after testing I.

In the present invention, in addition to testing
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I, the above-mentioned destructive and non=destructing

“testings (testing II)'can be employed individually or

iri combination.

In still another aspect of the present invention,
therévis provid=d a:méthod for remowving viruses from a
viruS—containing'fluid, which comprises subjecting a
Vifus-containing fluid to filtration through the porous

polymeric membrane module evaluated by steps (1) to (5)

;‘_and'selected-by:steps (6) to (7) followinq;steps (1) to

(5) of the method of the present inventicn.

- Although the above description is made with re-

‘spect to a porous polymeric membrane module fox remov- _

" ing viruses, it will be well understood that the method

of the present invention can also be applied to a

 porous polymeric membrane module for removing. other

. microorganisms which, like a virus, need a host cell

for multiplication thereof. Lxamples of such microor-
ganisms include Rickettsia, Chlamydia and the like. .
PREFERRED EMBODIMENT OF THE INVFNTION |
The present invention will now be described in

more detail with reference to the following Examples,

which should not be construed as limitihg the scope cidf

the present invention.
Examples 1 to 10 e

Porous hollow fiber polymerié'membranes prepared
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for removing JEV virus and made of cuprammonium regen-
erated cellulose were provided each having an average
pore diameter of 35.0 i 2.0 nm as measured based on
water permeability and having a bubble point value of
9.5 + 0.5 kg/cm2 (corresponding to a maximum pore
diaﬁeter of about 60 to about 80 nm) as measured by
using perfluorocarbon liquid having a surface tension
of 15.0 dyne/cm and nitrogen gas. Using these porous
hollow fibér polymeric membranes, 10 porous pblymeric
membrane modules éach having an effective surface area
of 0.03 m? were produced. Each module comprised a
casing having an inlet for a virus-containing fluid and

an outlet for a filtrate, and a porous polymeric mem-

brane disposed in the casing to partition the interior

of the casing into a first space on one side of the
membrane which first space communicated with the outlet
and a second space on the other side of the membrane
which second space communicated with the inlet.

The 10 modules were individually subjected to the
following testing: The first space on one side of the
membrane was filled with perfluorocarbon liguid having
a surface tension of 15.0 dyne/cm [step (l)]. The
second space on the other side of the membrane was
supplied with nitrogen gas [step (2)]. The supply of

the gas was terminated when the transmembrane pressure
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- on the membrane reached‘a predetermined value: Ph of
850.kg/ém2 [step(3)], the‘value Ph satisfying the
'folldwing‘formula:”

| d < Ph < c
5l - wheréin d and c¢ are respectively the <rsansmembrane
| pressures at points (d) and (c) in a graph as
shown in Fig. 1 obtained with respect to a model
‘;module containing a porous polymeric membrane
-having én averége pore diameter and a maximum. pore
10 = } _ diameter which are, respectively, about 35 t
2.0 nm and about 60 to about 80 nm. The transmem-
brane pressures of d ‘and c are, respectively,
6.0 kg/cm2 and 9.5 kg/cm?.

The module was allowed to stand, thereby causing the

15 ‘: .. transmembrane pressure on.the membrane to be lowered

[step (4)1], and a transmembrane pressure lowering from
value Ph 15 seconds (which was obtained, based on the
a&erage pore diameter of 35 nm # 2.0 nm and a maximum
pore diameter of about 60 to about 80 nm, by the method
20 - described herein) after the termination of the supply
of the gas was measured [step (5)].
The results are shown in Table 1.
_As shown in Table 1, with respect to 8 modﬁJes
(module Nos. 1 to 8) of the 10 modules, the transmem-

brane pressure lowering was smaller than 2.5 kg/cm2 which

25
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~was the previously determined upper limit of a trans-

membrane pressure lowering value which is capable of

attaining a logarithmic virus rejection coefficient (&)

of 4.5 or more (the relationship between the upper
limit of the-transhembrane pressure lowering and the
logaiithmic Virds rejection coefficient & was obtained
by preparing a graph és shown in Fig. 3 by the method
described heréin). One module (module No. 9) exhibi:ted

a transmembrane pressure lowering value which was

- greater than the upper limit value 2.5 kg/cmz. The

other module (module No. 10) exhibited a drastic bub-

‘bling'at several portions of the ?orous hollow fiber

‘membrane, so that the transmembrane pressure was not be

able to be raised to value Ph of 8.0 kg/cm? and the
maximum transmembrane pressure was lower than 6 kg/cmz.
Occurrence of drastic bubbling at such a low transmem-
brane pressure indicates that the porous hollow fiber
membrane is defective.

Thus, the 8 modules (module Nos. 1 to 8), each of
which hadvexhibited a transmembrane pressure lowering

value smaller than 2.5 kg/cm2

, were selected. Each of
the selected modules was filled with water and subject-
ed to high-pressure steam sterilization at 121 °C for

30 minutes.

Then, before being used for removing JEV virus,
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~at a transmembrane pfessure'of 1.0 kg/cm

:eaCh module was subjedted to a "leak test" (testing II)

2 using nitro-

gen gas. As a result, each module exhibited no visible

 geheration‘of bubbles, indicating that the capability

'to.remove_JEV virus had been maintained.

Thereafter, each module was subjected to virus

:removing testing”employing Japanese encephalitis virus

(JEV), which haé a diameter of about 45 nm. As a
 virus—coﬁtaining fluid,‘use was made of a minimum
'; essentiqi'medium containing fetal calf serum and having
’ a‘JEVFCOnéentratiqn of 105'8TCID50/ml. As a result, as
‘ Showh>ih1Table 1, each module exhibited an excellent
‘,virus‘remdving capability represented by a & value of

5.0 ox more.

After the virus removing testing, each module: was

 rinsed with an aqueous solution containing 0.1 % (w/v)

of NaOH and 0.1 % (w/v) of surfactants. Then, in order
to confirm the capability to remove JEV virus, module
Nos. 1, 3, 5 and 7 were subjected td a test (testing
IT) wherein an aqueous diSpersion‘of colloidal gold
particles having an average diameter of 40 nm which
were a substitute for JEV virus (colloidal gold concen-
tration: 7.76 x 1010/m1) was applied to each module, to
thereby examine the capability of each module to remove

the substitute. At the same time, module Nos. 2, 4, 6
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e is:WeLl higher than 2.5 which is the lower limit of &

éﬁd-S Were,sﬁbjeéted to the same "leak test" (testing
II).asﬂmentioﬁed abbve.

o -Aé a result, as shown in Table 1, each of module
Nbé;.l,:3(‘5 and'7 exhibited a logarithmic colloidal
goid rgjectiqn cdefficiént (ég)‘bf 3.2 or more, which

g
corresponding to a logarithmic virus rejection coeffi-

‘Cientf(é):of 4.5 or more. Further, with respect to the

?ieak test"'(testing II) of modules Nos. 2, 4, 6 and 8,
» no'genératioﬁ of visiblé bubbles was observed. Thus,
:it'was found that modules Nos. 1 to 8 had suffered no
’.: dama§é'before or during the use thereof for removing

. the virus.

‘The two modules (module Nos. 9 and 10) which had

‘been excluded as unacceptable modules were filled with

-Water and sﬁbjected to high-pressure steam steriliza-
tion in the same manner as mentioned above. Then, the
two modules Were subjected to a "leak test" (testing
IT) at a transmémbrane pressure of 1.0 kg/cm2 in the
same mannex as meﬁtioned above. As a result, in the
case of module No. gz the generation of bubbles was
.visually observed at a portion of the follow fiber
membrane at a transmembrane pressure as low as

0.9 kg/cmz, indicating the presence of an unacceptably

‘large pore or break. In the case of module No. kq& no
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ngnération_bf bubbles was'observed-in the "leak test".

Then,fthe'two'modulés were subjected to virus
remoVing tésting employihg Japanese encephalitis virus

in the same manner as mentioned above. As a result,

~ module Nos. 9 and 10 exhibifed ® values as low as 2.6
and O;S:reSPectively,-whiCh are lower than the desired

' range‘of 4.5 or‘mbré."fn.the case of module No.. 10,

most of the~§irus particlés passed through the hollow

'fiber.membiane withoUt being trapped.

Further, modgle”No. 9 was washed with a rinsing

”solutiongdf the same type as mentioned above and then,

‘ .Subjected £Q colloidal-gold removing testing (testing

II).using, §s‘a substitute for virus, colloidal gold
_pérticles.(average particle diameter: 40 nm) in the

. same manner as mentioned above. As a result, the Qg

- value was as low as 1.2.
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»Téble 1 (to be continUed)

Example No.

(after use)

1 2 3 4 5
Module No. No. 1 | No. 2 | No. 3 | No. 4 | No. 5
|Hollow|Average . v '
‘fiber ore ©35:.2 35.2 36.5 36.5 34.0
iameter
(nm) '
Bubble 9.6 | 9.6 9.3 9.3 9.5
point ‘ ‘
|Effective sur-.
: o 2 0.03 0.03 0.03 0.03 0.03
face area (mz)_
Transmembrane
pressure»lower—‘ 1.9 2.1 2.2 2.3 1.7
ling (kg/em?)
Léak test ' No: bub-|No bub-|{No bub-|No bub-{No bub-
| (before use) bles- bles bles bles bles
®(JEV) | 253|253 | 5.1 5.0 | 2 5.3
®g (colloidal | 3.7 3.2 2 4.0
gold) St
Leak test = No bub- No bub-
bles bles




Table 1‘(continued)

Example: No. 6 7 8. 9 10
Module No. No. 6 | No. 7 | No. 8 | No. 9 | No. 10
Hollow|Average | :
fiber | ore 34,0 | 34.5 34.5 35.2 34.0
lameter ) . k
(nm)
Bubble 9.5 9.8 9.8 9.6 9.5
, ‘point
|Effective sur-
. ) 0.03 0.03 0.03 0.03 0.03
face area (m“%)
| Transmembrane c ‘
pressure lower- 1.9 1.6 1.8 3.1 *
ing (kg/em®) :
Leak test . No bub-|No. bub-|No bub-|No bub-|Bubbles
(before use) bles bles bles bles were
i generated
{(JEV) >5.3 | 253 ] 25.3| 2.6 0.5
®g (colloidal s 4.0 1.2
gold) ‘ :
Leak- test No bub- No bub-
(after use) bles bles

raised to measure lowering thereof.

59 -

Note*: Transmembrane pressure could not be sufficiently
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1. A method for evaluating the virus-removing capa-

-_bility‘bf a porous polymeric membrane module for remov-

ing viruses‘from a virus—containing fluid by filtra-

tion, said module comprising a casing having an inlet

for a virus-containing fluid and an outlet for a fil-

trate, and a porous polymeric membrane disposed in said
casing to partition the interior of said casing into a
first space on one side of said membrane which first

space communicates with one of said inlet or said

~outlet and a second space on the other side of said

membrane which second space communicates with the
remaining one of ‘said inlet or outlet, which method
comprises subjecting said porous polymeric membrane
mbdule‘to testing I,

said testing I comprising the steps of:

(1) filling the first space on one side of said
membrane with a liquid, chémically inert to said mem-
brane,

(2) supplying the second space on the other side
of said membrane with a gas, chemically inert to said
membrane,

(3) termiﬁating the supply of said gas when the

transmembrane pressure on said membrane reaches prede-
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termined value Ph, said value Ph satisfying the follow-

_ingxformula:‘

d < Ph < c

~wherein d and c are respectively the transmembrane

mpressures.at points (d) and (c) in Fig. 1 hereof,

(4) allowxng the module to stand, thereby causing

'the transmembrane pressure on said membrane to be

lowered and

(5) measuring the transmembrane pressure lowerlng.
from value Ph a predetermined perlod of time after the
termination of the supply of the gas,

wherein Fig. 1 is a graph containing a curve

'fshpwing the relationship between the transmembrane

pressure and the gas supply rate of a model poxrous
polymeric membrane module, said model module being
substantially the same as said module to be subjected
to testing I, containing a porous polymeric membrane
having an.average pore diameter and a maximum pore
diameter which are, respectively, within ranges which
are'predetermined in accordance with the size of vi-
ruses to be removed, said relationship between the
transmembrane pressure and the gas supply rate being
obtained by filling the first space on one side of the
membrane of said model module with a liquid chemically

inert to the membrane and supplying the second space on



é;fL'
=
the other side Of:the membrane of said model module
with a gas chemically inert to the membrane while

méasuring the transmembrane pressure and the gas supply

rate, and

';whereiné_
- straight line obtained by extending the straight
line portion first occurring in the curve of Fig. 1 is

defined as straight line (a), said first occurring

,straight line portion of the curve representing the

increase in gas supplyvrate in proportion to the in-
crease in transmembrane pressure,

a transmembrane pressure at point (d) correspond-

- ing to point (d;) on the curve at which point (d,) said

curve starts to divérge from said straight line (a), is
defined as transmembrane pressure d,

a straight line obtained by connecting points (e)
and (f) on the curve at which points (ej and (f) the
gas supply rates are, respectively, 2.5 times and 3.0
times the gas supply rate at point (d;), is defined as
straight line (b), and

a transmembrane pressure at point (c) correspond-
ing to point (c;) at which straight line (a) intersects
with straight line (b), is defined as transmembrape_

pressure cC.
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2. The methodraccbrding to claim 1, wherein said
liquid to-be used in testing I exhibits a surface
tension of not greater than 25 dyne/cm and said gas to
be used in‘tesfing I exhibits a solubility of not

3

greater than 1}0 cm —gas/cm3—liquid for said liquid in

terms of10stwald’s solubility coefficient.

3. The method according to any one of .claims 1 to 2,

wherein said predetermined period of time after the

" termination of the supply of the gas in step (5) is a

“period of time at which a first module defined as said

module to be subjected to testing I exhibits a smaller
transmembrane pressure lowering ‘than a second porous
polymerié membrane module, said second module being
substantially the same as said first module, except
that said second module exhibits a lower transmembrane
pressure at a point corresponding to point (c) than

said first module.

4. The method according to any one of claims 1 to 3,
further comprising, after testing I, subjecting the
tested module to testing II selected from non-
destructive testing and destructive testing, to thereby
determine whether the evaluated virus-removing capabil-

ity of said module is maintained.

B4
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5. The method acco:ding to claim 4, wherein said
non—déStructive testing includes filling said first
space of the !nodule with water and applying a transmem-
bﬁane pressufe of up to about 2.0 kg/cm2 to said mem-
brane by supplying a gas to sa.d second space of the
module, andidétermining whether generation of visually
obsefvable‘bubbles does not occur in said first space‘

‘filled with the water.

6. The metnod according to claim 4, wherein said
non-destrr~tive testing includes filling said first
spacé with water, applying a transmembrane pressure of
up to about 2.0 kg/cm2 to said membrane by supplying a
(Jgas to said second space, terminating the supply of the
gas, allowing the module to stand, thereby causing *the
transmembrane pressure on said membrane to be lowered,
and determining whether a transmembrane pressure lower-
ing from the applied pressure does not occur before
about 10 minutes from the termination of the supply of

the gas.

7. The method according to claim 4, wherein said
destructive testing includes applying to said module a

fluid containing a substitute for the viruses tc be



G .
> b
removed by filtration, to theregby évaluate the capabil-

# ity of said module t5 remove said substitute.

8. The method according to any one of claims 1 to 7,
wherein said porous polymeric membrane_fgfaﬂpdfoﬁs
hoilow fiber polymeric membrane. / o

9.‘ The method according.to any one of claims 1 to %@‘
wherein said porou. polymeric membrane is made of

~cuprammonium regenerated cellulose.

thod for the selection of A POYOoNns pn]ymerir*

membrane mosule for removing viruses from a virus-
containing fluwd by filtration, which comprises, fol-
lowing steps (1) o (5) of the method according to any
one of claims 1 to the steps of:

(6) determining whether the measured izénsmembrane

pressure lowering is not eater than a value which is

predetermined in accordance with a preselected virus

removal ratio, and
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<coptainingf£luid to filtrarion throngh the parous

£ __polymeric membrane module—seleeted—aeccording—to—claim

.;l‘ I ll ) :

DATED this 4th day of June 1992.

'ASAHI KASEI: KOGYO KABUSHIKI KAISHA -

WATERMARK PATENT & TRADEMARK ATTORNEYS
"THE ATRIUM"

290  BURWOOD ROAD

HAWTHCRN. VIC. 3122.
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