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157] ABSTRACT

The present invention relates to absorption resins com-
prising vinyl copolymers which do not dissolve in
water and are capable of absorbing microorganisms
without inactivating the microorganisms and also ad-
sorbents with a large contact area which are capable of
absorbing microorganisms efficiently as well as meth-
ods of ‘making the resins and the adsorbents.
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1
ADSORPTIVE RESIN FOR MICROORGANISMS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This is a continuation of copending application Ser.
No. (07/550,967 filed on Jul. 11, 1990 now abandoned.

DETAILED EXPLANATION OF THE
INVENTION

1. Industrial Field of Application

The present invention relates to absorptive resins
which do not dissolve in water and are capable of ad-
sorbing microorganisms without inactivating the micro-
organisms and also adsorbents with a large contact area
which are capable of adsorbing microorganisms effi-
ciently as well as methods of making the resins and the
adsorbents.

2. Prior Art

It has previously been proposed to provide means to
adsorb microorganisms in service water or in sewage by
using water soluble chemical substances such as chlo-
rine which posses a germicidal power. However, those
chemical substances, in general, are often toxic and
therefore unsuitable for use in drinking water or water
for production of foods as well as medicines. Chlorine,
for instance, produces organic halogens such as trihalo-
methane during water treatment. Trihalomethane was
recently found to be carcinogenic and also subject to
biological concentrations, a rising problem of environ-
mental protection movements.

There has long been a need for a new substance
which is water insoluble and able to remove microor-
Zanisins.

In the field of bioreactors and biosensors, enzyme
produced by microorganisms which are fixed to carni-
ers live are being considered. Some methods such as
physical adsorption and covalent bonding are presently
known to be capable to fix microorganisms to carriers.
The physical adsorption provides weak cohesion and
microorganisms may drift away. On the other hand, the
covalent bonding provides relatively strong cohesion,
but enzyme may denature in reaction or die out. The
demands for a carrier which is capable of stably fixing
microorganisms without exterminating or inactivating
microorganisms have been strong.

Japanese patent publication No. 41641/87 proposes
insoluble high polymers comprising cross-linked poly-
vinyl pyridinium halide as a material to satisfy the de-
mands for a remover of microorganisms in water treat-
ment as well as for a carrier in a bioreactor.

This chemical compound, insoluble in water as well
as capable of efficiently adsorbing and retaining micro-
organisms live, makes an excellent adsorbent of micro-
organisms and does not contaminate the environment.

Said cross-linked polyvinyl pyridinium halide, how-
ever, is insoluble not only in water but also in an ordi-
nary organic solvent. A number of problems such as
working on the chemical is difficult for it is usually used
only 1n a solid state arise as beads and the surface area
per unit weight is small, decreasing adsorption of micro-
organisms. In order to increase surface area, the size of
beads, for example, could be made smaller, however,
such tiny beads might cause clogging of the system.
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In view of the present situation described above, the
present invention is to overcome the problems of
known adsorptive resins that are insoluble not only in
water but also in a organic solvent difficult to working
with and poor adsorptive performance for the weight.

Accordingly it 1s an object of the present invention to
provide adsorptive resins which are insoluble or hard to
dissolve in water but soluble in an organic solvent, easy
to work on, capable of efficiently adsorbing microor-
ganisms by having a large surface area per unit weight
and which do not inactivate the microorganisms and
also to provide adsorbents which comprise the adsorp-
tive resins, as well as methods to make the adsorptive
resins and the adsorbents.

SUMMARY OF THE INVENTION

An adsorptive resin of the present invention com-
prises vinyl copolymers of the formula

i Il'lz f-z

+CH;—CH}+CH;~Cl; +CHy—CH}+ CHy—Ch=

Y g Y

N+ N+
| |
l;ll R
X 1 X

wherein R1is a benzyl group, an alkyl group of 4 to
16 carbon atoms or a pentafluorophenylmethyl
group, R2is a hydrogen atom or an alkyl group of
1 to 3 carbon atoms, X is a halogen atom, and Y is
a hydrogen atom, an alkyl group of 1 to 3 carbon
atoms, a benzyl group, and ether group, a carboxy!
group, a carboxylic acid ester group or an aryl
group.

An adsorptive resin of the present invention possesses
an adsorptive power comparable to cross-linked polyvi-
nyl pyridinium halide, and is insoluble or hard to dis-
solve in water but soluble in an organic solvent as well
as capable of making an organic solution. Accordingly
impregnation of the adsorptive resin into or coating it
onto a base material has become possible, which was
impossible with the known cross-linked polyvinyl pyri-
dinium halide.

DETAILED DESCRIPTION OF THE
INVENTION

An adsorptive resin of the present invention com-
prises vinyl copolymers of the formula,

[ li"sz Ili:z
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wherein R! is a benzyl group, an alkyl group of 4 to
16 carbon atoms or a pentafluorophenylmethyl
group, R2is a hydrogen atom or an alkyl group of
1 to 3 carbon atoms, X is a halogen atom, and Y is
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a hydrogen atom, an alkyl group of 1 to 3 carbon
atoms, a benzyl group, an ether group, a carboxyl
group, a carboxylic acid ester group or an aryl
group,

which are obtained after copolymerizing 4-vinyl pyr-

idine and monovinyl monomer, and acting halide,
said vinyl copolymers being random copolymers or
block copolymers.

Monovinyl monomers to be used for copolymeriza-
tion are olefine such as ethylene, propylene and butylen
and the like, styrene, vinyl acetate, acrylic acid, acrylic
acid ester, methacrylic acid, methacrylic acid ester,
aliphatic vinyl ester, acrylnitrile and their derivatives.
Others may also be used alone or in combination. How-
ever, monovinyl monomers that posses a highly hydro-
philic functional group should be avoided, for some
copolymers obtained using such hydrophilic functional
group may become water soluble.

The ratio of 4-vinyl pyridine and monovinyl mono-
mer (n:m) differs according to the kinds or copolymeri-
zational degrees. It is recommended that n:m be within
an approximate range of 10:90 to 90:10. If the propor-
tion of 4-vinyl pyridine is below the range, a sufficient
adsorptive power cannot be gained and if it exceeds the
range, the resulting copolymers become highly water
soluble.

The copolymerizational degree of said vinyl copoly-
mers should be at least 300. If less than that degree, the
obtained copolymers become highly water soluble.

The copolymers of 4-vinyl pynidine and monovinyl
monomer form a functional group of the formula,

[X——R;—N-1

X" R1—N
by quaternizing pyridin with halide such as alkyl halide,
benzyl halide and pentafluorophenylmethyl halide.

This functional group is considered to be a significant
in adsorbing microorganisms and retaining the microor-
ganisms in an active state. The mechanism of it is not yet
clear, however, it 1s estimated that an electrostatical
interaction is a key factor for the mechanism. That i1s,
the electrically plus charged functional group attracts
microorganisms the surface of whose cell 1s generally
minus charged.

The term “microorganisms” is used herein to mean
bacteria, fungi, algae, viruses and the like.

An excellent remover of microorganisms for water
treatment and an excellent adsorbent of microorganisms
for use as a carrier in a bioreactor or a biosensor can be
obtained by firmly adhering to the surface of a base
material an adsorptive resin comprising vinyl copoly-
mers in the adhering steps as described below.

An adsorptive resin of microorganisms produced in
the process described in the above is soluble in an or-
ganic solvent but insoluble or hardly soluble in water.

An adsorbent of microorganisms is obtained by:

dissolving an adsorptive resin of the present invention

in an organic solvent such as alcohol, ester and
ether, making a non-water solution;

adhering the non-water solution on a base matenal by

impregnating, spraying or coating; and

drying the base material so as to firmly adhere the

adsorptive resin to the surface of the base matenal.

From a standpoint of easy handling, a desirable or-
ganic solvent is alcohol. And, a desirable way to adhere
an adsorptive resin to a base material as widely inside
and evenly as possible is impregnation.
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There exists no particular limitation to the amount of
said adsorptive resin of microorganisms to be used on a
base material, however, it provides a peak adsorption
and cost performance in the range between 0.001 and 1
um in thickness of adhered adsorptive resin, which
means roughly 0.001 to 100 wt 9% of a base material.
When 1t is less than 0.001 wt %, a sufficient enough
adsorptive power cannot be expected and when it ex-
ceeds 100 wt , an increase of the amount of an adsorp-
tive resin does not proportionally result in an increase of
the adsorptive power. When a nonwoven fabric is used
as a base material, the range of 0.01 to 20 wt % provides
a high adsorption and fine cost performance,

A variety of materials such as a porous material like a
nonwoven fabric, a woven fabric, knitied goods paper,
foamy matenals and a ceramic sinter, organic or inor-
ganic beads, or a honeycomb or a multistage board can
be used as a base maternial for the adsorbent of microor-
ganisms, and it is possible to select from among either
single or compound, organic, inorganic or metal sub-
stances. Among these, porous materials are best recom-
mended as they have a large surface area. And among
porous materials, a nonwoven fabric is better selected
for it is three-dimensional, gives a large surface area and
is able to lower pressure loss. In addition, an adsorptive
resin evenly and thinly adheres to the surface of fibers
that constitute a nonwoven fabric, the surface area per
weight of an adsorptive resin becoming much larger
than that i the case of beads. It is then possible to
sharply increase the surface area of a nonwoven base
material that contacts microorganisms in water treat-
ment and accordingly the efficiency of reaction in a
bioreactor. It is also possible, by controlling the density
of a nonwoven fabric, to give the nonwoven base mate-
rial a structure which is hard to clog when a large quan-
tity of microorganisms is adsorbed.

When an adsorbent of microorganisms i1s used in
water treatment, water is purified by removal of micro-
organisms in the water by the adsorbent. When it 1s used
for a bioreactor either in an atmosphere or in a liquid, it
adsorbs microorganisms possessing specific functions in
a living and a highly active state, and some products can
be obtained by activating enzyme 1n the microorgan-

isms, or substances can be sorted.
Further, when an adsorbent of microorganisms is

used for an airfilter or a mask, viruses and bacteria can
be collected together with other harmful substances and
dusts in the arr.

It 1s also possible to adhere an adsorptive resin of the
present invention to the surface of a base matenal to-
gether with a germicide.

The term “germicide” as used herein includes a ger-
micide that sterilizes microorganisms and a germicide

that prevents microorganisms from propagating oOr
holds microorganisms under control. Suitable germi-

cides are antibiotics such as polymixin, positive surfac-
tants such as quaternary ammonium salt, ampholytic
surfactants such as alkylaminoethylglycine, biguanides
such as chlorhexidine and polvhexamethylene bigua-
nide, higher fatty acids such as undecylenic acid, metal
or metal 10on and phenol.

These germicides can be adhered to the surface of a
base matenial together with an adsorptive resin of the
present invention by unpregnatmg, spraying or coating.

Also, when a base material composmg a porous material
such as a nonwoven fabric is used, these germicides can

be placed in the base material in the form of germicidal
fibers or resistive fibers that contain a germicide.
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Germicides used for an absorbent of microorganisms
in an atmosphere can be any of those above, however,
when the adsorbent is used in water, especially in treat-
ment of drinking water, it is harmful if germicides are
dissolved in the water. In order to avoid the probiem,
germicides to be used in water should be insoluble or
hardly soluble in water. Recommendable germicides
are metal powders such as gold, silver or copper pow-
ders, antibacterial zeolite made by permuting zeolite
with germicidal metal ions, polymer- type fixed germi-
cides made by fixing biguanide or quaternary ammo-
nium salt to polymers such as polyvinyl, polyacrylate,
polyester and polyamide or silicon-type fixed germi-
cides such as 3-(trmmetoxysilil)-propyitrimethyloc-
tadecil ammoniumchrolide.

The adhesion process of said germicides to a base
material can be performed at any point of the proce-
dure. It can be performed before adhering an adsorptive
resin of microorganisms of the present invention to the
base matenial, after, or simultaneocus with the adhesion
of the resin. The method of adhering a germicide to a
base material may be directly adhering a germicide to a
base material or impregnating, spraying or coating an
organic solvent solution in which a germicide is dis-
solved or scattered, then blowing away the organic
solvent. Especially when a germicide is to be adhered
together with an adsorptive resin of the present inven-
tion to a base material, it is recommended that the ger-
micide be dissolved or scattered in an organic solvent
solution of the adsorptive resin.

In order to adhere a germicide in a base material, the
germicide is contained in the component of a base mate-
rial such as a fiber, a porous material, or a film and a
resin sheet or a germicidal functional group is induced
into the component.

The amount of a germicide will depend on the kind
and the germicidal power of the germicide, however,
the amount should be enough to prevent collected mi-
croorganisms from propergating.
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An adsorbent of the present invention is capable of 40

adsorbing microorganisms in water or in the air very

effectively, and either sterilizes the microorganisms

with a germicide or prevents them from propagating.
According to the research reports made by the inven-

tors and other researchers of the present invention, it is 45

clear that the adsorptive capability of an adsorbent of
microorganisms of the present invention is excellent in
water but not very satisfactory in the air. Therefore,
when an adsorbent of microorganisms is to be used in an
atmosphere, it is desired that the atmosphere is a highly
moist gas or a moistener exists on the surface of the base
material together with an adsorptive resin of the present
invention. It is better to utilize a humidifying means
such as a humidifier to humidify the atmosphere.

Moisteners to be used for said adsorbents of microor-
ganisms of the present invention can be any that adsorbs
moisture in an atmosphere, for example, alkali earth
metallic salts such as calcium chloride and magnesium
chlonde, deliquescent substances such as lithium chlo-
ride, potassium metasolicic acid and titanium sulfate,
water soluble polymers such as polyvinyl alcohol, poly-
acrylate, polyvinyl pyrrolidone and carboxymethylcel-
lulose, silica gel, zeolite, collagen, ethylene glycol, di-
phosphoric pentoxide, magnesium oxide or calcium
oxide.

These moisteners can be adhered to the surface of the
base matenal together with said adsorptive resin by

impregnating, spraying or coating.
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Adhesion of a moistener is to be conducted before or
after adhesion of an adsorptive resin consisting of said
vinyl copolymers, or conducted simultaneously. Espe-
cially when adhesion of a2 moistener is conducted simul-
taneously with adhesion of an adsorptive resin a moist-
ener 1s to be put in an organic solvent solution of said
adsorptive resin of microorganisms to coexist. If a
moistener is soluble in an organic solvent, it dissolves in
the solution together with an adsorptive resin, and if it
is not soluble, it is scattered in the solution.

The amount of a moistener is recommended to be
approximately 5-500 wt % of the amount of an adsorp-
tive resin to be used though, the amount depends on the
kind of a moistener and the adsorptive power of mois-
ture. When the amount is less than the range, it cannot
supply enough moisture to keep active the adsorptive
part of an adsorptive resin of the present invention, and
when the amount is in excess of the range, the adsorp-
tive power of moisture does not improve in proportion
to the increase the amount of the moistener.

An adsorbent of microorganisms using said adsorp-
tive resin of microorganisms can be used for a mask or
an airfilter. In these cases, an adsorbent may be used
without modification, or may be used with a germicide
and a moistener on the surface of a base material to-
gether with an adsorptive resin of the present invention.
In order to adhere a germicide together with a moist-
ener, a germicide is to be adhered to the surface of a
base material or a germicidal fiber containing a germi-
cide or a germicidal fiber to which a functional group is
induced is to be used as a component of a base material.
When a germicide is used together with an adsorptive
resin of the present invention, the adhered microorgan-
1sms become unable to propagate, which prevents clog-
ging of the system and elongates the life of a mask and
an airfilter.

WORKING EXAMPLES

Adsorptive resins and adsorbents of microorganisms
of the present invention, and the methods of making
them are described in detail in the following, with the
help of working examples.

4-vinyl pyridine, stylene and methyl methacrylate
monomer for the following working examples are all
obtainable by refining chemicals on the market by a
process such as decompression distillation.

WORKING EXAMPLE 1

An adsorptive resin comprising vinyl copolymers
was obtained in the steps:
putting mn a reactor 0.84 g (5 m mol) of 2,2'-
azobisisobutyronitrile (purity 98%) and 533.84 g of
ethanol (purity 99%) and regulating a catalytic
solution;
putting in 4-vinylpyridine (105.14 g, 1,000 m mol) and
stylene (156.23 g, 1,500 m mol) in the proportion of
1:1.5 mol; and
copolymerizing them in an nitrogen atmosphere for
six hours at 78° C.; and then
putting in 174.53 g (1,000 m mol) of benzylbromide
(purity 989%) and quaternizing them for six hours at
78° C.
Table 1 shows the description above in figures.
For the convenience of easy understanding and easy
calculation, the amount of 4-vinyl pyridine is uniformly
made one mol.
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TABLE 1
2,2'-
chemical 4-vinyl benzyl buty- ethyl
compound pyridine stylene bromide ronitrile alcohol
abbreviation 4VP ST BzBr AIBN EtOH
ratio of | 1.5
monomer
mol % 40 60 40 0.2
(monomer =
100)
molecular 105.14 104.15 171.04 164.21 46.07
weight
(g/mol)
purity 100 100 08 98 99
(%)
calculative 1,000 1,500 1,000 5
annexing
(m mol)
annexing 105.14 156.23 174.53 0.84 *533.84
amount

(2)

*In order to make monomer concentration 45 wt % the necessary EtOH =

{[(105.14 — 156.23 — 171.04)/0.45] — (105.14 — 156.23 — 171.04)}/0.99 = 533.34

On the other hand, a fiber web made of rayon fiber
(1.5 deniers) was made into a nonwoven fabric of 90
g/m? and 0.5 mm thick by water entanglement.

After impregnating an 0.5 wt % ethanol solution in
which said vinyl copolymers were dissolved into saxd
nonwoven fabric, the nonwoven fabric was dried at 75°
C. and an adsorbent of microorganisms of which 1.5 wt
% was copolymers was obtained.

Stamping out discs whose diameter was 3 cm from
the adsorbent, and filling 30 discs in a column whose
inside diameter was 3 cm. a suspension with Escherichia
coli concentration of 46 108%/ml in 0.85% salt water
was sent through the column at a velocity of 45 ml/hr.

Table 3 shows the results of removal rates of living
microorganisms in the filtrate, which was taken at regu-
lar intervals of time by the agar plate culture method.

COMPARISON EXAMPLE 1

Another nonwoven fabric was made in the same
process of Working Example 1, except that no adsorp-
tive resin was used, and 30 discs were filled in another

column in the same manner, and a suspension with an ,

Escherichia coli concentration of 5.5 108/ml in 0.85%
salt water was sent through the column at a velocity of
35 ml/hr.

Table 3 shows the results of removal rate of living
microorganism in the filtrate, which was taken at regu-
lar intervals of time by the agar plate culture method.

WORKING EXAMPLE 2

An adsorptive resin was obtained as described in
Working Example 1, except that the amount of ethanol
was changed to 47.96 g, and 127.87 g (1,000 m mol) of
benzyl chloride (purity 99%) was used instead of benzyl
bromide.

Table 2 shows the description above in figures.

For the convenience of easy understanding and easy
calculation, the amount of 4-vinyl pyridine is uniformly
made one mol.

Discs taken from the absorbent made in the same
process of Working Example 1 were filled in still an-
other column in the same manner as in Working Exam-
ple 1 and a suspension with Escherichia coli concentra-
tion of 5.6 108/ml in 0.85% salt water was sent
through the column at a velocity of 40 ml/hr.
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Table 3 shows the results of removal rate of living
microorganisms in the filtrate, which was taken at regu-
lar intervals of time by the agar culture method.

As 1s apparent from Table 3, the adsorbents of micro-

5 organisms of Working Examples 1 and 2, to both of
which vinyl copolymers were adhered, shows an excel-
lent adsorption of microorganisms and a high removal
rate of microorganisms, while the adsorbent without
vinyl copolymers in Comparison Example 1 shows poor

10 adsorption, which went poorer with time, the removal
rate of microorganism becoming mere 10% or so in 2
hours.

TABLE 1
15 2,2
azobisiso-
chemical 4-vinyl benzyl buty- ethyl
compound pyridine stylene bromide ronitrile alcohol
abbreviation 4VP ST BzCl AIBN EtOH
ratio of 1 1.5
20 monomer
mol % 40 60 40 0.2
{(monomer =
100)
molecular 105.14 104.15 126.59 164.21 46.07
weight

25 (g/mol)
purity 100 100 98 98 99
(%)
calculative 1,000 1,500 1,000 5
annexmng
(m mol)
annexing 105.14 156.23 127.87 0.84 478.96

30 amount
(2)

TABLE 3
35 Working Working Comparison
Example 1 Example2 Example 1
vinyl copolymers existent existent none
quaternizing benzyl benzyl
component bromide chlonde
microorganisms 46 x 108 56 x 108 55 x 108
40 in water (No./ml)
microorganisms 1.4 X 108 4.6 x 108 3.1 x 108
in filtrated water
1 hr. later (No./ml)
rate of removal (%) 99.997 99 992 43.6
microorganism 3.7 X 10° 55 x 10° 49 x 10

S in filtrated water
2 hrs. later {(No./mi)
rate of removal (%) 99.92 99.90 10.9

WORKING EXAMPLE 3

Discs taken from yet another adsorbent made in the
same process of Working Exampie 1 were filled in yet
another column in the same manner as in Working Ex-
ample 1, and a suspension with Staphylococcus aureus;
concentration of 2.8 X 108/ml in 0.85% salt water was
sent through the column at a velocity of 60 ml/hr.

Table 4 shows the results of removal rate of living
microorganisms in the filtrate, which was taken at regu-
lar intervals of time.

WORKING EXAMPLE 4

Discs taken from vyet still another adsorbent made in
the same process of Working Example 1 were filled in
yet still another column in the same manner as in Work-
mg Example 1, and a suspension with Pseudomonas
aeruginosa concentration of 6.2 108/ml in 0.85% salt

water was sent through the column at a velocity of 30
ml/hr.
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Table 4 shows the results of removal rate of living
microorganism in the filtrate, which was taken at regu-
lar intervals of time.

As 1s apparent from Table 4, adsorbents of microor-
ganisms with the use of an adsorptive resin of the pres- 5
ent invention showed an excellent adsorption disregard-
ing types of microorganismes.

TABLE 4

Working Working Working

Example 1 Example3 Example 4 10
type of Eschenichia staphylo- Pseudomonas
mMiCTroorganism coli CoCcus Aeruginosa

Aureus

microorganism 46 x 108 28 x 108 62 x 108
in water (Nﬂ-/ ml) 15
microorganism 1.4 x 10+ 92 x 10° 82 x 104
in fiitrated water
1 hr. later (No./ml)
rate of removal (%) 99,997 99.990 99.990
microorganism 3.7 X 10° 5.2 x 10° 2.2 x 108
in filtrated water
2 hrs. later (No./ml) 20
rate of removal (%) 99.92 90.81 99.64

WORKING EXAMPLE §

Twenty discs with a diameter of 1.6 cm taken from
another adsorbent made in the same process of Working
Example 1 were filled in another column with an inside
diameter of 1.6 cm in the same manner as in Working
Example 1, and a suspension with T-4 bacteriophage
concentration of 1.3 10%/ml in 0.85% salt water was
sent through the column at a velocity of 20 ml/hr.

Table 5 shows the results of removal rate of living
microorganisms in the filtrate, which was taken at regu-
lar intervals of time.

COMPARISON EXAMPLE 2

Without using an adsorptive resin of the present in-
vention, a nonwoven fabric was filled in a column, and
a suspension with T-4 bacteriophage concentration of
1.3 10/ml in 0.85% salt water was sent through the 40
column at a velocity of 20 ml/hr.

Table 5 shows the results of removal rate of living
microorganisms in the filtrate, which was taken at regu-
lar intervals of time.

Table 5 also shows that an absorbent with the use of 45
an adsorptive resin works effectively on viruses which

are tinier than fungi.

25

30

35

TABLE 35
Working Comparison 50
Example 5 Example 2
vinyl copolymers existent none
type of T4 T-4
mMiCrooOrganisms bacteriophage bacteriophage
mMICroOr ganisms 1.3 x 106 1.3 x 108
in water 55
(No./ml)
microorganism 2.3 % 102 4.6 x 10°
in filtrated water
1 hr. later
(No./mi)
rate of removal 99.98 65.0 60
(%)

WORKING EXAMPLE 6

An adsorbent of microorganisms was obtained as 65
described in Working Example 1, except that the ratio
of 4-vinyl pyridine and stylene was changed to 1:3 mol,
that is the amounts of 4-vinyl pyndine, stylene, 2,2'-

10
azobisisobutyronitrile and ethanol are 105.14 g 312.45 g
(3,000 m mol), 1.34 g (8 m mol) and 726.70 g respec-
tively

Table 6 shows the description above in figures.

For the convenience of easy understanding and easy
calculation, the amount of 4-vinyl pyridine is uniformly
made one mol. :

Discs taken from another adsorbent made in the same
process of Working Example 1 were filled in another
column in the same manner as in Working Example 1,
and a suspension with Escherichia coli concentration of
2.3 10%/ml of 0.85% salt water was sent through the
column at a velocity of 70 ml/hr.

Table 7 shows the results of removal rate of living
microorganisms in the filtrate, which was taken at regu-
lar intervals of time.

WORKING EXAMPLE 7

An absorbent of microorganisms was obtained as
described in Working Example 1, except that methyl
methacrylate was used instead of stylene and the ratio
of 4-vinyl pyridine and stylene was 1:1.5 mol, that is the
amounts of methyl methacrylate and ethanol are 150.18
g (1,500 m mol) and 526.37 g respectively.

‘Table 8 shows the description above in figures.

For the convenience of easy understanding and easy
calculation, the amount of 4-vinyl pyridine is uniformly
made one mol.

As in Working Example 1, a suspension with Escher-
ichia coli concentration of 3.8 x10%8/ml in 0.85% salt
water was sent through a column at a velocity of 50
ml/hr, and the rate of removal was taken. Table 7
shows the results.

Table 7 shows that the proportions of 4-viny! pyri-
dine and vinyl monomer, which are raw material for
vinyl copolymers of the present invention, affect ad-
sorption of microorganisms.

Table 7 also shows that even when a component of
vinyl monomers is changed, an adsorbent of microor-
ganisms with satisfactory adsorptive efficiency can be
obtained.

TABLE 6
2,2'-
azobisiso-
chemical 4-vinyl benzyl buty- ethyl
compound pyridine stylene bromide ronitrile alcohol
abbreviation 4VP ST BzBr AIBN EtOH
ratio of ] 3
monomer
mol % 25 75 25 0.2
(monomer =
100)
molecular 105.14 104.15 171.04 164.21 46.07
weight
{(g/mol)
punty 100 100 98 98 99
(%) |
calculative 1,000 3,000 1,000 8
annexing
(m mol)
annexing 105.14 312.45 174.53 1.34 726.70
amount
(g)
TABLE 7
Working Working Working
Example | Example 6 Example 7
vinyl styrene styrene methyl
monomer methacrylate
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TABLE 7-continued
Working Working Working
Example 1 Example 6 Example 7
4-vinyl- 40/60 25/75 40/60
pyndine/
vinyl monomer
micro- 4.6 x 108 2.3 x 108 3.8 x 108
organisms
in water
{(No./ml)
micro- 1.4 x 104 1.4 x 108 8.0 x 10°
organisms
in filtrated
water | hr.
later (No./ml)
rate of 99.997 99.4 99.998
removal (%)
micro- 3.7 X 10 6.4 x 109 6.1 x 10°
Organisms
in filtrated
water 2 hrs.
later (No./ml)
rate of 94.92 97.2 99.84
removal (%)
TABLE 8
2,2’-
methyl azobisiso-
chemical 4-vinyl metha- benzyl buty- ethyl
compound pyridine crylate bromide ronitrile alcohol
abbreviation 4VP MMA BzBr AIBN EtOH
ratio of 1 1.5
monomer
mol % 40 60 40 0.2
(monomer =
100) -
molecular 105.14 100.12 171.04 164.21 46.07
weight
(g/mol)
purity 100 100 98 oR 99
(%)
calculative 1,000 1,500 1,000 5
annexing
(m mol)
annexing 105.14 150.18 174.53 0.84 526.37
amount
(g)

WORKING EXAMPLE 8

10

15

20

235

30

35

An adsorbent of microorganisms was obtained in the 45

same process as in Working Example 1, except that a
porous base material was made of needlepunch nonwo-
ven fabric of 126 g/m? and 0.87 mm in thickness, which
1s made of polyester fiber (1.5 deniers).

Stamping out discs whose diameter was 3 cm from
the absorbent, and filling another column, whose inside
diameter was 3 cm, with 23 of the discs, a suspension
with Escherichia coli concentration of 5.5 108/ml in
0.85% salt water was sent through the column at a
velocity of 35 ml/hr.

Table 9 shows the results of removal rate of microor-

ganisms in the filtrate, which was taken at regular inter-
vals of time.

WORKING EXAMPLE 9

An adsorbent of microorganism was obtained in the
same process as in Working Example 1, except that a

porous base material was made of needlepunch nonwo-
ven fabric of 151 g/m? and 1.11 mm in thickness, which
1s made of acrylic fiber (1.3 deniers).

Stamping out discs whose diameter was 3 cm from
the absorbent, and filling a column whose inside diame-
ter was 3 cm with 18 of the discs, a suspension with
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Escherichia coli concentration of 3.9 x 108/ml in 0.85%
salt water was sent through the column at a velocity of
50 ml/hr.
Table 9 shows the results of removal rate of microor-
ganisms in the filtrate, which was taken at regular inter-
vals of time.

WORKING EXAMPLE 10

An adsorbent of microorganisms was obtained in the
same process as in Working Example 1, except that a
porous base material was made of wet-type nonwoven
fabric of 150 g/m? and 1.05 mm in thickness, which is
made of glass fiber (6 um).

Stamping out discs whose diameter was 3 cm from
the adsorbent, and filling another column whose inside
diameter was 3 cm with 24 of the discs, a suspension
with Escherichia coli concentration of 2.8 X 108/ml in
0.85% salt water was sent through the column at a
velocity of 55 ml/hr.

Table 9 shows the results of removal rate of microor-
ganisms in the filtrate, which was taken at regular inter-
vals of time.

WORKING EXAMPLE 11

An adsorbent of microorganisms was obtained in the
same process as in Working Example, 1 except that a
porous base material was made of needlepunch nonwo-
ven fabric of 135 g/m? and 0.90 mm in thickness, which
is made of rayon fiber (1.5 deniers).

Stamping out discs whose diameter was 3 cm from
the adsorbent, and filling a column whose inside diame-
ter was 3 cm with 26 of the discs, a suspension with
Escherichia coli concentration of 3.3 X 103/ml in 0.85%
salt water was sent through the column at a velocity of
55 ml/hr.

Table 9 shows the results of removal rate of microor-

ganisms 1n the filtrate, which was taken at regular inter-
vals of time.

Table 9 also shows that the type of porous material
affects adsorption of an adsorbent of microorganisms a
little, but all adsorbents still retain an adsorptive power.

TABLE 9
Working Working Working Working
Example 8 Example 9 Example 10 Example 11
porous NP NP wet-type NP
material nonwoven nonwoven noawoven  ponwoven
fabric fabric fabric fabric
made of polyester  acrylic glass rayon
micro- 55 x 108 39 x 108 28 x 108 33 x 108
organisms
in water
(No./ml)
micro- 55 x 108 78 x 10* 56 x 105 2.3 x 10
Organisms
in filtrated
water
1 br. later
{(No./ml)
remove rate 990 96.98 99.8 99.93
(%)
micro- 25 x 107 12x10% 42x 100 20 x 108
Organisms
in filtrated
water
2 hrs. later
(No./ml)
removal rate 95.5 99.7 98.5 99.4
(%)
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WORKING EXAMPLE 12

An adsorptive resin was obtained as described in
Working Example 6.

Table 6 shows the contents of the above operation.

A nonwoven fabric (90 g/m2, 0.5 mm in thickness)
was obtained by water entangling a fiber web made of
rayon fiber (1.5 deniers)

An adsorbent of microorganisms, the proportion of

copolymers against the nonwoven fabric of which was 10

1.5 wt %, was obtained in the steps:

dissolving said adsorptive resin of microorganisms into
an ethanol solution;

also impregnating the ethanol solution, in which germi-
cidal zeolite powder (Kanebo’s Bactekiller) is scattered
the weight ratio of vinyl copolymers and germicidal
zeolite powder being 97.3, into said nonwoven fabric;
and

drying at 75° C.

Said absorbent of microorganisms (5 cm x50 cm)
made into a spiral shape was put in a container and a 200
ml suspension of 0.85% sterile salt water in which colon
bacilli were suspended (1 X 102/ml) was also put in the
container. The suspension was stirred with a magnetic
stirrer. Two hours later, the number of live colon bacilli
in the liquid was measured by the agar plate culture
method, and the measurement 0/ml was obtained,
showing the 2< 104 (1 102/ml X 200 ml) of colon ba-
cilli were adsorbed.

Next, the adsorbent of microorganisms which had
adsorbed colon bacilli was taken out, cut into 5 cm x>
cm pieces and were placed on agar culture media, cul-
tured for 48 hours at 32° C. and the number of colonies
was counted. These were two colonies of cclon bacilli
on an agar culture medium.

The result shows that the adsorbent of Workmg Ex-
ample 12 is excellent in adsorption of colon bacilli and
possesses a function to kill colon bacilli. Therefore, it is
apparent that the adsorbent of Working Example 12 1s
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capable of effectively removing microorganisms in 40

water without clogging the system.

WORKING EXAMPLE 13
An adsorptive resin was obtained as described in

Working Example 1, except that the ratio of 4-vinyl 45

pyridine and stylene was changed to 1:2.5 mol, that is
the amounts of 4-vinyl pyridine, stylene, 2,2'-
azobisisobutyronitrile and ethanol are 105.14 g, 260.38 g
(2,500 m mol), 1.17 g (7 m mol) and 662.42 g respec-
tively.

Table 10 shows the description above in figures.

An adsorbent of microorganisms (adsorptive resin is
1.5 wt % of nonwoven fabric) was obtained by impreg-
nating an ethanol solution of said adsorptive resin, pow-
dered antibacterial zeolite and lithium chlonide in the
proportion of 100:3:150 into a nonwoven fabric and
drying at 75° C.

Said adsorbent (10 cmx 120 cm) was pleated and
made into a filter unit of 10 cm X 10 cm. A spray box of
colon bacilli was installed on the upperstream side of
the filter unit and a suction pump with a membranous
filter of 0.45 um was installed on the downstream side.

After having moisturized the adsorbent well by send-
ing through sterile moist air for 30 minutes, a diluted
isotonic sodium chloride solution containing colon ba-
cilli was sprayed and an atmosphere containing colon
bacilli was sucked by the pump at a speed of 10 1/min.
for 2 minutes.
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After that operation, the filter unit made of an adsor-
bent of microorganisms which had adhered colon ba-
cilli was taken out and cut into pieces of S cm X35 cm
and then put on agar cultural media, cultured for 48
hours at 32° C. There were three colonies of colon
bacilli on an agar cultural medium.

The result shows that the adsorbent of Working Ex-
ample 13 is excellent in adsorptive power of colon ba-
cilli and possesses a germicidal power of adhered colon
bacilli. The result also shows that the adsorbent of mi-
croorganisms of Working Example 13 does not cause
the system to clog and is capable of efficiently removing
microorganisms in an atmosphere.

WORKING EXAMPLE 14

An adsorptive resin was obtained as described in
Working Example 13.

Table 10 shows the contents of the above operation.

On the other hand, a fiber web made of separate-type
fiber (0.3 denier after separation) comprising composi-
tions of polyester and nylon was treated by water entan-
glement, and a nonwoven fabric of 90 g/m?2 and 0.5 mm
in thickness was obtained.

An adsorbent of microorganisms (adsorptive resin 1s
1.5 wt % of nonwoven fabric) was obtained by impreg-
nating an ethanol solution of said adsorptive resin and
lithium chloride in the proportion of 100:150 into the
nonwoven fabric and drying at 75° C.

Said adsorbent (10 cm X 120 cm) was pleated and
made into a filter unit of 10 cm X 10 cm. A spray box of
colon bacilli was installed on the upperstream side of
the filter unit and a suction pump with a membranous
filter of 0.45 um was installed on the downstream side.

Removing said filter unit as a blank, a diluted isotonic
sodium chloride solution containing solon bacilli was
sprayed and an atmosphere containing colon bacilli was
sucked by the pump at a speed of 101/min for 2 minutes.

After having moisturized the absorbent well by send-
ing through sterile moist air for 5 minutes, a diluted
isotonic sodium chloride solution containing colon ba-
cilli was sprayed and an atmosphere containing colon
bacilli was sucked by the pump at a speed of 10 1/min.
for 2 minutes.

Impregnating a liquid medium into the membranous
filter as a blank and the membranous filter after going
through said filter unit, the filters were cultured for 24
hours at 32° C. and the number of colonies of colon
bacilli was counted each. The removal rates of colon

bacilli taken from the counting are shown in Table 11.

TABLE 10

2,2'-

azobisiso-
chemical 4-vinyl benzy] buty- ethyl
compound pyridine stylene bromide ronitrile alcohol
abbreviation 4VP ST BzBr AIBN EtOH
ratio of 1 2.5
monomer
mol % 28.57 71.43  28.57 0.2
{monomer =
100)
molecular 105.14 104.15 171.04 164.21 46.07
weight
(g/mol)
purity 100 100 98 98 99
(%)
calculative 1,000 2,500 1,000 7
annexing
(m mol)
annexing 105.14 260.38 174.53 1.17 662.42
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TABLE 10-continued
2,2'-
azobisiso-
chemical 4-vinyl benzyl buty- ethyl
compound pyridine stylene bromide ronitrile alcohol
amount
(2)
TABLE 11
Working Example 14
Number of Colonies 285
(blank)
Number of Colonies 63
after going through
Adsorbent
Removal Rate 78
(%)

As is apparent from Table 11, the adsorbent of micro-
organisms of Working Example 14 is excellent in ad-
sorptive power and is capable of effectively adsorbing
microorganisms in an atmosphere.

The “agar plate culture method” which is used
throughout the working examples is approximately as
follows.

It 1s the most popular method to count the number of

living microorganisms. However, in case of a lowly
contaminated sample, namely less than the range 10 to
30/g(ml), the method is not utilized as the count is not
accurate.

(1) Subjects:

Internal solidifier (dispersion solidifier), X-ray con-
trast medium, local liquid medicine, hydrophile oint-
ment, liquid medicine containing insoluble matter, gen-
eral internal liquid medicine, other water soluble
solidifiers, etc.

(2) Amount:

Generally 1 g (ml), if possible, 10 g (ml).

(3) Medium:

Use either the following (1) or (2).

(1) SCD agar: in case a sample does not contain any
antiseptic substances or germicides.

(2) SCDLP agar: in case a sample contains an antiseptic
substance or a germicide.

(4) Container:

Petri dishes of 8.5 t0 9.0 em.

(5) Culturing:

The supernatant liquid of an undiluted or diluted
solution of a regulated sample is divided into Petri
dishes 1 ml each. Usually two or more Petri dishes are
used for a single sample. Each dish of the liquid is
poured in media (15 to 20 ml each) which have been
melted by heat and kept at 48° C. to 50° C., and mixed
well by revolving the media. After having them solid-
fied horizontally, the surfaces are dried well avoiding
infection with microorganisms. These media are held
upside down for at least 72 hours at 30° C. to 32° C. and
the number of colonies is counted.

When the concentration of a sample is high, or a

sample is already turbid before the culturing, the
amount should be 0.5 ml and four or more Petri dishes

should be used.

(6) Judgment:

Count the number of colonies in each Petri dish,
calculate the average number in each diluted solution in
each step, calculate the average in terms of the amount
of the sample and the rate of dilution, and get the num-
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ber of living microorganisms for every gram (ml) of the

subject. The counting method of colonies is as follows.

1) In case counting the number of microorganisms after
72 hours of culturing is not possible due to the genera-
tion of proliferation of colonies, use the number of
microorganisms taken after 48 hours instead.

b 2) In principle, use the number of microorganisms
taken for a sample at a stage when the number of
colonies in each Petri dish is in the range 20 to 200 (30
to 300 is also acceptable) or in the vicinity.

3 ) When the number of colonies in each Petri dish is
less than 10 at any stage of the dilution, count the
number of colomes of the least diluted one, and do
not record the average of the actual numbers. For
instance, record as < 1.0¢< 102 in the case of a diluted
liquid to ten times. It is useful to keep the records of
colors, shapes, sizes, etc. of the generated colonies to
later determine the types of microorganisms.

A adsorptive resin as described above possesses an
excellent adsorptive power and is soluble in an organic
solvent. Therefore, it can be impregnated into other
base materials as a solution or can be coated. Also the
use of the adsorptive resin is not limited as in the case of
cross-linked polyvinyl pyridinium halide which can be
treated only as a solid matter. The surface area per unit
weight of said adsorptive resin of microorganisms,
which is an absolutely important factor for an effective
adsorbent, can be freely obtained by selecting base ma-
terials and a desired adsorbent of microorganism can be
also obtained. Adsorptive resins of the present inven-
tion are insoluble in water and therefore do not contam-
inate the environment.

The adsorbent of microorganism, of the present in-
vention when used in water treatment, effectively ad-
sorbs microorganisms and the adsorptive power does
not deteriorate with time, hardly causing clogging of
the system. When the adsorbent is used for a biosensor
or a bioreactor, it can efficiently collect organisms in
the air or water in a living and active state. Especially
when a three-dimensional base material such as a non-
woven fabric is used, the surface area to contact with
reactive substances as well as solutions to be analyzed
becomes large, enabling organic catalytic functions to
function satisfactorily.

Therefore, the adsorbent of microorganisms is very
suitable for a bioreactor or a biosensor that utilizes
enzyme contained in microorganisms, produces reac-
tive products and sorts substances.

The adsorbent of microorganisms of the present in-
vention can effectively remove microorganisms by ster-
thizing, with a germicide, microorganisms collected by
an adsorptive resin or by preventing the microorgan-
isms from propagating. Especially when a porous mate-
rial is used as a base material, an excellent adsorptive
power can be expected, for the contact area of the base
material is big and the porous material itself gives a
filtering effect. The collected microorganisms are either
sterilized by a germicide or prevented from propagat-
ing. Therefore, the clogging hazard of the system is
prevented and the life of the system is elongated.

As described, the adsorbent of microorganisms of the
present invention can effectively remove microorgan-
isms in the air or water and it is suitable for a water
treatment substance or for a mask or an airfilter.

The adsorbent of microorganisms of the present in-
vention does not contaminate the environments since
the germicide is insoluble in water.
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The adsorbent of microorganisms of the present in-
vention can collect microorganisms effectively even in
the air as it can retain an adsorptive power helped by a
moistener. When a porous material is used as a base
material, the surface area becomes large, enabling the
adsorbent to possess a high adsorptive power of micro-
organisms, and troubles such as clogging can be effec-
tively prevented.

The adsorbent of microorganisms can collect micro-

organisms in the air effectively and is suitable for a
carrier of a biosensor or a bioreactor.

The adsorbent of microorganisms of the present in-
vention prevents microorganisms collected by the ad-
sorbent from propagating, eliminating trouble such as
clogging, and elongates the life of a mask or an airfilter.

Therefore the adsorbent of microorganisms is suitable
for a mask or an airfilter.

In accordance with the method of the present inven-
tion for making adsorbents of microorganisms, excellent
adsorbents of microorganisms can be easily made as the
adsorptive resins of the present invention are soluble in
an organic solvent, enabling impregnation, spraying and
coating of the resins to the surface of a base material.

What is claimed 1s:

1. A resin for adsorbing microorganisms comprising a
vinyl copolymer of the following formula

[ lilz :ih
-[-CHz—CH-],,—[-CHz—(l:jE -[-CH;-CH-],,—[-CH;—IC]—M
Y Y

wherein, R is a benzyl group, an alkyl group of 4 to 16
carbon atoms or a pentafluorophenylmethyl group, R>
is 2 hydrogen atom or an alkyl group of 1 to 3 carbon
atoms, X 1S a halogen atom, and Y is a hydrogen atom,
an alkyl group of 1 to 3 carbon atoms, a benzyl group,
an ether group, a carboxyl group, a carboxylic acid

35

10

15

20

25

30

35

ester group or an aryl group, said vinyl copolymer 45

being insoluble in water and soluble in organic solvent.

2. An adsorbent for microorganisms comprising a
vinyl copolymer of the following formula and existing
on the surface of a substrate,
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L Illz jlh
-[-CHZ—CH-]-,T-E-CHZ—(':];; +CHy—CHEf CH;—-(F};,
ra Y = Y
iy "y
N+ Nt
| l
]ili Ri
X 3 X~

wherein, R is a benzyl group, an alkyl group of 4 to 16
carbon atoms or a pentafluorophenylmethyl group, R2
i$ a hydrogen atom or an alkyl group of 1 to 3 carbon
atoms, X is a halogen atom, and Y 1s a hydrogen atom,
an alkyl group of 1 to 3 carbon atoms, a benzyl group,
an ether group, a carboxyl group, a carboxylic acid
ester group or an aryl group, said vinyl copolymer
being insoluble in water and soluble in organic solvent.

3. The adsorbent according to claim 2, wherein said
substrate is a porous material.

4. The adsorbent according to claim 3, wherein said
substrate is a non-woven fabric.

8. The adsorbent according to claim 2, wherein said
vinyl copolymer is existing on the surface of a substrate
with a germicidal agent.

6. The adsorbent according to claim 3, wherein said
vinyl copolymer is existing on the surface of a substrate
with a germicidal agent.

7. The adsorbent according to claim 4, wherein said
vinyl copolymer is existing on the surface of a substrate
with a germicidal agent.

8. The adsorbent according to claim 5, wherein said
germicidal agent is water insoluble.

9. The adsorbent according to claim 6, wherein said
germicidal agent is water insoluble.

10. The adsorbent according to claim 7, wherein said
germicidal agent 1s water insoluble.

11. The adsorbent according to claim 2 wherein said
vinyl copolymer is existing on the surface of a substrate
with a moisture adsorbent.

12. The adsorbent according to claim 3 wherein said
vinyl copolymer is existing on the surface of a substrate

with a moisture absorbent.
13. The adsorbent according to claim 4 wherein said
vinyl copolymer is existing on the surface of a substrate

with a2 moisture absorbent.

* %X % % x
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