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Cross-linked poly(vinylpyridinium halide) was found to have a novel and
remarkable ability to remove bacteria from water. For example, when 10 g (wet
weight) of cross-linked poly(N-benzyl-4-vinylpyridinium bromide) was contacted
with 20 ml of suspensions of Escherichia coli (9.7 x 10* to 9.7 x 10"/ml),
Salmonella typhimurium (8.0 X 10%to 1.1 X 10"/ml), Streptococcus faecalis (5.0 x
10"/ml), Staphylococcus aureus (8.1 x 10’/ml), and Pseudomonas aeruginosa (3.2
x 10°/ml) under stirring in sterilized physiological saline at 37°C, 99% of the viable
cells of these bacteria were removed in 2 to 6 h. When suspensions of these
bacteria (10° to 108 cells per ml) were passed through a column (20 mm by 100 cm)
of cross-linked poly(N-benzyl-4-vinylpyridinium bromide) at 37°C with a flow rate
of 0.8 to 1.4 bed volumes per h, 97 to 100% of the viable cells were eliminated from
the suspensions during the treatment. Mechanistic studies demonstrated that
cross-linked poly(vinylpyridinium halide) irreversibly captured these bacteria
alive during the treatment. That is, total organic carbon was removed during the
treatment, and the bacteria which adhered to the resin proliferated on the bacterial
medium. The adhesion capacity was estimated to be 10'° cells per g (dry weight).
Total organic carbon was also removed even when the bacteria were killed by heat

treatment before the column studies.

Water disinfection processes include the re-
moval and destruction of microorganisms by
both physical and chemical means. The most
popular process is the treatment with chlorine
and other related chemicals, but the formation of
trihalomethanes and other carcinogens is a seri-
ous defect in this procedure. During the course
of study to develop an alternative method of
disinfection with insoluble polymeric materials,
cross-linked poly(vinylpyridinium halide) was
found to have a novel and remarkable ability to
remove bacteria from water. Mechanistic stud-
ies revealed that cross-linked poly(vinylpyridini-
um halide) irreversibly captured bacteria alive
during the treatment.

Ion-exchange resins have been used to isolate
microorganisms by direct treatment of cell sus-
pensions with the resins (1, 2, 4, 9). In this case,
the adsorption of microorganisms onto the res-
ins was reversible, and microorganisms were
isolated by desorption from the resins. On the
other hand, cross-linked poly(vinylpyridinium
halide) irreversibly captured bacteria. Insoluble
synthetic materials of antimicrobial activity
have been used as insoluble disinfectants (3, §,
8). The polyiodide form of a strong base anion-
exchange resin was extremely effective for this

purpose but exhibited very little tendency for
adsorption of bacteria (8). However, cross-
linked poly(vinylpyridinium halide) captured
bacteria alive during the treatment. Thus, the
methodology described in this paper appears to
be a new concept of water treatment and of wide
application in microbiology.

MATERIALS AND METHODS

Materials. Cross-linked poly(vinylpyridinium ha-
lide) was prepared by the reaction of the appropriate
organic halide with vinylpyridine-divinylbenzene co-
polymer containing 72 mol% vinylpyridine by the
procedure described previously (7). Cross-linked poly-
(vinylpyridinium halide) was disinfected with 70%
alcohol followed by extensive washing with sterilized
physiological saline to remove the alcohol from the
resin.

Escherichia coli, Salmonella typhimurium, Strepto-
coccus faecalis, Staphylococcus aureus, and Pseudo-
monas aeruginosa are used as important bacteria in
public health. These bacterial species were incubated
for 20 h at 37°C in nutrient broth. The bacterial cells
were harvested by centrifugation and washed repeat-
edly with sterilized physiological saline.

Procedure. All procedures were carried out under
aseptic conditions. Batch studies were performed with
a glass tube (28 by 100 mm) connected with a stopper
made of silicon rubber, a tube for sampling, and a
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FIG. 1. Apparatus for batch studies of removal of
bacteria from water by insoluble polymeric materials.

mechanical stirrer made by remodeling a hypodermic
syringe (Fig. 1). In the glass tube was placed 20 ml of
each suspension and 10 g (wet weight) of insoluble
polymeric material, and the mixture was stirred at 120
rpm at 37°C. After a prescribed time, samples of the
harvested cell suspensions were transferred to agar
plates for the measurement of viable cell counts.

Column studies were carried out in two ways. A
series of experiments were aimed at examining the
change of viable cell counts during the contact with
resins and were performed with a glass column (20 mm
by 100 cm) at 37°C with a flow rate of 0I8 to 1.4 bed
volumes per h (see Table 3). Another series of column
studies was aimed at examining the change of the
amount of total organic carbon (TOC) during the
contact with resin and was performed with a glass
column (10 mm by 30 cm) with a flow rate of 1.1 to 2.1
bed volumes per h (see Table 4 and Fig. 6 and 7). The
relation of TOC to the viable cell counts for E. coli is
shown in Fig. 2. The amounts of TOC of influent and
effluent suspensions were determined by using the
Sumitomo model GCT-12N TOC and total nitrogen
apparatus.

RESULTS

Batch studies of removal of bacteria from wa-
ter. Preliminary batch experiments were de-
signed to establish the method to evaluate the
effect of cross-linked poly(vinylpyridinium ha-
lide) for the removal of bacteria from water with
cross-linked  poly(N-benzyl-4-vinylpyridinium
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FIG. 2. Relation of TOC to viable cell counts of E.
coli suspensions in sterilized physiological saline.

bromide) [BzVP(Br)] and E. coli (Fig. 3). Curve
A of Fig. 3 shows that the viable cell counts
obviously decreased in the presence of
BzVP(Br). About 99% removal of E. coli was
achieved in 2 h. On the contrary, curve B of Fig.
3 shows that substantial change in the viable cell
counts was not observed even after 8 h in the
absence of the resin.

Removal of E. coli by BZVP(Br) was carried
out with a variety of initial viable cell counts
(Fig. 4). Although the initial viable cell counts
varied from 9.7 x 10* to 9.7 x 107 cells per ml,
about 99% removal of viable E. coli was
achieved in 2 h.
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FIG. 3. Removal of viable E. coli from water by
cross-linked poly(N-benzyl-4-vinylpyridinium bro-
mide) in the presence (A) or absence (B) of resin.
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FIG. 4. Removal of viable E. coli from water by
cross-linked poly(N-benzyl-4-vinylpyridinium bro-
mide) carried out with a variety of initial viable cell
counts.

The removal of other bacteria from water by
BzVP(Br) was carried out in the same way (Fig.
5). About 99% removal of the viable cells of S.
faecalis, S. aureus and P. aeruginosa was also
achieved in 2 h. However, the removal of S.
typhimurium was rather difficult, and 99% re-
moval of the viable cells was achieved after 6 h.

Removal coefficient. To evaluate quantitative-
ly the ability of insoluble polymeric materials for
the removal of viable bacteria from water, we
attempted to find a useful index of the ability. As
can be seen in Fig. 3, 4, and 5, the relation of the
logarithm of viable cell counts to contact time
was linear in the early stage of contact. This
result indicated that the removal process was a
first-order rate process, similar to the case of
quaternary ammonium triiodide ion-exchange
sterilization process (6). Thus, we defined the
removal coefficient based on the initial rate of
the decrease of viable cell counts:

Removal coefficient = %{ log [N(0)/N(1)]

Here, N(0) is the initial viable cell count, N(z) is
the viable cell count at contact time ¢, V is the
volume of viable cell suspension, W is the dry
weight of insoluble polymeric materials, and ¢ is
the contact time. Table 1 shows the values of the
removal coefficients obtained for the removal of
various bacteria by BzVP(Br). Although the
initial viable cell counts varied from 9.7 x 10* to
9.7 x 10’ cells per ml, and the amount of resin
was changed from § to 20 g (wet weight) (2.0 to
7.6 g (dry weight), the coefficient for the removal
of E. coli by BZVP(Br) ranged from 3.4 to 4.8 ml/
g h. This result shows the utility of the removal
coefficient.
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FIG. 5. Removal of viable cells of various bacteria
from water by cross-linked poly(N-benzyl-4-vinylpyri-
dinium bromide): S. typhimurium (A); S. aureus (B);
S. faecalis (C); and P. aeruginosa (D).

Effect of the structure of cross-linked poly(vi-
nylpyridinium halide). To examine the effect of
the structure of cross-linked poly(vinylpyridini-
um halide) on the removal coefficient, various
types of cross-linked poly(vinylpyridinium ha-
lide) were used to remove E. coli from water
(Table 2).

The removal coefficient of BzZVP(Br) propor-
tionally depended on the content of the pyridin-
ium group (Table 2). This result suggests that the
ability of cross-linked poly(vinylpyridinium ha-

TABLE 1. Removal coefficient for the removal of
various bacteria from water by cross-linked poly(N-
benzyl-4-vinylpyridinium bromide)”

Removal
. N(0) (cells W (g di .

Bacteria per ml) v(vgt])ry C(():Iﬂl;;:lﬁl)\t
E. coli 9.7 x 10* 3.8 4.4
8.4 x 10° 2.0? 4.8
8.4 x 10° 4.0 4.2
9.7 x 10° 7.6° 4.4
1.7 x 10°® 3.8 34
4.3 x 10° 4.0 4.8
9.7 x 107 3.8 4.2
S. typhimurium 8.0 x 10° 3.7 2.1
1.1 x 107 3.8 2.1
P. aeruginosa 3.2 x 10° 3.3 4.2
S. aureus 8.1 x 107 3.9 4.4
S. faecalis 5.0 x 107 3.8 4.8

@ Carried out at 37°C. The content of the pyridinium
group of the resin was 2.9 mmol/g (dry weight), and V,
volume of viable cell suspension, was 20 ml; W,
insoluble polymeric materials; N(0), initial viable cell
count. The amount of resin was 10 g (wet weight)
unless otherwise stated.

5 The amount of resin was 5 g (wet weight).

¢ The amount of resin was 20 g (wet weight).
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TABLE 2. Removal coefficient for the removal of viable E. coli from water by various types of cross-linked
poly(vinylpyridinium halide)”

L Removal
Cross-linked resin (P"); ;illll‘;u[‘:; rgri)v‘:]p) N:g)r (;T;ls w ;gn][;‘l Y c:):ﬁ/icient
g h)
Poly(N-benzyl-4-vinylpyridinium bromide) 29 4.3%
1.5 3.7 x 107 33 2.0
1.5 3.7 x 107 29 2.2
Poly(N-benzyl-4-vinylpyridinium chloride) 2.9 7.6 x 10° 3.7 2.7
2.9 3.7 x 107 3.6 4.2
Poly(N-allyl-4-vinylpyridinium bromide) 3.3 3.7 x 107 4.0 2.4
Poly(N-propargyl-4-vinylpyridinium bro- 2.6 3.7 x 107 5.6 2.0
mide) 2.6 3.7 x 107 5.8 1.9
Poly(N-pentafluorophenylmethyl-4-vinyl- 1.9 1.0 x 10° 4.2 1.7
pyridinium bromide)
Poly(N-butyl-4-vinylpyridinium bromide) 2.8 2.9 x 10° 3.6 2.2
Poly(N-octyl-4-vinylpyridinium bromide) 2.1 8.4 x 10° 43 1.8
Poly(N-dodecyl-4-vinylpyridinium bromide) 1.4 1.0 x 10° 4.3 1.3
Poly(N-hexadecyl-4-vinylpyridinium bro- 0.9 6.5 x 107 5.8 1.3
mide)
Amberlite IRA-900 in the chloride form® 4.24 2.9 x 10° 4.4 0.4
Amberlite XAD-4¢ 4.7 x 10° 5.2 0.3
Poly(4-vinylpyridine) 3.7 x 107 3.5 1.5

a Carried out at 37°C; V, volume of viable cell suspension, was 20 ml; W, insoluble polymeric materials; N(0),
initial viable cell count. The amount of resin was 10 g (wet weight).

® The average value obtained from Table 1.
< Commercial strong base anion-exchange resin.
4 The content of ammonium group.

¢ Commercial macroporous resin with no ion-exchange functional group.

lide) to remove bacteria was derived from the
presence of the pyridinium group.

Although the difference in the content of the
pyridinium group should be taken into consider-
ation, BzZVP(Br) and BzVP(Cl) were most effec-
tive among the resins examined. Cross-linked
poly(N-alkyl-4-vinylpyridinium bromides) were
less effective. The hydrophobic group did not
strengthen the adsorptive behavior of the resin.
The surface charge of the resin was expected to
raise the adsorptive behavior. However, cross-
linked poly(N-pentafluorophenylmethyl-4-vinyl-
pyridinium bromide) was not very effective. The
adsorptive behavior was not simply correlated
with the ionic strength of the pyridinium group.
The adsorptive behavior of the resin appeared to
depend not only on the chemical structure of the
functional group, but also on the hydrophilic
nature, the degree of cross linking, and other
physical properties of the resin matrix. Further
investigation is required to clarify the mecha-
nism of the sorption.

For comparative purposes, Amberlite IRA-
900 in the chloride form provided by Rohm and
Haas Co., Philadelphia, Pa., was used as a
strong base anion-exchange resin. The resin was
not very effective for the removal of E. coli. A
reviewer advised us to use Ambergard resin, a
product made by the same manufacturer and
claimed to remove all kinds of microorganisms
by adsorption without killing, instead of using

IRA-900. Unfortunately, however, the resin was
not available in Kyoto. Ambergard resin might
be more effective than IRA-900, although the
chemical structure of the functional group would
be similar.

Column studies of removal of bacteria from
water. On the basis of the batch studies men-
tioned above, attempts were made to remove
various bacteria by passage through a glass
column packed with BzZVP(Br) (Table 3). Except
for the case with S. typhimurium, more than
99.999% of the viable bacteria were removed by
passing through the column. The efficiency of
removal decreased with the increase of flow
rate, which may be due to the decrease of
contact time.

Change of TOC amount during column studies.
Attempts were made to elucidate whether cross-
linked poly(vinylpyridinium halide) functioned
as an insoluble polymeric disinfectant against
bacteria but did not remove the dead cells or
acted as a polymeric adsorbent or adhesive
agent for the removal of bacteria. The change of
TOC amount during the procedure was investi-
gated. Although there are definitive ways of
looking at the attachment of bacteria to surfaces,
direct observation of the attachment to insoluble
resins is difficult to investigate in contrast to the
colonization of bacteria on the epithelium of
organs with infections lesions. Column studies
were carried out with suspensions of E. coli (108
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TABLE 3. Removal of viable bacteria from water by a fixed-bed column packed with cross-linked poly(N-
benzyl-4-vinylpyridinium bromide)*

Bacteria Flow rate (bed Total effluent Viable cell counts (cells per ml) Removal
vol per h) (bed vol) Influent Effluent® (%)
E. coli 0.8 4.8 1.0 x 107 0 100
0.8 4.7 1.9 x 108 1.7 x 10° 99.9991
1.0 6.2 2.3 x 10° 0 100
1.0 5.8 2.5 x 10° 0 100
1.4 8.2 2.3 x 10° 1.4 x 10? 99.9994
S. aureus 0.8 4.6 1.0 x 10’ 0 100
1.0 6.0 1.0 x 107 3.0 x 10! 99.9997
1.2 7.4 1.4 x 10’ 5.5 x 10? 99.996
S. typhimurium 1.0 6.0 3.3 x 10° 9.7 x 10 97
P. aeruginosa 1.0 6.3 6.3 x 10° 0 100
S. faecalis 1.0 6.1 2.3 x 10° 0 100

@ Carried out at 37°C for 5 to 6 h. The content of the pyridinium group of the resin was 2.9 mmol/g (dry weight).
® The average value of the viable cell counts of effluent samples.

cells per ml) and a fixed bed containing
BzVP(Br) with a flow rate of 1.1 to 1.2 bed
volumes per h. The TOC amount of the influent
suspensions was 40 to 50 ppm (40 to 50 pg/ml),
but was quantitatively removed during the col-
umn studies. TOC was linearly correlated with
cell counts (Fig. 2). The quantitative removal of
TOC was thus concluded to be evidence of the
quantitative removal of bacterial cells during
treatment. Cross-linked poly(vinylpyridinium
halide) was thus proved to have removed bacte-
rial cells during treatment.

Viability of bacteria after contact with cross-
linked poly(vinylpyridinium halide). Another se-
ries of experiments was carried out to elucidate
whether cross-linked poly(vinylpyridinium ha-
lide) maintained bacteria alive or killed them on
removal. Suspensions of viable E. coli were
passed through a glass column containing
BzVP(Br), and the resin bed was extensively
washed with sterilized physiological saline. The
resin bed was then taken out from the column
and inoculated into nutrient broth. The washing
solution was also cultured, but multiplication of
E. coli was not observed in the solution. Howev-
er, adsorbed or adhered E. coli on BzVP(Br)
proliferate on bacterial media. Thus, we con-
cluded that cross-linked poly(vinylpyridinium
halide) captured these bacteria alive during the
treatment, although the proportion of live bacte-
ria was obscure.

Irreversible nature of removal of bacteria from
water by cross-linked poly(vinylpyridinium ha-
lide). After suspensions of E. coli were passed
through a glass column containing BzVP(Br),
the resin bed was washed with sterilized physio-
logical saline. This washing solution was cul-
tured, but multiplication of E. coli was not
observed.

We made many efforts to regenerate exhaust-

ed BzVP(Br) for the removal of E. coli: (i)
extensive washing with absolute ethanol fol-
lowed by extensive washing with sterilized
physiological saline; and (ii) washing with aque-
ous hydrochloric acid (pH 3) followed by exten-
sive washing with sterilized physiological saline.
Despite these efforts, exhausted BzVP(Br) did
not remove E. coli again. Attempts to regenerate
BzVP(Br) thus ended in failure.

These observations strongly suggested that
the removal of bacteria from water by cross-
linked poly(vinylpyridinium halide) was irpe-
versible, and made us consider that the resin
acted as a polymeric adhesive agent rather than
as a polymeric adsorbent for the bacterial cells.

Adhesion capacity. To evaluate quantitatively
the ability of cross-linked poly(vinylpyridinium
halide) to remove bacteria, column studies were
also performed with bacterial suspensions of
much higher concentrations. Based on the linear
relationship shown in Fig. 2, the quantity of
bacteria was evaluated by the quantity of TOC.
Figure 6 shows the plot of TOC of the effluent
suspension toward the effluent volume in the
case of the removal of E. coli from water by
BzVP(Br). In this case, the percentage of the
removal of TOC was not very high, and signifi-
cant leakage was observed during the treatment.
This incomplete removal of TOC was mainly
due to the too high concentration of bacterial
cells in the influent suspension. When bacterial
suspension of lower concentrations were used as
the influent suspensions, the percentage of the
removal was much improved. Under such condi-
tions, however, quantitative evaluation of the
removal ability required much larger amounts of
the influent suspensions and much longer ex-
perimental time, and it would be very difficult to
keep viable cells alive throughout the column
studies.
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FIG. 6. Removal of E. coli from water by a fixed
bed of cross-linked poly(N-benzyl-4-vinylpyridinium
bromide). The flow rate was 1.1 bed volumes per h,
and the viable cell counts of the influent suspension
were 1.2 X 10° cells per ml.

The adhesion capacity was then calculated by
an approximation, by using the following equa-
tion:

Adhesion capacity = C(0) x [V(H) — V(0)J/W

where C(0) is the influent concentration of bac-
teria, V(0) is the void column volume, V(H) is
the effluent volume when the effluent concentra-
tion reached half of the influent concentration,
and W is the dry weight of the resin (Table 4).
Here, the adhesion capacity was determined
based on the amount of adhered TOC. In the
case of E. coli, however, the amount of adhered
cells was estimated based on the relation of TOC
to viable cell counts (Fig. 2 and Table 4). The
adhesion capacity of BzZVP(Br) for these bacte-
ria appeared to be 10'° cells per g (dry weight).

Removal of killed bacteria from water by cross-
linked poly(vinylpyridinium halide). Attempts
were also made to clarify whether the adhesion
to cross-linked poly(vinylpyridinium halide) was
limited to viable bacterial cells. The column
studies were performed with E. coli suspensions
which were heated at 70°C for 50 min before the
studies. The breakthrough curve is illustrated in
Fig. 7, and the adhesion capacity is given in
Table 4. This experimental observation clearly
indicated that the adhesion to cross-linked poly-
(vinylpyridinium halide) is not limited to viable
bacterial cells.

DISCUSSION

Experimental results presented in this article
demonstrated that cross-linked poly(vinylpyri-
dinium halide) has a novel and remarkable abili-
ty to remove bacteria from water. This method-
ology appears to be a new concept of water
purification.
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TABLE 4. Capacity of cross-linked poly(N-benzyl-
4-vinylpyridinium bromide) for the adhesion of
bacteria in water?

Adhesion capacity
Flow rate Influent ——FMM—
TOC mgTOC 10'° cells

Bacteria (bed vol
perh) (ppm) perg perg (dry
dry wt)  wty
E. coli 1.1 370 6.0 1.5
1.5 410 5.6 1.4
2.1 300 51 1.3
1.7 230 4.7 1.2
1.6 230¢ 4.7 1.2
S. typhimurium 1.5 790 1.6
1.2 450 1.3
S. faecalis 1.5 290 4.0

“ Determined by the continuous-flow column meth-
od. The content of the pyridinium group of the resin
was 2.9 mmol/g (dry weight).

4 Amount estimated based on the relation of TOC to
viable cell counts which is shown in Fig. 2.

¢ In this case, the suspension of E. coli was heated
at 70°C for 50 min immediately before being passed
through the column, and the absence of viable cells
was ascertained under these conditions.

Mechanistic studies revealed that the resin
acted as a polymeric adhesive agent for bacteria.
The quantitative removal of TOC was observed
during contact of the bacterial suspension with
resin. Several experimental observations strong-
ly suggested the irreversible nature of the adhe-
sion.

Mechanistic studies also revealed that the
resin captured bacteria alive during the treat-
ment. The bacteria which adhered to the resin
proliferated on the bacterial medium. Bacteria
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FIG. 7. Removal of heat-killed E. coli from water
by a fixed bed of cross-linked poly(N-benzyl-4-vinyl-
pyridinium bromide). The flow rate was 1.6 bed vol-
umes per h, and the viable cell count of the influent
suspension before the heat treatment at 70°C for 50
min was 5.8 x 10° cells per ml.
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killed by heat treatment were also removed by
the resin in a manner similar to the case of viable
cells.

The ability of resin to remove bacteria from
water was evaluated in two ways. The rate of
bacterial removal was evaluated by the removal
coefficient defined in this article. The coefficient
was demonstrated to be a useful index of the
removal ability. The amount of bacterial remov-
al was evaluated by the adhesion capacity. The
capacity was approximately evaluated based on
the amount of removed TOC during a continu-
ous flow column study. The adhesion capacity
was estimated to be 10'° cells per g (dry weight)
based on the relation of TOC to the viable cell
counts.

The difference in the adhesion capacities for
viable and Kkilled bacteria was insignificant, and
physicochemical interaction appeared to be
much more important than physiological action
in this adhesion.

The ability of resin, evaluated by the removal
coefficient, proportionally depended on the con-
tent of the pyridinium group. The ability of resin
to remove bacteria from water was thus con-
cluded to derive from the presence of the pyri-
dinium group. The removal coefficient of the
resin depended on the chemical structure of the
pyridinium group, and BzVP(Br) was most
effective among the resins examined. The adhe-
sion on the resin also depended on the nature of
the bacteria. Experimental results indicated that
both the rate and capacity of the bacteria remov-
al were low for S. typhimurium when compared
with those for the other bacteria used in this
work. The mechanism of adhesion requires fur-
ther investigation.

Although chlorine is a strong disinfectant
against microorganisms, it reacts with a variety
of organic impurities in water and converts them
into trihalomethanes and other carcinogens;
effective nonchlorine disinfectants have re-
ceived increasing attention. From this point of
view, the methodology described in this article
provided a possibility for new alternative con-
cepts of water purification. Use of the resin has
some advantages. The resin usually does not
react with organic impurities in water, and it
does not add any chemical into water. The resin
removed not only viable cells but also killed
cells of bacteria from water, and the quality of
the treated water was better than those of usual
disinfection. The removal of whole cells was
more suitable than usual disinfection in cases in
which bacterial pathogens resist disinfectants,
and the formation of trihalomethane and other
carcinogens is not desirable. However, the new
methodology has some weak points. The remov-
al was much too slow, as can be seen in Fig. 3, 4,
and 5. Therefore, in the column studies, a slow
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rate of flow was necessary for complete removal
of bacteria from water. It was extremely difficult
to regenerate the exhausted resin, and we had to
give up repeated use of the resin.

Experimental results presented in this article
also demonstrated that cross-linked poly(vinyl-
pyridinium halide) captured bacteria alive during
the treatment. The adhesion appears to be irre-
versible. This nature of the resin appears to be of
wide application in microbiology and biotech-
nology. We are now attempting to immobilize
bacteria and activated sludge by this resin to
apply the new methodology to the production of
useful materials and wastewater treatment. Al-
though various methods are known for the im-
mobilization of enzymes and bacterial cells,
continuous efforts are being made to pursue new
materials and techniques for the immobilization
(10). Immobilization to a solid matrix by chemi-
cal reaction is apt to result in damage to the
enzyme activity. Entrapment in the gel of poly-
meric substances is apt to result in a decrease of
the contact of substrates with enzymes and
bacterial cells. Adsorption onto ion-exchange
resin is reversible. However, immobilization on
BzVP(Br) can be realized without chemical re-
action and entrapment, and the adhesion is
irreversible. Surface-immobilized, live bacteria
entities on this resin are expected to show useful
properties. We are also expecting the resin to be
powerful material for the search of various
microorganisms present in the natural world. It
is noteworthy that BzZVP(Br) has an excellent
ability for removing sodium alkylbenzenesulfon-
ates from aqueous solutions (7). The adsorption
capacity reached 900 mg/g (dry weight), and was
not affected by the presence of inorganic salts,
alkali, and acid.
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