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D1s1nfect1on　of　Esc加r乙c肋αcoZ乙by　Us1ng　H＋

　　　　　　　　　　　　Form　Ion－exchange　Res1ns，Part2

and．OH一

Tosh1o　SAT0and　M1ch1h1ro　AKIBA

Abstract　　The　effect1veness　of▽ar1ous　porous1on－exchange　res1ns1n　H＋

and一○H－forms　on　the　d－isinfection　of　E80加グた肋αooZ乏（E60〃K－12）has　been　pr－

obed．Water　suspensions　of　up　toユ08亙．ooZ乏oθ〃8／cm3were　passed　through　a

g1ass　co1umn　packed　w1th　Yar1ous1on－exchange　res1ns（05～20g）　The　k1111ng

effect1’veness　of　the　co1umn　was　determ1ned　by　us1ng　P1ate　counts　Quantemary

ammomum　strong　based　amon－exchange　res1n1n　OH－form（IRA－938），wh1ch　has

enough　macropores　to　encapsu1ateE　oo〃ce11s，was　effect1ve　to　the　dey1ta11zat1on

of　EooZ乙　The　m1xed　bed－of　OH－res1ns　and　a　su1fomc　ac1d　H＋form　cat1on－

exchange　res1n（TAS3－3），wh1ch　was　noneffect1ve　by1tse1f，was　found－to　have

remarkab1e　gθrm1c1da1eff1c1ency　by　a　synerg1st1c　effect　of　OH－and　H＋10ns　on

the　res1ns　The　m1xed　bed　of　the　two　resms　has　the　feas1b111ty　of　anew　and

handy“d1s1nfectant’’for　water　treatment

Key　word　D1s1nfect1on，Bacter1a，H＋and　OHi　form　Ion－exchange　Res1ns

IntrOauC倣On Materia1and．methoa

It1s　we11known　that　ch1or1ne1s　a　strong　d1s1nfect－

ant　to　m1croorgan1sms　such　as　E86加rκ肋α　ooZ乙

and　Yiruses，and－has　1ong　been　used．for　production　of

dr1nk1ng　water　Recθnt1y，however，1t　has　become

known　that　the　ch1or1ne1n　water　reacts　w1th　avanety　of

organ1c　1mpur1t1es　and　conyerts　them　　1nto

carc1nogens玉2）　　Thus，1t1s　urgent　that　effect1ve　non－

ch1or1ne　based　d－1s1nfectants　be　deYe1oped．　It　appears

that　the　tr110d1de　from3－5）of　a　quaternary　ammon1um

an1on＿exchange　res1n　1s　one　of　such　d．1s1nfectants　　S0

far，however，there　has　been　an　anx1ety67）that1t1s

s11ghtly　d1sso1ved1n　water，espec1a11ywhensomeorgan1c

compounds　are　conta1ned－1n　water

Meanwhi1e，it　has　been　found　that　counter　ions

such　as　I3■，H＋and－OH－on　the　surface　of1on－exchange

res1ns　ex1st　1n　concentrated．　states　of　about　1～6

M89）Therefore，1fthθconcentrated1nd1sso1ub1eac1d

H＋or　bas1c　OH－10ns　are　fu11y　ut111zed，1t　seems　that

they　can　dev1ta11ze　E8cんθグ乙oん乙αooZ乙　Thus，the　purpose　of

th1s　work1s七〇examme　the　feas1b111ty　of　emp1oy1ng

these　H＋and－OH－form1on－exchange　res1ns　as　a　new

d1s1nfectant　for　the　treatment　of　water

　Ion－exchange　　resins　　and　　Bacter1a1　　suspension：

Macroret1cu1ar　bas1c　quanternary　ammon1um　an1on－

exchange　res1ns　and　su1fon1c　ac1d－cat1on＿exchange　res1n

（Organo　Co．Japan）were　used一．　The　resin　partic1es，

s1eved　to28～32mesh　were　pretreated1n　a　co1umn

with　aqueous　so1ution　of　hydroch1oric　acid（1moい

dm－3）and　Sodium　hydroxide（1mo1⑧dm－3），and　then

with　ethano1and　water．

After　this　treatment，the　resins　were　converted　to

H＋，Na＋，OH－and　C1－forms　with　excess　solutions　of

hydroch1oric　acid．（1mo1⑧dm－3），Sodium　hydroxide

（1mo1⑧dm■3）　and　Sod1um　hydroch1or1de（1moユ④

d－m■3），respective1y．

　Repeated　wash1ngs　w1th　d．1st111ed　water　were

carried　out　before　drying　at　room　temperaturθ．　The

d．r1ed－res1ns　were　stored1n　a　des1ccator　w1th　a　re1at1ve

hum1dユty　of20％prepared　w1th　sulfur1c　ac1d　and　water

20℃．　E80加叱肋αoo〃K－12W3110was　grown　in

nutrient　broth　for20h．at37℃and　cel1s　were　d－i1uted

1n　d．1st111ed．water　t〇七he　d－es1red．concentrat1ons

Proced－uer　　These　res1ns　（05，10，20g）　we1ght

1nto　a　g1ass　co1umn（1ength200mm，d1ameter10mm）

and　aqueous　suspensions　of亙．oo〃with108～104ce11s④

cm．3werθpassed七hrough　the　co1umn　at　a　f1ow1ate　of
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Fig．1 Schemat1c　d1agram　of　d1smfect1on　sysytem
又　Ion－exchange　co1umn，2　Quan七1tat1Te　pump
4，5：Wa七er　Bath　at15℃

3：Water　suspens1on　of　E　co11，

Tablθ1．DIslnfθctI◎n　effect　of　HC1，NaOH　and　NaCl

　　　　　aquρ◎uS　S◎1utiOnS

　　　　　　　　　．Viab1e　count　in　s◎lu舖◎n（ce”s／cm3）
Viablθrati◎　　　　　　　　　　　　　　　　　　　　　　　　　×100
　　　　　　　　　　　　　　　7．9×107（cel1s／cm3）
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2D1smfectl◎n　effect◎f　HCl，NaOH　and　NaCl　aque◎us　s◎lutI◎ns

Viable　rati◎：
viablec◎untins◎luti◎n（ce1ls／c㎡）
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　×100
　　　　　7．9x107（ce1ls／c㎡）
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2cm3 , min~1 at 1~ C, The column effluents were taken 

every 10cm3 . and they were used in making plate counts 

coti Using Ion-exchange 

Result and 

Resms 

The sample plates were incubated for 24h at 37~C and 

the number of the viable E.coli cells were then courited 

to determine viable cell concentrations. A schematic 

diagram of the measurement system is represented 

in Fig,1. 

discussion 

19 

Firstly, germicidal effect of H+ and OH- ions was 

investigated and shown in Table,1. From the table, both 

H+ and OH- ions were found to be effective even in the 

concentration of 0.01M and the E.coli wlth a high cell 

concentration of 108 cells ' cm~3 was completely 

devitalized withm contact , trme of only Imin in IM 

hydrochloric acid and IM sodium hydroxide aqueous 

solutions. IM sodium chloride solution and pure 

Table 2 , Germicidal 

Viable 

capab i I it ies 

ratio : 
viable 

of various porous 

count in effluent 

Ion-exchange 

(ce I Islcrf) 

res i ns 

viable count in influent (ce I Is/crf) 
x 100 

lon-exchange lon Amount Original Effluent Viable 
resins form of resin cell Volume rat i o 

(g) concentration (cm3) (~6) 

(cells/cm3) 

Amberlyst 1 5 H+ 2,0 1 06 20 30 

XT- I 009 H+ 2.0 1 06 20 30 

XT- I 009 N a+ 2.0 1 06 20 30 

TAS 3-3 .H + 2.0 1 06 20 20 

TAS 3-3 N a+ 2,0 1 06 20 30 

Amberlyst A-26 OH- 2,0 1 06 20 15 

l RA-938 OH- 0.5 1 06 50 2
 

l RA-938 CI- 0.5 1 06 50 7
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Fig . 2 

O 20 40 60 80 10010 20304050 
hr water ->H-1 M NaChH 

effluent volume (cm3 ) 

Comparison of germicidal capabilities between OH- and 
IRA-938 

-O- : Cl- form (0.5g) -O- : OH- form (0.5g) 

Cl- forms of 
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water　were　found．to　be　a1most　noneffect1ve　From　the

resu1t　of　Tab1e1，H＋and　OH－forms　of1on－exchange

res1ns　are　cons1derθd　to　have　germ1c1da1capab1ヱ1t1es，

because　H＋and　OH－ions　on　the　surface　of　ion－

exchange　　res1ns　　have　　been　　found　　to　　ex1st　　1n

concentrated　states　of　at1east1M9）

　Disinfection　capabi1ities　of　severa1　porous　type

1on－exchange　res1ns　packed1n　the　co1umn　are　compared

in　Tab1e2．From　the　tab1e，OH■and　C1－forms　of　an

an1on－exchange　res1n　named　as　IRA－938were　found　t0

be　effegtive，whereas　H＋，Na＋and　OH’forms　of　other

cat1on－and－an1on－exchange　res1ns

were　a1most　noneffective．

　This　IRA－938　is　a　super　macroreticu1ar　basic

quatemary　ammon1um　amon－exchange　res1n，tha七1s，1t

has1arge　pores（diameter：2．5～23μm～enough，to

encapsu1ate亙ooZ乙whose　d1ameter1d　about1μm，

wh11e　other1on－exchange　res1ns　are　usua1porous　res1ns

and　haYe　sma1ler　pores1nto　wh1ch　E　ooZ乙can　not　enter

These　resu1t　suggested－that　for　effect1Ye　d－eY1ta11zat1on，

1t　1s　necessary　for　l1760Z乙to　be　captured－1n　pores　and

brought　in　fu11contact　with　the　concentration　ions　on

the　surface　of　the　pores．　The　difference　between

OH－and　C1’forms　of　IRA－938，however，shou1d　be

1nvest1gated，because　C1－　10ns　are　cons1d－ered－to　be

investigated　from　the　result　of　Tab1e1．After　packed

OH’or　C1－form　IRA－938（0．5g）was　saturated　with

亙ooZ乙ce11s　by　pass1ng100cm3of　water　suspens1ons

of　E　ooZ乙w1th　a　h1gh　concentrat1on　of108ce11s／cm3，

100cm3of　germ－free　water　was　passed－through　each　of

the　resins　and　then50cm3of1M　NaC1aqueouss

o1ut1on　was　fo11owed－　V1ab1e　counts　of　E　coZ乙ce11m

water　and　NaC1effユuents　were　determ1ned　and　shown1n

Fig．2．From　the　figure，it　was　found　that　in　genera1

OH■forms　res1n1s　moreeffect1vethanC1－formres1nbut

d．1fference　between　v1ab1e　counts1n　water　eff1uents

passed－through　the　two　form　res1ns　are　sma11er　than

that　between　v1ab1e　counts1n1MNaC1eff1uents　Not1ce

that　the　ratio　of　the　former　is10times　at　the　water

eff1uents　vo1ume　of100cm3，whereas　that　of　the1atter

reaches104t1mes　at　the　NaC1eff1uents　vo1umθof10

cm3and　the　d1fference1s　a1most1nf1n1ty　at　eff1uents

vo1ume　of30cm3．Moreover，it　was　found　that　viab1e

count　at　the　NaC1eff1uent　vo1ume　of10cm3passed

through　C1‘res1n1s5x105ce11s／cm3and　the　Ya1ue1s

ユarger　than　that　of3×103ce11s／cm3at　the　water

eff1uent　vo1ume　of100cm3passed　through　the　same

C1・resin．

　Since亙．co〃has　negative1y　charged　groups　owing

to　var1ous　phspho11p1ds　and．prote1ns　conta1ned　on　the

surface　of1t，　1t1s　cons1dered－that　the　negat1ve　groups

were　part1a11y　an1on－exchanged．for　C1■or　OH’ユons　of

IRA－938and　the亙coZ乙ce11s　were　strong1y　held－on　the

surface　of　the　resin．　Thus，the　strong1y　he1d．E．ooZ乏

ce11s　were　e1uted　with1M　NaC1so1utions　by　anion－

exchange　react1ons　between　the　negat1ve　groups　of

亙．co〃　on　the　surface　of　the　pores　and　C1’　ions　in

so1ution，whi1e亙．ooZ乞ceus　mere1y　encapsu1ated－in　the

pores　were　e1uted　with　water．

　Further，　the　reason　of　the　1arge　difference　of

v1ab1e　counts　between　the　NaC1　eff1uents　passed

through　OH‘and　C1－forms　of　IRA－938is　considered　t0

be　caused．by　the　fact　that　the　strong1y　he1d　17．co〃　ce11s

on　the　surface　of　the　OH－form　resin　were　deYita1ized

by　d．1s1nfect1on　effect　of　the　concentrated　bas1c　OH’1

ons　on　the　surface　of　it，whi1e　the亙．co〃ce1ls　on　thθ

surface　of　the　C1■form　resin　were　aliYe　owing　to　the

noneffect1ve　C1■10ns　Th1s1nterest1ng　fact　was　a1s

supported　by　the　pre11m1nary　resu1t　that　some

substances，having　absorption　peaks　near260nm　were

d．1scoverea1n　the　NaC1eff1uents　passed　through　the

OH■resin．They　are　considered　to　be　wrθckagθof　the

devita1ized　亙．oo〃　ce11s，　becouse　they　were　not

discovered－in　the　eff1uents　through　the　C1－　resin．　In

th1s　mamer，OH－form　of　IRA－938was　found　to　have

germ1c1d－a1capab111ty

　　Mixed　effect　of　OH・　form　anion－exchange

resin（IRA－938）and．a　H＋form　cation－exchange　resin

（TAS3－3）is　shown　in　Tab1e3．From　the　tab1e，the

m1xed－bedof　the　OH－res1n（05g）and．the　H＋res1n

（05g）was　found　to　be　have　remarkab1e　germ1c1dal

capab111ty，that1s，1ts　capab111ty1s　about1O　t1mθs　that

of　the　OH■resm（cf　Second　and　fourth　co1umns）

This　resu1t　is　interesting　because　the　sing1e　H＋

form　res1n1tse1f，wh1ch1s　a　porous　su1fon1c　ac1d

cat1on－exchangeres1n，1sa1mostnoneffect1ve（cfth1rd

co1umn）　Thus，th1s　remarkab1e　effect　of　the　m1xed

bed1scons1deredtobeasynerg1s七1ceffectofboth
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Table 3. Mixed effect of OH- form anion - exchange resin (lRA938) 

and H+ form cation - exchange resin (TAS 3 - 3). . 

Viable count in effluent (cellslcm3) 
Vlable ratlo . Viable count in inffluent (cells/cm~) X1 OO 

lon - exchange capacities of the OH- resin and the H+resin are 

3.1 and 3.0mg eq /g, respectively. 

lqn　fo卜m（amOunt） 1RA－938

1RA－938 TAS3－3
Measure H＋（1g）

OH・（0．5g）　　　十

OH一（1g） TAS3－3
Value H＋（0．5g）

lnf1uent　cell

C◎nCentratiOn 4×1．07 5×107 4×107
（cel1s／cm3）

Effluent　Volume
（Cm3） 100 100 10b

Viab1e　rati6
（％） 10 90 0．9

~ co 
E
 O 
¥ co 

O 
O 
c: 

O 

O 
c 
c: 

= O 
O 
O 
~l 
cc 

~
 

I
 1 08~~ 

1 07 

1 06 

1 05 

1 04 
O
 

A~ 

O
 

O
 

O
 

O
 

Fig.3 Comparison of the germicidal effect 
of the mixed bed with those of the 
OH-resin and the H+resin 
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OH-.and H+ ions which are found to be essentially 

effective from the result of Table 1. The remarkable 

synergistic effect is cl,early shown in Fig.3 where effluent 

behavior of the suspension (108 cellslcm8) through the 

mixed bed is compared with those through the OH-

resin and the H+ resin. In Fig.4, disinfection 

capabilities of the mixed bed (0.5g of the OH- resin 

and 0.5g of the H+ resin) are represented. 

Notice that viable count is about 102 cells/cm3, 

even after the treatment of 1000 cm3 of E.coli 

suspension with a cell concentration of 105 cellsl 

cm8. The viable count of 102 cellslcm3 smaller tha 

n the value of 3xl03 cellslcm3 which is the allowable 

limit of waste water in Japan 

Taking the results obtained ' into account, we can 

conclude that the mixed bed has the feasibility of a new 

and handy disinfectant employed for water treatrhent 

Sci. Shimane Univ., 1 

Acknowledgements 

This work was supported by a Grant-in-Aid for 

Research from the Japanese Government Ministry of 

Education 

1) Y.Baba,. Kagaku To Kogyo(Chemistry and Chemical 

Industry) 31, 492-493(1978) 

2) T.Suzuki, and L.T.Fan, J. Fermen . Technol. 57, 

578-581 (1 979) 

3 ) S.L.Taylor, L.R.Fina and J.L.Lambert, Appl. 

Microbiol.20, 720(1970) 

4) L.R.Fina, and L.Lambert, Proc 2nd.World congr 

Int. Water Resources assoc., New Delhi, India 

Vol.2 53(1975). 

5) T.Tawaratani. H.Tsuji and I.Shibasaki, J. Ferment 

Technol. 54, 158(1976). 

6) G.L.Hatch, L.Lambert, and L.R.Fina, Ind. Eng 

Chem. Prod. Res. Dev. 19, 259-263(1980) 

7) T.Suzuki, Y.Hayakawa, and Y.Matsumura, J. Chem. 

Soc.. Faraday Trans. 1 77, 2901-2905(1981). 

8) T.Suzuki, and Y.Hayakawa, J.Phys. Chem. 83, 

1 178-1 180 (1979) . 

9) N.Ayuzawa, T.Suzuki, and Y.Hayakawa, Denki 

Kagaku(J. Electrochem. Japan)49, 227-230(1981) 


