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1974 430 83(19.3) 0 21( 4.9) 7¢ 1.8) . 55(12.8)
1875 406 ° 75(18.5)% 0 35( 8.8)% 6C 1.5)% 2( 0.5) 36( 8.9)%
1978 371 15¢12.1) 0 18¢ 4.9) 6( 1.6) 0 21¢ 5.7)
1977 701 268(38.2)%  1€¢0.1)  26( 3.7)% 14( 2.0)% 0 230(32.8)%
1978 693 149¢21.5)%  2(0.3) 36( 5.2)%¥ 5 0.7)% 0 108(15.6)% .
1979 750 146€19.5)%  2(0.3) 35( 4.7) 15¢ 2.0)% O 95¢12.7)%  1(0.1)% - 0
1980 744 218¢28.3)% 0 38( 5.10% 21( 2.8)% 0 61¢ 8.2)% 0 99/658(15.0) ©
1881 1,283 440(34.3)%  6(0.5)% 46( 3.6)% 45( 3.5)% 0 92( 7,2)%  1(0.1)% 271(21.1)% 1(0.08)%
1982 1,558 497¢31.9)%  2¢0.1) 57¢ 3.7) 43( 2.8)% 2( 0.1) 43¢ 2.8)% 0 360(23.1)% 3(0.2)%
1983 1,661 515¢31.0)%  6(0.4)% 48( 2.9)% 46( 2.8)% 4 0.2) 61¢ 3.7)% 1(0.1)% 366(22.0)% 0
1984 2,244 716(31.9)% 0 69¢ 3.1)% 91( 4.1)% 14( 0.6)% 151¢ 6.7>%  4C0.2)% 418(18.6)% . 1(0.04)
1885 2,013 687(34.1)% 0 64( 3.2)% 61C 3.0)% 15( 0.7)% 105¢ 5.2)%  2(0.1)% 450(22.4)%  11€0.5)%
1986 1,595 518(32.5)% 1(0.1)  48( 3.0)% 83( 5.2)% 15( 0.9)% 76(¢ 4.8>%  1(0.1) 321(20.1)%  15(0.9)%
1987 1,280 482¢37.7)%  1(€0.1)  53( 4.8)% 77C 6.0)% 22( 1.7)% 79( 6.2)% 0 270(21.1)%  20(2.0)%
1988 1,154 380(32.9)%  1(0.1) 41( 3.6)% 65( 5.6)% 12( 1.0) 26¢ 2.3)%  1€0.1)% 255(22.1)%  13(1.1)%
1889 946 297(31.4)%  1¢0.1) 45 4.8)% 24C 2.2)%  3( 0.3) 46¢ 4.9)% 0 179(18.9)%  10(1.1)%
20,819 6,362(30.6)% 34(0.2)% 946( 4.5)% 835( 4.0)% 89/17,399 1,696( 8.1)% 11/15,228 2,989/14,392 74/15,228

( 0.5)% (0.07)% (20.8)% (¢ 0.5)

W& . = ENd, F—B&E»5 2~ 3EEORFEGRE s B (2 6 6 56l),
( ) HOEFZ, REARITHY 5%%2EK T,

BACREER R A THB ER2ICRTEED 1 2~4 SUHORBEETHY, FVvERT, BRETY
FRBWTEE(6~9A ) LEOVHBHEERRZRLTEH, TOMDE TIRFHCEBIIA L N5 12,
2. BEBYEF] , ,

—ADBEE D 6 EHRORFEEPHBH SNWBEGBABFIIR 3 IWRT LB H 3 0 0FFALN, KRE
KEEE L Eans 2-D2FBOBEFGHEIZL 11 9FH, 39.7%, DOTHREKREGHELBA
B U AM 4 98Hl, 1 1.6%ALNI,

SEEIC L 2 BABSREGN 1 0, 2L 2RERLEEFN2 9 0FITH- 1,



# 2. Rilick 2 TRIEERE > 6 DRIFEEHRHIRGL ( 1970~19894)

R IRYIT [ ¥ 3 hvkco Do

H REHB BEHSBQ FEF $RERS AREE 17701Y%) B4&ETIUE 2LL(3Eol) AT~ @ W
1 1,224 181(15.6)% 5(0.4)% 14C 1.1) 30¢ 2.5)% 3/1,072(0.3) 1€ 0.1) 0/ 999 146/ 932(15.7)% 0/ 999
2 1,179 147(12.5)% 1€0.1) 14¢ 1.2)%  32( 2.7)% 2/1,032(0.2) 0 0/ 966 103/ 892(11.5)% 0/ 9686
3 1,258 209(16.6)% 3(0.2) 20¢ 1.8)% 27¢ 2.1)% 7/1,102(0.8) 3¢ 0.2) 1/1,023% 157/ 964(16.3)% 0/1,023
4 1,276 330(25.9)% 1€0.1)% 48( 3.8) 52¢ 4.1)% 3/1,079(0.3)% 5¢ 0.4)% 1/ 975% 235/ 958(24.5)% 0/ 975
5 1,683 534(31.7)% 5(0.3) 74¢ 4.4)% 63( 3.7)% 4/1,428(0.3)% 26( 1.5)% 0/1,303 400/1,275(31.4)% 2/1,303%
6 2,142 607(28.3)% 2¢0.1) 94( 4.4)>% 105C 4.9)% 10/1,801(0.6)% 394( 8.4)% 4/1,618 402/1,542(26.1)% 5/1,618%
7 2,875 1,049(39.2)% 3¢0.1) 171C 6.4)% 126(¢ 4.7)% 13/2,209(0.6)% 713(26.7)% 4/1,761% 368/1,657(22.2)%16/1,761%
8 2,943 1,283(43.6)% 3¢0.1) 209C 7.1)% 139C 4.7)% 8/2,262(0.4)% 500(17.0)% 0/1,854 265/1,705(15.5)%18/1,854%
9 2,395 997(41.6)% 3¢0.1) 173¢ 7.2)% 104C 4.3)% 16/1,886(0.8) 52¢ 2.2) 1/1,600% 239/1,504(15.9)%22/1,600%
10 1,348 435(32.3)% 4(0.3) 73C 5.4>% 59( 4.4)% 10/1,112(0.9)% 1€ 0.1) 0/ 984 249/ 910(27.4)% 6/ 964%
11 1,269 295(23.2)% 3(0.2) 29¢ 2.3)% 53( 4.2)% 8/1,119(0.7) 1( 0.1) 0/ 976 211/ 913(23.1)% 4/ 976%
12 1,427 285(20.0)% 1€0.1) 27C 1.9)% 45( 3.2)% 5/1,287(0.4) 0 0/1,189 214/1,140(18.8)% 1/1,189%
i 20,819 6,362(30.6)% 34(¢0.2)% 946( 4.5)% 835( 4.0)% 89/17,398 1,696( 8:1)% 11/15,228 2,989/14,392 74/15,228

( 0.5)% {0.1)% (20.8)% ( 0.5)%
% BN, A—BE»5 2~ 3HEORFEESRESNIZHH (26 654]),
( ) ADHEFIE, BEARICET2%%2KT,
%3 THEEELLORERAREF (1970~19894)

i fE < :A 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 it
Shigella-E.coli-C. j/c 1 1
Sal-E.coli-V.para i 1
Sal-E.coli-C. j/c 1 1 2
Sal-Y.entero-Plesio 1 1
E.coli-V.para-Plesio 1 1
E.coli-V.para-A.h/s i 1
E.coli-Y.entero-C. j/c 1 1
V.para-V.flu-A. h/s 1 1
C.j/c-Plesio-A.h/s 1 1
Shigella-E.coli 1 i
Sal-E.coli 8 4 5 2 4 1 3 27
Sal-V.para 5 3 4 2 3 2 1 1 2 23
Sal-C. j/c 3 2 2 3 4 2 2 1 19
Sal-Plesio i 1
Sal-A.h/s I 1
E.coli-Y.entero ; 1 2 3
E.coli-V.para 1310 3 1 1 1 1 1 1 2 4 4 2 3 1 i 49
E.coli-C. j/c 12 10 10 18 7 17 20 17 5 116
E.coli-A.Ws 1 1
E.coli-V.c non-01 i 1 1 3
E.coli-Plesio 1 1
Y. entero-V.para 1 1

. Y.entero-C. j/c 1 1 1 3
Y.entero-A.h/s 1 i
V.para-V.c non-01 1 3 1 5
V. para-V.mimicus 1 1
V.para-V.flu i 1
V.para-C. j/¢ 1 1 1 1 4
V. para-Plesio 1 2 2 1 6
V.para-A.h/s 33 42 { 13

“ V.¢ non-0-C. j/c 1 i
V.mimicus-C. j/c 1 1
V. flu-C. j/c 2 2
C.j/c-A.h/s 1 i 2
C. j/c-Plesio 1 2 3
Plesio-A.h/s ! 1

it 21 17 12 3 0 4 0 3 2 2 120 13 47 32 21 39 4 32 11 300




3. HEEESHE DM ERY
(1) RAH ‘

FAREOMBEIEE 4IORT EBY, 4 2B IMBRITADN, S. sonnei BPRBE {1 58,
44.1%, DWTS. flexneri2a, 3apHIRHIN, 198 25T S. boydii V5 1 HRIRES
nichs, Thidz OBOBETENERE L 5 DRHTH -1,

F£ 4. FEXRACE AFRFEMBER(1970~1989%F)

mis & 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 &f
S. flexneri la 1 1 1 3(8.8)
b 1 1 2(5.9
2a 1 2 1 1 5{14.7)
2b 1 1{ 2.9
Ja 2 1 1 4(11.8)
1a i 1 2(5.9)
] 1 1 2.9)
S.boydii 2 1 1(2.9)
S. sonnei. 1 3 iz 2 31 2 . 1 1 15(44.1)
H 2 i 5 3 0 0 01 2 2 0 6 2 3 0 0 1 1 1 1 34
. 9litiFeRY

W& () HOETF, THEKRICNT 5%%2RDT,

(2) P EXS

PLERTOMBRIIRSICRT EEHO, 96 68k5 7TMERE BRI aNnizds, S. Typhi-
murium 2 0FEMLETOETEIZ Q38 14k, 394%Tdhbh, DTS . Litchfield,
S.Infantis, S.ParatyphiB, S.Thompson, S.EnteritidisB&{BHINI,
(8) RIEABBE

REXBEOMBRIZR 6 IWRT LY ThH b,

EPECIZ58 1#58Exh, 0126 K71, 0125:K70, 0111:K58 »BHBLHK
Hani, ' '

EIECIX2 9%k 8xh, 028ac i K73, 0143 :Kx1, 0164 :K+HBE{HH
N,

ETECIZ1 98 0FELLRELTEL, 11 1#kD8ah, 0148 K+, 06:K15,
027 K+BFZL{BHEINI _
VTECIZ1 98 4EMbHMELTEH, 1984, 1985, 198 6FLITNTNIESOH
Bahit.

EPEC, EIEC, ETECoSkmERIcL -1,



#5 FEXCL AL ELXTMBER(1970~19894)

ALl 1970 1971 1972 1973 1974 1975 1976 1977 1973 1979 1480 1981 1982 1983 1384 1985 1386 1987 1988 1989 it
S.Paratyphi B 1 1 2 5 9 [ 7 9 6 4 2 52( 5.4)
S. Schwar zengrund 6 1 1 1 1 10( 1.0
S. Derby 3 5 2 v 2 1 1 1 1 17( 1.8)*
S. Agona 1 " 3 1 2 1 2 1 3 2 17( 1.8)*
S. Typhimmrium 40 17 3% 21 12 7 7015 18 17 19 M4 18 3 24 30 15 14" 1l 7 3BE(39.4)°
S. Heidelberg 1 i 1 2 1 2 1 ! 2 13{ 1.3)
S. Braenderup 3 [ 1 i 8 1%(2.0°
$. Montevideo t 1 1 1* 2 1 1 8(0.8)°
S. Thompson 14 g 4 1 i 1 2 i 5 2 3 6 3 52( 5.4)
S. Virchow 1 1 1 1 1 3 8(0.8)
S. Infantis 3 2 7 L 4 1 2* b 5 5 4 4 2 3 2 2 55( 2.7)°
S. Bareilly 1 3 7 2 1 1 L i 1 6 26(2.7°
S. Newport 6 1 1 2 2 1 1 1 1 i 1 1 19( 2.0)
S.Blockley 2 6 l 3(0.9)
S.Litchfield I 2 2 3 6 6 10 8§ 4* 8° -4 4 58(6.00*
S. liadar [} 3 4 13( 1.3)
S.Enteritidis 4 3 6 t 4 i t 4 i 8 1 1 2" 4 4 48(3.1)*
S. Panama 1 vt 2 1 2 2 Z 2 2 2 1 32023
S. Anaatum 1 11 ! 21 1 1 t 100 1.0
S. London 1 2 KA e 1 8(0.8)"
5.Give 2 2" 2 4 4* . 1 1 16{ 1.7)*

01t iR 2 b 8 4 5 5 2 3 3 5 4 H ™3 4 1 7 15 6 17 u7(12.1)°*
it 93* 54 79* 38 22* 36 18 Z8° 36 36 39* 46 53° 4B 7T0* G4 49 63 4l 46 966
{16} {15] (18} [t {to] (tof [ 8} (tol [12] [us} (14} 17) (15) (11} (L9} (ts} (181 (16) (15} (16] S7 Imissd

[B% |« i, 2~3iAERBSREINEN, [ 1, WERERERDY,

(

) NOEFI, TEEEIRICN Y 5% 2K DT,

& 6. FEXRIITMESRE D 6 DRIFARBGEMBER (1970~19894)

% B¢ £ 1970 1971 1972 1973 1974 1875 1876 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 {988 1989 I

EPEC
0 26 K80 5 4 1 1 1 3 2 3 3 [ 5 2 2 4 4 I 45¢ 7.7
0 44 K74 8% 2 1 ! 1 1 2 1 1 7 3 2 1 31( 5.3)%
0 55 K59 | 1 5 2 1 1 1 2 1 ] 8§ 3 3 3 3 39( 6.7
0 86 K62 1 1€ 0.2)
0 86a:K6l 9 7 4 1 2 4 3 3 5 i 1 2 42¢ 7.2)
0111 K58 2 1 4 1 1 1 1 3 2 3 7 3 2 8% 7 3 9 3 I 82(10.7)%
0114 :Kk90 1 2 5 5 8 2 23C 1.0)
0119 k69 2 3 4 1 t ! 1 1 3 2 2 4 3 4 2 5 39C 8.7)
0124 :K72 & 5 2 1 1 1 t6¢ 2.8)
0125 K70 25% 17 7 3 1 1 2 2 5 1 7 5 2 78(13.4)%
0126 XTI 9 12 g . 2 1 1 1 1 2 3 12% 3 5 s 10 2 80(13.8)%
0127a:K63 ¢ 2 { 1 1 1 1 1 1 3 5 21( 3.6)
0128 K87 5 3 1 2 3 1 3 8 2 13 3 8 1 8 84(11.9)
0136 :X78 1 1¢0.2)
0142 K + 2 1 1 7( 1.2)
0146_:X¥89 8 5 3 1 3 | 1 2 1 1 2 1 2 32( 5.5)
3 82% 64 38 - 10 7 4 5§ 10 2 13 14 23 27 22 74 42 45 44 38 16 581
EIEC
0 28ac:K73 7 6 1 1 1 2 1 2 3 3 2 2 8 3 40(24.4)
0112ac:K66 5 3 2 1 1 2 1 2 3 1 21€12.8)
0136 K78 1 1 1 1 1 1 2 1 2 2 2 15¢ 9.1)
0143 Kxl 5 1 1 2 1 3 5 2 1 6 4 5 2 38(23.2)
0144 IKx2 1 1 1 1 4 2.4)
0152 K+ 1 1 1 2 3 1 9( 5.5)
0164 _:k+ 1 2 1 2 110 12 8 29(17.7)
It 1810 3 2 2 4 3 2 [ 3 g 9 12 8 25 29 19 3 164
ETEC
06 KI5 § ! 5 5 3 23(20.7)
025 1K i 1 2 2 1 1 3 10¢ 3.0)
0 27 K + 2 § 1 2 4 5 1 22(18.8)
0128 K71 1 1¢0.9)
0148 K + 1 4 5 8 3 7 3 2 3 4 43(38.7)
0159 K + 5 1 3 1 1 12¢10.8)
e 317 10 15 5 10 21 17 g FRNE]
VTEC
0157 HT. 1 ! 1 3
& -« BN, R—Ad 5 2 MBEGHEH s NIZEH,

(

) NO¥TFIX, DEEEFICNT 5% 2K T,



4) BrRe7IA

BREF U AOKFERIZFR7ICRTEBD, 192 18, 50 KFFEBICER Iz, K. 848
Bd%<{, DWTK:.12,

VEHTH- 12,

K:

7, K 33»BZL{mBahice DEEREGKOWREIIESRIZ89.7%

£7. THEBELOLDOBERETVAKFER (1970~19894)

KHUER! 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 it
3 3] ot 2y 2 17 2aA@IT 23 1 1 52[ 6] ( 2.7
4 . 309 8 g1 w2 35 2 L 5 2 15(1) 89 4 ( 4.6)
5 . 8 1 1 2{1} . 2 7 1 201 250 2)( 1.3)
6 1 1 101} 1{1] 502) 201] 9 6{3] 1{1] 27{111{ 1.49)
7 36[1] & toft]uef) (] 3 4 12 1 2 ‘ 11 100 5 ( 5.2)
3 321 2004] 9{1} 5 10 30 29 12 11 72(1]48 28 4 B 10 331 3](17.2)
10 6 12 1 19(2] 1 9 I 1 60[ 2j ( 3.1)
11 1 3 2 1 5 1 0w 1 4 4 4 3 1 2 2 (2.2
12 3[1] 321 0] 7(2] 178 4 3 2 2 14 14 2011 23307102
13 1 <1 38 2 1{1] 3[2j19 5 2 3 1 3 550 4]{ 2.9)
15 6 17118 2 32} 301 201 11 4205 2.2)
29 2 201 11 9 1 4 i 2 3 29[ 2] ( 1.9)
33 1 31 5] 211 11l 3 213] 201] 4 93{ 71 ( 4.8)
38 6 65 1 4 2z 5 2 2 6 2 2 11 o4 40 1( 2.3)
39 1 8511212} 1 11] 1 24[18] { 1.2)
54 8 6 5 1 3 201 3 ez
55 11 2111 20 1 4 211 1 3l 20(1.8)
56 13 7 301 8 1 1 8 3 4 3 2 60 (3.1
63 1 w2 5 8 2 13 6 1 5 89 [ 4.6)
WwilwkiUR 12(1] 4 1s{4j1s{6]15 701} 3(2) 2 1L{5)15(3] 4(1) 8{2] 3{2114[2]16(2]) 8[3)16(7} 3{2) 3(2] 3({1] 181[46]{ 9.4)
uT % 12 8 5 8 9 25 66 4 7 14 6 6 4 5 9 12 4 213[71] (14.2)
{4 31 2 (7 (1} {2l (31 (4 (s} (3] (3] (2} Q) (81 0] (3] (o] (2l
it 12 118 117 129 74 44 23 243 124 135 66 97 46 68 159 111 87 88 28 46 1921{198]
(5] {10} f24] (13} (03) [2] [6) [6] (5] [24] [5) (8] [4) [3) (va) (9] (] n7f (6] (3] 50 Hiiim
wZ . [ IROERFE, MERIIRZEEK2EDT,
() NOEFI, TEEFRICN T 2% %2EKDT,
[Z %]

THESE DR 3 0% 5 IBEREEGBRHEIN, h¥anNs 2 -5520.8%, BRe7 U481
%, YNVEFXT 4.5%, RERBE410%DIETH b, hrranNs 2 -BBREEERD 4 7%% 5D,
BNITED DB 0Ny X —ORIE (197 9~1988 )FE3.0% BT 5L TED
BRIHETH b BN TREOEEREETH s &, BR6Y, a06”, Eos® olss —mLT

NIe T, BEESNIcH RN A DI LH L RN K —
%R EHhEaNs2— - 3Y—iZHTH 3 2,

PxPa=—H52,95 THE, 98.9
1.1%THHEBETIIh T4 — -

U

Uam—pER? LEDM TN AEE ARETH -1,
SEES TGRS Thro T20ME2 NED FRIEBED S50 2 HANAE L B> TVAHES # BN



T4 —DORHESENAESZEREE L 603,

LU, E(7, 8H) DARILB-TRTABLBRET Y FOBHESH L oy 2 — % B[
STHY, BOEOERBORECHATERAE LTBALT Y A58 LI 2dnT s BRI L5
BN, $IENRAED 6 ILEEZEL TRE S N3P DI LT, BIICERICE RS
KRR TORBRET I FTORETH Y, BAEBOBEE A 5,

FIREBHEGE D9 0 %LU LY, vor¥ansg—, BRET VS, Y1ELT, REXKBETHD
SENTNED, TOMOMEIRLTHEBEHIRTABIITE T, FIKRFAELI VIR, KARD
PO LTS & 5 1) MSTHICE B A IITE FRIED 5 11 97 9~1 9 8 84D 1 0EMTS
R4 9Kk, 1.9%, ILVIE 4K, 0.2%00BIN TR H TRERED S ORHELRIZ 2 iCE
BH>TW5, FTRFRETIZS. dysenteriae, S. boydii’?.g bR sh T h, Bt EAYE
NERTBESEIEDICH 2805, BRI LAETNABRIITIEL N, TTENEFEOENA
DEDAVITEDEOBMED T TIRINTWAIBLZEN»S, ChsDRFERa LV IEICHHHEEL,
S L ICERDERFILICHEY, TOMDOAPHFRAETH A 0EF AL L VT EF A V0l FR
T EDRAEIT S THEET 2 BENH S LEbN S,

[ &)
KFEEIHI D, TN RN ES 6 CERRT/AREERDS & CEHA LS
T,

[ZE 3]

1) BEEAREHEREE . 7770 F - hruny 2 -K0aREE EORFICONT, 1982,
2) BAELERS  BESEE MAEYRENE ME - AERESIMN, 1987,

3) AAREHE, f1: JIIGTHICH 1 2 BAFRITE TRIEOMBEIEMIMRET (197 9~19 8 84F ),
NS TTRTEFERRER, 24, 66—77, 1988,

4) BREM T, fi HETRBERZNR L LI Campylobacter BEH ORI EC—jejuni T
93 3 7HEEIDHENIICOWT, RYWEE, 58, 613—627, 1984,

5) BORET, b MEHICH 3185 6 EMO FMEDHI, 25 (v ¥—2sL, 30, 330—
335, 1985,

6) HIMAR, fib: fF TREICKS ) AMEFNHAT (1985~1987), BRYLER, 63, 630
—640, 1989,

7) MEEA BLESKEHHS  BR&GEOER, 1989,

8) JSTEER TR ERFEARR, Hfie 34



NBHics 32 EAEHEDEE (1958~1989 )

vemEses () IGTHRFEDTFERT )

L2 U»ic]

I T Tl BB 20 E LIRIOMEER 2 1 9 5 6 Fh o8 Mickay, 197 34
5 RREEICDIc - T > TET,

C DL 3 mELiIch > TBs N REZEIC, BlAEBANAOREREAS &, BTRRBHED
DEIIEED 1 ZIFTHE EDTWIH, REICHELO—g%2IZE D 19 7 3ELRKIE, REWKESLT
HEAEDIREE 2 HEFF L T B, THhEREIC, WHHEBEORERR RS SED-TETL

T, AHICEIT 5 AEMAORERS L CEQMORERCRMBEOHER &, WOMEBHOE
ERSFL, HEMEL S ->TRTNA T LVE - IRIEDOERSD» 5 b, MOMRERGUETD 2
LEBEELI,

ABMEDE hE LHOREREE ITH A0S, FECBHL CIELERRNAESR (GREURHPBBRON
Fick > TEEARE, SVUBLNENERL, 2RV UELERRIZ DS ) BPHRLLE-T,
SEE, FR4E, S, =1, PIE, =, g, BEBL CKMOSRER &R L TToh, SHESNL
INEFEOMR 22 H 6B ROF L B OHIMICE LT & T

[FAEHE]

1. FAEHER OB

O T & OISR SEEE2EZRL T, MRE2A S E20MKicH ), HOHRER
DiIzHDES %, £ET1 0 HFFICEIZ (K1),

TEHIMBI R

J R N NG kR

T 1 85 SR ETES

- MUt
............. L 9 e I RIS

(/)

[} 5 ¥m

{ TR T
{umm?ﬁéggg

R (@ @ BREMRETT, @ : SERER, @ My LR, O | EERENT)
X (© : PERET, ©: BEFEABNOR, @ @ EREF)
X (® :)IERER, © @ HREARDT, © @ AMREDT)

M1l # & & &



a) FESRHX | RMEEALD O FEHl, HREBIKEmT AKX T, BHILEMBLZ- TV, ZOMXD
EsZ, /IIEHRER, NMREF, BEERETE LI

b) ARERHIX | ER¥EEAFOELY, RERICEARR, BHLESI MEEFEL /5, 35ICH
b REFHTHE TOMIIZ 2 21K o, ARBOIANIEES L OFEHT, BEAEEL UTES
b, BoOIERIZES, KEH, BEESRET 5. COMXOESR, PIFRET, SRER,
HEZABNOHE L,

o) JLEHX : EFGERD FEE I B RS, JLBE IR DR T, EE, KE, BEED» L5,
X5 i EEE, FEE UMb 625, COMXDESR, RERRBRT, SEERRR, SEERERT,
7 BT E L.

2. WRHEHAE

1) FAEHEM 195 8FE~197 2 (HAM), 197 3FE~19 8 9FE (2HMTHE—TTHKIC
E-oT)DBE4AM»L 1 1 HICE A,

2) UTAREREEEY:  BESEELERTIAL  bI v S (5T b T T eI T4, 16Ty b
T,UE—s=)EL, CHREESADOHE 2~ 3 mOMBICEBL, AL LCHE 1 | (KEH ),
17:00056E89 : 00FTEEL CIEHZHELI,

(% £1
1. ARRRFEERN

BOEOBARKIZ, 195 0F»51 96 0FLHEEOW 1 5 OFHE, HE1,0 0 0FILLES5000
ROIBTEFRIN TS, ARPEORT T, ZEOEMRO—HIFMBOBRESRONIZ(FL ),

196 1EEBLBIR, AT TIHEFSERLTI 0FILITicZab, 196 8FELIKIZ1 96 9FED 2
FlBEET, 197 2FLBITRESE T2 EFHZL.

AT BE, 19 5 6 ELANE 1 1BILLETH 7065, KECHHLTL 97 1ED 1 fl2Ric
£ 7551
2. BULHRDORER

AAMADEBNM THE AN ZTHA ZH Culex tritaeniorhynchus DR EERK, K
M, A, MBS & CH, EELED 6 KROEE R 2 IR U, ChICE3E 19 6 74EL
M5 £ ¢ & OREFERITKIBICHENTWE, BEMAKIE, 198 0FICIFABRIRYIICLENTIZ
1214, T 1/ 2 T, MIETIRO0, KETIEL /6 ICHDL, 0% bEEEL Ui,
IS T, T CICRET ZBRROMEH S B LIZ (K3 ),

ATHIKRTH 5 TR, B, sthT/KE, 58, EHg SIcRET 2MORHRE, 38 7 Bl
XNz (F4)e TD3L, THALH, Culex pipiens DFERE L/ HE{LIEH, 197 0FED
14,590 0F»oELEMLTEY, 198 THEITLT 1,55 5 4T -1, —JF5, HTKEE,
197 54IC—H5 78 HFFICEEINULTZ0S, 198 04RICILS5 5HF, 19854/ 98 THITE
2 4HHEBD U, BaEEiZ1 9 8 OELBRBEEE 270 (F2 ), BEHMOBBIGIRS2EILBZL,
CHIREETEY THEIZRAICALND L HIC, @26 BMOERICH 5,



Kl HARREEDOHR
& & H il i} il
B E fl ¥ 2 F 6l B BT OB
1946 201 / /
47 263 7 7,
i8 1881 2% 3
1950 5,196 69 15
51 2,188 114 5
52 3,545 34 11
53 1,729 8 5
54 1,758 16 4
55 3,699 37 12
56 4,538 34 11
57 1,793 22 4
58 3,900 14 5
59 1,879 17 2
1960 1,607 11 3
61 2,053 8 1
62 1,363 8 0
63 1,205 9 4
64 2,638 6 i
1ogs b:319 g i
67 1,028 8 1
68 292 1 0
69 3230 2 2
teg 13 ! :
72 37 1 0
73 70 0 0
74 11 0 0
1975 2] 0 0
i ¥ 8 8
78 3 6 0
1980 28 0 0
§ 2 53 0 0
i ; :
85 39 0 0
* [ [EEDES - BREHSDEGE L N IBTHEERS b
£2 WHRFELERGS L CRBERMBEOHE (1967~1988 )
BREEK  mu i 18 K H TR @ BTG TP B BER
Eieyi s (m?) (n?) (m?) (n?) (n?) (Mm) () (fdm) (AR (F¥)
1967 321,294 743,417 563,177 6,787,366 289,030 7,674 94 487 146 569
1968 309,305 751,487 548,346 6,039,200 357,701 9,951 98 124 147 453
1969 245,732 774,243 58,197 5,193,100 358,926 11,474 99 418 176 453
1970 372,213 673,831 27,619 5,208,112 335,858 14,590 70 1,608 178 274
1971 266,769 783,252 16,707 4,459,795 284,654 17,868 68 1,538 172 221
1972 221,372 367,223 - 3,181,394 326,320 21,140 67 162 175 197
1973 220,975 369,226 - 2,706,810 333,512 32,311 16 156 197 194
1974 226,611 426,345 1,300 2,442,070 324,463 35,991 582 135 147 150
1975 210,409 392,409 1,150 1,946,147 324,661 40,063 578 137 149 141
1976 210,573 425,158 0 1,877,807 317,157 48,402 46 54 197 120
1977 182,962 424,737 0 1,538,223 326,938 53,324 16 54 200 108
1978 137,241 419,953 0 1,377,064 390,744 61,252 10 52 199 101
1979 131,519 389,541 0 1,106,616 299,058 686,399 55 52 199 83
1980 80,617 263,685 0 1,019,226 278,639 69,298 55 0 199 73
-1981 82,200 271,745 0 1,086,316 274,553 72,503 26 0 202 61
1982 88,192 227,008 0 716,591 250,006 72,693 24 0 178 56
1983 61,570 163,293 0 780,206 179,104 . 73,868 24 0 178 55
1984 65,561 371,663 0 722,842 223,936 73,723 24 0 178 52
1985 66,529 363,750 0 739,227 146,160 75,135 24 0 179 50
1986 66,448 363,750 0 682,606 112,835 73,168 24 0 179 47
1987 67,591 375,908 0 640,900 92,718 71,555 24 0 178 36
1988 17,2572 308,623 0 844,000 85,166 70,339 - 0 179 -

* TRt E B & N IS MEEFRL b hlk, —IXERXE,



3. RIMFDHER

aF 2T HA A OERMFERET 2BFEABTBROFHE, FLBOLL TS (K2 ),

4. WRBOHERAE

EETEIICEEL SR PRIBL P AITRUT, 197 2FLFNC OV TIX, T2k BRI
BEATVED - T2DT, THLFIL O FHERTT-> T E I AFMX & BRMEOHBEZFEK 5 LK 6 IR
Lo

% 3. TKEHPHMIEICHEA T 2 BUER R OE B

Cx. tritaeniorhynchus An. sinensis Ae . vexans af
- &b

£ b8P rhED FEMS ohEF  ABER cE AR NG GES WD AES ANRE
1973 3 B 1 27 13 2 1 16 8 19 19 46 83
1084 6 23 6 35 1 5 0 9 4 7 1 12 56
1975 17 30 4 51 3 2 0 5 3 3 0 6 62
1978 7 28 15 50 5 3 0 8 4 8 0 12 10
- 1977 12 15 4 3l 3 7 7 17 5 3 0 38 56
1978 7 5 17 19 1 1 1 3 30 4 0 3 56
1979 1 13 1 21 1 0 0 1 25 3 0 28 50
1980 11 0 1 12 10 1 0 1 0 0 2 2 25
1981 3 2 1 8 7 0 0 7 5 2 0 7 20
1982 % 42 2 70 8 32 0 38 0 0 0 o0 108
1983 - 28 9 2 39 2 1 0 3 4 ] 1 9 51
1984 10 14 2 26 1 0 0 1 1 1 -0 2 29
1985 28 33 45 106 2 0 1 3 5 1 1 10 18
1986 14 2 11 27 3 0 0 3 1 0 1 2 32
1987 20 2 17 39 5 0 i 6 3 0 0 3 48
1988 1 5 4 13 5 0 2 7 0 0 ¢ 0 20
1989 3 12 9 P4} 2 0 1 3 2 2 0 4 31
&it 210 254 132 596 73 54 14 141 100 60 25 185 . 922

* Cx. tritaeniorhynchus =Culex tritaeniorhynchus, An. sinensis=Anopheles sinensis,
Ae . vexans=Aedes vexans nipponii

% 4. TAEZ OMITHEET 2R ROEMFEER

- Cx. pipiens Cx.halifaxii Ade.albopretus Ar.subalbatus X DD

. .S -Th
J6ER hEp FHER SNAE ALE WUAD FEER ANEL JEED V[AS TAP NEE AKES WOED TEES NAL 6EB WOED REES AL A1
1973 1001 1487 391 2879 1 ¢ O 3 8 17 4 2 8 2 0 10 ol 0 0 1 1921
1974 856 1443 264 2563 2 O 1 3 9 23 3 3% M 1 0 15 00 0 0 170
1975 695 1276 186 2137 2 0 0 2 13 28 6 47 18 0 0 18 0 0 0 0 150
1976 559 1248 122 1929 2 3 0 5 9 28 6 43 8 10 0 18 00 0 0 143
1977 1132 1495 258 2885 O O O O 16 23 1 40 10 0 0 10 000 0 0 1803
1978 1213 1013 93 2319 3 0 0 3 7 3% 3 45 10 2 0 12 00 0 0 1i66
1979 1199 1243 152 2584 0 O 0 O § 33 2 M 0 O O O gl O O 1 1440
1980 563 278 53 88 O 0 O O 2 17 2 2 I 1 0 2 i%l 0 0 3 357
1981 587 723 55 135 0 0O ©0 0 6 14 5 % 0 0 0 O 0 0 0 © 803
1982 382 411 51 84 O O 0 O 16 15 8 38 9 5 1 15 0 0 0 0 515
1983 272 46 52 770 0 O 0 0 8 28 4 4 2 7 0 9 g O 0 1 548
1984 398 693 31 1122 1 0 0 1 10 3% 1 46 1 ¢ 0 10 o0 0 o0 o0 781
1985 145 249 152 566 0 0 O O 9 61 15 8 8 14 1 23 00 0 0 509
1986 188 69 32 289 0 0 0 0 13 10 6 2 10 4 0 14 0 0 0 0 14
1987 203 104 48 3% 6 0 0 0 18 28 9 55 13 2 0 15 0 0 0 0
1968 8 94 17 15 1 O 2 3 10 12 1 2 5 1 0 6 1 0 o 1 1
1989 125 (96 41l 362 2 3 2 7 6 M 7 8 4.5 2 1i 0 ol 0 1 488
&AF 9607 12468 1978 24048 148 5 77 169 481 83 733 121 63 4 138 710 8§ 7500

*  Cx.pipiens=Culex pipiens complex, Cax. halifaxii=Culex(Lutzia)halifaxii, Ae. albopicius
=Aedes albopictus, Ar. subal batus =Armigeres subalbatus, Z DDl =( 0;Culex orientalis,
i ;Cubex infantulus, b;Culex bitaeniorhynchus, ¢;Aedes togoi )



=5 EHSICE Y 3SR B EREE DS

i C.pip.C.trit.A- vex An.sinen. Ar. subal.C. bitaen C. futzia C.orient. C.infant 4. togoi A. albo,

1958 841 252 109 21 i 13 0 1 ] 1 0
1973 869 7 8 1 0 0 0 0 0 0 3
1974 728 21 3 31 0 0 0 0 0 0 0
1975 421 2] I 0 0 0 0 0 0 0 10
1876 521 31 4 0 0 0 0 0 0 0 32
1977 581 0 1 0 0 0 0 0 0 0 35
1978 540 2 0 0 0 0 0 0 0 0 3
1979 154 0 0 0 0 0 1 0 0 0 35
1980 76 0 0 0 0 0 0 0 0 0 0
1981 838 0 0 0 0 0 0 0 0 0 0
1982 159 3 0 0 0 0 0 0 0 0 0
1983 88 4 0 0 0 1 0 0 0 0 0
1984 103 9 0 0 0 0 0 0 0 0 2
1985 81 7 0 0 0 0 0 0 0 0 7
1936 10 0 2 0 0 0 0 0 0 0 g
1987 57 0 ] 0 0 0 0 0 0 0 0
1988 64 0 0 0 0 0 0 0 0 0 0
1989 . 89 6 0 0 0 0 2 0 0 0 0

* C.pip, . Culex pipiens complex, C. trit. .Culex tritaeniorhynchus, A. vex..Aedes vexans
nipponit , An.sinen. l Anopheles sinensis, Ar. subal.. Armigeres subalbatus,C. bitaen. Culex
bitaeniorhynchus,C. lutzia:CuZex(Lutzia)halifaxii, C.orient..Culex orientalis,C.infant..
Culex infantulus, A. togoi Aedes togot, A.albo.. Aedes albopictus

6. BERHIRUTIST % AR SR FERREE D HERS

C.pip, C.trit. 4. vex An.sinen. Ar. subal. C. bitaenC. futzia C. orient.C. infant, A. togoi A.albo

1965 495 10 40 35 0 0 0 0 0 0 6
1966 427 - 59 198 61 0 0 0 0 0 0 0
1973 2138 8 8 2 2 0 0 1 0 0 2
1974 1347 12 1 1 0 0 0 0 0 0 3
1975 721 6 1 2 0 0 0 0 0 0 4
1976 559 8 3 2 0 0 0 0 0 0 6
1977 691 13 6 0 0 0 0 0 0 0 2
1978 2227 10 43 1 14 0 0 0 0 0 8
1979 607 11 8 0 0 0 1 0 0 0 5
1980 668 5 0 0 0 0 0 0 2 0 0
1981 263 2 2 0 0 1 0 0 0 0 4
1982 174 2 0 2 9 0 0 0 0 0 14
1983 185 15 3 1 5 A 0 0 0 0 16
1984 421 7 - 1 0 3 0 0 0 0 5 11
1985 140 17 4 11 1 0 0 0 0 0 7
1936 233 9 0 1 9 0 1 0 0 0 11
1087 182 1 2 2 17 0 0 0 0 0 14
1988 62 2 0 0 6 0 1 0 0 0 7
1989 38 0 2 0 3 0 0 0 0 0 2

* C.pip. .Culex pipiens complex, C.trit. .Culex tritaeniorhynchus, 4. vex. Aedes vexans
nipponit, An. sinen. . Anopheles sinensis, Ar.subal. . Ammigeres subalbatus, C. bitaen.. Culex
bitaeniorhynchus,C. lutzia.Culex(Lutzia) halifaxii,C.orient. . Culex orientalis,C.infant..
Culex infantulus, A. togoi Aedes togoi, A.albo. . Aedes albopicius
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LICGRT LT, FLAFDLTNE, Fo1 9% THh Adedes vexans BLUINTETIIRY Culex
orientalis 72 E, REMK, KABL I E OB ERKERE 2RER &3 3 iU HEE
Bz, 197 3ELURTREZECHDORY 6 Hgh- 1008, DL~V TllkeE L Tl S his
EEPKCHTKETRES 57 v 4 THEHISHRHHE I WL, BEPEMLEKREET L hAYY
7% Aedes albopictus, XTI VUV TH Armigeres subalbatus IV OEE SN,
E bRV h I EMOERITH 3,
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R7. JBHOTAEERE (AAL)

i =P
1944 1.2
1949 2.4
1954 2.5
1959 7.5
1964 - 10.5
1869 15.0
1974 18.5
1979 25.0
1984 37.0
1989 57.0
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» TENHBHAXF AT Cloeon dipterum &CBL?%%&“E%’J@%’TE%E&
ERETSE () IS TR AR )

[iEU»ic]

WX ) Hisd, HELMEL 23 BEZERT 5 ENT, FEOKBICEBEFSETICRAS O
T3, ZOGEHFENEYICN T 2BHORESERINITNEL S0, T/abb, T2
& i L 73 B B & F—OKEUICER T 2 FREIENICBL T, TTRESIR h % ORITDLT, ([
T ARABANCH T 2 RERZMELANS CEBEE LI,

1o, REFIOBEERBICIE, —EORED FICEFEOHELIRITTL A EREY L BETH 5,
CORMDIDIT, EE- R (1979)BLOERE(1980) IFAEHES CRENTEEDR
EUNZRY) HO—E, Parataenytarsus parthenogenetica DHRPFVEERHIZ LI,

CCTI, IKED2R Y HREBICER L, AFEOHELSED CHELT X AT DY Clocon
dipterum IKDWT, 4TEEDKBEANCTT 5 EEEH /SRS 25 5 B THEERB 21T- 7

(#ls & 5]

AR D Clocon dipterum DR, ENAEHEFOI 2 U — Mlids S EE L 12EM,
#tE38A0 . resmethrin, fenitrothion, temephos, ¥k ¥ p,p’ —DDTD 4 EH, &
o7 va—VITHEIRL THE LT

BT D 10 0ml FEBEOY — 4 —IC ATHUK (EEKFIKCaCl,, MgSO,, K2 SO,, NaH
COs, 254PH6.7~7.1, HE25ppm ) %10 0ml ELHHLEBRS 1 0EANI BB LG
2EfT-> 720 HAIDREIL 12 EDOHRE LI, EBRERIZ2 2 CE 1'COEBRETER U, 45T
DOFFEZ 2 4 FRERICITV, =7 OFRESSEIELUI S DRIETIEE, =5 DESHHBMEL T3 S
D BEREER & Uiz,

BonllEiEBriss D/ y NEDGEURELRE Leso Z2RDT1,

& %1

REFICRE SN HERORIGIX, SHOWERACEETA»E b, RPTERALTh -1 /8
Db, BEEREBICE DA - @k, EEREE 2 THICU IDREBRIER T %, EE L o9 OBk
TRETOTSBEHRDCE GEBL TS, ORI, ChefkcET & FHOEEOGSICE &
DEFT 5, BEBS TOLTERBHCRE NI T TOMEIL, BEEL =o0EEEIEL T
Eb, LOHE, MO T I3HAREZRE UL LT TEIRT %,

UEDT L, BHTR-S W ERTEI DL, 2T DEIEPHITELE LSS, EEOHUTIZE
BThHo1
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#  E(ppn)
B1. Cloeon dipterum 1T 3 RBEHEZMH

R ! resmethrin, F ! fenitrothion,
T . temephos, D: p,p’ —DDT

TOBEZFig LIWRLIL. T4bL, EREANCHT 2ERBERONLRT &, TOEEHRYU
(Ve ) BL P Leso IS 9 5%EEXM(Ci ) i, resmethrin Tity =5.8 2 X+ 20.01,
(VC;250), Lcsg; 00003, (Ci 50002~0.003), fenitrothionTidy=5.69
X+1654, (VC;456), Lesg; 00009, (Ci; 0008~0011), temephos T
iy =490X+1336, (Vc;047), Lcsg; 0020, (Ci;0015~0023),
p.p’ —DDT Tlxy=576X+1466, (Ves005), Lego; 0021, (Ci; 0017
~0.025 ) Th-to

[z =%l

FEHNFEO BN THAINIRAAL, EHEL U TOERLEA—BREICERBT 2L TOEYITHE»
B2 50REHE 2> T B, LTchS-> T, FEENEDICHT 2 EHOTHE21T) C L REETH S, &
OHE, F—OEBRREICEI 22 TOEYPODNTHEBT 3 LISROCE L RETH B, Licys
>C, EREYLLUTRROLELIZ S DRARE UTHRICH T 2 0EsET 3, TOHREBRIZS S
i, FRANTE U THBBERZEDOR S DT, FFOHUES—EDERILL - TEBICTE BB ED
EELW, TCTHELIZClocon dipterum ZUKEOMBAICER T LZREAT, FTRERELT
B 222 Y B OBREFA—DOKBIAEB L T3, T OERTHRAHOBS AR ICi T 2 EE
BAEV, $70, CCTORBRCRINIL ST, =5 ONILEE) & i RICEETS 3 i,



MBS DHFEREICT NIEABIBEOBO A 2B 3B TE 5, L THWIRBAIEYT S
Bh, BELI,OPHEKCERTEERL, XOTIBELTBL LERHAOD Y BIFEIKE- T2, 12,
¢ OEMOBZHDIEIRE L, 1562 & DD VEENE 6 hi

EERLREE ) [/ DR LT 2R Y A OFRE & KT 5 &, BN BT 2 ETEE OE LV resmesrin &
fenitrothioniZOW\WTid, EZHEOLBMEN IV~ FIGIWMET, TEEDLBRUSMTII—RRIT
EHHENE IN TS temephos &, RERBEAGEIEINTHABBRITIZRICHTEINIIp,
p' —DDT TR O HEBIENERIGEWESRINI, LL, ANOHETS, RAARO=
AV HBETHRELLDBBEET Clocon dipterum SETIHATUE-Tlo Cloeon dipte
rum i, SEAV A EEORHANCEET AR, [MACONT b BEESFOERTH ST 05573
D ote LizhssT, CORRIBREFOHENEYICH T 2EHEBEY L LTI, BALEALN
2o

SHOMEEL LTI, CORE2BRNCHEETAHAERBILT A EB8EENS,

[ & ®»]

BHEE R A% A DIEERIAEMICN § A B ZH A EHMT Clocon dipterum 2HANT, 4EHEOR
HANT T 3RS 210, EORBANTH LTS, HBEEHOVEREZRT L8001

resmesthrin ICH S EESZMELTRL, IRUVTfenitrothion TH-7, temephos &p, p’
—DDTICH LTI, §5I—B{EVEZESRINI

EFEQHIELESR T, EHlICH T A ERNSEBEEY & L TRERRMARS 8 DEEAL LN

(s &)
EEAMEIDIREL L, KRIABYS CEE 2B, ENAENERT, KEEYLEBHAEREHEZE
T ST B, '
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1) Bliss, C. 1. (1935) :The calculation of the dosage-mortality
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2000
1500
1000
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- 19894 19904 :
10 11 12 1 2 3 4 5(H)

K1 47V o FREEBERERR (—~A4 T AES)

K1 KHE»ERLERR

e (BD B 6 kB 8| BB | U (%)
MR | P | TEREH .

th #HE B 11 29 774 296 (38.2)
1N 22 T2 2524 939 (37.2)
2= s A % 2 q 180 44 (24.4)
o 7 1 1 41 13 (31.7)
& &t 36 106 3519 1292

2. TAINADEIRG

19894F10H~1990EF3FitdITHNEAEEKECEIINIIL 9 41HlEd5 8 4D
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19894F10H 1 0 ( 0.00) 0C 0.000] 0C 0.00)
114 14 I (7.14) 1 (100.00)>| 0 C 0.00)

- 12H | 32 10 (31.25) 4 ( 40.00) { 6 ( 60.00)
19904 1H | 39 24 (61.54) | 15 ( 62.50) | 9 ( 37.50)
2H 7 42 (54.55) 6 ( 14.29) | 36 ( 85.71)

3B | 31 7 (22.58) 0 C 0.00)] 7 (100.00)

194 | 84 (43.30) | 26 ¢ 30.95) | 58 ( 69.05)
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4 R B
RAFIRENE ¥ K 4
REE | ABHERY | BRI
199015 17H | BB/ (FRiX) 5 0 C 0.0) |4C 80.0)
1H308 | #idsvhy (FEED 5 0 (¢ 0.0) |4¢ 80.0)
AN (iR 4 1 € 25.0) |3 75.0)

| MERE (BRI
RER | ATEROD | BRI

1 0 ( 0.0) |4(100.0)
5 0 ( 0.0) |4 80.0)
4 1(25.0) {3(75.0)
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g — LIRS 2 KEEL 12,
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ETIRLY Jx b b HME
PrjE A/2EIE/C-29/85 | A/PU)N/2/8T | AZALiEIE /20789
A/ 2B /C-29/85 1024 512 256
A/P9N1/2/87 128 2048 1024
A/AtitEE /20/89 256 256 1024
A/J VB /720/89 128 512 2048
AZ)111&/2/90 128 256 1024
A/)111B/3/90 256 256 2048

#£3—2 STEEROFURDNT (BE)

IR J - L ow BB
s B/ENS/1/87 | B/1LHZ/16/88 | B/E41/5/88
B/E%/1/87 1024 {32 256
B/1L1J%/16/88 G4 1024 32
B/EE40/5/88 128 {32 128
B/ /24/89 {32 1024 {32
B/J {15 /28/89 {32 1024 {32
B/J1|1%/33/89 {32 1024 {32
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HHAEE LTHREY F 4 XEEBHREIROVTH
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137K, T VICTRETHBH, KEPHWIES,
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3. RER

TM- CIEHER O~ 5 0 ng ODEFEERS|ZAVE
VEE— 2 WRTTERETHAIE LR, M- 21URT
&5 B 2B A ERMELE o Nz, 7, IR
1%, 0.996 Th-T,

4. B SFEERR

R (1 g )IiIcTM - C I %2 5mgRimL, ZRE
INEER (T To#ER, EINEIZ100.20£239T
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5. BEWWIRERIE & DL

F—8fHe T, KEL2 IR (ddy RAR )
ZAWVWIZUp and Down EZLBUICEESR, Up
and Down £k W BEFEHOERRLI,
6. MRERDERIETOTMSEE

198 9F9HIKEALI-TRD

HBBR (1me)
’IN—NaOHlm

FEHEKT25mART v F (A)
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0 10 20 30 40 50
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VRAROEE (ERIREE 0.5 5 ~

g IR F I AN
3310 g ) DTMEHE %, RITRL g/M | me/g | M/ | me /0 ()
300 | 358 |1074
126 0.60 | 306 1.8 4
PEE AL 055 | 239 1.31 |4.55+3.45
255 | 267 5.7 4
[ & »] 095 | 330 314
. = S .6 5 .78 .37
L A FREUESERMANIERET o B I
I s 5 N zJHTERF 1.8 0 3.87 6.97 1799079
i3, LBROBKE T, DS ITHSIRE 2es | 530 | 839
Lioit, .60 | 496 7.94
2. a%fgﬁ%y;pﬁgﬁﬁﬁmtjﬂéc 2.70 4.00 1080
310 | 3.28 [10.17
EItE h 1 ~38,7 2 U EDIHERE LATYAHT 260 | 416 |1082 |945%3.12
310 | 391 |1212
HigR< T L3RIz 0.55 | 6.08 334
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1) A.Kungsuwan,T.Noguchi,S.Kuno,K.hashimoto : Bull.Japan Soc:Sci.Fish.,
52,881(1986)

2) BARE, MR HULOEHEREZLBOMNE p.159

3) HIROKO SAITOH,KIKUO OIKAWA, TOORU TANAKA,KATSRA
KAMIMURA : Journal of Chromatography,281(1983)397—402

4) BIVER, FRTER, ZHEN, kiwHS #EEFE, 33(3)179—-184(1987)

5) EHEH - BAS PR3 TERHBESSE, p.772(1988)

6) T.Sakai,N.Ohno : Chem.Lett.,1982,107.

7) REEE, EMEE  EmAELE, 22, 370(1976)

8) mEE fib BRIS 2 ERMEHAREEHEDERE, 85,
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PIEFRICIBIRT 2 Z LIIBB TIH/E V. CNETH, HT/KET — & DRITICL 3755RDILM H KRR
EATHICET AMESE S M T 8D | chs0S i, KBRS E L, 31, B
AEDERED — 2 ) o FEEBERFIC Y TR Z D T TE D, IBROEDS T DWTEERICH
U TFlZ D,

TR THE Uik 50, IIBTMOSKEIFICONT, BRIERILAYIC L 5755 OEEHEE 21T
W, BBV 2 RNTE R OB R OSHER S hize 20T, ABEE TR, BILBROBY b hic%
EEN VB OHE D/KE T — & DR 285, BRIEFRILAMOERN LBRATE 2R 5 @75
ICDWTHRE 21T 12 T OPEE ORFEIL, NEOELMEDORE & U TERE(L S N TV 5 IRERIDORER
PRV E L, REETHBEZRRE LIZCETH B, BHBOHEERS & & ITERL~VELILT:
HIRD 7V~ FAL BT, MIREICT S & — R L, AR, SRS & R L, B
S & b BEREIC LI TR 2R LT & € B, BETFOEBHE LMD TRET 5,
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FAEEE © pH, fHEE - dEREEHEERE, BFREA A2, By rBr Y oo HEE, BE, &, <
Ho(Lk, —#KBEBH KT, ) M)seexFLy, FhIsnuezFLl, 1,1,1— kY
smnxiy (b, BEERLEY LT, )
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3.1m, #7 4EEIO0C, BHBEE180C, F» UFHA N240 ml

min



U5 ER]
BRATMORRZIEET 2709, B, R1UICRTHETRE LU, B8R F v 7OEMIE, BITFD

BHTH 3,
el
[~ X DHiLsE]
: (1)f%m%ﬁ5@§ﬁﬁ@§i
(2) FHERCEYORBBORE
I
(3) 7 - 2 DUl
BT - ¥
I
[—mAmas - spERtay | FREREY
(55 B I DBA L BLTF
BRERORE] (%A AR
(4) EhHAE (6) mwn-s v Fuk
l
(3) ZRAAH (7) EHIOHE

(8) 73 A%~-5F

(9) BEAHOE

K1 ® W 75 &

[ 5— & DAL ]
(1) —MKEER ORBEORE
DT R CRHFIORER L, SEofE, EEREOCHELP NS RIIB, TOHEPR BRI,
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BYRIDER 2HVT, T, BERITE,
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BAHLIY, BEEREERHVS,
9)  BESHOREH
RHFNORER %  LiT, 7 I R4 —-DHD
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W ERE, BEEIICL > TERSIh, E325m, i§1.0~6.4mDEF LTS, CODEH
i, X ORBRREICE -, BOOMED 6 EREAOERMELE, BoOs»sEBEMICHITTDA
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LHETET B &, WITrRBE/IDF T DT AT

o THNTWEEEL LN S,

MRS EH D R RE Y &, HE RO & 5
ST (A DR > B HIE NS Bz Y
<, BRED 6 FHICHD - Tl KEE, | B e

TERAMAEEML, TREICT S ekt > TR
W TERMOED 3EIGH6E {/5->TK %,
LDk 3, TOLHMFIAREBIIEILIKEAT
b DILIE > T3,

K3 mEENEX

[R5R L EEK]

1. BEENCEBIC ) 2 BHER(LEY DRI

HAENGE UIcHF 1 5 6 v OEMERLAYOBRHREZ, R1IGRT, bV IouzFL 0D
BHEIL6 2.2%E8h, FhIr/vuzFLLE58.3%, 1,1,1—bYInoxTa63.5%&03
BRICETH 120 iz, WTFhLBHRHLIZEDIE, 8 2.7%LEWHRHELL D, [KABRLTY
AL EBTRLT '

1. FRIEFLEHOBRHRE (n=156)

MyZonzFLr FISrunxd Ly L1,l-dYZuox i
B asim (ug- 1) | Bl | s (pg- 1) | BULERRE | B (pg-17 1) B R AR B
<0.4 59 <0.2 65 <0.2 57
0.4~ <1.0 14 0.2~ <1.0 28 0.2~<1.0 30
1.0~ <5.0 29 1.0~ <5.0 34 1.0~ <5.0 52
5.0~ <10 28 5.0~ <10 16 5.0~<10 6
10 ~ <20 17 k1l Q ~ <20 11 10 ~<20 2
20 ~ <30 3 20 ~ <30 1 20 ~«<100 3
%30 ~ <50 2 30 ~ <50 1 100~ <300 4
50 ~<100 1 300~ 2
100~ <500 2
500 1
*Zgﬁ%@fﬁ!

2. F— & DOFLE :

M 1 5 6 WFOKET — # DEBEOBRE 21T - TR, BRERILAMICOVTIRRRLS
—ZHBINTIY, BEELHEINIIF-28F 21, T T, BICHHNET -2 1 804 %
REEEUTHBRL, 13 8E LT Kit, TRIEF(LAY 3 WENST N TRRE & MOHF & 13k
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RIVE DB D HIENEAREL, RERHFHFDOF— % 2 2 2HIRL, 11 6HMDOF— 2 2EFNSL
Ul

3. —UKEHE R OERERLEY OEAGKE R & ERIHHT

HEBOBRZHN, FHEERICOWTRETA70D, BRSNS L1 1 6 07— % D—/kE
HEROCHFRERILEWICONWT, BEEHETE S EHS %7 - 10

11 6 MOEARHES, K2R T, —BKBEEDS b, pH OZEHRIGD T/hE <, Bk
- BIREEER LB BN ) U AHEBE, ERA S EEEIE, IRUERRLI, $E v
5 DRBRBIEED THE L, MBZESKENT EBRU, BREERILEMOLSEIIBRE S % T
HEZSBD ohich, BERBZEFEZRCETH -1,

&2 —MRKERERCEBERCEYOELHKIR (n=116)

il 2] MAX. MIN. MEAN SD CV (%)

pH 7.70 5.80 6.41 0.285 4.4

NOZ-N,NO3-N  ( mg.17!) 8.50 0.33 3.13 1.82 58.1

Cl- ( mg.17") 47.0 1.78 24.4 8.06 33.0

- KMnO. 1862 ( mg.17") 6.60 0.10 1.68 0.958 57.0

113:4 (mg.17')| 369 55.0 115 34.7 30.2
Fe (mg.17") 6.60 0.00 0.14686 0.647 443
Mn ( mg.1"*) 1.20 0.00 0.037 0.153 411
FyunsLy (pg.1°") 43.2 <0.4 5.47 7.35 134
Fhiymnzsly (ng.1") 20.0 <0.2 2.92 4.22 145
LL1-Mmezds (pg.1°Y) 17.7 <0.2 1.96 2.83 144

—KEHE R OBEFR LAY OEBRIE, E3ITRLIZL 51K, REIKIEL, BIEMET
ﬁ%4ﬁya%$5ann1;vy@037f%otoit,ﬁ%%iﬁ%@@@fu,buauul
FLET IO IFLUN80.6 1T, WOEEMIZ— 0.0 1~— 0.0 4 EFERIUEMETH - 170
LD 5ic, AEBDOBEEHIENEDTH -1,

£3. —MKERERCERERCSYOEEEREE  (n=116)

H H | NIy eIy 1,1,1-Rsmn
pH -0.14 0.01 -0.09
NO (X) -0.08 - —-0.18 0.15
cl- : 0.33 0.37 -0.06
KinO. 55 -0.18 -0.08 =-0.01
W 0.12 0.05 —0.06
Fe ~0.05 0.03 =0.10
Mn -0.07 -0.06 -0.05
Mysunrfpy 0.61 -0.01
FrFSunIFLy -0.04
1,1,1-Momnriy

X FEKEL1%=0.24
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EHRSTORTFERENBKAES L, —BAKEHEB ZMBOERDIICH -T2, CDL 5K, —BKEEEROE
HERILEMIEL A ERDICH DI T, ThTWGFBERGE -1 B2 3 Lp¥BALTIL. TD
HARE LTE, —BokEREIZ, ASKHEE, 18> 5ORH, WO ERELSh, £z, BlE
wEbawx, ehb 2ERTAHEERD LDARMNIERLEZL bNll. EROMBETTIX, —B/KEH
BHEAMERILEY 2EEE ST TRITLIZ O b AN, SEIOFEHMBRO L 512, HEGIBE S
ZI—1Th, —KEEED - BIERILAYOBB NG S B IERI, RETHsLEZALN
o

z4 ERTAW (n=116)

H E Z (1) Z (2) Z (3) zZ.(4) Z (5)
pH 0.59 -0. 28 -0. 38 -0. 37 -0. 07
NO (X) -0. 387 -0. 10 0.81 -0.18 -0.15
CcCl- 0. 62 - 0.43 0. 08 -0.08 0. 07
KMn04 78 8 =% 0. 57 —-0. 38 -0, 21 -0. 39 0. 08
114 0. 54 -0. 06 0. 61 —-0. 36 -0. 283
Fe 0.51 —-0.18 0. 11 0. 69 0. 22
Mn 0. 63 -0. 28 0. 40 0. 33 0. 14
MynacLy 0. 16 0. 85 0.10 -0.03 0.02
FrunslLy 0. 28 0. 81 —-0. 06 —-0. 02 0. 05
1,1,1-Myaucky -0. 22 -0. 02 0.19 -0. 338 0. 89
B & 2. 3 1.9 1. 4 1.1 0. 96
H 5 £ % 23 19 14 11 9. 6

BEDz &h s, —fKEERERD - BEERILEYICEEE-D T 1ZAEM S D SV — ALOBTIZITH
AL ELT, LT, Moz FLUROF I 00 FLUOERSE, L,L,1—-N) 2
noE g OEBMNIERZ>THE, ThThOARKRILL1I-N)seni o ~OYIhELL
FEREOEN, HHsERARRERZZERL T, 3SEOBFRERILEY 2REMNICE 5 A TIBERITEDHR
EEELE AL, FRERILEYIEHB DT — & THBM 21T 15

4. RYIBIDFEER & FHIERILEY O REEHH

AEHF1 1 6 4FDOF— £ %4 LiC, AEMSOKBEOHELIME 2EMED -2 Y » FEERENSSRDIC
RYBIDHEERTHLoDLILT M) w2 X[ (116X116—116),/.2 ) %ERLTIC, Ega—2
v FEE L, BEZELLTHODLINTWIIID, 2HEDEEBENEOE I Lidd EBA, BN
DEH LOMARTY, BRESEL Z3BABH 2, Wi, 2HEDBEESENEDEBNIDED
AW Tk, FERESEL 25, K5I, RUFIOHER EFRERILEYDOBE L OBRERLUIL, &
HIBIDOFERHIME L 72 21, BHIERLEHOBE IS 25 HEA %2R L 1,
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5 BRYFIOME L FRIERLEYRE

EER ) §u7° ) My roonzFLy (peelt!) |Fr3rpazFLrel ) | LLI-vYZane ¥ pe-l")
Hede (%) $41” Hax. Min. Mean Max. Hin. Hean Max. Min. Hean
50~45 356 13.4 <0.4 0.55.] 20.0 <0.2 0.32 4.8 <0.2 0.21
45~40| 517| 22.1 <0.4 1.11 ; 13.5 <0.2 0.58 5.8 ¢<0.2 0.68
40~35 529 24.3 <0.4 2.00 15.2 <0.2 0.93 9.4 <0.2 1.17
35~30 604 24.3 <0.4 3.17 15.2 <0.2 1.49 7.5 <0.2 1.46
30~25]11001] 24.3 <0.4 4.417 15.2 <0.2 2.14 9.4 <0.2 1.75
25~20 882 | 24.3 <«0.4 5.32 15.2 <0.2 2.65 9.4 <0.2 2.39
20~15 632] 38.5 <0.4 7.09 15.5 <0.2 3.83 9.4 <0.2 2.78
15~10 439 38.5 <0.4 9.48 15.5 <0.2 5.40 16.0 <0.2 2.79 -
10~ 5 466 43.2 <0.4 10.67 20.0 <0.2 6.72 17.7 .<0.2 3.85
5~ 011244} 43.2 <0.4 16.18 20.0 <0.2 10.05 17.7 <Q.2 5.17

5. =7k

EHPNDOREE R S Ltz MY v 7 AOMAE RREMNIUEEY 2709, REEMET I24 —
ST, BELEZKEOBELMED S HE LI, LDV 7AZ-AHOERNP 6, FHFIOHKERKLS
%Ll EDF N — FOBEEFICAYDBE & A ShictificonT, RNEEDEKR6ITRT, T
@i5mﬁbﬁ$ﬁéfw"7mibgﬁﬁ%ﬁ@b;ﬁﬁ?ﬂﬂﬂﬁéﬁﬁato

%6 BHBOREEL 5% EOF V- FRFE@E (ug-17")

s SN | MY FRMmIfLY 1,1,1-Mgmony | AR
48 1. 00 0.45 0. 59 x bk xt F
11 0. 175 0.47 4.05 % b %

8 6. 81 2. 46 2. 50 o
7 6. 39 3. 65 0. 386 = S

D11 6HADY TRAE—DROBREPBEICLT, R EOFEERE S/ V- FLL, 3R %
TEBR L 120

Z DN NS EE S, SRRSO B S, tTRKORNhERZERBL T, K&<
3 DOHMKILT B C EHTEREL /8 h, B4 1TRT,
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ROTERFERARENE KE
FORMATION OF ACTIVE BROMINE FROM BROMIDE ION BY AQUEOUS OZONATION

Mieko Hayashi and Hitoshi Sano*®
ABSTRACT

Formation of bromine (Br0~) from bromide (Br~) by aqueous
ozonation is primarily caused by hydroxyl radical (OH") probably
produced by ozonolysis in water.

1. INTRODUCTION

Ozone has recently been used to remove color and organic
compounds from drinking water, particularly in Europe. Although ozone
is an effective oxidant in water treatment, there is little
information on the reaction of inorganic compounds with ozone in water.
Some reports do exist on ozonation of inorganic compounds such as
ammonia (1), nitrite, sulfur dioxide and hydrogen sulfide (2), and

cobaltous ion (3).
Haag and Hoigne (4,5) and Richardson et al. (6) have shoun

that bromide ion (Br~) contained in natural water such as seawater,
ground water and river water was easily oxidized to bromine (Br0~) and
eventually to bromate (Br0s~) by aqueous ozonation.

On the other hand, there is much literature (7-10) that
proposes the possible generation of active oxygen species through
ozonolysis in a dissolved ozone solution. Hydrogen peroxide (H,0:),
hydroxyl radical (0H-), superoxide anion (0,7) and ozonide ion (0s7)
as active oxygen species were found through aqueous ozonolysis. To
acknowledge, however, there has been no study on the oxidation
mechanism by which active oxygen species convert bromide ion to active
bromine during aqueous ozonation.

This study describes the formation of Br0~ from Br~ under
several ozonation conditions and the possible oxidation mechanism of
Br- by active oxygen species generated in aqueous ozonation.

% Environmental Protection Bureau



2. Materials and Methods

2-1 Apparatus

Ozonizer : A Nippon Ozone 0-1-2 Ozonizer was used in ozonation
procedure.

Reaction vessel : A cylindrical reaction vessel of 250ml with
diffuser (100-150u m pore size) at the bottom was used
in ozonation procedure.

Gas chromatograph A Shimazu 74 gas chromatograph equipped
63Ni election capture detector (ECD) was used for
neasurement of bromoform (CHBrs) formation.

2-2 Reagents

Resorcinol, potassium bromide, ion (II) sulfate heptahydrate,
and sodium bicarbonate were obtained from Wako Pure Chemical
Industries (0Osaka, Japan). Sodium hypochlorite, sodium hypobromite and
hydrogen peroxide (30% H,0,) which were purchased from Kanto Chemical
Co. Inc. (Tokyo,Japan), were standardized by the iodometric method (11)
before preparation of diluted solutions. All other chemicals were of
analytical grade. '

2-3 Ozonation procedure

Ozone was prepared from dry oxygen in the ozonizer and bubbled
in-the diffuser at the bottom of the cylindrical reaction vessel
containing 100ml of sample solution adjusted to pH 7.0 with 0.1IN NaOH
or 0.1N H:PO.. The ozonation procedure was carried out at roon
temperature with an average-ozone generation rate of 40 mg 03/1 at a
flow rate of 0.4 1/min oxygen for 3 min. After ozonation, the sanmple
solution was immediately deozonated by aeration at a flow rate of 1.7
1/min/ air for 5 min.

2-4 Deternmination of Br0~ by CHBrs formation method

The ozonated sample was adjusted to around pH 7.0 and added
with 1 ml of 100 nmg/l resorcinol solution. A biological oxygen demand
(BOD) bottle {100 ml) was filled to the top with the sample solution,
capped and placed in an incubator at 20°C for 2 hrs. After incubation,
1% L-ascorbic acid solution was added until the residual Br0~ becane
free. Five ml of this sample solution was placed in vial (8 ml) and
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put in the incubator at 20°C for 2 hrs. An aliquot of gas phase in
vial was injected into the gas chromatograph equipped with the ECD
detector to determine CHBrs. '

Condition for the GC analysis were as follows: a glass colunn
(3mm i.d.x 2m) was packed with 20% silicon DC550/chromosorb W (AW-DMCS)
(80-100 mesh); detector temperature was 230°C ; column temperature
was 100°C ; carrier gas was nitrogen 50 ml/min.

This method gave a linear calibration curve, y=0.0049x, up to
400 mg/1 of BrO~ (y: CHBrs (mg/1), x: Br0~ (mg/l)). Br0~ in the sample
solution was estimated from the calibration curve obtained by the
CHBr; formation method.

2-5 Determination of oxidants in ozonated sample solution

Oxidants in the ozonated sample solution were determined as
BrO~ by the o-tolidine method (12).

3. RESULTS AND DISCUSSION

3-1 Conversion to Br0~ from by aqueous ozonation

In order to confirm the conversion to Br0~ from Br~ by aqueous
ozonation, Br~ solutions from 5 to 1000 mg/l concentration were
ozonated for 5 min. The level of Br0~ formation determined by using
CHBrs formation method is shown in Fig.l. Br0- formation increased

)
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Br™ ( mg/1 )
Fig. 1. Conversion of Br~ to BrQ0~ by aqueous ozonation.
Aqueous ozonation of Br~ solution was carried out
for 5 min under the conditions described for the
ozonation procedure in Experimental.
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rapidly with increasing concentration of Br0~ and the level becanme
constant at more than 400 mg/l of Br~. The amount of oxidant revealed
as Br0~ by o- tolidine method is also shown in Fig.l. This oxidant
pattern was similar to that in BrO~ formation.

The effect of ozonation time, pH and temperature at ozonation
on conversion from Br~ to Br0O~ are shown in Fig.2. During the after
the start of ozonation, then decreased gradually thereafter. In
contrast, the amount of oxidants increased for 10 min, and reached a
plateau. These results suggested that Br0~ converted fronm Br- by
aqueous ozonation could also be oxidized to bromate (Br0s~), which
reacts with o-tlidine as does. This consideration was supported by the
fact reported by Hagg and Hoigne (4) that Br0~ produced by'ozeonation ;
of Br- reacts further with ozone to from Br0s~. The effect of pH on
Br0- formed from Br~ converts easily to Br0O~ by ozonation in an
alkaline solution. BrQ- formation was reduced by raising the
temperature with the ozonation of the Br- solution. These findings
demonstrated that the conversion of Br~ to Br0~ may occur during the
initial period of aqﬁeous ozonation in an alkaline range, especially
around pH 9.

(a) (b)) (c)

nw < ,
£ 2 3004 -
L=3] 200 A
2 O—O——-uO—0O
S @ 100
3 0 (TE ' ’ ! 7 ¥ I T
~ 3004
2 200 f\.\.\.
2 100
|m
- 1 | | 1 T 1 T 1 T T T L
0 10 20 30 2 4 b 8 10 0 20 40 60 80
Time ( min ) pH Temperature { *C )

Fig. 2. Effects of time (a), pH (b) and temperature {c) on aqueous
ozonation for conversion of Br~ to BrO~.

Concentration of Br~ solution used was 200 mg/1. Aqueous ozonation

in (b) and (c¢) was carried out for 5 min under the conditions

described for the ozanation procedure in Experimental.
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Ozonolysis in water was dependent upon both temperature and pi
in an aqueous ozone solution. Ozonolysis revealed a very complex
degradation (7-10,13), in general; HO,+ is first produced by the
hydrolysis of ozone in water, and this sets off a chain reaction of
electron transfer. The proposed degradation mechanism are written as
follows. :

03 + HzO - 2H02'
0s + HOp» - HO- + 20,
03 + HO- - HOZ"'*' 02
HO,«+ HO5 —  H,0, + 02
HO- + HO,+ = H0 + 0
Ho- + HO- - H;;_Og

This reaction causes the production of cleavage products such
as OH+ and H-0,. The OH produced has much greater oxidation-reduction
potential than ozone; that is , OH- has more reactivity than the
direct reactivity of ozone. ‘

It is well known that dissolved ozone is comparatively stable
in an acidic region (13), but the active oxygen species from easily as
decomposed products of ozone in an alkaline solution (14). Our results
described earlier showed that less Br0~ is formed in a lower pH range
than in a higher pH range. Therefore, it is presumed that the
conversion to Br0~ from Br~ is little it at all related to oxidation
by dissolve ozone, but may be affected by OH oxidation produced
through ozonolysis in alkaline solution.

3-2 Active oxygen species contribute to conversion of Br~ to Br0~
‘ The contribution of active oxygen species produced by ozonolys
“is in water to the conversion of Br~ to Br0~ was investigated. In an
experiment using H,0,, 200 mg/1 of Br~ solution was added to give a
final mixture was evaluated. No Br0- formation was detected under any
of the previous condition (data not shown). this revealed that H,0, is
independent of the conversion of Br® to Br0-.

The reactivity of Br~ with OH produced according to the
Fenton reaction (7) in which Fe?* is oxidized to Fe®* in the presence
of H,0, was investigated. Fe?* solution was added to 200 mg/l of Br-~
solution containing 200 ng/l of H,0,, and Br0~ was then determined
after the reaction of Br™ with OH produced by the Fenton reaction.
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The results are shown in Fig.3. Br0- level was clearly raised when the
" concentration of Fe?* in the presence of contribute to activating the
change of Br~ to Br0-.

20

10

Br0™ ( mg/1 )

0 250 500
Fe?* ( mg/1 )

Fig. 3. Effect of the addition of Fe2* in the presence
of Hy0, (OH- produced by Fenton reaction) on
conversion of Br~ to BrO~.

200 mg/1 Br~ solution was oxidized by the addition of

Fe2* 1in the presence of a 200 mg/1 concentration of

Hy0, for 2 hr at 20 OC.

Further study was made on ozonation of Br~ in the presence of
HCOs~ as OH- scavenger (10,15). As shown in Fig.4, the value of the
Br0~ level was around 220 mg/l without the addition of HCO3~ solution,
however, this level started to decrease rapidly with the addition of
HCOs~ solution. The Br0~ level was decreased to about 20 mg/1 by
adding about 100mg/]1 of HCOs-. The o-tolidin coloration of the
reaction mixture was reduced like the Br0~ formation. These results
mean that the activity of OH was lost by reaction with HCO:™ as a
radical scavenger, and that Br~ could not be converted to Br0-. Thus,
OH- decomposed through ozonolysis in water does contribute to the
conversion of BrO- from Br-.

The present study confirmed that the main active oxygen
species contributing to the conversion of Br~ to Br0O~ by aqueous
- ozonation is OH- produced through ozonolysis.
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Fig. 4. Effect of addition of HCO3™ on conversion of

Br~ to BrO~ by aqueous ozonation. -
200 mg/1 Br~ solution was ozonated for 5 min under the
conditions described for ozonation procedure in Experimental.
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