18

BhRBES 9907
YR BRI A FHHERIOEM L ARBRE

BipBrse - A FHEE (RILKE BEIRAEYFIER IR
EFEBRE  Fil B (FLRE BRAYPFHIZEE)

BEYEHIE U TOBEZ ZHOERIZEL < fIRINBICED, REOFHRBTEAIDME
ENTVWBEEZ NS, LhL, BAETEE FERENTWAREEENOREEATCE
R B T Y IAEENTBL T, [EX DLANOAREIC B BB EERICK
FTEEICONTOA— T > T —F I TR, |

YHBESID—DT® % Irgarol 1051 (2-methylthio-4-tert-butylamino-6-cyclopropylamino-s-
triazine) 1 1990 AE(RAIEEMN 5 EE LTI —O v NOKR TR ENTE/ZAN 1999 £
R PR KO —Z b 51 7 DMK OBEERE S Nic, AYETED TRETH
3EEDNTNSA, 3 BEORKE (BEEMEICL2ENMR. KBZMIEE LZiKks
M. KBHAE) ko TEBIARL, WINBAREY M1 (2-methylihio-4-tert-
butylanﬁno—é-anﬂno—s—ﬁiazine)’&iﬁﬁ@"% ZEMBASMMEITo TR, T T T, BIE/KAIT TIrgarol
AAHTIUS, KBEEEARIC L > THREBATT M1 DVERT 5 Z ENTRENZ. BA
VIBEIZ, 1996~1998 4\ HEF VBTN B THRI L 72 #/KIT Irgarol DFFEZHRIEL THY,
ZORBIEEMTLIZE S, < OREHT M1 2Rt Uiz, BUbaY SO REY DZER
SNEGN G, Trgarol 2 EDNERENIHS RS TERINTNS EEA 5. K
ORISR Irgarol 1051 280.296pg/L, M1 1 1.87pg/L TH V., HEEITIIDMFEDNN
BLAME D BBBETEEL Tz, HMREEROEENS, KAHO M VK RES
Fiz< <, BUTRETH o720 KB T TIE 6 » ARRITH 80X LTz, 5D
ZEND, Ml ORERIELAY EREN TN LTH S EEZ B, '

Trgarol 1051 & M1 AWEPEARERICRIFTHER, MHIEMEE. YOKE - WEFRR. H
V) GIEE. WOKEEEER, YOKEERRSEmm). REbiey) 2RV TRHE L. miEam bl
WEIEE B L OHFRREICH L TIRENNTE <, A2 Rk < mior U CIm{EiRE T
HEZRIFU. BULAMOBEIINMEEN L D b >z, FBEEEYOIREBFRITH LT
13 M1 IREERR L, BUEAMOEEIZIRD TN o /. P NHEOMEKICERE = 1/
Irgarol (DFEEREEEILEREICRIS B MY EENOEC) L S TH 2 DT, AWEIIBECHE
PEQO—REFITH LU THEBERIFLTWS EEZ BNz, UL T, #KPITRIBE
- M1 OEEBEE, ¥EICHd 5 NOEC @ 10~20%TdHh iz, 5%, Iigarol 25
BEVEERELDE R BAMEINT 510D, BULAWIZT T HREY DREDEINT 5L
WFEENZDT, TEEMIIONWTRET=S I V27D ZEMMETH D,
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BRESE 9907
WEPEAERRRIC I ARG Al O L AR E

Bhprsed - AT R (ILRE BIRAEDFTHITERT
SERAFSEE - FI B (BILRT BIREYHZERZER)

1. WFgEE™)

AR DOBTERI & U THWS N TEAHER ZHI ORI 1980 BN 5 it
FEE L <R E N, BREZTORBRTH 2HRBEAINMER SN TWS, LML,
EERIZAHW SN TV SREROECEICAET 2 BHRITImD TZ LW FHIN TS &
FRENDHHBEHTO S O OERATHARENTOANEF TR T 512D
RENEMICETERITIZEAERN., LN T, TNSHHEBITERNT X B 1552RIT
BB L. MR IR TR ER RATNCIHMET 5 2 &1k ROEOEHRE RV,
HHENDFEFHMEZTTS LT £t WE OEBEHOE N 5 bild CTRRALET 57
ETh5,

YRGS rgarol 1051 (£ )VH T—)L 1051 BREF & U THH T TV B s-triazine
RMEEMITIET 5 (Ciba Geigy, 1995). BREEREIH @ Irgarol 1061 OFEEIZI—O
NREHTITONTH O, gL - EE A (Readman et al., 1993; Tolosa et al., 1996;
Ferrer et al.,1997), 1 U A6 F B A (Gough et al., 1994; Zhou et al., 1996; Scarlett
etal,1997). A-1 AD# (Toth etal., 1996), A T—7F > (Dahl and Blanck, 1996)iZ3
WTENENHRE TN TN D, BiIZ/> T, WFRHE(Lu et al, 1999b), F—Z ~SY)
7 OALEERIN B (Scarlett et al,, 1999b), R VAL Scarlett, et al., 20000IZBWTH
FRENHE SNz, INSOREICL ST, AYENI—OwNRET TR T OT7o 4t
TZYIZBOWTHHERHINTNWSZENHALENEL DTz, L LRNG, ANYENKESE
N T BB DN TT— & W7 < KERBEIC BT 5 AW E D& BEd 2 5 tidE
HTH D, RAVIEIT, AYENAGJEMEIZE o TEMRL, FHEBMEOE WA EEYML
RERT B EREEL uetal 1997), & OMRISHKEUEEDINT L B IR MRiu
etal., 1999a), F-KBE 8RR (Okamura et al., 1999) ICk > THAEL B Z &2l 5 M
Icl7z, ‘

AL CILIRAECHM X N TV B RE A DBEE B0 - 5 D ELFEH R 2155
EZERBEL. #UbEY Irgarol 1051 BLZOEEYIML OEdfZH S ML, WHEE
RERICKITTHELIMET 2 22BN EL T, PUFOREEIZ DWW THRET L7z,

1) KPR OFRBTER Irgarol 1051 B X UOMEEY) M1 DR
2)  SMREEY) M1 OS5 fRIEREM
3)  HBULEW E DRI D ARER BN
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2. BRI
2.1 HEMEEME
Irgarol 1051 (2-methylthio-4-tert-butylamino-6-cyclopropylamino—s-triazine, 95%)
13 Ciba Geigy (Missisauga, Canada) & D 55 & 17z, Irgarol 1051 KESKRIZHALAKER % K
i S THREEY) M1 24 B8 U 7= (Lu et al. 1999a; Okamura et al., 1999). # M55
T, #ERMEEME % dimethyl sulfoxide 1T L TRW .
2.2 #E/KH OUSTERE Irgarol 1051 B K ODREEY) M1 DFREE 24T
1997 4E 7 ~ 8 A ITHEF B F= CHRE U 7=k igfaatel (933l B TU19984E 5~
11 AZRILIRE O 2 5 s CEREL L 7zikigfEsdel 87k ZAW, MLITDWTHEHAMT
BT 07z, BEIZIISCANE— R THELNED T3 > E—2 (m/z 253 for Irgarol 1051;
' m/z 213 for M1) DEFAEZE Ve, MRREORNMEES L GC/MS IZ X 2 0HTEIZEE
WEAF EF1, 20000 EFCTH 5.
2.3 M1 D4R

M1 DK B BAMRIEEEHE Uz, B3k E LT, B OmMERRE T U 7 Lk
g, pH 5.0, 7.0, 9.0 B LKA (RIJIIZK pH7.9, #E7K pH7.6) ZAWz, M1 Z27 &
R = M UIVIZER L CRERR(L0,000 mg/L)ZFRELL , #5347k 1 LR OMLIBEAY1.0 mg/
L&E723 EHRERERMUZ. INEAZRO2ymD A>T 52T 4 V& —TENETNA
WL, WE L7z TPX R MU AN TERAFRB E L (P2 b2 M UIUREE £ 0.01%),
2.3.1 Dk #

ASTM (198NITHEVY, M1 DDA/ il 257 L 7z, SEE O 4HUKEE 2 2 e 10mL
DR UM EHBREICANTER L, 50 CORFTICEEL /2, LEMRICERH L, M1 REE
EHPLCIZ K DER LT, e, BUTHY DERE T 5720, 5REDHRARE
BENTNA— R L—T (1201, 1.12&)E, 2070 QL 7=#i2, M1¥REEZ HPLC
WEOEE LR, TNEN5RIOEDIRLUERZETS .

232 KBS |

ASTM Q9IDIZHEVY, M1 DHERIEZ M LTz SilEHBEIC AAFRRIL 72 TPX R M
DORD 1AEZEHL., BB 2B E Lz, ZNHOR MVE, 199946 A 1 BN S
HAER, MUBIZETR LICEEB L. KB MR E1TIR o T, RRRFAICRUEIZ BRI L TM1

CBEEHPLCIZE D ERLE,
- 24 R EREHmELR

WEPE < YKPEDB L OEEREMITN T S LAY O &% EER)ICEHE L 7z(Okamura et
al.,, 2000b), HtikfEE LT, WA Y E /Y Porphyra yezoensis Ueda U-511, Y <
A Eisenia bicyclis Setchell, ¥/KPERBEX L 2 1Y FE Selenastrum capricornutum
Printz, ¥&KPER#EES 1Y FE Closterium ehrenbergii Meneghini, #/KEEFEEREY)T
73279 Lemna gibba G3, %737 Lemna minor 1769, L¥ A Lactuca sativa, ZI8
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1 ArctiumZR\Wz, AV E ) UFHERTIE, 4ABRBRORETOREBLICEREEEEL
7o 7T AREBRTIE. 7 AR OEBESZERE IO BRI OARZIREE Lz, XV
IAVFERBR T3 ABROESEATRC X 2 HEES, I XFERERTII6 BROMME
AFEIC X B IEEB I OEEEME (ERRESTFEME) 2HEE Uiz, UF 73BT
13, 7 ABOEREORIERZIREE Uz, £, BAEYREBR TIL, BEATNcBid55H
BORHEZIERE L.

3. PFFERER
3.1 WEF UK Om{EEM O (Lu et al., 1999b; Okamura et al., 2000a)

1996 ~ 1997 4RI IR = TEREL L 72 93 Rl B DN, 24 50EHT Irgarol 1051 2%, 23
FEHZ ML e giusit 2 Nz (Fig.D. Irgarol 1051 BELUML OmiBEILThEN
264ng/L. 1270 ng/L TH o7z, ML N7z 23 5 BION, 16 ilkHTid Irgarol A%
B & N2 o 72D T, BULEYNILBARRL MR L, LERR LI fREMHRE L

200 ng/L of Irgarol 1051

ENNNNNNNNNY

I 200 ng/L of M1

Fig.1 Spatial distribution of Irgarol 1051 and its degradation
product M1 in the waters of the Seto Inland Sea, Japan.
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TN ERRERE N, TOTER BIEED ML AW S N7, KB, R
DGR THHEITRD 5Nz, IrgarolldFEE LTI U —F (17/63588=27 %) BLNE
#E(6/13 3B =46 %) OUIKTICRIEEI, ML bEAT Y —F (17/63588=27%) B
FONEHE (6/137081=46 %) THIHEHU-, BEEOWKICHRET 5 MLEEIHEL TE<
(100 ng/LLLTF). YU —FOKIZERE L TW=MLIZ 758 TEEE (100 ng/LEAL)
THoTz. Lo L, BLEMDERCHE XNz, YU —F 0 3R BB LT
TEEED 45 DA TH o 7,

19984E5 A5 11 A E T, IR O 27E s THE L 7= 17K 1853 LA, Irgarol 1051
1 TORBHIRH S NG5~ 296 ng /L), T DRERFAIAEN T LB/ E o 72 (Fig.2).
ZHUTH LT, HEKT O ML IEEEIE ND~1870 ng/L Tdb 0. 5 BRICIREIEE 2R L7214
IR I8 T B IS B > 7o MLIZE~9 A £ TIIHULEM DEHEOIRETH D, 11
AETHILEY EFBREOERETEAEL Tz, ORI, 5 HLENCRESREN S E
SRR G S N5 EIRE Dlrgarol Ak DX B TR L CML 2 4R L, Irgarol d
WHMIEE S5 AKRICML D R ERE S/ 22 E 2R LTS, £z, Irgarol BILUML
WD L — 2135 AR E D LRTCH 5 EFEEN 5, SR EEIC Uz L4EMchz 5
FHFHEZITS Z &Ik, MERED S OBLEM DA B L ONEER, D RED DA RL
BIOHEIZDOWT, S S5ICHENRBEREED ZENBETH D,

2000

Q site 235-4-1 MIZ
Irgarol 10561 —@&— ....a---
Ml + s

ja—y
O
o]
(=]
I

conceniration (ne/L)
S
g
]

[

o

(=)
T

0 T & 1 ] ]
5.31 6.16 9.2 10.9 11.5

sampling date-1998

Fig.2 Occurrence of the dissolved Irgarol 1051 and M1
in sea water at two sites of Okayama.
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3.2 M1 DIEEMHR
A OMLIEIHIRE : 1.0 mg/Did, A TRWIRME HIEB L OO HIEICEL o T

76~87% MEMNE NIz, LT ONRER TOBERIT, ERFIARFOEINEZ 100% & L
TatE L=,
3.2.1 WK

50 COREATIT 1EER M L7250 M1 OFFHRIT. pHb, 7, 9 OFFER. WK,
KPIZBNWTENEN, 92,105,104, 102, 91% TH o7z, T DIRESRAIL25CT64 A
IS T 5 EEHNTH D (ASTM,1989). SEEDOKIFN S HITKIBETHE I EEEAS
& KMEOIKSRIEBD TR EE X 5NB, Fie, A — b7 L— Tz L 55%
FRZENTN, 89,098,102, 96,89% TH VD, BT L THD TLETH /2. TIHIE
DZEDRTENT &> THEHNTE BIRIREERA R 5 N7l BHE, Dk f#%EER T DpHS
DFEFRBIOA— 7 L —TNE L =K TH D, TNTNIL N0 R L7z, BULEY
Irgarol OIKDRIEDRD TIEL . BEEENE W I SIZBICRE SN TS DT
(Okamura et al. 1999), FUEAYNIRBGEDEE L 72V KR Tl TLEICTFET 5 &
EZb5N5,
3.2.2 KBt

1999 4E 6 A 015 BAFTIC 64 A [ U720 M1 OFFRFRIT, pHb, 7, O OFEEKR.
JZK, HKHRIZBWTENEN, 10,23,22,24,19% Th o7z, BT 6 ABIZEN
2., 85,93, 96, 85, 90 % AL TW=DT, BT TOEEREDENKBIEICE S
THfRL Tz EE X 53Tz, 19974E6 A M 5 2457 - Jz Irgarol 1061 DG fEFEERT
1%, BAFRT 6 20 B RITIZRAKH T 95% LA LDV L 7= (Okamura et al. 1999), Z3UZ
LT, M1 OMRRISEICAEMTHE L THEL TR . REKPIZBW TS 20 % 0357 L
Tz, M1 OISO FEBRRIZBT B0 MEYNL. BIVtmEEsE AWz HPLC 9 #rgefE
TR 5N o 7z,

Table 2 Summary of the phytotoxicity of Irgarol 1051 and its degradation product M1.

Irgarol 1051 M1

class test organism endopoint toxicity index EC50 NOEC ECS50 NOEC
seaweed  Porphyra yezoensis UedaU-511  conchospore germination 4-day EC (g/L) 4.1 1.2 130 17
conchospore growth 4-day ECs (2g/L) 0.60 <0.3 17 <10
Eiseniabicyclis Setchell g phyte 7-day ECy (/L) 2.2 (1.9-2.4) 0.32 >32 10
female growth 7-day ECy (g/L) 2.0 (1.5-2.2) 1.0 >32 10
male growth 7-day EGs (ug/L) 2.1 (1.4-2.7) 0.32 >32 10
algae  Selenastrum capricornutum Printz asexual growth 3-day EGy (ug/L) 1.6 (1.5-1.7) ND 19(18-21) ND
Cl ium ehrenbergii M asexual growth 5-day ECs, (ag/L) 2.5 ND 83 ND
normal zygote formation §-day ECs (g/L) 3.6 ND 86 ND
duckweed Lemnagibba G3 frond growth 7-day EC, (g/L) 11 (11-12) ND 120(110-130) ND
Lemna minor 1769 frond growth 7-day ECy (i2g/L) 8.1 (7.3-8.9) ND 71 (65-78) ND
terrestrial Lactucasativa root elongation §-day EC (mg/L) >50 ND 4.3 (3.9-4.6) ND
plant Arctium root elongation 5-day EC, (mg/L) >50 ND 25 (23-27) ND

ND: not determined
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3.3 Irgarol 1051 BIUDREEY M1 DARERFESE (Okamura et al., 2000a,b)

HES & BRI S B DWW TR THlE L TH 0 (A &1, 2000), 2
ICERBIC E L0 B, WEERYEHNE Vibrio fisheri \ZH U Tl L &#1E3£1Z 50 mg/L TRE
FBERE MO, YOKEFRE D.magnalxd 2 lbaM D LC, 13FREE®.3 ~ 11
me/L)Td 0., D.pulex, T.platyurusicd% ML o LC,, 1d Irgarol 1051 1T k#kd 2 &F
BizENhoTz. WERRE Asalina 26 U Tl mEiEatERE 40 mg/L T lrgarol 1051
DY 30% DIETHEZERLIEDITH L, ML DFEEERIT0% TH o/, ZOXIITHEBIL
FRREIC T S L E MO FIEIFIN > 2.

W LEMIIRRES & UTHER N5 s-triazine RILAEY TH DT, Fx OHEY) (g
27, BE2W, UFUU2M, BEAENEY 2T ICHTOREEME L (Table 1. F
HREY) % R < TEYREICK T B LS M D EC, 1 ZeNThpug/LOF—F —TH D, T
KIBE THEZR U, BULEW OBIEIAMREN L D BN > 7o AT E/ VITH LT,
BIATFORIEL D BERITH U TEEMSRS . EC, 13 Irgarol T 0.6 pg/L, M1 TIE 17
pe/L. RIS T OAEICH T 2 M ERE NOECO) Irgarol T 0.3 pg/LEAF, M1 T
10 pug/LLUTFTH o7z 7T ADEIREDZHE, MHERBEOERIIN L TR, TEEY
D EC, IHEER%ETH Y. Irgarol ®NOEC 120.32 ug/L. M1 I3 32 pg/L LAk EBH
SNz, XL HYFEQMIEERCHT S EC 1, Irgarol T 1.6 pg/L. M1 T2 19
pe/L EEHE Nz, I HYFEOEEEERLOCEEEMICH L T WbEmidThe
NRZEDEMN 2R Uiz, 2MEO Y A0 37 5 OIEEICH T 2 LAY DEC, | 3ATREDAE
YRXOBERIIEL, £k AUFITOER RTFT Y KD BREZENEN D .
ZHUTHL T, LY ABXOTRY OPBIHRICHT 5 EEIBULEMITITRD 5NT,
M1 iR TR 2R LTz, |

4. # B
4.1 KBEEICHVT B [rgarol 1051 OEdy

Trgarol 1051 13T B REEDED T <, BEORE T CRIKMREZIHIC <
WS, STREDA MRS (BB & 2 A0, KERIC & > TR X N=hk s, K
BB 12k o THML TR—DORIEEY ML 2ERT 5 2 E2ME SNk (Liu et
al.,,1997; Liu et al., 1999a; Okamura et al., 1999), T35 D/MRRIEDH, K L3
MRS BR T BKOEBCBVTEL B EEZ 5N5DT, Irgarol 1051 AN
KA TR AB MR L TOMREEM ML % £ LT B FIREMEASRIR S Wiz, T OREE
IZETNWT, 1996 ~ 1998 £EICHRER L 7= 3tk i O SREEY) M1 DM 2T 072 & 25,
THLEMA R TR B ORI RICRIE S 0, ML BRI < DA 0REFCEILamE D
SRAEEN o T, BUEAYIRER IO RN R TRIH X N2 BENE < BERB L
TUETOMRHEII DIz o T2, & T AW DREMISEULEWHR H S 72 > 7oK CR
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BT, FEESIR, FNIE, FEE) BV THKRIHII/=DT, Irgarol I3 NHED 2B
DlzoTHERAINTWE EEZ 5Nz, £, T LEMIET Y —F B X OaEOHEKITHR
HENZZENE, TPy —h— MBS O /NI O EERHC IrgaroldYE £
TWBZENTFREINTZ, 199845~ 11 Al T2 72 2 ERTOERBOTH, m{bEY)
VR W TR S 372 2 £ Trgarol 25 OBATHEET Z O 25 sUT B Tk fE
HAENTWBIEERLTNS, .

M1 D RERRIT L > T, AYEDNIKAREZTIT L, BT T 2LEENE N T
EMBASINETR o Tee M1 DK MRERR Tl MRIGRD 5N DD, #Hib
EYDIEDREL D DORIMEN T EDVRE Nz, M1 ORI T B E N
Irgarol K D BEWT &1, AWEDBULEM DA REN TH D ENHS DR TE 5,
E/z, WF EEKIRE T 2 ML OREEEEL TRILEML D bRh o/, ZNH5DE
BRI, M1 DOYBULAEY ERENENLLEICRETH B EE2RR L THBD, BitEY
IR CIR MREMIC OV T HBEE=S U > V%75 2 EOBEEHEERL TS,

KEFFHoFRFEER DAL R I DN THEK AR DFEBE T 24T o Tofl SR, T8 O AR EM1
MR ENZDT, MLIZRERED SYEH U7z Irgarol 1051 DNKBEEMR L THER L 72
ZEDRRIB I Nz, MHEEYDOFERZRET 57291, Irgarol 1051 2 EHTIRD
ESE 2 AWEERZTD ZENNRETH 5, £, HKITHER Uk Irgarol NsEE 717
FT5ELTH, ARk LML OEMIIAHTH 5 DT, M1 DFEYE - [KE - E~\DO%
TEBHASMNTT B ENBETH 5,

4.2 Trgarol 1051 MYEEEAERERIC T T 2SR :

Irgarol 1051 13fhd s-triazine REREA| & RO EERREEIC L D, (KIREE TEMIT
THEMEERITT. FIAE MHSEEB LY 4074 (Tiberg, 1994), (TEAEVREE
(Dahl and Blanck,1996), #5#7 4/ U (Scarlett et al., 1997), #FE 7 <E (Scarlett et
al.,1999a) IZX T HHEN, TNTINHRE SN TS, EMITHT HEEITHRD SRR
BRI T B 280395 < (Rogers et al., 1996; Toth et al., 1996; Scarlett et al.,
2000), AW THRBEDRETH 57z, |

WK PITHRE T B Irgarol 1051 D EisEl, B TIETF 2 TR EN/Z1700 ng/
LT® D (Readman et al., 1993), WiF W#E TIL300 ng/LLL T Tdh - 7=Liu et al., 1999b),
BOE TR SN mm OFERREE (296 ng/L, May 199813, 1155 A= MBEHE DJEE RREIC
%95 NOEC : 16 ~ 63 ng/L (Dahl and Blanck,1996), 87 4/ V) OFOERIH
9% NOEC : 22 ng/L (Scarlett et al., 199N ZBECBA T2, Fiz, ORBREILS
e TRME U 7= 20 E ) Y O FOARIZHY % NOEC (<300ng/L). iy =
A DEYBIEDAEREITHTT B NOEC (320 ng/DICIFIE—2T 5. BEOMMTENTFT vt
£ DR S, 1998LE DB THIKIZIRE LT 5 L~V D Irgarol 10511, B HEE
WEEMCH L THEERIFLTWS EEZ 5N 5,
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LA BT B RICH LT, AMRIEMML DI~ OEEB S ORI KT
%K%?éﬁ~7>?~9mm<\$ﬁnuié&%#%méh1méwﬁfﬁé
(Okarmnura et al,, 2000a,b), BIFET, MK X5 M1 ORE iR RIRETEF N
W2 33\ B 1870ne/LTH D, ZHE ) U BEOT T Ak % NOEC D 10 ~20%124H
w2 ML AR 6 IS 52803 Irgarol & D B35 - 728, BEFT CREAEREDI O
PIRERE R R LI 2 &M 5, MUZEAREELS OBIEFHIHHE AL T &5
Z 5N, ZOZEE. MLOSHOFELRVWEEBREICERTIUL, TOHRICERTD
oSt U CIE 2 RIF S IREE 2 R LT\ 5, 4. Irgarol 1051 ZEEMREEEID
BB 2 BT, Irgarol OFERRIEEEAE < 725 & [RIFAC ML & E 728809 5 2
EATHENG, WLAMORK, EE, EME~OBZEE=S ) 2T L, BEERO
P OMRAEERT S ENRETH 5,

5. STRDRRE

5.1 TIrgarol 1051 BXUMREEY) M1 DFEAERDKRFE

5.2 Irgarol 1051 B K OMREEY) M1 DFTHERE iy

5.3 R BEOZWEHEEH OB PRSER OIR S K OERRZERHE

54 KEAERERICRIFTTEHESIDOY AT TEAA Y hBLRY AT IFR—T A b

T

ABFZEE N T 5 BHEA Dr.Liub & DERFPHFEDO—H & U Tirbivz. ik § 25
I T OFIZEZIC k> TEM. &2 WIEBH 2E UTO N FRPIFEORRTH 5.
Fo U TR CREIDWEEET D ().
ZHE 7 Uit mIRAE SULEHL SARE wR M Gl KD TERSFEMFR)
75 ARER  AANUS Hlatt  IMAEE, Bil—#
IHYVFERR  BILERERAE BB S
YRR HERERE BIRFECR, FREAYE B B

SE R

ASTM (1989) Standard practice for determination of hydrolysis rate constants of or—
ganic chemicals in aqueous solutions. E895-89

ASTM (1992) Standard test method for conducting aqueous direct photoly31s tests. E896-
92

Ciba—Geigy (1995) Irgarol 1051 in antifouling paints, Technical Information Bulletin,
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Ecological effects and fate of a new antifouling compound in marine ecosystem
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Summary

A newly developed herbicidal additive Irgarol 1051 (2-methylthio-4-tert-butylamino-
~ 6-cyclopropylamino-s-triazine) is intended as replacement for the highly toxic
antifouling agent tributyltin, which has been regulated internationally. With the recent
fall in ambient concentrations of organotins, Irgarol 1051 has emerged as a new
aquatic contaminant in Europe, Australia, and Japan. Our survey conducted in 1996-
1998 revealed the presence of Irgarol 1051 in the Seto Inland Sea. Irgarol 1051
degraded via three different pathways including biodegradation by white rot fungi,
mercuric chloride-catalyzed hydrolysis, and sunlight degradation. It is noteworthy
that the degradation product M1 identified as 2-methylthio-4-fert-butylamino-6-
amino-s-triazine was the major product in each degradation pathway and identified in
the same seawater samples analyzed for Irgarol, at concentrations of approximately
1,870 ng/L. Both Irgarol and M1 were frequently found in fishery harbours as well as
in marinas, suggesting that ship bottom paint is a possible source of contamination.
M1 is likely more stable than the parent compound because higher concentrations
were identified in several seawater samples. Phytotoxicity bioassay revealed that
Trgarol was more toxic than M1 to various aquatic plant species such as seaweed,
algae, and duckweed. In contrast, M1 showed a higher toxicity than Irgarol to root
elongation of terrestrial plant seeds. According to the results of the bioassay and
residue analyses, both Irgarol and its major degradation product M1 may potentially
damage the primary producer community in aquatic ecosystem. '
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