9816 HHBIEH L ZOHREY IMERERRICRITT PRFFMICET 5058

BIRRESRE RN R (RILKS FURAEYR 0 7ER)
LFWgeE I B LK HRAER R

BESRE & U THER SN TE-ABA LA OERIZEFEICHRI S NS Z & Eixo7z,
2T REESINMEREIN TV EEZ5NDA, HTLWEEENCET 54— 7>
F—Z 1370, Irgarol 1051 (2-methylthio-4-tert-butylamino-6-cyclopropylamino-s-
triazine) REFHPFEHOVDEDTH Y, B, I—O v /NTHRIZIKERIE L L THE
BEXNTW5, I—0v/ LS TORYEDBEEMTNIRE SN TVWRNDT, FHFAT
IHEEAEOEE (BHE. <V —F, M) OkEMNSHE LT 1996~1998 Fihiz
0BT 2T o 7. 1996~1997 SEDFERER, Irgarol 1051 13 93 FEIOW 24 FUEHT
RIEN, B 13~264 ng/l OREICH T, RIEEIZT Y —F &0 bIRIEOHA
ENSEDT, EENEERED—DTH D I LIRS Nz, 1998 4F 5~11 AIi{Tok
AP TIL. R TRTOWAKIC Irgarol 1051 AWEHE 4, 1REEIL 55~296 ng/L
OHFRIZH 5T, LIED 3 ERIDOFERERD 5. Irgarol 1051 IHEL &b 1996 LFLREIC
HEEPREL RO Y —F B L EEIC BV TRERE S L TER SN TN S EE X 61
KB DLERIRD TENWESHN TS, 3 EEORE (BREMHEICXSENH,
KB & LTI MR, AFBHAME) 12X o THMRL, WIONBLHREY M1 (2-
methylthio-4- tert-butylamino-6-amino-s-triazine) VS % ERBEBMETIST, T
DI T, KBRS E T D KDEBICBNWTHECAELTND EEZAEND,
NEBED R 5 YRR W 7 FEORERICE D, Irgarol 1051 S0MEY M1 2
AR T T I L. WA OWEME S L CFRZEICE T 2235
Fro —75. BLMNEEREICH L C Irgarol 1051 13D THRWEEZXKIZL, M1 OEHIEHE
BN HBET 2 LT/ b OO, REFIOFIEICIEL Tz, mEEEY OLRERIC
HUT, Ml IR U7 8 FED siriazine RILAMONTRBHEWAEFZRUIA,
Irgarol 1051 FAEERERMN O/, TNHDIENS, Y LEYNIKE O—RAFEITH
LTEERRIFUAES EEZ 6N, 5% HMENOEBEEZHASMNIL, B OIE
NI B E RIS Z EAMETH 5.
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9816 HHBHTER L ZOSREYIFHEEERERICRIZT BETMICET 2%

Biatse | B i (MILASE BIREY R 5 T)
ERWgEEE I By (LIRS ERAERED T

1. HEBER

e AEADOHER E L THWS NTE A XFI O AT1990ELIRER L <
fR SN, REFZORERE LU THRABHERANEREN TR DD EEA 5N,
LU, ZRICANWSNTWSREFRIORECRICET 2 EHRITMDTZ LI, #H
INTVD EFRINIFRBHFERTH > THERIITHICARINTE ST, &5
IEDRENEMICAT2ERITIZEAER N, LENo T, INSHEFERNICEL
DIEGRMZIER L., MEEBRICKIFITEELRANICGHAET 2 Z &1, BAED
E+ReEzZND, HEENOZEFMZITO 0. EILFEHEOEBREEOE M SR
ODTRBZETHHRETH S, €I T, AR TREIBEAETERAIN TS AREED
EWHTHRBERIOREEROZDODEBNAREZ/2 I L2BEL. HREYMZEZED
T BB IERI DB ERRRNOREZRIENEN EEHOBE AN SFHMET S Z &2
B &EUT, (1) FRBERIC X 15 R OBRIBE, (2) FHRBHEHIO R, (3)
BILEY &N REY O ERRRZETE. ICRDMBA,

#ER U 7= 313 BATE Al Irgarol 1051 (F VA O—)L 105D1E. BRER L THEREN
5 s-triazine R{LEWICT/E I % (Ciba Geigy, 1995), HEE TIZ, I—O v /NIcBIT
SR DOYETFREIrgarol 1051 DEREAMNIRE TN TWw5 (Readman et al. 1993;
Gough et al. 1994; Tolosa et al. 1996; Toth et al. 1996; Zhou et al. 1996; Ferrer et
al. 1997; Scarlett et al. 1997). ¥z, AYHEIIBEAKEIE Phanerochaete
crysosporiumiZ & o TESRL . BREBHEDOBWHMRENML 2 AR T 5 Z ENREX
NTWa (Liy, et al. 1997), AL Liu 5 EOFEFERFTO—EH E L Tirbiiz.

2. BFFHE
2.1 fHEbFmE

Irgarol 1051 (2-methylthio-4-tert-butylamino-6-cyclopropylamino-s-triaz-
ine, 95%) 1& Ciba Geigy Canada & DB\ 7z, Irgarol 1051 /KIEWRICHALKER % Ik
92 &, EMBENNEL THREMML ZERT 5 2 EMH S M EN=(Liu et al.
1999) T, ZDIKARERIGZFA L TOMEY ML ZHEEE Lz, KEBA A itk
% 2 R DIk 3R & > Tlrgarol 105113520 L. B{LEMEEICXH LT 70
%D MLAEEY Z15Tz, NS 2BEDLFMEOEE S IKRT 272010, £EEE
ABRITITEER D s-triazine R{L &Y (atrazine, simazine, simetryn, terbutryn,
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terbutylazine, terbumeton) Z i L7-, HEHBR T g EZZTNETN
DMSO (dimethy! sulfoxide) IZ¥&f# L TR Wz,
2.2 ¥B/KHh DYATERE Irgarol 1051 DIRE AT

RN EOE S, <) —J, EEICBW TR ZHEIR L7z, 199649 AI1TK
B 6 ST, FFEL2 AICITMEED 11 A TEKERER LUz, 199747 BT
kEGRERE (ProniAy ) HoWidERME (ODSHIE) Icftl. BRYEZ
BEHELEZ. BRLERRZ, F¥yESU—HF L (HP-5MS, 0.25 pm, 0.25 mm x
30 m) &% L7/=GC/MS (GC-Mate. BAETF) ZAWTAHI L. EEITIESCAN
F—RTELNEDFAAE— (/2 253) OEEEZ AWz, £z, ALiEKIT
Irgarol 1051 2L T5~100 ng/LOBEKEFAEL TRINERZITo12E 5. W
HHEEHIZ0% L EOEINEKRTH > 72,

19984E 12 X MILIEFE D HEF NHERED2E B Th SSite 235-4B L UKEHE MIZ)
B\, EHRIC K B EER L. EKkh DEGFER~RIrgarol 1051REZEEL 2, Site
235-4Tl2 199849 AICER Z AL L. Irgarol 1051 DA ZTT oz T X 2)N—
SHEREEZFAWTER LZERE 2 mmOGmWIZNT TERZICESRD ., =008
IC L DEIRKERELRICHEEERE LUz, EREE Q) KEEIFIVZIA TH
HigZ2E, BRI mLoyY = MJIVICE/MEL. GC/MSIZK D AT LTz,

2.3 Irgarol 1051 D43t FFiE
2.3.1 k53 1%

ASTM (1989) 1ZH¢\, Irgarol 1051 OA/KS #EME % 5 L7z, Irgarol 1051 &7
T b= R UIVICER L TREKR(10,000 mg/L) &S L 7z, DHZE SERBEICHAEE L 7zik
Bk 20mMBEEE S 1) w7 AJKIAIR. pH 3, 5, 7, 9, 11) ICRFHRZ R L T, Irgarol
1051 % 1.0 mg/L & L7z, 22 10 mLOR UM EFRRES SFICWNTER
L. 50 CORFHcH#ELE, 1BRKICIRHL, Irgarol 1051 BEZEEE LI,
2.3.2 KB 1%

frEt K & LT 2 B R AK (BB VR B O NIE THRELL 72 iE8EK B K UM
B ASH 2R T 2R8I TR TR L /ZFIK), pHZ 3 BRBEICHRE UIzikE
Wi (20 mMFERE - 1) U LOKISR, DH 5, 7, 9). BXUBHKZA W, T2 0.45
um D A>T 574 )F—THE@E L, fER Ak OBEN 1.0 me/L E7BB LI
Irgarol 10512 ML TO.2 yumD A > TS5 7 4 )vF — TR L&, WE L7 TPX
A~ BVIZ 250 mL)\?}’l'Cg‘*%bfce BRABEICSARAALZHN NIVORN, 4XxZ2T )V
SRANTENRL., BFICBITAHBE L. ZNSDOARMVE, 199746 A 12 H
M5 64 AR, UHEFEBRLICHEBEL. KBXICX2ADRERZITZoZ (ASTM,
1992), REFENIC Rl ZEREL L T Irgarol 1051 REZEEL7Z.
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2.4 AR BT MmEER

ARERICBWTERZKERBICE T 2EROEMEICHT 5l oFEZ2EEN
IS U 7= WHEETEBR 1 V3B RGBS Vibrio fisheri % FAVY/= Microtox 21711, 30
min-EC50 28 U7z, ERIEBIEEEHRICIIWKERE Selenastrum
capricornutum (NIES-35) %z ), ISO (1987) IZf > TikEr 21T\, 72h-EC50 %
BH Uk, RREICHT 22 8B3ERRICIE Daphnia magna, Daphnia pulex,
Thamnocepharus platyurus (LA_E. $OKER) . BK U Artemia salina (JEERE) %
Awn, Tz 24h-LC50 2E M U7z, BFdEz AR, EHERFy b T
B % Toxkit ZAW/z (Persoone, 1998), mEEY DB HEEEHXRICIIL & 2
(Lactuca sativa)ET % Fivy, 120h-EC50 ZEH L7 (Wong, 1987).

3. MEER
3.1 PPN EICBIT 2HEKF DIATFRE Irgarol 1051 (Liu et al., in press)

1996 ~ 1997 FEITHER L7z 93 Bt DA, 24 FHBHT Irgarol 1051 AR 2 7=
(Fig.1). BHEN/-BEBEIZ264ng/LTHo/=. TELTTVU—F (17/63 8}
=27%). BIOVEE (6/13# B =46 %) IIBWTHREIN, REBETIIH2NES
B (Q/1783E=6%) ITBNTHERD LN,

200 ng/L of Irgarol 1051

Fig. 1 Spatial distribution of the dissolved Irgarol 1051 in the
waters of the Seto Inland Sea, Japan.
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1998 BT iT - R IR B D 2 ESICBWT 2 BEAMOMKRE, #KHOEERE
Irgarol 1051 I3 2B TR &N, JEEEIL 55 ~ 296 ng/L O&HICH > 7z (Fig. 2) .
Site 235-4 Tl Irgarol 1051 WS AICE <. 11 BIEWERICH > 7z, FS
TR U-EEICIE, Trgarol 1051 W EHam o 72,

300

—O0— 2354-1

~ —0— 23542
%200 —e— 23543
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g —&—  MIZ-2
E 100
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Fig.2 Survey of the dissolved Irgarol 1051 concentrations at two sites of Okayama.
3.2 Irgarol 1051 M4 &M (Okamura et al., in press)
3.2.1 KSR

pH3, 5, 7, 9, 11 OiE@EKH TDIrgarol 1051 DFERFRITZNEI. 71, 91, 92, 90,
78% TH 5720 PHN5~9 TIIH 10%BNMRLIZOBTH D, BEEBIURT IV
HY DOBEITITFNTN 29, 22% WO R LTz, Liehis T, —RIRFE/KD pH AT
V& Irgarol 1051 OIADRITECICS WEE R BNz, Eew A— b7 L—TLE
(120C. 1.12KE. 20 ) &> THAEMEDHRIRD 5Nizh o7,
3.2.2 KBNS |

BT Tl 62 B 12121380 % Ll D Irgarol 1051 843 fR L. B KRR/ B K U pHS
DIEER T TIL95% LI EMAR LTz, ZRUTK LT, B TOARIZ6~30%Tdh o
Teo 7272 Uy MK TIREFT T b A8% DR U Tz, BIFF B K URHT CONREDER
KBRS B L DB EEEZ 5Nz, DK DI, Irgarol 1051 DYEfEITEEHIK
SEFRTTLED B, RAKFTECLTWI EVHASNERo Tz, iz, RREKH
T®Irgarol 1051 DHAMEBREICBNWT, XOMEN ETEREINDIBREOE—IN
BEEN., ZORTERENEDE L. BEENEWYEZ M1 (2-methylthio-4-
tert-butylamino-6-amino-s-triazine) & & L7z,
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3.3 Irgarol 1051 BERUDREY O EiEEE

Irgarol 1051 B X UMI DAEREEMNEZ, 7 B EYFEE FH VW TEEE L 7= (Table 1),
1B PEFECHIE Vibrio fisherilZxt U Tl L& MIZEIC50 mg/LTHEZ R ah o>
7zo WEE D.magna {249 2MLEH D LCS50 I XRBETH > 72, ZHITH L.
D.pulex, T.platyurusiZxtd 5M1DLC501dIrgarol 10511Z LT % EBEZICE D >
2o MEBTH S AsalinalZxd U T, &EEEEHIBE 40 mg/L Tlrgarol 1051 2130
BOFCRERLIZDIIH L., M1 DFEERIZ0% TH - /=,

F{LEMB LU 6 BEOEBZD s-triazine RILAWZ AW, KWK EMMESE
S.capricornutum|ZX9 2 385EME . B L UEEMEY) L.sativa D SR £ E % 5
L 7z(Table 2), #EEIZxT 5 Irgarol 1051 BX AN ML @ EbC50 13, FHN-Eh 1.57,
19.4 pg/L THh o7z, terbutryn ® EbC50 1d Irgarol 1051 LIFIEF LU TH Y., atra-
zine B K U'simazine D EbC50 122114, 102 pg/LTH o7z, L7zh> T, M1
DEEITERELEME D BTN, BREFICEHL TWEEE X5,

Table 1 Effect of Irgarol 1051 and M1 on bacteria and crustaceans.

Bacteria Crustaceans
test species Vibrio fisheri Daphnia magna Daphnia pulex Thamnocepharus platyurus  Artemia salina
dopoi biolumi lethality lethality lethality lethality lethality
index 30min-EC50 (mg/L) 24h-LC50 (mg/L) 48h-LC50 (mg/L) 24h-LC50 (mg/L) 24h-LCS0 (mg/L) 24h-LC50 (mg/L)
Irgarol 1051 >50 15.7 (14.1-17.7) 8.32 (6.68-10.1) 5.71 (5.14-6.27) 11.9 (10.9-13.1) >40
M1 >50 17.3 (15.3-20.9) 10.6 (8.96-11.9) 27.4 (20.6-38.0) 18.7 (17.1-20.6) >40
95% fid intervals in parenth

Table 2 Phytotoxicity of Irgarol 1051, M1 and some related s-triazine compounds.

Microalgae” Higher Plant”

test species Selenastrum capricornutum Lactuca sativa
endopoint cell number-area

index 72h-EbC50 (pg/L)

cell number-growth rate
72h-ErC50 (ug/L)

root elongation

5d-EC50 (mg/L)

Irgarol 1051

1.57 (1.49-1.66)

2.25 (2.13-2.38)

>50

M1 19.4 (18.1-20.8) 45.7 (42.0-50.0) 4.28 (3.95-4.62)
terbutryn 1.98 (1.87-2.09) 3.31 (3.10-3.56) >50
terbutylazine 16.7 (15.7-17.8) 36.2 (33.2-40.0) >50
terbumeton 25.6 (23.9-27.3) 58.6 (54.0-64.1) >50
simetryn 10.9 (10.3-11.6) 20.5 (19.1-22.0) 41.3 (35.9-49.1)
atrazine 114 (107-120) 176 (166-188) >50
simazine 102 (94.3-110) 218 (202-235) >50

95% confidence intervals in parentheses
a) under continuous light, b) under dark
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L & Z L.sativaD ¥R EEC 3 2 M1 B X Usimetryn D EC5013., £n-£414.28.
41.3mg/LTHolz. TDhD 6 FEED s-triazine &ML 50 mg/L THERBE
EREENoT, Fie. R L SBEO(LEMETIE. WINbEEMRKRE (50
meg/L) KB BFHEEIIEU LU LETH oz, ZDKDIT. MLIE L.sativa DR E
TR L T, LA ORNTROBWIEEZRLTZ, ’

4. E £
4.1 KEBIEITH) B Irgarol 1051 DiEdr

1996-1997 LIz TFro 7= Irgarol 1051 OFEREH#TIC L D, Iragrol 1051 133
FRIEBREICBI 2T —F., i EFEomKkPickitanz, BETRETIN
OV, CNAIHTTH S, ZRIMICES &, HRPEOILREERE TRE 12
HEENS <. BEBLIVOMETOREEIIDIZN o7z, 25D Z LI, Irgarol 1051
M TIHEERNBREICBNWTHERAENTNS ZE2RLTHD, BHSNZBRN
SHUWT B ET LT r—AR— b BICEBREO/NEIICHRERE & L THEAESNT
WBATREMMEES RR X Nz, ZOREMTEITNETNOHRTO 1 EDHORERE
BaERLEN, 1998FI{To 72 2 ERTOHRE ST, Irgarol 1051135 AN 511
AETERLE-£ToEkKREICRE SNz, DT &, Irgarol 1051 28 2 BRI
BOWTHEREE L THGEHICERAINTNSEZLZEDT2DDTH S,

KBETHER S NAHERL. TNBAANSNDBIIBVWTHNZRETLHIEED
ICEPNICORT B 2 ENEEND, KBREICBT 2 LFWEDOEMIENFR. (L
2Ry MEHERICKESNTED. SFITENERB L OEEMRIERNBEID
TW5, Irgarol 105113 B &E# 58 Phanerochaete crysosporium DIEMAIC L > Tor
L. DREMMLEERT 5 Z ENBETINTWVS (Liu et al. 1997), F/z. Irgarol
1051 DIEEYHEHEE LT, KD BB LA EIRHRE SN TS ([Liu et al.
1999, Okamura et al. in press). 7KH® Irgarol 1051 34— b o L—T7 0T X >
THHREINNIENS, BUTHTHREEIIED TRV, £IAW, FRIZBW
THKELE M ZTRINT 5 & Irgarol 1051 AR IKAEL. DREMML ZE/RK L7z
(Liu et al. 1999), 7KEBIC &> THE X N7z Z DMK RGO ERE (Cu, Ag,
Cd, Pb, Zn) & EML THERD 5NT . EHKRLEMIC K 2 EADNRDEE TH o/,
7 T. Liu et al. (1999) 13 Irgarol 1051 O FTICER L. F/KDOBEZ BRI E L TK
BILEMERMT 2 Z EITEITENDERETHD ZEE2BRNTWND,

KEXTTD 64 ARIDEHANERICE D, /KFOD Irgarol 1051 IERFENC MR L /-
(Okamura et al. in press). BULSYDORFFHIRHEE & DIT. STEEDDRED D
ERERD. ZONTELERENS < BREENEMEEWIEDFEN TH DM
E—F LT, BULAMOIDREEIIRABKFOENELS . EDMEMDERED

-170-



10 12 3

EMoTzZ LM, RBKP OB E T LD FENTRREINS, KEHICE 2%
EERISIIENBEE T 2KDORBICBNWTEL S EEZ 5NDDT, Irgarol 1051 A1
REKRTHREICKBADE L THREY M1 ZERR L TW S AT RIB = N,
4.2 Irgarol 1051 BLUDEEY) M1 D AEREZE

Irgarol 1051 1ZHEMITK T 2 F D TR <. o s-triazine Z{LAYW & FRED
EREBETAERIEEZIIERITEZZIONTVS, AWETES NG
Selenastrum capricornutum DEFEIZ X T % 72h-EbC50131.57 pg/LTH > /=, L
WA Tl S.capricornutum OEFEICXT 5 120h-EC50 13 1.26 pg/L. #ES 1
Skeletonema costatum D¥EFEIZH T % 120h-EC5013.0.45 ug/L. W+ Y Lemna
gibba DIEFEIT T 5 14d-EC50131.65 pg/L XN TV S (Bard et al. 1994),
K7z, Scarlett et al. (1997)13#E Enteromorpha intestinalis DiEEF DEGE% 5.4
ue/LTREMELLEZLZ|EL TS, EYLSNDEYTEICKHT 3 Irgarol 1051
DEMICEIL T, Toth et al. (1996) 13X > 0 D.magnalZ#d % 48h-EC50 13 8.1
mg/L. ZIT AT HLC501 0.86 meg/LTHh 5 EhNTIn5, S TR L
Jz 4 RO FRBEICN T B Irgarol 1051 DEMENL. MEMICHT 2EME & HErd 3 &
TNBHEL, CHMEEFRETHo 7.

EEBIURRBEICKT 20 MEY M1 OFE. Irgarol 1051 1IR3 EMEL T
§8n 07z, L LANS, BEICHT2EZYEDOEMHIZ. BREFIELTHAVWSATY
% simazine B & U atrazine & 0D H58 <, terbutylazine 3 & U simetryn IZIEH L T
Wizo ZORBRKERIE. DREDNEME & FRIKBO—REEICH L THRNEE
ZRIETIEERLTNS, £z MUIHBHERBETL Y ZOMEHEEZEEL /-
(EC50;4.28 mg/L)»S, BALEMIMAEL 20 o /=, PIRHBEICH T 2EEICITNE
IS L TWanD T MUIEKAEGREZEUNOEERRIEEZETEE22 005,
FRETHREINZIrgarol 1051 DEEEE (0.296 we/L, May 1998)iZ
S.capricornutum OEFEIZ KT 2 EC50 (1.57 ug/LDK 55D 1 TdH V., Scarllet
et al. (1997) BVRE L TWHIBEDWETFICX T 2 BHERE (0.022 pg/L) DK
128 TH 2, 2D &IE WKFIERBETEE L TWbIrgarol 10511k 5 T, /K
BO—REENEICEELZZITTWAAEEEZRLTNS,

5. SROBE

5.1 BULEMB I UDREY DEM

Irgarol 1051 I3fRERICEAT & Nz BRI S & IKITIEMR L2 52 D3hh % %
BT 2—77T. KIBANERT 2KDERE TRIFMICHEL . BEMEOB W REY
ZEUBETFREIND, TIT BULEME L BRABEMIIDONT, APEEZD
RESBOEREAN 2T CENRAREENS, AYERIEE L TERTHERA SN
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TWBMN, 24 A TRFKIIREINTNSD T, BAEIZBWTHHEIPMR E D
KICBUTDERBOMMMLETH 5.
5.2 BLEMPB X O MED N IEEEMIN T 52 ET 0

Irgarol 1051 1 & L THI CHEA S N TN SO T, Wil RS DI AWK
THELEIAMNALETH D, o, NREY ML @%’[‘ili%@@‘%ﬂ‘“j"/ﬁf—‘fﬂiﬁ
WDT. BEEMERDEL-EL QDEYEICHT 2EETMETOVEND S,
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Fate and toxicity of the new antifouling compound in marine ecosystem

Hideo Okamura and Isao Aoyama
Research Institute for Bioresources, Okayama University

Summary

Irgarol 1051, 2-methylthio-4-fers-butylamino-6-cyclopropylamino-s-friazine, is a
newly developed herbicidal additive for use in copper-based antifouling paints. It is
intended as replacement for the highly toxic antifouling agent tributyltin, which has
been regulated internationally. With the recent decline in ambient concentrations of
organotins, Irgarol 1051 has emerged as a new aquatic contaminat in Europe.
Currently, there is nmo information in the open literature on its environmental
occurrence outside Europe. A three-year survey was conducted in 1996-1998 to
investigate the occurrence of Irgarol 1051 in Japanese aquatic environments. A total
of 2 trade ports (Mizushima and Kobe), 73 marinas and 13 fishery harbours were
surveyed during 1996-1997. Irgarol 1051 was positively identified in the enclosed
coastal waters of the Seto Inland Sea in Japan, ranging in concentration between 13
and 264 ng/L. Irgarol 1051 was found more frequently in fishery harbours than in
marinas, indicating that besides marinas and trade ports, fishery harbours can also be
a significant source of contamination for the aquatic environment. It was found that
Irgarol 1051 was degraded via three different pathways such as biodegradation with
white rot fungi, mercuric chloride-catalyzed hydrolysis, and sunlight degradation.
Among them, photodegradation is likely to be occurred in nature. It is noteworthy
that the degradation product M1 identified as 2-methylthio-4-ters-butylamino-6-
amino-s-triazine was formed as one of major products in each degradation pathway.
Ecotoxicity testing revealed that Irgarol 1051 and M1 were moderately toxic to a
marine bacterium and the four crustaceans tested, but were highly toxic to algae. In
the toot elongation inhibition bioassay, M1 showed a phytotoxicity at least 10 times
greater than that of Irgarol 1051 .and six other triazine herbicides. These results
strongly suggest that both Irgarol 1051 and its degradation product M1 may
potentially affect and/or damage the primary producer community in aquatic

ecosystems.
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