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BhEE 5 0022 ,
KBV RER 1 51 B BBS AI0 JeRB RO E Ay

MELCRAFESOHREEENE LEFEIXLEYMOERADEL <HIREN3 LD
S-S TH 1 OENMEBL. COBMICRBOHBMBFRLHARS . EASHhTH
6abmb\ﬁﬁﬂ?igﬁiﬁﬁﬁEh?u%ﬁ%%%ﬁ@ﬁﬁ@%%[@?%
F—HEARINTEST. CNHDKBEICET 2 EGYERERICRIITHEIC
DNTOA—T Vv F—FE L, HFREFHDO—DTHS Irgarol 1051(2-
met hylt hio-4-tert-butylamino-6-cyclopropylamino-s-triazine) (&3 —H v /NXDK
RICHBWT 1990 FRMHE NP SBRESNECH, 1999 FICFHEFRNBELOA—
A RSUTOBKETORBIHRES N, HAMICELERENTOSBHERIO—
DTH5B, BAIIEIC, AYEPHIBEICL>TESICHBEL TRELRDEREY
M1 (2-methylthio-4-tert-butylamino-6-amino-s-triazine) # £ ¢ % Z &, Irgarol
BLEU M SHAREDOEKPCEETS I L. AELEMEHITKBO—RAEREIC
LU THNEEERITT I EamE L, FAMRTIE., KBEERRICEITS Irgarol
OERBYEMEZTMT 5 & FBBEBEOHBRBBRNBEIC KT T ZELFTM
TRHIEEBMEL TMRET o/, BIUKICHAER L= Irgarol [EEE5MR UV-A &5t
[CEoTHBUAL N, AYYT /v, RAGHERE. BEAKRILEELE
BEICEREICHRMBLE, —H. M1 ER>V T/ U BLBEE{bkFEDHTFIC
Lo THOB UM, RABHEENEEFEL THHB LD o, HEEHEE(L Irgarol
ERSBLT M1 EERK LA, ERLUEZ M1 SH U TIIRBRBERZRE M2
o PBEBOERNS. M1 FHRAEEDLY HEIMRICHTIREEDSENDT,
EHICHPBERITD LA RERNICEREICBTT200DEEAONS, DX
ST, RAKRICEEMICHEEL TOWI2XRABHEYER. BEPSKICERLE

Irgarol OESHICREMBEEERIFT MRS NE, RIS, BEICHT 2EE%
SRl T B0 IR EMM CHSE-sp £\ St ERERR L. JOBEAR

EROVERBBLIUVZ T RAERER OV AVIEARREEB THM L 5 BEOH
ﬁ%%ﬂ@%ﬁ@ﬁéﬁ@%mmﬁﬁﬁmBﬂto%Cf\ﬁﬂﬁfiﬁﬂﬁﬁﬁ
SEIAEEIEH 1y AREET 2R8HEERHABROR I U -2V IELTERTHS
EEZ I, BERIOEASMEE. #IVS)L— T (Zine pyrithione, Copper pyrithione) .,
830\ 4 JL— 7 (Irgarol , Diuron), ZDHE(KH101)D 3 Z ) —TFICHETE, #
HBFHON ODRERZIFARETHDZOT, ZOL D BEHEDRGNATT
vEAEERALTREAEGAZMET 2 2 EDEFEND,
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22 o
BhRE S 0022 :
7K B A R R I BT 2 FTHLEE A O FR iR Y 1

BhRRATSRE - AT FHRE (RILKE  BIRAEDFFH I
CEFBRE T B EILKRE BREHRFHE)

1. FEEH

RAREPEMEAOERE LTHO SN TEEERXHOERE 1980 FREENS
HEMICRE L < SRR SN, MEETORERE U CHFREERNEREN TS, UL,
ERECHN SN TV BREERIOBECERERICET 3 185RITt-7 V(> TOEL, EH
ENTOBHHERSBRIZ DB DDERITHICAREINTUVENEFTELS, E5ICEFD
ISP ES ORI A MEEEL AL, LES>T, ShEEHEESHIC
EBBREREBEL. KBEERCRIFTHEFSRANICTHET 22 L. BAEOE
HELERY, 2YEOEREEARZ L THY TR ET 3BETH 5,

SAREERIDUEDTH S Irgarol 1051 (A JLHE—Jb 1051) 4. BEFIE L TR
ENTWS striazine REEMICET 5. REFHBFD Irgarol 1051 OEBOHTIEI—
Oy /A TITONTE Y, #hdEitER - AR F(Readman ef al, 1993; Tolosa et al.,
1996; Ferrer et al,1997). A F U XEED - BFfiAE(Cough et al, 1994; Zhou et al.,
1996; Scarlett et al, 1997), XA XDi#f (Toth et al,1996), R IT—F > AE(Dahl
and Blanck, 1996) [CEW\THESNTEL, Bl HANBAESEE(LU of al,
1999b), F—2R b5 U 7 DILEER AR (Scarlett et al, 1999), K4 wAtZRinE(Biselli, et
al, 2000) [CBNTHEREMEESNE, CNSDMECL>T, AWEHSI—0O v/
(FTHRTITRA LT ZFICBNTHEREIN TN ENASMERD I, Lid LR
B5, FUEDKEENICRITTEEICD NTOI-T U7 347 <, KBRS 52
WEDERICET AMRILEETH D, OLIITKRAOR, Ha (LI, AWENEE
TEEICE > TESR LU TREMOSV\DREY M1 Z24/R T2 E&HEL (Lu ef al
1997). ZONERESHKFIEEMICL DMk (Liu ef al, 1999a), F/KBEIEN
18- L 295 R (Okamura et al, 1999) [CEoTHELBHILEREL. TOE.
BEEMETBEY M1 DRICEFABARERBKICEE TSI L (Okamura et al,
2000a), BERY 4973 EEMICHT BEENBO O TKELERERICH T 5 HENS
L ENBT &(Okamura et al, 2000b) #EEL TE /=,

AR CIEROE CER SN T AHHRSEAOBES RO~ DRBIME£E5
EEEIEL. KEEERICHT SERNSHOTEER EASNICT S E &b ICERER
[CRIFTE AT S EEBIE LT, LTOBECONTRI LA,

1) Irgarol 1051 O HRIESEE o
2) HEA BRI B R IE T R
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2. HEAE
2.1 Irgarol 1051 BLUIFONREY M1 DI EBEEFH
211 #HE{EEYE

Irgarol 1051 &LZ2DOHM@EY M1 it L. ho@EMEZKSERESE. B
DIIEEETH BN T 1/ v, RKOIEBINE TH DEMHERE (HRBROEED
SR (HA) BELOTZILAREE(FA). AIIKESRD Z7IVRED) . iEHHESR Th 5B kk
# (H,0,) OEEFETFTTEIMNES  TE&BELE, TE (1 /HPS. FF) BED4
EEOEHER I AAEENERTHSD SBA L. BILESZ) A DkiskD 21 8HED 7
JUREEIFHERE TR ORI FE IS EHES L= b D ENEIE Ve, BHEEROMER
it SRR EE S LT 5 mg TOC/L (#1110 mg dry weight/L) & L7z,
2.1.2 FEOHEER

IKFRTO Irgarol 1051 BLUETONREY M1 OFHEEE. W-A S TERNT
L= T FUIVICARELT 10,000 mg/ L [SEHEL 7 Irgarol 1051 50\
M1 Z. 1 mg/L £72dESBEUKISRM U, #EkE 50 mL OHERAHSAELE
AN, KEFEMS UV-A S (20 w, National) % 48 Bril@kBst Lz, 527
B S REOEREDEINTRESD 2000 W/ cm2 L725LD. 5V TORBERE
L7z, COSEMSERER VB ORI EIMBAE ST 5, UV-A 52715 352nm (C
BARARANS MLEELTEY, KIBYR%NE (UV-A fi &K 320~400 nm)
FEIBT2OICAVE, CORFRIChTMICEEND UV-B MEOREIMNE (BE
290~320 nm) [FHSRFBELEICL > TSN 5728, REPOKEEHIIFEELTY
MW EEZ 5N, FBHBIARN S 48 BRE®%E T E EHARIICERER L. Irgarol 1051
BLU M1 BEZ HPLC [CLUTEEL. SMEONRIEETE L/, SEEOYHE (N
T L) . RAEHERE, H,0,) £HESE/SAICIE. Igarol 1051 RELIFI TR
<. PRICE->TER LM OEEDEELI,
2.2 RMAEEINSREICRIF RN
221 HE(FEHE

R HEFH & LT, Irgarol 1051 (2-methylthio-4-tert-butylamino-6-
cyclopropylamino-s-triazine), KH101 (pyridine triphenylborane), diuron ( 3-(3,4-
dichlorophenyl)-1,1-dimethylurea) . Zinc pyrithione (ZnPT) . Copper pyrithione
(CuPT) #F W\, ThSDEEMZFRERE L TBASN TS CKE. 2000),
| EMELEET AO0EECEME L LT, REENES (SDS) 8LV 6 BEONIT
2 EE| (Atrazine, Simazine, Simetryn, Terbut ryn\ Terbutylazine, Terbumeton)
ZFUVE, SDSIZKICARRL. ENLIME DMSO (%L TRV,
2.2.2 BiERETE

%55 —F> Oncorhynchus tshawytscha FRRED;ZHHEEARE CHSE-sp Z4Ha
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5 ALPS & Mla+ Y bEER Lz (AEER. 1999), Hal L/m A Zbssiat,
RIUKEXZOPSHMERIELPEIEEFMIRE U TILCHTHI Lkt filaTh 3
(Karasawa et al., 1991), BHHEBAEEZHFET IO, XD 3 SICDOWNTHRERRE
SpEERE L. |

@ MEHRREER (96 NTL— FTD 1 © L= U DR DRTE)

Q@ T7IXTN—EDORIERER (7577 — 3 NE0ONERBORE)

@ BFEZYE~NORERH (BREMEORE),

£9. MR ET ST - LORGERMERST Lz, #IERE % 48,000
cells/ well, 24,000 cells/ well, 9,600 cells/ well D 3 BEICEHRTEL. /4o 07—
DETIN100 L FOBEL THEBRB S H/ZEIC10 %7 ST —ERmLrz,
TR ITN—RNEORENEREZRET /010, 48 BREEE TREMICHLES
BIE U7, XIS, #IERAARELAE 20,000 cells/ well [CEH%2L, SDS EE#% 0,2,5,10,20
mg/L @ 5 EEFEICEREE /I8 (T3Sl (100 wl/well), 24 BEEEIZ 10 %7S5< T
N—ESUEIITHA L, 75T T—E3 FIY KU TRTHDATO B IERA ST
DIFETTRISIT K > TERARIRGERD 600 nm M5 570 nm [22 7 hT30DT. #F1FN
DEEDRNEENEST S EICLVEMNNICHREEZMAE LN TER/RD. BAE
AR, SEEHAROAEMHREDFHMEICH S TINS,

Ll EOEBRNSRMHREOBRER LR, FRBERIOSETHE OB YT,
H-WM-3 iZih(Hepes #&& Waymouth $Z#h, 3 %FBS) THEE L /= MASDISEE 2R
Wy O AIFY—TH 5 BERSSETHRERRL. EXYT 1 o 7ICk UEES
BE ., BEMMEET CHIRREAEER U=, 96 well ¥4 207 — b 1well 247= U HRa%
2 2X10%cells L7322 K 2 (CHIRREZREL Tlwell H20 100 ul #BEL, 24 B
A »Fan— U THIREERGER CHOICEERE S UL, TO%R HBhEiRTT
M E2YE A SOEMFRES (HWMH0) [CBR L, HRESME 24 BERES
HZICHUEE AR T, 10 %7 ST —280 HWM-3 5B L, 24 BERE
AFaAR—=PRIITA 07— M) =4 —TRITILORE (570nm -600nm)
ZHE Ule, BELSIUSHAERL 20COBTITo7m, 10 %75 TIL—%280 H-
WM-3 #Z#h (MIRREEEEN) 2750060, TRTOITIDE TS o DIRFEE
zELUSINVER. 1 BERE/IY 8 well DRFEOTISEZE KD THBE OGN (X
TEREZEEEL L. 24-hour EC,, #k&H7=, |
2.2.3 IEYERAEEERBESER ' ,

=X R Oncorhynchus mykiss DFERINE RO /B ZETTo /2 (GhEEM. 1995),
HEFIRINE (Bp) MERIS EBRERAE) LU (&) LUREKEREGS Pk
EKRELZ—DPORBENCIEWC, SRERE TRIRIN 500 A2 /% B
BICHRFDUVED 200 BHERARTH 15 DEES LR HEFHOKIEICEHBK 4L
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(23t L# 100 RiEm B L D ICHIFTANAE, EBEKICE. 10 L OKEKRICFATRES H
YA 2.5 g ERIMUTEESE Lok EERLAE, 10 COBPITA »FaxX—-kL, 2
~3 AEICABEKESEBRULHSRIRIIOMEERFS, 7-10 BgCH LAtz
EMERERICHE L7, DMSO (SR L/ L WE (SDS £k<) ZHHEKT 5 BREOR
EICENENERUAHRK., BLUOHBROE 6 BREOEERERELE, 1LO
SERKICRT LT 24 BERILIPS ISR E L7k 20 L2 AN TREZ/MKL. KR 10 CD
BT 28 BRIOSRERBRET /2. BB PORBKDZEREH</ZHICE—-h— 1A%
KB ZIF TR, 24 BHEICHEADRRET. ADEEERFETHLLEBITTATA
I B LA, BBkl 2~3 BB (UL 1 BRE) (SRRl 2BE25M
L7=. Ecotox-Statics ZFANV=T7OE Y MEICK Y., FRERICHITHIETERNS FHE
SEEEE (28-day LG,,) ZEH L7, OECD [C&L2BEMIALERRIEHIRAETH. ZE
BEROREN S HHICEEZAERS LD 225 E TORBEABDED SNTNDM, FHR
TIIEGEEE L. AEAFRIIOZDOHRERE LT, |

3. THER
3.1 Irgarol 1051 OF5> fRIEEFHE

UV-A S5 7 L DRBE T T, BHEUKISARE 87= Irgarol 1051 LT M1 (448
BERIRICENZN 95 %, 80 %L EAFEFELTIV=, BERTICHWTIE, Irgarol 1051 (&
HIFE (N T 1/ 2 RREHERE H,0,) DTFEICED 59748 BRERICHIEIZ100%
THorN, M [IREHRBEORY T/ VHEET (B0 mg/L) IZBEWTHT75 %
Eote, CDEDIC. HEYEE UW-A SUT7ICEBEMRICHUTRETHY., &
= Fﬁf%,itﬂaélwtéﬁﬁzlid\éL\t%;ut LITFIC, HEMESEIC Irgarol 1051
BLUM ORRFERERND,

3mg/L DRI T /) UDFET BI5E, Irgarol 1051 (£24 BRI 100 %R
L7=#5. M1 (2 48 BERIRICH 60% PR LI=DHTH o7 (Figl). XU T7x/»
A 10omg/L #£EFTD L
& . Irgarol 1051
(3 8 FFERICTEEY
RL=H, M1 (38 B
R 40 %N HEL
=DHT, 48 BEEE
[C5Eea@Lriz. 0

—@— Irgarol +BA (3 mg/L)
—=&— lrgarol +BA (10 mg/L)
—O— Irgarol +BA (30 mg/L)
0.6 --m -+ MI+BA (3 mg/L)
-=-@ - MI1+BA (10 mg/L)

-=0O-' MI1+BA (30 mg/L)

concentration (mg/L)

time (hour)
D EH\: ?‘? (\- 2T Fig.1 Photosensitizing degradation of antifouling compounds
lrgarol 1051 % L‘t?ﬁ . in the presence of benzophenone (BA) under UV-A irradiation.
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MBS ICHBLAEN, M
[FZDONBERIGE D (FIZ<
mo7z,

6 EHEDRAEERE (5
mg TOC/ L) #7FFTIL.
Irgarol (& 48 EFR#IC
50 % LA LALLM

(Fig2). M1 [FWh3ho
[BHEREHEF T TOERELES
RIERDSNEh o7,
Irgarol 1051 D5 ERIC

Irgarol 1051 (mg/L)

Fig.2 Photosensitizing degradation of Irgarol in the presence of

12

0 10 20 30
time (hour)

humic substances under UV-A irradiation.

0.4

Fulyic acid-d
Fulvic acid-i

Fulvic acid-t1

=*  Fulvic acid-t2

50

Humic acid-d

*  Humic acid-i

—®—  Fulvic acid-d
o TERSICER L M1 s e " —o—  Fuvic acidi
BEEEROICEML. £ o T o m—
%m;ﬁ@7s \/E’; (HA-I) = =& = Humic acid-d

TEREEE 0.36mg/L &

M1 (mg/L)

* Humic acid-i

xo7= (Fig.3).

10 mg/L @ H,0, »7F
ETBIEE. »Irgarol 1051 0 10 Zt‘i)me (hm?:’) 40 50
(£ 48 BFEITRIC 90 %LIE
WL, M1 D%
[$10 %FEETHo/, H,0,25100 mg/L Tld. Irgarol 1051 (£ 24 EEZ (TSN
L7z, M1 O #Ed#) 60 % Th o7z, EU H,O0,BEDE. Irgarol 1051 DRESEIC
Ko TRBFICER LA M1 (4 6 BERIT£1C 0.03 mg/L &72Y, 24 BRIZICIISTTLORL
7=, 10 mg/L @ H,0, BETIE. H£RLAE M1 EET 24 BRLIEE 0.06~0.07 mg/L
THhol= 1 mg/L D H,0,BETIL. Irgarol 1051 (& 30 %L, M1 [3ERRERIIC
N LT 48 BREIEIC0.03 mg/ L &7no T,

Fig.3 Production of M1 in the presence of humic substances
under UV-A irradiation.

3.2 FHRSEAINRAICRIT T S

ALPS $EER T S5 CHSEsp #ifax A /=SB AEHET 5012, 1\ <D
ORI ETT > 7=, TEMERIESS 20,000 cells/ well LILETlE, 75T —EDR.
SRS 24 BREELUE<ED SIRRED 0.2 BikeHADT. CORETTREL
FENENTIEEE £ 2 -, REEMR SDS 0%, HBSEMAENA T 5 BORYEL
1o/ & B, 24-hour EC, 14 8.6 (+£2.0) mg/L &fiok. FIUGEEEMIERN
THRARA =2 — FSILLy RTEHE L& SDS 0 24-hour EGy, (4 8.7 mg/L &
MEENTHY (Mori ef al1998), 753 —Th—&RNTHIFFRCENSESNE,
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SN DOERMUBRIOEE, SERRCHT HEHRAEEZE 20,000 cells/ well, FREERHHE
%24 B, 7S 7L —RMEORRENEE 24 FkE Uk,

C CTRERE LEREBEICEDE, 5 BEOEANRERERICRETZEEHELE
(Table 1), 5 BHEOEHDSE CuPT OHFENEDHM (24-hour EG,, : 0.10
ma/L). &\T ZnPT. KH101 T4, Irgarol 1051 & Diuron [ZRFZEDEMERL
7. Irgarol 1051 OEEAEHE L TRAW6BED M T 2 LEMEINTIS
CHSE-sp #RaIx LTS ERIFE Ao/ (24-hour EG;,>100 mg/L). FHtE
B OEGERNRIEFRIO =T ADEEICKRITT 5 BEOHRLERIORZEZR
U3 (Table 1) (23R, RifAFEEAOBIEEKCT L TH CuPT OFMENHR B < (28-day
LGy, : 1.3 ug/L). DUVTZnPT, KH101, Irgarol 1051, Diuron T o7z,

Table 1 Toxicity of the new antifouling compounds to fish.

CHSE-sp. Oncorhynchus mykiss

24-hour EC50 (mg/L) 28-day LC50 (mg/L)
Irgarol 1051 100 < 0.88 (0.46-1.3)
Diuron 50 < | 0.84 (0.18-1.4)
KHI101 - 1.4 (1.3-1.5) 0.042 (0.036-0.050)
ZnPT 0.18 (0.15-0.19) 0.002
CuPT 0.10 (0.09-0.11) 0.0013 (0.00030-0.0017)
SDS 8.6 (6.6-10.6) ‘nd

4. & =B
41 JKIBEICHITS Irgarol 1051 DEd

B4k (CARR L 7= 2R#88A5# Irgarol 1051 (F UV-A B”E]‘L_J:D'C%ﬂﬁﬁf(ifcﬁu\ﬁ?
Uit fois. AV 71/, RAAESHERE, H,0, 7S31E LSS (I HEENE 5T
S LT, HEWEOERRETHRTS &, Irgarol 1051 ON@EPRDEN2/ZDE
RV T/ UTHY. BT, H0,. RABHERE TH /=, M1 ERVY T/ VB
O H,0, DHTFICL > THRAE L, RIABEREPHEFL THRM LI D7, Irgarol
1051 ORNDRICE > TR ICER LAENIRED M1 (3, FLaP& U HEMARICHLT
BETH o/, NV T 1/ VISHEBMEE LTSN TEY, RATERERILVEY
| BERAESENTWSBEEAIE TS D, HO, EEEERO—DTHY., HIMELL
FoTEROFUSUHNEERTZIEMMOENTND, YT/ rBLU K0,
(Fit (CEBEGTILES. BHETRHEESNEN, JITEHRO TEREDRRERNT
KEBERE AT o /=, SIS LT, AR TR\ EHER T T R CRARERDO (LG (4
fE (4 HiEmsk. 2 BEEANIkESE) ThY. KBECTEEL D DRE TN BERERZETO
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Too BRSO T ERO=ERREICE > T Irgarol 1051 NEHEEOXEEFEFTESICH
BLT M ZERLEZ &S BUSRE LA T TOBNEROEE (Okamura ef
al, 1999) £X#5T 3. DEY. TN SUEEEESTAOEEME S LT3
CEERTHOTH B, CORBERN S, BEIKHICEBICEE L T2 XA EHE
WEILERD SKITER L7 Irgarol 1051 OERICREMTEEERITL TING 22
S, LTI Entgasnrs, ,

O KOREICEWTRBITLENMEE RACHENE & OXBRERISICLE>T

Irgarol 1051 (IFeH R L. EIRFIC M1 #4RET 3,

@ HERLEM [E, E5CABEMEE S FIZ N,

@ M (SRISHICIZERICRT. BET A,
4.2 FHANSEEIDEAEREE |

5 EEOEHIL. TGRSR 3 & U SR EO S EKICT L
THOEEERUE, S5 2 BEDAERRN 5185 NBEHDS_OME S (24-hour
ECso & 28-day LCy) ZFMEE# EICT Oy hLAEEI S, BB (BB r=0.99)
DROLNZ, SOZEF #1 7 AMZET 2 REERER KA TR
LRI CRE TE A AAE AR LTI\ 3, ALPS 1ML RE CTIMD T
MENFEERERTH Y. BEEERERVABICHELLS N T AMEEDER
EDIBME D730, £/, MIRBZETSIYTN—ERVWTHET S &Ick Y. fEns
TONTNBZa— Sy REOBRERVIBSICHEL L FER. HtSoEy
ITREEVEE LR, JOLOHEE, SEaEEIIRT vt 1 4. THEREERE DD
ELZBEZRIREEEYEOSEDR I ) — =V HISERTE 3 2 &M iFE NS,

W< DPOBBRICO WTIIREECH T 2H/EMRE SN TS, Irgarol 1051 D=
DY ZBIRICHT S 96-hour LG, 3 0.79 mg/ L T#H Y (Hall et al. 1999). AMETE
Sh7= 28-day LGy, S THD, EXTOXNET (k2. Diuron D= R(CHT3
96-hour LG, (3 3.5 mg/L Thd, £/, ZnPT OfaSEM (EBEEM) X 7574
v alIxd S 7-day EG, &L T 0.009 mg/L, AFAHICHTS 20-day EC,, &L T
0.005 mg/L MEHEENTIVS(Goka 1999), ZnPT (=T RICH L THES|t%E
RUIEZEDS, BBECDONTE SICHILERESD JEOBETHS, ZhITHL.
CUPT BLUKHI01 DBESFHEICET 24— T F— 413720,

5 DI RINERERICRIT I 848 %, AME (Okamura et al, in preparation)
EEBITFg. 4 IORT, BIMEEEE Y F 0 HICHO SIS RIF TR (rgarol1051.
Diuron) (FBEECHT 2EMNEE<. —FH. HllZSEE U+ T (ICHENSEDE S
BEUFAALEY (CuPT. ZnPT) [FBEHICHUTHROSHERIFT, oS 24—
TOAEMISHL T, KH101 (34EME BEOmA 1T U TLHER LSt E2RT, —0
£ [CBHBRIDEERZEHATIE. BE—DEEN SORBET TER+HTHY . &
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BEHEOEYREICHT DRE
ERABERICTHMET 5

EDVETHS, Diuron
KH101

Irgarol

5. SRORE ZnPT
5.1 FEBEEMOLENE  CupT |
FEMERTAM ‘ SDS - O o

5.2 FHEPERIORER ) . ) ,
iR » 0.001 0.01 0.1 . 1 10 100

: concentration (mg/L)
53 %ﬁ*ﬁﬁﬁjﬁﬁl‘l 0) U Z a =@== microalgae (3-day EC50) === duckweed (7-day EC50) === lettuce (5-day EC50)
==O==fish (28-day LC50) ={J= fish cell (24-hour EC50)

TERAAY PBLBURY Fig.4 Ecotoxicity of the new antifouling compounds.
RFR—TAE '

T

AR N SIBEE Drliu b &EQREMEO—BE LTiThni, Sl
BAALPS B4R v 1) [FREUKEAS K ERESHRZO T SNERET L UHED
FrE | EMSEREORERICD OV CRAEN VEMEEE Ve, = U7 RFRINIEE
BTG () RIS E—ERR S TIC (M) WK EIRRS  AEERD
SAHTENE, BRITIIKERD 2 BED 7 )L RE S5 T 2 A% RIS 20T
ST A BRI S N/ b DE S RTAE, KH101 [$(#) ILEYER TE2 5. Irgarol
1051 1475 S ETEKEHETD S ENENHRENE, S D0F 4 ISR < St L
HFET,

SEHR
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Fate of the new antifouling‘compo'und in aquatic environment.
Hideo Okamura and Isao Aoyama

Research Institute for Bioresources, Okayama University, Okayama, Japan

Summary
New antifouling compounds are intended as replacement for the highly toxic antifouling agent
- tributyltin, which has been regulated internétionally. Irgarol 1051 (2-methylthio-4-tert-
butylamino-6-cyclopropylamino-s-triazine), one of the hew antifouiants, has emerged as a
new aquatic coﬁtamina.nt in Europe, Australia, and Japan with the recent fall in ambient
concentrations of organotins. We reported that the compound degraded via three different -
pathways including biodegradation by white rot fungi, mercuric chloride-catalyzed hydrolysis,
and sunlight degradation, and that the degradation product M1 (2-methylthio-4-tert-
butylamino-6-amino-s-triazine) was the major product in each degradation pafhway. Both
Irgarol and M1 were frequently_fdund in fishery harbours as well as in marinas in the Seto
Inland Sea, suggesting that ship bottom paint is a possible source of contamination.
Photodegradation experiments using UV-A lamp showed that Irgarol degraded in the presence
of some photosensitizing agents such as benzophenone, natural humic substances, and
hydrogen peroxide. M1 itself also degraded in the presence of benzophenone and hydrogen,
peroxide but not in the natural humic substances. M1, simultaneously produced from Irgarol
in the presence of photosensitizer, could be more stable than the parent compound and it
probably accumulates in the sediments. Natural humic substances in water are the ubiquitous
components which affect the fate of Irgarol released from ship bottom paints. To assess the
ecotoxicity of five antifouling compounds, a new microbiotest using suspension cultured-fish
cells CHSE-sp has been developed. The 24-hour EC50 values to the fish cells were highly
correlated with the 28-day LC50 values to juvenile rainbow trout. The short-term test using
CHSE-sp cells can be used for toxicity screening of chemicals. One group (Zinc pyrithione
and Copper pyrithione) was quite toxic to the fish speciesl and the other group (Irgarol and
Diuron) showed weak toxicity. The toxicity of KH101 (triphenylborane pyridine) was middle
between the two groups. Thus, the microbiotest could be used for the fate study of antifouling

chemicals because the concentrations of some compounds can not be determined by chemical

analysis.
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