RFHEZ 39
A TT v A 215 U Bl BRI 0 23 L FEAn
PEHES - B SH (BEENKEENSL)

BEFE L TOERI XFOEAGHAMCHELFBRENBITEY . REOH
B ERIAERESA TR EEZLND, LML, BAETEE - BRSATLS
RELLAMOESCEZCET AT —4RAESATELT. B40itaBnkE
BIZHETEERCEERICRETEECOVNTOF—T U F—2 ZEH THEL,
REFSETHS 2EEOEEEYF4Y (EREUFHY. HEYFFD) &,
HREBICEAESATONAEEDATNGA, BEP TOEGCEERICHT IEE
BT AMETBOHTLHL, BT, BERTOMERIAIEIFEIL TUOAEL
ClE. CALOMEOREEESKICLTINS, TIT. ERETHE. NAF7v
EAEERLT. SHOELISLZPEOLBIEZIMT 2L E2RHA. Tt
FoRYLIZERBLEEBEYF 4% W-A SUTERVT—ERE. JSEATL.
EWEEM LI, N ATyt TR, Y-SRAOREICRIFTES, 8&U7
LT 2BEEELEEE L,

M- ZERC AT AT FA 2D 27-hour ECyld 7~10 fg/L SO TEM -
oo REBE LAV TRBERBEDHEToRHENE Y FE D ECylx 2.1 ng/L &
iy BHRRIECES L, REH LEEETIE, REARMEICEEL TERE
FA L OSEEH moT, 2 BB L-RE TR, BRI RS FLA D
T 3L EFRESBL TS EFBENTA, ECy(E 28 ng/L THoTz, WIS
W ZEMOEHDOIMIE (ECyq: 8.5 pg/l) M5, FARRITEE > THEE L =THD
ATEMERBAT AL TEGN 2-DT. ARGERYNEHEEELTNDE
EZzonf, YZZEMHTHEE Y FA 2D 27-hour ECq 1 2. 3 ng/L TH o 1=,
FREFAUTROONEE I BRRERREICLIIEHORD AN o, B
MNE Y FA L L A, RBAERICRE L TEEILES L, 2 BB LR T,
EABIRINA XY FANSIEEEREAMLTND I ERFE IR, ECyIE 60
ng/L THot=. WMOEMDOIIMIE (ECy: 13 pg/L) M5, XAMRICHE > THREE LT
FOATEREZHBAIAZLETEGL DT, BRE Y FAH U EREK, BRE
ERMAE LTS EEZ SN, TALOBIEICH LTIL, BHEY FA > (Lo
11-12 wg/L) EYHBMEY FA 2 LGy 4.6-5.2 pe/l) DFHBEAOOHC, B
HRBECLHZEHOEILEROONEN 1=, B LERE TR, MEY F+
AL &M TR RETIERE (SR L TEEAR L1z, 2 BRILES LFsh Y F4
VIFEREEERE 100 pg/l TERENEFL TN, 2 BECES LZRHEY F
A+ DEMEEHRC Loy B 29 ug/l THolme cDEIIT. RAAT vt EFAL
TEHOEENSEBEY FF UL MRBEEFTMT I N TE,
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NAZTT v¥A ZIER LSRG IEA O 5 fF 7 m
BNRRERZRE : A (F S K EEnEEn)

1. BRE®

HRECRBADIERL L TRV SR TE AR XFAIOERE 1980 FEEm St
AR L HREN, BHETILIRE. TORBETHAFHREERINMER SN TS,
LA L. BEICALSITWSIFERIOEBEECEIZET S EHRIIMBOHTZL L, FREh
T3 EFREINIFHRHFFHZDLODEBAT+HITARSATOENZFTELL, &
SIZFDOBERNEGICET AERITLALELL, LA >T. Sho#FREERIZES
BLIKREEEL., BFEERRICRETEZEELHRENICEHET 6 2 L. BEVEOELE
2ERY ., BEAOFEFTMT S LT, TEEREOEHEEEOEN S LIBH TR
FETLHEETHD

FEGREFSFHE LT 2 BEOERE ) FAUMEASh TS EEDLNA TS K
[E 2000; Omae, 2003; Thomas, 2001; Voulvoulis et al., 1999) , Cho£EEY F
FUIEEEMEND & LBEEDIZH L THEMRVWEEEET 50, BESRTEE
ELTARBAAREIZE Y, BOTRRICHEET S LEEHN TS (Turley et al., 2000),
—A. Bk, EE. £ E0BREFRHPTOMERELSTIEEO THRETHY . BEE
TIZBENTORZIHESN TR, BREYFA LIS v T—OBFITES EL
THRGTEVEFERASKWTETE Y., REY F4 UEHERE LTOAFERINTNS
EEDLITWS, LALAGHKS. ThoDYELIKEEYICHT EEEICDONTIET—4
A JKBEIZHIT 56T 2HAEILATEE DS (Turley et al., 2000) %&
FIEDGEL, RS v o T—OASHEHAE LR T, SHEORERRMS & L THinE
UFAURRWNEESN TS (Goka, 1999) , H4lX, £EBE U FA UNERERRIZRIEF
TEEFIMLTETHS Y. B (Okanura et al., 2002). 9= (Kobayashi and Okamura,
2002) . JEAZRSHEY (Okamura et al. in press) (233 HEEEFHL. LWIThOEYIZ
HLTHHWEEERT L EHRELT, BT, BRE Y FA UEI=ZRMOFRLEITT
LTHBERETHELRIFTOT. BEFTOERGICITEVEKLA L0, LML, |l
WDEY . METORESHENEIL L TLVELD T, BHEDCEREEY 74~ DRIES
A EEAWICE>THOMNITEZ LIFBOTEETH S, T T, EREYFF D
ETHEVEMEEEEL LT, IS OO BNIE (INEINE, £5MRERST. BRIELR L)
£7->12BEYF4 L OEMEATIET ML, BRI SYOL R FRHENCIHET 22
ENTEDHLEEAT,

FAE T EAETHHAGFRE LTEASN TS EZEZALhSEEEY T4 (&
SMEUFF U, SHEUFA L) OBRETEO-OOERMMREEESZEEBIEL. /N1
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+7 vtA EZALTINSELAMOSBIEETEL-. BARTELEINRELT.
KERIcE TN BFEIMEERDEE (W-A 48 (LB EARIEEL. W-A SV
EANTRESNELEEBEYFAUIZDONT, UTD 200/ C4F 7y EAI128Y,
EEEEMIZEME L -,

1) £BEYFA O ZSRINOREICHT HFE

2) £EBFYFA U DILUIZHT H5FEE

2. WEAE
2.1 HEH

SEEYFAAEME LT, ERE Y FA > (2-mercaptpyridine N-oxide zinc salt,
98%, BE{LRLTE.ZnPT) &EAEY F74 > (2-mercaptpyr idine N-oxide copper salt, 98. 7%,
B T2 CuPT) 2L\, 7 F= UL MeCN) ISEMEL T 100 mg/L & LT 3 ml %
JAREREARYIL EBEE 1om) ITAK., KEAEMS W-A S5 (20 W, National)
EEEIZBE Lz, T8IL W-A A—%—(Model UV-103, Macam) ZAWT, LDk
ERIEEERD U-A QS5MEIEE 2,000 pW/en? (20 W) &35 & 512, HREBILD
MEBAFEL-, -OENMEEELREILERTEICBERSI N ABI MR DN
245 (Okamura et al., 1999),

JeBBET LF=Stl%E 0, 0.5, 1, 2 BERARICERERL. 1 £6(0.03 mb) = 100 FFISFHMLT.
s RIpIY 2 R4 R ILEBIE L=, FTERREYEERST LiaenzE (297 ) & 40°CLLF
Oky FIO v N AP CERSHRTCTE R FULERERSERER. 297 0l DA
FILZAILT A5 K ONSO0) ISEFESE T, SHFEBRAENE Lz, COKIIZLT, BT
O ERS L= (F=FZL. Ne: Zn, Cu),

MePT-control SRR L. mREBRFEL
MePT-0 FEBEEL, BREEDHY
MePT-0.5 SfEgHY . BRIEEHY
MePT-1 kEBEHY . BFRIEEHY
MePT-2 fEEHHY . BRIEEHY

2.2 ) SHEINOFE I RIF T BT

LsSH%7= Anthocidaris crassispina Z# L . BE#R (Kobayashi and Okamura, 2002)
(SR> TN F T vt A £1To1-. BEFHIRAAFEFEERBITIOBRIZT,
2002 4 8 AITIZE L. ERICER L. SRINOUHMAR. TLTFIRAOHRPREE
2852 _f-, DNSO |28 L= EEE £ At 10 ETHERL THEROFRINZLER L. 1
BEELT-Y 200 DZBIAEHERA L=, HRBEIX. ADBOEROREL LTz, BE 26°C
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TIEZEE 50~60 FICHADARISELDDT. PHPHE LTSS L Fits 2
SEMPAOBNEEHE Lz, -, S 27 BRZICEEEE 5%0FRILATILSE R
TEEL. EBGTILNTIREA. Bh. BE, fi7LTFIREOSEEH ML, FX
BINTIRAMHEEIEEL LT, HEFHO 27-hour ECy ZEH LT=. NS F T vtA
(IREFHADRGE D3 DDRKEL. ThEh 3 EEYIREL-, E-. SRR 50 7
DAIZEfEShi=,

2.3 T LU RIFT S ETHE

RIKE T L2 Brachionus calyciflorus IZRIF§EE4 T L=, HBIZIE FRO=
MESER Y FTHD Rotoxkit F MLV, HEREIT. RABMETOBRTREL LT,
8 BRBERAE (100, 50, 25, 12, 6.3, 3.1, 1.6, 0 pg/L) IZEE L}, 48 w4~ 0O
L—FD1oT)Lz2Y 0.3 nl OFBRREL L. £HIILIZ 10 EOBEELVRT 3 ED
RBYUBL (1 REHY 30 BOEKEHS) &L=, Y1507 L— % 20°CORSHTI=
HEL. RE M4 BRI IZ 50 TILOBROEITE 2 RAEME T TEEL, 24-hour LG,
EEHL. NAFT7 v/ [IREBAOEL D 3 DDEBRELEEE L=, £, 50
FHIREICLOSHOELETHET 57=%. SR 135 BONIZA( 4T vEa 2=
ML=,

3 EBRERPLUER
3—1 ARRRIZ L DEMRBIRZ RS L

FERRGTEH D EIHRBIRA R FILVERITRT, ABSEOREE 7+ F= FYILT
100 FIZHRLIOT. BUERTORYBEL 1 ng/L Thd, P = FJLbTO
B E Y FF O OBRRILERIL. 240, 275, 325 nm THo7=, 1 BRI O EST T
(FRFEEDED L, BRBICERIZERIT G o=, 2 BREIBSClE. IRReEEE S oH
DL, BRARICER G EERMICHBE Lz, 7t F= FYLBTOEEY F4 > 0iEk
IRAUERIE. 250, 320 nm THotz, HEEHIZL > TEREMERBICKE (320 nm) (%
EE LA, oA, EEEOBARICES (250 nm) |33 BRI CLTHLYEERE
BNS#B) L1z, SERETEFREICIE U TRXE RS TORME LR Li=At. 200 nm {HiED
FEEREETORSEITIEM Lz, ZO&SI2, BEARBHIZE>THEY FA D%
FHRRIRARY MIVFEEL. 2 BEOXBEHZ L > TIEFRLICHBLTUNB EEZ S
hi=,
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Fig.1 UV spectra of metal pyrithiones irradiated with UV-A lamp.

3—2 H-SZRINORLEICHT OIS
o= SO EEREICHT ALY FAUBLURE Y FF U OFEE. ThTN
EZ,BEﬁ?oﬁE#6sﬁﬁEEU?TDtﬁﬁsﬁﬁ%ﬁ@%ﬁhﬁofﬁ#ﬂj
LFHRBEAEEEN TSI EFHALNTH S,
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Fig.2 Inhibition of zinc pyrithione on normal pluteus formation of sea urchin.
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Fig.3 Inhibition of copper pyrithione on normal pluteus formation of sea
urchin.
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H2 3R EE-2EthEs S8 Lz S0%ZERE Ely) 2R 1 IZRY, HEEhE
U FoA4 >0 2T-hour ECyy 1% 7~10 fe/L EABHTIE SAE U F4 2 OFHE (EC,: 2. 3ng/L)
@ 220,000~310,000 ETHoT=, KB LAVTHEERRBEOAEToEREYF
Fd ECy [ 2.1 ng/L THY. SHEKIEIZED L TREY 74 2 OBELEFERF
Lpote, JERSHL-STIE, IRk L CEAE ) FA U OBIERFE T2
Fo. 2 BESREES L ERE TR, SABIRIRARS FLALFERESBL TSI EAF
Maht=ht. ECy (& 28 ng/L THoT= SR LRI ERABEL TG LS A
SNBNT. BIAOYZIZHT 2EMHEEFME L=, ) = RN T DB (ECs:
8.5 ug/l) Mis. HABIZE > Tl L =EROHTERERPT S LETET, &
RICERMNSHEE LTS LTRSS

©:§EWEﬁT6ﬁEU?TD®2%WM'EmWZOnyLFEotoE%EU%
+ L TED DN & S HEEREEREIC L ABEOEIEEN ST, mENEUFA U EE
B SLERETEERSICikTE L TSR L. 2 RIS LI=EUH T BHMEIRINZA RS
LADIZFE=SNMEL TS Z ENFEEhH, ECy & 60 ng/L THoT=o V=IS
W BEDEH (ECy: 13 pe/L) i, i‘té:‘ﬁ’él:ﬁﬁo‘cﬁ?é%’éLT:ﬂﬂ@Hf%’ri%éﬁ&ﬁ@'
5 EIETET. FINE Y FF o LRI RERERYIZL 20 LFRENT

Table 1 ECs, of metal pyrithione on sea urchin Anthocidaris crassispina  egg development.

light-evaporation Me=Zn Me=Cu
MePT-control* n0-no 10x10° (7.6~14*10%) 2.3 (1.7~3.2)#
MePT-control no-no 7.1x10° (5.3~9.8* 10 nd
MePT-0 no-yes 2.2 (1.7~2.7) 1.8 (1.3~2.5)
MePT-0.5 0.5h-yes 3.0 (2.4~4.0) 9.1 (6.7~12)
MePT-1 1h-yes 14 (11~17) 24 (19~32)
MePT-2 2h-yes 28 (21~36) 60 (46~79)
metal ion* Nno-no 8500 (8100~9000) 13000 (12000~14000)#

27-hourEC50 (ng/L) with 95% confidence intervals in parentheses,
MePT: metal pyrithione, nd: not determined

* data obtained from different experiment in 2001.

# data obtained by Hemicentrotus pulcherrimus

3—3 DLVIZHTHEE

T A CHT ARBRERER 21T T, EUEOTE LSO L0, ZHET &, MEY
Fo LB (L0, 4.6-5.2 pg/L) IEBERE ) FF > L0y 11-12 pe/L) FUH 2~3 15
BN T, TLAWE D, BIEERIBIEC & HEMEOLEIERD SNEM T2, g
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SLEEMTIE. mEY F4 LAY~ I BRI kA L TEMEAED L=, 2 B
AR LLERE Y FAURBMESERE (100 pg/l) TRERNSEZFLTILVA, 2 B
FISEERST LI=SAE ) 74 D OFMHITHRRE L TH <. Ly HT29 pe/L THo1=,

]| 212(&, FHARRIC AL T T vt =M L8R DAP) 2579, S 3tEHE5rh DAP
OAIZ. 3 EEYELTHEAS A, mEBEYF4 &3, Control 1 &2 D LG, I=H
BQERGN--DT, ERTEHIZ 4 7 ABRE L THLHMLEL TU LSS h,
60

Table 2 LC50 of metal pyrithione on Brachionus calyciflorus .

ZnPT CuPT
treatment light-evaporation =~ LC50+sd DAP* LC50+sd DAP*
MePT-control 1 1no-no 12+3.6 11-43 5.2+0.3 0-34
MePT-control 2 no-no 11£2.4 94-114 4.6%0.7 96-123
MePT-0 no-yes 1245.3 87-114 - 6.0+£23 96-123
MePT-0.5 0.5h-yes 14=3.8 87-114 7.6+£0.9 96-123
MePT-1 1h-yes 29+11 94-120 11+0.8 100-135
MePT-2 2h-yes >100 94-120 29+7.8 100-135
metal ion* no-no nd# nd#

24-hour LC50 (ng/L) with standard deviation
* days after preparation of MePT sample
# not determined

4 F B

FEHlE LTERSATLSERBE ) 74 U OBENERICET 35858570, 5
BALEEBEY FF o OBMHEOE, S, HEEEREMICIHE L=, A4 T vta
ELTBEEMY ZZRBMERKED L ERWVERBRET o712, BILE (DNSO (=32
LT=fBBX) DIF&. EIRE Y FA 2Oy =TT BEMITEH TH < (EC,: ca. 10fe/L).
ECs TLEEIT 2 LEAE ) F74 2 (ECsy: ca. 2 ng/L) M 21~31 FiETH o=, —hl=wtLT
DLUISHY SEBITHAICIE . FERE Y FF T L0y A% 10 pg/L. SAEUFA >
TLCAHIS pe/L THY . SHE ) FA o OANEML A ST=,

RBHLEWTHE (FEFZRUIL) OBERBEOHETo=EABEY FA LTI,
RILEICHE L THZISHT BN KIBISHEL L. BREBOHEY F4 o 05t B
LlE Tz, BEERREICE D DZICHT 2EROHNLRE ) F4 L TIERENT.
Ffz. BEEFBEICEDVLUICHT 2EMOEIEEEY F4 2 EHRHDAEA -

-245-



14 16 3

Foo i, RARRIME L SEICOVTESMICHEARE (ER - B Sk OFMEA

smEf L& 5, TLVHBRTE L v ARRE L THEMICEENELEL
1=

WL FALE 2 BRRES LSS, DCRTHBE/ET /10 BELELEY. T4
SATmLTIE 1/10 T &t SAEYFH % 2 BRIAES LI=SEICE, Y=o
F2EMA 1/30 BE. TLVITRLTIE 1/6 BELESfz, D& 3T, ERNEOR
HESRICRE L CAESBE Y F4 o 0SHEH Hofe, —A, ARFLELEERE
1 Fo L DEAEIRINZ RS FUZEEHEEEERL. &R 2 BEOARH TERIES
e HIFEFMELTND S EAFRESNIA, BIEOLSITREEMHERL TV, TS
. RORIZE > THE L -2BASHEZREL TS THEEAE X ohicd. HEED
&= o AEMIEEN - =0T, RRGERMANSHEE LD TR &,
RAFT vt ELZHEOFEERNT., £BE Y FA VICHET SRRICERMEN
SEMZTEHIENBETHD.

BT
&= REIERVEAAAT VA ERSHAEREREF IMREEREICS S TEE
Ehiz, BLTEHBLLITS,
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Degradation of antifouling booster biocides evaluated with bioassay
Hideo Okamura

Kobe University of Mercantile Marine, Kobe, Japan

Summary

Some organic booster biocides are intended as replacement for the highly toxic antifouling
agent tributyltin, which has been regulated internationally. Zinc pyrithione (ZnPT) has been
used as antifouling agents for ship hull as well as as antidandruff stuff in shampoo. Copper
pyrithione (CuPT) is likely used only for antifoulants. There is litile information available on
the environmental fate and ecotoxicity of the metal pyrithiones. Another difficulty is a lack of
chemical analysis established for them. In this study, photodegradation of the pyrithiones was
evaluated with bioassay in terms of toxicity alteration. Two bioassays, sea urchin egg
development test and freshwater rotifer lethality test, were employed for the pyrithiones,
which were irradiated with UV-A lamp for up to two hours.

The 27-h ECys of ZnPT and CuPT on sea urchin were 7~10 fg/L and 2.3 ng/L, respectively.
The toxicity of ZnPT was extremely high but dramatically decreased (2.1 ng/L as ECs,) only
by solvent evaporation without irradiation. This phenomena was not observed for CuPT.
Weaker toxicity was observed with longer irradiation period for both compounds. The
toxicities of 2-hour irradiated ZnPT and CuPT decreased in comparison with the controls but
were much higher than the toxicity of each metal, although their UV spectra suggested
significant destruction of their mother moiety. Some intermediates produced by
photochemical reaction may have contributed the toxicity. The 24-hour LCgs of ZnPT and
CuPT on rotifer were 12 pg/L and 5 pg/L, respectively. CuPT gave a slightly higher toxicity
to rotifer than ZnPT did. It was, however, apparent that the sensitivity of freshwater rotifer
test to metal pyrithiones was much lower than that of sea urchin test There was no change in
toxicity by solvent evaporation without irradiation and weaker toxicity was observed with
longer irradiation period for both compounds. The toxicity of 2-hour irradiated ZnPT
dramatically decreased to give no mortality at the highest concentration tested (100 pg/L). On
the other hand, the LCs, of 2-hour irradiated CuPT was 29 pg/L although the UV spectra
suggested significant destruction of their mother moiety. This suggests that some
photochemical intermediates contributed the toxicity. Thus, the bioassay could evaluate the
degradation of metal pyrithiones by photochemical reaction. It is needed to clarify what the

intermediates are by using both chemical analysis and bioaséay.
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