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Present status on the development of alternative tributyltin-free

antifouling paints and toxicity of new biocides to aquatic
organisms - Review -

Hisashi YAMADA"® and Akira KAKUNO®

Abstract The present status on the development of an alternative tributyltin (TBT) -free
antifouling paints was reviewed in order to consider the hazardous effects of new biocides
to aquatic organisms. Although 15 organic chemicals and cuprous oxide were selected for
a biocide in the alternative organotion-free antifouling paints and the antifouling agents
for fishing net, bis- (1-hydroxy-2 (H) -pyridine thionate-O,S) zinc (zinc pyrithion; ZnPT)
and bis- (1-hydroxy-2 (H) -pyridine thionate-O, S) copper (copper pyrithion; CuPT), 4,5-
dichloro-2-n-octyl-3-isothiazolone (Seanine-211), pyridinetripehnylboron (PyB), and 2-
methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine (Irgarol 1051) were mainly
used in the newly developed anti-fouling paint. These organic chemicals were used with
cuprous oxide in order to improve the anti-fouling efficiency. Irgarol 1051 was detected
in water collected at several regions of Japan and Europe, however, other chemicals were
not detected in the aquatic environment. Acute toxicity of ZnPT, CuPT, Seanine-211, PyB,
and Irgarol 1051 on aquatic organisms was 2~1,780 ¢ g/L, 4.3~43.6 v g/L, 2.7~1,312
neg/L, 2.156~242 ng/L, and 0.1~12,000 1 g/L, respectively. These chemicals showed the
almost same acute toxicity as TBT. As these chemicals are not stable and persistent, it is
suggested that the risk of alternative biocides to aquatic organisms is smaller than TBT.

Key words: TBT compound, antifouling paint, biocide, aquatic organisms, toxicity, risk
assessment,
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Fig. 2. Synthesis of tributyltin methacrylate copolymer
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New paint surface polished
out by hydrolysis
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hydrolysis
Fig. 3. The release mechanisms of the antifouling agents from the TBT containing selfpolishing type paint
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Fig. 4. Biocide chemicals used in the alternative TBT-free antifouling ship paints and

antifouling agents for fishing net
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nNs,

PiiEE & L CZnPT 2 &1 ¢ 2 ISR Gk, B
B (&0 TR0k (10~20%), &R (1~5%),
7wl (20~30%), HifE{k# (20~40%) # X UZnPT
(1~5%) THEkaN 5, PiiGzhAid ik b & AL
EYE (ZnPT7E) ik RSN 225, dEE(LIE
RG22 Eick pkAEAEYICHT 2 EEESEHR
SN EHTFMEOERE SRR L, BEEE
DI IS 5 ) 27 Z/NE LT 5 &5 Ickit&
NTWVW5, TN oIEAHR XRREBIER %R,
H OWFERS E dc B57EE (ZnPTH X O HRR{b)
BB Thy, HOWEMP SRR F I NS,
R O FEEFES 12 & 0 BETE B 2B & BT 5
LK INC AR S 2 AR, Wb B, HOWEE
IR I K O B E o ia S BRIt 5 & O
WKERsn T s,

4. BiEREA

MaBLTE R OB TEYE & L CHEER X LEYh
SnTEN, AR XLEMOBEFESHIAS N,
& SITKIRE G BILEAL L 7o fo T & O 3R | &
h, REEMEEE T 5 EMEBIHERIPEESNT
W3, BEYE E L CFig. 4R LB REHS 1
TW B, MRIERGHEE & IERR I [{LEE] Tk DiF
TELFEWEICIEESNA2YE & F . KEAEYNITH
TrEmEsGEIHEN %,

E IR 75 2 5 % Hifes X & 2 LB D S B TENE %
ElRicbh iz > TOBT SRS & 2 RIERHEE &
15 - C, IHERTE RN EIR I 2 & OB YE % 15
e, o RABHRICEPMICHRESE 2 XD
KEEtEn TV b, TOHMD DI, EBOKIBIIE
BiiGdk & Bz 0, —fiice ¥y R oE o
D & GREIEE &K, TUKDRIE & 2 W IRIERE
OEBIIEB LT v ) a3 viliEHV3EEREZ L, it
JERG 5 RN RIARIBTE R A Fife & & 5 fod ic—fik
WNCIE < B4 2 DX L, aiaph 5 A3 a8 o ik
AR 2 o I @HH Bfia N b, Lh-T,
B O D HEEE SRS B Rk & 3R 5%, T
DRI Fig. 11K LA (A<~ v
7 2 BERE S X CIEEE) 2HALT0 S T En
2\,

R ET DMK DT 2B E GRS,
B TE4VEL O 75t s B (3 — A A R R 0 P U6 1 Bk
L CEEMT/NS <, EEMTHTT 2 i E# o
B 75 0 SR KRR P T B 75 7 & 0 BRI R 9 5
L IEFTEh TV 3,

5. REWFYVEOYELFMMER

IEERE A X MRS 75 2R S O i B 7 AN &
N5 REHEYE O LIRS X OE %
Table 1 iIc—¥% % & L T/RL (HAGMITERZ,
1993), TN 5DYIE 1L, Seanine-211%kR< &, A7
g/ =« KABREL (log Pow) (F/h&Wwicdic,
— RN AKAEEY AN DOFRIE /NS <, KEBRRICE
AR 4 2 JgEE O/ NS WIITEDRES N TV 5,

KIEERER IS 3B 1) 2 2582 > W CDFMIEA S TR
W2s, 2,3—Y7ouo—N— (2,6-YTF N7 =)
2 LAY FKPTRES IR 2 2 &, A
WH = WI10BID3AENIT L D2 — X F U F A —4—t—
TFNT I/ —6—T3I/—s— bV TV (LIFM1&
&) ~ofEsns Rt s (Okamura
et al., 2000a), %7z, ZnPTH & UCuPTIH iR %
ZUF, U YYRIVEK VERADRENDE EEZ SNT
W3, TOKHIT, K TEL LT WPIED
HEEINTBY, EBE» OB LICHEDEN Z D)
P2 L ool g o WA bYnc &£ L s
5T &Ry, KEAEYPKIEERRIINT 8L
KEE L5 KEESN TV S,

IhoDYEOFEME#ENT — ¥ BAFTEE OV,
LB 2 RO # R < 3 EH & (NOEL)
M1 ~20mg/kg/day s Ty, HHEomWY
BThdbEFEZSND, £72, Seanine-211, CuPTH
X UPyBAs [ 1T L 0 fREEYE ICIEES 1
TW3,

6. KEHBEHEDKEEYICXIT E2HEM

1) 4JbHO—IL1051

A v F T —L10516 & % ORI TH A ML
B RA AN 3 5 Sk 2 BRSOk 2 b T
B L, Table 2 2% & TR L7, FE OB
552 1350mg/LT bR SN h -t HEREEIC
9 %24h LC50fl 3 & Okl EEE (48h EC50) (.
zhZh,5700~12,000 « g/Ls £ 18,100 £ g/LTH -
foo M1 FIE BRI T 2 B (48h LC5H0) 1
3200 g/LERESNTHD, T/, MEHICHT S
96h LC50Id =Y =200 ug/LrS€¥T7 57 49 v a
D4,000 ug/LOHIPHTH 5, Th o OZMEdEEMid
OECD o e iR #E (OECD, 1996) (C#EHLS
% Ltoxicll# e 5, —. MAIEEE O MIEHE %~ 15
L L s (EC50) 130.1~23ug/L, 2AHE
/) DL ORIFEL R EAIEEE U EERE (96h
EC50) 3z hZn41B8L006ug/L, 1, 734
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Table 1. Physicochemical property and toxicity of chemicals used in the alternative TBT-free ship paints and
antifouling agent for fishing nets

No

Chemicals

Physicochemical propertiy

Toxicity

4,5-dichloro-2-n-octyl-3-isothiazolone
(Seanine-211) (CasNo. 64359-81-5)

brown solid, m.p.: ca40°C,
log Pow: 4.5, non degradation

48h LC5H0(fish): 0.028mg/L, BCF:
400~1200, mutagenicity: negative,
oral toxicity(mammal):

NOEL 20mg/kg/day

2,4,5,6-tetrachloro-isophthalonitrile
(Chlorothalonil)

white powder, m.p.: 250°C,
log Pow: 2.89

96h LC50(fish): 0.078mg/L,
96h LC50(shrimp):0.274mg/
mutagenicity: negative,
oral toxicity(mammal):
NOEL 8mg/kg/day

2,3,5,6-tetrachloro-4-(methylsulfonil)
pyridine

powder, m.p.: 152°C, log Pow:
2.02

96h LC50(fish): 0.76mg/L,
mutagenicity: negative, acute
toxicity(oral): LD50>1,500mg/kg

2-methylthio-4-t-butylamino-6-cyclopropyl-
amino-s-triazine (Irgarol 1051)
(CasNo. 28159-98-0)

yellow powder,m.p.:130~133°C,
log Pow: 3.9

96h LC50(fish): 3.1mg/L,

96h LC50(shrimp): 0.44mg/L,,
T2hEC50(micro algae): 0.0014mg/g,
mutagenicity: positive,D20:60mg /1.,
oral toxicity(mammal):

NOEL 8mg/kg/day

3,4-dichloro phenyl-N,N-dimethyl urea
(CasNo. 00330-54-1)

white solid, m.p.: 158~159°C,
log Pow: 2.82

48h LC50(fish): 3.5mg/L,
mutagenicity: negative, acute
toxicity(oral): LD50 4,150mg/kg

N-(fluoro dichloro methylthio)phthal imide
(CasNo. 00719-96-0)

white solid, m.p.: cal45C

48h LC5H0(fish): 2mg/L,
acute toxicity(oral):
LD50 2,900mg/kg

Bis-(1-hydroxy-2(1H)-pyridine thionate-O,S)
zinc (ZnPT) (CasNo. 13463-41-7)

white solid, b.p.: 240°C(degra-
dation), log Pow: 0.91, water
solubility: 4mg/L(seawater),
6mg /L(distilled water)

96h LC50(fish): 0.016mg/L,
mutagenicity: positive, D20:
1.17mg/L, oral toxicity (mammal):

NOEL 11.0mg/kg/day

Bis-(1-hydroxy-2(1H)-pyridine thionate-O,S)
copper(CuPT) (CasNo. 14915-37-8)

Pyridine triphenyl boron (PyB)
(CasNo. 00971-66-4)

white powder, m.p.: 210°C,
log Pow: 1.5, water solubility:
<10mg/L

LC50(fish): 0.7mg/L, mutagenicity:
negative, oral toxicity
(mammal): NOEL 1 mg/kg/day

10

Cuprous oxid

11

Zinc dimethyl dithiocarbamate (Ziram)
(CasNo. 00137-30-4)

white powder, m.p.: 210°C,
water solubility: 65mg/L,
log Pow: 1.23

48h LC50(fish): 0.5~1.0mg/L,
mutagenicity: positive, D20:
2.4mg/L, acute toxicity(oral):
LD50 1,400mg/kg

12

Zinc ethylene bisdithio carbamate (Zineb)
(CasNo. 12122-67-7)

powder, log Pow: 0.992

48h LC50(fish): >40mg/L,
mutagenicity: negative, acute
toxicity(mammal, oral):

LD50 5,200mg/kg

13

Tetraethyl thiram disulfide
(CasNo. 97-77-8)

white powder, m.p.:>65°C

acute toxicity(mammal, oral):
LD50>5,000mg/kg

14

2,3-dichloro-N-(2,6-diethylphenyl)malei-mide
(CasNo. 56746-18-0)

easily hydrolyzed in water

15

2-(thiocyanato methylthio)benzothiazole

16

N-(2,4,6-trichlorophenyl)maleimide

white or yellow powder, m.p.:
130~131.5°C, log Pow: 1.5
(hydrolytic materials)

toxicity of hydrolyzed material
48h LC5H0(fish): 49mg/L,
mutagenicity: positive, D20:
334mg/L, oral toxicity(mammal):
NOEL 20mg/kg/day
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DlEEF ORI T 2B (96h EC50) 135.9
pg/LEMEIN TV S, Ml s L R EEIC
X9 B BRI (33 L RS, MY U Ttk o i
W EDRHEMTH B A H o — 10511 LE S
DI TV RBRERNCHEBIT 50T, T OFEMEN
FHARE 0 7S & o /KA I & 0 (3 B e e o R
B, Wb LI LTl BT 5 T L3I
HERTHhDEEZON S,

AV B — V1051 DR (M) OflEfHO
R 2B (T2h ECH0), KREUEMH O LT
DFIF PRI T 252 8HRAE (96h EC50) 3 L UH
IO T 2 BIRE (24h LC50) (. Table 2
CRLEESiE, 2hZh, 19~46 1 g/L, 17~130
rg/LB & 0°17,000~27,000 1 g/L = HE ST B,
Okamura et al. (2000a) 1T& b HZRFE (3 ¥ v afH)
Wt d B AMEEEST NS, EREOE R 135,700~
16,000 ug/LTh > o LB SN TV b, Mlo AR
BB A VAo —10510F N L DIE 14 -4 — K&
<, AnHe—vi05lidnfEansd EaHEtENMEK N 5
EMH O IcE NI, L L, A4 I Yy aiTHT
ZM1D&awEE 2. OECDOHE NI HEIL 4 1,
toxicd % W idharmfulic #2493 %, ffHEER > KA
BEIHT AT I A4 I Yy akh X SlT/h&l,
KA R 2 HME 3 A V A e —ov1051 & [ElEE IR
WEEZ OGNS,

A A e = 1051 D KA YK 3 2 18 HEE N &
Table 3 IR L7 XS ITHHHAF LI Z LV, FHT
X357 — 4L LT=YvRDOZEID SATHO A
L EE AR O EN S 310 X v, SL%60H
ElORBRIARIc B I s FOREE2fEEE 35 &,
MEEEI402ug/LTho L EMEENTVL S, 4
(L AUBBILINO = ¥ < 2 {Ffa% V7R
(Okamura et al., 2002) <, 28HLC501388 vg/L

Thoto COBMURBITT Y FEAL v ELTHEE
REFHNVTWS T & 2BRTIE, P4 ERREEEER
WCHRIT 2, 7, BonzHmiMiz, Hall et al
(1999) MHEIE L 7oA v H e — 10510 = ¥ < 2 12ktd
B MEME (4.02~260 L g/L) OFFHNTH 52D T
BFEHEERTEEZOND, = V< RIS 518
Ve & Ak B (96h LC50: 790 wg/L) &I
Bd 5L, 40Ha—n10510 20, EitwErk i 3
~10DFPHTH - 720 T O2M A 1EHFEEL R0 %2
CofLEMED = h (HiE, 1979, &, 1998) & [
LNV THDY, A vFa— 10610 KEEYICE LT
OGO (==t /L= Wal [Ei 5 RAN = = A ey S e AR
5h 5,

2) BHEUFF VB XIFHEUFF v

ZnPTH X CCuPTOKAEAY ST 2 2tk dtko 7 —
2 (3Table 4 ISR Lz X HICIFHEITZ LV, ZnPToA
PEEEE, MEMESUERETE, 44 Yy alEkiEE
BLUORBEOHEERLIERELT L L 2o omlEE,
ThzEh, 28ug/L, 29~34 ug/Lb & UF2.6~400
pg/LERESNTVWS, —Jf, CuPTOWHIEH D
BH, AA Vv alEkERS X OCREOEKIIHT S
ZEEE, ThERn, 2.8~35ug/L, 2ug/Lb &
U43~11pg/LTh -1, BHET— s NZ LD
ATk VA, ffHIcR 4 2 2MEEEEZnPT X D
CuPTTHWMERI2AED 5N b, F7, ZnPToOMEHIC
W B AMEEREES (51PN K3/ =)
0k (=92 BLVT7 7y by I/ —)
THEWEHR SRS 5 b, TN 6ZnPTH L UCuPTO
BT — 4 2#0ECDD /i kE# (OECD, 1996) i<
IS HTFM I 2 & Ve bvery toxic YL,
ZnPTH X CCuPTOKAEAEY N 2 #E I E L <
WZ ENREBEIN S,

Table 3. Chronic toxicity of Irgarol 1051 to shrimp and fish

Aquatic organisms Endopoint

Exposure

Chronic toxicity

. Ref
Class Species period (NOEC: £ g/L) ererence
Crustacean Mysidopsis bahia growth 110(LOEC: 260) Hall Jr. et al. (1999)
shrimp survival 260(LOEC: 490) Hall Jr. et al. (1999)
Fish Oncorhynchus mykiss hatchability 184 Hall Jr. et 1999
survival 60day after hatch 184 Hall Jr. et 1999
growth

reproduction 28 day
28 day 88

Oncorhynchus tshawytcha 1.C50

al. ( )

al. ( )

60day after hatch 4.02(LOEC:9.14) Hall Jr. et al. (1999)
al. ( )

)

260(LOEC:490) Hall Jr. et al (1999
Okamura et al. (2002

NOEC: no observed effect concentration. LOEC: lowest observed effect concentration.
Irgarol 1051: 2-methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine
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InPT IO W FABEICE LR L, <
PP & ZnPTIC x5 U 7 F1 A 0 B B o 1k 3B < Sk
FRICHEHEEMOFE L5 Sl 4 2 LRI
72 (Goka, 1999), #FEHEHKEIEEL L/ ZnPTO 2
B (EC50) 13A % #Thug/L, €757 49 ¥a
T9ug/LTh-kEfEsnhTVd, =V <21
%MW 7zOkamura et al. (2002) OWFETIZ, ZnPT
& OCUPT®28HLCS0IE, #heh, 46ug/LE LT
1.3ug/LTdh > 7z (Table 5)o ZnPTH L UFCuPTE B
IR 2 e E O N SR S s,

InPTH L CCuPTENEEEZIT A EE Y ¥ v 2Lk
VIBICE LT A EEZ NS, Y VY RILEA VED
fomERAE, R, WA B X ofBIcHd 2 At
PEEIE, Table 40534 & 512, ZhzN, 28.9mg/L,
71.6~>122mg /L, 85.6mg/L# L U57.1~>12Tmg /L
cHEan v s, HHEIRZOPTH 2 WIZCuPTIC L
L C1,000f5 K% <, ZnPT#H & CuPT 3 /K BRlE
THIRAZ T2 LT OHHREKTFT2EEL 60 %,

3) PyBd & USeanine-211

PyBEARIER G ERIOBIEYE E LTS 5709
WWER SN AL EETH 5, Lichi-> T, IKAE
PN d 2 HEMICB T 2B HRIGIEFFICZ L L,
Table 4 /R L7ckHic, Mii#ElE, /v~ EvBk
U=y d s atmtsiEshcniicd ¥a
Vo HEEER T L b x<icxtd 572h ECH0, 7 vwTE
1IZXtd%96h LCH0B LU~ & 1 1xtd 596h LC5H013,
ZNEN,2.150g/L, 149 ug/LB L U242 ug/LTH 5,
ZnPTCuPT & 0 2 &M d55VW b DD, OECDOD 4y
FARUE ICHERL 9~ N iEvery toxiclTit ¥ d B EMEZE /R L,
TR KA BB R 1T 9 2 s B s S L b

= V=2 Ao EMEE I X 2PyBD28 HLC501,
Table 51T/RT &k 51242 ug/LTH - 7 (Okamura et
al., 2002), CuPT® & UZnPT?®28HLC50IZ L4 %
LHENMDOIFO L BPALATH -7, TORMBRTIE,
TV RFHAA Y b ELTHEEREHOTOV S DI, 1§
SN EHER VDLW B EMEZ T v FR 1 v b &
T YA B R R R TS S 1 A R fE I i g
5LEREVIBETHLLEEZEAONS, LL, PyBo
<~ S AT s aMEEMEE 2420 g/L) 1KY 5 &
ZDmHERE S, EBHENTEESEHE N S,
Seanine-211 D &M HME 3 75 ~ 7 b »T13.9~
32.0 1 g/L, AR T4.7~1,312 1 g /L, K E850 £ g/L,
I T2T~2051g/LTh - (Table 4o —HHB
K UOh =g ramEtE, Theh, 850 ug/LB
LU1,312ug/LTH D, HhOEYNENTHEMZIGH -
oo W=BIUMHZR &, = DHEMHIIZPT,

CuPTH L UPyBEEREETH O, KEAYITHT %
R <, OECD D FHAEME T ldvery toxiclT/rHH
XN b,

Seanine-21104 4 I Vv aB iUy —7~y F I/ —
g piedEr: (Table 5) &, T e, 1.2ug/L
BXU60ug/LThH -1 —H, =V R{RITKHT
%28 HLC501%14 1 g/L (Okamura et al., 2002) T
b, fEIHT 2 EEEEIICUPTES LU ZnPTIC L
N5 EGFOAPYBE D (dmOEE AR Loy — T~y
NIy —icBd st MetEEIEIER 3 LETR S
b, — N, =V=2EMOIRABRTE, BiEHME
(Okamura et al., 2002) & H/N&WIGhLC50 (2.7ug
/L) (Shade et al.,1994) s hTB Y, HEO 4
SRS 5 72 DIT I3 S SICEHIS IR S NETH 5,

RIFBLEYE OKEAEYITH T 2HME0 7 — 5 13k
WCZLWwbooAFTcEcdmErT—s 05, HEY7
IV vBIUBEIOET 2 EEEA v e — L
1051, F 7z, KAEBYNICXK T 5 #HHEIECuPTH L U
InPT TV C LR SN, T oREBHEME
OB E R g/ LOA —F—TH -1, THDODH,
KRN 28 I TBTILAY & RS UM,
7K, 1992; SR, 7E7K, 1992; IMO, 1997) Tdh % & & 2
S, KA 28 3V C EAHS N TH 5,

7. KEREICE T EEHRVBFTRER

1) 4JbH0—JL1051

ANAa—=NI00B1IOHK, h+s, 75 VR, 4F
VZ2BEUOPRY T —F VOREBIIOIZZ 14 2DHic
B BEE%Table 6 1ICF D TR LT,

Ny g == EHF 5O 4KED S RRE SN
hote —hH, 75 VR, AFVR, AVvI-—FUE
KU HARDREE, O3B aNI, £/, R4 2D
Moo= —Fno b ani,

75 Vv RITHBT BRI OEEL, MHERL N
51,700ng/LO#HTH O, HAMEERI—F &Y a—
DY —FFEKICBVWTHIEIN TV S, 1+ 2
D 3 KIOFHE Tl KA VA e — V1051 13
9 ~682ng/LTH VD, EWEAT Y —FiEKTHRIES
NTW3, 2w x—FvoilEomkdavyo—
V10512 1330~400ng /LTh » i s s Tv 5,
HKDBIE 5T 24 R D<) —F DFEKRD S bIEH!
ENTW3, —F, FIVY+OEEBLU<) —FK
Hip o (nd~338ng/g #H) SN, T ORERHE
Bl xT=) —FTEVWIEMRESINLTVL S
(Albanis et al., 2002),

HETIE, Okamura et al. (2000a) °Liu et al.
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Table 6. Concentrations of Irgarol 1051 and its biodegradation products (M1) in water at various marina

and harbour

Concentration (ng/L)

Country and Location - Reference
Irgarol 10517" M1+
Japan Hiroshima marina 77.9 19.7 Okamura et al. (2000a)
Seto Inland Sea fishery harbour 142 31.9 Okamura et al. (2000a)
Okayama marina nd~85.3 30.9~829  Okamura et al. (2000a)
fishery harbour nd~105 68.8~71.4  Okamura et al. (2000a)
Mizushima port nd~19.5 Liu et al. (1999)
Kojima fishery harbour nd~296 nd~1210  Okamura et al. (2000a)
Hyogo marina nd 62.1~1270  Okamura et al. (2000a)
fishery harbour 58.8 90.5 Okamura et al. (2000a)
Kobe port nd Liu et al. (1999)
Osaka marina nd 135 Okamura et al. (2000a)
Tokushima marina nd 29.4~31.9 Okamura et al. (2000a)
fishery harbour nd 33.3 Okamura et al. (2000a)
Kagawa marina nd~73.5 28.8~68.8  Okamura et al. (2000a)
Ehime marina nd 54.6~820  Okamura et al. (2000a)
fishery harbour nd 794 Okamura et al. (2000a)
Canada Vancouver marina nd Liu et al. (1999)
port nd Liu et al. (1999)
Tront port nd Liu et al. (1999)
Montreal marina nd Liu et al. (1999)
port nd Liu et al. (1999)
Halifax marina nd Liu et al. (1999)
port nd Liu et al. (1999)
France Coate d'Azur marina 110~1700 Readan et al. (1993)
port <6~280 Readan et al. (1993)
Monaco marina 22~640 Tolosa et al. (1996)
port 18.8~264 Tolosa et al. (1996)
United Kigdom Hampshire marina 52~500 Gough et al. (1994)
port 9~14 Gough et al. (1994)
Humber marina 169~682 Zhou et al. (1996)
Plymouth marina 28~127 Scarlett et al. (1997)
Sweden Fiskebackski estuary 30~400 Tolosa et al. (1996)
Switzerland Port d'Ouchy marina 2.5~145 Toth et al. (1996)

‘1: 2-methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine

*2: 2-methylthio-4-t-butylamino-6-amino-s-triazine
nd: below detection limit

(1999) 1T & b iF Mg CIE G REERANTTb NI, B
KD 5 A VA e — 10518 L O % O RAERY) (M1)
DR SN TVEA, EE» S IREINED - 7o,
KA v e — 1051 D R 1%, Table 6i2/~x L 7%
& 9 ci/Kk Tcnd~210.6ng/LTH O, & WEMNLEE,
R e, R, /RO <) -+ B L O/Na#kcs
Wkt e, MIGHE L 72 TOmRDIZ LA L
ToHEf» oRian, £ DEEFnd~1,210ng/L
OHEIHTId - 720 A VA B — L1051 HEE 1< b L TM1
JEREE S E WA TH D, 4 VA T — L1051 IEMI~NSME
U7 BIC/KIBERBRICER I 34 C ERIE S N B,
DAEE I — oy NICE T 3 AR A KT B &,
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7Yy — K= b/ AT E LTS N,
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BRI lug/LOA -5 —Th b, W75 7
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