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Abstract : We study on the distribution characteristics of antifouling agents such as Sea—nine 211, Irgarol 1051, Diuron using HS-SPME
method in southwestern coast of Korea. Short half-life of Sea—nine 211 was distributed in very low concentrations and/or below detection
limits in all of the sampling points, both water and sediments samples. Irgarol 1051 was detected to have the highest concentration
respectively 6.98ug’L, 2850 ng/g~dry wt in the seawater and sediments, and regional distribution characteristics did not appeared. Strong
bioaccumulation and long half-life of Diuron was distributed higher concentration than in all sampling point and was analyzed to have the
highest concentration(3852.22 ng/g~dry wt) Mo7(Mokpo)'s sediment. Irgarol 1051 and Diuron distributed in the shipbuilding industry and
ship marina are located just at the point to found in high concentrations. In addition, the distribution of the antifouling agent materials
were lower in concentration than in inner bay to outter bay in sediments. Antiouling agent materials from these results were

contaminated high potential ffom port and shipbuilding industry located in inner bay.

Key Words : Antifouling agent, Diuron, Irgarol 1051, Sea-nine 211, GC-MSD
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Table 1. Physicochemical properties of Sea—nine 211, Irgarol 1051 and Diuron, chemical structure, molecular mass,
solubility in water, octanol-water partition coefficients(Aoy) and sorption coefficient normalized to organic
carbon content(X&o)(Shade et al., 1993; Hall et al., 1999; Field et al., 2003)

Antifouling . Water solubility Half life
agent Chemical structure Molecular mass (ne/L) Log Kow Log K (day)
0
(5|
Sea—nine 211 l 282.2 6.5 2.8 - 134
NG,
cl 8
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A, A Tol 540 de AR RaHJHIAAEAHAT (Immersion) o2 AN E49 F38 58 + UAT,

2, 2005). Immersion WHET HS WHY JAE w880 ¢ =
SIAMAREE HeAE EAer] 93 dajgdiors o & Ao yeldtHLlompart et al., 1998).

A=y FEFH(Liquid-Liquid Extraction, LLE)(Tolosa and webA] 2 AFeAE MRke] X S8, 5% T v

5 3
Readman, 1996; Liu et al, 1999), 2AZFEH(Solid-Phase A¥&so] Z7lstal e s AA S T 2L oA
Extraction, SPE)(Liu et al., 1999; Martinez et al, 2000; Voul ¢ ®=%7}sAlo] Ho A9E& AAse] HS-SPMEW
voulis et al, 1999) z¥]ir A1 ZFFEW(Solid-Phase 3 GC-MSD ¥ o & &4 2 &Y A2 2o
Micro-Extraction, SPME)(Eisert and Pawliszyn, 1997, =&%% 9 159 ¥ EAS %
Lambropou lou et al., 2002; Lambropoulou et al., 2003) %-°]
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Table 2. Location and classification of the sampling sites

HS-SPME®W S o] &3k st=F A3 o

ok sl At <)

Site Latitude Longitude Classification
Mol 34°44'09.42" 126°22'09.91” Heavy industries
Mo2 34°44'32.91” 126°21'41.20" Heavy industries
Mo3 34°45'26.74" 126°20'52.96" General tidal flat
Mokpo Mo4 34°45'42.17" 126°23'20.52" Industrial complex
(Mo) Mob 34°46'45.97" 126°25'38.37" Industrial complex
Mob 34°47'03.22" 126°21'06.45" General tidal flat
Mo7 34°48'25.86” 126°21'33.06” Fishery harbor
Mo8 34°49'25.52" 126°22'27.61" Small shipyard
Gul 36°00'17.32" 126°41'10.55" Small wharf
Gu2 36°00'11.75" 126°40'02.90” General tidal flat
Gu3 35°58"48.58” 126°37'29.14" Small wharf
Gunsan Gu4 35°58"44.09” 126°35'33.66" Trading port
(Gw Gub 35°58'41.82" 126°35'33.07" Trading port
Gub 35°58'26.25" 126°31'18.50” General tidal flat
Gu7 35°59'02.83" 126°39'54.94" Small shipyard
GuS8 35°59'11.63" 126°41'28.60" Small shipyard
Gol 34°33'29.48” 127°06'41.25" General tidal flat
Go2 34°32'43.85" 127°06'29.03” General tidal flat
Goheung Go3 34°30’08.17" 127°07'55.54" General tidal flat
(Go) Go4 34°30'04.69" 127°08'21.78" General tidal flat
Gob 34°31'00.34" 127°09'23.94" General tidal flat
Gob 34°31'02.19” 127°10'10.32" General tidal flat
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Fig. 1. Sampling sites at the southwestern coast of
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Fig. 2. GC-MSD chromatograms of antifouling agents.
Table 3. GC-MSD operating conditions for analysis of antifouling agents

Gas chromatograph

Gas chromatograph

Compound - Irgarol 1051, Sea—nine 211 - Diuron
- DB-5MS (5% biphenyl 95 % dim - DB-5MS (5% hiphenyl 95 % dim
Colurmn ethylsiloxane coated) ethylsiloxane coated)
- Length 30 m, 0.25mm LD - Length 30 m, 0.25mm LD
- Film thickness 0.25 gm - Film thickness 0.25 um
Carrier gas - He 1.0 mL/min - He 1.0 mL/min
Injection mode - Splitless - Splitless
Injection temp - 240 C -230C
Ion source temp - 240 T -200C
Interface temp - 290 T -230C

- 55 T (Hold : 0.5min)

- Rate1 (5 C/min, 200 C)
- Rate2 (1 C/min, 210 C)
- 210 C (Hold : 2min)

- Rate 3 (20°C/ min)

- Final temp : 270 C

Oven temp

- 70 C (Hold : 1min)
rate1 (10 C/min, 180 C)
rate 2 (20 C/min, 220 C)
220 C (Hold : 0 min)

Running time - 40 min

17 min

Detector - MSD

- MSD
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HS-SPME®W S o] &3k st A3

GC-MSD(Shimazu, model GC 17A, QP-5050 A)= #2135}
tHLambropoulou et al., 2003).
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Table 5. Recovery rate of the antifouling agents in sea

water and sediment samples(/=3)

Antlfouhng Mean

agents recovery (%) RSD(%)
Sea—nine 211 94.7 6.4
Seawater Irgarol 1051 91.0 134
Diuron 74.1 6.4
Sea—nine 211 88.3 8.1
Sediment Irgarol 1051 98.2 11.2
Diuron 87.7 6.7

Table 6. Concentration of Sea—nine 211 in southwestern

coastal area

Surface Seawater Surface layer

Site Sediment
(ug/L) (ng/g—dry wt)
3.1 ﬁt'o*exﬂq GC—MSD AZEF Mol N.D N.D
22U e Selected s dez 30 Mo?2 N.D N.D
HEY elected Ion Monitoring(SIM) mode Mo3 0.09 ND
oz A Xﬂ«] Ado] 2L Sea—nine 211 169, 182, 246, Mokpo Mo4 0.06 1.63
Irgarol 1051 182, 238, 253, —1¥]al Diuron 72, 232, 187% U} (Mo) Mob 0.05 N.D
Ehg tH(Table 4). ol2]3h @_Eﬂol%—% Ske] Peakel dlsto] xog géé 12\1-4?
o . .

Retention Time(RT)¥} A €lo]28 X435} Ion ratio= A4 Mo 0,09 303
Sl WHo g o|2AV|7F 7Y 1 REEE] Ad RTH Gul N.D 1.30
o] 050l RS AEsE Aol Fig. 20 Ao Aol A= Gu2 0.04 N.D
Gu3 ND 1.01

nfEa# Y RTE YERSITE Seanine 2119 RT+ 34.2%,
e ) ) o 1amelol Gunsan Gu4 N.D 1.92
Irgarol 1051% 35%, 223 Diurond 13%E<]ith (Gu) G5 ND ND
Gub N.D N.D
Table 4. Selected Ions by GC-MSD Gu? N.D N.D
Gu8 N.D N.D
. Gol 0.37 0.32
Compound Selected ions(m/z) G2 50 ND
Diuron 72, 232’ 187 Goheung Go3 0.03 N.D
(Go) Go4 N.D N.D
Irgarol 1051 182, 238, 253 Gob 0.12 N.D
Gob 0.25 1.31

Sea—nine 211 169, 182, 246

3.2 &8 Y 52
B AdgoMe] HEIA= Seanine 211, Irgarol 1051,

0.01 pg/L, 0.5 ng/g—dry wtelith &gk 72 5329
B FEE oA 74~9%5 % EEHAL L 6~13%), HAE
o Al 88~98 %("FETHAL 1 7T~11 %)olth. 7t 2= 3
FE&9| Aol7t M HE A2 SEHE-E TiAFEKWl g
daFolzt dabEnh 24 E4o ik 3]¢&-2 Table 59 YE}
R

Diuron =+

3.3 Mdll Aot s & Sea—nine 2112 EZSY

Al LOJ oA AHET HFt HAE T Seanine
2119] =% FXE Table 60 WYetliith EF5FlA 9] &
E¥X HYE= %i ND~0.26 pg/L, o4 ND~0.04 pg/L, 11§
N.D~599 pg/LZ Yepstth 2(2011)2 53X 1.29 ug/l, +4F
058 ug/L, 28] g 206 ug/Le s&=2 EAsicia st

St ek o] F(2008a)° JshA TAkE EAEX|H Q] Fgo
Al Sea—nine 211> AEFHA] v AS=E HIiuHGTHo] &,
2008a). & AT AFele] Aol g A et A Zel
«WP Aoz HAorEr)

b EAEAA ] F=

BEE W= E3ox4 ND~393
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ng/g-dry wt, wAtellA ND~192ng/g-dry wt,
ND~1.31ng/g-dry wte] H=Z 741ﬂ =
Sea—nine 2119] By s=7t e} a1
2kl ARt 0.64ng/g-dry we] W& &
At ]Fﬂﬂ A= FAE A 3
T 5 sREHAYdE fARE AogE yEwTK
Sea-nine 211«] 3 T 9 Ve 13492 g8 W
7} o #tHShade et al,
Sea—nine 2119 27 wlj Ao 4] &
A g #e
AT A= Sea—nine 2112
EA2 veh A efskth

TE ol A
3(2011)=

ey

OJ

E

B gk H] L %]

O
Se FE PED

17F 911d Aoz ek
AE AFH A9, A

o w7y

Table 7. Concentration of Irgarol 1051 in southwestern

coastal area

Surface layer

Surface Seawater Sediment

Site

(ugll) (ng/g—dry wt)

Mol N.D 18.31

Mo?2 0.79 21.12

Mo3 1.01 N.D

Mokpo Mo4 3.11 20.12
(Mo) Mo 3.02 ND
Mob 2.14 N.D

Mo7 2.9 12.81

Mo8 3.24 N.D

Gul 0.01 22.14

Gu2 3.34 2851

Gu3 N.D 10.41

Gunsan  Gu4 0.08 13.53
(Gw Gub 0.08 9.31
Gub 0.03 771

Gu7 0.14 16.90

Gu8 0.24 N.D

Gol 6.98 10.01

Go2 2.04 N.D

Goheung  Go3 6.22 N.D
(Go) Go4 N.D N.D
Gob 397 N.D

Gob 497 7.41

3.4 Mdsl oot s F Irgarol 10519 2EXSY

1

Table 7o Al A<k sieje] siof H4=
10519 =% s=& etk £3TolAe &
Y= 53X ND~324 ug/l, ¥2F ND~334 ug/l, 1L
6.98 ug/Lel ¥XE YelALE Irgarol 10519
Sea—nine 2112 ZA3}o} vpR7ix 2 |l =]H
& YelyRx okl gnk AgAuleg vk 9
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Irgarol 1051¢]
ng/g-dry wt),
ng/g-dry wt),
425 ng/g-dry wt)

16ng/g-dry wt(¥xx] 85
oA 604ng/g-dry wt(HiLx]
¥ Qo Bask e, 2008).
5(2008b)> 2006 3% wAtaolA AFH S HAHE F Irgarol
10519 % EX7} ND~114.88ng/g-dry wt, ZE3oA]=
N.D~66.00 ng/g-dry wtolehar HE3}r) (2009)2
20003 % Al A Trgarol 1051HT5%7F °F 45ng/g-dry
wt =2 WESYPTE £33 5] North sealtl Baltic sea
B A Eo| X9 Trgarol 10519] Zy7y 3~25ng/g-dry wt,
24~220 ng/g—dry wt(Biselli et al., 2000)°]™ <= Blackwater
Estuaryol A& 3.3~222ng/g-dry wtZ 7% tH(Voulvoulis
et al, 2000). wapA & A9 B A5 AFHRFE S
Aksf o] EHEA Irgarol 10619 F% #X HH= F4
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—
i <

I o]

e =

O =T

ng/g-dry wt2 s oh2 yele] HAHZA R Be F
T2 B¥Ho JE AOE yERTh EY 2MAVF $A]s
A E3x9l Skl Irgarol 10519 H XS wlwshd o
TR 2AR7F X8I gl kel Zd) 20u] o) =7
bt e Ak Fabeks vlashd FAkee] 5uf o
A =S ez AEHA Irgarol 10512 3+ %oﬂ*ﬂ Sy
717F 20192 &= rF =2]H(Hall et al, 1999) A& FHA5
(BCF) T3 60~2400.2 AE FHHAo] Ze BHZ HiE
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tholx]= Aoz yeyth B3 (20112 HAHEAY gAlo] #E EHo)y) [‘H%"ﬂ(Biselli et al., 2000) $-gl}2} sl
Diuron®] Bits%7} H3EoA 4043ng/g-dry wt, wAtelA & D EHAHEANA Y FH~F ppbe] TR S GAEHST
0.63ng/g-dry wt, 1154 1564ng/g-dry wt2 EE3car o o}dekS vF 7psAdo] %-% Aoz )

W stk ek E ¥H2008) F-4Feol Al Diurone] Hi-s=7}

151 ng/g-dry wt(H32] 90.1 ng/g-dry wt), 3Faolx 38 4. 4 =2

ng/g-dry wt(# X 85ng/g-dry wt), 1|3 &2FglelA

62.6 ng/g-dry wt(Zi1x] 7953 ng/g-dry wt)Z A& At Aal Aot s|do)A Wro A F AbgEko] Wi wizly] 9
BABATHH, 2008). WebA L Ak B AT AAE amwzA4BCR)7E %S Seanine 211, Irgarol 1051,

FE FE < "J°H°ﬂ HH2elM Diuron®] F1= w3 WS pigrone] FE REES HS-SPMEWRS #&3te] GC/MSDZ

TN 9 ng/g-dry wtE BEEH ALY FRAA L A6 BAFe] he 2o ARS A9t}

FEl&TE AL 9= S Mo7elA 388221 ng/g-dry Wt 1) Sea-nine 211 A% AHE]o]A] 17} 13492 1]
2 7M=& v 22 UEEth olfd dabs WitE 34 @) wjRe] zAAY 2 AHA gy dEdA o
ZAL7F RS 9l eate] HaA sRET o Sul ol ge gy

e wwEolth W@ FANNY} RS sty #abae] 3

& A 2) Irgarol 1051% BH17) 7 2019 2 73w Aol A e] A FA

B Ee FER AFH] A7IAM 71E3 Irgarol 1061 zho] 27) wiio] tjiie] zAIAHelN AZEPon Hu
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