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B AT gekty) ool 23 EFE 3 ujAE ABPA)S 29 EAS B Hete] 19994 108,
2000 2€, 59 1] 20009 &€l 157 AN AF-E HAAEITE % EEE § BPAT 0.46~24.59 ng/g
dry wt.2] HEHS Bt BPAY AZE He wE AAF R vssi veled, P4 v dA5H
= 2.53ng/g dry wt. ©]5H2 EIch BPASY] FHERPEE AMEE & 2 thh 2|7t Qlovt ofratte] nls}
of okt §AEolM Hlad F& FEEF Bvk T3 ARJH e AR dEe I e s HAEY =
A3 BPAE A5AAA BTt 230tk Toce) AR AFHele dAE X 0.09~1.65%% e, A
A7k SFToNA 0.09%E W S Btk BPAY TOCS AdAIFE 0.0952 #a@3A7 A9 et

Abstract — This study was carried out to survey the pollution of bisphenol A(BPA) and total organic car-
bon(TOC) in surface sediments around Gwangyang bay. BPA is suspected chemicals as endocrine disruption.
Gwangyang bay is located on the mid south coast of Korea. It is a semi-closed bay which Yeosu petrochemical
industrial complex, POSCO(Pohang Steel Company) and Gwangyang container harbor are located. The surface
sediments were collected at 15 stations with gravity corer at October, 1999, February, May and August, 2000.
Also, the stream and intertidal sediment were collected at 5 sites at August, 2000. Concentrations of BPA in
surface sediments were in the range of 0.46 to 24.59 ng/g dry wt.. Seasonal range(mean value) of BPA are 0.59
to 9.00(1.88) ng/g dry wt. at October, 0.99 to 2.97(1.57) ng/g dry wt. at February, 0.46 to 24.59(2.53)ag/g dry
wt. at May and 0.54 to 2.46 (1.29)ng/g dry wt. at August. BPA was seasonally fluctuated, and the highest mean
value and range were detected at May, 2000. BPA was highly distributed in the inner part of Kwangyang bay
than Yosu sound. Concentrations of BPA in stream and intertidal sediments showed the highest value in down-
stream near Yochon petrochemical industrial complex and Yondung stream. It suggests that the source of BPA
are industrial wastewater and municipal sewage. TOC in surface sediments were in the range of 0.09~1.22%.
There was no any correlation between the BPA and TOC.
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FH jiguA Fellgde} ego] HuHy v F
Hafl oA W] A~= ABisphenol A, BPA)2 2ol of
Aot} BPAE E87IR U0 E(65%), o1EX(25%).2
EHAHE AEY PP EA ] AEFE AR
Al ) WiF-TH, sjo| = 7F3)A|, 2|, HFEHA S (flooring), Water
%o}, nail polishT} &2 EAA Tl o] &= &
Aoz 2delx 9 th(Knaak and Sullivan[1966]; Patent[1974];
Patent[1975]; Patent, Chemical[1997]; European[1999]).

BPAS] AlEa= 28% E<t 1% FE7} E3)E 21T (Stone and
Watkinson[1983]), ¥Fd BPAS 3t #il-E Ao A& vl
& 9 I ATt e shgelile dA BellElE Al
= Ry E2ATHDorn et al.[1987]).

BPA 253 st ol Algadolr] wieldd, B4 I estrogenic
Agol] w3t A7t ol UGB T 7| 2FARE uu]s
Holtk, el BPAS #dt A5 AHEA] Khim F[19995 vk
Attt A BPAY: 2.70~50.3 ng/g dry wt.2] H5EF Bo)il, doF
°F fEE kel 77k AMeA FEr) Erha Husk)
o, S FF AT (200012 B AR E = o B3 7] 2ZA}
A} BPALE = 7472 3 A-elA ND~5.7 ng/e®] T2
BHakar Qlotk

el B Qe AT 2F 57190 ek, TBT ¢
9} 72 v f7] 09549 99o] B Hu Q= FokukEby
2211995); 252%-11999]; F941[2000))3 oFalstol] 55 H
¥ % BPAY] 29HS Holslo] Fakute] o
o] LAEA S Tolstaa} st
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2.1 H7K[A

B A7) Fekke Aok, el 281 e E £
Hpo] 913, wh Foo| R R
FHolle FFAHT AeFrigaRyy ARsa slo] Ak
F7F FYEHL gl Al B, AMA, o) 1
7o Z2RE 357 FU=E Aok
= W7 AT ler, sk flEe oF 23 tonfsece]th
(AAR1975]; 24519761, 7519791, TAF-[1980]).
e 2AE 19] 28] HhelFEo)H, 24570l we) EAe] x
F7F 3R, 2R & 2k H9lel ST ESEEAIH(1982])
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AFHINEE Ao 7 ARt e}l BANE 550 7 Tk o
) FAY iFgogs BEEog Pokla) o g Il A7

Bisphenol A9] @%el #st AT 105
FALE Apole] F2 $EE ujet 7l A
Aot sk A 2R {198 HyEo] 4F-= HAs
I YHRE 427 4goR Agans S gl usse
2 ke, 2 e o3 A HAEo] o5Evhs
T3l fl=lo] Aol ot Fdut GAFEX el HAREoeRE
519841, A5 F11986]; UHD 5[1994)). & (20001
B QEEE|o EAEol| = opaivtnnt e @y -slao] 31 8
F-rEol ol AF o] Fopilel wet frleh ko] St
Fig= SRS e )

0, o

W NE=5 E

2 ATE A% 25 HAE AlEe ok o8 F 15
7 - A 1999 10€ 26, 20000 28 174, 5¥ 242, 8¥
309 43]oll A 1570 FRelA T4 Ik 7E ol g3te] &
SHEAE0~5 cm)yS AFHIIE, 181 8o SRR ZHE| 2|
QEE Tofstr] faiM Fokuta) oBvte 2 s E §+2 )
Aol sl AT dAqkdeld 27 EHHES 5/ A )
itk Fig. 1. AT AEE A-FEgel w1, FA] ojo)A~
wao] BEto] APHR & ¥4 A7 20°C o3t W%
ERUGiS o=

2.3 EA{HpRY
2.3.1 BPA A= ¥
BPARA 2] = olE-HEA3h (1998)0] 2ste] EA8qict. &
Zoll AREE 71 8vE gk EAE S F (Pesticide grade)?l
Acetone, Dichloromethane, n-Hexane, Methanol, ¥ Ethanol& A}
127°40'E

127°45'E 127°50'E i

: Yeondung St.
: Waste Dispo. Site

- Study Area : Noryangri

DOLSANDO

1~15 : surface sediment, | ~V: stream sediment.

Fig. 1. Map showing the sampling stations.
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L, FEH BE 2AVITFE T o2 A
T 420°C oPde] EOF 3 hr o]} 7FAsk] 2| ERFE
29E AA I

EA&E A% 5~10 g& 94Tl # 3] Methanol 30 miE €1,
F25 ¢t 1 F gilEesie] AdS 100 ml 42
5] HH23ic), o37]o] Methanol X3}
n-Hexane 20 miE %1l &E & Methanol 5& Vg FH|3 5%
NaCl <=8 200 mlE ¥ole F9Ztl7]¢) ¥, Dichloromethane
50 mtE Clsf] FE§L o] 22E 13 HEESi] FERS Feit
o] FZdo]| L4 50 miE ¥ EA|ZSIC}H Dichloromethane
TS NaS0.2 7 88 AAS L, 553}, o7l REFE
21(5 ppm) 0.5 ug/mlE 231 N7A2 Au3ic), o37]o] IN-KOH
Ethanol -§9 0.5 mtZ ¥, th5oll Diethyl Sulfate 0.2 miE %2
o], A2oA 1087 FA T} 93710 IN-KOH Ethanol -§-9%-&

- o
=

L Sample(about 5~10g) J

I Methanol extraction |

< Hexane washing
< Add NaCl solution

L Dichloromethane extraction J
F Water washing
L Dewatering J

<— Add surrogate chemical

Concentration and dry by N,

[

l Kerne derivative l

L Hexane extraction J

| Clean up I

]
l Concentration by N, I

I
L GC—MSD determination J

Fig. 2. Pretreatment procedure of the surface sediment sample.

Table 2. Analytical conditions of GC-MSD
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5miE FA7HA AL F epiE 21, 70°CellA] 1 AIZEERE
Aot B8 5 A7 whlE Al gel 8 mle] BAMA £
2 oo 1HEE HQith of7]o n-Hexane 1.0 miZ
Z3lo] FZ3), o] FZl 4% Diethyl Ether/n-Hexane
I ¥ Florisil Cartridgeo] A7 Y £:28] & §ml
£ AjFsit}. 829 4% Diethyl Ether/n-Hexanzol| NJIAE &
oY 0.5 mi7kA] EFstd SHE AEggH e SkFig. 2).
HHZ g8 H8E 51022 105°CoA] 24 hr 7A%3H
T AxA FAEHY AXT AANEZY FARNRE ErEE &
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AE7171% Shimazud] GC-MS(Model GC-17A, QP-5050A)%
©]-&33irt. Columne A ZH4 (Capillary column) 007-55 A}
g3l 0m, 24 WAL 025 mm, 2E FAE 025 um, 4ol
25 m®]3L, 5% methyl, 95% phenyl silicone®.Z FHE Z-& A}
3t Y 52 282 2719 60°CoIN 17 Bt 54 F
250°C7HA) 19 15°CE A3, 250°CoA 1082 FrA s
5 Za3ISItH(Table 2). AE FUFHL Splitless Mode(P]E-&
FHE B3, RPIAIE AEHe: 99.999%)S AME3, &
ZF 1.3 mlE EHFH(Table 2).

AEYHE B4 Aeke] o]2uhg AMEsle] AZEsh= Wl
SIM(Selected Ion Monitoring) ModeZ o} £35}5it) A|59) 7+ X4
o] oRE AZHFig. 3y 9A9 BEE BFE 83
EZ(BPA-d16)] BAN|E A/J5 HekAT v]wsle] RN
9 Qe st 7t Aie ]

Qlo]&9] A= Table 30 YERYQIT)

Table 1. The molecular structure, formula and weight of BPA

BPA
G
Molecular Structure HOQ?—QOH
CH;
Molecular formula (CH3),C(CH,OH),
Molecular weight 228.29

Item Condition

Detector Shimadzu GC-MSD (Model GC 17A, MS QP-5050A)

Column Silica capillary column 007-5(Quadrex Co.) 25 mx0.25 mm L.D. 0.25 pum film thickness
(5% methyl, 95% phenyl silicone)

Carrier gas He 99.999%

Carrier gas pressure 51.8 kPa

Injector temperature 250°C

Transfer line Temperature 280°C

Initial temperature 60°C (1 min)

Temperature rate 15.0°C/min

Final temperature 280°C(10 min)
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Bisphenol A Table 4. Range and mean values of BPA and TOC
N
BPA TOC
Nonylphenol-d4 ng/g dI‘y wt. %
4 Bisphenol A-d16 0.59~9.00 0.09~0.98
~ 1999 October (1.88+2.09) (0.59+0.34)
0.99~2.97 0.09~1.65
Nonylphenol
T Vi February (1.57+0.48) (0.74£0.41)
0.462~4.59 0.09~0.98
May
(2.53+6.11) (0.64+0.29)
2000
L arface 0.54~2.46 0.09~1.22
1 1 1 1 1 i 1 (1.29+0.57) (0.91+0.28)
August

stream 1.03~32.90 0.09~1.29
(10.28=12.93) (0.7220.59)

Nonylphenol-d4

J Bisphenol A-d16
1
Nonylphenol
Bisphenol A
4
L |
L 1 L 1 1 1 1
10 11 12 13 14 15 16

Retention time (min)

Fig. 3. GC-MSD chromatogram of BPA (upper: standard 10 ppm,
lower: sample).

Table 3. Key ion and retention time of BPA and surrogate chemicals

. Key ion (m/z) L
Material — - Retention time
Quantitative ion Reference ion
BPA 269 284 15.49
BPA-d16 280 295 15.43

2.3.3. TOC A7 w4

FAEE f7|E5s AA
Qs HHYE|= olrlglvtaE
(ISR £-11986]).

/\]E x{;‘qg]}—, ﬂ;ﬁ% A

43 WHoE f71E d4aR
=4 8= TOC meter= 4315 0h

oF 3~5 g& 110°CellM HAxFch A

=
]..‘1

Z3 AE oF 1 g& F3 AAEE o]8ete] ABE TS Al
71t} o lﬂﬂ AEE 50ml @&Oﬂ Y37, IN-HCl 5 miZ

o] A A7k, 250 FE5EX5& o83 & EFAA %*P
Ae AAFL, o]AE 3~4hr L WX 3 A=} 6N-HCIE =
& FA7H FHehe TS AlAS Bkle A F, 94
‘,%FA(1500~2000 pm)is 38l ASAE HE L, olo) 5 3 ml
9] Z5E Frleto] 2 EF ¥ ddEelE 6}01 FEdE
ok o] 225 338 WHESka 110°CelM Az & dxzd 57

& A o) 88le] Fals) ARt FEEE A s
SSM(Solid Sample Module; Shimazu Co., Model; SSM-5000A)
o] 2%l TOC meter(Shimazu Co., Model; TOC-5000A)E ©]-&
sjol Zgatalct.

2 ok 20mgS

% ( ): mean value + standard deviation.

Table 5. Comparison of the range and mean values of BPA with
other studies

Location BPA References
Masan bay 2.70~50.3(10.5) ng/g dry wt.  Khim et al., 1999
Gwangyang bay 0.46~2.59(1.51) ng/g dry wt. This study
Yeosu sound 0.54~24.58(2.09) ng/g dry wt. This study
Stream sediment  1.03~32.90(10.28) ng/g dry wt. This study

.48 H nE

Fopatat ofpajnt 9 9 ek sk 8% HXECA NP,
BPA % TOC-4 BYENS molsly] 95led 1999 102, 2000
A7} 849 430 AA FAMSt ATE Table 49} Table

1 UrE}LH%iE}.

3.1 BPAS| &%
Fopuish ofsauiold] BPAY) AU FEME WX 1909
1099 0.59~9.00(F 7 1.88)ng/g dry wt., 200013 2g o=

0.99~2.97¢8 & 1.57)nglg dry wt., 5Eol= 046~24.59(F
2.53)ng/g dry wt., 18|31 8¥oll= 0.54~2.46(F 129)ng/g dry
wt.2] HEHE HoATthFig. 9). BPAY] Hgke] wEHdeE
1.29~2.53 ng/g dry wt= VERJ2IT)

BPAS] $HEX = Fig. 10~13°] YeRYSITh BPAS] F&i=
0.46~9.00 ng/g dry wt.= ©]31-& nMIFRES] 2.70~50.3 ng/g dry wt.

30
- Max.
E 25 { Mean
] Min.
T
» 20
-
£
s 15
]
[
£
£ 10
[
H
o 5 I

I —_— 3
o 3 -
October February May August
Month

Fig. 4. Seasonal fluctuation of BPA in surface sediment around
Gwangyang bay.
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Fig. 5. Horizontal distribution of BPA (ng/g dry wt.) in surface sed-
iments at October, 1999.

127°40'E

Fig. 6. Horizontal distribution of BPA (ng/g dry wt.) in surface sed-
iments at February, 2000.

B} GG HEEAT9[2000], WEE[1995]19) sRA AL A
3¢l ND-~5.7 ng/g?} HIS81A) VERY Fofukd mlilvlel] 1]l
BPAY] QAT W& ZloZ AlgEth. BPAS AEE B &
T AAFe R HR3 F5E Holx, P TR #EHAE
2.53 ng/g dry wt. ©|3FE VFERARITE. 0|9} o] BPAS] THEE
t AREE TS U AJo)7t glont ogesfintel] niste] F
FteljA Bl A F2 FEE BT o] BPAY Ut w2

EAERRS AT 0] o) A A, f%o) okt

Fig. 7. Horizontal distribution of BPA (ng/g dry wt.) in surface sed-
iments at May, 2000.

127°40'E

YEOSU

2. DOLSANDO, (|
@ stream sediment

© surface sediment

Fig. 8. Horizontal distribution of BPA(ng/g dry wt.) in surface and
stream sediments at August, 2000.

JRroE fEle] FRERE Fat=o] H2a 292 AlmErt
899 27 BAE ZAR EABKE 495EE A5 Q) 3t
Fob AlElge] Fakg W AL FAE A 2 SR 3
F HFHENA 742 32.90 ng/g dry w2l 7.61 ng/g dry wt.S] =
& ¥EE B3t o] A¥ A5 shFeIA M & FEE R
PA 299 FH1L& A il R AlsdTt
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okt T #5EEE

AE 23 Eal7t o] FoiA L Y= Zﬂ—E AtEHT). Stone et
al.[198312 BPAS] A¥3lle 28Y 52t 19357 HalEls A

2 R ANE Do et al.[1987]1%] °4:IL°ﬂ = BPAS ?:}Torﬁ}
He] AHela7t HREHE kgl e g4 E3= L, BPAY)
3713 AR w7PEel 2ot AFolA Pseudomonas paucimoilis
el &8l 230 mg/l ©15ke] FTollA Balago] £& AoF g
A= ch(Khim et al.[1999)).

3.2 TOCS| &=

okt FHE oA ToCS AR o] AEHAE 1999
d 10200 0.09~0.98C3F 0.58)%, 2000 28l 0.09~1.65
CET 0.74)%, 59 0.09~0.98C3F 0.64)%, 8$E = 0.09~1.22
(8 0.90)%%] M5 ESATHFig. 14). BT T shAlel 0.90%
2 7P 52 §E Holi, FA0) 0.58%E 7P e dgs
VeI HEH e EAlel 71 2o

TOCY AEE 38X Z Fig. 159 Yehigic) ToCcY e
< v EEE 04?%[20001)01]A1 0.75~4.6%, A3} Khim[1999]

oA 0.49~0.80%E B U3t 1, Fehe wpbginch WEZ )
o] i, AFSHIRE #2 BEE E dskg 2ot Y
= X XN vt A5ggkel = Aslas) vl
& HoFQIth o] 22 AT FokA|H vt YRSk
A MHOEFE f7|EHo] AUHE BT K 54 E
A F& edielEn 32 il s, A dEo] ot
Zof we %71%A ko] TRl HE QI d9o| §7)
A9 o] 1 o Almdrt. o] A3 7709 Al v
1):_6}- 1=} D:ozh;}

EHEY 471299 AHA %@%‘ﬁ
A2l BPAY B AlITE

mE—.n

g e

jul

3l TOCS} WE7]12
0.0952 AFiAdo] A9 gl= Roz

YEeRGTh o] A3l= Khim et al.[1999]°] uMiFgteA 73t 4
e} v]528k A3 Yehle] BPASL & 7184 SRS X2 o

T 53 S4& veEhislth

4.4 £
& A7 A ogERt 23 X*“oﬂ*i BPAA ioﬂ =
A& A7tk 1999 108, 20009 22, 52 7131 8 15

7N 47delA AAFE AT AHE Qokshd E}*J’} EE}
BPAE 0.46~24.59 ng/g dry wt.8] ®HEHYE par),
BPAS] AEE Hy $5= AAFORE nsd =55 HGlo

o, Fi 52 WA= 2.53 ng/g dry wt. ©J&F= VElgic).

BPAY] +HEXEE= AMHEE 5 W3} Q1301 of=3gtof
H|ato] Fetut B & EollA vlwa %‘——S— FEE 2ych

AdHE 9 BAIERS] PGS TA e sl HAEY) AL
A3} BPAT A& w271 H3UT

TOC?) zﬂxé%i W)= A E ] 0.09~1.65%% VFEREO ™, A
A7r oA Bt 0.09%2) FHERe vERy

% Bisphenol A%] ¢Sdl| #st AT
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BPAS} TOCS] A#AITE 0.095% A#aA7E A9 g1gich.
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