MThe Sea; Journal of the Korean Society of Oceanography
Vol. 18, No. 4, pp. 186 — 194, November 2013
http://dx.doi.org/10.7850/jks0.2013.18.4.186

Free Access

£-A1 g]AE- U] PCDDs, PCDFs, DL-PCBs, PBDEs®]

= = B 37 )
WEE - oJQIA - AT - ol - BEE - A5 - AT
Sl ot

Concentrations and Distribution Patterns of PCDDs, PCDFs, DL-PCBs,
PBDEs in Sediments from Ulsan Bay
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Marine Environment Research Division, National Fisheries Research and Development Institute (NFRDI), Busan 619-705, Korea

L2 U HZEe) diste] tho] L4154 (polychlorinated dibenzo-p-dioxins/dibenzofurans, PCDD/Fs)2} T}ho]
LA15F F)4)H] (dioxin-like polychlorinated biphenyls, DL-PCBs), PBDEs(polybrominated diphenyl ethers)®] 7<=
o TARL 2SIt 3370 Al AFSE E2= F PCDD/Fs, DL-PCBs, PBDEs:= 217} 0.11~4.86
(Bd+ETHAE, 1.81£1.04) pg WHO,00s-TEQ g 715 (dw), 0.06~44.2(4.02+£7.99) pg WHO,0s-TEQ g dw,
2.81~63.8(19.4+13.9) ng ¢! dw T2 % AEE It} F o] SAF(PCDD/Fs+DL-PCBs)ll th&to] DL-PCBs7}

oF 88%= PCDD/Fsoll H]3l] &2 7]01&S YERIQITE B AT Ultel] fXst A2 &

O T azo

13| =2 FETTE B (p<0.05). T thol&Al

BDE2097} 8 oddAE yehston, ol= A&

= =
=TT TS

Fom, opdAA Q] EEHle AT Jeo] & FAXY FH
-1187F F2 o) AAEA, AE PCB A|Ey EEEA O] AV VrERsE
deca-BDE AF2] ARg-ae] o8t ko7 getery,

[e)
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o Aol

PCDD/Fs&= 119349] DD/FselA] & 7]oj&-S x+]8}

=3 (e}
B4

=9 vERA2ITH DL-PCBs= PCB77, -105,

S, H21% ) PBDEs #EoI

. azer,

We investigated the concentrations and distribution patterns of 17 polychlorinated dibenzo-p-dioxins/dibenzo-
furans(PCDD/Fs), 12 dioxin-like polychlorinated biphenyls(DL-PCBs) and 24 polybrominated diphenyl ethers(PBDEs)
in sediments from Ulsan Bay in Korea. The concentrations of PCDD/Fs, DL-PCBs, and PBDEs in 33 sediment
samples ranged from 0.11 to 4.86(1.81£1.04) pg WHO,0s-TEQ g dry weight(dw), 0.06 to 44.2(4.02+7.99) pg
WHO,5-TEQ g dw, and 2.81 to 63.8(19.4£13.9) ng g dw, respectively. DL-PCBs had dominant contribu-
tions(mean, 88%) of total TEQ concentrations in sediment. The concentrations of target compounds in inner locations
were higher than those in outer locations in Ulsan Bay (p<0.05). The dominant contribution of highly chlorinated
DD/Fs in sediment was associated with combustion process from industrial complexes. Distribution pattern of
DL-PCBs was similar with those of commercial PCB products. BDE209 was a dominant congener in sediment,
suggesting high use amount of commercial deca-BDE product in surrounding areas.
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& ZAAAL wEfo] o]Fol A1 giek. $elutehe 2007 Wok
ol 7191 ¥ sl o POPs ZALS) Thlol cie W4 7]

2 mile) $71A8E 31 Foll AThEESE, 2011). A
)4l POPsi= Tho|2-4l/3F @7 (Polychlorinated dibenzo-p-dioxins
and furans, PCDD/Fs), PCDD/Fs?} FAFSE 54)-& 714 thol<

A1 5% 3 A H] (dioxin-like polychlorinated biphenyls, DL-PCBs) 4!
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PBDEs(polybrominated diphenyl ethersys ¥3}4fl & 22%°]cHBSEF,
2012). POPs = PCDD/Fs, DL-PCBs, PBDEs= A 34 2 ¢1 40
olaf) vl A 0w WAYSHALE A8 Aol o] 3 o
2 uEsH, 874 FolA A= FARHI Asshs A G
] 9t Eljarrat er al., 2005; Lee et al., 2012). WEbx POPs 28
F AREEE T2 ARISNE Ao 22 S Hel
Ch(Fiedler, 1996; Kim et al., 2004; Xu et al., 2009; Saba and Boehm,
2011).

AR SEver BANES] AR EAEM, 1105 He] Q1
T} AFek= theAlolth. 1960ATIRE] AR Fro] F318kEe]
SgA e wet ARt vlEdTE, 24, Ak 3 52 UiY
o] AR el /3=t 20104 7|Eo R A5, A
9 AHAEY AsA 2 Eddy] 2ea e 9 stekAlE
< sl QA1 miEdo] Al ARIAIL] ES = 68.5%2
HIS& 28t QoA A1, 2012; SA1%, 2012). o] €%
A A AUy} 22 Felha g vlee kst &
A AEA B -HE o] wWiEel tr)e} EoF 9 A5
H18] 17 Foll gt XU A7k r2o] o]FolA] givkd 5,
2006; ©| &, 2008; = &, 2009; ¥ -, 2010).

284 POPs ARV 87 7 =2 IR (EY, H4E v
71 oldhys 7L miEd 2 T USSR sl Fe oA
o] FE A7t 10d ol O Hels AR deiA §l7] wiEel
POPs2] AT ©187d, 54 (A, 32 o) 2 AA1S
2 ABEFAAS 5,000 ohS 1E o @R, 2001; 3 5,
2007), °1& =4 tigt F712Ql ZUEHo] Fed o7 &
Ech EAke] et A= Moon et al.(2007a)¥ Choi et
al. 2011l 2J8l Fa= oL ol5 AT-E 20074 oA FSE
A&l gt Aypgolrt. o)of & Aelri= AT AP
g gkl AR Ul AReA| g} Aukaldel| 17ds e 3
FEHES tdoZ AR POPs 9 H: AFAFS 2ABINC
o, AATel 5o A7AY, 283 FAEEe] vuE
sholet. s, o2 2@ izt F5A 2 o] dA EEE5A
o] vlwe}l 7F o eddrte] FXAH F48 B3 24 E
AL T odEde] dqese] JIdS =
o, & A Ul POPs s A7 9 Eeks 3 7]

2ARE AFFIA Sk

ot we,
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ZAFEE 2 A=Al FH

St St Akl YAIE SARFAAIE UKo R T
o] AFH o] Bxsla glon Agks wet Af3tetyd, AEAt
4, 24 AAE gy AR Fol RSk kel 5,
2008). o]o] & A o] 3t AlEF o7 Q) WA I
POPs®] SUEAE F i 2 xRS gefskaat, 2011
W 2AE 3371 43dellA AF S E|5Eel tisle] PCDD/Fs, DL-
PCBs, PBDEsE 45131t} (Fig. 1). 4= Alss Wl A
EHE o]gst BT (ol 2em)S AF oA, AFH S H A
= Ag3E SA AR @REs S 20 °CollA A A7 W
st

A=A F 7|7|&8M

¥ Aol PCDD/Fs, DL-PCBs, PBDEs %41 Moon ef al.
(2007b), Moon et al.(2008) °] el ZA3ISITE. tiekA] o= A
ol FANZS HAE 27¢S 455U FEO T EHE S
AAE A8l 72 HE sk 72l A NEe 55 5
PCDD/Fs ¥4 A& (15 g)$} DL-PCBs, PBDEs %418 A& (12 g)
2 22318t PCDD/Fs w44 Al teAel7ba+&Adsr 24
o7 A7) A AL HEFEZ(EPA-1613LCS, Wellington
laboratories, Guelph, ON, Canada)S % & A A|3+5] 2™, DL-
PCBs$} PBDEs 418 A&+ A8 UF %522 (DL-PCBs,
WP-LCS; PBDEs, MBDE-MXE, Wellington Laboratories)> %
st & tSAggi A JAE ARG ZAE v AlEE 5
slo] AlIA)37 M8 U552 (PCDD/Fs, EPA-1613ISS; DL-PCBs,
WP-ISS; PBDEs, BDE-CVA-EISS, Wellington laboratoriesyS 51
St & 7|74 AR i) 7)7]342 HRGC/HRMS(High
resolution gas chromatography/high resolution mass spectrometer,
JMS-800D, JEOL, Tokyo, Japan)E A}8-3151 o1, A x}5-2 0| 23}
Moz Balls 10,000 ©14 (10% valley 715)2] ai-allsolA &
21513itt. PCDD/Fs & 4~6 93HE 2412 SP-2331 EA12 Ad &
©] 60 m, W7 025 mm, =7 0.2 m, Supelco, Bellefonte, PA,
USAYS ARSIt 2R 1AIE €4 (1.2 mLminyS: 1831311, Al
E7YTE] 25 250°CE A3t LEREE 140°CllA 1
54 & 10°C/min®®E 200 °C %91 vk 2°C/min® & 250 °C
7] Fo 28 FAIBHES 42738t 7~8 $45kE-2 DB-5SMS(30
m, 0.25 mm, 025 m, J&W Scientific, Palo Alto, CA, USA)E A}
31t L9l FES 1.2 mL/ming] §50)310M, N85
QAR-9] 2= 280°CT LELLE 150°CoA 18 A F
20°C/min® & 300 °C7HA] 30 21.5% x18l== 3}3ick. DL-PCBs
+ HT:8(50 m, 022 mm, 025 m, SGE, Ringwood, VIC, Australia) 2
&S, PBDEs= DB-5MS(15 m, 0.25 mm, 0.1 m, J&W Scientific)
£ ARt DL-PCBsA el o] 2H71A] (BF) 152 1.2
mL/min, A2 280 °CE AT @225 140°Co]|
Al 42, 20°C/min®E 180 °C7FA] =0 103 F4] $ 2 °C/min®=
220°C %<1 th3 3°C/min®. & 300 °C7HA] =9 6.33% 4313
t}. PBDEs 5 3~7 352 97|Al (@E) £<5 1.0 mL/min,
AFEFQH &5 310°CE AT QB2 110°CelA 55,
40°C/min® 2 200°C ¥ F 55% 43 % 10°C/minC 2
320 °C7HA] o] 2.25% f-4I33{Th. PBDEs 8~10 $Ht&- 4k
1A (@F)2] 44 1.5 mL/min, AEFYY &% 320°C o],
QE2TE 110°CNA 138 4 F 25°C/min. 2 340 °C7HA] =
o] 6.8% FAIBIITE 718k (Total organic carbon, TOCY= IN
AxLo 2 EAE AlF U calcium carbonateE A7 §, CHN 94
2171 (Model 2400, PerkinElmer, Boston, MA, USA)Z #4433t}

SHEM

5| #%E 5 DL-PCBs 9} cd-2.319le] afed njws 913l B4
32 73(SPSS Win, SPSS inc, USA)S o]&3l5it). o)A 2l
FTEE oAA MY B FEE ol Brdlsision, ®
F3t¥ tolg & o]&ate] F/dE 4 (Principle component
analysis, PCA)so] o[ WA Wi A4eg F431000H(Lee ef al.,
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Fig. 1. Sampling sites (a) and spatial distributions of POPs [(b) PCDD/Fs, (c) DL-PCBs, and (d) PBDEs] in sediment from Ulsan Bay.

2012). oW, gk Al ML) 70% oS A2
AE AEEl] score plots TA8IITE Ba FARRIES] At
X+ Kolmogorov-Smirmoffe} Shapiro-Wilk tests ©]-&5Fo] 7
392, TOC2} PCDD/Fs, DL-PCBs, PBDEs 7+] 442 o
ol AAAFEEE Hehitl. Z2ARE ) tidk FE3ke) Aol=
Mann-Whitney U testE ©]83I3 0™ AR Al Fola<(p)>
0.05 o3} 3Tk

e
30

N o rr
oxt Mz d

[

QA/QC(Quality assurance/quality control)

A0 =42 PCDD/Fs 17%, DL-PCBs 12, PBDEs 24%
o=, A 7 FEAPIE )] Helol 28 Aol
o7 keIt ek, Aelo] 2] o] (peak)2t AFAIZIO]

AZuE ] AR 2o, dglo]e] djo)3 WAn| 7} 593
o] WAl diste] £15% ool Aoz st FAE UiF-E
549 H3)58-2 PCDD/Fs7} 85~96%, DL-PCBs, PBDEs:=
7} 94~100%, 65~97%3At}. & Aol FA oA 231 A
£Z PCDDfFs ¥-4]€7} DL-PCBs/PBDEs #4808 #3l5}=
Hgog 98 F& A YRruFEdS F9lekA gt} weba
FZIM Y a4 Beksha, B Ao g
e Al 8l Ag Vet IS ETEE(CRM) B B55
ARM) 4 HE2 T318lch. PCDD/Fs9} DL-PCBsell tsl
)= WMS-01(Wellington laboratories)=, PBDEs®l T3l =
SRM2585(NIST, Gaithersburg, MD, USA)E ARE3151.0m, 4174
= 7 AZARIA AXSE s2akeS WS HEAE AlE
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7WA14=(Toxic Equivalent Factor, TEF)= thall£ WHO-TEF (2005)

= /\]__9_3]_03

(1998) 2 [-TEFS AME39Ic}, wdt 7]7]82x

o WEA S

AFsH) Y3l 107 A=

3l LT%_OH 9] _6_7}-@7_-”4 uj&oﬂ%

SAAEE[A

A 30 AR B AR

1= & PCDD/Fs, DL-PCBs, PBDEs
Ul dE42] s=REE Fig 19

o, 9] 7|E3e] BlaEA S S8 WHO-TEF

4 SgolA] MAE 5
2 B i), 345

Mol WWREEEA 31

& BAHE SR, PFE B F

7171 sk

[.EA.'&

LRSI & W]%%(ZWPCDD/FHEHDL PCBs)— 0.20~46.7

AFEHo =2, )

UrE‘r HﬂEl/\l?d_f?jﬂlOFrOl s BHEA o)y ]T Level 1 (100 pg

WHO905-TEQ g dw)°ll B3} 52
737925714,

2000). PCDD/Fs2]

FLAEOR etk @s
FEFT 01 1~4.86(1 .81

£1.04) pg WHO,5-TEQ g' dw .= LS, St. 33014 4.86 pg
WHO,05-TEQ g dwOo.E 7} =& LTS XSt} PCDD/

Fs i 5E+

O -1

AAE &

AUt} 1ISQGs(Interim sediment quality guidelines,
0.85 pg WHOIQQS-TEQ g_l dW)Oﬂ

S0,

O—J—E =

PEL(Probable effect level, 21.5 pg WHO,404-TEQ g dw)°ll B]3l
e 4230] tH(Canadian Council of Ministers of Environment,
2001). DL-PCBs™= 0.06-44.2(4.02+7.99) pg WHO0s-TEQ ' dw?]

ln\:tﬂ:ﬂi 7Jigcﬂ ocq
g! dwoz 71

ng g' dw2

Table 1. Concentrations of PCDD/Fs, DL-PCBs in sediment from Ulsan Bay in Korea and other countries
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CEhy

=0 = ~=Z 0
F ST

lr_E/'\Z

St. 11914 44.2 pg WHO,05-TEQ
B3It} PBDEs= 2.81~63.8(19.4+13.9)

Ueptoem | st 1, -6, -8, -199114 30 ng
gl dw oo g el Aol ulal =A JERH

v PCDDs, PCDFs, DL-PCBs, PBDEs®|
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wke] Yol 913k 3 (St. 1~27, St.

32~33)°ll4] PCDD/Fs, DL-PCBs, PBDEs”} Z} 1.91+1.06, 4.53+8.42
pg WHO,s-TEQ g! dw, 21.2+13.8 ng g dw ©. =, ﬂ—‘?‘~ ks (St

28-31, 1.04+0.40, 0.35£0.25, 6.41+2.42)]]
Bt} (p<0.05). PCDD/Fs 2]

FEgEo] 1)

]°H = o

A E P

St. 6, -8, -107} St. 11, -13, 778] 2L St. 16~18°]11.2.1, St. 1, -20,
21, 27, 3394 B E o] o2 et DL-PCBs:= St
11~147} St. 17~21 74, PBDEs:= St. 6, -8%F St. 17~20 7XF

oM HlA 2 TR

87 9

Bk, & U BHES €
F SRERTE Y 49159 ARIASTY, B4, 4B

b Az 3 T2 ARA AT 244 9 Aukad o] ko <l

3l 94‘j

LL E-LQJ— STt

2ol Hlm

BN e e 0% Bk, Wk ) sl 2
+ Minh et al.(2007), Moon et al.(2007a) 59 A+

SAE ) A E] ttEAe] thd 2 Ae) shfe) oA

= B3I} (Table 1, 2). =22 s

A A o ~°r =9l B SRt

sl AR F Bitdol

Ao,

O VERNGILE 2] 2011d EEE 5 PCDD/Fs?} DL-PCBs

FTEE 19963 5

Bl 2007 Aol 8] Ul 15H(Oh et al., 2003;

Moon et al., 2008; Choi et al., 2011) Ax}] B8] W2 S

LERKSIT & tolSalie]

g dw= =

A Bl

>
o

Z—lx 4=9]

S =
(=t

6.07+8.41 pg WHO,99-TEQ
Q¢ 317) k2 F U HAES o w 3w =
(2012) 743} (1.3£0.96 pg WHO 90s-TEQ g dw)e} B3-S uf
oF sul A YRt (p<0.01) W5} vl a4
H3) W5 st duksfiksbig e &
AR k), o] AFAIE 7
2ol 2 A5A]Q1 HlaL

Hojzl o] 913

o e
A9} A=A A7) 2
= ofei9at, Ak B4E ) o

Concentration (pg TEQ g' dw)

Sampling year Location PCDD/Fs DLPCEs Reference
Korea
2011 Ulsan® 0.13~5.43 (1.97 £ 1.13) 0.07~44.1 (4.11 £8.0) This study
2011 Ulsan® 0.11~4.86 (1.81 = 1.04) 0.06~44.2 (4.02 = 7.99)
2011 Ulsan® 0.14~5.22 (1.88 + 1.05) -
2001~2007 Ulsan 2.75+0.98 - Choi et al., 2011
2000~2002 Ulsan® 3.01 £0.95 5.4+8.11 Moon et al., 2008
1996 Ulsan® 2.2~4.8 (3.83 +1.42) 6.5~115.2 (42.8 £ 62.7) Oh et al., 2003
Asia
2007 China 0.30~3.08 (1.3 £ 0.78) 0.04~1.7 (0.34 £ 0.36) Zhao et al., 2011
2000 Japan® 3.1~49 (21 £ 14) 0.18~3.0 (1.8 £ 1.0) Hosomi et al., 2003
- Kuwait® 0.2~32(1.3+£1.2) - Gevao et al., 2009
Europe
2006 Spain® 0~0.16 (0.07 £ 0.06) 0.08~0.36 (0.19 = 0.10) Goémez-Lavin et al., 2011
- Spain® 2.16~6.27 (3.5 £ 1.95) - Mohammed et al., 2009
2009 Portugal 0.82 0.16 Nunes et al., 2011
Oceania
- Australia® 0.09~2.8 (1.44 £ 0.48) - Gaus et al., 2001

* "\WHO-TEF(1998), "WHO-TEF(2005), ‘I-TEF
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Table 2. Concentrations of PBDEs in sediment from Ulsan Bay in Korea and other countries

Sampling year Location YPBDEs Concentration (ng g™ dw) Reference
Korea
2011 Ulsan 23 0.61~16.2 (4.30 £3.71) This study
BDE 209 2.19~47.5 (15.1 £ 10.3)
2003~2004 Ulsan 19 0.12~6.87 Moon et al., 2007a
BDE 209 3.42~286 (mean, 51.2)
Asia
2005 Taiwan 13 ND~1.82 Jiang et al., 2011
BDE 209 ND~6.26
2006 China 13 0.07~5.24 (median, 0.16) Wang et al., 2009
BDE 209 0.3~2776 (median, 2.29)
2002 Japan di- to nona-BDEs 0.05~3.6 (0.94 £ 1.22) Minh et al., 2007
BDE 209 0.89~85 (20.5 +28.2)
Europe
2002 Spain 11 0.16~3.94 (1.21 £ 1.14) Eljarrat et al., 2005
BDE 209 2.46~132 (23.3 £ 38.2)
2001 Netherlands 9 14~22 (19.5£4.42) Verslycke et al., 2005
BDE 209 240~1650 (713 + 811)

FEAL FTE ERIE 918 BluAlsE ARSIt =9] PCDD/
Fs 17243 Bl A, oFrlo} 57} 5 L (Hosomi et al., 2003)°]
7P = R0 YR o, F9°1E (Gevao et al., 2009)
9} T3(Zhao et al., 2011) 2 A} FARSE =5=0] 9]}, &k
Z~9|91(Mohammed et al., 2009; Gémez-Lavin et al., 2011), 2
FZ(Nunes et al., 2011), L~E# L& oK(Gaus et al., 2001 <
st wjal] wlwA] w2 =S WERASITE DL-PCBs®] 739, =
9] AATe] vl Skt HAEOAN 52 FEgks UERIQITH

24kt ]2 5 1] 24% PBDEs 355 19.4+13.9 ng g! dwsith.
Jev 2 AR AgATre nlwE A, i o d e Wi
A7 =) el ket vlwE 918 o] AgellA 7
0. 71&¥= BDE209 A7E MEE Attt (Table 2). vl
A3}, o]zdA 3 Moon et al., 20072)2] E5= %k (Mean, 51.2 ng g
dw)ell vlal S YeRe). 2 At =19 A5te] vla Al E}
o]¢k(Jiang et al., 2011y A|£]$H LE(Minh et al., 2007), 23]
(Eljarrat et al., 2005), U@ &= (Verslycke et al., 2005)°] H]3|| H]
WA G FEE BYloH, S (Wang et al., 2009)°] BI3] B
L FeE9E veldth

24101 E|ME F PCDD/Fs, DL-PCBs, PBDEs Xl E1 1}
A =¥

Ak )25 ) PCDD/Fs, DL-PCBs 293¢ +4& 9|3t
raE o] #4185 Fig 2, 39 YEFALE F tho] Al o
PCDD/Fs¢} DL-PCBs®] 719982 77} 12, 88%=, DL-PCBs®]
o]&o] PCDD/Fsoll vl&ll <k 79 =4 Yelsttl. PCDD/Fs %
PCDDs7} 83%2] 7]191-&2 PCDFs (17%)E.t} A Vb on,
OCDD (72%), 1,2,3,4,6,7,8-HpCDD (9%)£} OCDF (9%), 1234678
HpCDF (4%)] 11994 oPd&Aell =2 7|o3&-8 HSict. PCDD/
Fs9] ol 294 3748 flstod, 543kl 1= PCDD/Fs 17712
o/ d&lA2t 1 9] oA FEdES ATt PCDD/Fs &

ool fo

OCDD2| #& 7|of&S w2 alEe) 34 5 B dslld e
2 YE A= el FFo] 2 o] Fo)A]7] wWiiEo]= (Moon et al.,
2008), TAAY 9] EAE EEEA ol thet Wenning ef al.(1992)
o] AT AT E OCDDY] F2 719188 e Qi) Fof
<1 PCP A 31 OCDDOlA &2 7]ol&& Yehll= Aoz
waEglon) LeukelelA 1975 o]F PCP §oko] Algo] &
A% v} PCP okl 23k g2 wn)dt 2o 2 dAutE|Qithe B,
1999; Masunaga et al., 2001). =AM &5 U] 1,3,6,8-, 1,3,7,9-
TCDD (55, 25%), 1,2,4,6,8/12,47.9-, 1,2,3,68-, 1,2,3,7,9-PeCDD (34,
25, 17%), 1,2,3,4,6,8/1,2,4,6,7,9/1,2,4,6,8,9-HxCDD (59%)’} Z+ %
A F =L 7|oES AHEIGI oM, o] o JHWATS AT
A7z JehR= ol AAE dedd QT Wehrmeier ef al., 1998).
PCDFs2] 7%, 1,2,3,8/14,6,7/1236-TCDD (12%)2} 12,4,7,8-, 123,68/
1,3,4,7,8-PeCDF (19, 9%), 1,3,4,6,7,8-, 1,24,6,7,.8-, 12347.8/123479-
HxCDF (12, 20, 16%), 1,2,3,4,6,7,8-, 1,2,3,4,6,8,9-HpCDF (50, 30%)7}
7} FEA YoM 52 719185 UeRISITE & A7-2] o] ZA|
Bz oglz} AATA3 (Moon et al.,, 2008)F Bl w4 3+ Ay}
LA BA R QIS vAE T2 902 FAA G AhT
7 &l 2dsk PCDD/Fse] dflF f] o2 k).
DL-PCBs®] 7%, At B4& U] 1252 DL-PCBs ©|/32A]
% PCB77, -105, -118, -156, -16714 22} 66, 5, 16, 4, 5%2] 71918
o] YeRtoH, x| 750X 212} 1% ©l8t2 Vel oA
29902 = PCBs Al (Aroclor, Kanechlor, Clophen, Sovol)¥}
At ti7] 283 272 wE7RAE At RxaEs 2 <
A9} v w3k th(lkenaka et al., 2005; Takasuga et al., 2006;
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Fig. 2. Distribution patterns of (a) toxic 2,3,7,8-substituted congeners of PCDD/Fs, (b) PCDD congeners, and (c) PCDF congeners in sediment

from Ulsan Bay.
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