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Spatial Distributions of Polychlorinated Biphenyls (PCBs) in Surface Sediments
of Coastal and Offshore Areas of South Korea
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2 o & AFgAE g At H ZEY £33 HAE W E2F3H|=d(polychlorinated biphenyls;
PCBs)9| 37+ &3 54 9 24& ARSI 2017-2018'd o]l Asf 1847, el 1047, 3l 6 olA &
Z BH™ES A5t & 31709 PCBs $EAE 7IA A2 0 E L 0] AFEA7|(GC/MSD)E o]-&-5to] £4]
39t PCBs 2= A, dafl, SallolAl 2k} 0.37—6.9 ng g' OC (H: 1.4 ng g' OC), 0.16—1.6 ng g
OC (H4+ 0.62 ng g' OC), 0.59—1.8 ng g’ OC (B 1.0 ng g' OC)E A=Yt} EZHE U PCBs &&=
U= 2 frIekd ol oEHd AFE B, o|Hol g dAtelA] BiE PCBs m=t H|2e AL W
2 s Bk Al a9 mRolA AP 2HA Tri-2F Tetra-CBs9] B-&o] 70% o2& Lhekylil, oj=
d71E S8 FY0l +AIFE AXgh FAEE EAE Tl Ld9S FAsto] BokE o g A, del
9 F3f EHE U PCBs= AlE 9 A4 7]¢o] St FHi2 vebgrh & ALAT = gk AA At 5H
=9 AHAEEZEE ATl o] A7 falEdol e He& ZFAE = Utk FolA Y& 7HA
W, FF F7F 7Rl gl WAE AR} EFEfof T Zlojrk

iRl Zegshilad, B4R, Fa7lRA 1548710 EY, HleRE

i g

Abstract In this study, spatial distributions and compositions of polychlorinated biphenyls (PCBs) in
surface sediments collected from the West, South, and East Seas, South Korea, were investigated. A total of
31 PCB congeners was analyzed in surface sediments from 18 sites in West Sea, 10 sites in South Sea, and
6 sites in East Sea from 2017 to 2018 by use of gas chromatography-mass selective detector (GC/MSD).
Concentrations of PCBs in sediments of West Sea, South Sea, and East Sea were detected ranging from 0.37
to 6.9 ng g' OC (mean: 1.4 ng g' OC), 0.16 to 1.6 ng g’ OC (mean: 0.62 ng g' OC), and 0.59 to 1.8 ng
g’ OC (mean: 1.0 ng g OC), respectively. The concentrations of sedimentary PCBs tended to be dependent
on the grain size and total organic carbon contents, and were generally similar to or lower than those
previously reported concentrations at the coastal areas of South Korea. The relative contributions of
low-chlorinated CBs such as tri- and tetra-CBs were above 70% in the study areas, indicating that the
atmospheric inputs were predominant. Results for principal component analysis (PCA) revealed that major
sources of PCBs in sediments of the coastal and offshore areas were a mixture of products and combustion
origins. The results of this study will be useful as baseline information for the study of the spatial distributions
and characteristics of land-derived organic pollutants in sediments of coastal and offshore regions in South
Korea.

Key words Polychlorinated biphenyls, Sediments, Total organic carbon, Persistent organic pollutants, Basic
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1.ME

AEZE FGoolA AFs AHY 57 L9EE
(persistent organic pollutants; POPs) == 3}l &2
]3| (polychlorinated biphenyls; PCBs)> &+ 7} 9]
HAlaLee] dart At e sshEdolth Ha
AR} =8} Z|ghe iAo whet o]2H oz F 2097
9] % A(congenen)E 7H = gloH, 3jtE 7Y
A, ez Qs A7), Adr|e] A, A
A717] & oheFet G2 AREETE 22U o559
W =2 AL, BE S84 2 540 U3
olg] 714 &4, 2E]a Al Qo] Halk
o] FcH(Muir et al., 2003). £3], PCBs&= =2 {7|&t
2 A (Koo)E 7HA BFEEe] sl fdE
e o AR 2 9 EH R HAEE AdSE B
o] HA o= Gk @ Fe FFIhL A=
of A7l FEFE vAA Hrt.

PCBs+= 1]=+9] Arochlor, &Y9] Clophen 52| A
Fo A== FRE S, ol AEFL H7E
27t BAEE 39 3 HE fiEe ez 4
Z A thiBreivik et al., 2007). PCBs= &x}& o=z o
71E EF fYol Aleh o] 2 uwiA Y =2
A&AQo g gl gi7] ¢ a5 3 A ols&
3= Aoz A QIti(Wania and Mackay, 1996).
wetA] PCBst: 8419] EOF ot B ®ul ofje}
et SR WAHTKE] 5, 2007). A Ha3HE
PCBsi= 808 =2 3oz g o | XY
o7 olgd = e ALRE dA GIri(Wania and
Mackay 1996).

PCBs9] =2 e Sl o= Qs 1970 dt)5E
Y 7SS F4 07 PCBso| A4 W ARgo] 2
=ik Evete] A9 197998 #Y7] 5 A7
71710l PCBs AHg-& SAIR O, 1996 6€5E+=
PCBs THE49 49, Az 9 A& 543t 3t
AT =2 &G0z Q8] 400do] At AFk of
3] PCBs= &7 & oA HEHI ok A
7HA] PCBs9| Hizo] thgt A= F2 AR EF
= U AE SH HFEo] fow YR Yo Hi

= X =
of gk A= AdiF o= Rlefsitt

AT Al As 2 s s FHole 4,
A, AN, S 5 tE Aol XEl glem,
olE Foll W & 7t fUE= Aot F9
o] A9, E A2 53 APAJA E Y e
U, digteld e 53 242 dRe Yoz s
&gho] o]fojA|= A oo|tf. & AT HH2 At A
o} vl Qfekel x| og W& Astal glom, o

Y 2 A7l I 55 el ST felEEol
298 5 U2 AoE dyR,

2 A BAE Asf, del, sl 3 HAE
Ul 317 PCBs 5549 5% 9 37 Bx 542 1}
olsl= Aot} E3l oA A 27 e} v|w I EAE
A< Sal| 7+ 8] U PCBs] 7]9e F4staAt 5
Ak

2. Mz H 4
PRIPNES L

Hel HHE AR FUSASAl N Seeis
Mg zate] dgtoz 20174 8Yo] W12 (Van
Veen grab sampler)2 ©]-8sto] A FHsIct dalet
3l EHE AEe 247 20189 54, 2017 5490
A+ Hete s ol-8sto] Hsioj(box coren)= A
FstAthFig. 1). #3F oF 1.5 em Y| HHE A=2S A
Hste] 7182 AAE 125 mL 7287100 %A
gen, dolA Eetoloto|AE o]§5to] et
T QAR gukete] B4 71K 20 oA wakst
At F F71€4 $FEK(total organic carbon; TOC) W
PCBs w42 §13 AlEe §2 d=sH%aL 1 mm A

(sieve)E o gslo] HaEL A7)

HABe] Gredt U G 44 o8 Az 1
&4 AWste] BANE olgs| 2tk HAR

Y TOC= 1 M
& 4 EA47|(Buro EA3028 elemental analyzer,
EuroVector, Milan, Italy)E ©|&3}o] ZAsH3Th

2.3 PCBs &4

T2z " HAE 10 g= 12 "Heol &
350 mL HER2vE-s o835t 164 F¢F &
2 FE3I9IT (Hong et al, 2014). 3l=& =

p=3
o

H

o X

Ay
3 & A UYFE FFEEZ(surrogate standard, MBP-
MXE, Wellington Laboratories, Ontario, Canada) 20
nge BE AP M7kl FEE AlRe 3
FU 55715 o8] wFlon =2gddliko
2 gulE Aot o] &3t | F2E o] 89
o & AASHG 8 g9 &5t Aej7HAS A™
of A At e, FAo AHERE S 2T
ik tE22ee (80:20, viv) 2981l 60 mLE A
B o) F F2AS 8 SEAET BB
o gu) NV F 5F APBOR SO 21
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Figure 1. Map showing the sampling sites in the coastal and offshore areas of South Korea

= A A712499.999%) 5 0185k 1| mLE =33tk
i"‘j?c’“o 717184 el WH3EEE2)(2-fluorobiphenyl,
Sigma-Aldrich, Saint Louis, MO) 100 ng2 &7}l
t}.

PCBs9] AHFEAL 7IAgZulE ddju] ZeFEA
71(7890B GC & 5977B MSD, Agilent Technologies,
Santa Clara, CA)E ©]-&35}o] 4%l o, HP-5MS
(30 m x 0.25 mm x 0.25 4 m film) AHL 0|3}
% 317 PCBs 5412 2] @ BAs9lny o2 &
L AL 2z 60 CollA 187F A3 140 C7HA]
5 CEORE 523§ 187 FASh 0] F 200 T
7HA] 30 ChEOR FEste] 1EZE A8kl 250
T7HA] 4 ClElor 523 § S&E1F fAlsk e, 2
ZFZOF 300 T7HA] 10 C/EL2 $23512 127 7
A5}tk SIM(selected ion monitoring) HEZ FA

slgom, 2o
13} 2}

ol A % H4 o2 Table

A8 =& 3 A 7 R 225849 I
Az FAEPC labeled) 77] F3HE(CB
28, 52, 101, 153, 138, 180, 209)2 4&iE| Qo 2
TH= 89—-132% (HaF 108%)9] HLsith B HE
A ARS8 AsE B8NS 73] v 245
Qon, 7 IjtEE HEvMAl= 0.012 (CB 70)—
0.034 (CB 28) ng g'o HYE Hyr}

25 A=A

B2 U] PCBs®] 7|¥E F4317] flsto] SPsS
24.0(SPSS Inc., Chicago, IL)S ©|-&3}o] A EAS

Table 1. Monitoring ions for quantitative and qualitative analyses of PCBs in the GC-MSD

Target compounds Monitoring ions
Cl number Congener No. Quantlgfjgon ron Confirmation ion (m/z)
Tri-CBs 28, 37 256 258
Tetra-CBs 52, 49, 44, 74, 70, 66, 60, 77 292 290
Penta-CBs 101, 99, 87, 82, 114, 105, 118, 126 326 328
Hexa-CBs 153, 138, 158, 166, 128, 156, 169 360 362
Hepta-CBs 179, 187, 183, 180, 170, 189 394 396
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A

Ho

oot FdolA HaE AF W A 7oA
BXA= 77] PCBs SZA|(CB 28, 52, 101, 118, 138,
153, 180)2] At #el A ©]-835}% 21 (Ikonomou

et al., 2002; Pedersen et al., 2015), & 2] PCBs
ZAR R A FAHEEA(principle  component
analysis; PCA)S 4=3J3}%ith
3. 2t o o
3.1 E|®= Lj PCBse| 37t 2XZ EH

Asll, dall 4 Fale] BE S FHAE AlRA
PCBs7} &% ¢lti(Table 2, Fig. 2). E]&& U] PCBs

B el A, wel R EelA 42 0.10-13

AN

AT - 712 - TR

™0 o

ng g dry mass (dm), 0.10—1.1 ng g' dm, 0.29—4.9
ng g' dm o|¢itk 7} s<je] HF PCBs 5k Al
o 4] 0.37 ng g dm, Fallo|A] 0.49 ng g' dm, F3]jo]|
A1 234 ng g! dmOo & YEgon, Ay o F3
E|F g4 =& PCBs =5 Hith AA Bd 5
E5 AA)A 4.87 ng g! dme g 7} =2 =w7} 4
2591, T2 & E6 (3.1 ng g' dm), E4 (2.8 ng g
dm) =o]9lt}t. E4&E Y| PCBs 5%+ Y= 247}
TOCO| oJ&Z AFS Hols ALeE U4 Ut
(Huang et al,, 2011). & A3x]9 A2 TOC T
Za7F Hd 2.34% = A8 0.37%2} Ga) 0.87%9] H]
3 Aoz £ 28 B tH(Table 2). HA &
A % PCBs 5%7F =99 53] E4, E5, E6 A0

Table 2. Overview of the sampling locations and properties of sediment samples collected from coastal and offshore

arecas of South Korea

PCBs PCBs
Site Station | Latitude(N) | Longitude(E) | Depth(m) COIXZ?EE%) conflft‘:(%) T(f/z)c " gzg_] am) (ngzg_] 00)

Yellow Sea | W1 | 36°55.73' | 124°24.09' 38 248 46.4 024 0.42 1.74
(West Sea) | W2 | 36°55.29' | 125°12.38' 52 27.9 59 0.13 024 1.78
W3 | 36°56.34 | 125°58.94' 76 253 13.9 0.15 0.14 0.95

W4 | 36°2028 | 124°23.44' 16 231 10.9 0.17 031 1.85

W5 | 36°19.09' | 125°12.68' 62 255 6.8 0.12 0.16 131

W6 | 36°33.00° | 126°24.00' 76 527 84.7 0.82 051 0.62

W7 | 35°50.64' | 124°23.00' 28 270 6.9 0.13 0.92 6.91

W8 | 35°51.16' | 125°12.23' 73 269 158 021 032 1.52

W9 | 35°51.18' | 126°14.42' 83 54.4 77.4 0.70 1.26 1.79

W10 | 35°19.93' | 124°23.87 31 56.1 97.5 0.75 0.41 0.55

W11 | 35°20.05' | 125°12.84' 74 252 17.6 0.30 0.19 0.65

WI12 | 35°19.61' | 125°46.97 85 50.1 69.5 0.50 0.19 037

WI3 | 34°4327 | 124°23.48' 33 486 88.4 0.47 032 0.69

W14 | 34°4325 | 125°00.27 93 329 409 0.23 0.29 130

W15 | 344328 | 125°43.13' 77 38.8 46.5 0.28 0.10 037

W16 | 34°06.67' | 124°24.30 69 408 96.5 0.52 024 047

W17 | 34°04.55' | 125°1831' 107 343 973 0.62 031 0.49

WIS | 34°01.28 | 125°42.23' 80 433 60.7 034 031 0.93

Jeju Strait | SI | 34°09.00' | 127°06.00' 32 28.0 114 0.80 037 0.44
(South Sea) | S2 | 33°5530' | 127°03.00' 66 332 223 0.73 0.16 0.14
S3 | 33°42.00' | 127°00.00' 111 284 202 0.49 021 129

S4 | 34°21.00° | 127°36.00' 18 55.4 85.6 1.00 0.81 0.59

S5 | 34°9.00° | 127°39.00' 38 56.1 87.9 1.05 112 0.77

S6 | 33°54.00° | 127°42.00' 83 416 69.4 0.84 0.52 134

S7 | 34°12.00° | 128°06.00' 73 S1.1 70.6 143 0.63 036

S8 | 34°00.00° | 128°12.00' 92 39.8 314 1.53 0.59 024

SO | 34°18.00° | 128°36.00' 94 R R 022 035 0.74

S10 | 34°39.00' | 129°00.00' 75 416 35.0 0.66 0.10 032

East Sea El | 35°2626' | 129°28.78' 70 R R 1.88 122 0.65
E2 | 35°3801' | 129°4927 140 R R 0.24 0.29 122

E3 | 35°43.16' | 129°54.08' 605 71.8 93.0 3.12 1.85 0.59

E4 | 35°47.76' | 129°59.71' | 1089 R R 323 276 0.86

E5 | 35°5929' | 130°1251' | 1410 - - 2.70 487 1.80

E6 | 37°0136' | 130°55.55' | 2000 725 90.0 2.90 3.05 1.05

- Not analyzed.
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Figure 2. Spatial distributions of PCBs in surface sediments collected from the coastal and offshore areas of South

Korea ((a) concentrations and (b) compositions)

A g ARl HlEl =2 TOC =& R, o]
w2t F3i X H 9] PCBs 57t Alalet Halol vl =
2 o2 ddEIoh

71ZH(dry mass basis)< 7|HFS
A e vmsks RS cheRt dn Bl wE
TOCe] Aol o5l A4
(Huang et al., 2011). TOCZ #33}5}0] PCBs 5=
£ AMESHES ) A, Jell 2 sl 22 0.37—
6.9 ng g! OC (B 1.4 ng g' OC), 0.16—1.6 ng g’
OC (F4 0.62 ng g'1 00C), 121 0.59—1.8 ng g
OC (B 1.0 ng g OC)E eyt AZFo g b
WSS o j2H o2 AMfjolA 7MY =2 PCBs
FEE Bk o], FEi7E Asiet el vla vA
ghao] 31 f7]Eke olg} uleslo] ol B4
o] Q7] Yrog RAATHA E, 2005).

AFFoR =2 =w= BAd B4, ES, E6 A<l
v7]EV\ 23 9 l"—EL 7}7¥ 0.86 ng g OC, 1.8
ng g' OC, 1.1 ng g' OCE Yelydr} TOC mZ3H4
FER HoHE uf M3je] W7 A (6.9 ng ¢! OC)°l
A 7H =& =8 HtKFig. 2a). o]dof 3%
ATl W7 B3 A A E-ZoA 8 Zl°“‘°ﬂ
Hlal] Ao R =2 PCBs 5 %7H5.85 ng g' dm)
A% AH7F AUtk Zhang et al., 2007). o] A ¥
Aol YIREE FRET] Ao At ¢4 of |zt
S/t A WSt 57]5S viE3t A <ot (Hong and
Shin, 2009). watA W7olA =4 YEld PCBs 5=
= #7154 JgE Wk AeE FEHoh

AR o2 oo FjolA 43¢ PCBs A+t
H WS o, & AtolA yehd E4E f PCBs

T v AU AR o8 e 42Z2o0]¢)cH(Table
2) 3L H Lo 4] HEE PCBs HEt njato] =
E‘BHOWIVIE(NOAA)OHH AARE 51 = 719 ERL
22.7 ng g' dm @ ERM 189 ng g dm0ﬂ H|3)] o]
IJ—o /\zo 5011:]. fq'al'/ﬂ oq_—rz_x] EIX_] LH
PCBs2 <let A Slalo] ] e ore
Aoz e

3.2 =W et X|at Hlw

Al #5 =AE W Bt PCBs %Eb o] Asf
oo dl mlof A EJ_E]%‘U@ 1.51 ng g' dm (Choi et
al., 2014), 2.12 ng g' dm (Hong et al., 2006)°]] H]3]
ArfF o We ghe BeAul, opabke] 043 ng g
dm (Choi et al.,, 2011)REc} =& =5 HStH(Table
3). Joll £3 == W PCBs B+t k= 7 "*GH
ot} ghol A 24 B BE¢ 1230 ng ¢! dm
(Hong et al., 2006)2t Z3ftel x| =4 2.84 ng g
dm (Choi et al., 2001) 2 th= Skoy oj=nty} 171
bl A ZAE 0.56, 049 ng g' dm (Choi et al.,
20119 FARSE 525 Bt 5319 PCBs Bt &5

L 7|E0) g#HA Fa dAgte] 9.18 ng g-l dm
(Hong et al., 2006)EE]' vtk dutdo=g E CF]—‘,’—Oﬂ
A Ut M), el 2 S8 EE ) PCBs 5
Sl ) gt v H e sze ugr
3.3 EIXE L PCBs2| S&A =

As &S W PCBs &
39.0%= 7P =2 HE&E X

23 B3 Tetra-CBs7}
3, 1 o202 Tri-
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Table 3. Comparison of sedimentary concentrations of PCBs in Korean coastal waters reported in the previous studies

and this study

Sampling regions Type Sampling 4 of Site Tote.ll PCBs (ng g'l dw) References
year Min Max Mean

Yellow Sea Asan Bay Bay 2001-2003 1 1.9 33 2.3 Choi et al.,, 2014
(West Sea) 2005 6 2.3 Choi et al., 2011
2006-2007 1 0.43 | Choi et al.,, 2011
Taean Coastal 2001-2003 1 1.4 Choi et al., 2014
2006-2007 2 0.20 | Choi et al., 2011
Saemangeum Coastal 2001-2003 3 1.2 1.8 1.5 Choi et al., 2014
2006-2007 1 0.01 Choi et al., 2011
Youngsan R.E. Estuary 2006-2007 1 0.14 | Choi et al., 2011
West Coasts Bay & coastal 1997-2002 35 0.27 16 2.1 Hong et al., 2006
2001-2003 6 1.1 2.0 1.5 Choi et al., 2014
2006-2007 1 0.52 3.1 0.05 | Choi et al., 2011

West Sea Coastal & offshore 2017 18 0.10 1.3 0.37 This study
Jeju Strait Yeosu Bay Bay 2006-2007 23 0.56 Choi et al., 2011
(South Sea) | Gwangyang Bay Bay 2000 22 0.2 2.9 1.4 Hong et al., 2005
2001 98 0.50 4.5 0.41 Koh et al., 2005
2001 89 2.3 11 6.2 Hong et al., 2004
2006-2007 23 1.1 Choi et al., 2011
Jinhae Bay Bay 2000 20 0.50 8.8 2.8 Choi et al., 2001
2006-2007 23 0.72 2.1 1.1 Choi et al., 2011
2007 22 0.64 18 3.5 Shim et al., 2010
Gohyeon Bay Bay 2006-2007 23 0.49 | Choi et al., 2011
Busan Bay Bay 2000 22 5.7 200 58 Hong et al., 2005
2000 20 3.9 56 31 Choi et al., 2001
2006-2007 23 2.9 15 9.0 Choi et al., 2011
South Sea Bay & coastal 1997-2002 18 0.14 200 12 Hong et al., 2006

Coastal & offshore 2017 10 0.10 1.1 0.49 This study
East Sea Onsan Bay Bay 1999 10 0.50 7.8 3.8 Choi et al., 2011
Ulsan Bay Bay 1999 4 0.50 77 18 Khim et al., 2001
2000 11 2.1 22 8.5 Hong et al., 2005
2000 6 1.2 140 31 Choi et al., 2001
Yeongil Bay Bay 2000 9 0.60 73 15 Hong et al., 2005
2000 26 0.50 32 3.1 Koh et al., 2006
2000 5 0.11 11 4.9 Choi et al., 2001
East Coast Bay & coastal 1997-2002 26 0.09 73 9.2 Hong et al., 2006
2006-2007 4 0.03 0.61 0.23 | Choi et al., 2011

Coastal & offshore 2018 6 0.29 4.9 2.3 This study

CBs (37.5%), Penta-CBs (13.2%), Hexa-CBs (10.2%)
202 UehgthFig. 2b). Faie] PCBs S24 74

L PHHHo

L R

2 Tri-CBs7} 45.7%% 713 &&

o &S

9} Hepta-CBs7}

JaFe we 2

2015).

SR Aol

o7 FZEAKSong et al.,

Hom, Tetra-CBs (33.7%), Penta-CBs (15.6%),
Hexa-CBs (5.0%) <22 YEMTE 53+ Tri-CBs7}
39.2%=2 7P =9kal, 1 T & Tetra-CBs (33.4%),
Penta-CB (15.8%), Hexa-CBs (10.1%), Hepta-CBs
(1.6%) 2 Yttt &, s =2 PCBs A2 24
o opby Aol Mok AMHOR WE Feo]
A 4 22| EHA|(Tri-, Tetra-CBs)©] Ht H|&©] 70% ©]
FO 2 =2 H|FE AFA8HL Q1%IT). Hepta-CBs+= &

I s ggoldn AEEdc Fa A% Pl

o>,

ol

PCBs= 524 = A 94AAXEA|(Mono-, Di-, Tri-,
Tetra-CBs)7} 1134 *]2A]|(Penta-, Hexa-, Hepta-,
Octa-, Nona-, Deca-CBs) =t} Zrolut ti7|& F3f ¢
Wel7hx) AYEL EAS Holt R0 oeld grt
(Beyer and Biziuk, 2009). 71831, PCBs7| tj7]1& &
3 9-oE Ao HALXTA 2 Hgo] THAAZ|3L
Ao] mlgol v At w2 HSE AA|sh= AL
2 dHA Ui S, 2005). Li and Duan (2015)
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Figure 3. Result of principal component analysis (PCA) of individual PCBs in sediment samples collected from the

coastal and offshore areas of South Korea and in representative sources (AC1016: Aroclors 1016;

AC1242: Aroclors 1042; KC300: Kanechlor 300 (Pedersen et al.,

2002)).

719 mAE A kAL =73t vl Qo B
S i A GaH] A9 Hlvo]
F2 Y7]& =3l PCBs7} &
SR, A G2 A7} A Oﬂ ghHe
7] ol EjAEolA S-AlsHA ‘%E‘r
A= glej(olek 4, 2002), - ¢ 1}*11??} 714
A7k Lasi,

ol ool uEwE, g A %
PCBs7F AZEE ARIx|e B gk Ao 1
AAZ|EAQ]  Penta-CBs, Hexa-CBs, Hepta-CBs,
Octa-CBs7} E| 4B oA 22 ubAwcia oke4 g}
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