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Abstract : Located mostly inside the megacity of Busan, the Busan Southern Port is a multifunctional port with various nearby industry activities,
including a joint fish market, ship repair facilities, and fishing boat facilities. If toxic chemicals generated by the industrial activities continue to flow into
and accumulate in the sediment of the port, they can affect aquatic ecosystems and humans. Therefore, in this study, distribution levels and potential
influent sources of organic pollutants, including polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and butyltin compounds
(BTs), in the sediment were investigated. The sediment samples were collected from eight sampling sites in November 2013 (first phase) and November
2014 (second phase). The mean concentrations of PAHs, PCBs, and BTs in the first and second sampling phages were 4174.0 ng/g-dry wt. and 1919.0
ng/g-dry wt., 166.3 ng/g-dry wt. and 21 ng/g-dry wt., and 50.9 ng/g-dry wt. and 30.8 ng/g-dry wt., respectively. The concentrations of the organic
pollutants detected in the seabed sediments were lower in the second phase than in the first phase. In this study, the inflow sources of PAHs, PCBs, and

BTs were found to be combustion, land, and municipal sewage or industrial wastewater, respectively.
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A dge B4 &9 s gnond Ao, A%l
o BAAY W ohjeh TS WEF T 8 Ao
LB FAACI B FF FHel AT FAE
Aol o 30%F AT T Ahe] FAE AR
WA BEIA G AN, AF 65%F AAGE 5
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3}8F AbaLe] «]5& frit = Sl sl A (WHO, 1998),
Aol 34 5A4S dovle Aom duA vk =2 &
A%S 714 Benzo(a)Pyrene©] oS o A
o] ft ¥ & fsttlal B 1% A tH(Gravato and Santos,
2002; Cheikyula et al, 2009). ©]2]3F o2 PAHs®| EH{7}t
100 OIHO]X] gk, =g o] 73tk 8552 Benzo[a]pyrene(BaP)
9] 502 WA Jx, =4 & A5 A (International Agency
for Research on Cancer, JARC)°l| 4] Group 1(J1 A LU EZ)2 ]
AEo] 9lom, w= 37 B E 3 (US Environmental Protection
Agency, EPA)O A & WAl o] A 8Fe] PAHs 5 2] -4
PAEA 1655 Aato] #elstar QTHUS EPA, 1993; US
EPA, 2000; National Institute of Environmental Research, 2011).
PCBs= WZHAl, A7|Wd71eh A9 AAA, dujA|, &

i B =gl HIH T3 ol Al g
AREEI Lo, A AEjol A= A BalEA e A
&8 # 9l 3L(Erickson, 1992), 2001'A 58 ZHA F7]Q
Aol #3k 2555 ool #e] fd=dE FAH
AR Sl miEE Fol ezt Ao HA i ' A
o &g Ftshi= Aoz 9 A I tH(Choi et al, 2012). ©]#]
gk o] f =2 1970 A AAA o2 Aste] FHE AN
on, fudtelA 7P AW, FHARAY, setEd
HE ol & FEedEdE EFste] #Elsta glon,
A7yl wet AQGH7ER EFete] AHES T4

EE A=
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NAEAE T F71eded & 54 o3 A+

ol

FaL QAEH(Choi et al., 2001). E7F 7350l A= PCBs7} 3
AFE R HA7lES 2ds7] A FAS AVl % st
S tHMinistry of Environment, 2005). BTsi= 192510 WS4 2
A& AFEE e, 9F 70 %(monobutyltin, MBT and dibutyltin,
DBT)7} polyvinyl chloride(PVC) 5 Zgt2¥ AlEo] 43} =t
Qo R RE &4 HE S WA A% AR, o
23 Y%(tributyltin, TBT)= HA] HEA] 9 B wa H7HA|, A
A 53 e EE= AFEEQ tH(Fent and Muller, 1991). ~L
gt QUA| et ol A 7bA] WamE A kAR FE
A Ao A 5o, 3F, = d5, WE T F St
S 4% Aoll7F Ra¥al 9l 3 (Ministry of Oceans and Fisheries,
2001), el 22 HIlFe Imposexth= 217 7184
FE TEAA AT FEFE PAE Ao dHA Adv
(Horiguchi et al., 1997). T3k, S| A B A &l F4 = = th
ol frafsstE ol galrz}ﬁ”* g wstel YA 5}ehA
g el o8] FFo A &5 FAYENA JF
1AW, AEsHdel & fFalststade A= A
of FAEo] HolAkES B8l A9 wAle] AnAE AY,
T v FFE FA "ok olo]l wheh §-gvhetel A
1999 =58 frashetEd e Hel o8 TBTO] AMHS-S f
At om, o] A4 gfAls el stFo] TBT 3 B
L8589 Aol el 2003 d AFEFA, 2008 A A TEE A
5191 CHMOMAF, 2002; Choi et al., 2009).
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ol A= Fa Akl tigh Y dEHAE Ad2AE
AT 1 T Fab Gl M=, 20043 F-E] 200613 714
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BTs, PCBs2]
e élf\lé?&it}. o] A3}E o] g3} I
Y == PAHs, BTs, PCBs®| %] =5 5% (PAHs ©] Al
&8 o] &3 W (Eganhouse, 2004; Kumata et al., 2002; Park
et al., 2009; Zakaria et al, 2002), BTsS] A ##A S o] &3+ W
H(Shim et al., 1999; Kam et al., 2003; Lee et al, 2005; Kam et
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Fig. 1. The study areas and sampling stations.

Ty ALY Mg, FEo]Al
£95 = 9954 = PAHs, PCBs, BTs, TOC &+
2 319 o] Ax 3 o]gslo] FAk ”ﬂfﬂ &l
3 2]

y7h
9 1
34|, PCBs congener 23, BTs-"J ’E}%%ﬁ]% Z3 FAt gk

o Y= 71dE FHskqlrh

2.2 M dy
A A|EE PAHs] 74 EPA Method(EPA: 3540, 3611)E,
PCBs, BTs, TOC, 9} =2 all F$H3 A A1 ¥ 7] 5= (Ministry
of Oceans and Fisheries, 2013a)l =3}o] B3}t
FEo AMEE e 78l ARt E S AR
stglom, FE3 BAd AR EE BE 2A7HE AFH
F-400TC o]/dol A 4x3E o] B9l JAFEhe 7S Al

Astsiet.

2.2.1 PAHs

A2l = 448 355 (Soxhlet extration method)S- ©]-8-3}
Aok AER~A A Ho +%53 o] 2} %] (Thimble filter)ol] &2
AzY HAEAE 5¢& F, 2ppm 5EY HEEFEZR
(Naphthalene-d8, Acenapthalene-d10, Phenanthrene-d10, Chrysene-d12,
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A4 5712 AF 1ml7HA 55389 PAHs w418 Als
= 33tk

Ze ¥

2.2.2 PCBs

AAes £59 FE2US OI%EPJP—“J] S8l A
Aol ol e AFes Ado o o 4
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2.2.4 TOC

AR AARE 2 Bag A
2 A& 9F3~5¢2 110ToIA
1% Ad) A E ol &dto] @

A% F astehrt. 54
Az, ﬁZfSJ A& o
ase

l-

mL 4] %

O

o] AJEE Wi, IN g4 smLE H7lato], E%E} A
2 T& o) &dl & EFAITIHA EF S AABEAT o]
£ 3~4AF A% A& FATE AAF 6N AR 7 oE
S 7 Aiske ek s AlAGIY gakd S A A
5, dAEEEte] AEAS vEa, olel 3mLe] =55 A
7hete] 2 ERAIA ATt TS R o] & 3
ul

o[ gste] FAAANLL FABE A
shol 23T,

2H10 %) ZHakstA(15 %S H71ste] ghakd
AAZ T 4063 i) EFAS o] &3 HFA A2

NAHAE T F71edeEd

X EAd #g A
2 ABEE 4063 imEtt =Y

AR Felsdn. 2o T, ARE A2AA 40 o] 9
Aol tate] 102 mm) ¥ o7
10 ol YA G AnE Losrn

g Ak Almet A-E YA
] o
o

ZAE o] g3t AA A=A v

23717124 iy 22

PAHs= V|=3-7 B & = (the United State Environmental
Protection Agency, US EPA) A %43t $-44 #ZEZ 16
ZS =2 Naphthalene, Acenaphthylene, Acenaphthene, Fluorene,
Phenanthrene, Anthracene, Fluoranthene, Pyrene, Benzo[a]anthracene,
Chryene, Benzo[b]fluoranthene, Benzo[k]fluoranthene, Benzo[a]pyrene,
Bibenzo[a,hJanthracene, Indeno[1,2,3-cd]pyrene, Benzo[ghi]perylene
< AAsglem, PCBse WY ERLS 195 S22 congenerv™
&3 7tk PCB 8, 18, 44, 52, 87, 101, 105, 110, 118, 128,
138, 153, 170, 180, 187, 194, 205, 206, 2095 A5} Tt BTs
©] g5 TBT, MBT, DBTE A4 3}3ic).

24 717|128 =¢

PAHs, PCBs, BTs2] 3 A- A 2]
Model GCMS QP-2010)% ©o]&
(Splitless) W2 0.2 2uLE FYU3 Eiflml, THAE AF
(Helium) & o]-&3te] #9 13 mLE STtk 49| ¢
=Z 98 ZAF Z=H(DB-5MS, 30m x 025 mm, 0.25 pm)S A}
|33l

2.4.1. PAHs
7 248 AL 80TAA 17 o 2 dta, o] F

193 10CH =3 275C7HA &9 T 2587 HFE27 313
th B2 HAEL AHEA7NA 3512 SIM mode
= olgalo] WREFHOR AFsdr)

2.4.2 PCBs

e 242 A5 100CoA A 139 5CH =8 160TC7HA]

£ 5 1w M2 sk, oA 189 5TH &8 300T
74 &2l 5wk W24 ot Bl HES AEFEA
714 86t 01 SIM modeE o] &3te] WH-EFHOR
skt

2.4.3 BTs

2 24 AF 0CAAM 17 S w2 sal, o]
FIET 10TH &9 120C7H4] & 5 129 4CH &9
250C7HA] S FH Tk thA] 189 10CH 22 280TollA 1.5%
s ek =20 AES AFEATIAA Fyst
o™ SIM modeE ©]-&3ate] UF-mEH oz At
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Table 1. Concentrations of PAHs, PCBs,

. _Zru]}_ .

23 - =28A

BTs, TOC, Grain size in surface sediments of Busan south harbor, November 2013~2014

PAHs PCBs BTs TOC Gravel Sand Mud
= V)
Station ng/g-dry wt. %
Nov. Nov. Nov. Nov. Now. Nov. Nov. Now. Nov. 2014
‘13 ‘14 ‘13 ‘14 ‘13 ‘14 ‘13 ‘14 )

BN 1 2402.7 195.5 27.5 2.6 8.9 1.7 0.4 0.7 34 89.2 7.4

BN 2 3571.6 1930.9 203.6 27.9 26.7 24.8 3.7 4.0 12.0 82.0 6.0

BN 3 5001.5 834.5 114.0 11.3 13.8 41.5 03 2.7 23 68.8 28.9

BN 4 720.0 2601.9 95.7 26.7 314 36.4 4.8 2.2 35.8 59.4 4.7

BN 5 6565.1 3296.8 316.8 22.5 65.7 52.4 24 3.6 8.9 88.1 3.0

BN 6 6174.3 493.4 98.1 25.6 143.8 24.8 24 1.6 224 67.2 10.4

BN 7 7617.4 4437.8 325.9 39.5 78.8 52.3 4.8 6.5 4.0 67.3 28.7

BN 8 1339.6 1561.3 149.1 11.7 38.5 12.4 1.1 1.9 8.2 84.5 7.2

Min 720.0 195.5 27.5 2.6 8.9 1.7 03 0.7 23 59.4 3.0

Max 7617.4 4437.8 325.9 39.5 143.8 52.4 4.8 6.5 35.8 89.2 28.9

Mean 4174.0 1919.0 166.3 21.0 50.9 30.8 2.5 2.9 12.1 75.8 12.1

SD 2390.7 1370.0 100.9 11.0 41.7 17.1 1.7 1.7 10.8 10.7 9.9
2.5 Quality assurance/quality control(QA/QC) 834.5 ng/g-dry wt.), BN 6% (6174.3 — 493.4 ng/g-dry wt.)oll A 2
B o slage 34 Fol 2 HANE 29 HAE Btk ol A AT Y] Baud e ¢
ol g %l{]rlﬂ Frret g derst B4 dakg AF o] AFA Aol 255000 '] AH A AES FA

7] 9gk otk 3 T AlmA AEs ) sk & 71Q1g Ao ' AR ¥l th(Kang, 2018).

A=dol tig AT AF dvlolHE A5 9 cezil

CRM(Certified reference materials)©] 7% o] o] &Fo] $Lo
U (Kiceniuk and Ray, 1994), ¥ A-FollA 2 B4 9] 3482
PAHS(CRM : 1944 b, National Institute of Standards and Technolohy.
NIST, Ottawa, New York, USA)2] 74-%- 70 ~ 113 %=, PCBs(CRM
: 1944 b, National Institute of Standards and Technolohy. NIST,
Ottawa, New York, USA)2] 73-- 80~ 121 %=, BTS(CRM : PACS-2,
National Research Council. NRC, Ottawa, Ontario, Canada)2] 73 -$-
70 ~ 130 %5 “FERH A TE 71 E$HA] (Method detection limit: MDL)
Egalg ) BAlstel wre] REAdE 7 ¥
3.142 F3 gro= A% 0w (Ministry of Oceans and Fisheries,
2013a), ¥ojx AHE%HA= PAHsS 4% 0.2ng/g=, PCBs2]
A% 2.1ng/gs, BTsY A% 020~1.92ng/gS YEFHATH

L

O

w

2t H 0¥

=

37I-

31 NEHE 5
3.1.1 PAHs

FAE ) 3 A B A Eell A Total PAHs®] 551 91 ¢ W4k
< Table 1] YJERNATE SEHIe} gk 12} Aol A
720.0~7,617.4(38  4,174.0/ 3 H 2} 2,390.7) ng/g-dry wt., 22}
ZAYI A 1955 ~4,437.8(H 1 1,919.0/FFH X} 1,370.0) ng/g-dry wt.
o B E BT 12} FAS) 23 ALY ATE v wE)] B
A, 22 ZAIA 7] FE Hatghko] 12k ZARA 7] 9] s
Hal s 7HAas & < AT 53] BN 3W(4,174.0

S0 TAMAYIY 55 2E

ZARA 7] 2 A Total PAHsS] FH s =Y S
W, 12} ZAF A Aekgg] A Foto] 913 BN 546,565
ng/g-dry wt.), BN 69(6,174 ng/g-dry wt.), BN 7" (7617 ng/g-dry wt.)
oA M H& FEE Hlom, 53] BN 7HolA & A
Aol H3] i 2 FEE B ol thE A v
Aol Wl ols A AR AP FL& FRE T o
ago] Y&atA] b= Fxel o Ao AR 24F =
Abell = BN 5% (3,297 ng/g-dry wt.), BN 71 (4,438 ng/g-dry wt.)°l
A o2 Aol s Bolo 12k 24471 9

T

=0 rxr=

ST O =

WH2014\d), SAFASH A3H2004 ~2006), FAF @E A}

(2004 ~200611)E Table 2¢ YEFNATE 2 A= A35HE,
Fut, kel $AkIgke] FEHL ES FEE HSO
w}, 2004 ~20061d F-AF @Fae] ARHves Ak U T2 5
EE =
3.1.2 PCBs

A wakell Al Total PCBs®] 552919 %3t %S Table 1
of vetdSith s elel Harake 13k RARIA 275~

325.9(8 7 1663/ E=H2F 100.9) ng/g-dry wt, 23X} A}l A
2.6~39.5(3 21.0/ ETHAL 11.0)ng/g-dry wt.o] EXE H
Atk 12} 2ARSE 22F 2AF] AE vlaE] 2 Ay, d A
Aol A 12} Z2=AF Bt} 2xF 2AF9] 5% gho] of gufj wEokth
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P Ed A E T A1 d=4d

o
gt Elx*‘j 75‘ Moz sdec

FARA 7] H A AHH Total PCBs2]

FHEFEREELE AR
W, 12k ZRALA FEo] A FZoll 912§ BN 21H(203.6
ng/g-dry wt.), A9} —’Fali*di F-tol] 91A]g BN 573259
ng/g-dry wt), 352 f-5o] 3] A2 BN 79(325.9 ng/g-dry
wt)ollAl e A vlE) thA & F % gk BT 24}

ARl 13 Akl e el Wl tha 9 BN 2
) BN 79(39.5

1(27.9 ng/g-dry wt) BN 5%¥(22.5n
ng/g-dry wt.)oll Al A3 vholx] sk

< B3l

oA 22} A A FolAM M =& F
o] AE tE A ge A-Adet vlas] Btk
Edvgsgel FAdnk2o11d), THAFTH2004 ~2006), &
At A¥2004 ~20061), F-AF FE A 7H2004 ~20061)

Ir
e
0
=}
I

Table 20 YEFAT. 2 A=

o FEEY 5/ YERgTh 2e]an ﬂ
=

AFO] E T 2004 ~20061 F-AF e}

B oy 2z Aol A= 20049 ~ 20061 FAF FH3)

ERy e FEWeE YEhiith

Table 2. Comparison of the range and mean value of PAHs, PCBs,

BTs concentrations in Busan south harbor with those of

other studies

£

o
5§

. Range(Mean)
Location ——————— Reference
ng/g-dry wt

Sihwa lake(.02) 13~325(111)  Kim et al.(2005)

Gwangyang bay(.08~.09)  101~427(245)  Kim(2010)

Masan bay(>.14) (175) Yim et. al.(2014)
PAHs Ulsan bay(.04~.06) 314~2095(314) MOF(2008)

This study(.04~.06) 260-13999(6027) MOF(2008)

This study(.13) 720~7617(4174) This study

This study(.14) 196~4438(1919) This study

Gwangyang bay(.11) 17~34(24) Lee(2012)

Masan bay(.04~.06) 2~18(10) MOF(2008)

Ulsan bay(.04~.06) 0~44(4) MOF(2008)
PCBs This study(.04~.06) 12~160(55) MOF(2008)

This study(.13) 28~326(166)  This study

This study(.14) 3~39(21) This study

Gwangyang bay(.08~.09) 0.32~6.85(2.51) Yu(2010)

Masan bay(.03) 4~84(24) Lee et al.(2004)
BTs Ulsan bay(.04~.06) 0.4~2771(265)  MOF(2008)

This study(.04~.06) 11~7228(1782)  MOF(2008)

This study(.13) 9~144(51) This study

This study(.14) 2~52(32) This study

3% MOF: Ministry of Oceans and Fisheries
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3.1.3 BTs

A Jaoll A Total BTs9] 5 =He 9} HH3LS Table |
of YeERITh s elet gk 12k AFlA] 89~
143.8(H ¢ 50.9/ E=H A} 41.7) ng/g-dry wt., 22} ZAFl A 1.7
~524(F T 342/ EFHA 17.])nglg-dry wt.o] EIXE B
th 12k AR} 22F AL ARE vluls] 2 Ay, ES
F-roll Y)A13E BN 332 BN 4ol A 12} AL 5% Fhol
22} A FERU Uh e FRE Helon o] 9 4
Aol A 12} 2] % gho] 22F ALY KT thA F
% lr:I:.E_ Eoﬂl:]—

ZAA 7] 2 AHE Total BTsS] FHEEEY
W, 12} FAP A AUk s Ftell $12]% BN 5‘31(656
ng/g-dry wt.), BN 6¥1(143.8 ng/g-dry wt.), BN 7%(78.8 ng/g-dry
wt)oll A o Aol HlﬁH Ui w2 758 B3 23 =
Aboll A Aukgeg] A Ftoll £1X]%F BN 5H(52.4 ng/g-dry wt.)
7 3] frEol iol & BN 791(52.3 ng/g-dry wt.)oll A TF
2 A vE i w22 FEE wt Syt e
1999 =0 TBTE FTAELE st WoFRIE AES
wA o R Agkatgl o, SAEALZ|FFIMO)S] g el ket
2003 F-H = A BE dube] tiste] TBTE F4AT 2
g}i /ﬂ HL_Q_ _Lﬂ O]E = o] /\]__9_0 :L;q o]— 2008‘:3 Ei‘—
AA FEE FASAY. agla, H8E F BTS"] 7=
FANLoNA s d7A = LHA ME‘r(Dowson et al., 1993). up&k
A, B AP AL o] Ak i oﬂ A Ao

[o

!
il
>
e
M
fe

-1

S & ATalge dAel vus] Bogrh
Sz a9l Fd UP(2008~2009L3_), vl Aek20031d), SAF
Aot A 742004 ~ 2006'3), wal A 72004 ~200613)S
Table 29 YFERHATE 2 7%% sofuly} whatgke] oA
7w We FEE Heon, Skt A4z B}
5 FEE BT 2006~2008d FAF G A4

3.1.4 TOC

FAF dadell A Toce] xSl et Hat kS Table 19
BRI ATh. EE Lok ke 12k 2ALOIA 03~4.8(F
2.5/ FFAAF 1.7) %, 22+ ZAMA 0.7 ~65(83F 2.9/ 54
A 17 %0 BEES BTk 12 AR Awe} 23) 24}
B2, B¢ 1“%% ] %x]zs} BN 41ﬂ1JJr 2 at
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FE7F A 9 7S B o o] & A=
12} ZALRT 22F ALY FET v w2 SRS
ATt

A7) 2 g ToCY] FHEEEEES AvEd, |
2} ZAbl FE oA Ty Bk ol 91
(3.73 %), BN 43 (4.76 %), BN 7 (4.78 %)°l
a T =8 FEE BHYTh 23k AL &)
3] A2 BN 71(648%)°A b2 A F /M =2 FEE
Holow, F5oAY 23 Mubgrg] 4 Kol 913§ BN
29(3.96 %)7 BN 5H(3.64 %)l A th2 G A v]3] tha =
2 FEE YT

=
4 o

i
Jo ox ot

3159

BAAE YERFE HES Table 1] YERNQTE Q% BxE=
& A (Gravel), A2 (Sand), U2 Mud)Z LFEFSTE 325199} o
e B, gFo] 23~358 T 121/ XTHAF 10.8) %, A
o] 50.4~89.2(FH 1 75.8/ ETHAL 10.7) %, YZE o] 3.0~289
(B 121/ F292 99) %S BATH AFES 923 Ao
Hl3l] A A A w2 8]&S JERSoH, BN 49
A A dAo H| o] 358%=E TFE A A vl thh =
H| &S BT U2 3¢ BN 3HA 289 %% THE AH
of vla] tha w2 M &S How, Ak dakd Abdol
Algk A Aol ARk, Al FlFAge] Algkolu F
2o YAg ol EAo] Nt o] EXde= HHHA
Hlt

to 4 4o

3.2 2 %29 UM 5%
3.2.1 O|4H| HIZS 0|8% PAHsY 7|8 53

PAHs= W7]E Sall %= darldd, 4 ==
o ghgol o8 A ow FUHE FRVILeE Y
ATk EZE el osiA Frde]l He AEride] Ag
B35 a1 9JTHMcElroy et al., 1989). ©] 213 PAHs®] %
2yzke] ol g AE o]gstel el tiE FAH I FY
= 74 4 2thHEganhouse, 2004; Kumata et al., 2002;
Park et al.,, 2009; Zakaria et al., 2002). ¥-2 A-Fx}-E0] o] gt
we ol 4Al HE olgste] 2ge Ao UF Ao |
ZABRE o] &3tal o, PAHsS T3 source”} A5}
aL, o] ZAl v R 71LE qrEatrldde @A el e Ao
2 AlmEnh ey B A AE PAHsTE (A o B
ATA el Fhol He=A AAsk=H vk 2 Al =
PAHs o] A H] 47}A1 & o] &350 ™, H]&2 Table 3¢ 1}
BRI AT

PAHs ©|”d#| H] < Benzo[a]Anthracene/Benzo[a]Anthracene+
Chrysene(BaA/BaA+Chr)®} Indeno(1,2,3-cd)PyreneP(Indeno(1,2,3-cd)

P

Jo M Hx &

O

ol o
fu rlo

S RIERES L

-z AN

Pyrene-+benzo[ghiJperylene(IP/IP+BgP)2] ©]’d | H]= BaA/BaA+Chr
o]/ A| H|7F 035K & #hs VERW 474, 02Kt}
w$e s JEE fRVIdeR AT ¢ ok =%
IP/IP+BgP ©] A7} 02K %2 #S YEhE a7,
025t w2 s UYEhE fR719e®E s F k. o]
& vg oz =23}sto] Fig 20 YeERAT 13} Akl =
BaA/BaA+Chr ©]/3A] H|&= A24-7]9, IP/IP+BgP o]/ 4 vl& 7
o] Aol o 71UES Blow, BE Aol 4] BaA/BaA+Chr
o] A B|7} 0.5, IP/IP+BgP2] ©]/d A H|7} 048 M3 v &
Rt 22} ZAFl &= BaA/BaA+Chr ©]/d x| H|2} IP/IP+BgP
o]/ A H]7} BN 6¥ ol A fr7-9] 7] 9& Kl v, o] ¢ 3
Aol Al v, AEhe] Aol oJgk 7]9S VeI 1A}
ZAF] BE Aol vk vl E KRl WHH 23 Aol A =

AgEe g e mE el

Table 3. Characteristic values of selected molecular ratios for

pyrogenic and petrogenic origins of PAHs

T
LMW/HMW* <1 >1 0.01-0.3 0.1-1.3
IP/IP+BgP’ >(.2 <0.2 0.3-0.5 0.5-1.0
BaA/BaA+Chre  >0.35 <0.2 0.4-0.5 0.03-0.9
FluA/FluA+Pyr? >0.4 <04 0.4-0.5 0.3-0.7

“LMW/HMW: ratio of four to six-ring unsubstituted PAHs (except perylene)
to the sum of two- and three-ring parent PAHs. Budzinski et al.(1997); Yan

et al.(2009).

YIP/IP+BgP: Indeno(1,2,3-CD)pyrene/Indeno( 1,2,3-CD)pyrene+Benzo| ghilperylene.
Yunker et al.(2002).

“BaA/BaA+Chr:  Benzo[a]pyrene/Benzo[a]pyrene+Chrysene.
al.(2002); Yan et al.(2009).

dFluA/FluA-%—Pyr: Fluoranthene/Fluoranthene+Pyrene. Yunker et al.(2002).

Yunker et

2 PAHs ©]4d A H]&<] Fluoranthene/Fluoranthene+Pyrene
(FIUA/FluA+Pyr) 2t LMW/HMW ©]/d A )= FluA/FluA+Py ©|
QA H7F 04 Bk w2 ghs UERWE A7), 04K T

2 @S UEW fR7Ides 4% ¢ vk T
LMWHMW o] ¥]7} 150} vk 3hs JeEpld d47]
4, 11T 52 gs e fRVIE0E Y o2l
ol ntgo® =238tslo] Fig 20 WEFNRATE 13} ZA}el
+ FluA/FluA+Pyr o] A 7} 79 Aol ok 7]19&
YERH L o1, LMWHMW ©]/d 2] B] B3k A4 7195 B3l
o} 94 HE 3 BaA/BaA+Chr ©]A] A ®]$} IP/IP+BgP ©]A
A W7F ve Ao R B o] v v ke B
gtk 22} ZAbol| A FluAFluA+Pyr o] A v ¢} LMW/HMW
o]/ A H]7} BN 6ol A 7 719& vreb W, o] €] 7
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Fig. 2. PAHs cross plots of the ratios of BaA/BaA+Chr vs IP/IP+
BgP(left) and FIluA/FluA+Pyr vs LMW/HMW(right) in Bus
an south harbor.

Aol A el dkel ok 71 U, Ak Axe] o
7198 Bon, AHER w9 ohdet vghs L}EM%E}

o] 9} gko] PAHs?| o] A A U] S o] &3 7| S 13 =
At Al A 719 o R HSzg HgkE vERde], d A
A FR 7 3 **H# S S AT 5o Aol
o8] FelE Aoz FHh 23 AR A4 V]9S
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FAZ Qe weke] Jgoz AlFH L

3.2.2 PCBs congener 2XE 0|28 R FE

dtH o 2 PCBs= T /M9 sldHol| @art wol] X3
s Ao AsiA velhva, AWdEe] BEss
PCBs9] &2+o] g0t FE& T7ishA Huh o]zt

ol wat AT

M
F
Jm
ry

PCBs congener( 4 23} PCBs - 47} 17
27§ 2% : Di-CB, 37] X% : Tri-CB, / 5943} PCBs - 47
X%} : Tetra-CB, 5711 X &} : Penta-CB, 67] *| 2} : Hexa-CB, 771
%} : Hepta-CB, / 543} PCBs - 87 2% : Octa-CB, 971
%%} : Nona-CB, 107} X3} : Deca-CB)9] A3 3} X1x]d o
2 Qlate] FFrthe HAENA B2 7 dAR X3y
3193 2~} (high-chlorinated) PCBs7} #3X3}7] ¥ Uh(Kannan et
5 1992). o] = Aoz 47 AL ti-CB, tetra-CB7}
SABITHE SARA ] Aol AT F Atk AS AlAL
é} UTHKim, 2006). o]H & 7HS 2 AFAHel 283t
o] ¥ d®¥l& Fig 39 =23} 5t *E‘i%_w}ktk
12} ZAbel A A P43 PCBsE 4.3 ~60.0(H 1 22.6) %<
% Bor T3t PCBsT 22.0~91.9(H T 48.4)%
&S eI 2843} PCBsE 0~72.7(H % 29.0) %
%% otk FFof A HZoll 913§ BN 21 o A]
CBs7} 60 %= the& Al v&l %2 Wiss
frefel A Aoew 4% 4 93Utk BN 1
23} PCBs7| 2 ME5(91.9 %) KHolal 9o
6% (77.2 %), BN 7H(60.4 %)l A T4 o wiR
.22} A A A G A3 PCBsE 7.7 ~55.1(B
Hor, $I43} PCBst 39.5~92.3(H
PCBs= 0~5.4(Fd 0.7) %] &S
g4 o]l Y% BN 5H I} BN 8o
W E-go] Hs=gk gk

%%} : Mono-CB,
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o 76.7) %, 11923} P
YER AT Ak
A A9 43) PCBs®t F 943t PCBs®] W&
S Helom, o] & FHox T3}t PCBs7t oF 75% ol
O thh F2 WMEES Ve 12 2AFS] A E0]
19923} PCBs®} £ 43t PCBs7l & WIS 1wl whi,
22k ZAbel = 2709] S AL g A HoNA T3} PCBs
7t Ba F2 H9E B o] 235t %ol 2 PCBs
7h AAE AT FAR QLS FH A °
oA T3t PCBs7t A1 3 o2 Wt
g 4 Atk PCBsE 1970958 A
SHEAR S, St A 7| RAY, FHARAY,
sletEd Ay 93] F5odELR ERHY
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(Ministry of Environment, 2005). B3}, Sinkkonen and Paasivirta
(2000)= GaTEo] W B = w7 S 26,000 ~ 330,000
ARk oz Bagh wp glow, Gagkigo] Srbekel uhet
W7 S7beks Ao = yEkd vkl o] PCBsi= Al ol
o] 4 o= ol HA &2 il w77 21 PCBs
7 @ 3Et o] Jdd Ao w wekEth

- 213 -



& Deca-CB
1 Nona-CB
£ N Octa-CB
5
Z & Hepta-CB
E
8 Hexa-CB
o
&
g M Penta-CB
Tetra-CB
Btri-CB
BN1 BM2 BN3 BN4 BN5 BNG6 BN7 BNEB IBNI BN2 BN3 BN4 BNS BNG6 BN7 BNS8 .
Nov. 2014 ™ Di-CB
Nov. 2013 | '
Fig. 3. Relative compositions of PCBs congeners in surface sediments of Busan south harbor.
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Fig. 4. Correlations between TBT and DBT, DBT and MBT, TBT and MBT in surface sediments of Busan south harbor.
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Fig. 5. Correlations between TBT, MBT, DBT and >BTs in surface sediments of Busan south harbor.

3.2.3 BTsQ| 4AE 0[E8 FYA 3 A& AE A3, i Aol = et &gl o

sorgtA ol A BTse] @A QS 7+43l7] 98] TBTS} DBT, S E&olA §9Aa, AF A o] A= DBTES &3
DBTS} MBT, TBTS} MBT 7179 sk & HAESe] 571 dhals oo sigos f#5E 7heA o] =rhal
oj5 EFFolM x& AWAdS Bold BTs AW 5o e IS3ITh Lee et al(2005)2 AFI= AAEG el gt
L5831 TBTOA 71915 Ao Hr, A5 31ghe Atole] A& o8¢l frdd& A= 23} DBTSF MBTE 33t
A¥hdo] vrom DBT i MBTE 43 LAldks: Ei  Aldhs Ei 2bgdulso] o @ F¢jo] obd Autahs Sof
Al 3l T8 Aoz Baskdrh B3 Kam et al.(2011)

st 4= QI tH(Kam et al., 2003). Z=3+ Shim et al.(1999)=

Tt = Z[: o
AAE T S FE AYEEow F9dE Aew wd @l BTV
2 Zlafet
A BTse 29U FH] A3l AnRAS Bl o B AuEs o
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webA], Aol A= FAE Tl A BTso] SldS
T35t7] 93] TBTS} DBT, DBTS} MBT, TBTS} MBT 2z}
9 X AEAAS HE olE Fig 40 YERNS T AdHA
£ A9 B, TBTS} DBT, DBTS} MBT, TBTS} MBTS] F4
FASG*)7F 277 0.1(Pearson A+ THEA] : r=0.407), 0.3(Pearson
A r=0.561, P<0.05), 0.1(Pearson ZH-24]

r=0.364)
o2 wj$ okst AyA S e o] Brs: Aul S Wow
291 TBTAA] 7]¢lo] o}d DBT =+ MBTS &3k = A8}
FOEE AR s Bl 2 dAded FYEE
TFsAe] e Ao ,&agu} 5&6& BTs°ﬂ )3 TBTS}
DBT % MBT Alo]9] a4dS

0,

A7} 0.9 oo =
™, DBTS} MBTS| A% SAIASF(?)7F 42 02, 0302
o5 oFgk Adhd = vrERdle], DBTS} MBT7F TBTO] 23l

o] obd& el FaL Ith(Fig. 5).

E3l7] flate] A
5 o] &3&}o] Pearson AT
o vrER AT
£ A9 ¥ W, PAHs, PCBs,
Holx] ¢k9kt}. o] Shim et
al.(1999) B ¥ U
fr71ekae}t BTsoko] daadAl oA
*1i ofF wre A4S HQl wkd

<

2 g 2o gy

- I T 1il' o

Table 4. The correlation coeffcient between PAHs, PCBs,

A e ddIt I A Hel A= Fade] jlo] HA
E T frrlgaivs f71FAs =0 Fstel o)
FIFE Be Ao Byt ok F {F1E9] F71FA
MO FA8FS 293 R FrIFA SRR &
P 7ol F2EHA 7] ol o] wte Az
£ B9l Zo & HIgrhKam et al, 2003). WEFA 12} A}
oA F71EN frrlskeE kel B AHAdS Bl A2
T FE TR fUIsgEe] Hxste] 9 S Bl
Ao Atm¥th 22k APl 12} ALY Adets &

PAHs$} BTs, PCBs, TOC(BTs r=0.756, P <0.05, PCBs r=0.760,
P<0.05, TOC r=0.864, P<0.01), PCBs¢} TOC(r=0.792, P<
0.05)0 A o AHAS HGow RE FEoA TOCS F
2 AAAEE B 2k At SAEAES] FAE F
PAHs, PCBs, BTs®| %7} ol d-&1ke] AaAdo] o}
72 Aoz Als

34 SMENHE T YEEH Y &

ol A A ¥ 2 & F PAHs, PCBs, BTsol thall Q2384
Gl oz ] 712 AAE] JA B Aejelrh A
AAA R A A Bl tigh gehgh 7]=gke] glAIRE,
w] =3 %F ] 7] %J (National Qcean and Atmosphere Administration,
NOAA)O A ¥ 2% 3 PAHs¢} PCBsoll thalo] A=8bz o
gkol] et 7]#<9 ERL(Effect Range-Low, PCBs : 21.6ng/g,
PAHs : 4,022 ng/g), ERM(Effect Range-Median, PCBs : 189 ng/g,
PAHs : 44,792 ng/g) S A Aste] #als] 9.3 It} ERL 7] %

kel 9_?3‘37\10] /@E 3 Hl—/\go] 10% ERM** Ooﬂ‘jz]o]

R

BTs and Grain size in surface sediments of Busan south harbor

2013 year BTs PAHs PCBs TOC Gravel Sand Mud
BTs

PAHs 0.600

PCBs 0.600 0.646

TOC 0.199 0.295 0.591

Gravel 0.124 0.534 0.400 0.466

Sand 0.02 -0.441 -0.713* -0.106 -0.577

Mud -0.157 -0.157 -0.109 0.331 -0.398 -0.472

2014 year BTs PAHs PCBs TOC Gravel Sand Mud
BTs 0.756* 0.662 0.743* 0.625 -0.674 0.045
PAHs 0.760%* 0.864%* 0.51 -0.663 0.156
PCBs 0.792* 0.564 -0.278 -0.319
TOC 0.726* -0.675 -0.069
Gravel -0.577 -0.472
Sand -0.449
Mud

** Correlation is significant at the 0.01 level

* Correlation is significant at the 0.05 level
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Fig. 6. Concentrations of PAHs in surface sediment of Busan south
harbor (The dotted lines are the range of ERL and ERM).
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Fig. 7. Concentrations of PCBs in surface sediment of Busan south
harbor (The dotted lines are the range of ERL and ERM).
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AE o] &3 49 BIsE TBTS DBT, DBT9 MBT, TBTS}
MBT 7}7}9] =% AAAAAE o] L3k 4 7ﬂjﬂroﬂ }\1 2 ak
Q1 TBTol|A] 7]9l9] OM DBT %+ MBTE $F
T= Fal - AFA Aol

O

o o

“

o] =& 2017 % ST o] Ao gt A
A Qe wrol ¥ 7] Z2A7AF I(No. 2017R1D1A3B03035529).
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