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716k A §F 9 PCBs S Wl o A S Hole s & 5 AUNTE PCBs S E] SEEXS dAATIb] BANA A, A
A, YA R o] A e Ao §5Fo] S PCBse] vk ] fx etk a8l AFA Y] BFEHAEANA F238
3 UE PCBs9] =& oA AHEsla & EHAHE Q7] (sediment quality guidenes, SQGs)2] ERL(effect range-low)¥} TEL(Threshold

Effects Level) ¥t} Wlagh A, #4 ohe g wo] Aej=Adsts] dxold A& vA= dFe vvg Aoz Ang,
#HA B0 : A3, EHE, PCBs(polychlorinated biphenyls), 7184, %, &= A

Abstract : In this paper, polychlorinated biphenyls (PCBs) were measured in surface sediments collected three times (June, October, December, 2013),
inside Jeju Harbor as major harbors of Jeju Island. The concentration of PCBs inside Jeju Harbor was in the range of 1.62~4.45 (mean) ng/g on a dry
weight basis and the levels were very low. In the analysis of PCBS homologue patterns, high-chlorinated PCB congeners were dominant in surface
sediments inside Jeju Harbor, indicating that their sources were originated from shipping activity. In the relationships between PCBs concentrations and
particle size (mud, sand and gravel) in surface sediments, PCBs concentrations were higher in the sediments with higher mud content, indicating that
higher PCBs were distributed with increasing sediments of fine gradules. The PCBs concentrations in surface sediments in this study were very low,
compared with ER-L (effect range-low) and TEL (threshold effects level) among sediment quality guideleines (SOGs) applied in foreign countries, such as

USA, Canada, and Australia, etc), indicating that their biological effects on the bottom organisms in marine environment were expected to be very low.

Key Words : Jeju Harbor, Sediment, PCBs (polychlorinated biphenyls), Organic carbon, Particle size, Homologue
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Fig. 1. Sampling sites inside Jeju harbor.

2.2 24EH
2.2.1 PCBs2 &4

¥4 & % PCBs<] vl = 3)] 9 7] % (National Oceanic
and Atmospheric Administration, NOAA)S] el we} 2493}
S TH(Sloan et al,, 1993). PCBsE AA- A% F4l5l= AAS 3
Al 3TAIZA A7 2] 8-v]|F=Z(solvent extraction), “J Al (clean-up)
e8] A (analysis) A2 o] Fo] FH ol

A7 EujFES Al 2 surrogate standard’} 0] &
5] A& Soxhlet extractorel]l ¥ I 300 mL dichloromethane
(DCM, Fisher Scientific Ttd, USA, HPLC grade)>-Z 16A13F &
oF F&39aL, FEXLEE 0CE FA8IATE &l A7

. =
T 4~63] cHE=T ATt = 3
1=}
B
=]

A=) o]
AL

[e)

pu.

=1

F3o BY ¥

ZF 60~70CNA 1~2mL7} =

B

< AAS Y Silica gel, aluminat™
AREE7] Aol 450C o] 7B skRel A 6AIZE w9t 2 st
3F5loH, silica gel/alumina 2] Z-& ol 24 fr(glass wool),

TSI EE, alumina(l % T2 3%) 10g 18] 3L silica gel

ball snyder columng %
% sHaga PR

(5% TEIF) 202 DOMOE H-{FA A ez F A3}
AL gl Al FERAAUEES ZFelith S 9 silica

=

gelalumina 2] Z§le] F&F-55¥ AlRE 7Fstal DCM
100mLE §EAA HZx &89 15mLS ML §EAE F
aafe ZEfage] Btk ol& 7A9bES7|(Turbo Vap 500)%
F 1 mLZ F%3 $ t}A] n-hexane(Fisher Scientific Ltd., USA,
HPLC grade) 50 mLE 7}5lod DCMS n-hexane .= X|3HA|A o]

S oF ImLE 5% 5 HAFH o7 IEE N, 7FAE 05mLE

=
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Table 1. GC/ECD conditions for the analysis of PCBs

=
N
rlo
e

Gas Chromatograph

: Hewlett - Packard 5890 series Gas Chromatograph with a ®Ni electron capture detector (ECD)

Instrumental setting Injection volume : 2 puL

Injection mode : splitless

Detector temp. : 300C

Injector temp. : 275C

Carrier gas : Hy

Carrier gas flow rate :

1.2 - 1.4 mL/min

Make-up gas :

40 mL/min for Argon :

Methane (95:5)

Injection port Temp : 300TC

Column

: DB-5 (30 m x 0.25 mm 1.D. % 0.25 ym Film)

Temperature Program

: 1007C [1 min holding time] — 140°C [5C/min, 1 min holding time]

— 2507C[1.5°C/min, 1 min holding time] — 3007C [10°C/min, 5 min holding time]

&33}al, GC internal standard 2 TCMX(tetrachloro-m-xylene, Ultra
Scientific Co., USA) 10 ngE % 713}%] GC(Gas Chromatograph) -
ECD(electron capture detector)@™ =43l o, EHFxH
Table 13} Zt} &4 21& 2 AR FYUF2 2uLE 3}
& 3L, Carrier gast HyS AFE-3FATE Carrier gase] 32 1.2
~14mUmine WHE sl AFES AH-2 DB-530mx
0.25mm LD. x 0.25 gm Film)& AF&-3}31 U},

2.2.2 QA/QC (Quality assurance/Quality control)
A9 getgat 4ude nasts) Al RS
3}7] Aell A&l surrogate ¥=E2 <! PCB103, PCB198
Afed, £ 28 4 F 7712 w41 @ A
AelA AAels £ A %’-‘iﬂrﬁoﬂ/ﬂ e eakE
w47 98 GC EFEA TOMXE 7hste] A3kt
=g BAYY AYS Fu 0}71 EERE SR
NIST (National Institute of Standards and Technology, USA) SRM
19416 Abgale] QIS A, SR BFEES 902~
1077 %= B3d H9 e 35S & 5 AU TH(Table 2).

J‘j ﬂllm 'lN'
R N 11

N:

‘rr7] ]’ 33
PCBs®] 30| 03%% Fe AR %LE%X% 43l PCBs=
T

L E
oluf 7] & A WA= FUIEAE I LAY
:‘1'5

A
B A = %W% | 2o Aoz delA o] frlErE 2
Asto 2 PCBse] S 913te] FugS HES S gIr} PCBs
o} AL Stolmr] St FrEaF RAagon
S 71%(MOF 2013)0ll &) ®AIst

0.1N KzCI‘zO7 %-Q_' 10 mL, C-HzSO4 51’11].7%‘ %1'8‘ 3;’: 90 ~

Table 2. Comparison of NIST 1941b’s certified values with
those of this study (ng/g dw)

Certified This study Mean percent
PCBs values (mean+SD, of certified

(mean+sd) n=5) value

PCBS 1.65+0.19 1.51+0.40 91.5

PCBI18 2.39+0.29 2.47+0.10 103.3
PCB52 5.24+0.28 4.98+0.41 95.0
PCB44 3.85+0.2 3.65+1.34 94.8
PCB66 4.96+0.53 4.7842.14 96.4
PCB101 5.11+0.34 4.85+0.48 94.9
PCBI110 4.62+0.36 4.434+0.10 95.9
PCBI1138 4.2340.19 4.084+0.17 96.5
PCB153 5.47+0.32 5.15+£0.14 94.1
PCB105 1.4340.1 1.29+0.09 90.2
PCB138 3.60+0.28 3.35+0.49 93.1
PCB187 2.17+0.22 1.85+0.05 85.3
PCB128 0.70+0.44 0.61+0.16 87.1
PCB130 3.24+0.51 2.89+0.22 89.2
PCB195 0.65+0.06 0.7+0.08 107.7
PCB206 2.4240.19 2.2840.23 94.2
PCB209 4.86+0.45 4.68+0.39 96.3

100Ce &2 = 30%@ Jtdsta AL o= A% Fo] HPO,
9 10mLS H7Fskl T ferroin A A 9FS 2
931 0.1 N Fe(NHi)(SOy, &1 0.2 HA3gict

224 AE&4
QA& o] 7)ol wheh b 4 9lom pCBso]
Fe FRA GBS St QAN TWH g FAe



AT = A=

AAN AAAA7F Jdokr B w9 vkBonifazi et al, 1997).
<
T

= Qxte] 77 BASFE we ool pCBsE F I 4 9

al
B E9 %=+ Ingram®] #A)H(Ingram, 1971)°l wh&} =}
A2 (15%)E Hotste @9 Y frlES AAT

52 AARO TN 4563 mETFAZS o] &dlo] ABE 4p

1=]
63 mEtt =43 A zet AFFd YA mudARE F2 st
Aok 293 A RE TX2AA AAAEHCEA 122 mm)
FTAE ol&ste] 1gmmBET F b= 4 (grave) A
B2 3a, 1~409 dAd deds AldGand) A B2 B
g3t =, 2mmEt F YRS 9 A (gravel), 0.063 mm~2
A4S AR (sand), 0.063 mmX.t} 2 JAE U (mud)

T~

3. g3t & 1

3.1 PCBse sE&2X% 549

Agieel 2 &< AFFe] 571 QA (Fig. DelA A=
EFTEHAE T PCBs®] FEREE A A Table 3
7 Fig. 20 “ERHRATH

AFde] B, ESHAE AR F F PCBsO] 5%

(SPCBy) W91E 1.62~4.45ng/g dw(dry weight)o]3l, 337k

Lo

< 265ng/g dwo. = UERG oM, & QFell A Nfo w2 v

P A7ITe] HHE o wE7F v oA jrow
des FRvt fadvs A3 gt 3 pFow
Aes 52 FRE Hole A& M4 H Adutse] A
ataL slof wiE Felat v w=s Al wf A A
€% PCBs ¢+ E=au AutEe 4&%, 5 Ao
A €55 PCBs7F 8 9990 ® Agsla w3t HHE
%] 7)€% (organic carbon) 2 =7} PCBs & 254 fr

Nequdel Bxd 27 4 v

32 SEEES E[fE =du9 it
3.2.1 RIIEA0S H2td

AXBRA AN F71EHe] Bxel TS FE Q4T F
HE] JmE, Frenl 71grka delx vk =4
=9 #71EAe fU1eAE SHFEAN AFET 5 9l

h=}
7)€k 4 23 PCBs 5 = (ZPCBy)9t A #4dS Fig. 39 et
ieR=

Table 3. Concentrations of 22 PCB congeners in the surface sediments inside Jeju Harbor(ng/gdw)

JJ-1 11-2 JJ-3 1J-4 JJ-5
PCBs Range (Mean) Range (Mean) Range (Mean) Range (Mean) Range (Mean)
PCB8 N.D N.D N.D N.D N.D
PCBI18 N.D N.D N.D N.D N.D
PCB28 N.D N.D N.D N.D N.D
PCB29 N.D N.D N.D N.D N.D
PCB44 N.D N.D N.D N.D N.D
PCB52 0.40-0.72(0.55) 0.43-0.65(0.51) 0.42-0.45(0.44) 0.20-0.22(0.21) 0.36-0.39(0.37)
PCB66 N.D N.D N.D N.D N.D
PCB87 0.13-0.24(0.18) N.D N.D N.D N.D
PCBI101 0.2-0.36(0.28) 0.34-0.47(0.39) 0.15-0.16(0.16) 0.13-0.14(0.13) 0.31-0.35(0.33)
PCB105 N.D N.D N.D N.D N.D
PCBI110 0.14-0.25(0.19) N.D 0.14-0.15(0.15) 0.13-0.13(0.13) N.D
PCBI18 0.06-0.11(0.08) 0.25-0.35(0.30) N.D 0.20-0.22(0.21) N.D
PCBI128 0.06-0.11(0.08) 0.10-0.13(0.11) 0.06-0.06(0.06) 0.08-0.09(0.08) N.D
PCBI138 0.38-0.68(0.52) N.D N.D 0.29-0.33(0.30) 0.17-0.19(0.18)
PCBI153 0.74-1.34(1.02) 0.74-1.04(0.87) 0.33-0.35(0.35) 0.27-0.30(0.28) 0.35-0.40(0.38)
PCB170 N.D N.D N.D N.D N.D
PCBI180 0.73-1.32(1.00) 0.59-0.82(0.68) 0.53-0.57(0.55) 0.33-0.36(0.34) 0.33-0.37(0.35)
PCBI187 0.39-0.70(0.53) 0.51-0.72(0.60) 0.18-0.20(0.19) N.D N.D
PCB195 N.D 0.15-0.21(0.17) N.D N.D N.D
PCB200 N.D N.D N.D N.D N.D
PCB206 0.01-0.02(0.02) N.D N.D N.D N.D
PCB209 N.D N.D N.D N.D N.D
>PCB» 3.26-5.84(4.45) 3.11-4.35(3.63) 1.82-1.95(1.90) 1.61-1.79(1.68) 1.52-1.70(1.62)
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Fig. 2. Distribution of total 22 PCB congeners (2P CBy) in
surface sediments inside Jeju Harbor. The vertical and
horizontal lines indicate the range and mean concentration
of 2PCBx.
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Fig. 3. Relationships between >PCB, concentrations and organic
carbon contents in surface sediments inside Jeju Harbor.
ATl fr7Iea §Fa} PCBs 5 =(ZPCBy) <o 2
& ]—r(r )= 0.8387= ‘JrE]r‘Jr - el duAdS Kole
AE € 5 AR L IAGA SN 712l 0
3l 3 PCBs #to] A A=t -1 A2 9ol &
Bha) glal S oA Arhh R o] Sl AA
o] YHoj “—‘01 "*"QO% W& ¥ PCBs7} T

=

ATl A fF7]ea %%Ur PCBs OL{M AR A7}
=7 YEhd A3E Lee et al(2001)0] A3 A7) 2 Q)
A A3} Jeong et al.(2001)°] B3t g7 dhFolA F7)
BAel F PCBs«] Abolol| A zbz} P =0.66, I =0.792] F-2] &
= Ao} AA|3H3ITE B3 Moon et al.(2003)

PCBS/] —r‘,_0ﬂ S AR F7 e A
A=} Fks m) X]f Ao 7 WiE A ) tH(Bonifazi et al.,
1997).
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Fig. 4. Relationships between 2PCBy concentrations and particle

sizes in surface sediments inside Jeju Harbor.
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Table 4. Comparison of PCB concentrations (2 x XPCBjs) in this study with sediment quality guidelines (SQGs)

PCB conc. SQGs
Location (2 x XPCBis) ER-L~ER-M values® TEL~PEL" ISQG-low value?
(ng/g dw) (ng/g dw) (ng/g dw) (ng/g dw)
Jeju Harbor 3.10~8.14 22.7~180 21.55~188.79 23.0

"ER-L (effects range-low)~ER-M(effects range-median); °TEL (threshold effects level)-PEL (probable effects level);

‘ISQG-low(Interim sediment quality guideline -low)

3.23 EI¥E 2YJ|&E1 vl

TR A= HAERE edEL s 2=
AsldS Brlek=d oA HAE 53 HolH = d54
0% AAL ARE ATIR B0 HHAE AH 09
dol FAZA mAE JFIFE Fotd F Ade WA
o] I Q 3} Th(Cardellicchio et al., 2007). o]&] gt oA
B A E 29 7]15(SQGs, sediment quality guidelines) A4 A&

of M= 4w #d LGEAY AR s Pt
=H #gH 2AE AFste Aow, v A
(National Oceanic and Atmospheric Administration, NOAA)2] <.
A B edxAL Fo] Hels ¥ A ZEIOY
(National Status and Trends Program, NS&T)ol 4] 2 & 352 o
Z 53 SQGsY weight of evidence S A8l A&
o2 7313 thH(Long and Morgan, 1990). ZHutloll M= v =
NOAA9I A 7|8 ER-L ¥ ER-M #t¥} fAMe B4 E 9o
7]5=%1 TEL(treshold efects level)Z} PEL(probable effects level)
e AA }T— UHl, TEL ©]38te] Fhee= H-Ag Q1 o]
Aol & AR d5H= WelelH, PEL o3| §%
T2 < ‘@W%%O] HEE Aol v =2 HHE
% PCBsol| t]$+ TEL ¥ PEL %2 Z}2Z} 21.55
ng/g dw, 188.79ng/g dw= TEL ER-Lol a9 % il PEL
ER-Ml| 3 H tHCCME, 1999). B3 55 3 pd = A
% Z PCBsoll 3t ISQG(interim sediment quality guideline)-low
@S 23.0ng/g dwe AAEHS=H o] #2 ER-L ¥ TEL %
I AR Zlo R o] o]ste] Fieoll A= F-A Al GFol A
o] ¢l& Aoz 955 FEO|THANZECC and ARMCANZ,
2000).

B ATAYY PCBsY] FE HAE 297 vast
7] $18l M= PCBs®l 20971 €] & &=5A19 b vjasofof
stoa i 9lth(Hong et al. 2006). WhehA] 2 ATt A &
sl B A& F9] PCBsY HE7F AETA g3k 9 A
S B7hstr] flake] dukA Oi 853l 9= 2x TPCBis
= TUPAC No. 8, 18, 28, 44, 52, 66, 101, 105, 118, 128, 138,
153, 170, 180, 187, 195, 206, and 2092] $Holl 285 #3F ZhHE
AH8-3 3l (Hong et al, 2006) 9]=ol A A &3}al 3+ EHH
2 2 971(SQGs), =, "= NOAACN A 71133t ER-L, ER-M

N

%k, AMvtetol A Rbs TEL 2 PEL ¢ 28] 55 2 74
A=o A 7S 1SQG-low %k ¥} H]wsle], HIE Table 40|
ERU ST

% PCBs(2x PCBp)9] st AF3 3.10~8.14nggl =
ER-L #k(22.7ng/g dw)¥} TEL(21.56 ng/g dw), ISQG-low #k(23.0
ng/g dw) 2o} A2 W3S R A5 AxeA
A AL A= FEF vu)e o2 PetE).

b ZAastE A BdS 4 5 gl
PCBsS] &4 e B4 A AT e Aut 5o
frilEE 19439 CBs(Hexa-CBs ©]4h)o] F& B X349

E| X Eo| X PCBs 33=2] ¥ nXE F7]&E9 43

S H7heh7] flske] HAE Ul fr1eka $9F9) PCBs 35
o] sxole] AARASE AES A} 7t o AAA S
A= AF3 0.8387% Ho] PCBs 31 E9] Ex 9 784
g v Fo% AHAdS BYdS 4 4 Ak

PCBs 3}3HE9] s xel gaariete] #AldA 94
(Gravel), A2 (Sand), U A Mud)= L}ro] ZAMS Ax YA
o] ko] TUMEFE S, AHS AV Be A
PCBs®] L% =/ EE3F )

EAFAYGY RTEHENA FXESAL YT PCBs9| &
=5 oo AEsa Jde HAE 29 7]F(sediment

SQGs)2] ERL (Effect Range-Low)¥} TEL
(Threshold Effects Level) #t¥ Hlagh A3, A4 & gbs
Ho] AeEAHA dAelA AxAE A= FFe A
gt Aoz e

quality guidelines,

_i_oi 7—1
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