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Summary

Polychlorinated biphenyls (PCBs) were measured in surface sediments collected
three times (June, October, December, 2013), inside Jeju Harbor, Seogwipo
Harbor, Songsanpo Harbor, and Hallim Harbor (where a lot of steady shipping
occurs) as major harbors of Jeju Island. From the results, their horizontal
distribution and the correlation between PCBs concentrations and each of organic
carbon and particle size distribution were examined. In addition, their levels
were compared with the sediment quality guidelines applied in foreign countries

for PCBs. The results obtained were summarized as follows:

1. The concentrations of PCBs inside Jeju Harbor, Seogwipo Harbor, Songsanpo
Harbor, and Hallim Harbor, were in the range of 1.62~4.45 (mean 2.65) ng/g
, 0.84~4.23 (mean 2.03) ng/g, 0.10~0.44 (mean 0.24) ng/g, 0.17~0.73 (mean
041) ng/g on a dry weight basis, respectively, decreased in the following
sequences: Jeju Harbor> Seogwipo Harbor> Hallim Harbor> Songsanpo
Harbor, and the levels were very low, as compared with those in other areas

of the world.

2. In the analysis of PCBs homologue patterns, high-chlorinated PCB congeners
(above hexa-chlorinated congeners) were dominant in surface sediments
inside Jeju Harbor and Seogwipo harbor, indicating that their sources were
originated from shipping activity. However, in surface sediments inside
Songsanpo Harbor and Hallim harbor, it was difficult to assume their possible
sources because of different patterns with the stations or their indistinctive

patterns.

3. In the relationships between PCBs concentrations and organic carbon contents,

the significant correlations (r’= 0.8337, 0.8532, 0.7466, 0.7723 for Jeju Harbor,



Seogwipo Harbor, Songsanpo Harbor, and Hallim Harbor, respectively) were
obtained, indicating that the distribution of PCBs was affected by the organic

carbon.

4. 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.

5. 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 (SQGs) 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.
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Table 1. IUPAC number and chlorine atom positions of all PCB congeners

No. Structure No. Structure No. Structure No. Structure

1 2 56 2,3,3",4' 111 23,3 5,5’ 166 2,3,4,4" 5,6

2 3 57 2,33'5 112 2,3,3' 5,6 167 2,3,4,4' 55’

3 4 58 2,33',5' 113 2,33 5,6 168 2,344'5' 6

4 2.2/ 59 23,36 114 2,344'5 169 2,3,4,4' 55’

5 2,3 60 2,3,4,4' 115 23,4,4' 6 170 2,2'33",44'5
6 2,3’ 61 2,3,4,5 116 2,3,4,5,6 171 2,2'33",4,4' 6
7 24 62 2,3,4,6 117 23,4’ 5,6 172 2,2'33'455"
8 2.4’ 63 2,3,4'5 118 2,3'44'5 173 2,2',33'45,6
9 25 64 2,3,4',6 119 2,3'4,4' 6 174 2,2'33'45,6'
10 2,6 65 2,3,5,6 120 2,3'455' 175 22'33'45'6
11 33’ 66 2,3",4,4' 121 23'45'6 176 2,2'33'46,6'
12 34 67 2,345 122 2'33"'45 177 22" 334" 56
13 34’ 63 2,3',4,5' 123 2'344'5 178 22" 33' 556
14 35 69 2,3",4,6 124 2'3455' 179 22" 33" 56,6’
15 4.4’ 70 23'4'5 125 2'3456' 180 2,2'344' 55"
16 22'3 71 23'4'6 126 33'44'5 181 22'344' 56
17 2,2'4 72 2,3' 55" 127 3,3'455" 182 2,2' 344" 56
18 22'5 73 23'5'6 128 22'33"44 183 22'344'5'6
19 22'6 74 244" 5 129 22'33'45 184 22'344'6,6'
20 23,3 75 244" 6 130 223345 185 2,2'3455' 6
21 2,34 76 2'.34,5 131 2,2'33'46 186 2,2'3,45,6,6'
22 2,3,4' 77 23'4.4' 132 2,2'33",4,6' 187 2,2'34' 55" 6
23 2,35 78 2,3",4,5 133 2,2'33' 55 188 2,2'34' 56,6
24 2,3,6 79 2,3",4,5' 134 22'33'56 189 23,3'44' 55’
25 234 80 23’55 135 223356 190 23,3'44' 56
26 23'5 81 244" 5 136 22'33'6,6 191 233'44'5'6
27 23'6 32 22334 137 22'344'5 192 2334556
28 2,44 83 2,2'33'5 138 22'344' 5 193 2,3,3',4' 55,6
29 2,4,5 84 2,2',33'6 139 2,2',3,4,4' 6 194 2,2'33",4,4' 55"
30 2,4,6 85 22" 344" 140 2,2'344' 6 195 2,2',33",4,4' 5,6
31 24'5 86 2,2',345 141 2,2',3455' 196 2,2'33",4,4' 56’
32 2,4'6 87 2,2',345' 142 2,2'3,45,6 197 2,2',33",4,4' 6,6’
33 2,34 83 2,2',34,6 143 2,2',3,45,6' 198 2,2',33',455" 6
34 2'35 89 2,2"34,6' 144 223456 199 2,2'3,3',456,6'
35 3,34 90 2,2'34'5 145 2,2'3,46,6 200 2,2'33",45'6,6
36 335 91 2,2'.34'6 146 22'34' 55 201 2,2'33',4' 556
37 3,4,4' 92 22,355’ 147 2,2',34' 56 202 2,2'33' 55,66
38 34,5 93 2,2',35,6 148 22'34' 56’ 203 2,2',34,4' 55" 6
39 34’5 94 2,2",35,6' 149 22'34'5'6 204 2,2',3,4,4' 56,6
40 22" 33’ 95 22'35'6 150 22'34'6,6 205 23,3'44' 556
41 2,2' 34 96 2,2'36,6' 151 223556 206 22'33'44' 556
42 2,2'34' 97 2,2'3' 45 152 2,2',35,6,6' 207 2,2',33"4,4' 56,6
43 22" 35 98 22'3'46 153 22'44' 55 208 223345566
44 2,2'35' 99 22'44'5 154 22'44' 56 209 2,2'33'44' 5566
45 2,2',3,6 100 22'44'6 155 22'44' 66

46 22' 36’ 101 22'455' 156 233'.44'5

47 2244 102 22'456' 157 233'44" 5

48 2,2'45 103 2,2'45'6 158 2,3,3',4,4' 6

49 2,2' 45 104 2,2',4,6,6' 159 2,3,3",45,5

50 2,2'4,6 105 22" 344’ 160 2,3,3',4,5,6

51 2,2' 4,6 106 2,2'.3' 45 161 2,3,3',4,5',6

52 2,2' 55’ 107 2,2'3'4'5 162 23,3',4' 55’

53 2,2' 5,6’ 108 22'3'45' 163 2,3,3",4' 5,6

54 22" 6,6' 109 22'3'46 164 2,33'4'5'6

55 2,33 4 110 2,33',4'6 165 2,3,3',55',6




Table 2. Physical-chemical properties of PCB homologues

. . Vapor Approximate
PCB Melpng Bo@mg Vapor solubility Log evaporation
point point  pressure(Pa) 3 BCF .
Homologue () ) at 95 C at 25 C Kow rate at‘ 25T
(g/m®) (g/m*/h)
Biphenyl 71 256 49 9.3 43 1000 0.92
MonoCB 25~779 285 1.1 4 47 2500 0.2
DiCBs 24.4~149 312 0.2 16 5.1 6300 0.065
TriCBs 28~87 337 0.054 0.65 55  1.6x10* 0.017
TetraCBs 47~180 360 0.012 0.26 59  4.0x10* 42x10°°
PentaCBs  76.5~124 381 2.6%10 0.099 63  1.0x10° 1.0x10°
HexaCBs 77~150 400 5.8x10° 0.038 67  25%10° 25%10™
HepaCBs  122.4~149 417 1.3x10* 0.014 71 6.3x10° 6.2x10°
OctaCBs 159~162 432 2.8x10° 55%107 75  1.6x10° 15%107°
NonaCBs 159~ 162 445 6.3x10°° 2.0x107° 79  4.0x10° 35%10°°
DecaCBs  182.8~206 456 1.4x10°° 7.6x1071 83  1.0x10 85%x107

1993@7k#] A M Aol A 130%FE o] A2k=] Atk
THUHOZE olES WEeHA ¥ EFE HEIE AR =, Table 32 2
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. . . . 19
Table 3. PCBs commercial name used in various countries

)

Nation Manufacturer Commercial name
- Aroclor(Ar):Ar-1016, Ar-1221, Ar-1232,
Monsanto Ar-1242, Ar-1254, Ar-1260,
Ar-1262, Ar-1268
American Corp - AsbesS
Allis Chalmers - ChlorexSl
Sangamo Electric - Diaclor
United Cornell Dubilier - Dykanol
s&&gﬁig McGraw Edison - Elemex
Aerovo - Hyvol
Westinghouse
. - Inerteen
Electric
Wagner Electric - No—Flamo
General Electr - Pyronol
Kuhlman Electric - Saf-T-Kuhl
- Clophen : Clophen-A30, Clophen—-A50,
e Bayer Clophen-60
- Clophen Apirorlio
Italy Caffaro - Apirolio, DK, Fenclor
France Prodele - Phenoclor, Pyralene
Belgium ACEC - Aceclor
United
. MontanS - Pyroclor
Kingdom
- Kanechlor(KC) : KC-200, KC-300,
KC-400, KC-500, KC-600, KC-1000,
Japan Mitsubish KC-1300, KC-C
- Keneclor, Kennechlor, SanStherm,
- SanStherm FR
Russia Orgsteklo, Orgsintez | * Hexol, Sovol, SovSl, SovSl-10, TCB
Czech * Delor
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2. 3 & ¥ PCBsY 7€

dol s Y= A Hrrsk=

= oors 248 F A A4AA Fdol aFHAATY o g wHAAM HA
5 29 7]%(SQGs, sediment quality guidelines)S FAAE] nwx= HALE 7
H ed=de FAHQ FFe Hrtsked HeHA] 2AE AFste AR 7
= & 2t} 7] % (National Oceanic and Atmospheric Administration, NOAA)2] 2.4

HAg g o AFxA} Fo] gobs 9Jek AL 2 19l (National Status and Trends Pr

ogram, NS&T)oA Ad#A=Hoz 53 SQGse =92 weight of evidence

HS Abgate] Agom sptatdnt? AN gARA HHE F99 gFE
o] A& o] =A(spiked-sediment toxicity), @& Aol FHAHE 3}t Y&
A g3 dolee x3l 55 Xt HAE dH LHdEHe ] A W

Weight of evidence #
© Hlolg AES o] gle HolH AE 4% RFo ARE ARESto] A4
SQGs7F M= ® = ER-L (effect range-low)
n)°] /=A==, ER-L& =384 d3Fo] = sE9 st 10 percentile ©] il
ER-M<2 50 percentile ©% ER-L °]&t9] Tx= 9aldt o] =5A #HaH=
shgtE o] sxolH, ER-M ©d9 FX+ fs8ls J3Fo] w3 veld = e 3
FEY FEE, F PCBsol tigk ER-
dw o]tH(Table 4).
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4), 23 5 % FARA=NAE ZF PCBsol thdk ISQG(interim sediment quality
guideline)-low #< 230 ng/g dws AA G =0 o] e ER-L % TEL #3

FAREE Aoz, o] ofgte] FrolM = FAA o] A9 gle ALm gFH=
&

Table 4. Sediment quality guidelines for PCBs

Effect Effect Interim sediment
range—low range-median egf‘:ifj}iil . fggtza?eliel quality guideline
ER-L ER-M I -1
(ER 25)> (ER 25>) (TEL)? (PEL)® (I5Q6) 24?W
value value value
22.7 180 21.55 188.79 23.0
(ng/g dw) (ng/g dw) (ng/g dw) (ng/g dw) (ng/g dw)
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AFE Bl PCBsel 2 Q@RE 2AE] A8l dEHE Fo W AT

o
AN
AR AR BAQYE 228 By 96 va ARG 24 Wol wajol
ofo]ulzo] o A@Aw Lubd The BA AZA 20 Ce WEile] wel

Atk
2) A7
D PCBs¢ &4

HAE F PCBsY #42 n= &4t 7] % (National Oceanic and Atmospheric
Administration, NOAA)™¢] yle] mel EA3gich PCBsE A4 - A% A8
HAL Fig. 53 #Zo] aA Alx59 &v]FZ(solvent extraction), 73 Al(clean—up), +
A (analysis)e] 3T@A| = o]Folxgom AHFHoR vy o] =)

-20 C9] Yo Hd ASE A2 slsAzl & < 20 g& FHsta o7]
o 30 g¢o A3te F I YEF(Yakuri Pure Chem., Japan)S 7}éta # &3}
sto] 7S A AAZ F o]E v dichloromethane (DCM, Fisher Scientific Ltd.,
USA, HPLC grade) 300 mL=Z A3 <& 2= (thimble filter, ADVANTEC,
Japan)ell ¥ il surrogate standard =41 PCB103, PCB198 (Ultra Scientific Co.,
USA) 10 ng= #7Fetaith w2 A AN8E Aty AdxTEFS Fad=,
o] PCBs9 k=& HAE 9 xT @ (dry weight, dw)o& Abst7] 9] s)A]
o] t}.

A& 9 surrogate standard’} ¢ U+ YEH A E Soxhlet extractorel] il



300 mL DCM2e. 2 16A17F &9t &390 FE=5= 60 TE FAH A1 &=

ARG 463 cRBES 2AHYY. F
s

Z} ddstd g dolE ket AASEAT vEel FEAL silica
gel/alumina 2 ZH (WA 2.2 cm x Z9] 44 cm, Fig. 6) o]-&3le] A #3513t}
Silica gel, aluminat™ AF-&3}7] #ol 450 T2 773 st2 oA 6A17Fs<F &3} )
dom  silica gel/alumina @ Zrde] fE A f(glass wool), FFIAUEF,
alumina (1% F&3%) 10 ¢ 2831 silica gel (6% FE3H) 20 g& DCMOE
Al A Az St gl Al FEFAMUERS 7Hekdt. S8 silica
&til DCM 100 mL& &2 Al A
Hzx &899 15 mL& WYL ofF &HS Faute Sk KEokrh ol& #

b2 (Turbo Vap® 50002 < 1 mLZ %33 F A n-hexane(Fisher

off
=)
i
>,
ol
Ll
N
2_‘

gel/alumina 2] ZHo] F=F -

N
2

Scientific Ltd., USA, HPLC grade) 50 mLE 7}3to] DCM<S n-hexanel & 2| 34|
7|3 o]Z oF | mLE %3 & 14T Ny 7F22 05 mLE 532A]7]3 o] 7)o
GC internal standard® TCMX(tetrachloro-m-xylene, Ultra Scientific Co., USA)
10 ngE H7tste] GC-ECDE Z4skglon, £4 %2 Table 59 2t}

2 AFo A= Table 63 o] 22712 PCBs7F &3t¥ ¥ A& (Ultra Scientific
Co., USA)E T3 o]= n-hexanel & 57/l9 sx& 3Asle] 7H=AS 2HA s
A, RE Alg F9 PCBs9 &% surrogate® A& PCB103, PCB198E o] &
st W FEEgd ot ALtstdth. TPCBy 2 Aol AMEH 22F°] FFA
of o= AU a2y B Ao AdE B A9 % HAE 29 7= 06Q
Gs)¥ Hlalst7] 98 A= PCBsel 209708 & A9 &3} Blaixojof ghrpa <&
H4 it (Hong &, 2003, 2006). webA & Ao A3s F FFH9 oz
gslr] felA It og A8 Q= 2 x ZPCBis (5, TUPAC No. 8, 18, 28,
44, 52, 66, 101, 105, 118, 128, 138, 153, 170, 187, 195, 206, 209°] %ol 2801& +3h)
2 A gao]t0NEI g Ao W SQGset Wl - HFekgith o]5e & PCBs9
FES 2 x TPCBi Abolol A ml¢- el Aade Bel(r=096), " N
OAA®°] Mussel Watch XA o= 1998\ o] el = F 5

X
=2 AAEAAL, g E HAE B FE ol&ste] olF Atels HEZ A

ol
)—U
O
ws)
w0
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Surrogate std.
(PCB103,PCB198)

Extraction{Soxhlet) with DCh

k 3

Sidal column chromatography

GC internal std.
(TCMX)

Data analvsis

Fig. 5. Analytical procedures of PCBs.
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L) 2.2 cm
Anhydrous Na;50,

] 5% deactivated silicagel 20 g
44 cm R : _
R 1% deactivated Alumina 10 g

ﬂ_ Anhydrous Na,50,

}.{) (Glass woaol

L
r

Fig. 6. Silicagel/alumina column chromatography for PCBs purification.
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Table 5. GC/ECD conditions for the analysis of PCBs

Gas Chromatograph : Hewlett - Packard 5890 series Gas Chromatograph
with a ®Ni electron capture detector (ECD)
Instrumental setting
Injection volume : 2 uL
Injection mode : splitless
Detector temp. @ 300 C
Injector temp. : 275 C
Carrier gas @ H»
Carrier gas flow rate : 1.2-1.4 mL/min
Make-up gas : 40 mL/min for Argon : Methane (95:5)
Injection port Temp : 300 C
Column @ DB-5 (30 m x 0.25 mm LD. x 0.25 pm Film)
Temperature Program :
100 C [1 min holding time] — 140 C [5 C/min, 1 min holding timel]
— 250 C [1.5 C/min, 1 min holding time] — 300 C [10 C/min,

5 min holding time]
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Table 6. Individual 22 PCB congeners used for this study

IUPAC Number Substitution
DiCB
8 2.4’
TriCB

18 2,2'5

28 2,44’

29 2,45
TetraCB

44 2,2" 35

52 2,255

66 2,3",4.4'
PentaCB

87 2,2'3,45

101 2,2'455"

105 2,2',3'.44

110 2,3,3',4" 6

118 2,3'44"5
HexaCB

128 2,2'.3,3'.4,4

138 2,2'344" 5

153 2,2'.44' 55
HeptaCB

170 2,2'.3,3'.44"5

180 2,2'.344" 55’

187 2,2'.34" 556
OctaCB

195 2,2',33',44' 5,6

200 2,2".33',45" 6,6’
NonaCB

206 2,2'3,3',44" 55" 6
DecaCB

209 2,2'.33,44" 55" 6,6’

_20_



@ QA/QC (Quality assurance/Quality control)

Ao A AFE3E surrogate EFE 2 PCB103, PCB198

rlo
N

Z+ 7} 73~101%,
£ F A= WA60~130%) AAITLINOAA, 2004), 107} A] = w0}

EAHO AFAS grRE fE RoH E+=2<Q NIST (National Institute

of Standards and Technology, USA) SRM 1941hE A}-&3}o] 3+els A3} Table 7

oA Hi= wpel o] EMANE SAYY FH @S 902~107.7%=2 25 Heu

o 9ee & 5 ANk

= =

a1 AAYRAHL A BAS wHAE

0.005~0.02 ng/g °l AT}
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)
8
(@)
—t+
oy
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o
o,
(@)
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(@)
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Table 7. Comparison of NIST 1941b’s certified values with those of this
study (ng/g dw)

PCBs Certified values This study Mean percent of
(meantsd) (meantSD, n=5) certified value
PCBS 1.65+0.19 1.51+0.40 91.5
PCB18 2.39+0.29 2.47+0.10 103.3
PCB52 5.24+0.28 4.98+0.41 95.0
PCB44 3.8510.2 3.65+1.34 94.8
PCB66 4.96+0.53 4.78+2.14 96.4
PCB101 5.11+0.34 4.85+0.48 94.9
PCB110 4.62+0.36 4.43£0.10 95.9
PCBL118 4.23+0.19 4.08+0.17 96.5
PCB153 5.47+0.32 5.15£0.14 94.1
PCB105 1.43+0.1 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
PCB180 3.24+0.51 2.8910.22 89.2
PCB195 0.65+0.06 0.7£0.08 107.7
PCB206 2.42+0.19 2.28+0.23 94.2
PCB209 4.86+0.45 4.68+0.39 96.3
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71 €A+ Standard Methods for the Examination of Maritime Environmental
Pollutants™ el 9] A =th = 7Axs A=A 1% 3 0063 mm A &
HAZL AlF) oF 01 g& B3] FH3ke] 100 mLol ®il 0.1 N KoCr:O7 £ 10
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Table 8. Concentrations of 22 PCB congeners in the surface sediments inside

Jeju Harbor (ng/g dw)

JJ-1 JJ-2 JJ-3 JJ-4 JJ-5
PCBs Range Range Range Range Range
(Mean) (Mean) (Mean) (Mean) (Mean)
PCBS ND N.D N.D N.D ND
PCBIS ND ND ND ND ND
PCB28 ND ND ND ND ND
PCB29 ND ND ND ND ND
PCB44 ND ND ND ND N.D
— 0.40-0.72 0.43-0.65 0.42-0.45 0.20-0.22 0.36-0.39
(0.55) 051) (0.44) 0.21) (0.37)
PCB66 ND N.D N.D ND ND
PCB87 0'}3’1%')24 N.D N.D N.D N.D
— 0.2-0.36 0.34-0.47 0.15-0.16 0.13-0.14 0.31-0.35
0.28) (0.39) (0.16) (0.13) (0.33)
PCB105 ND ND ND ND ND
0.14-0.25 0.14-0.15 0.13-0.13
PCBLIO (0.19) N.D (0.15) (0.13) N.D
0.06-0.11 0.25-0.35 0.20-0.22
PCBLI8 (0.08) (0.30) N.D 0.21) N.D
0.06-0.11 0.10-0.13 0.06-0.06 0.08-0.09
PCB128 (0.08) (0.11) (0.06) (0.08) N.D
0.38-0.68 0.29-0.33 0.17-0.19
PCB138 (0.52) N.D N.D (0.30) (0.18)
PCBIS3 0.74-134 0.74-1.04 0.33-0.35 0.27-0.30 0.35-0.40
(1.02) (0.87) (0.35) (0.28) (0.38)
PCB170 ND ND ND ND ND
T 0.73-1.32 0.59-0.82 053-0.57 0.33-0.36 0.33-0.37
(1.00) (0.68) (0.55) (0.34) (0.35)
0.39-0.70 051-0.72 0.18-0.20
PCBI187 (0.53) (0.60) (0.19) ND N.D
PCB195 ND 0-%8’1%31 ND ND ND
PCB200 ND ND N.D ND ND
PCB206 O-% 6%)02 N.D ND N.D ND
PCB209 ND ND ND ND ND
— 326534 311-4.35 182-1.9 161-1.79 152-1.70
2 (4.45) (363) (1.90) (1.68) (1.62)
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Table 9. Concentrations of 22 PCB congeners in the surface sediments inside

Seogwipo Harbor (ng/g dw)

SG1 SG2 SG3 SG1 SG 5
PCBs Range Range Range Range Range
(Mean) (Mean) (Mean) (Mean) (Mean)
PCBS ND ND ND ND ND
PCBIS ND ND ND ND ND
PCB23 ND ND ND ND ND
PCB29 ND ND ND ND ND
PCB44 O~(()8‘1%)16 N.D ND N.D ND
0.28-0.61 0.88-1.43
PCB52 A o ND ND N.D
0.43-057 0.34-0.56 0.15-0.75
PCB66 (0.49) (0.47) (0.53) N.D N.D
PCB87 ND 0}8’2%)33 ND ND ND
PCBIOL 0.07-0.09 0.23-0.39 0.02-0.10 0.06-0.09 N.D-0.19
(0.08) (0.33) (0.07) (0.08) (0.13)
0.13-0.23 0.03-0.14
PCB105 ND 5153 o103 ND ND
PCBIL0 0.17-0.24 0.25-0.43 0.03-0.15 0.04-0.05 N.D-0.08
(0.20) (0.36) 0.11) (0.05) (0.03)
0.13-0.16 0.19-0.33 0.04-0.22 0.07-0.11
PCBI18 (0.15) (0.28) (0.15) (0.09) N.D
PCB128 ND ND O‘()g’l(%)ﬁ ND ND
0.23-0.38 0.08-0.43 0.11-0.14 N.D-0.22
PCBI38 ND (0.33) (0.30) (0.12) (0.07)
PCBIS3 0.14-0.19 0.19-0.35 0.07-0.34 0.13-0.20 0.26-0.46
(0.16) (0.29) (0.24) (0.17) (0.39)
PCB170 N.D N.D ND 0%5‘1%)14 ND
0.15-0.25 0.04-0.18 0.09-0.12 0.15-0.17
PCBI80 ND 0.21) (0.13) 0.11) (0.16)
0.16-0.29 0.09-0.13 N.D-0.20
PCB187 ND (0.24) N.D (0.11) (0.07)
PCB19% ND ND ND ND ND
0.18-0.91
PCB200 ND ND S (0.15) ND
PCB206 ND N.D N.D ND ND
PCB209 ND ND ND ND ND
SPCE 1.46-1.94 2.94-491 0.66-3.36 0.83-1.13 0.79-0.93
(1.69) (4.23) (2.39) (1.02) (0.84)
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Table 10. Concentrations of 22 PCB congeners in the surface sediments inside

Songsanpo Harbor (ng/g dw)

SS1 552 553 5S4 555
PCBs Range Range Range Range Range
(Mean) (Mean) (Mean) (Mean) (Mean)
PCBS N.D N.D N.D N.D N.D
PCBI8 N.D N.D N.D N.D N.D
PCB28 N.D N.D O N.D N.D
PCB29 N.D N.D N.D N.D N.D
PCB44 03l N.D N.D 0o N.D
PCB52 N.D 0%(2)_’2%)37 N.D N.D N.D
PCB66 N.D N.D N.D N.D N.D
PCB87 N.D N.D N.D N.D N.D
PCB101 o N.D N.D T N.D
PCB105 N.D O o N.D N.D N.D
PCB110 N.D O o N.D 002 A N.D
PCB118 N.D 0.0 0 N.D O N.D
PCB128 N.D N.D N.D N.D N.D
PCB138 N.D N.D N.D N.D N.D
o w0 UM OmaM g oo
PCB170 N.D N.D N.D N.D N.D
o xo MR ORge g o
PCBI&7 O N.D N.D N.D N.D
PCB19 N.D N.D N.D N.D N.D
PCB200 N.D N.D (0.01) N.D N.D
PCB206 N.D N.D N.D N.D N.D
PCB209 N.D N.D N.D N.D N.D
— 0.15-0.18 0.31-0.51 0.12-0.16 0.29-0.56 0.10-0.11
(0.16) (0.3%) (0.14) (0.44) (0.10)
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Table 11. Concentrations of 22 PCB congeners in the surface sediments inside
Hallim Harbor (ng/g dw)

L1 L2 L3 TP 4 L5
PCBs Range Range Range Range Range
(Mean) (Mean) (Mean) (Mean) (Mean)
PCBS ND ND ND ND ND
PCBIS ND ND ND ND ND
PCB23 ND ND ND ND ND
PCB29 ND ND N.D ND ND
PCB44 ND ND ND ND N.D
ND-0.08 0.03-0.04
PCB52 003 ND ND o ND
PCB66 ND ND ND N.D ND
PCB87 ND ND N.D ND ND
0.11-0.22 0.02-0.07 N.D-0.04
PCB101 0.17) ND (0.04) N.D (0.03)
PCB105 N.D N.D N '(186‘%)04 N.D ND
0.27-0.51 0.02-0.03 0.03-0.80
PCBLIO (0.40) 0.02) (0.29) N.D N.D
0.14-0.18 0.08-0.10 0.06-0.08
PCB118 N.D N.D (0.16) (0.09) 0.07)
PCB128 ND N .(1())601.)01 ND ND ND
PCBI33 ND ND ND ND ND
PCBISA 0.05-0.10 0.05-0.08 N.D-0.06 0.02-0.02 0.03-0.04
(0.07) (0.06) (0.04) (0.02) (0.03)
PCB170 ND ND ND N.D ND
0.05-0.10 0.07-0.11 0.14-0.20 0.08-0.14 0.03-0.03
PCB180 (0.07) (0.09) (0.17) (0.10) (0.03)
PCB187 ND ND ND N.D (0.01)
PCB19% ND ND ND ND ND
PCB200 ND ND N.D ND ND
PCB206 ND ND N.D ND ND
PCB209 ND ND ND ND ND
SPCB. 0.56-0.92 0.16-0.21 0.42-1.19 0.21-0.30 0.16-0.17
2 (0.73) (0.18) (0.71) (0.24) (0.17)
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Table 12. Comparison of PCBs concentrations (ng/g dw) in surface sediments of this study with those in other areas

Location Range Year Reference
Jeju Harbor 3.10 ~ 8.14° 2013
Hallim Harbor 0.31 ~ 0.83° 2013 This Study
Songsanpo Harbor 0.20 ~ 0.82° 2013
Seogwipo Harbor 163 ~ 718 2013
Narragansett Bay, USA 20.8~1760" 1997-1998 Hartmann et al.*”
Lower Nakdong River, Korea 1.1~141° 1999 Jeong et al.®
Minjiang River Estuary, China 15.8~57.9 1999 Zhang et al.
Coast of Korea 0.17~371* 1997 ~ 2002 Hong et al.™
Hyeongsan River, Korea 1.10~141° 2001 Koh et al.®
Shihwa River, Korea 9.05~126" 2001 Koh et al.””
Mar Piccolo, Taranto, Italy 2~1684° 2001 Cardellicchio et al.'”
Taihu Lake, China 0.89~29.75" 2002 Zhang et al.®®
Masan Bay, Korea 2.48~75.0° 2003 Hong et al.?
Pearl River Estuary, China 6.01~287° 2003 Fung et al.’’
Hugli River Estuary, India 0.18~2.33" 2003 Guzzella et al.”
Singapore’s coast 1.4~329.6 2003 Wurl et al. *V
West Nakdong River, Korea 0.57~3.68" 2004 We et al”?
Naples harbor, Italy 10~899° 2004 Sprovieri et al.*?
Peninsula Valdés, Argentina 0.5~42.2° 2003-2011 Torres et al.>”
South Yellow Sea,China 0.093~138" 2011 Duan et al.”™
Yongho bay, Busan, Korea 3.22~197.65" 2011-2012 Choi et al.*®

a, 2x2PCBys = twice the sum of concentrations of 18 congeners (CBs 8, 18, 28, 44, 52, 66, 101, 105, 118, 128, 138, 153, 170, 180, 187, 195, 206, and 209).

¢ PCB mixture basis such as Aloclor and Kanechlor
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Table 13. Distribution of PCB homologue relative to 2 congeners in surface
sediments inside Jeju Harbor (JJ-1~]J]J-5), Seogwipo Harbor (SG-1~
SG-5), Songsanpo Harbor (SS-1~SS-5) and Hallim Harbor(HL-1~

HL-5)
Homologue Di >Tri  >Tetra >Penta >Hexa >Hepta Octa Nona Deca
-CBs -CBs -CBs -CBs -CBs -CBs -Cbs -CBs -CBs
JJ-1 0 0 12 17 37 34 0 0 0
JJ-2 0 0 14 19 27 35 5 0 0
JJ-3 0 0 23 16 21 39 0 0 0
JJ-4 0 0 12 28 40 20 0 0 0
JJ-5 0 0 23 21 35 22 0 0 0
SG-1 0 0 65 26 10 0 0 0 0
SG-2 0 0 22 18 28 5 27 0 0
SG-3 0 0 41 34 15 11 0 0 0
SG-4 0 0 0 21 29 35 15 0 0
SG-5 0 0 0 18 55 27 0 0 0
SS-1 0 0 33 7 0 10 0 0 0
S5S5-2 0 0 73 17 7 3 0 0 0
SS-3 0 52 0 0 25 14 9 0 0
SS5-4 0 0 7 36 27 30 0 0 0
SS-5 0 0 0 0 68 32 0 0 0
HL-1 0 0 4 77 10 10 0 0 0
HL-2 0 0 0 12 38 49 0 0 0
HL-3 0 0 0 71 5 24 0 0 0
HL-4 0 0 14 36 9 41 0 0 0
HL-5 0 0 0 55 20 25 0 0 0
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Table 14. Relationships between =PCBs concentrations and particle size
distribution in surface sediments inside Jeju Harbor, Seogwipo

Harbor, Songsanpo Harbor, and Hallim Harbor

Particle size distribution

Statistics” Harbor Gravel Sand Mud
(n=15) (n=15) (n=15)

Jeju 0.109 -0.692 0.695

Seogwipo NA” 0580 0.580

' Songsanpo -0.585 0.368 0.548
Hallim -0.641 0.245 0.453

UPearson’s sample distribution, p<0.05; “not analyzed.
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Table 15. Comparison of PCB concentrations (2 x >PCBig) in this study with

sediment quality guidelines (SQGs)

PCB conc. SQGs
Location (2 x XPCB1is) ER-L~ER-M . ISQG-low
) TEL~PEL N
(ng/g dw) values (ng/a dw) value
n W
(ng/g dw) &8 (ng/g dw)
Jeju Harbor 3.10~8.14
Hallim Harbor 0.31~0.83
Songsanpo 0.20~0.82 22.7~180 21.55~188.79 23.0
Harbor
g .
COBWIDO 163~7.18
Harbor

“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 )%
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