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OF 1 JHAUAY BEEHE] PCBs FFeEe 8 vy thE AdXY Ho vlwz e
AZEHJAL, AAGo] ZA Aroclors EHETY (1016+1232+1248+1260) 7 A o2
o, dixgH1S sl wh} A(Kanghwa), B(Yellow) 2 C(Jangdo) 5 3719 Aoz
T A& Ade7t UREe CAY
Hlgl =2 4 2RSS Uthle ez AT A7 A
FAEHEY PCBs 5L E A3EE0A 1.60~3.00 nglg, F=FEAA 034~9.20 ng/gl & U
Buom, £ Ao B aRglN ARFos $3042 sust 2/eh A% Yeple
Abstract : The residue levels of total PCBs in the surface samples were detected low concentration
compared to the coastal area in Korea, and the PCBs pattern were very similarly to the arochlor
mixture(1016+1232+1248+1260). The selected area divided into three area(Kanghwa:A, Yellow:B and
Jangdo:C) by depending on the chlorine ratio. The PCBs were mainly detected dichlorinated and
trichlorinated biphenyls in far sea, and heptachlorinated and octachlorinated biphenyls in the near the
Incheon coastal area. The residue levels of PCBs were detected 0.72~9.20 ng/g in the surface samples,
1.60~3.00 ng/g for Kanghwa and 0.34~9.20 ng/g for Jangdo in the core samples, and the PCBs
concentration increased from bottom to top.
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Fig. 1. Sampling points.
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AN BAQH G Fo] FARFEH FHEl
EE}HL Hl g wel sjrdo]

o] dFs A we Folrh

°l Ao ZMaE Zz7] 798 m, £%7] 347
m, B 572 mol] o]E2H, FAL 1EA]|(+9.84 m) H
T 3~10 m °|2Z AHZAlde= 4 1~8 m olY
24717} =gt

ZAMAH S Table 19 Uebd npe} o] 87 A4
o7 AR, 7P BE AT A 12
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Table 1. Position of sampling points

saglpling Position Latitude Longitude

oint
1 Kwangsungbo | N37°39" 49" | E126°31° 49"
2 Chozizin N37°37° 47" | EI126°32’ 03"
3 Dongkam N37°35" 47" | EI126°31 05"
4 Choso N37°34’ 52" | E126°35° 40"
5 Dolsum N37°34’ 30" | EI126°34° 22"
6 Kimpo(Jangdo) | N37°33’ 07" | E126°36" 31"
7 Youdanpo N37°31" 12" | EI126°31" 50"
8 Duiguzi N37°37° 53" | EI126°22 55"

oF 17) AH, AE FZAgA 3

A AR 2 70@5 At a7l AHeAA AHsAE B

e AN A AR, T

fEl2 AR 9E3 Corer(N7 8

cm x Z0o] 40 em)E o]&3l HH 63 Y 1 At

oA AFHT F 1 cm AL E Hdste] WERB 3

Aok mgh, AFHE *leb o] a4 ¢v B34

oﬂ/q AAAZ A7 F 75 im (200 mesh)AE ZA|

21 T 15~30 g4 #3] o] frEiel "ol WEH
T 5 23

2.2 PCB &4

22.1 EZ=8 9 A

PCB ¥+E22 209% 54| 10 ppm (Accustandard
Co)s TU3t 1 ppme2 ZA|3}lY stock solution.
= 3150, 001, 005, 0.1 ppme] FEE ZAGA
HES BTSEE AREsIY WiETEdS 7 35,
1000 ppm¢l TUPAC No. 126 ¥} IUPAC No. 15 2%
(SupelcoArPD S T3t 7+ 0.0875 ppm, 1 ppmO.Z =
A F ARSI AYA H7HE WRIEE =22
0.35 ppm<! TUPAC No. 169 (SupelcorhS T3}
0.07 ppm o2 ZA|5}e] ARSI

SilicagelPCB-&, WakoAD % sodium sulfate
anhydrousi= AHE-2 A 130 C ol 16 hr o] EAJ3} 3
3 A28} 2™ n-Hexane, acetone 2 sodium sulfate
anhydroust ZHH5 R85 AHE3ISIT ;‘éxﬂ%‘ |
HL W7 1 cm, Z°] 30 cm?] SupelcoA}l AFES ALE-
393, BE #8775 AFEZ hexane:acetone(l:1)E

AR F AT

O
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22.2 BM 77| ¥ 24 =A

E Afd 28" 7)7]= Gas Chromatograph
(GC-ECD, VarianA} 3800 CX)$} high resolution GC/
MSHRGC/HRMS, VGA}, Autospec Ultima)Z 43353

o, EXZAL Table 29 2Tk

Table 2. Analytical condition of HRGC/HRMS

Column DB-5MS(60 mx0.25 m=0.25 mm)
Inj. Temp. 270 C
Inj. Mode Splitless
GC 100 ‘C(3 min) — 7 C/min
Oven Temp. --180 C --3 C/min
--280 C (13 min)
Carrier Gas Helium(1 m¢/min)
Ionization Mode EI'
Ionizing Energy 35 eV
MS | Toning Current 300 1A
Ton Souurce Temp. 260 T
Resolution >10,000
2.2.3 AlZ9| MxE|

T8 & AR 20~30 g Na,SO,9 1:12 &33}
o] 718 FZE7 X (accelerate solvent extractor, ASE)
= —%%6}%12}(EPA mothod 3545). FZ9L 150 ml
EAZY 7|2 &7 F hexane 100 mlE ¥ HS0.Z
F3)3~63)) FAHAY ATk A & FEAe
rotary evaporatorZ ¢F 5 ml 4% F= ¥ 1-M KOH
25 miE ¥Wi F8F 90 Tl 1 st gdeE
3 stk ¢ZE RVt B AR FE0
EAZU7IE §30 F X3 SHRST 50 mE 33 AY
8 F3loh A ] 2 3]

N

v 2 A ArsE
H

2.2.4 PCBs Congener?l &4 % Mzt 24
PCB congener'¥ BAEAE 93] 20052 EF&Y
1 ng/ul-& HRGC/HRMSO| F3ted TIC mode(total

ion chromatogram)& #2% ¥ congener'd A|FAITF
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B EAOl R (M+), (M+2) ,(M+4) B (M+6)S o] %
peak?] ion abundance ratioS 1sIHTh T3

A& 9lstel HRGCHRMSE ARgstel Ao 7
congenerd £4 AHFETo]2S MElste] SIM(selected
ion monitoring) modeZ 43} Table 39| YE}
Watch

Table 3. Selected ion of PCBs isomers

+

Monitor ions | M M+2)" | (M+4)" | (M+6)"
188.0393 | 190.0366 | 192.0431
Mono-CBs | 100y | 3325) | (028)
222.0003
DiCEs ; 223.9975 | 225.9949
(100) | (65.64) | (11.05)
, 255.9613 | 257.9585 |259.9557 | 261.9532
Tri-CBs ;
(100) | (98.04) | (3231) | (3.67)
Tetacps | 2899224 | 2919195 12039166 | 2959139
(7667 | “(100) | @49.11) | (10.83)
PenaCe | 3238834 | 325.8805 | 327.8776 | 3298748
61.42) | "(100) | (6529) | (21.42)
e | 3578444 | 3998415 | 3618386 | 363.8358
(5122) | “(100) | (81.48) | (35.51)
Moo | 3918054 | 393.8025 | 305.7996 | 397.7967
P @393) | “(100) | (97.67) | (53.09)
OctaCRs | 4257665 | 427.7636 | 4297606 | 4317578
(33.78) | (87.83) | (100) | (65.15)
Noma.CBs | 4997275 | 4617246 4637217 | 4657188
263) | (7689) | “(100) | (75.94)
Deca.CB 493.6885 | 495.6856 |497.6827 | 499.6798
cca-Lbs (21.05) | (68.38) | “(100) | (86.73)

(' ):Ion abundance ratio, * : Selected ion mass
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Table 4. Residue concentration of PCBs

o of
)
o,
i)
o=
N
it
)

02~2.29 ng/go] HAEH

s
fe o
o
i
=3
N
e

[o
=2
juah

(dry, ng/g)
Sampling Poid CINoJ 4oy | ocr | 3a1 | 4c1 | 5a1
Point 1 ND | 029 | 067 | 069 | 051
Point 2 ND | 0.11 | 030 | 032 | 0.28
Point 3 ND | 009 | 022 | 020 | 0.15
Point 4 ND | 024 | 049 | 049 | 029
Point 5 ND | 0.13 | 042 | 038 | 021
Point 6 ND | 071 | 171 | 229 | 1.59
Point 7 ND | 0.13 | 040 | 0.44 | 0.19
Point 8 ND | 0.10 | 0.18 | 023 | 0.09
Sampling PO CINol 601 | 701 | sc1 | ocl
Point 1 044 | 042 | 007 | ND
Point 2 024 | 029 | 004 | ND
Point 3 0.4 | 0.7 | 002 | ND
Point 4 025 | 029 | 004 | ND
Point 5 0.9 | 022 | 004 | ND
Point 6 123 | 134 | 030 | 002
Point 7 0.7 | 0.19 | 004 | ND
Point 8 006 | 009 | ND | ND
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Fig. 2. Residue contents of PCB in sampling points.
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Table 5 3 6°14 Yehdl uie} o] Z+ pCB
SO dig dae] 2ANE

Ik 0 AT BE ARG A6l
= 1016+1232+

2 Sk Hlu

Az

@
3

3

o N Product No. ), 1232 1016 1242 1248 1254 1260 1262
1 653 313 0 0 0 0 0
2 297 237 212 147 0 0 0
3 48 234 515 46 209 1.8 0
4 0 157 273 30.6 503 17.1 0
5 0 58 0 87 18.1 49.3 92 42
6 0 0 0 0 038 278 469 309
7 0 0 0 0 0 39 369 458
8 0 0 0 0 0 0 63 177
9 0 0 0 0 0 0 0.7 13
Table 6. Chlorine ratio of PCBs in surface sediment (%)
Sampling POiHCI Nol 201 3l 4l 5Cl 6Cl 71 8Cl ol | Total
Point 1 ND 93 207 | 22 | 158 | 140 | 138 22 ND | 1000
Point 2 ND 7.0 191 | 201 | 169 | 155 | 182 | 24 ND | 1000
Point 3 ND 87 21 | 203 | 143 | w42 | 172 | 23 ND | 1000
Point 4 ND | 112 | 238 | 237 | 138 | 119 | 139 | 24 ND | 1000
Point 5 ND | 819 | 264 | 239 | 135 | 122 | 136 | 36 ND | 1000
Point 6 ND 7.7 186 | 249 | 173 | 134 | 146 | 29 | 025 | 1000
Point 7 ND 83 256 | 285 | 120 | 110 | 119 | 34 ND | 1000
Point 8 ND | 135 | 243 | 302 8.1 117 | ND ND ND | 1000
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Fig. 3. Congener profiles of di- and tri-chlorinated PCBs.
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Fig. 4. Congener profiles of tetra-chlorinated PCBs.
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Fig. 5. Congener profiles of penta-chlorinated PCBs.
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Fig. 6. Congener profiles of hexa-chlorinated PCBs. Fig. 7. Congener profiles of hepta-, Octa- and
nona- chlorinated PCBs.
Table 7. Chlorine ratio of total PCBs residue concentration
(Unit : %)
IUPAC. No Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8
2C1 5+8 6.38 3.9 545 6.06 3.61 4.86 4.30 3.19
14 3.19
11 322
3C 30 3.19
28+31 5.50 4.85 5.65 5.80 6.91 5.17 6.37 5.87
39 297 39
37 6.91 5.53 7.34 6.39 7.60 5.25 8.97
4C1 47+48+75 3.88
71+41+64+72 8.17
63 3.16 3.18 3.90 5.80
74+61+70 7.15 7.16 7.00 6.55 8.05 9.17 7.12 8.16
66+76 3.55 3.76 3.11 3.36 3.77 4.76 3.55 412
56+60 3.29
5C1 82 521 7.04 595 5.37 5.02 6.71 4.63 3.86
6Cl 153 436 5.32 5.13 3.89 3.94 4.63 378
7C1 180 372 4.67 4.50 371 7.11 3.19
I ZA¥, Fig 3~704 RHenpel o] 2 A4 JZ=o)A M, F PCBY FZZI SHIAE No. 31
PCB FREXE ASANHAAHA wet F2 wjE=a ] No. 280l HI3] A7} vlAEAs}E A o 37 F
AU congener® FTHE AR dERHoY, o ZFs= Hlgo] § & Foz AgFoFinh
congenerd FAH|Eol|l= AolE Holu Qe HAo=E 4935 PCB= I/l AYF EFoA HEFoR
ZAFE Y. Fig. 394 HEnpe} o] 293tE H 3¢ congeners IUPAC No. 74(24,4°,5-PCB)+70(2,3’4",5-

389 PCB AFEZE Z17F IUPAC No. 5(2,3-PCB)+
8(2,4°-PCB)¥} 28(2,4,4°-PCB)+31(2,4‘,5-PCB) 2 37
(34,4 -PCB)°] T2 HAZH1 Uk

SEEE PWAFKWE ©1&3te IUPAC No.
28+319] congener peakd] AUl HIEE dSIEE,
[UPAC No. 28(2,4,4°PCB)9] SEFS-E a7 (Koy)
7} 548, TUPAC No. 31(2,4’,5-PCB)°| 553022 F
peak & No. 31°] A= HIEo] O HS ZAOE

T=a A
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Table 8. Congener residue concentrion of sampling points
(Unit : dry, ng/g)

TUPAC No Point 1 Point 2 Point 3 | Point 4 Point 5 Point 6 Point 7 Point 8
2C1 7+9 0.012 0.034
5+8 0.197 0.063 0.055 0.131 0.057 0.447 0.060 0.060
14 0.047 0.023 0.018 0.032 0.025 0.081 0.030 0.024
11 0.043 0.021 0.015 0.070 0.043 0.120 0.028 0.014
12+13 0.004 0.009 0.005 0.028 0.007 0.005
3C1 30 0.045 0.026 0.019 0.030 0.026 0.096 0.033 0.024
18 0.041 0.014 0.009 0.041 0.021 0.133 0.021 0.012
17 0.016
24+27 0.004
16+32 0.013 0.005 0.004 0.017 0.008 0.054 0.010 0.007
23+34 0.000 0.014 0.011 0.019 0.019 0.058 0.021 0.014
29 0.012 0.006 0.005 0.008 0.008 0.027 0.010 0.007
26 0.016 0.007 0.005 0.014 0.010 0.062 0.013
25 0.011 0.005 0.008 0.007 0.031 0.011
28+31 0.170 0.076 0.057 0.125 0.110 0.475 0.089 0.005
20+21+33 0.013 0.006 0.004 0.014 0.009 0.044 0.008 0.019
22 0.030 0.013 0.009 0.033 0.019 0.116 0.015 0.017
39 0.075 0.041 0.027 0.043 0.047 0.131 0.055 0.010
38 0.019 0.012
35 0.013 0.008
37 0.213 0.087 0.074 0.138 0.121 0.482 0.126 0.044
4C1 53 0.011 0.004 0.003 0.005 0.038 0.004 0.002
51 0.019 0.038 0.007 0.000 0.005 0.003
45 0.002 0.040 0.004 0.002
69+52+73 0.024 0.013 0.007 0.016 0.013 0.098 0.008 0.005
43+49 0.027 0.001 0.008 0.020 0.015 0.110 0.010 0.006
47+48+75 0.060 0.013 0.009 0.084 0.018 0.113 0.015 0.010
44 0.007 0.003 0.002 0.005 0.004 0.029 0.002 0.001
42+59 0.010 0.004 0.003 0.008 0.006 0.043 0.004 0.002
71+41+64+72 0.025 0.012 0.008 0.017 0.015 0.086 0.012 0.007
68 0.018 0.017 0.005 0.003
40 0.003 0.002 0.003 0.025 0.002
67+58 0.004
63 0.071 0.043 0.032 0.047 0.051 0.147 0.055 0.044
74+61+70 0.221 0.120 0.071 0.142 0.128 0.842 0.100 0.061
66+76 0.109 0.059 0.031 0.073 0.060 0.437 0.050 0.031
56+60 0.057 0.028 0.017 0.035 0.031 0.213 0.029 0.025
79 0.004 0.016

Analytical Science & Technology



At HHE F PCBY X 295

Table 8. continued

IUPAC No Point 1 Point 2 Point 3 | Point 4 Point 5 Point 6 Point 7 Point 8
81 0.003 0.002 0.004 0.004 0.005
71 0.029 0.011 0.007 0.014 0.014 0.067 0.011 0.007
5C1 93+98+95+102 0.035 0.019 0.008 0.024 0.014 0.121 0.013 0.005
88+91 0.009 0.005 0.003 0.007 0.028 0.003 0.002
121 0.005
84+92 0.016 0.009 0.005 0.011 0.007 0.053 0.005 0.002
90+101 0.044 0.028 0.014 0.030 0.018 0.148 0.016 0.008
99+113 0.053 0.033 0.017 0.036 0.022 0.176 0.021 0.009
86+7% 0.020 0.013 0.006 0.011 0.010 0.079 0.005 0.004
110+120 0.069 0.005 0.003 0.006 0.004 0.034 0.003 0.002
82 0.174 0.111 0.060 0.116 0.080 0.616 0.065 0.029
107+108 0.002 0.004 0.004 0.002
106+118 0.044 0.026 0.014 0.029 0.019 0.180 0.015 0.006
122 0.004 0.005 0.006 0.005
105 0.025 0.016 0.008 0.015 0.012 0.106 0.008 0.004
127 0.026 0.012 0.010 0.013 0.014 0.046 0.017 0.013
6Cl1 136 0.009 0.006 0.003 0.008 0.005 0.027 0.005 0.002
154 0.009
151 0.019 0.009 0.006 0.011 0.007 0.051 0.007 0.003
135+144 0.013 0.005 0.004 0.008 0.006 0.025 0.005
139+149 0.067 0.038 0.022 0.045 0.032 0.186 0.023 0.009
146+165 0.015 0.008 0.006 0.010 0.008 0.035 0.007 0.002
132+161 0.023 0.014 0.006 0.014 0.010 0.065 0.008 0.003
153 0.135 0.084 0.052 0.084 0.063 0.426 0.053 0.022
141 0.038 0.019 0.009 0.017 0.016 0.116 0.013 0.006
130+137 0.011 0.004 0.006 0.005
163+138+164 0.054 0.033 0.020 0.033 0.025 0.168 0.020 0.009
158+160 0.007 0.004 0.002 0.004 0.004 0.025 0.004
128+162 0.018 0.008 0.005 0.008 0.007 0.049 0.006 0.002
167 0.010 0.005
156 0.013 0.010 0.005 0.007 0.006 0.053 0.007
157 0.006
8Cl1 202 0.006 0.005 0.002 0.004 0.004 0.030 0.008
201 0.007 0.004 0.010
200 0.003 0.015
199 0.018 0.011 0.006 0.009 0.015 0.080 0.009
196+203 0.014 0.005 0.004 0.007 0.005 0.044 0.008
195 0.021 0.004 0.002 0.006 0.030
194 0.067 0.010 0.010 0.011 0.009 0.088 0.011
9Cl1 208 0.023
134+143 0.001
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Table 9. PCBs residue concentration in sediment (dry, ng/g)

Unit : Height(cm)

Sampling Depth Cl No. 1C1 2C1 3C1 4Cl1 5C1 6Cl 7C1 8Cl1 9Cl1
Point 6(0-1) ND 0.71 1.71 2.30 1.59 1.23 1.34 0.30 ND
Point 6(1-2) ND 0.35 1.36 1.54 1.02 0.81 0.72 0.13 ND
Point 6(2-3) ND 0.26 1.07 1.28 0.89 0.71 0.58 0.12 ND
Point 6(3-4) ND 0.25 0.69 0.88 0.74 0.65 0.44 0.04 ND
Point 6(4-10) ND 0.23 0.85 1.22 0.89 0.58 0.25 ND ND
Point 6 Bottom(<10) ND 0.09 0.14 0.09 0.03 ND ND ND ND
Point 1(0-1) ND 0.52 0.67 0.70 0.51 0.44 0.42 0.07 ND
Point 1(1-2) ND 0.24 0.40 0.72 0.51 0.45 0.41 0.10 ND
Point 1(2-3) ND 0.21 0.53 0.53 0.39 0.38 041 0.08 ND
Point 1(3-6) ND 0.17 0.32 0.37 0.21 0.21 0.28 0.04 ND
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Table 10. PCBs chlorine ratio of sediment (%)
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(Unit : Height(cm))

Sampling Dopt CINol yor | 2a1 | 3a | 4a | sa | ect | 71 | s8cl | ocl | Totl
Point 6(0-1) ND | 77 | 186 | 250 | 173 | 133 | 146 | 29 | 03 100.0
Point 6(1-2) ND | 60 | 235 | 266 | 173 | 140 | 117 | 22 | ND | 1000
Point 6(2-3) ND | 52 | 217 | 261 | 182 | 143 | 116 | 24 | ND | 1000
Point 6(3-4) ND | 67 | 186 | 238 | 195 | 177 | 120 | 118 | ND | 1000
Point 6(4-10) ND | 58 | 211 | 303 | 221 | 145 | 63 | ND | ND | 1000

Point 6 Bottom(<10) | ND | 221 | 335 | 212 | 75 | N0 | ND | ND | ND | 1000
Point 1(0-1) ND | 93 | 217 | 226 | 166 | 141 | 137 | 22 | ND | 1000
Point 1(1-2) ND | 89 | 148 | 263 | 182 | 164 | 150 | 37 | ND | 1000
Point 1(2-3) ND | 78 | 208 | 212 | 152 | 148 | 164 | 33 | ND | 1000
Point 1(3-6) ND | 101 | 199 | 232 | 125 | 128 | 177 | 28 | ND | 1000
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