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Distributions of 15 PAHs and 82 PCBs were investigated in sediment and fish samples collected from the
Suyoung Estuary of Busan, one of the most urbanized and newly contaminated areas in Busan. The con-
centrations of S;sPAH in sediments ranged from 17.9 to 777 ng/g-dry and were mainly originated from com-
bustion processes. The concentrations of Sg,PCB in sediments ranged from 0.55 to 12.5 ng/g-dry and were
significantly correlated with those of 12 dioxin-like PCBs and 6 non-dioxin like PCBs. Higher concentrations
of PAHs and PCBs were found in the upper river and the inner Suyoung Bay than in marina and the outer Suy-
oung Bay. No sites exceeded the ecotoxicological values of PAHs and PCBs in marine sediments. Benzo[a]-
pyrene was not detected in fish samples and the concentrations of S,PAH (0.15~0.45 ng/g-wet) were lower than
the maximum level set by EU. The levels of PCBs in fish samples were at less than 1% of the Korean max-
imum level and 2% of the EU maximum level. The concentrations of dioxin-like PCBs were 0.01~0.32 pg-
TEQ0-2005/2-Wet, and the highest concentration was found in eels, which were at less than 5% of the EU
maximum level. Dietary intakes of PAHs and PCBs through fish consumption were estimated, and their life-
time cancer risk and non-cancer risk were much lower.

Key words: PAHs, Dioxin-like PCBs, Non dioxin-like PCBs, Sediment, Risk assessment
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Fig. 1. Sampling stations of sediments from Suyoung Estuary, Busan, Korea.
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2.1. A= =HF
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), FAES R 8 (SY12)0lA] ZT]EE
(Rockfish, Sebastes schlegeli, n=2), 873o{(Eel, Con-
ger myriaster, n=3), =(Sea bream, Acanthopagrus
schlegeli, n=1y& A3, 71275 #dslslo] 54
Azsle] B 74 Bas k0

[\

2. BEEE % MY

M PAHs 15522 Dr Ehrenstofer (deuterated-
Mix9 PAH)IIA w5132, Acenaphtthlylene (AcPy),
Acenaphthene (AcP), Fluorene (Flu), Phenanthrene
(PhA), Antracen (AnT), Fluoranthene (FluA), Pyrene
(Pyr), Benzo[a]antracene (BaA), Chrysens (Chr), Ben-
zo[b]Fluoranthene (BbF), Benzo[k]Fluoranthene (BKF),
Benzo[a]pyrene (BaP), Indeon[1,2,3-cd]lprene (InP),
Dibenzo[a,h]antrracene (DbA), Benzo[gh,ilperylene
(BghiP)°]3it}. PCBs 82%& Wellington (PCB-LCS-H)
olA Fulla}d Az, mono-CB (1, 3), Di-CB (10/4, 6, 15),
Tn-CB (16, 18, 19, 22, 31/28, 33, 37), Tetra-CB
(40, 44, 49, 52, 54, 60, 66, 70, 74, 77, 81), Penta-
CB (84, 85, 87, 90, 95, 97, 99, 101, 104, 105, 110,
114, 118, 119, 123, 126), Hexa-CB (128, 129, 135,
137, 138, 141, 149, 151, 153/168, 155, 156, 157, 158,
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167, 169), Hepta-CB (170, 171, 174, 177, 178, 180/
193, 183, 187, 188, 189, 191), Octa-CB (194, 199, 200,
201, 202, 203, 205), Nona-CB (206, 207, 208), Deca-
CB (209)°]2t}. DE (Diatomaceous Earth; Thermo)
= AREaE7] Aol H713|stRelA 450°Colx] 4x17E,
Silicagel (Merck, 0.063~0.200 mm)2 450°CollA 54
7F 52t 794 diaAllHe B & ARE-SIIT

2.3. X2 X BN

231. B8E

E A& Accelerated Solvent Extraction (Thermo
Scientific, ASE350)2 ©o]-&-3le] &332, ApAHIE Wb
WML Choi et al. (2014)'Ve)] AA|F gt 24 22
mLell DE$} Silicagel 5 g, A15EAE 3 95 92 Y
REZE A (internal standard), PAH (Dr. Ehrenstorfer,
deuterated-Mix9 0.5 ng/mL) 100 mL$} *C-PCBs
(Wellington, PCB-LCS-H 0.1 ng/ml) 5 mL= 3¢ %
DEZ xi-& % Hexane (Hex):Dichloromethane (DCM)
(7:3)02 F=3IL, olnf FEXAL 2B 100°C,
5%-x2 cycles, 1700 psi, 60% (flush volume), 100s
(purge time)°|t}. F=H A E= F2E57](Zymark,
Turbo Vap IV)Z #531] 4-Terphenyl-d;, (Dr. Ehren-
storfer, 0.5 ng/ul) 100 mLe} BC-PCBs (Wellington,
PCB-ISS-H 0.1 ngmL)E 5 mLE ¢ & PAHs—=
GC/MS (Ailent 6890/5973N)= #4515, PCBs&
GC/HRMS (Agilent 6890/JMS-700D)2 E-2]3}9]th
(Table 1).

HHE 7T fE TS AR S8 sl T
AR 71(2013)el whet 18H4] 4k @ 72 (Chemical
Oxygen Demand, COD) #4]3}9]t}.

Table 1. Instrumental conditions of GC-MS and GC-HRMS

GC-MS (Agilent 6890/5973N)

GC-HRMS (JEOL 700D)

Column DB-5MS (30 m x 0.25 mm x 0.25 pm) DB-5MS (60 m x 250 um x 0.25 pm)
Oven Temp. 80°C (1 min)—>280f’C (5°C/r_nin) 100°C (4 min_)—>180°C (20°C/mip, 10 min)A
—300°C (10°C/min, 10 min) —$220°C (2°C/min)—300°C (3°C/min, 6.33 min)
Inlet Temp. 250°C 280°C
Carrier Gas 1 mL/min (Helium) 2 mL/min (Helium)
Injection Mode Splitless Splitless
Injection Volume 1 uL 2 uL
Auxiliary Temp 280°C 320°C
Tonization Electron Impact Electron Impact
Ion Source 230°C 280°C

Quantitation method

SIM (Selected ion monitoring)

SIM (Selected ion monitoring)
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2 Axg= Choi et al. (2014)Ve] ¥IHS ok7k
WSk AAEITE &4 66mLell DES} Silicagel
20 g, A& 1~2 gdrys ¥ YWHEFEZ deuterated
PAHs¢} ®C-PCBs (Wellington, PCB-LCS-H 0.1 ng/
mL)ye 9 % DEZ A& & Hex:DCM (9:1D=E 3=
SISt} ol FEFALS QEL L 100°C, 10%x3 cycles,
1700 psi, 60% (flush volume), 100 s (purge time)°]
AQot. F=9 A 5= F4AT=7](Biotage, Turbo Vap 1)
2 FF 5 YR WelEE AlAE ¢ Florsil (so-
lute 2 9= FAIH T FE2NL AAEE7] (Zymark,
Turbo Vap ILV)Z 100 mL7}A] §%38}] 4-Terphenyl-
d149‘r 13C PCBS (Wellington, PCB-ISS-H 0.1 ng/mL)
— GC/MS (Ailent 6890/5973N)=
GC/HRMS (Agilent 6890/JMS-

EA51994L, PCBs=
700D)Z #2315t

2.3.3. A fBl=

597 7ol MR ofFe] MHE B PAHs
s} PCBse] QA Sl B7kE 918l 19 QA =E%
24 2 o83l ANt

1¢ <14 =% (mg/kg bw/day)

= (G x IR) / BW ¢))
olf, C= o171l PAHs = PCBs #%(ng/g),
IR ol F(M)e] HFH(gday, H 3 = AFHD),
BW= Ha#A15=R 55 kol PCBsel 19 QA =
S5 dEo] dAd HFH 38 (tolerable daily intake,

1 - Al - IR - ol

- Hui
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TDI) 5 mg/kg bw/day2} vlasted $18)d-S H718H
=

97 el Ak o/ AHE F3ll PAHs
9} PCBsoll 7|20l w2 Aol ot 9J8i = (lifetime
cancer risk)e o}#) A& 3 Axketitt.

Lifetime cancer risk
= (Ci x IRi x ED x CSF) / BW x AT) )

olu, ED= =% 7|7H70 year), CSF(ZS; 14,
Cancer slope factor)+= PAHs®] BaP 7.3 (mgkg bw/
day)! 2 PCBs 1 (mgkg bw/day)!, ATE H+5H
(70 year)oth.D Aol @} Sle= 318 7Fest 919
5 100 @ 9 59 1o Aol

97} sl Malske olFe] HFHE E3l PAHs
¢t PCBsell 7120l whe BaekEA) 2lsi=Non-

cancer risky= £ 1Le e B AEE A74H

FRD)FHL] vwE F3l ¥t (Hazard quotient, HQ)
S A5k, HQ A58 5339 HI (Hazard Index)
= UEith. HQet HIE 4@), s S8 Aaisi.
Hazard quotient (HQ)
= (Ci x IRi x ED) / (RID x BW x AT) ®)
Hazard index (HI)
= ¥ HQ (sum of hazard quotients) 4)

2.4. Bz 22[(QA/QC)
WA A28 (Method detection limity= US EPA %
S3%e] TR 7150 we} AAE91 1, olw] PAHs

Table 2. Concentrations (ng/g-dry) of PAHs measured in certified reference materials

PAHs SRM1944 SRM2974a
Certified value Measured value Certified value Measured value
PhA 5270220 39102070 74.4+4.7 101+13.3
AnT 1770+330 15602140 - -
FluA 8920+320 66802160 287+34 335+34.9
Pyr 9700+420 66101890 166+21 203+18.9
BaA 4720+110 31501410 31.1+£3.9 41.7+x17.4
Chr 4860100 4270+1460 - -
BbF 3870+420 2240+1320 41.5+2.6 81.2+8.00
BkF 2090440 16601350 19.0+0.54 24.2+3.29
BaP 4300+130 37001480 9.73+0.43 9.71+1.64
InP 2780+100 2270+1150 - -
DbA 424+69 542+1300 - -
BghiP 2840+100 2620+992 23.7+2.2 23.8+5.73
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Table 3. Concentrations (ng/g-dry) of PCBs measured in certified reference materials

PCBs SRM1946 SRM2974a
Certified value Measure value Certified value Measured value

PCB 44 4.66+0.86 4.40 16.24+0.71 10.5
PCB 49 3.80+0.39 3.48 17.1+1.2 123
PCB 52 8.1=+1.0 8.80 22.42+0.92 159
PCB 66 10.8+1.9 - 20.6+1.1 16.0
PCB 70 14.9+0.60 124 15.45+0.64 16.6
PCB 74 4.83+0.51 15.3 9.02+0.37 10.2
PCB 77 0.327+0.025 6.20 - -

PCB 87 9.4+1.4 13.5 14.36+0.56 12,5
PCB 95 114+13 15.0 23.72+0.49 152
PCB 99 25.6+2.3 334 24.51+0.54 17.5
PCB 101 34.6+2.6 43.3 39.84+0.96 43.2
PCB 105 19.9+0.9 26.1 16.47+0.43 114
PCB 110 22.8+2.0 30.2 35.88+0.87 294
PCB 118 52.1+1.0 66.3 42.9+2.1 31.1
PCB 126 0.38+0.017 0.51 - -

PCB 128 22.8+1.9 29.8 8.24+0.33 6.39
PCB 138 115+13 156 61.5+2.3 17.9
PCB 149 26.3+1.3 444 8.07+0.4 6.95
PCB 153 170+9.0 236 78.8+2.5 49.2
PCB 156 9.52+0.51 12.7 5.8+0.25 2.45
PCB 169 0.106+0.014 0.15 - -

PCB 170 252+2.2 39.8 2.04+0.08 1.52
PCB 180 74.4+4.0 96.5 5.31+0.16 4.15
PCB 183 21.9+25 29.3 7.06+0.26 5.47
PCB 187 55.2+2.1 79.9 15.52+0.48 11.5
PCB 194 13.0+1.3 17.9 0.485+0.04 0.31
PCB 206 5.40+0.43 6.57 - -

PCB 209 1.30+0.21 1.24 - -

Table 4. Concentrations of COD, PAHs and PCBs in sediments from the Suyoung Estuary of Busan, Korea

PhA/  FluA/ InP/
AnT Pyr (Bghip+InP)

Station COD x,,PAH 3,C-PAH PCB 3,NDLPCB 3,,DL-PCB %,,DL-PCBY

SY1 29.2 587 166 850 1.14 0.38 5.74 1.74 0.77 0.74
SY2 30.5 356 107 7.84 1.09 0.34 5.00 1.36 0.83 2.14
SY3 39.5 777 203 128  0.98 0.23 6.89 1.90 0.98 1.56
SY4 24.0 216 70.7 6.36 1.13 0.36 3.95 1.05 0.79 2.21
SY5 25.0 301 94.4 579 122 0.35 5.78 1.52 1.10 7.69
SY6 243 435 134 7.57 1.20 0.39 8.54 1.17 4.94 7.24
SY7 33.0 311 97.5 6.33 1.06 0.32 12.5 3.19 3.14 6.09
SY8 6.58 216 70.7 6.36 1.13 0.36 6.37 1.68 1.02 1.35
SY9 3.15 179 3.35 443 097 0.06 0.55 0.16 0.06 0.01
SY10 3.83 206 7.19 8.49 1.05 0.39 0.87 0.25 0.09 0.01
SY11 24.5 292 128 6.27 098 0.38 7.01 1.87 1.14 2.54
SY12 222 220 77.0 097 091 0.39 7.15 1.96 1.13 2.67
Min 3.15 17.9 3.35 097 091 0.06 0.55 0.16 0.06 0.01
Max 39.5 777 203 128 122 0.39 12.5 3.19 4.94 7.69
Mean  22.1 313 96.5 6.81 1.07 0.33 5.86 1.49 133 2.85
Median  24.4 297 95.9 636 1.07 0.36 6.07 1.60 1.00 2.18

DThe unit of concentration is pg-TEQygo.2005/2-dry.
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Fig. 2. Distribution of COD, PAHs, and PCBs in sediments from Suyoung Estuary, Busan, Korea.
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el 2 dA)Et
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Fig. 3. The plot of PAH isomer ratios, phenanthrene/antra-
cene (PhA/AnT) and fluoranthene/pyrene (FluA/
Pyr) in sediments from Suyoung Estuary, Busan,
Korea.
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3.3. ElXE L} PCBs STEZ

&9 F PCBs (Z,PCB)? 5= WHE 055~
12.5 ng/g-dry (H 5.86)F RE AHA AEHNC
o (Table 4, Fig. 2), 592 A% PCB 81, 28, 1532
Z % PCBs 5 719&2 7 14%, 7.5%, 5.1%°131
t}. 6% non dioxinlike PCBs (Z,NDL-PCB 28, 52,
101, 138, 153, 180)2] H=¥ 9= 0.16~3.19 ng/g-dry
@ 196011, F8 AES PCB 287 15302 7]o]&
2 747} 30%%} 20%°131t}. 65 NDL-PCBse= % PCBs
9] 26+4.2%°1 7]oI3tAAT, F PCBset AR
frolek e BATHr=0.924, p<0.01). °]A&
NDL-PCBs¢] s=%327} % PCBs T2 9} 2 U
ke S omgit), & PCBsel B5e 4 AR 5

¢

o

Aub(7.08+0.71 ng/g-dry), 5974(5.98+1.58 ng/
g-dry), F97t 2150.71+0.23 ng/g-dry) =l =
ZHE Y PCBs: COD2| wLitxe}l BAHo R {23k
o] ZAEATHr=0.852, p<0.01). ©]72 PAHs9}
A HAE U 715 o]l w2 gAkeke] Bxe o
o] g7] wiito g ety NOAAS] FPCBs =4
& 7}o]=2}l ERL 22.7 ng/g-dry @ ERM 189 ng/
g-dryE ZHshs A AR kg2

tho]S4lF PCBs (£,,DL-PCB; 77, 81, 105, 114,
118, 123, 126, 156, 157, 167, 169, 189)°] W9+
0.06~4.94 ng/g-dry (H+ 1.13)°1™, PCB 81(63%)=
118(16%)°] 844801t B85 W ¥ PCBs &
DL-PCBs®| 7]o4-8-2 20+13%°]1%1 3, DL-PCBs®] &
TEYE= Z PCBso Hxixel 2 dxslcke=
0.728, p<0.05). 2,3,7,8-TCDD2| =457} (WHO-
TEF)Z 3H:13l 3DL-PCBY F=H¥E 0.01~7.70 pg-
TEQwmo2005/8-dry (B 2.85) T 0.01~7.64 pg-
TEQypo.1009/8-dry (Ha- 2.72)°11t} PCB 126 (90%)
7} 81 (9%)°] FoAFo=Z Vet PCB 1269] 5%
(0.03+0.02 ng/g-dryy= PCB 81 (0.83+1.28 ng/g-dry)
7 PCB 1189 5%(0.21+0.11 ng/g-dry)el Blal St
ARt 7P} 2o EAS7R(TEF 0.D)E ¢la] 90%2
=2 7]od8-S ¥tk DL-PCBsY] s5v £93 Yy
(3.72%3.35 pg-TEQy0.2005/2-dry), T%87(3.60+3.05



ol

PeTEQuwno2005/8-dry), £E A8EA](2.60+0.10 pg-TEQ
WHO-2005/2-dry), 9 RF 213(0.01+£0.01 pg-TEQwmo.
2005/2-dry) =1t

B AFoA tho] S84/ PCBs s+ F4Hd 0.06~
3.70 peTEQ/g-dry (3¢ 140)3} AL S50 2729,
%3] Dongjiang River 0.042~0.45 pg-TEQ/g-dry(H
7+ 019} Haihe River 0.07~053 pg-TEQg-dry (3
7+ 0279, o]5E<] Nile River 0.08~1.30 pg-TEQ/ge-
dry @+ 039281} oF 8150 =& oot vt
o} s o] tolEAlR EHE 7hol=2lk] (Interim sed-
iment quality guidelines; ISQGs) 0.85 pg-TEQumo.
100g/g-dryE 23R AL 120 A 5 o A ol
A3z, Myt 733 7o =211 (Probable effect level;
PEL) 2.50 pg-TEQ/g-dryS Z#3l= A8 /i
i 2 Aollx tholL4lR/ PCBs S v ivthe]
A &35 (Probable effect level; PEL 21.5 pg-TEQ/
g-dry)¢t W=t EPA] RIzh B tigh 393 %
(25.0 pgTEQ/g-dry) 2t} FA] v& Fo|3t} o3&
T97% sk HAEC] tolSAlR PCBs 7<e¢] &
o] Wzt ME(sensitive organisms)oll gk ot9 S

oIT FE s omgith

34. 017 W PAHs SEE2X

o}F 3%l tist & PAHs (I;PAH)Y] 5% 9=
1.63~2.75 ng/g-wet® & RE A goX AEEorH
(Table 5), & PAHs = BbF/} 7P & 71o46-(46%)
S B9, T2 Pyr (11%)°10t}. C-PAHs®] H=H
2E 0.10~045 ng/g-wete® = PAHs = %+ 7o
&8 14+9.0%°14tk 2 Ae] A3= Moon et al?®
o] Bk Suitt ¢4, o] 5 F PAHs®| 5%=(124
~22.0 ng/g-wet) 2 C-PAHs9] ¥%(0.22~0.30 ng/g-
wet)eh frARBHAL B 0] 913, Cheung et al?¥o]
1273 Hong Kong®] % PAHs¢| 5%(18.1~145 ng/
g-wet), C-PAHs®| &%(0.16~63.9 ng/g-wet)ell H]|

A - et U - ol - it 259

A @ FFEA

EUS| 4o tigh )8 = Maximum levely=
BaP 5 ng/g-wet?} 4% PAHs (BaP BaA, BbE Chr)
30 ng/g-wetS mFEEIR 38D ) 2] FE 344 BaP
9] ZAF771F(©]F 2 ng/g-wet)e] miEES] Qo B A
7oA BaP §%e BF EHE0I0, 45 PAHs| 7
- 0.15~0.45 ng/g-wet 02 7]1EX] olslo|t) £
Ao A 4% PAHs®| %+ France (E7HZE~22,900
ng/g-wet)®®, Brazil (11.7~511 ng/g-dry)*®, Hong Kong
(057~656 ng/g-wet)™®, China (2.26~5.10 ng/g-dry)*
2 Argentina (7% ~10.3 ng/g-dry)®PRch A e

Fzzelieh.

3.5. 0{F Ll PCBs sSE2%

o7 3%l g & PCBs (Z,PCB)¢] F& WYe
1.76~2.63 ng/g-wet® 2 BE A 24 AZEoH
(Table 6), & A2 PCB 153, 138, 118% % PCBs
ZF 71988 742} 14%, 7.6%, 6.7%°)11T}. 6% NDL-
PCBs¢] % W= 057~1.01 ng/g-wete]™, NDL-
PCBs= % PCBs % Ht 719982 37+2.0%°]31t}.
6% NDL-PCBs 5 2 A% PCB 1533 138°]%,
71988 72t 37%9} 21%010 ek AA, kel tig
PCBs 7152 =] 2]%++4<] 65 NDL-PCBs¢} PCB
1188 %3 7% PCBs (2,PCBYI thak 71517 300
ng/g-wet), EUS] 6% NDL-PCBsell &t Huvj 3¢ &
T(]F 75 ng/g-wet, Fo]F 300 ng/g-wet)7} mIHAE
o] A3 B ApoA ofF Ul 7F PCBs FEE o
Aol 1.20 ng/g-wet, =1 0.76 ng/g-wet, -2 0.67 ng/
gwete 2 U 71EX)9] 1% )&}, EU 71239 2%
o3tz eHlgh folQdth.

DL-PCBs¢] 9= 0.22~0.39 ng/g-weto]H, W&
Y % PCBs & DL-PCBs®| ¥+ 7]9&2 14+1.0%
ol Atk FAELS PCB 118(47%), 77(17%), 105(16%)
o]t} 2,3,7,8-TCDDY] &5 71 (WHO-TEF)Z 2t

Table 5. Daily dietary exposure and risk of PAHs by fish intake

Seafood intake Daily intake Lifetime
Total PAHs P%H; (g/day) (ng/kg bw/day) cancer risk?
(ng/g) (ng-BaP/g) Mean P95V Mean P95 Mean P95
Rockfish n=2) 0.92+111  0.04=0.02 0.10 2.70 6.6x10° 1.8x10° 4.8x107 1.8x10®
Eel n=3) 0.39+0.61  0.01+0.02 0.60 2.80 9.6x10°  4.5x10*  7.0x100  3.3x107
Sea bream (n=1) 0.45 0.040 0.40 1.00 3.3x10%  81x10*  24x10°  5.9x107
Total 49x10%  3.0x10°  3.6x107 2.2x107

Do5th percentile (high intake group); ¥CSF of PAHs is 7.3 (mg/kg bw/day)™.
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Table 6. Daily dietary exposure and risk of PCBs by fish intake

Total PCBs Seafood intake  Daily intake TDE (%) Llfetlme N No-cancer risk?

(ng/e) (g/day) (ng/kg bw/day) cancer risk
g Mean P95Y Mean P95  Mean P95 Mean P95 Mean P95
R(Oncigih 1.68+130 0.0 270 001 013 95x10° 2.6x10° 4.7x10° 1.3x107 2.4x10* 6.4x10°
(fjls) 263+036 060 280 003 013 56x10" 2.6x10% 2.8x10® 1.3x107 14x10° 6.5x10°
Se?nirlefm 176 040 100 001 003 26x10% 64x10" 13x10% 3.2x10° 6.4x10* 1.6x10°
Total 0.05 029 9.1x107% 58x10° 4.6x10° 2.9x107 2.3x10° 1.5x107

Dosth percentile (high intake group); 2TDI of PCBs is 5 ug/kg bw/day; PCSF of Total-PCBs is 1 (mg/kg bw/day)?; YRfD

of Total-PCBs is 2x10° mg/kg bwy/day.

ol
04—@71_

g DL-PCB 0.01~0.32 pg-TEQwmo0.-2005/2-
wet, 0.03~0.36 pg-TEQypo.1905/g-Wete 2 LJERG O™,
PCB 126(61%), 77(13%), 81(10%), 118(10%)°] F£
AEoR Jesith EHEI o], AEINE 71 =
& =AS7IX(TEF 0.1)2 7IX+= PCB 1260] 7F% &
719&S 2. 7 =2 DL-PCBs == 5%
©1(0.32%0.04 pg-TEQy0.2009)°1%1 FAFEI AT EUS
tto] 22157 (Dioxins + DL-PCB)ol| thst &85 = (o]
7 65 pgTEQumnosmy/g-wet, 17 10 pgTEQyyo.
snos/@wet)7t pHEE o] QD B Ao ojF W &
EU 71&X]¢] 5% ©|slZ st 50|t
B o34 6& NDL-PCBs ¥ DL-PCBs®] 5=t
Moon et al?¥o] H1gk |2k =2k Z DL-PCBs9l
T W1 U EE A (Table 7), Sweden®}t -FAFSH
0| ATE® wbE | Akl Poland®, France”,
Spain®?, Japan®®, China®®t} v $=3=0]it}.

o
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3.6. QlA|fISH Tt
TG7 shollA AFE o FAFE 53 PAHs
1

et

S QB AR AHE 2 e Aee o4
FUAL o7 191 19 AFHF Fvle) Ha A
Itk o7 HFHE 53 19 A ==
2] ) E3 Al & PCBse] 19 QA &=
2ke o] TDI 5 pgkg bw/dayet vlwate] S
Bty
E AFof|A PCBse] L9=7t 7H HAlo)ol
739, PCBs =22 0.03(28F F71)~0.13(95th S¢t
AHA) ngkg bw/dayelal, 3 0.01~0.13 ngkg
bw/day, =7 0.01~0.03 ng/kg bw/daye] F=oluth
(Table 6). o]F 3FE 53 PCBs & =32 0.05
~0.29 ngkg bw/day®.2 TDI tH] $Jsl=E= 0.01%
ola} FFEoZ kA FFolt. W S(2013)V2 3F

=g

NP
o o o

o
o
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Table 7. Concentrations of six non-dioxin-like PCBs and 12 dioxin-like PCBs in fish from previous studies

Country ZsNDL-PCB 2,DL-PCB Reference
(ng/g-wet) (Pg-TEQw0.2005/8-WeL)
Poland (Polish Baltic fishing areas) 1.11~38.7 0.64~6.07 Piskorska-Pliszczynska et al.>”
Sweden (Malmoe, Hothenburg, 0.18~0.36 Térnkvist et al®®
Uppsala, Sundsvall)
France 0.03~1.16 Arnich et al.4®
Spain (Catalonia) 2.16~50.0 0.17~1.99 Perell6 et al.*V
Japan (tsunami-stricken areas,
the Aomori, Iwate, Miyagi, and 0.16~28.0 Uekusa et al.*?
Chiba prefectures)
China (Xiamen) <LOD~64 Qian et al.*®
Korea 0.04~3.20 Moon et al.®®
Korea (Busan) 0.72~4.10 Choi et al.'V
Korea 0.31~1.41 0.11~0.31 This study
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9.1x107~0.15 ng/kg bw/day % FHIHAHE 2.5x10°
~0.7 ng/kg bw/day= TDI thH] 0.02% ©|&}= B3k
v} ¢lth. Moon et al??= 983} B-4ojol] thell PCBs
BAeE2FS 0.14~0.23 ngkg bw/day(L =)=
TDI thH] 0.01% ©)3t2 SAKSE A7E B sk
ol % PAHs ©¢%+ BaP= $hite TEQE #&
&}tk W= EPACAE PAHs % 75 (Chr, BaA, BbE
BKE BaP InP DbA)S eteo] 7}6t PAHZ E-H31%
37, BaPe] 54571 (BaPTER)E 1= 3] th2 PAHs
o tha]l Athz<el TEFS A3ttt BaPTEF: 1
(BaP. DbA), 0.1 (BaA, BbE InP), 0.01 (BKF), 0.001
(Chrjelth, ¥ A70)4 PAHs =232 PAHs 23%7}
7P =9 $-3ollA 6.6x10°~1.8x10° ng/kg bw/day
o]JaL, Bo] 9.6x10°~4.5x10* ng/kg bw/day, =]
3.3x104~8.1x10"* ng/kg bw/daye|AtHTable 5). %57
ol AT o F AR AFA Aol et flEie
N&A7} PAHsE 36x109~22x10%F%0 2 % 1x
10°& 23731 ekol Aol ) Qs F3] Wkt
(Table 5). PCBs% 4.6x108~29x107 502 &% 1x
10°5 23314 el Aol Ut feiz=e vl-$- gkt
(Table 6). o] 3l919] o} /5 A|&3lA A3 sl PAHs
©} PCBsell oJgt et g5 =34] yrjar vt
PCBs¢] RfD= 2x10° mg/kg bw/daye| 1t Quk#

o2 HQY HI 217} 18 23ehs A9ole 54 9
3 F3go] WA 7FsAe] AL, 1 ol8Il Aol
A 7FsAe] Sl Ao= st & Aellx PCBs
o 3t HQE &3] 14x103~65x103, -2 24x10°~

64x10%, =1 64x104~16x10%02 BF 1 o]alo)|,
HE= 2.3x10%~15x10%2 9] 1 o]3lo|AtHTable 6).

wehd o] Q9] olB= %<3 4138l PCBsol 2
3 EYEE AA] HRAIGHA] Sk= o= FELh

= Arele 97 skl HHEst offel o
oHH PAHs9} PCB 4 = BES ZARIIE olF
AlEol tieidE A fsi=s kel HH =
PAHsE 9143 2 444719604 243 PAHs
7F £9E FEshe 20 Yesith H%4=<] PAHs
¢t PCBs= NOAA®| H#=& 7po]=2}¢l ERL 2

S Z2Hshe e AR Byt =9 54
= U Ho]SAlF PCBs 29 wIiF A= Tl dit
e dod F= A, el vi=e Wizt

A - o)1

- FRt 261

AE 2 gt 798 FEHUE T4 Be 4320
Atk oJF U PAHs= 7|50 BaE offF ZAaglz
FARIAY W Fo|qit). ESt o} F U DL-PCBs
9] T EU 7153 olsk& Yehd ks 509
th 97 shrelA AHE AFAHFAE E3 PAHs
9 PCBs¢] A= H7te oF 35S 59
PCBsE TDI ] $lsl=E 0.01% o8t 308 <t
gt oo A7|mZdd W Aol et fls=
o A7 wE v EA) HElEs v sol
SR = PSR b=

Aoz YERit

A 2
o] =2 2018d% %%TABF%% FAk e AFAL
A (RP2018058)¢] Aoz 3wl HAqto|m AH] X

ol 7A=Y,
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