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Distribution and Human Risk Assessment of Polycyclic Aromatic
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Distributions of 16 PAHs and 82 PCBs (including dioxin-like PCBs, DL-PCBs, and non-dioxin-like PCBs,
NDL-PCBs) were investigated in sediment and seafood samples collected from the Gunsan coast, Korea. Total
PAH (Z,,PAH) concentrations in sediments were in a range of 0.09~108 (mean: 57.9) ng/g-dry and gradually
decreased outwardly. PAHs in marine sediments were originated from both combustion processes and petroleum
sources. The total PCB (24,PCB) concentrations in sediments were in a range of nd (not detected)-0.64 (mean:
0.27) ng/g-dry, and DL-PCB (X, dioxin-like PCB) were in a range of nd-0.293 (mean 0.054) pg-TEQ/g-dry. DL-
PCB concentrations were correlated with NDL-PCB concentrations. In this study, the concentrations of PAHs and
PCBs in marine sediments did not exceed the ecotoxicological values. Total PAH concentrations ranged from nd
to 24.3 (mean: 5.35) ng/g-wet, benzo[a]pyrene (BaP) was not detected in seafood samples and the concentrations
of 2,PAH (BaP, chrysene, benzo[a]anthracene, and benzo[b]fluoranthene; nd-18.5 ng/g-wet) were lower than the
maximum level (30 ng/g-wet) set by EU. The concentrations of NDL-PCBs in seafood samples were in a range
of nd-0.19 (mean: 0.08) ng/g-wet less than 1% of the EU-set maximum level. The DL-PCB concentrations were
below 0.1 pg-TEQ/g-wet, less than 1% of the EU-set maximum level. Human risk assessment of PAHs and PCBs
via seafood consumption was carried out, and both lifetime cancer risk and non-cancer risk were low.
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2 g4#A k. PAHs®| EF/+= 100F o dolA|RE, =
Jo] 733k 352 E Benzo[a]pyrene (BaP) £ 5052
2 s, <A & A+ 2(International Agency for
Research on Cancer, IARC)°IA Group 1(1A2=3)
2 A=A} v=F 3738 53 (US Environmental Pro-
tection Agency, EPAYIA = Mol &A3t] PAHs
= A 4 OEE 1652 Hale] AsiaL ek

S|4 olA PAHs9} PCBsoll ek =l AR
= EAE 9 AIskE At SR o]
e A FHAY Bl tisix BaPe] =
45 7Hi14*(Toxic Equivalency Factors, TEFs) #fo.2
EA3} oEYe 9% A7) gkt FHEY BF
EZEFol|A] PAHs| 2ol #3t A7t =k
w3k vt 4t F skl HE Aol PAHs
o} YIS 2AEI ™, Dioxin Like-PCB (DL
-PCBs)®] {£XE o|&ste] HiEdS AR A77F B
FEACEY Kok Fntela] HHES 28 o7
PCBs¢} PAHsol thsll <1xl91slA A7 Ba=|deh”
AR B=A S ARk A4 5o wiY
o] dojuar = AxALe] A EFZol|A PAHs
S Fdehs ATARrE BaEAh) AFw (A
xg & e, Ao tigk PCBse] ¥ E4
et A7t BuEJqe 2 3k iy Aok o)
EHE3} JAAE9] DL-PCBs 2745 Vepd A
BHUEJER =) 2% 5 PCBse] L9%E ofF,
IF, §5, 2, AFE oI, PCBse] 2¥EI) =
2 o7& T AN HRE FR AF BEE 4
3l I FQsiy v, 2AkAE Wl POPse. ol dish

B ATl ST AR B3 a7k v
£ 99 s7e) S4o) vehdth 2674
3} F7FAYAIEAT} AN Y TGS =
et T A AVEARE AT

Ho= 20009%0) AGste] A F FFTHA] A
Yol &k FHHIL don, FFUNEES 2 T
T2 A&HH o7 gAsiar ok Eg Aal] FAF At
oA 1087H2001-20108) =28k

et e HRPIRISEEl A (PAS) 2 E2H3R s E (PCBs)o] izt QAlSfsl= 7} 231

[el=
& A3, et adks FAE Basiink
T 2 elde FdAEEst sl &
ek AkARklM B A= 8w AW 1659
PAHs ¥ 82%°] PCBs®| X547 LHF-ES A}
sttt o] slfel Malshe e A3 Al PAHSs
51 PCBsZ QI3 QIAISIsl = ke AAlsoint
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2.1. AlZ2 =HF

B ATl A WS QST 25 HEE2~
4 cmyS 1271 BH(GS1-GS12)04 ANH3IAL(Fig. 1),
ANHAG HHE AlgE ofo]utid ofo] izt A
ol o W4 FEiE ewteislar, sAzIxs ] w4 A
7HA] BAsIith, A ES A A 98
© A SRS Bl o/ e, &
5, ey, mvd, s, =90, 7ked),
ISAA7H), 7574 45GA, 3871, v, o
A, 557 23315, b, olmeid 23R, 71
z2/Mye Flsiieh. old ofFet =k 1ovk o]
3, AR 5742 20mke] o), olmieiAtS s0mt
g oS AF st ofe]Xmpzo| ofo] iz A ¥
of oF Wi FEE NI, 7RRE #Ase &
SAAZEY B4 AR B o

A4 PAHs 1652 PAH-Mix9 (Dr. Ehrenstofer,
Teddington, Middlesex, UK)S A4-3l93, 1652
naphthalene (NaP), acenaphthylene (AcPy), acenaphthene
(AcP), fluorene (Flu), phenanthrene (PhA), anthracene
(AnT), fluoranthene (FluA), pyrene (Pyr), benzo[aJanthracene
(BaA), chrysene (Chr), benzo[b]fluoranthene (BbF), benzo
[k]fluoranthene (BkF), benzo[a]pyrene (BaP), Indeno
[1,2,3-cd]pyrene (InP), dibenzo[ah]anthracene (DbA),
benzo[g h,i]perylene (BghiP)°]|$it}. AAE &4}
WHEFEZE 717} deuterated-PAH 5% (Accustan-
dard, Z-014J, New Haven, CT, USA)?} 4-Terphenyl-
d;4 (Dr. Ehrenstofer, Teddington, Middlesex, UK)=
AF&-3FTE PCBs 8252 Wellington (PCB-CVS-H,
Guelph, Ontario, Canada)llA] ulla}$33, 822 mono-
CB (1, 3), di-CB (10/4, 6, 15), tri-CB (16, 18, 19,
22, 31/28, 33, 37), tetra-CB (40, 44, 49, 52, 54,
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Fig. 1. Sampling stations of sediments from Gunsan coast of Korea.

Table 1. Concentrations (ng/g-dry) of PAHs measured in
certified reference materials

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

SRM1944 SRM2974a
Certified Certified
PAHs ertie Measured erte Measured
value value
——  Value —  value
Low High Low High

SRM1944 SRM2974a
Certified Certified
PCBs Measured Measured
Value Value
—— Value —— Value
Low High Low High

NaP 938 2548 759 - - -
PhA 3535 7137 4407 48.8 103 61.5
AnT 1008 2730 1038 - - -
FluA 6020 12012 8746 177 417 183
Pyr 6496 13156 8308 102 243 124
BaA 3227 6279 4133 19.4 4438 25.7
Chr 3332 6448 4451 84.5 165 89.2
BbF 2415 5577 5275 272 573 54.6
BKF 1155 3289 1944 129 254 15.7
BaP 2919 5759 3805 6.51 13.2 8.12
InP 1876 3744 2589 - - -
DbA 249 641 555 - - -
BghiP 1918 3822 2616 15.1 337 254

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, 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)

PCB 28 54.7 109 90.4 - - -

PCB 52 497 118 8.80 15.1 303 15.9
PCB 101 49.7 98.5 43.8 272 53.0 43.2
PCB 118 37.6 81.0 283 28.6 58.5 31.1
PCB 138 414 84.6 25.0 41.4 829 49.2
PCB 153 113 233 236 53.4 106 473
PCB 180 193 102 96.5 3.61 7.11 4.15

olth. AAE ZFEA WHEFEEE 77 BC),-
PCB 35% (PCB-LCS-H)9} *C,,-PCB 7% (PCB- ISS-
H; Wellington, Guelph, Ontario, Canada)E A3}
ot A718|sl2E AME-Sle] 450°CelA4]  Diato-maceous
Earth (DE; Thermo Scientific)> 44|17}, silicagel (Merck,
0.063~0.200 mm) 5AIZF B4 A AN Z7EA]
AAIEol A HasiTt.

2.3. Mxe|
23.1. B4=
HHE F&2 71458955 7](Thermo Scientific,
ASE350)E ©]-&3dte] FEAom, ApAgh e

=
U EAuy
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Choi et al.'z} o] 50 A|A|=HoJ3it}. F54 22 mL
o DE$} silicagel 5g, /97 3¢ AEEA=E 3g)
= Yy WEEFEH (intemal standard), PAH (deuterated—
Mix9, 0.5ng/ul) 100 uL9} mass-labelled PCBs extrac-
tion standard (PCB-LCS-H 0.1 ng/ul) 5 puls F¢9 %
Hl 37+ DEZ A =Haiet. o 7i&-8ul5
£7|9] FE212 F587 Hexane:Methylene chloride
(7:3), LE% 100°C, 5%, 2 cycles, 1700 psi, 60%
(flush volume), 100s (purge time)°|t}. FEE A&
= A EAFE7](Zymark, TurboVap LV)YE ©]&-3}
o FZ%3}3, 4-Terphenyl-d,, (0.5ng/uL) 100 uL<}
mass-labelled PCBs internal/recovery standard (PCB-
ISS-H 0.1 ng/mL)E 5uLE Y $ PAHs= GC/MS
2 #A38193, PCBsE HRGC/HRMSE #4135t
GC/MS9} HRGCHRMS®] A% E4221e o] 57
of A=} .

s I T AN D71 2013)00 wEhA 84HE Akhg
% (Chemical Oxygen Demand, COD) 43}

R R L

A

232. 8=

FHE FEL TERFETE ol 8eieH,
Z4 66 mLol DE$} silicagel 20 g, A& 12 g-dryE
Y YEEFEZ deuterated-PAHS} mass-labelled
PCBs extraction standardS 9 % ¥ F7+S DEZ
A F FE2AS ZHNT. FFX7S Hexane:
Methylene chloride (9:1), 2% 100°C, 10%&, 3
cycles, 1700 psi, 60% (flush volume), 100s (purge
time)°] ATt F=E Al5EE dAF=7](Biotage, Turbo
Vap I)E AH8-3F] 55 $ Florisil (Biotage, Isolute
29)s AHE YA BelEAS AAAT. FEAS
A ALEF715 o838l 100 uL7kA] 53k 4-
Terphenyl-d,,¢} mass-labelled PCBs internal/recovery
standard& FY F, PAHsE= GOMSZE #4393,

PCBs= HRGC/HRMSZE E43513] ).

2.4, QHN|I2SI=

kAN M Alshs SAME HFE Q1e PAHsSH
PCBs®| QA= H7HE f18l, 21(1)E AME3l] 1€
1A =53 skt

19 <13 == (ugkg bw/day) = (C, x IR;) /BW
M

et e HRPIRISEEl A (PAS) 2 E2H3R s E (PCBs)o] izt QAlSfsl= 7} 233

olmj, Ci& FAHIE()2] PAHs 2 PCBs &%(ng/
g), IR A=) HH 3 (g/day, H), BW= 3
AT vl =9 59kg)elt) & dd AHF 3
4 % (tolerable daily intake, TDI) 5 ug/kg bw/day<}t
H|w3le] PCBs2| 1Y QA =& AFYseh ¥

TARARMel| MAlEle M E AdFHE F3 PAHsSS
PCBs®] 7= <]&t Aol ?lel = (lifetime cancer

risky= 4} (2y2 ARg-sto] Al

Lifetime cancer risk =
(C ;IR ;x ED x CSF)/ (BW x AT) ©)

olw, EDE =% 717K70), CSF(&et =1, Cancer
Slope Factory= PAHs % BaP 7.3 (mgkg bw/day)' &
PCBs 1 (mg/kg bw/day)!, ATE B9 (703)0|t}Y
Aol =e] 38 7heet 98 2 1x10° (3
o S 1W)e® A3

LA M2lslE HAMIE AHE S8 PAHse)
PCBs] 7120 28t v]eh&EA) S35 (non-cancer
risk)e} &S WIHE o8l AEE FaAHAHAF
(Reference Dose, RfD)E ¥Wlwdle] 9d 3L (Hazard
Quotient, HQ)®} HI (Hazard Index)Z 4H&3l7] $lsl
21(3), @)= 3l Axtsideh?

Hazard Quotient (HQ)=
(Ci x IRi x ED) / (RfD x BW x AT) 3)

Hazard Index (HI)=
YHQ (sum of hazard quotients) “)

oluf, RfDE PAHs % BaP 3x10*mg/kg bw/day =
PCBs 2x10° mg/kg bw/dayS ©o]-&3lo] 2H&3lth>
HIZE 15 715 Slsi=s Adsigitt

2.5 H=22|(QA/QC)

HPH 7 2314 (Method detection limity= US EPA %
FRe] FHAE7 1Tl wEh AAEAAL, olw PAHSs
£ H3E 0.05~0.90 ng/g-dry, & 0.03~0.51 ng/g-wet
o], PCBs= HAE 0.01~0.03 ng/g-dry, A& 0.01
ng/g-weto] At WIRETZEZY 352 Y=Y
PAHs= 56~97%(Hd 358 75+16%)°|13, PCBs=
72~120%B T 358 101+12%)°]1UT}. AE-2] PAHs
E 44-94% T 3FES 64+23%)°10 3, PCBsE
84~119%(F 358 109+17%)°1Jth A& 61T 171
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o] Nl B S EA351905L, PAHsS} PCBso| HIEAI R
N AZE AR NBELdN BASIT

01Z= ¥ 55 (Certified Reference Materialj> NIST
°] SRM1944 (B1%EZ &), SRM 2974a (FX])S A&
31Tt ElHE(SRM1944)2] 75, A4 Z4E 13%
PAHs®] &%+ Naps A9g BE /dio] AFTE
W W EHAL, 75 PCBsY] % UFFE
2 W =FEATH AE(SRM2974a)0] 7%, AA) =4

9% PAHs ¥ 7% PCBs?] TE% QF5EE WHe

3

]
W EZ3E S cH(Tabel 1 2 2).

3.1 EXE H R7IE BZ

ARANe] EJAECA COD2| F== 4.37~15.6 mg/e-

A
3, Fig. 2). COD &%= 15 mg/g-dry ©13¢1 HHL GS3,
GS1, GS8, GS201H, HAF=wE < FH GSI10044]
ZATE Y tK(Table 3). T+AkAcke] COD Fxe 3wt
(6.51~49.3 mg/g-dry, B+ 32.7),'® 7}2H(12.3~99.3
mg/g-dry, 4 31.0)'”, AA-42HeH(13.3~35.4 mg/g-

B

Wi

dry, < 23.6)'"%, 4k 97 59 (3.15~39.5 mg/g-
dry, B 22.1)%, Gl 7Fz19H(11.5~23.2 mg/g-dry, F
T 17.3)R0k= 230 W SoI ek ARGk of
AH3.67-22.4 mg/g-dry, Bt 10.4)93k= ¥]5=3F 5
o|A L, Mgt FATH0.68~3.95 mg/g-dry, Bt 2.30)*”
HUh= 5ol 71 B8 02 Ql9)F o] W 3
A} FARIAY =2 oIt meba] kAt
HAE U §718 292 A=At Foll w2 o 3
doz EE F UATh KA EHES] COD}

= J(=0.938, p<0.01)°] X
PCBs, COD$} DL-PCBs(2;,PCB)
= fol3t dHde BATHr=0.583~0.603, p<0.01). -
Ak EolA] PAHs®} PCBse] ¥ & F71&E
Harel WA A AT

3.2. E[M8 | PAHs 552Z

HZE9] F PAHs (Z,PAHys == 0.09~108 ng/g-dry
(B 57.9)°] W2 UEPdth(Table 3 2 Fig. 2). &
PAHs % Pyro] 7P =2 7]048-(26%)S B3, FluA
(18%), BghiP (13%) =°It}. PAHs 5 FluA3} Pyr
& BxAQte] HHENNE E 7|E&S High vt

k2D F@x)2 wetA] PAHs (I, C-PAH; BaA, BOF,

Table 3. Concentrations of COD, PAHs and PCBs in sediments from Gunsan coast of Korea

Station ~ COD  X,;PAH X,C-PAHV PhA/AnT FIuA/Pyr %4,PCB I ,NDL-PCB?  %,,DL-PCB®  %,,DL-PCBY
GS1 153 92.3 12.9 4.19 0.55 0.13 0.03 0.01 0.108
GS2 15.0 80.9 20.6 3.95 0.51 0.64 0.17 0.07 0.293
GS3 15.6 91.7 28.9 4.72 0.79 0.34 0.07 0.05 0.125
GS4 8.59 25.9 10.2 2.90 1.38 0.02 N.D. N.D. N.D.
GS5 11.8 63.0 19.2 3.26 0.56 0.76 0.22 0.08 0.043
GS6 11.4 88.6 19.0 3.07 1.63 0.10 0.02 0.01 0.001
GS7 11.4 81.1 28.4 3.97 0.70 0.33 0.09 0.03 0.002
GS8 143 108 35.1 4.82 0.65 0.48 0.14 0.05 0.003
GS9 15.1 10.8 11.5 2.05 1.89 0.14 N.D. 0.01 0.001
GS10 7.35 0.09 0.07 0.00 0.00 0.07 0.02 0.01 0.001
GS11 4.37 37.9 11.0 4.75 0.91 0.20 0.05 0.02 0.073
GSI12 6.63 7.30 4.06 0.00 214 ND.Y N.D. N.D. N.D.
“Min 437 0.09 0.07 0.00 0.51 N.D. N.D. N.D. N.D.
Max 15.6 108 35.1 4.82 2.14 0.64 0.22 0.08 0.293
Mean 11.4 57.9 16.7 2.28 1.93 0.27 0.07 0.03 0.054
Median  11.6 72.0 16.0 3.60 0.75 0.17 0.04 0.02 0.005

1)2,C-PAH: BaA, BbF, BkF, BaP, InP, DbA
2)2,NDL-PCB: 28, 52, 101, 138, 153, 180

3)x,,DL-PCB: 77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169, 189

4)The unit of concentration is pg-TEQyy10.2005/g-dry
5)Not detected.
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BKF, BaP, InP, DbA)?| F%+& 0.07~35. lng/g-dry *
@ 167892 Uelkor, ¥, PAHs T 719982 29%
o|lth. 3,C-PAHsS] FEETE 3, PAHs] ﬁea} )
4 AR BHr=0.868, p<0.01). X, PAHsS] FE+&
GS8 (108 ng/g-dry)ellXl 7178 =3ko™, 80 ng/g-dryol’d
o] FEE GSI, GS2, GS3, GS6, GS7AIM ZAME ATk
(Table 3). PAHsE TiE-E Q1913 557 =& Y=
oM =JAL 2] SolA LTt

S OEOJ HHEo|H & PAHs FE+ 8.80~18,500
ng/g-dry~°4 HeE B Eon, 29t e =A3}

AN =2 oi Uehte Aoz rygn?

%&03_0} HAE9 F PAHs % 55 = ¢t
A 23 v|wshH, %3(20540,700 ng/g-dry)™, &%
2H(6.0~2,390 ng/g-dry)?>, 18] 2H(12.4~2,430 ng/g-dry)'®),
7HaE (130~2,100 ng/g-dry)™?, B2 $19+4.79 511 ng/
g-dry)?), $97H(17.9~777 ng/g-dry)PH T} e 4230]
Atk =3 Y 7]=(National Oceanic and Atmospheric
Administration; NOAA)IA] AA&F & PAHs®] B4&
7tol=2}e] ERL (Effects Range Low) 4,022 ng/g-dry
3} ERM (Effect Range Median) 45,000 ng/g-dryE =
FHsle S HeEhA STk

EXE Y PAHs % PhA/AnT, FluA/Pyr A% H|&
< o83, L H9E F+ESAH(Fig. 3). PhA/AnT
> 103} FluA/Pyr< 1S 457719S oJu]al™, PhA/AnT
<107} FluA/Pyr> 12 Q47198 o229 & ¢
TFolME 40 AR (GS4, GS6, GS9, GS12)°14 FluA/
Pyr> 1< B33, PhA/AnT > 10& 2E HHolA Yet
WA UTHFig. 3). Ak El AEL A4r19
7oA 25 Q8 whe 2102 YeRdth

3 3 EII‘I

HAES F
0.64 ng/g-dry (Hd 0272 tiH-&E

| PCBs sE2=%
PCBs (ZSZPCBH TE HYE B
= AN AEEA

80.0
' 40.0 '
| Li I .
0.00 0.0 I 0.00

@&ﬁ@ﬁﬁ@ﬁﬁ@oo

(c) Zg,PCB

100
|I III.

L TP RS N RS LY 2
éé’@@é’@é@@@'f&@\

Concentration (ng/g-dry)
o o o
E o 3
5§ 2 3

o
]
=3

g. 2. Distribution of COD, PAHs, and PCBs in sediments from Gunsan coast of, Korea.
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Fig. 3. The plot of PAH isomer ratios, Phenanthrene/antracene
(PhA/AnT) and fluoranthene/pyrene (FIuA/Pyr) in
sediments from Gunsan coast of Korea.

Om(Table 3 ¥ Fig. 2), 58 A2 PCB 153, 28,
11802 ¥,,PCBs % 71982 217t 8%, 6%, 5%°11
t}. 6% non dioxin-like PCBs (Z,NDL-PCB 28, 52,
101, 138, 153, 180)¢] TEHYE E7HE~0.22ng/e-
dry & 007019, F2 &S PCB 15337 2802
714&e 27 29%9}F 21%0)1ATth 65 NDL-PCBs=
TePCBs & 27%°] 71918 Hlom, & PCBset &
AXLR F& JTAFS R (1=0.994, p<0.01), %&"3
otollA 62 NDL-PCBSQ} % PCBs9 LRIV} &
AR eh= AL 2u)dth. & PCBs?| HEE GS5014
7V =9k, 0.3 ng/g-dry o]*ou FEE GS2, GS3,
GS7, GS8IA ZALE]o, 2|50 Hls| WSolA T =
2 9¥9EE HTE ¥FA NOAAS| % PCBsol thgh
EZE 7lol=gel ERL 22.7 ng/g-dry$t ERM 189
ng/g-drys Z33h= AL VeEpR] ek
tto]$AlF PCBs (X,DL-PCB; 77, 81, 105, 114,
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118, 123, 126, 156, 157, 167, 169, 189)¢] WolE &
HZ~0.08 ng/g-dry (F<+ 0.03)°]™, PCB 118(42%)=}
105(17%)°] F8/8%°ltt. ¥4 & W DL-PCBst
3PCBs & 6%°] 7]94&S B3low, DL-PCBs®| &
TREE T,PCBse FERE7F &2 S BTt
(r=0.985, p<0.01). =45 7}x(WHO-TEF)Z $Hak3h
T,DL-PCBe] F=HE E£4E~029 pg-TEQyio.
so0s/e-dry (B4 0.05) = B7F~0.293 pg-TEQy0.
1oog/g-dry (Bt 0.054)°103L, F+84F2 PCB 126
(91%)2 YERHT}H DL-PCBsY] H5+= W2 A3 GSI,
GS2, GS39l1M 0.1 pg-TEQy10.0005/2-dryol 32 R},
B Ao A DL-PCBs % 2| Dongjiang River
(0.04~0.45 pg-TEQ/g-dry, ¢+ 0.19)*”9} Haihe River
(0.07~0.53 pg-TEQ/g-dry, Ha 027)*, o]HE2] Nile
River (0.08~1.30 pg-TEQ/g-dry, Hv 034, @24 (0.05
~3.70 pg-TEQ/g-dry, Hit 1400 Btl= F 4-20m)
wre ok Myttt #7% (Canadian Council of
Ministers of the Environment; CCME)°|4 A|A]3} t}
o] 8AF EHAE 7tol=2ll ISQG (Interim sediment
quality guidelines, 0.85 pg-TEQ/g-dry)2} PEL(Probable
effect level 21.5 pg-TEQ/g-dry)S Z3Isl= AHL =%

# PCBs 52 HHE A4 42 d ot
79l Qe 2 <lelaih

3.4. TAYE L} PAHs sE2E

FHIE 1659 gt & PAHsY] v W= 4
Z£~243 ng/g-wet (B 5.35°F oF, =#n], 7198
E AL 1352 A5oA AESEHASH (Table 4),
T,PAHs T Pyro] 7F & 7199 &(54%)S RA, o
28 DbA (9%)°1tt. X C-PAHs?] F=HAE &4
Z~18.5ng/g-wet (Hd 127) 22 3, PAHs 5 30%2]
714 &S BT FAKACke] AEL Moon et al3Pe]
%8, FojollA 3 PAHsS| FE(12.4~22.0 ng/g-wet)o}
H|S=8I AW, 2,C-PAHs®] 55(0.22~0.30 ng/g-wet)=.
t} we FFolAr}l. Cheung et al’?olA B3
Hong Kong®] A& F >, ,PAHs®] F=(18.1~145 ng/
g-wet), Z,C-PAHs®| -%(0.16~63.9 ng/g-wet)2} Y3}
< o @o] W2 FEolth

EUE FHIE<] tigh BaPl U885 % (Maxi-
mum level)?] 5ng/g-wett} 4% PAHs (BaP, BaA, BbF,
Chr) 30 ng/g-wetS wHASI L33 =) 2)&q17 9
BaP 77122 oF 2ng/g-wete} ozt 10 ng/g-

APEIA] EUTED 0] R 4kAQt B E] tholSAl  wet®® ZHA Qlth £ AFelA BaPo wEE EE

Table 4. Concentrations of COD, PAHs and PCBs in sediments from Gunsan coast of Korea

Station COD X, PAH Z,C-PAH"  PhA/AnT  FluA/Pyr 2,PCB I NDLPCB? %,,DL-PCB* %,,DL-PCBY
GS1 153 923 12.9 4.19 0.55 0.13 0.03 0.01 0.108
GS2 150 809 20.6 3.95 0.51 0.64 0.17 0.07 0.293
GS3 156 91.7 28.9 472 0.79 0.34 0.07 0.05 0.125
GS4 859 259 10.2 2.90 1.38 0.02 N.D. N.D. N.D.
GS5 118 63.0 19.2 3.26 0.56 0.76 0.22 0.08 0.043
GS6 114 886 19.0 3.07 1.63 0.10 0.02 0.01 0.001
GS7 114 8l.1 28.4 3.97 0.70 0.33 0.09 0.03 0.002
GS8 143 108 35.1 4.82 0.65 0.48 0.14 0.05 0.003
GS9 151 108 11.5 2.05 1.89 0.14 N.D. 0.01 0.001
GSI10 735  0.09 0.07 0.00 0.00 0.07 0.02 0.01 0.001
GS11 437 379 11.0 475 0.91 0.20 0.05 0.02 0.073
GS12 6.63 7.30 4.06 0.00 2.14 N.D. Y N.D. N.D. N.D.
Min 437  0.09 0.07 0.00 0.51 N.D. N.D. N.D. N.D.
Max 156 108 35.1 4.82 2.14 0.64 0.22 0.08 0.293
Mean 114 579 16.7 2.28 1.93 0.27 0.07 0.03 0.054
Median 11.6  72.0 16.0 3.60 0.75 0.17 0.04 0.02 0.005

1)S,C-PAH: BaA, BbF, BkF, BaP, InP, DbA

2)S NDL-PCB: 28, 52, 101, 138, 153, 180

3)Z,,DL-PCB: 77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169, 189
4)The unit of concentration is pg-TEQyy0.2005/2-dry

5)Not detected.
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NBoNAN BEAE o, 45 PAHsS ¢ EHE-
18.5 ng/g-wete] W& 712X o|s} o]} B A7
A FAkARe] AEel e 4% PAHs®| FEe
At Q788 (0.15~0.45 ng/g-wet)”) HUH= 4ul g =
=4 UEFES, France (E73~22,900 ng/g-wet)*®),
Brazil (11.7~511 ng/g-dry)*”, Hong Kong (0.57~65.6
ng/g-wet)’*>, China (2.26~5.10 ng/g-dry)*® 2} Argentina
EAE~103 ng/g-dry)*® BT} FA) e o]t

35. TAME L} PCBs sE2X%
FAE 165°] tE F PCBs (Z,PCB)Y] &

W= 0.01-0.54 ng/g-wet (Hit 0.19)% L}E}h‘_ﬂﬂ
(Table 4), F& A& PCB 153, 138, 1872 & PCBs
= 71988 247 16%, 6%, 6% th. Z,NDL-PCBs
~0. 19ng/g-wet @B+ 0.08)2] HWYE YEpht
on, ZNDL-PCBs= % PCBs % Hi 71982 42%
o]t} £ NDL-PCBs % 58 A®& PCB 153, 138,
2803, 7]90&L Z42F 40%, 16%, 1 4%01013} ?ﬂXH
=W AEtANA kel W'k PCBs 71ee
PCBs (X, PCB; X,NDL-PCBs+PCB 118)° ﬂ}?z} 71
(15 300 ng/g-wet), EUoX= o7l digt S NDL-
PCBs?] HU] 318 T+ 75ng/g-wetZ vlAEo] 9l
040 B pol A& ] 3,PCB TEE HHloE
oA 7HE =kom (021 ng/g-wet), BE A EE FU
% EU 7IEA19] 1% olst= kg o)t
DL-PCBs¢] ®H9= B7%-0.06 ng/g-wet (B 0.02)

= Bpz

L

FERE) A= Hrt 237

71o3&2 JERdth 243588 PCB 118 (58%), 105
(13%), 156 (11%)°]1At}. 545 7H2(WHO-TEF)Z
2¥st DL-PCB F=H$= 0.001 pg-TEQy10.0005/2-Wet
°]3}, 0.001 pe-TEQyo.100g/2-Wet 01312 LFERSO.
PCB 126 HEHA ¢o} e EHEWM(TEF
0.00D)Z 7FK& PCB 118 (56%)°] 713 && 74

HATH EUoﬂ/\ib olFoll tigt to]S-4lF(Dioxins
+DL-PCB)?] HU5]85% 6.5 pg-TEQ/g-wet’} nFAE]
o] 0 B Oﬂ%oﬂﬁ AE Y =X E EU 718
219 1% olst= Pdgh ol int.

B AFoA 6& NDL-PCBs$} DL-PCBs®] =+
Moon et al.’?o] EET_EF Ak 4K = DL-PCBs
o] T WYl TFEJeH, Sweden*s} FAlEH
0] AKTable 5). ¥HH, F2kAH2) Poland*), France,
4 Spain®), Japan*®), China?’i.t} S& 30]9dT}

3.6. 2lAeIH EIt
TAE AQHA] iﬂﬂ‘% FHES AAR(TF),
(1%), F=74(4%), BZ72%), oM E)e= &
F3eh %, PAHs ¥ PCBS«] Hs 9} A e £3)
PAHs®} PCBs®] =228 2319, &4 7153 9|
3 £33} v)wsle] oA EE HrlslTh. o];q] T
= s fleiA e AR B AT
SRUAGGERAL] e 1% 19 AR 5%‘3
o B ATk AHESIITES Tk <igke] e
HA= AR 1 A L'Eog 2l (Y& B3 Akt

r_{

o, &2} F PCBsl| i DL-PCBs= 4 8%9] ‘221:}. £ AFor AE F PAHs =F552 BaPo

Table 5. Concentrations of six non dioxin-like PCBs and 12 dioxin-like PCBs in fish from previous studies
T NDL-PCB" ¥,,DL-PCB?
Coun 6 12 Reference
y (ng/g-wet)  (pg-TEQwyio-2005/8-Wet)

Poland (Polish Baltic fishing areas) 1.11-38.7 0.64-6.07 Piskorska-Pliszczynska et al.*
Sweden (Malmoe, Hothenburg, Uppsala, Sundsvall) 0.18-0.36 Tornkvist et al. 4D
France 0.03-1.16 Arnich et al.*Y
Spain (Catalonia) 2.16-50.0 0.17-1.99 Perell6 et al.*y
Japan (tsunami-stricken areas, the Aomori, Iwate, 46)
Miyagi, and Chiba prefectures) 0.16-28.0 Uekusa et al.
China (Xiamen) <LODY-64 Qian et al.*”
Korea 0.04-3.20 Moon et al 3V
Korea (Busan) 0.72-4.10 Choi et al.!”
Korea (Suyoung estuary of Busan) 0.31-1.41 0.11-0.31 Lee et al. ¥
Korea (Gunsan coast) nd¥-0.19 <0.001 This study

1)2,NDL-PCB: 28, 52, 101, 138, 153, 180

2)2,,DL-PCB: 77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169, 189

3)<LOD: less than limit of detection
4)Not detected.
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EAES7IXE S TEQE Z8-381th 1S+ EPAC)
e wretgo] 78 PAHsE 73 (Chr, BaA, BbF,
BkF, BaP, InP, DbA)oll ti3] BaPe] =4%7}x](BaP-
TEF)S 7|22 4 TEFE A3t92wH, BaP,
DbAE 1, BaA, BbF, InPS 0.1, BkFE= 0.01, Chre
0.001°]ATEY B AFolA] PAHs =&F2 o FollA
2.3x10%ng-BaP/kg bw/dayol3, F=7 3.3x107 ng-
BaP/kg bw/day, ©1m|37} 2.7x10®8ng-BaP/kg bw/day,
el B4 E 76 PAHs EHEE 3l 00]
ATHTable 6). T-AFAMNA] AFH T FAEE AlE A
ol W2 Aofjdaral == PAHs =% 2 )
o] g-ate] A=A, olu A= 3.3x10°~2.3x10%5
o2 BT Aouetelsl =] 38 7t A
(1x10°)H} ZA Yo} PAHsZ 13t Aol dt9lal ==
Aol gle Aoz ATETHTable 6).

PAHs®] BaP 541 %%|(RfD) 3x10*mgkg bw/day
o} vlwale] vk flEl e ke AT o
o2 HQ % HI A7t 12 238 gl 4
S AF A 54 8 el BT rsdel
™, 1 olstd Afele SA490sFe] HAE 7t

, 1
o] §le Aoz Atsit}, o]FH PAHse] tigk HQ=

fox |02 T

B

Wi

o]F 1.1x10°, F=7F 1.5x10°, oujsi7} 1.2x10°22
BE 1 o]3) o], HQE= 24x10°2 9A] | o|l=
QFAg G| ATh(Table 6).

Z PCBs9] 14 QA =232 99| TDI 5 mgkg
bw/day=} vkl 918149-S Hrlstanh? aE A
FHel W& PCBs =% o]F 4.0x10%ng/kg bw/
day, 7+2F5 2.0x10°ng/kg bw/day, FZ7F 1.0x10°
ngkg bw/day, £=7F 7.0x108ng/kg bw/day, ©)ri=)
7+ 7.0x107 ng/kg bw/day2] S5=0|ATH(Table 7). <=4F
55 53¢ PCBs9| & =532 7.0x10°-4.0x10° ngkg
bw/day EAl 8.3x109)2.2 TDI thH] $Jei=E 0.001%
o]} o g HE o) W B 3F(EF
o], $2], &)l sl PCBs =& duk =9l 9.1x
107~0.15 ng/kg bw/day= TDI ™H] 0.02%°]3l2 =
323k 3L, Moon et al’V%E -3} Bpold] tis)
PCBs Hdx=Z%2 0.14~0.23 ng/kg bw/day(Z¥H=11)
Z TDI thH] 0.01%°]3t2 §AFSE A3E 28t
3 o] M o]F 3% thalA E3 PCBse]
=S 0.05~0.29 ngkkg bw/dayo]™ TDI thH]
A== 0.01% olst TFOE g FFo s B
gk v}k Ut

o, ofy

Table 6. Daily dietary exposure and risk of PAHs by seafood intakes

Total PAHs PAHs Seafood intake Daily intake Lifetime . 12)
(ng/g) (ng-BaP/g) (g/day) (ng-BaP/kg bw/day) cancer risk" Non-cancer risk
Fish (n=7) 5.01+8.88 2.64 27 3.2x1073 2.3x10® 1.1x107
Crustaceans (n=1) 497 N.D 4.1 - - -
Cephalopods (n=4) 8.34+1.97 0.14 9.0 4.6x10™ 3.3x107° 1.5x10°¢
Gastropods (n=2) 2.18+4.38 N.D 0.9 - - -
Bivalves (n=2) 1.19+0.13 0.62 24 3.7x1073 2.7x10°8 1.2x107
Total (n=16) 21.742.80 3.40 65 7.3%x1073 5.3x10° 2.4x107
1)CSF of PAHs is 7.3 (mg/kg bw/day)! .
2)RfD of BaP is 3x10* mg/kg bw/day®
Table 7. Daily dietary exposure and risk of PCBs by fish intakes
Total PCBs  Seafood intake Daily intake TDIY Lifetime cancer  Non-cancer
(ng/g) (g/day) (ng/kg bw/day) (%) Risk? Risk®
Fish (n=7) 0.24+0.17 27.0 4.0x10°° 8.5x10°® 4.3x10712 2.1x107
Crustaceans (n=1) 0.42 4.07 2.0x10°° 3.8x10® 1.9x10712 9.4x10°®
Cephalopods (n=4)  0.21%0.15 8.99 1.0x10° 2.8x10° 1.4x107"2 7.0x10°
Gastropods (n=2) 0.08+0.04 0.91 7.0x10°8 1.4x107 6.9x10 3.5x10°
Bivalves (n=2) 0.0120.01 24.14 7.0x107 1.4x10°% 7.2x10°3 3.6x10°8
Total (n=16) 0.19+0.16 65.11 8.3x107 1.7x107 8.3x10712 4.2x107

1)TDI of PCBs is 5 ug/kg bw/day'

2)CSF of Total-PCBs is 1 (mg/kg bw/day)'®

3)RfD of Total-PCBs is 2x10° mg/kg bw/day” .
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A AFHZ Q3 PCBsi=EA] Ao rd9ls = o
7FA3, 6.9x10714-43x10712 08 BE Aofakole]
dlze] 318 7Fee 98 E(1x10°)S 23] &
o} Aofkes == A §le o= ke ti(Table
7). o] #ge] FAHES A&HH ST HFF 3= PAHs
o} PCBsell gt et SHE-2 A9 gle 3oz XA}
= ATk

PCBs2] ZAZZX(RMD)E 2x10°mg/kg bw/daye}
v wsted HEb s s AASIITEY duby
°% HQ % HI A7} 1& 238 Agolle
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7 3.5x107, oJmju| 7} 3.6x10%0 8 RF 1 o]} o]
I, HQE= 4.2x1072 A] [0]3}o] ATt Table 7). B=8k
297 AN QA =S 7] PCB 28 (1A
z7] gejsta W3}, 36 mgkg bw/day), PCB 52 (7+
H|t), 100 mg/kg bw/day), PCB 153 G %28+
W3}, 34mgkeg bw/day), PCB 180 (100 mgkg bw/
day)e} H]RA], B A =& F3 W ez
Uelstth wba o] s e] o /FE A& AdF st
% PCBsZ 1% JQAISAEs WA = A
o2 JtEc)

22
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=
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