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Distribution and origin of PCDDs, PCDFs,
dioxin-like PCBs and PAHs in surface
sediments from Nakdong River estuary and

adjacent coast

Ji-Hyun Park

Interdisciplinary Program of Ocean Industrial Engineering, Graduate
School,
Pukyong National University
Busan 608-737, Korea

Abstract

Surface sediments {0-bem) were sampled at 23 stations from Nakdong
River estuary and the adjacent coastal areas of Korea in October 2001.
Samples were analyzed for polychlorinated dibenzo-p-dioxins (PCDDs),

polychlorinated  dibenzofurans (PCDFs), dioxin-like polychlorinated



biphenyls (DLPCBs) and polycyclic aromatic hydrocarbons (PAHs)
contents using high resolution gas chromatography coupled to high
resolution mass spectrometer (HRGC/HRMS) and/or GC/MS. The PCDDs,
PCDFs, DLPCBs and PAHs were detected in all the sediment samples.
Total concentrations of PCDDs/DFs ranged from 3.3 to 1,800 pg/g dry
weight and DLPCBs concentrations varied from 19 to 5995 pg/g dry
weight. The sixteen PAHs concentrations were in the range of 2.1-108
ng/g dry weight. these levels in surface sediments from studied stations
were moderate and/or lower than earlier data reported from the Korean
coastal areas and other countries. The PCDDs, PCDFs, DLPCBs and
PAHs levels in surface sediments sampled from estuary and offshore
stations showed significantly higher values than those from open sea
stations. The profiles of these toxic organic contaminants in sediments
from the studied stations showed different patterns. In addition, the
residue levels in sediments from open sea stations showed low
concentrations of toxic organic contaminants owing to the low ignition
loss (IL) values and mud fraction of grain size. The phenomena suggests
that IL. and grain size are one of the important factors governing toxic
organic contaminants including PCDDs/DFs in this investigation.

The TEQ wvalues for PCDDs/DFs in all sediment samples were
below the safety sediment value (20 pg-TEQ/g dry weigh) for
chronic toxicity assessment and seemingly moderately, but the total
TEQ for the same sediments including DLPCBs and PAHs exceeded
the 20 pg-TEQ/g dry weigh. This finding indicates that the toxic

potency assessment for aquatic environment of a bay shoud be



considered to dioxin—like contaminants.

The molecular indices for phenanthrene/anthracene and
fluoranthene/pyrene  were used to identify the origin of PAH
contamination in the studied sediments. The result indicated that the PAH

contamination in surface sediments from Nokdong River and the adjacent

coastal areas was mostly pyrolytic origin with a slight petrogenic input.



H 84 Fo FHFAEA QI E oW EE) Bz A
71eS AsA7IH s F2ste &3 ge BEY HERAFGER
(Endocrin  disruptor chemicals, EDCs) %+ A&HA4&729E3
(Persistant organic pollutants, POPs)o] %23 #dAedZAZA =3
Ha o eolE@ e E2dEE teo]$4Al (Polychlorinated
dibenzo-p-dioxins, PCDDs) % 3% (Polychlorinated dibenzofurans,
PCDFs), €238 #d (Polychlorinated biphenyls, PCBs)® zZ& &
2AgEEeels A (Halogenated aromatic hydrocarbons, HACs), t©}#h
Wk e 44 (Polycyclic aromatic hydrocarbons, PAHs), x=dH % (
Nonylphenol, NP), £¥#l% (Octylphenol, OP), Hl~=%A (Bisphenol
A, BPA) 52 #7] SdEEEC] don, o]FL AFAA HAHHA o
F& AAY PlE = 3le FAEE MR e AeE Raga §)
tHKhim et al., 1999).

o] ¥ PCDDs/DFs ¥ PCBst 2287] 4&ZA4 2 9 opg}, &t
84, Ak w7z, AEAY, AAALY 942 59aA,
1,3,5-trichloro-2-(4-nitrophenoxy) benzene (CNP) - #HEelEFZ 2935
(Pentachlorophenol, PCP) 59 #7|€433ES Axe e Z+E A
HEdolr Ao @4 Fo5 wE=HHAT (Young et al, 1983;
Sigh et al., 1985; Asada et al, 1987, Hirovawa et al, 1990; Freidler
1996). PAHsS 2A4& He, 44 534 £& ARE AH8sts 7t
Ak, wbd Ao ZhE MM Fol AHHT gon, B3I 2Exbe
9 vtz rudon, 1 9 7l dAd



F e, ) A7) 59 B9 daFdAHdME PAHs/E BAHE A
22 AHHEI 9} (Westerholm et al, 1992; Nasrin et al, 1994;
Roger et al,, 1994; Halsall et al., 1997, Wagrowski et al., 1997).

ojs} zho], ThF3 WAoo T HEH WiEH W HAHs9} PAHsE t7)
ol AARYEA W7 5 - 34 JAHd A ES F sFa A
FAEd o] T HIBAz Y42 div] A o] A& 53 A
Y, BE¥ +F F9 Aoz Rudn vt (Dannenberg et al,
1997, Ohsaki et al, 1997). °l5 ZstEd2 LF4oln] 874 WA JF
ol st HAHEA E Ay G Aste] AEAH A9 3o
M T =2 AAEES 71X 9ot (Burgess et al., 1996).

¢ HHES HAHs % PAHs® #4 FolA F8 A2 AAH
g (Mennlcutt et al, 1992). AXAES Tt 4 AU AE v
a7 s = HHE2 F (Quality)S H71sta Baldle]or 3ot ¥
29 4& #Hrtstn #Este WY F MY L AS $YL AR
e 3 dyES 8 HHE9 @8 J)F  (Sediment quality
criteria, SQC)& FHete= Aelt} (Adams et al, 1992).

4 ANE F AEd 54 S7MF (Toxicity equivalent quantity,
TEQ)S 4&3t7] A= 2h2tel M &l disl HAHs® PAHsS =54
%7 A9 (Toxicity equivalent factors, TEFs)E 1w sfokqt 3ic} tho)
SAFd g S4%57MAe+ NATO  (North  Atlantic  Treaty
Organization)®} WHO (World Health Organization)ol] 4] AAsle] whg
F @Eol slAT, PAHso die ddidd S457HTE ¥29 Rl
flow, vl dFatEe] o) dTElo] & £ AA AFEo
FIA=

TEQsol i3t #e] 714 5% (Quality objectives) B9 <Igt
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Az dE Hrksty] Astd g8 1A g S g
H, olg TellM =4uie] IRFL TAE & TRB (Tissue
residue-based) WHo] 7} dutHow A& 9lom, o uwuyle 4
=47 AW & 753 Axe AFRL JFode] HHEo

AY FHFA FEE AAEE AR stz YUY (lannuzzi et al,

¢, HAs vEd AAAFTE F 43 dQNA A Adng »
¥, HHE4 NOEC (No observed effect concentration)? 200 pg
TEQ/g dw.ol "M %A (Chronic toxicity)dl @ <FA A4 (Safety
factor) 10& &% AAF HHEY FX(Safe sediment value): 20
pg TEQ/g dw.2. 2 AA5}31 o} (Evers et al., 1996).

=3], &7 F M PCDDs/DFs9] AEel 3 A7 5335te] 713
of 3ol thakd 873 viAol disiM PCDDs/DFse) 5% 2 g =
X 5S4 g ZAE A HrbeM 4 Fed alold ua
A, PCDDs/DFse] 5% 9 ¥¥ 548 @49 99 482 Ay @ =

Mo

=

REolyEl olge %3 9 wAYd FAHNE F8% A8E AL"d
(Seike et al., 2001).

TSt PAHs= 7i70e] SgEe] qid dejsty &% ¢ 29 333
Aol vhm7) WEd 22 SUBEY Fr ¥ S S PAHs 249 33
o glol Fa3 AFEA G891 Qo)

3% H4E 59 PCDDs/DFse) X BE¥ B4 2 wragle] Bt 47
M= ZET (Kjeller and Rappe, 1995), BE3] s} 29 dl slob (Nuf et al,
1991; Zebuhr et al., 1992), Wl 2 2 (Elena et al., 1997), Mai po Marsh@t
(Jochen et al, 2002) 5 A 959 A5 AT FdaA A7) Fa5T 9
A Fel M= Ok et al. (1999) 3 Moon et al. (2001)9] ¢8) A% dot ¥



THHEH 4% dUdy AFEF 9 7| Qe #E AT S 7] @AY @A
el sith

£, PAHsY 7ol oA rla/lAR 5= 2% 54 2 9y9d @
& ATEME Imit? (Fatma et al, 2002), Ta29] Aquitain93} wy <)
Cotonoud ¢t (Socro et al., 1999), B Al 222] Todos Santos®t (Macias-Zamora
et al, 2002) & 950l HZ Fwst A7} o] Rojx 1 glon}, Fuje AL
Moon et al.(2000)% Khim et al.(1999) 5 459 A7 wa8o] A1 9t}

= ATelME 457 7 A2 AL AT 3 Ao ma
HAgo sl the] &7 (PCDDs/DFs, dioxin-like PCBs) 2 PAHs
ol ¥5 R profiled T3 X 54 so} € 2AAS 2Pz = F
=2 AEFo] NG SAHT/ESE AR A], HE B4 = g2
AE 849 29 ddE Hista A9 wAd Wy @A s A A

TE Az 24 Azl Ag BHL Fu Yt



chol Sl fe WAgos FAY UFE AFE T itz oy A9
8 7] SgEL Tl BoE F A9 WA
7bed Azt F 7R dZE delSAA #SFE (Polychlorinated
dibenzo-p-dioxins, PCDDs)¥ A4tx7F 3 ddg  FaA SgE
(Polychlorinated dibenzofurans, PCDFs)S EAstd dild o2 tlo] L A&
(PCDDs/DFs)&t 2 E@ 30 + A9 WA 40t 922 g9 A 2
9 xo] wet PCDDsE 75719 o4 A, PCDFst 135719 ol 4 A7 &4 6t
PCDDs/DFs<= & 210749] o4 A& 713t} 53] PCDDs/DFs9] oA Fol
M g g H5AAge]l A 1739 2373-AF o4

a2
-
>
-z
L
1
s
>.
_\,L
m

(2,3/78-substituted congener)7} EA3tH, olF F 7+F FAlo] #d 7o
2,378-TCDDolt}. PCDDs/DFstE 55 43S E3) ok, A=A, 78
A, rEA, A, R A el 59 54 23 Aew ddA gl

(US EPA, 1985; Safe et al.,, 1990; Mocarelli et al., 1996).

tho] 41 Fo & PCDDs/DFs % @ olu} o] o} §Ale S43 42 a9
#< 7HA5 dioxin-like PCBs7F 3 =4, ol 209% ¢ PCBol4 A F
A F RS WA gel FU HHd 91X 14%9 PCBs olAAE 9wy,
WHO (1997)= o] T4 54& 7FA= 1239 o] AAE dolSAFE AF

1 9

ol gEtd oz s A} SAE AT Q. AW AR &3t @
ez AgAe &
g ZAej,



PCDDs/DFs®] E4#] - 884 54& Table 13 2°] depuigios, 54
o 7tA= 1789 2378-A3 o)A (2378-substituted congener)2t 54
€ 7HA€ 12%9] dioxin-like PCBs |4 A9 72F Fig. 29 3¢ el

LR LA

PCDDs PCDFs dioxin-like PCBs

*

o]

Fig. 1. Structures of PCDDs/DFs, dioxin-like PCBs and numbering system.

tho] AR gkl SRS AEdETRE UE2A AXWe F&A 4%
e dHZ B8 dF, doud 548 dove e uZdEd (Endocrine
A sgEe R 99 A glon, @x
AAE ol e 9 ol FAFE HET A& #71LEEH (Persistent
organic pollutants, POPs)o] AAF #2FHY LFIHE Yehfe 2oz U
# ok (Rugar et al, 1993; Willis, 2000).

ol Sl WA, AHEH, BAFAL AW Bolw, webge]

disruptor chemicals, EDCs) &

X

m _10
2

=

NTP (National toxicology program)llx= 2etel Slo] g&e] §l= & (No
observed adverse effect level, NOAEL)S.Z 1 ng/kg/days} Ha HAFAH
(Lowest observed adverse effect level, LOAEL)22 14 ng/kg/dayE A3}
otk WHOSIME <21zke] ddAAS &% (Tolerable daily intake, TDD2Z
1~4 pg-TEQ/kg/day = Akt 31

Table 1. Isomeric distribution of PCDDs/DFs (cited from Rappe, 1978)

t_,



PCDDs PCDFs

No. Molecular Molecular Ne. of Melecular  Molecular No. of

of Cl Homologue Formula weight  Isomer Homelogue Formula weight Isomer
1 MCDD  CiHAClO: 218 2 MCDF  CppHACIO 202 4
2 DCDD  CullsChC. 252 10 DCDF  CpHsCLO 236 16
3 TICDD  CplsClG. 286 14 | TTCDF CpHsCLO 270 23
4 TeCDD  CpHClO: 320 22 | TeCDF CpHCLO 304 38
3 PeCDD  CpoHiClsO2 304 14 PeCDF  CiHsCLO 338 28
6 HxCDD CpHClO: 383 10 | HxCDF  CipHClO 372 16
7 HpCDD  CiaHClO, 422 2 HpCDF  Ci2HCI:O 406 4
8 OCDD C12ClsOy 456 1 OCDF Ci2ClsO 440 1
MCDD -~ QCDD () MCDF ~ OCDF 136

Table 2. Physical and chemical properties of PCDDs/DFs (modified

from Mackay et al., 1992)

Items PCDDs PCDFs
Melting Point 89 ~ 322 184 ~ 258
Boiling Point 284 -~ 510 37 ~ 5637

Vapor Pressure (Pa) LIx10™ ~ 0017 5x10" ~ 39x10™
Solubility (mg/m’) T4X107° ~ 417 1.16x107 ~ 145
Log Kow 43 ~ 82 04 ~ 80
Half Life in Air 2 days ~ 3 weeks 1 ~ 3 weeks

Half Life in Water (year)
Half Life in Soil {year)
Half Life in Sediment (year)

2 days ~ 8 months

2 months ~ 6 years

8 months ~ 6 yvears

3 weeks ~ 8 months

8 months ~ 6 years

2 ~ 6 years
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1 Cl
¢l Ct o} Cl
ci o] Cl
cl o ol Cl (8] Cl ;

2,3,7,8-TCDD 1,2,3,7,8-PeCDD 1,2,3,4,7,8-HxCDD
cl Gl cl cl
Cl O: i :CI cl I o) ? cl < 0: i :Cl
CI: ; o] [o1] CI: ; [#] [+]]
&1 Cl 0 Cl & &
1,2,3,6.7.8-HxCDD 1.2,3,7,8,9-HxCDD 1,2,3,4,6,7,8-HpCDD
Cl ci '
e o AP Owe
& ¢l Ct [0} Cl cl 0 Gl
oCcDD 2,3,7,8-TCDF 1,2,3,7,8-PeCDF
I Cl
B G & '
e G o al
2,3,4,7.8-PeCDF 1,2,3,4,7,8-HxCDF 1,2,3,6.7.8-HXCDF 1,2,3,7,8,9-HxCDF
al 1 I Cl
el O O cl l ‘ i o] cl
¢l e o Cl ] cl Cl ‘ o] ‘ Cl
Cl Cl cl ol &
2,3,4,6,7.8-HxCDF 1,2,3,4,6,7,8-HpCDF  1,2,3,4,7,8,9-HpCDF
i cl
Swhd
Q Cl
Gl o3]
CCDF

Fig. 2. Molecular structures of toxic 2,3,7,8-substituted PCDDs/DFs.
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PCB 77 pcagr O
Cl Cl Cl Cl Ci
CICI CICI
PCB 105 PCB114 ¢
Cl Ci Cl Cl ] Cl

o
o
a
o
o
o

pce11s @ PcB123 © pcB12s ©
Cl Cl
PCB156 ¢ ¢ pcB157
Cl Ci Cl Cl
O pcater © ° pc1gg ©
Cl Cl Cl
o] O O Cl
o pcpigg ©

Fig. 3. Molecular structures of selected dioxin-like PCBs.
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1.3 PAHs® 29 - 51314 54

Table 394 Rz whel Zbo] PAHsS Z7Ite EZe Fxo] e} tpar

strl, ol = 34 WolMe P¥eh 2He AWAS vk =, PAHsS
22773 (hydrophobicity) & AUEE %2} pHell 93] 3L = zlog
a2 x o} (Pankow, 1987; 1991).
PAHsT W& 3127t 2~4708 A% 73 == 244 F348 deg=
TESHATE 570 o]4de) HE F2 mAd FaA® AHZ EH 3
16%9 PAHs standards (EPA Method 610)°] &2 - g8tz =4
Table 3o e AT

o

14 PAHs9 A

PAHs= 2949 Belert ¥ {7 8ufo A9 Salrt e g8
A2 a0 5o @ AN eFRA AbselE, F2 w4 PAlsE 2 2
Aol e F7IgeR Y B4 FHE A2 FEnh o) A 07
WAL Aziel F¥e wed|, 53] PAHs iR Wiz@IAe 20
molete] F2 I B3R FaEe) glenz, AN dX ARHm
APlM el SFV A=A T e Aoz dejxn Yot (Migual
and Friellander, 1978).

PAHs 3 W4 ¥4 dz@ude A BE FEF4 B

ol #, ¥F, & Tl §F dAle] Frhde) mmd vl vk (IAPC, 1972).

_13_



Table 3. Physical and chemical properties of PAHs (modified from
Wey et al., 1998)

. - Vapor
Compound Abbreviation %};:;Inu;ﬁzl M\;}};tﬁ:\r N{f(;(it::;l;g B}?(l)lll:tg I:r;;iué? Structure
(x) 25T)
Naphthalene Nap Colls 12816 8 218 71x10? ()
Acenaphthylene APy Gl 1R B 2B eix10t o
Acenaphthene AcP CizHio 15421 9% 219 22x10° ti)
Fluorene Flu CisHio 166.22 117 2% 60x10™ CL:@
Phenanthrene PhA CuHyp 17822 100 340 12x10™ C[gj
Anthracene AnT CuHp 17822 218 32 60x10° (00D
Fluoranthene FluA CeHp 20226 110 3983 92x10° U’8
Pyrene Pr Ceblo 2226 185 44 45x10° N
Benzo(ajanthracene BA Gl 28H 19 45 2lx10’ o
Chrysene e Cale BB B M8 6ax10° 7o
Benzo(b)flucranthene BBF  CyHp 25232 188 3B NR El: _\
Benzo(k)fluoranthene BWOF  Callp 2232 27 480 96x10" COCH
Benzofa)pyrene B@P  Cally 2232 17 4% 56x10°
Indeno123-cdlpyrene  InP CoHo 20634 182 53 NR  ryey
Dibenzo(a,h)anthracene DbA CpHy 2183 262 535 NR. b?ti’l)j
Benzolg,h,i)perylene BghiP CxMy 27634 273 542 101x107 (%f}

N.R. : Not reported.

_14_



2. 2% 9y

2.1 AN EAH

2 A MY #F F Z2F HAEY PCDDs/DFs, dioxin-like
PCBs % PAHs?| sk £X 54% xAstd dAgt 43 8739 54
HAEE Horety] A% E: dFEA A=A
B AT AR e 20003 109 dAjstded, A& AH AH
stde ol e HEF st Mube] F9o] e AT HY
& AA st

A gl FElHdd 549& nHEste] AR AY AEE 4 2Fe
Ursler, § 23 AN ARE AFGY. B a7 Az AFH
A& Table 49} Fig. 4ol Z+7Zt Vel gich

ro

Table 4. Description of Sampling site in this study

Group Site Description

Estuary Al ~ Ab The mouth of Nakdong river estuary

Offshore Bl ~ B3  Harbor

Mud and sand composition in the geochemical
Open sea 1 Cl ~ CI0 D 1 g mica
component

Mostly sand fraction (over 95%) in the grain

Opensea2 DI ~ D5 .
size

...15_



Open sea

N=5 g
o D2 .
D5 c7
°
o o
° ° ce Cs C4
¢  Openseal @&

N=10

Fig. 4. Map showing the sampling stations from Nakdong River
estuary and the adjacent coastal areas of Korea. A, B, C and
D indicate the characterization of sampling station.
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22 Ao AR R BATE

Z 23749 E% "HYES< 19 AY7] (VanVeen grab sampler)S
ol st AFagod, AR AEe FvE AR AFF vy £
golgal Ao Moz HE3e] AFLZ 712 F A2AA Ad 2
zatgaoh dz9 Agte 293¢, 2Ad 9 £dEES AAT F
oAbt 2 mm AR (seive)E ol &3t @3S AT

o] 3 20 g EHstd £A48& ARE AEIASH, BT AEE
%48 (Soxhlet) F& FAAE o]&3stdq EFFd (Ultra residue analysis,
J.T. Baker) 200 mLZ 16A17F B¢ &4k #5898 A8+ 40T F
£zoM HAAZHEEHIE o] &3td oF 10 mL 2 W7A FFsA Y.
2y A EFE Keeping solventZ A »=Z%-w3  (Ultra residue
analysis, Fluka) 300 p¢L& #7lst & A4E Eo ¥eo EFd @A77
AAE glold dztx FEFEF} F =20-d4F (Ultra residue analysis,
JT. Baker) 10 mLZ &wjd@stict o & 5 mL (10 g 2¥F)<
PCDDs/DFs #4o] Ab&3dge™, 3 mL (6 g #3)F dioxin-like
PCBs, 2 mL (4 g ¥%)E PAHs ¥4 ZZ A&,

_17_



221 tol A7 A

PCDDs/DFs #4 Az AAZ g8 £33 Asd H2EcEd 15
Z(EDF-8999, CIL Inc)& 2 pLE FYsH4 2o §FE
10 mL2 sttt treleal walEd A (Clean-up)g 13+ Fig. 59
bz Ag7a 23 =ZzotEHY (Multi-layer silica gel column
chromatography: 70-230mesh, 54, Merck)€ AH&35 20, 2% + b}
25 (KOH) Ae74 15 g, 4% F4 (S0 A7Hd 2 g, 22% 2
(H,S0,) A#7HA 2 g, 10% BAHS (AgNOy) 29714 6 gg THAYE 5
Az, =5 2dL w2w-siez duAddS & F, &) Ag
A ARE 93 43 $52 §AGEM w2%-H0 3 mly F W
A Be AR 2P 4A7 HEE S

oz weaw-di 125 mLE §&3e HHFTLE V2 10 mb
A =zagh. $EE ARE 60T 24X BAskE dFoY 10 gol
23¢9  Fig. 59 4 2%y 23 A2uatEad9 (Activated alumina
column chromatography: 70-230mesh, #4 % I, Merck)& 53 3tAA
AAsAch JE Gy ARE F33 AR F A WA AN 3%
gEzzdg/e2s-8 70 mL2 £&A7]2 F dd #4eld 50% ©
aoade/c2T-d4 8 mL2 £&84 o 3 F A 2H4M &5
¥ $29g ol HAZY FEVE 55T F AATMAE S H
Ao HF 50 L AL T F 2L AR s

Dioxin-like PCBs? 7%, WRx&E4d 2% (EC-4977, Wellington
Inc)S 3 4L FU3 F PCDDs/DFs AAS 22 ez ve 24
s1A Ze azuEaNE AEsgen o §£E48 HFT FFIHA
wAg A8z kgt (Miyata et al, 1994; Ok et al, 1999). Zt2be}
ppzedo E59 ¥EE Table 538 60 FEFNAT
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-NaSO, anhydrous
-10% AgNO,Silica gel
- Silica gel

-22% H,50,Silica gel
-44% H,S50,Silica gel
- Silica gel

-2% KOH Silica gel
~-Na,SO,anhydrous

- Glass W ool

-N2a,8SO,anhydrous 1 c¢cm

- Activated alumina 10 g

for 24 hours at 600C

-Na,50,anhydrous 1 cm

-Glass wool

Fig. 5 Clean-up column chromatography of PCDDs/DFs and dioxin-like
PCBs. Upper column shows multi-layer silica gel column
chromatography. Lower one is activated alumina column

chromatography.
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Table 5. Mass Labeled compounds of internal standards solution (EDF-8999)

PCDDs PCDFs
2,3,78-TeCDD (“C1,99%) 2,378-TeCDF (C;2,99%)
1,2,37.8-PeCDD (°C12,999%) 1,2378 PeCDF (“C12,99%)
1,2,34,78-HxCDD (*C12,99%) 2,34,78-PeCDF (“C12,99%)
1,2,36,78-HxCDD (“C12,99%) 1,2,34,7,8-HxCDF (*C12,99%)
1,2,34,6,78-HpCDD (“C1,,99%) 1,2,36,78-HxCDF ("C12,99%)
OCDD (“C1,99%) 1,2,3,78,9-HxCDF (“C12,99%)

2346,78-HxCDF (*'C1»,99%)
1,2,34,6,7,8-HpCDF (*C12,9996)
1,2,34,7,89-HpCDF (“*C12,99%)

Table 6. Labeled compound stock solution of Wellington Inc.(EC-4977) adding

to sample

dioxin-like PCBs IUPAC No.

344’ 5-TeCB ("C15,99%) 81

3,3’ 4,4'-TeCB (C12,99%) 77

2,3,3',44"-PeCB (°C15,99%) 105

2,34.4" 5-PeCB {"°C12,99%) 114

2,3’ 44’ 5-PeCB ("*C12,99%) 118

2’ 34,4’ 5-PeCB ("°C12,99%) 123

3,3'4,4' 5-PeCB (*C1,99%) 126

2,33 4,4 5-HeCB (*C12,99%) 156

23,3 4,4' 5’ -HeCB (*C12,992%) 157

23,44’ 55" -HeCB (*'C12,99%) 167

3,3’ 44’ 5,5'~-HeCB (*°C12,99%) 169

233" 44’ 55 -HpCB (“*C12,99%) 189
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2.2.2 PAHs?| RAA¥Y

Mg AAE A8 EHT AEE xB2%-didog 10 ml FME F
600CelA 222 E4std 4FHU 5 gol 19 Fig 62 4 Hsa 2y
AZvtE2# 3] (Activated silica gel column chromatography: 70-230
mesh, ¥4, Merck)& 5#35tA1A AA st}

Ngd §5e A HA 202 w29 94 6 mL, %
10% HE2avd/c2 394 50 mL2 §&A7Hoey, F
ol FAFUFEENT $H% F AANAE WA G 3
LE A& A=z s

T
2 &
M de
o ot
e ro

of
oif
Ao
o
&

il

®”

- Na304 anhydrous

_ Stlica gel 5g
{Activated at 600C for Zhours)

- Na80; anhydrous
- (lass Wool

Fig. 6. Activated silica gel column chromatography for PAHs analysis.
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23 BEXza @ vy

A

231 Gol$AFe] A B gy

el SARE BA3] 918t HP 6800 TEsS sledzneags
(High resolution gas chromatography, HRGC)$} JeolA}2] JMS 700D L&)
47244 (High resolution mass spectroscopy, HRMS)E Alg-3}e] B34
o GelSARe 4 FE5A9) 2709) o] &% o] &¥ MHol27EY (Selected
ion monitoring, SIM) 215} WEFALR, FoIHEA+ (Relative response
factor)E T3] At (F74%, 199).
PCDDs/DFs%} dioxin-like PCBs®} 7171243 3& Table 7o vehiglon,
Aol H|&& Table 8% 9o Z+eh ehyiQith

_22_



0000T =
2.0
2.062
AS (¥
+4
ssapnds
U/ 1 umsy

(ururLg) 0,026«

Uy D, Ge—(UIWG) 3, 065U/ 0),S€
—(umry) 3,0LT<U/D,0g— (W) 3,06

(W g0 x WW gg0 x W (G)

8-LH

S 00LSINI/0D 0689 dH

00001 =
20
J.082

A® 8E
+H
ssapdg

U/ T G WnPH

(Up) O,00E-Uy/ DG «
0,00g«— UL/, 0g«—(UT) 3,061

(T G0 x Wl Zg0 x W (9)
SING-dH

SIN QOOLSINE/DD 0689 IUSTISY

00001 =
2.05¢
2,062
A9 8

+14
ssapdg

U/ T 7T wmigsH

(UIUEZ) D050 « UIU/D, 7
2,002« 1Tt/ 3, 0g«— (W) 2,001

(W Z0 x W Gz x W (9)
1€62-dS

SN d00LSINI/D9D (689 LNy

UOTN{OSIY

S0IN0S Uo[

Joyoefur

A838U7] UoTEZIIC]

9pOTN] UCTIBZIUO]

apojy uooBluf

sBr) JILE)

usAQ)

SIW/29

SIARH/DOHH JO Suonipuod [ejusumnsu] °/, a[ge],

- 23 -



Table 8. Quantitation mass and ratio of molecular in group of PCDDs/DFs

Homologue (native) M (ratio) M+2 (ratio) M+4 {ratio)
TeCDDs 3198965 (77.43)  321.8936 (100.0)
PeCDDs 3538576 (62.06)  355.8546 (100.0)
HxCDDs 3898157 (100.0)  391.8127 (80.66)
HpCDDs 4237766 (1000) 4257377 (9%6.64)
0OCDD 45777377 (88.80)  459.7348 (100.0)
TeCDFs 3039016 (7755)  305.8387 (100.0)
PeCDFs 339.8957 (100.0)  341.8567 (64.57)
HxCDFs 373.8208 (100.0)  375.8178 (80.54)
HpCDFs 4077818 (100.0)  409.7789 (9652)
OCDF 441.7428 (83.89) 4437399 (100.0)
Homologue(labeled)
¥C1p-TeCDDs 331.9368 333.9339
“C12-PeCDDs 365.8978 367.8949
“Ci-HxCDDs 401.8559 403.8530
“Cy2-HpCDDs 435.8169 4378140
¥Ciz-OCDD 4697779 471.7750
¥C1-TeCDFs 3159419 317.9389
“Ci2-PeCDFs 351.9000 353.8970
“C1-HxCDFs 385.8610 387.8580
“Cy2-HpCDFs 419.8220 4218191
“C12-OCDF 4537830 455.7801
Lock
330.9792
PFK
430.9729
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Table 9. Quantitation mass and ratio of molecular in group of dioxin-like

PCBs
Homologue (native) M (ratio) M+2 (ratio) M+4 (ratio)
TeCBs 2809224 (7660)  291.91%4 (100.0)
PeCBs 3238834 (62.06) 3258304 (100.0)  327.8775 (64.52)
HxCBs 3598416 (100.0)  361.8385 (80.65)
HpCBs 393.8025 (100.0)  395.7995 (95.24)
Homologue(labeled)
¥Ci2~TeCBs 301.9626 (76.60) 305.9597 (100.0)
“Cr2-PeCBs 337.9207 (100.0) 3399178 (64.52)
“Ci-HxCBs 371.8817 (100.0)  373.8783 (80.65)
“Ci2-HpCBs 4058428 (100.0)  407.8398 (96.24)
Lock
304.9824
PFK 330.9792
380.9760
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232 PAHs9Y ¥4 2 Wy

2 47 AHEE 77l Z1AZEnEa /A FEA A (GC/MSD,
HP6890/HPS973) 0™, Ee1& A3l Algd EA#ZdyL HP-5MS (30
m x 025 mn x 025 )& AHEstSiTh 16F PAHsol oisk GC/MS #4
%71% Table 109 YePAATH

Table 10. Analytical conditions of GC/MS for PAHs

Item Conditions
GC HP 68%0series
MS HP 5973
Column HP-5MS (30 m x 0.25 mm x 0.25 rm)
Interface temp. 280TC
Injector temp. 250°C
Carrier gas He (1.2 mL/min)
Injection mode Splitless
Purge on time 1 min
Ionization mode El mode
GC oven program 80T (Imin)— 7TC/min—240C (2min)

= 4T/min—280T (14min)
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233 23943F 2 4% #4 3§

ZF A HAEC gl ZFA#EF (ignition loss, IL) ¥ U% (Grain
size) E4E Gk AEAF 2L HAES neor AYE ¥ 2
A AolE o]&aHorH, 4k B2 63 mE JEAE Fo F44
AY, AYAEE oz 3% %8 o489 YA (Mud)H AH2 (Sand)@ 74
shdvt (3] Fe 4, 20000
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3.4% 9 @

2 odpe RE ¥Z HAE ANEdA tel$Asi  (PCDDs/DFs,
dioxin -like PCBs)7t H&HAth. ¥4 & ¥ PCDDs/DFs¢ dioxn-like
PCBs®) & ¥EE 33~1800 pg/g dw, 19599 pg/g dwe HAE
AW, J7F s 2bz 401 pg/g dw, 894 pg/g dw.olth 4709 1
2o AHE BE HHEB Rt o] FAFY F F=E Fig 79
7t 7k e sl

PCDDs/DFs & 7 ¥ % Offshore>Estuary>Open sea 1>Open
sea 2 Zom s 1 % $££& 7tz 84, 772, 282, 75 pg/g
dwelgch $43 ZHS & o9 Estuary® Offshoree Hl5=%
= Fzo|n], ol Open sea® A$-BT} 27 ~ 1088 ¥2 Fiolth
Dioxin-like PCBs® A %ol & Offshore>Estuary>Open sea 1>0Open sea
9 o2 veun, 1 ¥x $FL 47 3859, 895, 430, 39 pe/g dw.
o]gl ¢}, PCDDs/DFs$t+ @@ Offshore] ©H& Group¥ Hln &b uf
0 o ¥x FEoz FAHAL oze g2 Adis 2
Offshoree] dioxin-like PCBs®| WAoo 28 & #ol ¥ e
A2 Aadd

stk @A Aol FAHE Open sea Yollle 2733 Open sea 1
9 204 UERYE sextelE Age % 24l da2r] wEold &
o Th Open sea 25 EABUY [Lo| 16~25%°1H, 95% °14 A2

r$
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2 o|FojA gle ¥kl Open sea 12 ILo] 32~105%c)y, U A3}
Apdo] A o] Fm g)

Open sea 13 20| W3 HAE9 o] S4lFo w9 1L Adn
A B e 2 dig ABAAE Fig. 89 9o e AL

olgp o] F S FHUA HAVIYI 29497 v Hel 2993 Open
sea® A, 1] 2% ®luwas PCDDs/DFs ¥ dioxin-like PCBs% ¥»2
Fe g UdEE RS HAE U9 1L R=075 080 9% =4
(R’=0.82, 0.77)9] ztold] what Yeld A2 wago)

1000
OPCDFs
S 800 HPCDDs
=)
2
pt 600 +
2
T 400
@
Q
[
[«
) “l i
0 - 1
Estuary Offshore Open sea 1 Open sea 2
4000
Rdicxindike PCBs
3000

Goncentration (pg/g)

Estuary Offshore Open sea 1 Open sea 2

Fig. 7. Average of total concentration in sediments for each group.
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y =42.069x — 54.978

500
400 - R® =0.746
L\-II-I
O 300 - .
T._B *
&
o 20 F
[l
100
0 ' -
0 2 4 6 8 10 12 14
(L (%)
a0
= 75.635x — 141.
750 | Y 7526:—35x 141.96
é R? = 0.8886
g 600 -
b}
= 450
<
X 300t
2
150 r
0 ®. :
0 2 4 6 8 10 12 14

Fig. 8. Plot of total dioxins concentration (pg/g d.w.) versus IL (%)

for Open sea samples (included Open sea 1, 2, n=15).
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500 -
y = 8.1606x — 9.9917
400 R® = 0.8195
300
200

PCDDs/DFs

o

y =12.992 ~ 19.73
730 ¢ R® =0.7654 R

dioxin—like PCB«

Fig. 9. Plot of total dioxins concentration (pg/g d.w.) versus Mud (%)

for Open sea samples (included Open sea 1, 2, n=15).
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4782 aFAA AAF BF: HABY dstd DolSAF2) TEQ &
=& Fig. 109 ZZ Jedgich

WHO?| TEFsg &% ¥ HAE % PCDDs/DFs2t dioxin-like
PCBs¢l TEQ %X+ 001~28 pg-TEQ/g dw. 002~28 pg-TEQ/g
dwel ®HE 7FAW, HT FE= 247 42 pg-TEQ/g dw., 1.8
pg-TEQ/g dw2 Fig. 79 Total FE9 FA ¥ A3 Yeharc,

12 -

OPCDFs
3 10 WPCDDs
J
M8
o
a
c 6t
0
i
e 4r
Q
o
5
- E
O I —. Ao
Estuary Offsheore Open sea 1 Open sea 2
14 - - : -
A dioxinike PCBs
B
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Fig. 10. Average of TEQ concentration in sediments for each group.
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24 3% 34 A¥Y PCDDs/DFs$} dioxin-like PCBs®] % > %
TEE Fig. 113 1201 44 Jeh Ak Fig. 11904 Estuarye] 239
A2 A A PCDDs/DFs$} dioxin-like PCBs7} Z+z} 1.800 pg/g d.w.,
297 pg/g dw.o2 thE A3} vwste] 714 A Uelgon of =

HEe) A% 299 FAIH D A-AD Y 29 Mol UL i
gol 4 33 Ao 28 o) WEdel ou JL wx g

S
lo
=

Alg "o
T3 Offshore?] ¢, Bl XAelA PCDDs/DFs ¢ dioxin-like
PCBs7t 442t 1450 pg/g dw., 5168 pg/g dw.23 & AHRc =7

dEen, ol el A W 292 o= 2 Fo Sege wo
A& o] T 3ol A% F50] A3, T FAYNHE A% 2
%A A $9 9FL w3 Qe A Dol Ay A
GRS

olel Watd HAE Fr FE wWE HunddE Hrsn Qe
Hploubec et al. (1993)¢] d Zdas} vlws] 29, PCDDs/DFse] 7
+ Open sea 2 2§F¢ DI~D5A4 (325~160 pg/g dw.)e w7Zdsx
(<200 pg/g dw)FF2E AGT = gov, 7 9 Nde ofzte o
T8 A9 (200~1,000 pg/g dw)R FAT $ Y Aoz FumYr)
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Fig. 11. The Total concentrations of PCDDs/DFs in sediments from
Nakdong River estuary and the adjacent coastal areas, Korea.
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Nakdong River estuary and the adjacent coastal areas, Korea.
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zZb 2% A AHEE PCDDs/DFs% dioxin-like PCBs¢] TEQ %
& & Fig. 13~14¢] z+zk Yeldsith

2% AR TEQ ¥:& RY, Total ¥ & &5 Z3d¢% v f413
Al vebda gl o)l tidle] Estuary® A2 AT Offshored Bl
A4 PCDDs/DFs?t Ztzk 204 pg-TEQ/g dw.et 265 pg-TEQ/g
dwe Fx FEE e, o#d BE FEL  ©X
PCDDs/DFs s ERto 2k Filold A e HAEo T (Safety
sediment value)Sl 20 pg TEQ/g dw.& 2343 & &Y< ¢ F 9
o} 2z, B2 ARGME 9A dioxin-like PCBs7t 284 pg-TEQ/g
dwel ¥% FFO2 20 pg-TEQ/g dwe vh Z23sE 435 vy
WAt

. HT9 Teji et al (200002 HAES o3k tho|RAHE
(PCDDs/DFs, dioxin-like PCBs)2l 54571 o & sldjazss o
Zbeli e 97 A} vlwsl B9, Open sea 13+ 2= 747 031~
3.8 pg-TEQ/g, 0.04~027 pg-TEQ/gZE WMiAETXE (0~49 pg-TEQ/g)
FEYE & T AN

oM ZAHE PCDDs/DFs® FEF%E Table 119 YEwon,
 ArelM ZAME H$E3 st9 R Q12 gy HHES vndE
| Dannenberg et al. (1997)°l <& A8 Western Baltic3l 2} Oder
Ao FE9 53 FES BT

a3y 2 9 UKA Y9 UmBer estuary, 9512 Black Rock®, New
Bedfordgkd, W28t =2¢] Chemieharbour @ St. Laurensharbour, = =¢]
o} 9] Frierfjorden®t $¢  PCDDs/DFs® Total 2 [-TEQ &xo| v
3B 7 A ey F H w7 R FE FES Ve dE AL

% % gk
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Fig. 13. The TEQ concentrations of PCDDs/DFs in sediments from
Nakdong River estuary and the adjacent coastal areas, Korea,
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Fig. 14. The TEQ concentrations of dioxin-like PCBs in sediments from
Nakdong River estuary and the adjacent coastal areas, Korea.
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Table 11. Comparison of PCDDs/DFs concentrarion in sediments with
other countries (modified from Moon et al.(2001))

Concentration
(pg/g dry weight)
Locations References
PCDDs PCDFs
Nakd Ri tu, d th
wedong Tuver estuary and the o ) 000 1~850 this study (2002)

adjacent coastal areas, Korea
Southeastern coast of Korea 35~1,012 39~1,668 Moon et al. (2001}
Western Baltic Sea and 92602 9491 "
Oder River Est. System ’ ) Dannenberg et al. (1997)
Umber Estuary, UK 1915~-2,777 738~1,054 Tyler and Millward (1996)

Black Rock Harbour,

. 18,226~19,946 4,367 ~4,608 lNorW d et al. (1989)
Bridgeport, CT, USA ot e

New Bedford Harbour,

MA, USA 1,707 ~7 564 258 ~7543 Norwood et al. {1989)
Chemieharhour,
2484~5752 39,123 ~89,39% Evers et al. (1989)
Netherlands

St. Laurensharbour,
3,670~31,994 3,065~19,956 Evers et al. (1989)
Netherlands

Frierfjorden, Norway 30,550~70,870  274,900~401,200  Oheme et al. {1989}
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32 tpo] S AF BE =

H5d 7 AT d9 B H3¥E F PCDDs/DFs 2 dioxin-like
PCBsg # dE A7) 98- PCDDs/DFse]  £E4)
(Homologue) R 2378-21% o] 4AA (2378-substituted isomer),
dioxin-like PCBs®] o] Ale] izt Zznde vmsigeny, 1 Axs
Fig. 15~17° e},

Estuary?l A%, @422 AA ¥% £ OCDDY %7} 39% = A
I B BXE RSov, PCDDsVF A4 559 56%E a3t 3
o2 uveEitch 2378-X3 olAdAAY A 2,3,4,78-PeCDF FX7}
A4 TEQ ¥% % 3B%EAM 714 2o 2y HEow, PCDDs %9
M= 1,2378-PeCDD7L 743 & ¥ XE Rolu, 1 9 PCDDs ©] 44|
o EEXE fA ARE Yehgg

Offshore®] Z-, OCDD® ¥%7} 20%, TeCDFe] %7} 18%% 7474
Be PEE BolM, d§o2= PeCDF, HxCDFZ 77} 13%, 19%E
YehAsio. @, Estuary b= 2@, PCDFs®) 2 X7 A9 56%2 v
Ehie], PCDDsoAl M= Aol ndste 242 55 2251 2718
 91om, PCDFs®] A5+ A@slols ngss 242 gasts 4%
2 UeEhigth ®3 TEQ % 2xX5 A9y 2,34,7.8,-PeCDF2] %
E7F AA TEQ 59 36%Z AL 9209, Estuaryst SAS 58l
S vEhIS.

Open sea 19 29 A4 OCDDY %7} 22t 47%, 37%2 1% &
€ FEE AEta giglen), PCODsYt A wx9 65%, 57%2 #AX
g e AFAE Jehldch olel tiEld TEQ Hx B¥E Ry
23478, PeCDF9 ¥%7F AA) TEQ 5% £ 35%, 29%% A2 8= A

A
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Fig. 15. Profile homologue of PCDDs/DFs in sediments for each group.
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33 PAHsY 5%

E dFe BF HAE 5 28549 163 PAHs (EPA 61008 HH &5
=% Fig. 184 Jepdigit. 2 A7 A9 HAE] digh PAHsY &
FEE 21~109 ng/g dw.g] FE FF HHYE Yo, A 3
o ¥5E 428 ng/g dw.99}. Open sea 2 ¥=% 7.1 ng/g dw.E 7}
w2 A Yo|n Estuary, Offshore , Open sea 1< z}z} HT 55.9,
585, 493 ng/g dw.2Z u5:3 ¥ FFOZ2A, o= Open sea 2%
B3 E 6.9~82u ®& FTE FE ARE e

o
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Fig. 18. Average of PAHs total concentration in sediments for each group.

olg13t HAHEWY PAHs ¥% £EFE F= #/1%F 747 d= &
Xl #He]l L ALE RIHID e Ao MY F gdn

{Guinan et al., 2001).
Open sea2y™ HAEWe ILo] 1.6~25%°]H, 95% ol AAERE ol F
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olgk o], F 29 471U 2997 4 da do|x Open
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Fig. 19. Plot of total PAHs concentration versus IL (A), vs. Mud (B)
for Open sea samples (included Open sea 1, 2, n=15).
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olo] didty HAE Fx FFd = slemedsE #Asstn g
Hploubec et al. (1993)9] A A} vlws) v B AF o4 g2
H282 PAHs 29 &2 A4 C2 A4S 38 (108 ng/g dw.),
e A tdte] MAFE (<100 ng/g dw)FEOZ Brhe 4 9=

Z0 9 9|7e) WE HA% % PAHs 5% %L Table 126] v
ato] LR ST

£ d79 PAHs?| T% FF& Table 1264 & 4 gl A3 go)
el A7l (B 120 ng/g dw)d viakwk (B 353 ng/g dow.)el
Hrh= tha vrom u]i ol Chesapeake® (ME8): 19854, HA 52
ng/g dw)el FE F&F b3 A3E g 2 99 2H e,
Ay vl 9 B HAR 55 $£FERT 99 9$e 530 Aow
o A

webd. Sl R e 5% HA4% 9 PAHs ¥ % &7 vmst
of B oo & dAFdA A" GEF 7Y 2 o2 g PAHs

FRE AR Ue £2Ue ¢ 5 st

O),Il
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Table 12. Total PAHs concentration (ng/g d.w.) in sediments from
various sites in the world

Nakdong estuary and adjacent coast, Korea 21 ~ 100 This study

Nerthwest Mediterranean Sea, Spain 13.4 ~ 16,700 Eljarrat et al. (2001)
Western Mediterranean Sea, Spain 1 ~ 20,000 Baumard et al. (1998)
Beaufort Sea (Arctic) 0.3 ~ 1,200 Yunker et al. (19965)
Southeastern Coastal, Korea 38 ~ 2,400 Moon et al. (2000)
Kvenoggi Bay, Korea 91 ~1,400 Kim et al. (1999)
Masan Bay, Korea 415 ~1,100 Khim et al. (1999)
Northwestern Black Sea 52.6 ~269 Maldonado et al. (1999)
Chesapeake Bay, USA 056 ~ 180 Forster et al. (1983)
Kitimat Harbour, Canada 310 ~ 528000 Simpson et al. (1996)
Penchscot Bay, USA 290 ~ 8800 Johnson et al. (1985)
San Diego Bay, USA 80 ~ 20,000 Anderson et al. (1996)
San Francisco Bay, USA 2,663 ~ 27,680 Pereira et al. (1996)

HAEE o8 87 nAl egud g S4 HAS Fo 9o,
PAHs®| 7]dix 7 AFo] B3 PAHs EA4 57144 (TEFR)7 o)
A 87 "id, £ AFME F¥d BRu® Aoz 2378 TeCDDS
#& AAHES s PAHsY TEFE ¥43te TEQE A&, =
dold Bid Zzbe] TEF < Table 139 Ut ed, o gES
A& TEQeans <9 TEQecopyprs, TEQrcs 55E 18WE Table
140l vFEp S},
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2 @7 A3l §le] PAHsol did 54 #7b A HAEe ARE B
H, B TEQeans %7 37, 234, 46 ng-TEQ/g dw.2 TEF kel u}

T Aolzk AA A, EE FFels PAHs9 =4 A FE
7t FERAY FE 2 FF (TEQpans)®l Tl 24F (TEQrcopsinrs
+ TEQees) B0 =4 veuta 52 & 5 AUk oo die
Kannan et al. (2000)3} Eljarrat et al. (2001)2] ¢ ZA¥et A=x35H,
HAEE o] & &7 viAle ed=el d 54 Bt le] PAHs
ToAE AT = e Aoz v

ek, A HHEs 54 Wrh= PCDDs/DFs ¥ % ojue}
dioxin-like PCBs, PAHs T %3 =4 33dE& st Falf712
HE4 (Hazard organic matter, HOM or Polycyclic organic matter,

POM)®) FAH H7h7} ol Fojriol ¥ oz wuw)
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Table 13. TEF values proposed in the literature

Benzo(a)anthracene : B(a)A 0.000025 0.00001 0.000027

Chrysene : Chr 0.0002 0.01 -
Benzo(b)luoranthene : B(b)F 0.00253 - 0.00038
Benzo(k)fluoranthene : B(k)F 0.00478 0.05 0.00029
Benzo(a)pyrene : B(a)P 0.0003%4 0.00001 0.0003
Indeno(1,2,3~cd)pvrene : InP 0.001 - 0.000086
Dibenzo(ah)anthracene : DbA 0.00203 005 0.000078
Anthracene : AnT - 0.0001 -

Table 14. TEQpans values obtained applying the different TEF values
proposed in the literature, TEQpcopsmrs and TEQpcas values

Estuary 44 248 56 1.7 0.71
Offshore 29 406 70 12 11
Open seal 42 266 5.3 2.2 0.31
Open sea2 3.2 18 0.36 0.88 0.03
Average 37 235 4.6 55 3.1

1) TEFs from Willett et al. (1997), 2) TEFs from Clemons et al. (1998)
3) TEFs from Klimm et al. (1999), 4) TEFs from WHO (1997).
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Fig. 20. Relative ratio of compound for each group.
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Fig. 21. Triangular diagram of the PAH proportions in sediments
from the studied areas.
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35 PAHs9 7149 (Origin) 3

HAE F9 PAHsY W@ Z1d& F457] AT H2W & A8 F
9Inon-alkylated PAHso| ™3 alkylated PAHs9] & u] &9 Ayl
o™, o] 9 Phenanthrene/Anthracene (PhA/AnT), Fluoranthene/Pyrene
(FluA/Pyr), Pyrene/Benzo(a)anthracene (Pyr/B(a)A) 59 31348 = d)&
Hh ol Hgo] o] Fo)X 1L 9t} (Macias-zamora et al., 2002).

ol g H7F ¥Rl Sl A2 €43 A4 7Y (Pyrolytic origin)¥ 4
+ #H 7] (Petrogenic origin)g& Fd3:= W o3 PhA/AnT o}
FluA/Pyre]l B3 XEZ A4 Cross - plot2 o] &3l Wi E AoE g}
(Budzinski et al.,, 1997; Baumard et al., 1999).

97 U ASY 5F HAZCAd dig J19E& oty 9
PhA/AnTS} FluA/Pyr 2]8t Plot& Fig. 22 Jep Aot

Open sea 22 A3t PhA/AnT<10, FluA/Pyr>1¢ oz A4 714
< et W9, Estuary, Offshore, Open sea 1 A% diiE
PhA/AnT<10, FluA/Pyr<i®] gha dehlie] 45 #d 7193 d42 2l
g A4 7idel FF AT 71947t T4 HEYE dEE & F UA
o}, 3tA %, Open sea 29 3% HAEQ ZAo] ApdR o] Fofz] o]
T HRZE WA g FEelH, FetFe el WE profiled)
TAHNA old A& vEtio] ofdl thE Open seadl 714 &
AA el Eag Aow dddT

Gshwend and Hites (19812l <15 A3}& PhA/AnTS v &ol 4=
T w2 AL A9 9% (Urban influence)o. & Awdtn gton| oF
30 Ar BEL A9 9ol AL AY (remote location)ol df 34

delude 232 498 § de A2 BaHa gith
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o A7 722 AT HF 7197 FHe FYAFelNY A4LHA 2
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Fig. 22. Plot for the ratio FluA/Pyr versus PhA/AnT in sediment.
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4. A&

E dFedes 957 3799 9 9o 55 HAE F o]kl
7 (PCDDs/DFs, dioxin-like PCBs)9} o} akFetst4=4 (PAHs)Y =&
o ¥ EAL ZAR e oS3 2o

. 2 9479 EE 83 HHE § Hoi54d79 F =9 TEQ 5

= Z}Z} 28~6618 pg/g dw., 0.04~34 pg-TEQ/g dw.o] HYE 7}
AW, B F=v 44 1,295 pg/g dw, 6 pg-TEQ/g dw.2& 9=
o] A59 vudd ta v g FFoE JeERSY.

2. 9357 37y 2 A 99 EF HAEN dl$ PCDDs/DFs

°] profile M E& FAF A3, AANFHOZ PCP, CNP o] &89 A
A HAoE vEd HE} FAS AR =,

=% 43tz A g £2§%

3.2 d+e & §3EY 165 PAHsY F -+ 21~109 ng/g
dw. W98 /M, BT FE= 43 ng/g dw.2 2AHY e, e
Ao nmEd G g BE 22 Jehid
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4 2 A+ ZF HAE9 PAHsY 71¥& 247 918 FluA/Pt
PhA/AnT &3 v&S o83 ZAa F2 71492 A9ty A4

do
i
ku

D AHH 19 FRe] FlAAAM AxAF R ASA, vt
AR G FOE A% 47 dx 7o) BAd V19 gle Aem
dehE

A8%e o 5 Ak

6. 2 A7 i EF HAZS W3 TEQecoosorst 0.04~34 pg/g
dw.ol W2 el 3xX4& ALdstd A3} HAES Fk (Safe
sediment value) 20pg TEQ/g dw. ©l3t8] F % F£Fo)Aq, sidA
3t HAEe A #Hre PCDDs/DFs ¥ % eolyzh dioxin-like
PCBs, PAHs & 993 54 3#dEE Xdsld Faar1e9E4
(HOM or POM)2] &A= #7172} o] Fojxof & Aoz fAdtdn
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