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Trace Organic Compounds Distribution of the Sedimet Core

in the Youngil-Bay

In-Ho Kim

Interdisciplinary Program of Earth Environmental Engineering, Graduate School,

Pukyong National University Busan 608-737, Korea

Abstract

This study examines PCDD/DFs and DLPCBs in sediments and sediment
cores from Young-il--bay. Polychlorinated dibenzo-p-dioxins (PCDDs), poly-
chlorinated dibenzofurans (PCDFs), and dioxin-like polychlorinated biphenyls
(DLPCBS) including 17 of 2,3,7,8-substituted PCDD/Fs and 12 of DL-PCBs in
sediments and sediment cores in Young-il bay were investigated to figure out
distribution and historical trends of contaminants.

Concentration of 15 sediment samples of PCDD/Fs in Young-il bay ranged
from 0.11 to 7.69 pg TEQ/Nm3. Homologue profile of sediment samples show
that the pollutants discharged from thermal process industries locating around
Young-il bay influenced on the contamination in Young-il bay. Sediment core

samples were carried out chronological analysis to examine trend of con-

= viii -



tamination of PCDD/DFs and DLPCBs. Concentration of sediment core sam-
ples in st. A and st. B were 0.0001-19.47 pg-TEQ/g, 0.04-7.61 pg-TEQ/Q,
respectively. The concentration of both of those sampling stations decreased af-
ter 1990s. For sediment core samples from st. A and st. B, the possible reason
was reduction of inflow from atmospheric deposition. For this reason, the re-
sults show that environmental contribution by therma process industries to

Young-il bay declines after 1990s.

key words : PCDDs, PCDFs, DLPCBs, Sediment, Sediment core

_ix_



1. A&
11 A7 2 54
FeEuehe] Aot@gE ek At R §4719le] QPR Qske] £k
A% BB WMol Akl Wk FAsta ik 53] S
o

A3 e A

pollutants, POPs)ol2} & <4 9it}. POPs+ 4ol U= Haf# &
e HEe oYy FA A R FAH o] A7kt A AN AT FFS
7 A= EAolr}. tho] 24l (Polychlorinated dibenzo-p-dioxins, PCDDs)
2@ F 2 (Polychlorinated: dibenzofurans, PCDFs), Dioxin-Like PCBs
(Dioxin Like Polychlorinated biphenyls, DLPCBs)= A4 olw 37 W
ol gl sk HFE g IskE FA] Fslo] BEA AW
=40 e =& AAAL 7R 2 Ytk (Burgess et al, 1996).

POPsE# ¥ 53] o] $41F (PCDD/DFs, DLPCBs : ©]3} tho] &4l
gt Ao T LAY T st 2] 24AE R olye, o
T 94, sk w717k, AR AR Y] d A F A, 1,35-tric
hloro—2-(4-nitrophenoxy) benzene (CNP) - HE}ZF E 2 ¥ = (Pentachloro
phenol, PCP) &9 f7194stgdE9 Az 22 245 AdeAodA 44
Hol 37 Foz wjEH o Ao & A dtt (Young et al, 1983, Fiedl
er 1996).

oje} o] Thfe TAYOoRRE HlEHIX POPst W7ol Al
ARAA 5 - A2 AAel s EF B fFHEol Y AT oA

el +UE POPs= AHER sjA] HASE ol FA Aot A 44



Al o

[e]
29

(0]
-

ol elal 2 A eje] elabH POPse]

=
i

~

i
Nro
TR
of
o}

i)
o

O
il
=2

H
RUS

ol
Y

54 =¢ PCDD/DFs¢| 5%

}?)]F

=z
T

44

%= T3 A5 2 A}

WA F7

o %% 3

=
=

8ok ol g} o
t} (Seike et al., 2001).

g 2

A=
=l oll A

ol

)

-

Aol

Ay

HAL @7 5 3 = A0 QLA R,

o

Hyay E l
>y EA4 4

5E

=59 PCDD/DFs9

R
L

AACEES R

il

Ok et al. (1999) 3 Moon et al. (2001)°] &l =

)

]

O

stel g

P 4

]

Y 79E T3

|

A4 ol o

ol

£

| ol ok

)

i 4 7

el

vzl

A

1}

3|
Al

g3l oja)

il

AR

ol
o}

o
o

U
)
pajal

of

—_
"o

dAA =2 712

e
il
)AO

‘BH

o

o
-
i
o

NI

715 of

A ofe e A4t

o

=9

o
=



=)

e Aoz T oY WA shed Atavt T o) Add tho] Sl Al gt
% (Polychlorinated dibenzo-p-dioxins, PCDDs)¥} AtA47} st} AAH

@4 3135 (Polychlorinated dibenzofurans, PCDFs)& %3 3le] At

:(u

Ao tho] &4l (PCDD/DFs)ehal #d st

Tol &A= 7 7he] WA gt Fa7F daz A gd Jha B Ao whe}
PCDDs+ 75719 o] A, PCDFs+ 135719 o] A7} &A)sted PCDD/DF
s & 210709 o] AlE 74y, 53] PCDD/DFs9| oAl TolA%= A&
of thak EAadgo] ek 1729 23,7,8-% 3 o] A (2,3,78-substituted ¢
ongener)7} £, olE F 7HE Aol 4d A0)-2,378-TCDDo|t}.
PCDD/DFs+ 5% A8E& &
D A7 Ao} T 5ol A% ASE &4 A Slth (US EPA, 1985; S
afe et al., 1990; Mocarelli et al., 1996).

tho] &4lfrol = PCDD/DFs # ®F ofyel oje} fAlet SAx AJE35H4
9 %< 7FA = DLPCBs7F 235 =4, ol 209% ¢ PCBolgAl FolA +

(]

el WA gtol 5D Hol A& 1458 PCBs ©|AAE 9v]siH, WHO

(1997)= ©] TolA S 7HA = 1259 o] FAE FrolSAlfFz AA st

PCDD/DFs9] &2 - 8842 54 & Table 17 20 Yehdlod, 54
S A= 1759 2,3,7,8-213 o]A A (2,3,7,8-substituted congener)$} =
AL 1A= 12%9 DLPCBs oA A9 +%E Fig. 29 30 el
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PCDDs PCDFs PCBs

Fig. 1. Structures of PCDD/DFs, PCBs and numbering system

1.3 GolSAF 54

o] Al FE Ui’ B eAEHETRE YEA AXU Y ¢4AY 2%
ot FEHE AEd oF, v =4S de7E Witvlad=2 (Endocri
ne disruptor chemicals, EDCs) & 54 o4 st o= defA 9o,
A G o] Atel ¥ o] SAI{RE HRTE AL FUjedEE (P
ersistent organic pollutants, POPs)o] ZX|F =421 S HFHE e
v Aoz d#A Ak (Willis;»2000).

thol 41 7= oAl

Tdd A A T, 99EdSs 7 2 dol T ol 9l

o] NTP (National toxicology-program)ell Ai=-1ekoll glo] < dFo] gl
% (No observed adverse effect level, NOAEL)2 2 1 ng/kg/day$t
A HA 54 F(Lowest observed adverse effect level, LOAEL)2.2 1.4 n
g/kg/day= At k. WHOOA = A7He] ddiF 8% (Tolerable

daily intake, TDI)2. 2 1~4 pg-TEQ/kg/day® Al¢tata it}



Tablel 1.

Someric distribution of PCDD/DFs (citedfrom Rappe, 1978)

PCDDs PCDFs

No. Molecular  Molecula No. of Molecular  Molecular No. of
of Cl Homologe Formula  r weight Isomer Homologe Formula weight  Isomer
1 MCDD CuHCO. 218 2 | MCDF CuHCIO 202 4
2 DCDD CpHiClhO, 252 10 | DCDF  CuHiChO 236 16
3 TICDD CuHiChO: 286 14 | TrCDF ColiCLO 270 28
4 TeCDD CuHCLO: 320 22 | TeCDF CoHLCLO 304 38
5 PeCDD CifliCliO; 354 14 | PeCDF-Cpf,CLO 338 28
6 HxCDD CpHClOs 388 10 | HxCDF ColiCLO - 372 16
7 HpCDD CuHCLO, 422 2 |HpCDF CuHCLO - 406 4
8 OCDD CuClO, #1456 1 | OCDE CuCkO 440 1

MCDD ~ OCDD 7 MCDF ~ OCDF 135

Table 2. Physical and chemical properties of PCDD/Bs

(modified from Mackay et al., 1992)

Items PCDDs PCDFs
Melting Point 89 ~ 322 184 ~ 258
Boiling Point 284 ~ 510 375 ~ b37

Vapor Pressure (Pa) 1.1x10"° ~ 0017 | 5x10" ~ 39x10"
Solubility (mg/m”) 74x10° ~ 417 1.16x10° ~ 145
Log Kow 43 ~ 8.2 54 ~ 80

Half Life in Air

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

2 days ~ 3 weeks
2 days ~ 8 months

2 months ~ 6 years

8 months ~ 6 years

1 ~ 3 weeks
3 weeks ~ 8 months
8 months ~ 6 years

2 ~ 6 years
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Fig. 2. Molecular structures of toxic 2,3,7,8-substitutedPCDD/DFs
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& 12 9 (Activated alumina column chromatography:70-230mesh, &
4% 1, nMerck) & FHAIA AA A

dFu} Ay A2ufEay s B398 Algs A 28 (st fraction)ol A
3% CH:Cly/n-Hexane 70mL = A7l 7 HA ¥ (2nd fraction)ol
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N 15 mm

Anhydrous Na, 80 ,
10% AgNO ;  -silica gel

Silica gel

300 mm 22% H,80 4—silica gel
44% H,;80 4—silica gel
Silica gel
2% KOH -silica gel
Silica gel

Fig. 5. Multi-layer silica-gel column chromatogragy for PCDD/DFs,
DLPCBs analysis.

A
u— 12 mm

>

Anhydrous Na,SO,

250 mm ) )
Activated alumina 10 g

Anhydrous Na,SO,

Fig. 6. Activated alumina column chromatography for PCDD/DFs
analysis.
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2.2 7171 &4

A 559 A4S AAL ¢ F #4E ARES HP-6890 &35 7}
23 =2uE 2189 (High Resolution gas chromatography, HRGC: Huwle
tt Packard, USA)2} JMS 700D &35 2 =& A(High resolution ma
ss spectrometer HRMS: Jeol, Japan)& Al&3le] ¥439th. PCDD/DF
s Z} F=A9 2709 o]&& o] &3 MEH o] = (Selected ion mo
nitoring, SIM)el| ¢|&] A5t on, AznEade] 93 HAoZHE
7he WEEEEZY A Als T PCDD/DFs9te] duluk3-7 = (Relative
response factor, RRF)E T38to] 4 %33

PCDD/DFs¢ DLPCBs®] 410 A8 WiFs 45 Table 3% Table
4 o YeRNaL, 7]7]8 A 24L& Table 59 Table 6°] YEF=HSI)

Table 3. Mass labeled compounds of intemal standds solution (EDF-8999)

PCDDs PCDFs
2.37.8-TeCDD. (*C15,99%) 2.378 TeCDE ("C15,99%)
1,2,37,8-PeCDD (*C15,99%) 1,2.3,7,8-PeCDF (*C15,99%)
1,234,78-HxCDD (*C1,,99%) 234,78 PeCDF (**C15,99%)
1,2.3.6,7.8-HxCDD (**C15,99%) 1,2.3.478-HxCDF (**C15,99%)
1,.23.4,6,7.8-HpCDD (¥C15,99%) 1,2.3,6,7.8-HxCDF (**C15,99%)
OCDD (*C15,99%) 1,2,3789-HxCDF (*C15,99%)

234,678 HxCDF (*C15,99%)
1,.23.4,6,7.8-HpCDF (¥C15,99%)
1,2,34789-HpCDF (*C15,99%)

_12_



Table 4. Mass labeled compounds of intemal standds solution (68A-LCS)

DLPCBs IUPAC No.
3,344 -TeCB (**C12,99%) 77
3,4,4' 5-TeCB (*C12,99%) 81
2,33' 4,4'-PeCB (*°C12,99%) 105
2,34,4' 5-PeCB (°C15,99%) 114
2,3".4,4' 5-PeCB (**C12,99%) 118
2'34,4" 5-PeCB (**C12,99%) 123
3,3',4,4' 5-PeCB (C12,99%) 126
2,3,3',4,4' 5-HxCB (**C12,99%) 156
2,3,3',4,4' 5'-HXCB ("C12,99%) 157
2,3'44' 55'-HxCB ("013,99%) 167
3,3, 4,4’ 5,5 ~HxCB (*C12,99%) 169
2,3,3',4,4' 55 -HpCB (*C12,99%) 189

Table 5. Instrumental conditions of HRGC/HRMS for PCDD/DFs

Items 4-6 PCDDs/DFs 7-8 PCDDs/DFs
GC/MS HP6890 GC/JMS700D MS [HP6890 GC/JMS700D MS
SP=2331 DB-5MS
Column (60 mx0.25' mmx0.2 )" (30 mx0.25 mmx0.25 m)
100°C (1 150C (1
Oven min)—20C/min—200TC min)—10C/min—250C

Carrier gas
Injection

—2C/min—250C (29 min)
Helium 1.2 mL/min

Splitless
mode
Ionization EL+
mode
Ionization 38 oV
energy
Injector temp. 250C
Ion Source 950C
temp.
Resolution >10,000

—5C/min—300C (4 min)
Helium 1.2 mL/min

Splitless
EI+

38 eV

280C

280C
=>10,000
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Table 6. Instrumental conditions of HRGC/HRMS for DLPCBs

Items DILPCBs
GC/MS HP 6890 GC/JMS700 MS
HT-8
Column (50 mx0.22 mmx0.25 /m)
90°C (1 min)—207C/min—170°C (4 min)
Oven 35T /min—290C (5 min)—5C/min—320C (0.71

Carrier gas

Injection mode
Ionization mode
Ionization energy

Injector temp.
Ion Source temp.

Resolution

min)
Helium 1 mL/min

Splitless

EI+

40eV

290C

270°C
>10,000

_14_
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Table 7. Results of chronological analysis of sediemt cores from st. A

Point depth  *Pb concenration Sedimentaion — perigg
(cm) (dpm/g) (cmiyr (yn)

st Al 02 8.46 2005
st A-2 2.4 8.01 114 2003
st A3 46 7.89 180 2002
st A-4 68 7.65 187 2001
st A5 8-10 764 2.46 2000
st A6 10-12 7.12 181 1999
st A7 12-14 8.10 8.55 1999
st A8 14-16 5.62 1.07 1097
st A9 16-18 5.38 1.10 1995
st A-10 18-20 6.34 195 1994
st A-11 20-22 7.10 357 1094
st A-12 22.24 5.16 1.39 1992
st A-13 24.26 6.39 2.66 1991
st A-14 26.28 434 121 1990
st A-15 28-30 388 112 1988
st A-16 30-32 334 101 1986
st A-17 3234 429 1.47 1985
st A-18 34-36 326 111 1083
st A-19 36-38 3.18 115 1081
st A-20 38.40 3.08 117 1979
st A-21 40-42 253 103 1977
st A-22 42-44 2.29 1.00 1975
st A-23 44-46 239 1.00 1074
st A-24 46-48 2.30 110 1072
st A-25 48-50 257 1.26 1970
st A-26 50-52 231 1.20 1969
st A-27 52-54 215 1.19 1067
st A-28 54-56 162 1.02 1965
st A-29 56-58 1.70 100 1963
st A-30 58-60 197 1.24 1061
st A-31 60-62 192 1.26 1960
st A-32 62-64 219 143 1950
st A-33 64-66 146 114 1057
st A-34 66-68 150 119 1955
st A-35 68-70 1.70 132 1954
st A-36 7072 157 1.30 1952
st A-37 7274 159 134 1051
st A-38 74-76 153 135 1049
st A-39 76-78 1.40 132 1948
st A-40 78-80 103 116 1046
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Table 8. Results of chronological analysis of sediemt cores from st. B.

Point depth  **Pb concenration sec\;/hg;ggitatmn period
(cm) (dpm/g) (cm/yr (yn

st B-1 0-2 4.00 : 2005
st B-2 24 3.37 1.23 2003
st B-3 46 331 0.66 2000
st. B-4 68 3.76 3.06 2000
st B-5 8-10 347 1.76 1999
st B-6 10-12 3.05 1.15 1997
st. B-7 12-14 342 2.40 1996
st B-8 14-16 3.50 3.25 1995
st. B-9 16-18 252 1.08 1993
st B-10 18-20 352 4.42 1993
st. B-11 20-22 3.05 2.30 1992
st. B-12 22-24 244 1.38 1991
st. B-13 24-26 1.95 1.04 1989
st. B-14 26-28 2,55 1.80 1988
st. B-15 28-30 1.28 0.76 1985
st. B-16 30-32 117 0.76 1982
st. B-17 32:34 1.28 0.88 1980
st. B-18 34-36 111 0.83 1978
st. B-19 36-38 2,08 171 1977
st. B-20 38-40 147 1.19 1975
st. B-21 40-42 1.30 111 1973
st. B-22 42-44 0.96 0.92 1971
st. B-23 44-46 116 7 1969
st. B-24 46-48 112 113 1967
st. B-25 48-50 0.98 1.07 1965
st. B-26 50-52 0.69 0.89 1963
st. B-27 52-54 0.58 0.84 1961
st B-28 54-56 0.61 0.90 1959
st. B-29 56-58 0.76 1.05 1957
st. B-30 58-60 1.02 1.33 1955
st B-31 60-62 0.44 0.85 1953
st. B-32 62-64 0.87 1.27 1951
st. B-33 64-66 118 1.63 1950
st. B-34 66-68 1.10 1.59 1949
st. B-35 68-70 1.23 1.80 1948
st. B-36 70-72 118 1.79 1947
st. B-37 72-74 115 1.80 1945
st. B-38 74-76 1.09 1.78 1944
st. B-39 76-78 1.28 2.08 1943
st. B-40 78-80 0.72 1.42 1942
st. B-41 80-82 0.60 131 1940
st. B-42 82-84 052 1.26 1939
st. B-43 84-86 061 1.40 1937
st. B-44 86-88 0.78 164 1936
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