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Vertical Distribution of Persistent Organic Pollutant in Core Sediments
from Upo Wetland

Boo Min Ho*" / Lee Chan Won** / Lee Sang Chun** / Kim Jong Guk**** / Jeon Hong Pyo*****
/ Kim Ki Ho****** | Choi Kyung Hee****** [ Yun Jun Hun®***** [ Jeong Mi Jung*********

Abstract : The vertical distribution of dioxins and hexachlorobenzene(HCB) in a sediment core was investigated to
elucidate historical trends of dioxins and HCB deposited into Upo wetland. The total concentration of dioxin ranged
from 8.7 to 66.27 pg/g-dw in Upo sediments deposited, and from 17.64 to 97.03 pg/g-dw in Mokpo. Dioxin fluxes
increased from the first-1990s and then reached a maximum in the mid-1990s. The major source of dioxin by
comparing the congeners pattern was pentachlorophenol(PCP) used of agrochemicals. The HCB concentration in most
of samples was detected below the MDL(Method Detection Limit of 0.5ng/g), except a few samples.
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Table 1. Sampling sites and geographical position
) Geographical position sample length
Site - - Remark
latitude longitude (cm)
S1(n=20 fraction) 35° 32" 147 128° 24" 307 70 Upo
S2(n=20 fraction) 35° 32" 49" 128° 24" 39" 80 Mokpo
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Table 2. HRGC/HRMS conditions for PCDD/DFs and HCB analysis

Items Dioxin and Furan HCB
Instrument HP 6890N HP 6890N
Injection Splitless Splitless
Injector Temp. 270C 270C
GC Carrier gas He He
o diti 120°C(1min)—20C/min—220C 80C(1min)—10C/min—200C
ver condion (20min)—5C/min—300°C(18min) — 30°C/min—280°C(4.33min)
Column DB-5MS, 60m><0.32mm ID>0.25/m DB-5MS, 30mX0.25mm ID>0.25/m
Instrument JMS-800D(Jeol co., Ltd) JMS-800D(Jeol co., Ltd)
Tonization type EI positive, 38eV EI positive, 70eV
MS Jonization current Trap Current 600z A Trap Current 300zA
Ton source temp. 270C 270C
Resolution >10,000(5% Valley) >10,000(5% Valley)
Labelled HCB 1&(CIL, CLM-351)& F%3k% of HFAIALe] (0 ZFHAHS)E o] 83t
9. FER ARt 02729 @omm o T Aoz AT
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Sigma, P5958, 3AF : Merck, K35393331, MDL = x + 1.943's
AgNOsH7F A8)7H4 @ Wako 197-11611, ¥
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Table 3. Physio—chemical properties of sediments in the Upo wetland
Sit o Temp. D50 Average particle | water content TOC ORP L
8 P () (m) size(um) %) (%) (mV) %)
S1 | (n=20) 5.9 14.6 4.1 7.2 53.4 1.5 -9.8 9.7
S2 | (n=21) 5.5 14.9 4.9 11.2 51.1 14 -84.4 10.7
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Fig. 2. Relationship between dioxin concentration and TOC
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Table 4. Method Detection Limit of PCDD/DFs and HCB (pg/a)

Isomer MDL Isomer MDL
2378-T4CDD 0.01 2,3,4,7,8-PeCDF 1.5
12378-P5CDD 0.5 1,2,3,4,7,8-HxCDF 1.5
123478-H6CDD 0.1 1,2,3,7,8,9-HxCDF 1.0
123678-H6CDD 0.2 1,2,3,6,7,8-HxCDF 0.1
123789-H6CDD 0.3 2,3,4,6,7,8-HxCDF 0.3
1234678-H7CDD 0.5 1,2,3,4,6,7,8-HpCDF 1.0
12346789-08CDD 1.5 1,2,3,4,7,8,9-HpCDF 0.2
2,3,7,8-TeCDF 2.0 12346789-08CDD 1.0
1,2,3,7,8-PeCDF 1.0 Hexachorobenzene 500
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Table 5. HCB and PCDD/DFs concentrations according to depth in the sediment core from Upo
wetland
.. Avg.
Fractions Depth Year HCB t-PCDD/DFs Dioxin TOC particle D50 | IL
(cm) (ng/g—dw) (pg/g—dw) (pg-ITEQ/g-dw) (%) . (m) | (%)
size (um)
S1-1 3.5 2005 0.33 39.085 1.271 2.8 15.3 6.2 | 13.2
S1-2 7 2003 0.33 42.592 1.318 3.1 9.0 4.8 | 12.3
S1-3 10.5 2001 1.21 41.699 1.549 2.6 8.8 4.3 | 13.7
S1-4 14 2000 0.34 45.678 1.515 2.5 10.0 5.2 | 10.9
S1-5 17.5 1998 0.21 66.268 1.747 2.5 7.2 4.0 | 9.5
S1-6 21 1997 1.17 62.445 1.675 1.99 7.1 4.0 | 10.0
S1-7 24.5 1995 0.24 34.944 1.078 1.8 8.2 4.1 | 9.2
S1-8 28 1994 0.21 25.985 0.723 1.6 8.7 4.2 | 86
S1-9 315 1993 0.27 13.453 0.390 1.5 8.1 3.9 | 84
S1-10 35 1991 0.31 10.526 0.314 1.2 5.9 3.5 | 88
S1-11 38.5 1990 0.21 9.489 0.359 1.05 7.2 3.8 | 9.0
S1-12 42 1988 ND 14.130 0.349 1.2 5.8 3.5 | 9.1
S1-13 45.5 1987 0.44 19.078 0.426 1.1 5.5 3.3 | 86
S1-14 49 1985 ND 17.064 0.401 1.0 9.0 4.8 | 88
S1-15 52.5 1984 0.45 16.055 0.367 0.7 6.0 3.6 | 88
S1-16 56 1983 0.18 19.839 0.326 0.8 5.7 3.6 | 9.3
S1-17 59.5 1982 0.14 13.340 0.359 0.7 4.9 3.2 | 9.2
S1-18 63 1981 0.16 17.005 0.646 0.7 4.8 3.3 | 9.0
S1-19 66.5 1979 0.19 8.707 0.274 0.6 6.0 3.6 | 86
S1-20 70 1978 0.18 11.647 0.309 0.6 7.2 4.8 | 89
S2-1 4 2005 0.23 48.749 1.441 2.7 19.9 6.2 | 15.7
S2-2 8 2003 ND 52.703 1.231 2.6 35.4 10.0 | 14.6
S2-3 12 2001 0.12 70.838 1.440 2.2 15.0 4.0 | 15.3
S2-4 15 2000 0.12 50.494 1.064 2.3 21.9 7.7 | 15.2
S2-5 19 1998 0.21 69.245 1.277 2.0 13.3 6.6 | 14.1
S2-6 23 1996 0.15 97.025 1.803 2.2 14.1 5.6 | 12.6
S2-7 27 1995 0.49 78.748 1.915 2.3 11.5 5.3 | 11.9
S2-8 31 1994 0.24 83.052 2.209 1.9 10.4 4.7 | 10.6
S2-9 34 1992 0.21 74.807 1.986 1.6 10.0 5.2 | 10.0
S2-10 38 1990 0.35 48.300 1.227 1.2 5.8 3.9 | 9.3
S2-11 42 1989 0.24 53.393 1.438 1.1 8.2 4.1 | 9.3
S2-12 46 1987 0.16 59.340 1.440 1.0 5.9 39 | 9.1
S2-13 50 1986 0.24 51.501 1.410 0.9 7.9 3.9 | 9.2
S2-14 53 1985 0.15 44.205 1.129 1.0 6.7 3.6 | 9.3
S2-15 57 1983 0.19 23.622 0.465 0.9 6.8 3.8 | 89
S2-16 61 1981 0.18 23.530 0.691 0.8 6.0 3.6 | 85
S2-17 65 1980 0.19 22.966 0.457 0.8 7.3 3.7 | 83
S2-18 69 1978 0.26 21.327 0.464 0.8 6.0 3.3 | 80
S2-19 72 1977 0.35 17.642 0.426 0.7 7.0 4.8 | 82
S2-20 76 1977 0.1 19.449 0.435 0.5 7.2 4.8 | 86
S2-21 80 1976 0.3 25.621 0.550 0.6 6.0 3.6 | 87
AA e HESA F2olAY dy= AE TEF HA= Zold mE A F thol
A7l ool AEHAT 41§ Fig 30 dEch $26De] 4
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AME 1990 ZuHFE F7kte] 1990d FuE = Ax ARE Ho|w gl o ek
o HuAE Yehd T asideh wak, Az S13 20l HEd the] %4l 5= Table 691
HjE7k2e) tigk tho]l Al TFAI7E AlARE 19991 A Be ZAY v=e] F4 i—’F 9 Ao E
g V)Fon Ao gadhs AL Uy Azeld dEHE toledl rng g
glom tho]Lal FLEE 1990d] RS 9= < Foa AR dSs ¢ Utk
2 474 gashe A%e Bt Wb 19099 SASRRAA0CRe dAGzaAZEd
of Az S-2uhete] thol &l A7} ofut of (hexachlorocyclohexane), HEFE 2 Z 5= (pen-
Table 6. Dioxin concentration of lake and reservoir sediments in USA.(USEPA, 1995)
Sites Concentration Age of the top portion of
(pg-TEQ/g) core sediment(year)
Chandler lake, AK 0.11 ‘56-'93
Canandaigua lake, NY 15.0 ‘81-'91
Skaneateles lake, NY 10.1 ‘84-'91
Great Sacandaga reservoir, NY 6.4 “74-"83
Santeetlah reservoir, NC 15.6 “74-"83
Blue Ridge reservoir, GA 5.6 “74-'83
Deer Creek reservoir, UT 1.2 ‘73-'82
ECho lake, UT 0.82 “73-'82
Panguitch lake, UT 0.91 “73-'82
Ozette lake, WA 1.2 “T7-'85
Beaver lake, WA 0.98 “74-"85
Average(except this study) 5.3
This stud S1(Avg. of 20 fractions) 0.77 '03-'05
1
5 S S2(Avg. of 21 fractions) 1.17 '03-'05
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Table 7. HCB level of sediments in the literature
Areas Level(ng/g) References
< 01~475 Lee et al. (2005)
Kaohsiung coast, Taiwan < 01~277 Lee et al. (2000)
0.2~394 Lee and Fang (1997)
Global distribution in background soil 0.01~5.21 Meijer et al. (2003)
Ise Bay, Japan 22+ 18 Masunaga et al. (1991)
Masan Bay, Korea 0.02~0.59 Hong et al. (2003)
Northern coast of Vietnam 0.1~6.5 Nhan et al. (1999)
West coast of Sri Lanka < 0.01~0.02 Guruge and Tanabe (2001)
Ocean outfall area, Australia 09~3.2 Matthai and Birch (2000)
Ghana, Africa 09 = Ntow (2001)
Aol waglen A7 W A5 MEks 5o A Ueht 598 oddoniy JBe weke
ALTAHY HA e AREEAY  Penta- S ¢ 5 9o, Fokow ARREHUE PCPoA
chlorophenol(PCP)¢}  Chloronitrophen(CNP)<ll E4S JeR)E= OCDD, OCDF, 1,2,3,4,6,7,8-
BeBed @RE delSiel @M Atk HpCDDY| HEol & HomyH PCPY 3%
(Evers et al., 1993, Masunaga et al, 2001). S ol WgkeS & = AT

AZFR WjE7E ol A FE Y U A
A wjE7Es o] dHA 13 494 PCDFs9
Hjgo]  FokRe] M3 =il
PCDFs$! 1,2,3,4,6,7,8-HpCDF, OCDF$}
PCDDs¢! 1,2,3,4,6,7,8-HpCDD, OCDD¢] H]&
o] Tt oAl M3 F& HES YERAL
1993) S WHA FokF S PCP

ML e
a4 PCDDs, =

H] A SIACE

A B

(Evers et al., 5
= £3] OCDD7}
vebditiMasunaga et al, 2001) CNP: 2,34,
6,7,8-HxCDF, 1,2,3,7,8-PeCDD, 1,2,3,6,7,8—
HxCDD % 1,2,3,7,8,9-HxCDD7} %<& H]&

Hehll= 545 7 AL gl Ao Wiyl

THMasunaga et al, 2001).
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Table 8. Main isomer pattern of dioxin according to pollution source
Source Main isomer References
. penta— and hexa—PCDFs
Combustion low chlorinated PCOFs Evers et al. (1993)
1,2,3,4,6,7,9-HpCDD,
1,2,3,4,6,7,8-HpCDD, OCDD,
PCP 1,2,4,6,8,9-HxCDF, Masunaga et al. (2001)
1,2,3,4,6,7,8-HpCDF,
1,2,3,4,6,8,9-HpCDF, OCDF etc.
1,3,6,8-TeCDD, 1,3,7,9-TeCDD,
1,2,3,6,8-PeCDD, 1,2,3,7,9-PeCDD,
P 2,4,6,8-TeCDF, 1,2,4,6,8-PeCDF, Masunaga et al. (2001
2,3,4,6,8-PeCDF etc.
Table 9. Sediment quality guidelines in other countries
. A HCB Dioxin
Countries Guidelines (ng/z—dw) (pe-TEQ/e)
Netherlands NEC 0.055 -
(ICES, 2003) MPC 5 -
Class 1(Good) <05 < 0.01
Norway Class 2 (Fair) 05725 0.0170.03
Class 3 (Poor) 25710 0.0370.1
(Stuart et al., 2005) Class 4 (Bad) 10750 01705
Class 5 (Very bad) > 50 > 0.5
WAC SQS 0.38 -
(USEPA, 1995) SIZmax 2.3 -
NOAA ERL - 0.85
(USEPA, 1995) ERM - 21.5
Class I(Not effect) 0 -
Sweden Class I(low con.) 070.04
I C‘ES 9003) Class I (Moderate con.) 0.0470.2
’ Class IV(high con.) 0271 -
Class V(very high con.) > 1
WAC : Washington Administrative Code(173-204), NOAA : National Ocean and Atmosphere Administration
NEC: No Effect Concentration, MPC : Maximum Permissible Concentration
SQS : Sediment Quality Standard, SIZmax : Sediment Impact Zone Maximum allowable contamination level
ERL : Effect Range Low, ERM : Effect Range Median
el @A) 20079 199] A A7 SEE FRHAE tolsal U HCB FE
98 wUUY POPs 5 of F3B B AF FES ARSI,
Sfonn] ~AEEEYE OB 8 WA 27 wegole] H424 delE 9% NEe 5w
AAE vhdshs dAlelt, eup EAEel AR TEEHSimpson e al, 2005) W3] 3
Fohe A4 f7109Bdel U HAEN)  Hom P4E Yool oo T Ao
FAE BE B AN SEEE Fopld A 9ol glgl] il SRRy eguasl &
AR B pelES BE 250 4 ge gol gl Adanze] 24 Aue 418k gl
A7olt}, webA Table 90l A|AIgH 9]=2] ¥4 ol wepA] mEdol= o] Fe=E djte] M
E 7]%(Sediment quality guideline)& v}go = R (background level) & 7V e sE4
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