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Estimation of source contributions for PCDD/DFs in sediments

from Nakdong River estuary and adjacent coast

Bo Ra Jung

Interdisciplinary Program of Earth Environmental Engineering,

Graduate School, Pukyong National University

Abstract

PCDD/DFs emitted from various sources have been pointed out as
materials that cause harmful effects to human health and environment
because of its toxicity, persistency, long range transport, and
bioaccumulation. PCDD/DFs are generated from sources and
accommodated to environmental media in atmosphere and water by
the processes of transport, diffusion, deposition, etc. Therefore it is
necessary to define sources for profile patterns of PCDD/DFs in each
environmental medium and to estimate source contributions at
receptors.

In this study, PCDD/DFs in sediments from Nakdong River estuary
and in sources(atmosphere, water, and soil) were measured. As a
result, concentration of PCDD/DFs in sediments was 225 pg/g d.w. on

the average and profile patterns of PCDD/DFs in sources including



atmosphere(wet and dry atmospheric deposition, ambient air,
municipal waste incineration), water(river water, sewage sludge), and
soil(paddy field and dry field) were different which means relativities
of source to source are low. Measured data of PCDD/DFs in
receptors and sources from this study were assessed by CMB model
for estimation of source contributions. Because RZ, XZ, and % MASS
are 0.97, 2.4, and 87.8 on the average, respectively, results from
CMB model are confirmed statistically valuable. Source contributions
are estimated 72% for atmosphere, 9% for water, and 6% for soil on
the average. Therefore it is estimated that atmosphere is the largest

source affects sediments among three sources.

key words: PCDD/DFs, sediment, CMB model, source apportionment,

receptor
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Figure 1. Flow chart of CMB modeling in this study.




1.2. o] &AFe o234 17

1.2.1. £2-83%3 54

g Alolo] Ak A F 77 A ZF 3sHE(Polychlorinated dibenzo-—
p—dioxins, PCDDs)¥} ¥lAl 18] F 7] Afojol] 4kA dx}7} gk 7l A4

¥ 3}gE(Polychlorinated dibenzofurans, PCDFs)S %33t} ol &

el A 2allE7] ofe'a 7|zt 374 Fol &R (Mackay et al,
1992; Geyer et al., 2000; Geyer et al., 2002). PCDD/DFs¢] &¢]-3}
8t4 54& Table 20 Uebuiolct.

Figure 29} Table 1l Yebdl Z3} o] tol5Alfis 1~4 9A9
6~9 A Fa7F dar X3kE F o, AsE JiF B A
ute} PCDDs = 757l, PCDFs & 13571¢] o] A7} EAlgtt). o5 ©]
AA T 2,3,7,89 #1Al At A g o] A(2,3,7,8-substituted
congener) 17F°] A=l that Aol 7HE s, 2 TolM= 7

5ol & Ao| 2,3,7,8-TCDDo|t}.



o gAe Agste] ABFol ThFF 54

Bl
o 7)= YEE A wE&EA(Endocrine disruptor chemicals, EDCs) =

o

HA$A o setgow, =Ao] 7bd & 2,3,7,8-TCDD o 3t o3
A HAE AFE AT F A F5A] e 5457 (Toxic
equivalency quantity, TEQ=Z XAlsle 2,3,7,8 x|+ o]dA] 17F]

st 548 HURsko, o]& HA 579 (Toxic equivalency factor, TEF)
£ Table 3o e, Aty oz ¥ {FAA o 73t 548 HeER
+ ol A= 2,3,7,8 A A$S el 493t 593 693 SEE
Eo]tH(Buser, 1987; Poland et al., 1982; Safe 1986; WHO, 1998). t}
o] tpeket 54T #E A #HFH W = HAASS Hol S
g ek, A A, WAAAY oks), EAkE A
7t AR AL A Az Ee] Wsh A 2 EeA
l Fg AgEo] Hawa JTHUS EPA, 1985; Safe, 1990;
Mocarelli et al,. 1996). HgF Ao A= HAEA] FkAwt, & A9
= Tl et A= Al AR wig- RIS 28-S & de 7R
o] Al71¥ 3 ATHEPA, 1988a, b).

NTP(National toxicology program)ollAli= wretel Jgko] ¢l A4(No
observed adverse effect level, NOAEL)2. & 1 ng/kg/day ¢} HA =
A (Lowest observed adverse effect level, LOAEL)S.Z 1.4

:1m

—

o] &4l
=
T

o]

=
o

lo

Jo
ri
o[N

S

ol
i)

ng/kg/day®= st o™, WHO(Word Health Organization)ol| A1+ <17F
o] JAAMFHF L (Tolerable daily intake, TDDO.Z 1~4 pg-TEQ
/kg/day = A|<tstar Qi)



1.2.3. 23

PCDD/Fst= At-Q19] 8oz HAL Y, 37 F oty 24y = &
o]t Podoll et al., 1986). AFALAYA o &= 3Pk 2

FHAEAE, v@7], e Eulo], A} ), ZE7t
A AaHAHEE, A, B d7]E AR, BAdA S)0EFE grE

W EHTtHCzuczwa et al., 1984; Hutzinger et al., 1985, 1989; Podoll et
al., 1986; Fletcher et al., 1993; Fiedler, 1996; Chiu et al., 1987; Gizzi
et al., 1982; Thoma, 1988; Lofroth et al, 1992; Jones, 1995;
Cirinies—Ross et al.,, 1996). o5 &Y ES t7Ivt 24 Al7]= 3] of
Yt Fatr Ads 3 A, B HEEE A w2 A" sk
st ok 297kA] fsbH,  CNP(Chloronitrophen) <}
PCP(Phentachlorophenol)s 5279 Qs w2 = &5 3 ESf & E
¥ frEw dai= Fomo tho]lfAle] 9ol dojub zkE Ak H|7]
= gy dn, dao] FEE Qe EYomE tolSalo] folHth o7
A o712 wiE® PCDD/DFs @33t A5 A4 9aq 243 =

ofl
o
f

2 Aot Fo] oy} 7+
Zro] e Aol A LGN IAMA F U], F£E, EYE I AR 2
oo R 753t CMB modelel 3



8 © 2 8 2
3
7 o 3 7 o
6 4 6 4
Cl. Cl, cl, Cl,

Figure 2. Structures of PCDD/DFs and numbering system.

Table 1. Isometric distribution of PCDDs and PCDFs (Modified from Rappe, 1978)

PCDDs PCDFs
No. Molecular Molecular No. of Molecular Molecular No. of
Homologue . Homologue .
of Cl Forcula weight Isomer Forcula weight Isomer
1 MCDD  Cy2H,ClO2 218 2 MCDF  C2H7CIO 202 4
2 DCDD  Ci2HsCloO2 252 10 DCDF  C12HeCl20 236 16
3 TrCDD C12H5C1302 286 14 TrCDF C12H5C13O 270 28
4 TeCDD C12H4C1402 320 22 TeCDF C12H4C14O 304 38
5 PeCDD  Cy2HsCl50, 354 14 PeCDF C;12H3Cl150 338 28
6 HxCDD  CioHoClsOq 388 10 HxCDF  Ci2H2ClgO 372 16
7 HDCDD C12HC1702 422 2 HDCDF C12HC17O 406 4
8 OCDD C12ClgO2 456 1 OCDF C12C1g0 440 1
MCDD ~ OCDD 75 MCDF ~ OCDF 135
+*MCDD : monochlorinated dibenzo-p-dioxin MCDF : monochlorinated dibenzofuran
DCDD : dichlorinated dibenzo—p-dioxin DCDF : dichlorinated dibenzofuran
TrCDD : trichlorinated dibenzo-p-dioxin TrCDF : trichlorinated dibenzofuran

TeCDD : tetrachlorinated dibenzo-p-dioxin TeCDF : tetrachlorinated dibenzofuran
PeCDD : pentachlorinated dibenzo-p-dioxin PeCDF : pentachlorinated dibenzofuran
HxCDD : hexachlorinated dibenzo-p-dioxin HxCDf : hexachlorinated dibenzofuran
HpCDD : heptachlorinated dibenzo-p-dioxin HpCDF : heptachlorinated dibenzofuran
OCDD : octachlorinated dibenzo-p-dioxin OCDF : octachlorinated dibenzofuran



Table 2. Physical and chemical properties of PCDD/DFs (modified from Machay et al, 1992)

Items PCDDs PCDFs
Melting Point 89 ~ 322 184 ~ 258
Boriling Point 284 ~ 510 375 ~ 537

Vapor Pressure (Pa) 1.1x107" ~ 0.017 5107 ~ 3.9x107*
Solubility (mg/m?) 74x107° ~ 417 1.16x107° ~ 14.5
Log Kow 4.3 ~8.2 5.4 ~8.0
Half Life in air 2 days ~ 3 weeks 1 ~ 3 weeks
Half Life in water 2 days ~ 8 months 3 weeks ~ 8 months
Half Life in soil 2 months ~ 6 years 8 months ~6 years

Half Life in sediment 8 months ~ 6 years 2 ~ 6 years

Table 3. Word Health Organization toxic equivalency factor (WHO, 1998)

Isomer WHO-TEF
PCDDs

2,3,7,8-TeCDD 1
1,2,3,7,8-PeCDD 1
1,2,3,4,7,8—-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
1,2,3,4,6,7,8-HpCDD 0.01
OCDD 0.0001
PCDFs

2,3,7,8-TeCDF 0.1
1,2,3,7,8-PeCDF 0.05
2,3,4,7,8-PeCDF 0.5
1,2,3,4,7,8-HxCDF 0.1
1,2,3,6,7,8-HxCDF 0.1
1,2,3,7,8,9-HxCDF 0.1
2,3,4,6,7,8-HxCDF 0.1
1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01
OCDF 0.0001

_10_



1.3. CMB 22g9 /&

L i

Aol FAEAEAAERE ol&ete] 7} ool Vs AFA o
H2 o

7o 2 Miller et al.(1972)9} Fridlander(1973)ell 2J3ll A& A|7]

3L, Watson(1979)el ]3] o]&4 AAF = om, o] & Fxtd <]

NS E8 dAle] Version 8.2 7kA] A& tH(Watson et al., 1997;

Watson et al., 1990; Watson et al., 1989).

CMB =de] 7|27} (U.S. EPA; Hopke, 1985)2 th&3 2t}

= S|
2 2F4(Gordon, 1988; Waston, 1984)3}+=d] 7} B# A o7 AlgE =
]

- g
- sl S A F e BE 099 Heg & gon, 7o
Age] WEEHE Az EhHol

9ol 7S et CMB REe F8&A4 S4% Alme] 3314
24 gol el AA 7ol ko] 3 Zve AFFA Y (Mass

balance equation)¥} &R =] M= (law of mass conservation)S 7]

Adom @k w3 wP) AE WEA s FoH AW 7t



% s A2AREE olfat dEaENARC oo
AxE A= W (Christensen et al.,, 1999; Kai et al., 2001)%]
AV H AW (effective variance  wighted  least  squares
solution; EVWLS)S AF&-3ttH(Henry, 1982). ©]& Zhahsh Mgl o
24 7d9E& st v ZHChristensen et al., 1993; Singh et al.,
1993; Vaga et al., 2000; Gorden, 1988; Hopke, 1985).

o714, Cj & FEAdA SA-% j 3}skE2] 5 %(ambient data)e]™,

Fij © 1 L9¥oz28H &y e | 859 FA44 ] (source profile)
5 YehlH o] 7HA &2 2E Qg delH=Z 77t #8AHY o9

=
ol AZF"E FHAolth Si = i LgYezHE 7|9 %E(source
contribution) 24 CMB ER9& Faigto 2x Fafjof & m|x|g=o]al, n 3}
m & 2172t o4 3 stEFo] sfaEolth
ool et sMS T3l AHEE CMB Rde] AdE Hrlkehe A%
24 &9 ZtEo] ArHThijsse et al., 1999; Watson et al., 1997,
1998; Christensen et al., 1997).

- A Y7 %E(source contribution estimates; SCE) ; 2} SCE<]
o THAFEE vstoloF s, 7} SCE= Z+24ke] 2ufolA
3ull o] wofoRgitt,

- ¥+ 9 2K(standard error; STD ERR) ; &4 ¥ 299 F+AHEHA
o] SA9] Bl vy, 449 Ax7F "k

- T-EAIRK(T-statistic; TSTAT) ; EFxkell gk SCES] H &= ©]
fkol 2 o] Hojof o m=7} AP E

O



&}

S

] 25 2 A

st A 0o] = a1, 104 24}

Fel Alsws 7t 3
zt=dl 19l 7Phe5=5 SCE7F

[e)

s

o]

=
=

7}

T

=

3
ar

(Chi-square);

_ 2
X
Zk
=

;dl—

53

ALkE SCEY]

100%°] a1, 80~120% <] %k

3t

4 (percent mass) ; 54 &&= U

TR o)A ol %

R

o

k!

o

=

[e)

= U oA o ghol AW o] FhE A Uehdt

vzl 2mth Zofo

vl
Sl

S
- R/U (Residual/Uncertainty); A4Fx] <}

o)

o

o

g BhshEel o

E
=

of wuheh

__&
-

1,

S

[e)
=

1993).

=

AL A2l 8
1}

o] W#¥o] SCE

7}s
}

ojefo rdle] At

T AT,

3z
ar

7 A

1 SCE7} &9 23z ye

s

=
- 13 -

34

57

;3

S

9]

o

SE=S
T

125
=

=742}

™,



o

= A=

FA) 7]

Gl
oF
il

I @A Aol

9]

ol i

lgng

of

o

7HA| =

=
=

Al
A4 3}8F=(fitting species)

)

T

Mo

[e)
RN

=
=

o] 2% frelatAl heh)

4 S

2 dlolele] teht £

Apolol

=
=

A
171 o] 7] wlio] CMB E2oj

S

=
=

)

=
=

o] Ayt= AEAds 71

iy
=

R

sk (7

Z5)0]o}

o7b s 7

o

= M9z )

tol 2 A3}

S

2 TR

tH(#, 1993).

sloke

< a1y

]
T

Al

(1993)e] AA]

=
R

ol A=

=

o

PCDD/DFs¢]

_14_



2.1. AlE AFH 2L AAY

2.1.1. g HHE

N ROOE o O
- B oo Mo of @ T T =
NoORC U T B oy KX -
LN N
| 50 w oF m 22 & B 9
I — = ¥ ¥ =
B A
8° Al oW .9
=) <= g 9 %o Njo
M (s S T N =
2 XF o —~ EL = — X
3 By 2 N T
S I R o
T T o om Mo T o B
Gy = cUICR )
o X o o« 3 - Wﬂ i
W o % Mﬂ W ) Wa S N o
. EE o 5 < ot &_; = O_
o o g A M &
% oo N T K& N
N W mn L TR
0 O LE dﬂ \Ol fo FI ﬂ .ATl 1o
0 T
o g R e gy X
W o o T g =
do W — X CCY )
2o KR gy — o)
o S| N o o T A
o T Mo
Hoo o 7o — M X o
. oo X o~ 9 ®
¢ 2w o Ko g
o e T 9 g o Mo ©
TN T oE e e
W= T BT W X
=0 TR Tl H '
R RCT © = & A oo oo
L T O -

o
=

Al

7

|43}
°l

=
=

stol &3t A

50 g #Hall =53 o3+ (glass microfibre thimbles, 43mm#123mm,

S

g

=

=

HY~7](Van-Veen grab sampler)
— 15 —

} (seive)

1
mm %

2

T
ke



UsAez £&8 F25 1643 st F+58 A8 35~45T
Tz 3| A S5 7] (Ratary evaporator, Eyela, Japan)& ©]-8-3}4
10 m7HA] &5k 539t £33k Al 59 Keeping solvent® A x
29— (Pesticide residue analysis, Fluka, Switzerland) 300 W=
A7kek & AARE HAEte] wdRt @FE w7 EFCE IEAA w2
- dxH(Ultra residue analysis, J.T.Baker, USA)°o. & gujdsS 3}
Atk of7]o] WH-EFEZA(EPA-1613LCS, Wellington Laboratories,
Canada)S 1lng #7183t}

tol Al 4 Welleds AAs7|9dste] vs de7bad A4 A=
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g, 44% SP-HAYFA 2 g, 22% SA-HAYIA 2 g, 10% EAHe-2A
1 4 g & AHEETh

2.1.4. =AY 71423 (Municipal waste incineration, MWI)
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Figure 3. Sampling locations

Table 4. The longitudes and latitudes

of sampling sites

in Nakdong River estuary.

A 4 4 %
1 128° 55" 55" E 35° 5" 50" N
2 128° 57" 10" E 35° 5" 32" N
3 128° 55" 40" E 35° 5" 15" N
4 128° 57 00" E 35° 5" 03" N
5 128° 55 27" E 35° 4" 35" N
6 128° 55" 55" E 35° 4" 10" N
7 128° 57" 05" E 35° 4" 20" N
8 128° 55" 25" E 35° 2" 50" N
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2.2. 717184 w9 =A

FE AAAARE BF AN HFHOR 20 TE 50 wE EAE
B8 ANsE

gas chromatography, HRGC: Huwlett Packard, USA))¢} JMS 700D

D

P-6890 m¥-3% 7t~=a2rE 183 (High resolution

IS AZFEAA(High resolution mass spectrometer, HRMS:
Jeol, Japan)& Ab&stol #4353l tho]l &AlF9 2 549 2719
o] &5 o]g3 AEH o] E=H(Selected ion monitoring, SIM)S =
A8k o™, H Al 7HRetention time, RT)¥} A FA(27]2] A€
1) HIE Hluste] tho] Al 3h3tes g4l3 drrtEIo J3

ko3
=
HAogRE HA7E PYEFEFEAY A A5 F o] A Fete] Ay
&3t AZFsSTHEPA

vl

o

¢

il
Al

k8- 7 4=(Relative response factor, RRF)Z o]
Method 1613, USEPA).

4~6 A3}t tjo]=Al 3etES SP-2331 HE#HEdH (60 m length,
0.25 mm inner diameter, 0.2 m film thickness, Supelco, USA)<,
7~8 3 tholHAl F3ES DB-5MS ANEHE AT (B0 m length,
0.25 mm inner diameter, 0.2 um film thickness, J&W Scientific,
USA)S AR&sto] 453l

Ao Algd® WEEFEZ2Z3 HRGC/HRMSE o] &3 tho]2Al{
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Table 5. Mass Labeled compounds of internal standards solution (EDF-8999)

PCDDs

PCDFs

2,3,7,8-TeCDD (*C12,99%)
1,2,3,7,8-PeCDD (**C15,99%)
1,2,3,4,7,8-HxCDD (**C15,99%)
1,2,3,6,7,8-HxCDD (**C15,99%)
1,2,3,4,6,7,8-HpCDD (*C12,99%)

OCDD (**C15,99%)

2,3,7,8-TeCDF (**C15,99%)
1,2,3,7,.8-PeCDF (**C15,99%)
2,3,4,7,8-PeCDF (C12,99%)
1,2,3,4,7,8-HxCDF (**C,2,99%)
1,2,3,6,7,8-HxCDF (**C2,99%)
1,2,3,7,8,9-HxCDF (**C2,99%)
2.3,4,6,7,8-HXCDF (**C15,99%)

1,2,3,4,6,7,8-HpCDF (**C15,99%)
1,2,3,4,7,8,9-HpCDF (**C12,99%)

Table 6. Instrumental conditions of HRGC/HRMS for PCDD/DFs

Items

4~6 PCDD/DFs

7~8 PCDD/DFs

GC/MS

Column

Oven

Carrier gas
Injection mode
lonization mode
Ionization energy
Injector temp.
lon source temp.

Resolution

Agilent 6890 GC/IMS 700D MS Agilent 6890 GC/JIMS 700D MS

SP-2331

(60 m*0.25 mm*0.2 (m)

DB-5MS

(30 m*0.25 mm=0.2 (m)

100C(1min)—20C/min—200C  150C(1min)—10C/min—250T

—2C/min—>250C(29 min)

Helium 1.2 ml/min
Splitless
El+
38 eV
2507C
250C
=>10,000

—5C/min—300C(4 min)

Helium 1.2 mé/min

Splitless
El+
38 eV
280C
280C
=10,000
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LRO O sthal Baskes A9 2003)00 ofE ) YEo] f-Ag S5kl
AMEZo A HH e AE7F Aol A S5 SRl HHT AER
O %2 w57F dehs Zlo® dedch Wk ople) fdo] mhE 3o
=9 ol wlE] HAEe YJmrt Atk ARNE ujFo] B ou S5m0 A

ol 1% Aol % AARL} fdo] Wi HHRe] st 47 o)

o] EAE % PCDD/DFs® ¥%71 1 34 yehts Zdx= dddch
wheba] Zb Aol AAF 7 BA =] Y= Apolek Alm AF ARl
& Zpeol7h A s AolE YEA sk $83 892 $o skl A
o7 AbmEr)

TARE A WA Al A PCDDs7F A9 60~70% & AFA
gtal glom o] FelA® 08CDD7} Al F=e] 40~60% o H&= &
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¥gt}h PCDDs % 08CDD7} 60% ©]4F 80%71% 1A 8}aL, A<
st A ndst2 ZdeE ket 4ol 9lew, PCDFsv A93HE<l
4, 5943} FFo] 60% B= A

® E¥stal AQsE A vl Eo] 7
olg]gt A= Ok et al.(1999)2] alet EHAE,
Moon et al.(2001)¢] F&3fet, Ohsaki et al.(1997)¢] Fukuka River
2 Offshore, A 5(1995)¢] 7Fu|7k9-2F S5, ¥H2003)¢] 574 of
T 2 Qo] B Y EoA 9] PCDD/DFs #¥ 543 U3},

olo tisle] EHE w% FFol WMFE Fo] AR Hrtsta 3l
+ Holoubek et al. (1993)¢] A~ Al Azt F7kstd, #H 5
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Figure 4. Concentration of PCDD/DFs for each site.
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Figure 5. Homologue profiles of PCDD/DFs in sediment for each site.
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Figure 6. Profile pattern of PCDD/DFs in sediment for each site.
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3.2. 29 Y442 PCDD/DFs ¥ EAX(source profiles)

299l 71dEE e 98 CMB wae] AuolE £ 299 2
Bt 0999 A4PAA FEot o AA BE 9E 4 FFE 5
%9 R(fraction)o] FEE AFHAAEY oA LPBATHYE

H] (source profile)@} 3+t}.
2 =rolAE L99Ts Y], 7, EYoR AHosilon, AF
A2 7| 272 w7~ E Yro] A A,

FAE G5Y B SreUAR EFe = BEY = 85, ¥ EGO

3.2.1. tj7]

(1) Dry/wet atmospheric deposition

rok

97] @A ARE 20034 2904 68714 U @ el AnE
47 Adw 2o T ARl 27 5A% F 1079 AnE AH.

BAEe] dglon, 7] I AE F PCDD/DFs Z&23YS Figure 73

% FXo W3 PCDDs ¢} PCDFs¢ EIn&S AAHo=z
O8CDD¢} T4CDFs, P5CDFs®] H|&©o] & Zo& uyea v 3t
gFoll dsiMe= 27 10% Welel @kvks AHA| gtk PCDDs 5% <
O8CDD7} th& TFHA S sl 9zt H2 H&S 7HA 2 3lon, 53
293 6499l F PCDDs %9 50%°014 60%E A5k Aoz
Eb5kth 3 PCDFs® 80%<14 HW 90%7++ T4CDFs, P5CDFs 1
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2]3l H6CDFs7} #}A|8tth. PCDDsoll A+ X35 AAx7F =71es
= A9 AU v Eo] FUtsteE 5A4S YEN I, PCDFEsOlA &

.

stel Aot SUHEFE 5AY A HEo] Fadte dow
et dE 4 w7l JA-=E T dolSAlwe w54 Z2add A
Sk Ao 2 ZAFEATH(H, 2003; &, 2003; Ok et al.,, 1999; Ok et al.,
2001; Lohmann and Jones, 1998).
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(2) Ambient air

d

Iek 2w G549 2 A HelA  High
Fed izl el 7tedes EXshe
PCDD/DFs$} ¢apo s ZAetE= PCDD/DFsE Z438H%
CMB =Edlo] #g3}7] #13] PUF dlo|E], TSP dlo|¥, 1g]al o] 5
g2 dolHE Y Asr FEigen, 37 F thol$al
S Figure 99} 109 YeERAAT.

PUFY] &% EXE Ayuw Ax AFo 2dx AF3t FFA oA

ol

2003 2€3 6o xl

ofo
ol

volumn air samplerZ ©]

5 SEEEVE o= AS = 4 e PCDDsolAM # ofufet
PCDFsoll %= 60%°]7d BAE 90%7H4 HECDFs, H7CDFs¢} O8CDF
7} ZAgE AA ol thE PCDFse] Hl&9°] 60% ©l4 80% 7HA]
2 oz AL

oleldt AL olxl ATAE] @ Aset fAG Ao molHTh
(Eitzer and hites, 1989; Lohmann et al., 2000; Oh et al., 2001; Ok
et al,. 2001; Park et al., 2002; # %, 2002).
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Figure 9. Homologue profiles of PCDD/DFs in air.
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(3) Municipal waste incineration (MWI)
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Figure 11. Homologue profiles of PCDD/DFs in MWI.
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3.2.2. +4

(1) River water
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3.23. E¥

(1) Paddy field & Dry field
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Figure 15. Homologue profiles of PCDD/DFs in paddy and dry fields.
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.3. A 22X (Correlation analysis)
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Table 7. Correlation coefficient between each medium

CORR Atmosphere Soil Water

Depositon Air Stack Atmosphere Paddy Dry Soil River Sludge Water
Depositon 1 0.387 0.635 0.788 0.339 0.706 0.532 -0.293 0.244 -0.058
? (p value) 0.270 0.048 0.007 0.338 0.023 0.114 0.412 0.497 0.875
m Air 0.387 1 0.818 0.842 -0.396 -0.256 -0.358 0.402 0.457 0.473
(s) (p value) 0.270 0.004 0.002 0.257 0.475 0.310 0.250 0.184 0.167
ﬁ Stack 0.635 0.818 1 0.954 -0.282 0.035 -0.159 0.009 0.275 0.143
el (pvalue) 0.048 0.004 <.0001 0.429 0.923 0.660 0.980 0.442 0.695
I'| Atmosphere 0.788 0.842 0.954 1 -0.128 0.197 0.012 0.029 0.367 0.200
¢ (p value) 0.007 0.002 <.0001 0.724 0.585 0.975 0.937 0.297 0.579
Paddy 0.339 -0.396 -0.282 -0.128 1 0.717 0.952 -0.453 -0.316 -0.434
(p value) 0.338 0.257 0.429 0.724 0.020 <.0001 0.188 0.374 0.210
g Dry 0.706 -0.256 0.035 0.197 0.717 1 0.895 -0.413 0.164 -0.171
[ (p value) 0.023 0.475 0.923 0.585 0.020 0.001 0.236 0.652 0.637
! Soil 0.532 -0.358 -0.159 0.012 0.952 0.895 1 -0.457 -0.129 -0.344
(p value) 0.114 0.310 0.660 0.975 <.0001 0.001 0.184 0.723 0.331
River -0.293 0.402 0.009 0.029 -0.453 -0.413 -0.457 1 0.621 0.921
w| (pvalue) 0.412 0.250 0.980 0.937 0.188 0.236 0.184 0.055 0.0002
al  Sludge 0.244 0.457 0.275 0.367 -0.316 0.164 -0.129 0.621 1 0.878
; (p value) 0.497 0.184 0.442 0.297 0.374 0.652 0.723 0.055 0.001

r Water -0.058 0.473 0.143 0.200 -0.434 -0.171 -0.344 0.921 0.878 1

(p value) 0.875 0.167 0.695 0.579 0.210 0.637 0.331 0.0002 0.001
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Figure 20. Comparison of measured and calculated PCDD/DFs homologue.
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Figure 21. Measured and calculated PCDD/DFs concentrations.

Table 8. Source apportionment results and corresponding statistical parameters

SCE (pg/g) Tstat
7] EY¢ s 97 EY¢ &

R? X2 % MASS

1 098 191 88.21 272.3 56.8 379 128 4.3 5.6
2 0.98 1.78 89.42 243.5 14.7 265 145 2.0 5.3
3 098 1.36 90.31 228.0 42.2 20.2 11.3 2.6 2.1
4 098 243 8544 186.7 34 272 124 0.6 5.9
5) 099 0.74 93.17 825 11.3 10.3 7.6 1.7 2.3
6 097 272 8198 957 11.6 8.9 128 3.1 5.0
7 097 374 89.68 97.6 - 20.1 12.1 - 2.9
38 0.93 431 84.03 86.9 - 6.7 11.7 - 1.2

_54_



SEDIMENT1

BETC
12%

B PADDY :?Efz.z 2
e o
14% [ S

R

SERERE

/ S
/ =
( S -
r‘i:rm‘““mn(\ r:( mm( mmt"
I S &« Shen
o :'gs«s

e
SR i
g S o
EBWATER i \si.iix i
9% .
L a‘;n e
i o o
tise £
i i

&

SEDIMENT3

BETC
10%

BIWATER
6%

S,
ns5eéfs\s\s\s\?ﬁ\*!\!\s\s\;\s\.
~;~sJ».‘»zvz~s'sﬁ!§s~s~s~s~" S
e
B -
B
e
/ S
{ -
BPADDY rti\‘g\ﬁng\gg\g\;\g\
13% e ,,m!ip,
e
5 e e
= G °
e o o
- - -
o e S
S .
e iRy i
: S :
5 s@gﬁs\s\s&»‘s\sﬂs\z&k \ms\;\smﬁ BATM
& S 1%
”fﬁixﬁiﬁ;@;ﬁ;ggéé&ﬁi&»ﬁé»’

= ATM : 7]
WATER : 7
PADDY : E¥

ETC : 7| &7} &9 HA

Fiaure 22(). Estimated source apportionments for sediments of Nakdong River estuary.

ore

p.

SEDIMENT2

BEETC
1%

:e:e:e:':a

FAAARAL

S

S

:ag

EWATER
8%

u»i»‘;“%‘%éééﬁimi»ﬁi

-

a.r.r.r.a‘am.

i

S

SRR

e

e
e

-
o

.(‘&m
.<fx‘&.r

e
e

i

fi

SEDIMENT4

BETC

OPADDY
1%

BEn

e
S
g(g?r\‘\im(ué
SR
SR
li!i‘:":'\f e

BWATER
1%

e

sﬁéﬁ\i\

T

.<fx‘&.r

Sty -
t!sxs“.\s\ffﬁé‘? !!t ‘é & =

;uuu»i»:»mw»»;uu

.f.ma‘&m

i "m
r\r.z«nr«r.nmgg\mmw«nm

S
:§ g\g,\é \’nnggéé\g\g\g\?)\*g\g5«

i=IR=]
T

_55_

S
ﬁmm&g\m\

i

SEEa
:
i
:
:
:
:
:
:
i

%
-
.
.
3y

o

haian
T



SEDIMENTS SEDIMENT6

BETC

BETC

BWATER

e
9% 9{\:\%&\&%\“«* .
a;zgg;»i&ﬁﬁ;a;ﬁe o
: i
San s\s‘f55\sxsxsx?;a«ﬁ!\!\s\sﬁ\s\s\s\s\ﬁk!\s5\5
“»; ‘vié'ﬁ\i\%mu e 3~‘;‘33'§v§'§'gﬁ\‘3~3i~‘;‘»;%;uéﬁw».wﬁ*;‘?éu
BPADDY - - 8% \
10% S R e 2
Gt iese e &
T - £ S
e o -
L . o -
S s o s -
S S e 2
Sy uui . e S
S T
G o g S S
e o o BWATER SEien: £ i 3
i 6% G :5‘:5t BATM
BEERIRE B SR
S = = 68%
RRERAN aE: R °
- ATM . -
2 i
74% 5

SEDIMENT7 SEDIMENT8

BETC
16%

BETC

S
m&&mm%ﬁg i

EE N

ey

:aa. '{.'::Lz‘z‘z:?\:' ::1:
o S
2 i
G «‘ffg.r.méégn ‘ng.r
- L
o S
o 6% :'mv:“ o
e = R
o i Shaaaaas
‘s‘s‘:‘:‘:' R, §‘E‘3‘3‘3:.\‘J:J‘5:3:3:3:3‘;‘3:}:}:.\')‘9‘9‘5‘ o i }‘5\5:3:3:s:s‘5‘3:3:3:)\.\‘5‘5:5‘5‘5‘5\3‘3‘3'.\'}3
o 5 L ... =
o o G - - o
S S S S
R ? RGO SRR s’m\m IR ACERR
‘Sé\g\rr,%,&,\: 2 S §§ G B nggé\gg‘g\%é nn&é:r‘ ér&m& r‘m(
Wm«w ;:sf??stits‘ﬁ“'i?‘ m« .
S S S
. e S
S L ssxs\;\ss\s\z\s\ﬁ!!,n;»sf\f\s\zxs\\’f\ns\s\;»s\s\ss\ &
. o
G -
S EATM

v

i 75% BATM
S ;;:;:;:;s&f =

Faure 22(0). Estimated source apportionments for sediments of Nakdong River estuary.

_56_



3

248 9

=
=

el

Folom, 87)e] E A EAA Z+2 PCDD/DFs?] &

1215

O -
= A

o =4 =

1o

5

el

=
<]

tel 242+ PCDD/DFs 9]

S

o

—_
fie}

& 100~400 pg/g dw. & ZAEAOH,

#

A7e] 127k Aol

1oz A7l HolPowH

oJo
R

3 o

63:

gy
W

SER

}312, PCDDsoll A+

= A

PCDDs7} A %9 60~70%

T
- al

gko] 9lom PCDFsoll A

ﬁo

)
~

A3} FHANA A} 5=

ERui it

T
a

, &7,

27

AR-H oz 7]

b
s

SER-F

"L

_57_



A2 7 2z w7k~ 2 FAstT t7] A8E PCDDs s%7F AA
o] 50~70 % & #A5ta, PCDDs+ HiAog BE 33Ed 9lo]
5

3. 7 WAl ed9or Aol ‘wAE Yo & AR A
ANER AT 8 AlE%E PCDFs7F AA9 70% o] A3t
PCDDsol A 957 & A& A9t sFAY &3 HlEo] 2 W,

e R

o] Fo] A 3t} B AFE|Mi= PCDDs7}F 60~80%% PCDFsk.th #|Hj
Holm 53] TCDD9 OCDD7} #A] %2 40~60%, 123l PCDDs -&
=9 70~90%% #A|stal, PCDFsE 4%93olA 83 SHAZ 445
WA o] ZopA= ANE YRt 53] thE 34 wjAlEel ML
of TCDD®| &xu|&o] AA deted ol PCPY CNP F3&

WE 54X BAS wgstn g AoE S

5. ti7], 4, B4 7t 87 Al Zzaudoe] A& golstA
Eltor, olgig A= 2 ulAE Alole Aol Yol CMB R

_58_



\N DM Qﬂ ,MFO inl
Lf 2) ‘ch —_= K HW o =
) 3
T T of e 5 0 =0 oo %
wo W T M = M ® B oo T Al —
5 T 3 E @ o & 5 qE B
Sy o sl NN ) M % H T ™ it gy TR
N o . 1K = = o| ~ n N
A Py ow R = i o o =
i b B oF w2 o T o o = "
T S T 5 S P © NG 7 o =
a2 Tz & R LI o o m% Y o T
T O K Ty N X om o X W Vo &
o EFTEL e BT, oo B e
%QWEE ~ 5 & = 2% oo X o &
of Mo ) o = & 2 o 1 o = ° o o Moo
j— S o — -
0 o = o Kon ~ NS Ho X mr ~ o -
ﬂ@wnwmﬂdgﬂm - 50 e s & E
W B X ENY ~ T u X ol o| T < Ml mx S
A o oo oo ~ =N (Y ~ Ko o _ML ~ &
_.7_‘_ M_H . Jﬂ —~ o ol O“H Si .H ,LHH._ \WO vaﬁ — m —_
— o ‘q ol o} o =y ,ILr T B N fo
~ o o} 0 o X iy GH .
mo — s o o =~ m I | = F ool o T ok Nr
?maﬂ%ywlﬂ% F oo N o B O
o ap T 2, £ Mog S o n W g
oy F m o9 M7 T o T LT il Hox = T B o
7 o S o] ~ gy Foroa - X TN =~ 2 F
B T g % ~ W =3 r oy — R o) X
Uxﬁ 0 X J._i =0 @.11_ — = N =) ll loag O#E
= EZe b cEERTLT Fe BLz
o oo % = B o = ¥ o M = o o Tt
Q%o I A S T L R T
= M © . N T BB - < N Gl
SRR RS RN ;8T &
c T W < % o R TR MM El o’ @ o F W o
= N Ree) N Jo o R o B! v o Mo N
DN T A ® ) S - w N
ok o TxE s x " © N B
o] ﬁo ‘Uﬂ N o) m
™o Mdm
fie} ‘,%

- 59 -



1|
~

T

Lo

o)l

ag

skof of

2 A3

o] T A

e}

B

=K

g
==

CMB

_60_



B

— ° = o o g 5
wm G (AN i 22 B = g
o m_w Wm No - _fo1y_ = Ho < m Tor
5 2Y 5% © of TE T
e 14 _mev wir Ho wE m F
SRS X oy - = B
o T N = 4 =0 NSCH & B

e < 53 ojr =
o ™) = R o o =
D S Bogr A
=R Lgw 2 00% Mo A o
o B o< 3 = o _mw

TS Sw gk EXE
N o~ B R 5 < RN
T o P . o M = ofr & I AR

i G+ ® T4 . i o e wjr-
3r - 0 Q o] e
oo 2o B iy N B g
NLegwwmT X8 REE N
G zm or CE MM or %o o
ST A S - oo
TR I R ) -
o 9 = N %O mw o 1 [ = o
S o 2 = S — X ooy o
N 0 NSRRI NG %r_v % - [N T
TR R e s TE 2w o,
Mo oo =y B R b o< s M HOX A
P TP EE LNEen Rl
TR g N R do A
(P s Pin WE=Bwdl =y
e T E T «EZTRTERN S LY
] % ~H WI X | N 10 ~R ll; ! d_ﬂ o X L.t
&© ~ . L R L L B oy N 8T
A S B

Bo <0 No e ~

ka
7‘:1[
4
4
7
7]
11"|-

F tlo] LAl

0]
pal

F3]=], 19(4), 387-396.
= 3

3
ar

[e) X]

=

L AEE, 2003 LA oINS VOCs 0
— 61 —

JKAPRA 3(4).
A, 21(3), 329-341.
T, 2005 Alshghe] Eokuh A4

ZHPMa.5) 01

o

i



Asada S., H. Matsusita, M. Morita and Y. Hamada, 1987:
Determination of chlorodibenzodioxins and chlorodibenzofurans
discharged from municipal incinerators in Japan, Chemosphere,
16, 1907-1917.

Broman D., C. Nif and Y. Zebiihr, 1992: Occurrence and dynamics of
polychlorinated dibenzo—p—dioxins and dibenzofurans and other
combustion related organic pollutants in the aquatic environment
of the Baltic, Chemosphere, 25, 125-128

Buser H.R., 1987: Brominated and brominated/chlorinated
dibenzodioxins and dibenzofurans; Potential environmental
contaminants, Chemosphere, 16, 713-732.

Chiu C., R. Halman, M. Lanoy, 1987: Refinde analytical procedures to
detect and measure PCDD/PCDF, PAH, PCB, CB, and CP in
environmental samples, Chemosphere, 16, 1619-1624.

Chow Judith C., John G. Watson, 2001: Source apportionment by
receptor modeling, ACEE Air Quality Workshop.

Christensen E.R., and Zhang X., 1993: Sources of PAHs to Lake
Michigan determined from sedimentary records, Environ. Sci.
Technol., 27, 139-149.

Christensen E.R., Li A., Ab Razak L.A., Rachdawong P., and Karls J.F.,
1997: Sources of polycyclic aromatic hydrocarbons in sediments
of the Kinnickinnic River, Wisconsin, J. Great Lakes Res.,
23,(1), 61-73.

Christensen E.R., Pichaya Rachdawong, Jay F. Karls, and Ryan P. Van

_62_



Camp, 1999: PAHs in sediments; unmixing and CMB modeling
of sources, Envi. Engin., 125(11),

Cirnies—Ross, C., B. Stanmore, G. millar, 1996; Dioxins in diesel
exhaust, Nature, 381, 379.

Czuczwa J.M., R.A. Hites, 1984; Environmental fate of combustion
—generated polychlorinated dioxins and furans, Environ. Sci.
Technol., 18, 444-450.

Dannenberg D., R. Anderson and C. Rappe, 1997: Levels and pattern
of polychlorinated dibenzo-p-—dioxins, dibezofurans and biphenyls
in surface sediments from the western Baltic sea (Arkona
Basin) and the Oder River estuarine system, Mar. Pollut. Bull.,
34, 1016-1024.

Eitzer B.D., R.A. Hites, 1989: Polychlorinated dibenzo-p-dioxins and
dibenzofurans in the ambient atmosphere of Bloomington,
Indiana, Environ. Sci. Technol., 23, 1389-1395.

Fiedler H., 1996: Sources of PCDD/PCDF and impact on the
environment, Chemosphere, 32, 55-64.

Fletcher C.I. and W.A. McKay, 1993; Polychlorinated dibenzo-p
—dioxins PCDDs and dibenzofurans PCDFs in the aquatic
environment a literature review, Chemosphere, 26, 1041-1069.

Fridlander S.K., 1973: Chemical element balances and identification of
air pollution sources, Environ. Sci. Technol., 7, 235-240.

Fujita Eric M., John G. Watson and Judith C. Chow, 1995: Receptor
model and emissions inventory source apportionments of
nonmethane organic gases in California's San Joaquin Valley and
San Francisco Bay area, Atmospheric environment, 29(21),
3019-3035.

Geyer H.J., G. Rimkus, 1. Scheunert, A. Kaune, K.W. Schramm, A.

_63_



Kettrup, M. Zeeman, D.C.G. Muir, L.G. Hansen and D. Mackay,
2000: Bioaccumulation and occurrence of endocrine—disrupting
chemicals(EDC) persistent organic pollutants(POPs), and other
organic compounds in fish and the organisms including humans,
In: O. Hutzinger and B. Beek, Editors, Bioaccumulation, New
Aspects and Developments, The Handbook of Environmental
chemistry, Vol. 2, Part J, Springer Verlag, Berlin. 1-166.

Geyer, Harald. J., Karl-Waerner Schramm, Ernst Anton Feicht, Akbar
Behechti, Christion Sterinberg, Rainer Briiggemann, Hermann
Poirer, Bernhard Henkelmann and Antonius Kettrup. 2002:
Half-lives of tetra—, penta—, hexa—, and octachlorodibenzo—p
—dioxin In rats, monkeys, and humans - a critical review,
Chemosphere, 48, 631-644.

Gizzi F., R. Reginato, E. Benfenati, et al., 1982: PCDDs and PCDFs in
emissions from an urban incinerator; I. Average peaks and
values, Chemosphere, 11, 577-583.

Gorden G.E., 1988: Receptor models, Environ. Sci. & Technol.,
22(10), 1132-1142.

Guinan J., M. Charlesworth, M. Service and T. Oliver, 2001: Sources
and geachemical constraints of polycyclic aromatic
hydrocarbons(PAHs) in sediments and mussels of two northern
Irich sea—loughs, Mar. Pollut. Bull., 42, 1073-1081.

Harrad S. and K.C. Jones, 1992: A source inventory and budget for
chlorinated dioxins and furans in the United kingdom
environment, Environ. Sci. Techno., 126, 89-107.

Henry R.C., 1982: Stability analysis of receptor models that use least
squares fitting. In receptor models applide to contemporary air

pollution problems, J. Air Pollu. Control Assoc., 32.

_64_



Hirokawa M., N. Takeda and S. Najima, 1990: Estimation of
environmental fate of PCDD emitted from MSW incinerator,
Chemosphere, 20, 1575-1580.

Holoubek 1., A. Kocan, J. Chovancova, J. Petrik, J. Caslavsky, J.
Helesic, K. Staffova, J. Kohoutek and L. Matlova, 1993: PAHSs,
PCBs and PCDDs/Fs in sediment samples from Morava and
Danube River catchment area, Organo. Comp., 12, 301-304.

Hopke P.K., 1985: Receptor modeling in environmental chemistry,
John Willy & Sons.

Hutzinger. O., M.J. Blumich, M.V.D. Berg and K. Oile, 1985: Sources
and Fate of PCDDs and PCDFs; An overview, Chemosphere, 14,
581-611.

Hutzinger. O., and H. Fiedler, 1989: Sources and emissions of
PCDD/PCDF, Chemosphere, 18, 23-32.

Imamoglu Ipek, Erik R. Christensen, 2002: PCB sources,
transformations and contributions in recent Fox River, Wisconsin
sediments determined from receptor modeling, Wat. Res. 36,
3449-3462.

Jochen F.M., C. Gaus, J.A. Prange, O. Papke, K.F. Poon, M.H.W. Lam
and P.K.S. Lam, 2002: Polychlorinated dibenzo—p—dioxins and
dibenzofurans in sediments from Hong Kong, Mar. Pollut. Bull.,
45, 123-129.

Jones K., 1995: Disel engine emissions and the link to human dioxin
exposure, Dioxin 95 Secretariat, Edmonton AB Canada
Organohalogen Compounds, 24, 69-74.

Kennicutt M.C., B.J. Presley, A.G. Repuejo, J.M. Brooks and G.J.
Denoux, 1994: Sediment contaminants in Casco Bay, Marine;

Inventories, sources and potential for biological impact, Environ.

_65_



Sci. Techno., 28, 1-15.

Kjeller L.O. and C. Rappe, 1995: Time trends in levels, patterns and
profiles of poluchlorinated dibenzo—p—dioxins, dibenzofurans and
biphenyls in a sediment from the Baltic Proper, Environ. Sci.
Technol., 29, 346-355.

Li Kai, Erik R. Christensen, Ryan P. Van Camp, and Ipek Imamoglu,
2001: PAHs in dated sediments of Ashtabula River, Ohio, USA.,
Environ. Sci. Technol., 35, 2896-2902.

Li An, Jae-Kil Jang, and Peter A. Scheff, 2003: Application of EPA
CMBRg.2 Model for Source apportionment of sediment PAHs in
Lake Calumet, Chicago, Environ. Sci. Techno., 37, 2958-2965.

Lofroth G., Y. Zebuhr, 1992: Polychlorinated dibenzo-p—dioxins
(PCDDs) and  dibenzofurans(PCDFs) in  mainstream and
sidestream cigarette smoke, Bull. Environ. Contam. Toxicol., 48,
789-794.

Lohmann R.T., G.M. Robert, J.L.. Nicholas and K.C. Jones, 1998:
Dioxins and furans in air and deposition; A review of level,
behaviour and processes, Sci. Total Environ., 219, 53-81.

Lohmann R., Harner T., Thomas G.O., Jones K.C., 2000: A
comparative study of the gas-particle partitioning of PCDD/Fs
PCBs, and PAHs, Environ. Sci. Technol., 34, 4943-4951.

Mackay D., Shiu, W.Y., Ma, K.C., 1992: Illustrated handbook of
Physical-chemical properties and environmental fate for organic
chemical, Lewis Publishing, Michigan, 429-560.

Miller M.S., S.K. Friendlander, and G.M., Hidy, 1972: A chemical
element balance for the Pasadena aerosol, J. of Colloid and
Interface Science, 39(1), 165-176.

Su M.C. and Erik R. Christensen, 1997: Apportionment of source of

_66_



polychlorinated dibenzo—p—dioxins and dibenzofurans by a
chemical mass balance model, Wat. Res. Vol. 31, 12,
2935-2948.

Mocarelli, P. Brambilla, P.M. Gerthoux, Jr.D.G. Patterson, and L.L.
Needham, 1996: Change in sex ratio with exposure to dioxin,
Lancet, 348, 409.

Moon H.B., H.G. Choi, S.S. Kim, S.R. Jeong and P.Y. Lee, 2001:
Levels and patterns of polychlorinated dibenzo-p—dioxins and
dibenzofurans in sediments from Korean coasts, J. Kor. Fish.
Sci. Technol., 4, 51-57.

Moon H.B., 2003: Fate of Dioxins and Dioxin-like contaminants in the
coastal Environment of Korea, ph. D. Thesis, Department of
Environmental Atmospheric Sciences, Pukyng National
University.

Naf C., 1991: Some biotic and abiotic aspects of the environmental
chemistry of PAHs and PCDD/F, ph. D. Thesis, Department of
Analytical Chemistry, Stockholm University.

Ohsaki Y., Takahiko Matsueda and Youichi Kurokawa, 1997:
Distribution of polychlorimated dibenzo—-p—dioxins,
polychlorinated dibenzofurans and non-ortho coplanar
polychlorinated biphenyls in river and offshore sediments,
Environ. Pollut., 96, 79-88.

Oil K., PL. Vermeulen and O. Hutzinger, 1997: Chlorodibenzo—p
—dioxins and chlorodibenzofurans are trace components of fly
ash and flue gas of some municipal Incinerators in the
Netherland, Chemosphere, 8, 455-459.

Oh J. E., JS. Choi, Y.S. Chang, 2001: Gas/particle partitioning of

polychlorinated  dibenzo—-p-dioxins and  dibenzofurans In

_67_



atmosphere; evaluation of prediction models, Atmos. Environ.,
35, 4125-4134.

Ok G., H.B. Moon, S.H. Ji and Y.H. Han, 1999: Concentration Levels
and Behavior characteristics of PCDDs/DFs in Atmosphere,
Organo. Comp., 43, 209-212.

Ok G., S.H. Ji, H.B. Moon, Y.K. Kim, S.Y. Kim, and Y.H. Han, 2001a:
Distribution of polychlorinated dibenzo—p—dioxins and
polychlorinated dibenzofurans in soil at Changwon area of
Korea, Organo. Comp., 46, 346-349.

Ok G., Y.K. Kim., S.J. Kim., H.B. Moon., 2001b: Annual variation and
behavior of PCDDs/DFs in ambient air, Korea Organohal. Comp.,
51, 100-103.

Park J.S., J.G. Kim, 2002: Regional measurements of PCDD/PCDF
concentration in Korea atmosphere and comparison with
gas—particle partitioning models, Chemosphere, 49, 755-765.

Park Seung S., Young J. Kim, 2005: Source contributions to fine
particulate matter in an urban atmosphere, Chemosphere, 59,
217-226.

Podoll R.T., HM. Jaber, T. Mill, 1986: Tetrachlorodibenzodioxin;
Rates of volatilization and photolysis in the environment,
Environ. Sci. Technol., 20, 490-492.

Poland A., J.C. Knutson, 1982: 2,3,7,8-Tetrachlorodibenzo—p—dioxin
and related halogenated aromatic hydrocarbons; Examination of
the mechanism of toxicity, Ann. Rev. Pharmacol. Toxicol.,, 22,
517-554.

Rappe C., 1978: 2.3,7,8=Tetrachlorobenzene—p—-dioxins(TCDD)
introduction, dioxin—toxicological and chemical aspects, SP

Medical and Scientific Books, 9-11.

_68_



Rappe C., Kjeller, L.O., Kulp, S.E. De Wit.,, 1. Hasselsteu, and O.
Palm, 1991: Sevels profiles and patterns of PCDDs and PCDFs
in samples related to the production and use of chlorine.
Chemosphere, 23, 1629-1636.

Safe S., 1986: Comparative toxicology and mechanism of action of
polychlorinated dibenzo-p—dioxins and dibenzofurans, Ann. Rev.
Pharmacol. Toxicol., 26, 371-399.

Safe S., 1990: Polychlorinated biphenyls(PCBs), dibenzo-p—dioxins
(PCDDs), dibenzofurans(PCDFs); Environmental and mechanistic
consideration which support the development of toxic
equivalency factors(TEFs), CRC Crit. Rev. Toxicol., 21, 51-88.

Seike N., J. Hasegawa, M. Nishimori, M. Matsumoto, G. Takagashi, N.
Sawamoto, M. Matsuda, M. Kawano and T. Wakimoto, 2001:
Distribution and congeearic patterns of PCDD/Fs in
environmental components from Matsuyama, Japan, Organo.
Comp., 51, 92-95.

Shigeke Masunaga, Yuan Yao, Isamu Ogura, Takeo Sakurai, Junko
Nakanishi, 2003: Source and behavior analyses of dioxins based
on congener—specific information and their application to Tokyo
Bay basin, Chemosphere, 53, 315-324.

Sigh J., W. Miles and JP. Barrette, 1985: Determination of
polychlorinated dibenzo—-p—dioxins in technical
pentachlorophenol, Anal. Chem., 68, 583-585.

Singh AK., Gin MF. Ni F. Christensen E.R., 1993: A wource
receptor method for determining non-point sources of PAHs to
the Milwaukee Harbor Estuary, Watter. Sci. Technol., 28,
91-102.

Thijsse T.R., RF. van Oss. and P. Lenschow, 1999: Determination of

_69_



source contribution to ambient volatile organic compound
concentrations in Berlin, J. Air Waste Manage. Assoc., 46,
1394-1404.

Thoma H., 1988: PCDD/F-concentrations in chimney soot from house
heating systems, Chemosphere, 17, 1369-1379.

UNEP, 1999: Dioxin and furan inventories—national and regional
emissions of dioxins and furans. UNEP Chemical, Geneva, 100p.

US EPA, 1985: Health assessment document for polychlorinated
dibenzo-p—dioxin, EPA 600/8-84/014F.

US EPA, 1988a: A cancer risk-specific dose estimate of 2,3,7,8-
TCDD; Washington, DC, U.S. Environmental Protection Agency,
Office of Research and Development, Office of Health Effects
Assessment, EPA report no., 600/6-88/007Aa.

US EPA, 1988b: A cancer risk—specific dose estimate of 2,3,7,8-
TCDD; Appendices A through F. Washington, DC, U.S.
Environmental Protection Agency, Office of Research and
Development, Office of Health Effects Assessment, EPA report
no., 600/6-88/007Ab.

Vaga E., V. Mugica, R. Carmona, and E. Valencia, 2000: Hydrocarbon
source apportionment in Mexico City using the chemical mass
balance receptor model, Atmos. Environ., 34(24), 4121-4129.

Watson J.G., 1979: Chemical element balance receptor model
methodology for assessing the source of fine and total
suspended particulate matter in Portland, Oregon, Ph. D.
dissertation Oregon Graduate Center, Beaverton.

Waston J.G., J.A. Copper, and J.J. Huntzicker, 1984: The effective
variance weighting for least squares calculations applied to the

mass balance receptor model, Atmo. Environ., 18, 1347-1355.

_70_



Watson, J.G., J.C. Chow, and C.V. Mathai, 1989: Receptor models in
air resources management; A summary of the APCA inter
national specialty conference, JAPCA, 39(4), 419.

Watson J.G., Robinson N.F., Chow J.C., Henry R.C., Kim B.M., Pace
T.G., Meyer E.L. and Nguyen Q., 1990: The USEPA/DRI
chemical mass balance receptor model, CMB 7.0, Envir.
Software 5, 38-49.

Watson J.G., N.F. Robinson, C. Lewis, and T. Coulter, 1997: Chemical
mass balance receptor model version S(CMB8) user's manual,
U.S. EPA/DRL

Watson J.G., N.F. Robinsin, E.M. Fujta, J.C. Chow, T.G. Pace, C.
Lewis, and T. Coulter, 1998: CMB & Applications and Validation
Protocol for PM2.5 and VOCs, Desert Research Institute,
Document NO. 1808.2D1.

Watson J.G., J.C. Chow, E.M. Fujita, 2001: Review of volatile organic
compound source apportionment by chemical mass balance,
Atmosphere Envitonment, 35, 1567-1584.

Webster T. and P. Connet, 1998: Dioxin emission inventories and
trends: The importance of large point source, Chemosphere, 37,
2105-2118.

WHO, 1998: WHO toxic equivalent factors(TEFs) for dioxin-like
compounds for humans and wildlife, Environ. Health Perspect.,
106, 775-792.

Young A.L., HK. Kang and B.M. Shepard, 1983: Chlorinated dioxins

as herbicide contaminant, Environ. Sci. Technol., 17, 530-540.

_71_



2000..
2001d..

2002\..

20034..

20044..

20054..

2006\..

thekdolets 3ol dekdlEuynh TVelAu ®okel sl gt
P A AT SRR E deve As Aged S
T

o o Lebtagsts &4

obrelsE QAEt b Utk el B% b Huith
817 A&y, sof g,
B5 b R e AHA 4 el el B e,

vy weyd, Au, I B Rsta Adeta £
HEob Ut Uy 9 FEy sUn
AR = O ASFU
T3y o dals] & As
AT Al #9119 BRE 257



mj

FEFY U AL R Rahi 1

of ®eh @

ol ghsi7lel A7t

A o]

A
A

Futell

AA W 21 =]
S

o.u,
)
= A

T -
=

3]
k=i

o
A=
o g

°

mjeje} o} FRkA FAl5L of
Y

=

3

B orTEy 7R 2l

v, A}

X
=
L

-

I3

I
Bl

M@O

ruze]

—_
fi’e)

TR
rJ

)

N
Ho

U

]

_73_

Aol RER ololzl 7] ofyl HEE o Woll FHFe]
HhE Sel vhel ST AFEe] e Al 29] 4E¢

A Q49 B olddth HH S @
g,



Hpm Al o) ol

o,

8] A,
A8 ok, e} Akl WXE ga A,

0|
i

o

==
<

1% 23 9A ek o

o

el

!
!

o] A,

’

Al el wha

g Al
]

’

A Ay,
A1
A
1

1

R

b

AA M=

skl B Al

S

= =
= =

s 29

[€)

DRER SRR

|

7] wolAZ $-2

’

A A9
2 )

Z dyEA AU

T
A=A

=
R

Al

o

5 FobAw et

%

_EU

)

A1

o]

e
el
0|
o
B

N

ofn
1

o]
TR

& AT e~ obaHl

3
B =

=

o}

ol &

| =eiE

o
£
_6_1
Hjo
N
o
e
WE

o

3lo
=

B AEAR

gl A WA

T

LTI

5}

e

o

TE~

N

247

ul o}
i

IR

1o

AA & 5

_74_



	표제지
	목차
	초록
	1. 서론
	1.1 연구 배경 및 목적
	1.2 다이옥신류의 이론적 고찰
	1.3 CMB 모델의 개론

	2. 실험방법
	2.1 시료 채취 및 전처리
	2.2 기기분석 방법 및 조건

	3. 결과 및 고찰
	3.1 수용체에서의 PCDD/DFs 농도 수준과 분포특성(ambient data)
	3.2 오염원에서의 PCDD/DFs 분포 특성 (source profiles)
	3.3 상관 분석 (Correlatoin analysis)
	3.4 오염원 기여도 할당

	4. 결론
	참고문헌

