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8 o :EMT-3D & AHgste] WRvA Fol%l Dioxins® ooz Labeel o 484 Prstgion vg=E 4 2 egyst
oA tie el SEY A FAste]l dFANE dsta vkl W G Frstrh didslel el ASAsh wde] ANAE vwd
Azt ABAFRIGE 07951, AAARRIGS 062652 bt A2/} vy 2 Add Aoz Asd, Qs B A9% 43 +5
o] % Dioxins¢t 92 712 AW Dioxins®] 3¢ miAre AdEze) o2 Jfo] & AoR vehon, 4E8E49AE AW Dioxins
o AF AFeFATY SHd nE sEusl b 2 Ao vehd 0% Al tid Add nde] Yo ¥ Ao Alwdrh & % o

NIREE FdHE Q8 Aol & 399 &2 Dioxins ¥ 444 #7152l Dioxins®] $¥4& BHrlelaint

Lo

o

#4E0| : EMT-3D, Dioxins, PCDDs, PCDFs, sl %87, #7138 e5d, 454 2984, v Ag22, e md

Abstract : A three dimensional ecological modell EMT-3D) was applied to Ulsan Bay for the simulation of Dioxins. The simulated results
of dissolved Dioxins were in agreement with the observed values, with a correlation coefficient(R) of 0.791 and a coefficient of
determination( Y) of 0.6265. The results of sensitivity analysis showed that partition rate, adsorption rate and bioconcentration factor were
important factors. Therefore, the parameters must be carefully considered in the modeling. In the case of 50% and 80% total loads
reduction, concentration of dissolved Dioxins was shown to be lower than 0.150 and 0.250 pg WHO-TEQ/L, respectively.

Key Words: EMT-3D, Dioxins, PCDDs, PCDFs, Marine environwnent, Organic chemicals, POPs, EDCs, Ecological model

1. M B 2 Q8 Azre] AT A FaAF FFE Y 2d=
A A =) 3l glrH(Fiedler et al., 1996).
Qzke] Ao} AEAl] S Qe SHHL 5 Q= tho]$-41& 1] Ao &4 (Endocrine Disrupting Chemicals,

POPs(Persistent Organic Pollutants), EDCs(Endocrine Disrupting ~ FDCS) 1A= FUEH AT oR FE AW 2 AL 52
Chemicals), PBTs(Persistent Bio-accumulative and Toxic o & @M Webdst desel ws), dAAze) ofsh, 2+
substance) 57 2& HeEdo| da BAlT ATs Zopetm 8 A 1T AsH B R frit 5o Tkt Q¥Ee] B
Rk o] BAd| o8 ode A Egsl vlgsiEm Q= 53 QoHCaramaschi et al., 1931; Mocarelli et al., 1991).
Ao THKim et al, 2004). t}o] & A F(PCDD/DFs)= PCBs$} &2 3}ehAlE Agat 4
tho]&41(PolyChlorinated  Dibenzo-para-Dioxins, PCDDs) FHEANETEY AY, B2 A T AATA 7 2E
I} F¥(PolyChlorinated DibenzoFurans, PCDFs)S B9 &4 = AAEG AR A, W), st Sof AdA da
oz ANE EAIoREAZ  E3sie] tojeam AolAME wAdrh & PCB FRHAEe] a7 RA 287 B
(PCDD/DFs)gkat 2tk tho] SAPCDDg) & 75%e] olga) ol A7Iwel &b F85ae) v7hs 58 Fal vl v

(o)
%
2, FOHPCDFS)S 13539 oA 7hAr ol 21058 5 F57 3F- AT Aewe] Aus, A= % A e e
f[:
13

B o

g BT

Moo oy

Zol thoiSalolgtar sh=v 1 g3hE AAle =4 (Toxicity),

5173 (Persistency), 72 ©]%/d(Long range transport) <.

4ol B7t 2 el
2 QaldE F Aiede) A8y 39 A% 2 24, 4
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Aol ¥, FEere] w2 sEtEdo] Wil of
AlEA wE 9 elaa 3o 58 38 et o g
Az setEde digk AuA Rdo] &3 —’F%] =
ATHKim et al., 2004).

SRS gk o) TEa) Qe %’43]3}04 dom F4o] H

A% ot
@A 2 A e g 46]1 Eatete] g gEAo] 2.
A2 Az 19709918 e s gede] A
UATHE RS G5, 2008). old =} 1982 AR= &ike
Ay sloeg Ao co|SaluEa Ay
(375, 2002a), Tho] &4l ASAN (B AR, 2002h) 5] A+
8] e Egde) 84 F WEEgs FYyor zAbE g
S249he Dioxins 59 Faisstede) o sFgeiA el
Fol = AHolAut A7LA] o] & Hoj

ol
=
O o

o) $+ Dioxins

o A% #Be dFe FAH FHo| gk B AFdA = 33}
# A RAEMT-3D)E AFE-8ted 2219+) DioxinsE ©f

o2 1 Ag4e AESHRoN, ARE B4 L oGyt
o sele] gEy BAL FYstel A4S BEHT o
[e]

of W& JFE Wit

2. ZEY ALY

B a7 448 AUARDE 5oz f99 5
B9 olF FAAE] 9T ol AN AR, A W
D 2y

ne}g EMT-3D Rd2A, 71Ee o] s 3f-543t
o] Aol goldtal e e uiste] A4 ¢ o
H &R 48 02 §949L 7 E 339 AEA 2do
(Kim et al,, 2004, 7, 2011).
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Fig. 1. Model region and grid map.

FYHEE 20089 FAME AE(FES G, 200802 AH8-8)
= %’.‘}"JE‘E %"]EE]'C— b “fﬂ o] ¥3le} oir] 25E e
B 2728 $#95E Dioxins® F31%
2 Hrgkel 0.734 mg WHO-TEQ/day &
@%3}‘51, EﬁﬂiTﬂ A= Dioxinsd Fah#FS E4bdh
AR 7] AAEY AP HF F]ux‘i’l 28.739 mg WHO-
TEQ/m® yearg wtgog 2d tigwu el tis] Al4bd 12137
mg WHO-TEQ/day & 4‘3%0}9@‘3}.
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AE, et Hge dlolele] EA A& F& sty
Feal, Fuiet 2%, A%, 434 ¢ nsavh 4Exd
2 gebuels Table 19 Yeplidch &4ke]l f58e
Choi(1980) % | Y#HFTFAFRC0DE vEFLE A3}
gk WA f1EAd O BaAe FRd Swe

Kobayashi(2004), Mackay et al.(2006), Klm et al.(2004)e] <
FAE vpgoR Agste] AEsidn AEEYaEd e
249, 48 2 ZEFASFE Naito(2004), Jorgensen(1994),
Jorgensen et al.(2000)8] A7 wjelor HE3ul

atal el A=3 £& Dioxins® 0510~0824pg
WHO-TEQ/LS ¥2& ¥ B 0670 pg WHO-TEQ/LH
HAZ Z Dioxins® ¥E=F 1.970~15.489 pg WHO-TEQ/g ¢
Helg Hi 4.000 pg WHO-TEQ/gel 21ct.

23 &2 Dioxins® H2E % Dioxins? ¥E& Atd
Dioxins¢l &% v)agh A1, £& Dioxins®] Hof 24t 0014
~0.176 pg WHO-TEQ/LY] 2 T 0.103 pg WHO-TEQ/L
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Table 1. Input data

Parameters

Input value

Model region
Target chemicals
Used model

Mesh size

Layer

Considered biological and chemical processes

Bioconcentration factor of phytoplankton (L /kg)
Uptake rate of phytoplankton (L. /[kg day])
Excretion rate of phytoplankton (1/day)
Adsorption rate of organic particulates (L / kg dayl)
Desorption rate of organic particulates (1/day)

Partition factor of particulates (L /kg)

Sinking velocity (m/ day)

Horizontal eddy viscosity and diffusivity (cm?/s)

Ulsan Bay
Dioxins
Modified POM
EMT-3D
Ax = 4y =200m
5layer

Adsorption, Desorption,
Uptake and Sorption,
Excretion and Respiration

Sedimentation, Dry deposition

7T0E+4
25E+4
1.1E+0
50E+4
6.8 E+0
15E+H
43E-1
1.0E+6

E RN, A als 22304 %2 HAR BFE 157%E A
AHE AT HAE F Dioxins §59 Zdlexte] MeE 0.040
~0.989 pg WHO-TEQ/g 2.2 ¥ 0.075 pg WHO-TEQ/g°] 3!
3, A e Ate] W= 05~251 %2 HiF 2.0 %otk
EEolA AxkE £ Dioxins, YA #7]E W9 Dioxins,
AE2EF2E AN Dioxins, B4E % Dioxinsd EXE
Fig. 20 YeRATE &% Dioxins® 7%, st og Rl &
PHst7t AEH e &1k 1 S HoNAM Y e =
Heblidlon, Tk g o 2 Zhp s vrelxt) &k QI
9] A= 077 pg WHO-TEQ/L olAte] z+e vehlglon
Wb FY44= 0675 pg WHO-TEQ/L, 247 58198 0650
pg WHO-TEQ/L. =9 & YehdSdch
AAA F71E 9l Dioxinsd 4$% # Dioxins® A
g AFS JEddTE 4 12 ¥ A$& 1750pg
WHO-TEQ/g ol g& Jetilidlen, vk 2945= 150pg
WHO-TEQ/g, &3 58 92 1250 pg WHO-TEQ/g ©|&t
2 FEge VERS T
AEZEHAE A Dioxinsd F$E 24 91 ddelA
= 190pg WHO-TEQ/g ©|%¢ =
170 pg WHO-TEQ/g A%=e] 32 Jehiie 24 373
A4 16.0 pg WHO-TEQ/g ©]3}e
HAE F9 Dioxins FEE 24
e 40pg WHO-TEQ/g ol4+e] #k
20 pg WHO-TEQ/g ©]3t¢] ®E3t& Yo

QA §7124 WelA 25~200fg-TEQ/LY RES wd,
4Z Dioxins®] FEF 1.0~20fg-TEY/LZE B AFoA o=
3 SAkvke] FEHUL W By E el

o A% gol 2 ke Uehic
F%0] §% Dioxins®) A% QA F71@ kel ek 2wl
wE FEWss 12500% 2 16192 %2 Thh
A Jepdeh @dgEel whE BEWs 8812% B
12623 %% Vielkon], daby foleed UE FF HEe
271l upeh -3.080% 2 2081%9] FEBIL e,

el #7197 Ul Dioxins®l 9% 44 7]8k2 o
S Bl Ale] S3tel WE RSl -42.332% 2 60.839 %
2 74 Qo] 2 AT uedon, dgozt AREE
QA frlgnel OF B S, ARFFAF 202 e
stk

FFol AEEFAE AN Dioins®| A= 4BFY
Ao QBEFAFY FP0) wE SRS -49711% 2
98.187 %% 7V & Aoz vyt
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(a) Dissolved Dioxins in surface layer
(pg WHO-TEQ/L)

(b) Dioxins in particulate of surface layer
(pg WHO-TEQ/g)

(c) Dioxins in phytoplankton
(pg WHO-TEQ/g)

(d) Dioxins in sediment
(pg WHO-TEQ/g)

Fig. 2. The distribution of the simulated Dioxins in the surface layer.

Table 2. Sensitivity analysis of Dioxins concentration by change of values of parameters

The changes Dioxins (%)

Item
in Water in POC in Plankton
. . x 1/2 0.456 0.403 ~49.771
Bioconcentration factor of plankton
X 2 -0.910 -0.775 98.187
. o . x 1/2 8.872 12.016 8,824
Particulates sinking velocity

X 2 12,623 -16.967 ~12.565
x 1/2 0.001 0.001 0.005

Plankton uptake rate
X 2 -0.001 -0.001 -0.002
. x 1/2 ~-3.080 5.511 -3.063

POC adsorption rate
x 2 2.081 -2.994 2.075
. o x 1/2 12.500 -42.332 12.467

POC partition coefficient

X 2 ~16.192 60.839 -16.149
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kAl 339 Dioxinsel] Wit 59 A8 Aldls Z3ste
Fefgipol] watk ol F Algrel Ul g uFol Bad Ao
2 Alsd"d)

33 A2 24

F3te Wk A3 S §2 Dioxins % A4 7]
220 Dioxinsol ¥4 92 AEelold 571 f13ke] ALt
908 FAstel A9 $uA %7}’8}2% . Aehel 4

Table 3. Composition of scenario

Case Scenario

30% reduced loads from the rivers
30% reduced loads from the air
30%6 reduced loads from both the rivers and the air
5% reduced loads from the rivers
50% reduced loads from the air
50% reduced loads from both the rivers and the air
80% reduced loads from the rivers
80% reduced loads from the air
80% reduced loads from both the rivers and the air
10 Applied present input loads after sediments dredging

O 0~ O Qe W NN =

BEE 309% A7 A(Case 1) T=9] §&
& FE7F 0025 pg WHO-TEQY/L
= AoE vryon dA Yo & &

’

(a) Dissolved Dioxins (pg WHO-TEQ/L)

A g4t AT sl o R AFE FhAFe| v FUkEle

el =g A /7]1E 2 W Dioxins®] 734 %

Ageet fAE FHE Yehiith 712 FH9 /g 7st
2 30% XV”\]? 3-$9-(Case 2)= £ Dioxins9] 7-¢ 247
=7 BEoA 005 pg WHO-TEQ/L AHE oA
2 L}E}”Otﬂ B2 #7152 Dioxins®] 4-¢ X%
olal& YEli A o] vha I

>,
o

& eI

O}ﬂ L EHﬂi-rEifl FreFE 5 4
(Case 3), ¥29 &% DioxinsollA &4H WSdlA 015pg
WHO-TEQ/L A% $&7t #Aastslen], A 454
0.10pg WHO-TEQ/L A% 57 Z&stsdnh 444 #
A Dioxins®] 7%= tAda] 9 Aol 4 25.0 pg WHO-TEQ/
g AE =7t Aadte Feg vehsickFg. 3).

FHogREY §9¥E 50% AR A(Case 4) &=
Dioxins®] A%, &ZolA &A%t 4% s57F 0600 pg
WHO-TEQ/L AE2 el vk 29 s SoA 7HAZE
o] & Aoz vttt U F71E2 Y Dioxins® &4 3
2o A} Wk Y29 e 50pg WHO-TEQ/g A% #Ad}
o}, ghe] wpE FE-2 @4 AN $EE YERASITH

W72 5E e FYUF-t 509% A3 Al(Case b 59 &&
Dioxins & ZukA o2 ok 02pg WHO-TEQ/L A% %71 ¥
oA AEgE vetiilen, YA F71& 2 W Dioxins
204 75.0pg WHO-TEQ/g A% w57t 2Hhdtes 23S
R wsh giRe)l K GellA 100.0 pg WHO-TEQ/g
3le] =g Ve sk # gi7i25E e fFYFskE
9% A7+e 4$(Case 6) & Dioxins& &AHTe] 3 s
o A 0.500 pg WHO-TEQ/L2| %Ei Yelglon, 942449 &
7122 Dioxins® A% %% UiF-E9 AdelA 1000pg
WHO-TEQ/g9] F%& YeR I tFig. 4).

2 M 4

>

A

%sz

(b) Dioxins in POM (pg WHO-TEQ/g)

Fig. 3. The result of the simulation for 30 % reduced loads from both the rivers and the air(surface layer).
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# Dioxins®} -9, 3]s e

() Dissolved Dioxins (pg WHO-TEQ/L)

(a) Dissolved Dioxins {pg WHO-TEQ/L)

(b} Dioxins in POM (pg WHO-TEQ/g)

Fig. 5. The result of the simulation for 80%
reduced loads from both the rivers and
the air(surface layer).

s e REE FURS 80% A Al(Case 7) X3 &
A gl 0550 pg

(b) Dioxins in POM (pg WHO-TEQ/g)
Fig. 4. The result of the simulation for 50 % reduced loads from both the rivers and the air(surface layer).

WHO-TEQ/L d%e =& vehigich 44 #f718dd
Dioxins®] 49 ¥%9 v UF Aol ddee} vlsetA
vehd o, A Ao FEEE 250 pg WHO-TEQ/g A 59

vt gad Aoz vepdrl dizlZRE] f5lRske] &0
9% A7+ Al(Case 8) &% Dioxins® 39 #&oA 0.155~0175
pg WHO-TEQ/L A= %9 #art vehston, dakd &
7152 Dioxins® % &4 UlE A9 S At dF-Ee
A FaA 750 pg WHO-TEQ/g) 55E Jehifich &
A 9 2N EY FYdetE T4 80% AEE A Case
9) %9 8 Dioxins< tids]d dlFEe] 2 FqA 0400
pg WHO-TEQ/L °]8t9] ¥%& yvehligied, 1559 =9
oMol #AxgHsE o AA el 92 /71EEY
Dioxins®] Z$-E, 39 iy AQ #3FA 00pg
WHO-TEQ/g °l13H8 WeERIUTHFig. D).

HHE #4 F 34 FYNstE A8% A¢ 548
Dioxins®] s&7} @dAle] % FE7HA J—EO}E NZ+&
Ao g s HCase 10). Fig. 19] AX|HAA SA ¢
A8 156l 345pg WHO-TEQ/g7HA E9317] 918
F£4 % k553 ARy 2e5HE Ao UelTHFig. 6).
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Fig. 6. Estimation of concentration change in sediments
after sediments dredging.
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