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38871(76.7%)0] FZo| ot At R FEAbarel] digh o 9 &
<t wpH o] F a3k
AA vt ‘FetEd ey o8] b AlgAde stEAlaie
Ara dura w24 KORA(Korea Off-site Risk Assessment
supporting too)E AF&3] Gl FgFH A L B A E #
Aol s, Al &3 omE A CARIS(Chemical Accident
Response Information System)Z& A}g3l] 3}stala WAl & Alar
3 AgE Hristth olef HIE Y dAE ALOHA, SLAB,
DEGADIS, HGSYSTEM & tslk o= 23S ALg-3lo] 38kl
Gate dZYrhFS 8, 1999; A4, 2015 A& 9], 2017). 344
oA Ze AFSE By A, = ui7|dnt g Eo] At
g o] oA IAHEE I
FA 24 AF, LG Lol FAd AHHow FEIUS W,
=3t 4 23 3 (Donigian and Imhoff,
2002; Feijtel et al., 1998; Park et al., 2008), #<¢ LS o=
3t FEREo] QtH(Yang et al, 2000; Borah and Bera, 2003,
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AT Fryer et al., 2006).

AR shEd 9y HUtE 98 AMEEE FEAba 29
9wt o YA F-(US Department of Energy, DOE)o]| A} 38L&
4 b g 9E JorE 9E 7Hg HEA SR ol shesittal WA
3+ ALOHA(USEPA et al, 1995), w= 3274 (US Environmental
Protection Agency, EPA)o|A 3tHFgH 7o ALES A=
AERMOD o] 1ou|(USEPA et al, 2004), Zujo]+= CARISE
Sl Featae dgS ST AN VE RIYEL ur|Eit
2Es EUE MgEo gqivle] gaiARt 7t 7hesk, o7 245-E
B, A, AR T EF 34 wAIRe] FEEH olvg 1EsA
% +=t}(Hanna & Chang, 2008, Hanna et al., 2008). %3 & =7
v ARZEF, O8HS £3)d uEk 9sine] 2ol
7] ed=rt F7F bk 7|9 sheatal R o g 3t}
Hrksl7ol= dAZE (A&, 2009). 1¥E2 3eE4

SHEE FHAHCE HIIe] HAsiA = oAY B wiA 9
o Fo] 7hedk tujA FEIRYPES AREEfoF gt (OECD,
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2004).
oAl SRl ], EY A, AE 5 7z 374 A

sl Axox 7F uAY LALEE =3 &
(OECD, 2004). thufjA] sej 23 Hgst= = Ea
HAleo] whe} Level 1 ~ Level 471A vYE A oA
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23l Level 47} A9 A usttd (OECD, 2004).

g Al A4S aeste] sFALE FUE F de RYoEE
stetata thu A FEfR o] 9t (Lee et al, 2019). }8tALaL thwl
A FHEHS Level 4 EP o2 )78} EFoA o BF 3k oS
dxel WstE wrdstal A ZFA <

T

A4, oju] maoA TR 37 Uﬂiﬂ"ﬂ o 7] o} Eowﬂ 27}

Z(j
FASE AEAA Gt FsAES FAHHQ g % el Pad

wale] 84 W A §Ro], Pandya et al(2012)& =3 1ol
ARt &2 A7 2y oS Ay 43S vAE A=7)
0 Aty Frhsidt wMERd B 5, 58 A9 AR,
<k, F5 2 g Eol i A dFE vt dEA Je
™ (Zhu et al, 2013), ¥ 39 A4 2 9 =3 32 Ao F3F
S A Aoz Ay UtH(Hanna et al, 2008). T3 wEx7
A7 By mAs 98 Axe BHe E4d 9IS wHow
(Bubbico et al., 2008), Kim et al.(2018)& &4 <& nwigto 2 3}5=2
o] E¢d 7HA = S EPo R Hriste] Ao &8 5 3
A AAE vp At sHARE AYAFELS 3eAtarp FA - A Ee| w
A= dFe nHsA FRhoH, MEx &7 MRl gk

t d
2 FEE 2de 292 A8 FadHe] wAsH, o)
T2 FgeEde EY 9 FA2 Y Mircea et al, 2000). F
2 JAE AR BHY AAY st EF AAFoRE vr oA

™ PAHs, PCBs, Dioxinse] UA £ A g8 724 =4
o] Aol wal ¥ 2 o=z vEhdt (Ligocki et al, 1985a.b;
Duinker & Bouchertall, 1989; Dickhut & Gustafson, 1995). &3k 7t
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Kropscott, 2014).

Bl A$ &, Air-water partition coefficient(K.y)e] 4%, 799
ofgt t7l-A 1 B4 olE Sl FAHA F Ut 249 AlA(gas
scavenging), 3% T& M ES TV B Alole] HY EWE o=
st o AFgEtH(Mackay, 2001). Octanol-water partition coefficient
(Kow)] A5, 524 4 T A3 &4 Al A (particle scavenging),
9 7] Bz L—’F*é(Leo et al., 1971), #7] &4 g3t T2 ALES
o =3}=d AFEH tH(Sabljic et al.,, 1995).

webA, FAAA S ety A EACE Kot Kow, BARTFA-
AxfFrES F7tet7] 918 2402 Kws ’dé sttt AAE 24
¢ Kawo Kool @& 13F #7133+ &4 ®eles <23 1>
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T @l/Tquene
-1 4
.‘ﬁBenzyIchluride
Methyl ethyl ketone
2
p-hitrotoluene
3 2.4-TDI
] Methanol
7 ./
x Acrylic acid
2 ]
_ . ®
Formic acid
] IDPI
m-cresol
61 Formaldehyde
| Ethylene diamine ¥ Phenol
-7 4
-8 ; | | I
-2 0 5 .
Log K.,

<a9 1> 13F f713gE2 54 ¥4

<ag 1> dehd B4 998 Egs
B B4

e 1Y Kowolt KawE
47} 2] (Ethylenediamine, Isophorone diisocyanate(IDPI),
Methyl ethyl ketone(MEK), Toluene)& A A& o, 72+ Ex9o &
e g <x& 1> YEHT



<FE 1> EA wE GFFsr Ao

54 Ma

Substance Ethylene Isophorone = Methyl ethyl Toluene
diamine diisocyanate ketone
(ED) (IDPI) (MEK)
Molecular 60.1 222.3 72.11 92.14
Weight
(g/mol)
Boiling 389 431 352.6 383.8
point
(K)
Melting 281 213 186.4 178.1
point
(K)
Log Kow -2.06 4.75 0.28 2.57
Log K.w =715 -4.22 -2.72 -0.68
Molar 10.7 156 39.9 118.2
volume
(cm®/mol)
Vapor 1,300 0.04 12,079 3,766
pressure
(Pa)
Henry’s 1.75E-04 0.15 47 518
constant
(Paem?/
mol]
Solubility 1.0E+6 1,000 2.11E+5 526
(mg/L)
RxOHAIr 592E-12 8.82E-12 592E-12 6.19E-12
RxW 1.16E-02 1.30E-03 1.16E-02 1.30E-03
RxSoil 1.16E-03 5.18E-03 1.16E-03 5.78E-03
RxSed 1.16E-04 578E-04 1.16E-04 5.78E-04
RxVeg 1.16E-04 578E-04 1.16E-04 5.78E-04
_ 8 _
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B oA 24 3 shib: 3sEdd BAY 3§ 249 e
seatns Qs WA 2 egue] WaE «%di: fojmz WA
hgel AmARE AU g AnAR ARNFS the
2ok @ sspAbae] g FAS ARH LAEE Bas]
Sl AmAR Fwel FAZ E=AY A, @ AA FHepAnst wA ol
o] EAF A

wheba 2014720210744 A A shekAba A zle] AR OH, HiE
ol 91x8 AAEL FuA FHIES AASFAH<Y 2>) ©I
71 sstalal Bmgo A thF = B7F X9l W9= 15km X 15km=
7pFe] AFILA] A (444985.0, 3996774.0, UTMYH9) S FAH o=z ¥3}
g W9 E <ay2>d AU

*’- Accident point

= Model domain
=(15kmx15km)
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® ATddA s 7= stetata Ry OA BIbskA FE A
AE 3 wAdAe] LAdEE BT webA, 7|E 3EhAbaL
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o E, 7]-5A, BEF-A, FA-AE e A 24 o
ERAsE WP BES AUsn /£ 23 Adse] 74
Aol Wd 4FH LPE Bt ASHES SAr (<Y 4>

Fx).

o of

Physicochemical data Direct Release to Water

Source condltlons

e ————————
Release Rate

Geophy5|cal data

Meteorologlcal data

YES Multimedia
distribution

NO

Release condition

Heavy gas dispersion

Volamlzauonﬁ gDeposmon

High resolution

W[: surface water model

Deposition

lilization D Degradation
Degradation Soil Water  ~ ="
A e
|Vegetation H ol I I Dissolved H SS I
T
REEEEDE : i; Chemical exchange
groundwater y
1 "
v | 1 Sediment I_
T mempem——— -»>
1 .
Burial I Degradation b
(a) g (b)

<39 4> 44 g8t
((a):7]1& ststatar 2, (b): o
7] 2 &

2y W el EdelA FrhAow whge zeAlAE taa
2t @ AlNA FAz A 2, @ dres A
b @) EdoA FARS EAN &, @ EgA FARe 7
Zo] W H AT} (<HE3-1> FHx).

P Lo

A AR BEOA B B oF mAs: Bgi 2
WA Al A, O f98 PR AW, @ A U oFE AW
eqmel A7, @ e9B ALA ARH, @ 54 U 23, G A
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<3 3-1> R Fr7tE tir]-Eeke B4 o)l® 7|z

Media Process Equation Description
Air 2434 Do Joe A e Ay s Vi &: fraction of a chemical sorbed on PMs
(l/h) (kawr (dimensionless)
J..i,. Dprecipitation rate(m/h)
A,,.- particle scavenging ratio (the ratio of
the average pollutant concentration in
the falling rain to the pollutant
concentration in the air phase)
(dimensionless)
A,,. Water surface area(m?)
V... volume of air compartment(m®)
FA413 4 ; 1 Ay K,,: air-water partition coefficient
(1/h) (ko) (L) o Ty + Ay K. V. (dimensionless)

A, normalized gas scavenging ratio,

(dimensionless)
2 - A Ao Vpp,,+ dry deposition velocity of particle
(1/h) (k PDry> P e Vepry * ﬁ (m/h)
ghalofl olall ol 7190 A A koww- Overall mass transfer coefficient
TAR o] F3 (1=@) « koqs * vV between air and water(m/h)
AA ST o
(1/h) (kpizrw)
Soil  EAF #3Zd 93 1 A, Uspo- solid runoff rate(m/h)

& okof ] 9] Usno * J——* 5 K., soil matrix-soil solid partition
AA ST e o coefficient (dimensionless)
(1/h) (kgpo) A,,: soil surface area(m?)

V.,;. volume of soil compartment(m?®)

7rQ- f-Zoll 93 1 o Unro- solid runoff rate(m/h)

Uwro * K ° vV

smsw soil

K, . . soll matrix—-soil water partition

smsw

coefficient (dimensionless)

_18_



<& 3-2> A BEEd vrgd =4 oF 71#

Media Process Equation Description
Water Overall dCpater ) .
I AdvectiveInflow — Advective Outflow + (k:pWCt+kGWct+k:PDTy+kDiffW)C’aiT
+ (kSRO + kWRO) Gemfl + (kdesorpsed + kresus)ased_<kvolw + kadsSed + kRXwa,ter + kSSDepo) CYwa,ter

FAANA Y= 3 1 A K, SS-water partition coefficient,
(1/h) (k) kow * |77 K, v, dimensionless

V,: volume of water compartment(m?)
S AR F3 1 Ayseq kowses: Water—side overall mass transfer
(1/h) (kugsorpsea) Kowsea * 1+x,. | \"V, coefficient at water—sediment

» interface(m/h)

A,..; Sediment surface area(m?)
FA o] A o] i3 1 K, kpyaiss: dissolved degradation rate(1/h)
(l/h) <kRX'wate7') kRXdiss ) H—K +kRXSS ) H—K :

pss pss kpyess SS degradation rate(1/h)

HERE4d AE I K, Aysed Usspepo: SS deposition rate(m/h)
(l/h) (kSSDcpo) USSDCPO ' 1+Kpss ' Vw
HENA FA2 &3 1 A ysed K, san- Sediment matrix—sediment water
(1/h) (kgegorpsed) kouwsed K, o V., partition coefficient, dimensionless

V.., volume of sediment compartment(m®)
HEA A= 1 Apsed U.....- sediment resuspension rate(m/h)
ZHJ?——P[— Uresus ¢ K * V . . . . .
1/m) (k... sdmsdp sed K, 4.4, S€diment matrix—sediment solid

partition coefficient, dimensionless

- 19 - .-_;rx;! _CI:I_ ]—l| '-'f;]_ T_III



<& 33> By wrgE AE W 24 o] ZERAX

Media Process Equation Description

Sediment Overall dCieq
dt = (kadsorpscd + kSSDcpo) Cwater - (kdesorpscd + kresus + ’lgRXsed + kbuNal)Qed

‘/l\‘jﬂoﬂ}‘:i XﬁEi '6151:7:(‘]!— L 1 Awsed
(l/h) <kadsm‘psed) owsed * 1+Kpss | Vw
B42dY AR 47 Byo | . (Auses
(1/) (ksspey) Yssoero * \ T3 i )"\,
ARA FA= G2 ( 1 ) (Awsed )
(l/h) (kdesorpsed) owsed stmsdw I/SGd
JEAA A A, 1), (A)
(l/h) (kresus) e qumsdp Vsed
A B o)A e

(1/h) (kgxsed)

AE ole) = A . 1 Apsed Upiria- Sediment burial rate(m/h)
(l/h) (kburial) burial stmsdp ) Vsed

_20_



A2 AR 0 FEARY BF

CAM®] Ax +4 2 A dHARE F+F387] 93
Information System, GIS)E& &-83}o] <3k 4> FAIH

a1
¥, B4 WBE 33F AR BARYo, 4 5

il

T A, AUEYS

A] A WMo AT
SCER-DERER
<HE 4> dlolH tEo] &8d gAY Ak
= &
A 90m X90m ¥ AF=(1:25,000)

1”7 digital elevation model

B 90m X90m ™ & 3 2] B % (1:25,000)
EA 9 30m X 30m €] & 2] | ¥ & %(1:25,000)
1) DEM X7

CAMoN A EALZS- f5 2 §3e 35S 2osy] 93 ZAAvitt DEM o]
HE AAAIAT dx vk DEMol| &= 9 Alpv @1o A3 (sink)e] &) o771 A

7l olefd @

Y d@e 529 walsith mebA, DEMe 2HFE HAa
s}

L

galo] e Y 35S Q%A R :6]-7] 938 QGISY Fill Smks(wang&hu)—a—
o
AR

3te] SinkE W3
olo] DEMS ErdT,

_21_
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* Accident point
e [ow: 20
o High: 805

0 1 2 km

<Z1E5> Sink7t BAGE A5# ¢ DEM

2) &5 W3 (Flow direction) Grid A4

Aol e FEsA SAES Hrgsty] s 2" DEM ARE Ed=
QGIS 4 Fill sinks(wang&liu)®] Flow Direction®] &ZE4sk o] 7] 5S
239 (Wang and Liu, 2007). Flow Directione] ZE4W3ke] 79 Eight
direction pour point models wWEt} (Maidment, 2002). Eight direction pour point
modeloll A fuke] ZAxfoll o] wrare 871ed T A7l 717 % ak oy A

A
Z]’A s 7LO H]_u_ X 1:]1-‘?50% x@h:]. _l, 21]01 1/13 A= % 1O 7].;] 7ﬂz]_ u]—éég_

FL u{m

2 & 2 520 JYPHEY, <29y 5>04 BAE DEMS EulZ Flow Direction
S A3 Ay s <a9g 6>HE ARG 55 Wk GridE TEFoHA T
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* Accident point
P : Direction
: { as 0 N
" o NW
g8 5 e [
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o o s e SE
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e SW
Mjﬁ":ﬁb 1agaaaags o V\/
ot e NW
2t i
e a5 0 2 km
ﬁ%’ e | I

Edz 2y o FAS BEF A4AE s @l

=7 BHE A9t FrtH oz 4719 o] EAT A A

c e el A, sheaba A el gE o o 0.5km "ol v Q14 g
7

} 2FR vkgste AxE AR o A3 vk
TZxE AR sy =7]17F 100m X 100m(xy)ol ™, =9 72 =7}
F7F 71402 FAEAeH, AE AR A4 dxe 9 =ds)

A
oo B, FA ARE delt dERe] FdFFAe wdstrthKEL 2009).
O~

TS, FA-AE 3 2dolE|AE AE]

%% bcm ¢tol A Yoy (Mackay

1991), 719 tjA] FEHIEFEC] ddtmo] s 2cmz Rbdsie] Hrhdthe A

5 A=t 8
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slo] A ES Zol(z)E 2cmz WEE SIS TH(o] &oF, 2005, Jung et al, 2014;
B2y AR FAEE b <ad >3 2o

e Soil

® River

0 1 2 km
| .

<y 7> R W A A

8
N
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B
N
X
-
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H

_24_



Solid Runoff(&E

71Ee] tr1ek Ekell o

T -

¥&= =4 o5 7|22l Runoff

]

H

rE)E WA

o

3
ar

Egon $AZ edTol §

A1) e Water Runoff(#]

Al 3 A BEAFAS AEFE

s E LT b v ST T
T oof moN N oS < To
"y @R ) ﬁomuaimﬂ
X 2 o =
p 5 "o e < ow o, O ©
™ of | Wm mH mo oy ol W ML %o
E G xR e
@.EATQAT - X% I e
oS X R do S R I~
N = ) i _ =
= ol o < < o
o A )
2 % o i) cn A
< oy XO°© < i T T N
o ow M A ol X
T oo M Zo WA o T AR oy W
Ho o - ~N J_l% Y ~ & o JU ol Zo =3
_ X _ o L
MW . w o f ﬂAI; o = T ] 3 ° Mo
o JooEoM o o= B ) o X
\ﬂ T X wrm o~ Fm oF K & X M o
7 .
mr_mw_ﬂzo N R %ﬂmﬂlmm
;Ir‘” o OL e ui ﬂ_ol e 7 OT £
o IX_I NI < e 0 0 = 2 T o
w o gb B = T x Jo N0
< R S ™ oar w < o
Twoy®w® S %o W Moo
< B ow oy N S ojp SEEICIE Ho
W o~ 2 ok (e -~ % N o
0 N fite) E —_ = _ —_
~ do = 2 , Mo = S o M ® S
ko X X% 9 o S _ o o
AR S . =T oM
T M o_ — X oW gy e oF o = P
T o= Lo T M S o | o=
B L1 L TR
Mo B H 20T LT
XK m® g L B N oy iy G G
ﬂ E %0 ~ O < Hu_ﬂ X < o .m_ﬂ .Ul oF H_.f
MI o_e E <N 2 ol . OE el o B
o of 5 y TR o
;Oﬁ ~o 0 — U R EE - o - ~
w2 T SR Wy LW g ®og
O
%mfmﬂww% S s B T S o ]
_ . - ~ jvan O .
R - = o R TR R N
~ X m oo T B HOE W o & o)

_25_



(2) E9kx 2] Q12H(K factor) AF=
FHA Qs B A digh EYF 1A AJHEE Y. ES3

o1 2t= S E F(https://soil.rda.go.kr/)ol| A A &g AL E g &
dole 2 758 ALESL Kits oha <19 8> et

jp O

apan

aaf
L

o«
Illl l-ul

* Accident point

K factor
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(3) yE-#g AAHC factor) 2=
&g AAE A=, ARG, FE 5, Ayt S os HeEnh 2
AToNMeE AEESFEY EX & A% o] =
AL, FAFA AN HES A I ZAbe] ek wAe] EXo]g gl A

gud] we 44 FEA4 OIS FEHAT (AR, 2012). ARWE AW C
@ QGISE EFatel A4 u delgz THAt <19 9> mge] 75 K
e vhEraT
;"‘, i
e ass 5
& iﬂrzfr,wf i
»;: - s @ ‘ o "’1
ﬁ*ﬁ c ﬁﬁ e
b
Accident point
n=Ees
o AJtStAZXIS
o sSYXY
o MEIHA
o =X
o =X
o UX
#2a%a"28 255 i s : 0 1 2 km
il * ﬁ-ﬁr : g [ —

<2y 9> BEY v&EdE AAHOF A=
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(4) Ag <SA(LS factor) 2F=

AY A LS= DEM AzE AA el sl 4% #, Arsel £ B4
=9 Flow Accumulations o|n|A & FZ3lo] QGISe] SAGA GISE (3o 7zt
Aztel dFetE LS #hs Aldtetel Ax Ul dieolg &2 P58k <71y 10> &
ol +5%E LS gt HEdT

e a0 e
s 4 2 4
£ ‘
gaag - 4 v 4
et ! £ g
458
o
a2 s seacs
e g 7
f ~ ;
52 554 & . Frer aa
e B - :
ga-os iesanes: !
gt 3‘5 .
a ’ g al
oo g : - i
: : 2
"rv! " { 4 a5 :
i - -
o { : 2
£ i : : :
:
o anass T
Shsapsarearas: e *Accidentpoint
e
a6 g g LS Factor
L : o 0-241
2 5552 o 21-54
: : f e 24 e 54-9
i > s T i e 9-138
£ & iad? e 13.8-258
f / ,
;
! 2 ghaces goasastas 1 S55s : 0 1 2 km
{ dciaaeae Geeeaifitee T i £

<y 10> E A3 AAHO) ) A=
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5) BH#e AP =
of

e QA P wAAAA AEoY guiio]l ESFAR F 4%
d AR, <GE 5>e FEAIE FHAFOA AAG HES 2 #H Al #I
A'E met EXo] &St AALEE nE e s AR AlAkete] Az o o]
B2 T53th
<3 5> EA o]g ¥ AAme] mE By I (&, 2012)

EA °o& A= HAFA AR #(P)
4] 1.00
A=< 2% 0.12
AAE 2 7 7% 0.10
= AAE T T 15% 0.12
AAE 15 T 30% 0.16
AALE > 30% 0.18
WA E < 2% 0.60
AALE 2 7 7% 0.50
Lly AALE 77 15% 0.60
AAE 15 T 30% 0.90
AALE > 30% 1.00
B 1.00
b 1.00
I 1.00
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AZFEFS 7ot 9slA curve number WS ARESEATE  (Cronshey,
Ty 274 FgE FEFAH S (Curve number, CN)of| 2] 3
AR EY, CN& 384 E %k (Hydrologic soil group)d} 43§ $H=2 A (Antecedent
st (FEE, 2011). Az aS 1d

ol wet Agrieh nAdSTIE FEdta 5Y AAATEES Vel
S AARgt AR, B Ao E dd S e 9

PAFEFS 71F A vk wEbd, 2 oA AdH )

o,
N
ol HU
ol
Ny
9 5 =
n[
Ml T o
T
BN o
o o

o

ox
o=
r% o

AMC-TI 2 74433, #7 4 EEAe meh EX¥ Ny
2 ned ONge AAsArHE AR, 2019). 449 CNgte 2 A4 ul dlolg)

2 s
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ASF mPge N=A H7L

AlA NHAF F7F Y

ol
N
o
Lo
»
2
o
5

A mFe 47149 4% £ 24 99
al., 2014; Kim et al, 2018; “2lo}, 2019), 3}eAatare]l &R il HH oz vE
o7 B3 HEE xs CAMI o] A3slx Lt}
AR B Ao A Awrd CAME 7]Fo] /e thr)e Eoko] ths] H7hst
getita mgol FAAEE BAG 5 dE BES AUstel Adw myolk
mEe gk A=A Hrhe o] Fol ] Wil (d24, 2020), ¥ Aol A
ESS A9e FA-AE REJ A FA AR QIAEE JZ3) =
ARG E AL pAS AR edEs
Ae BEEs AAst= 7]%—04 S 2o © w8 E 2o s o
Bl 7hs o, @ TA AE o] flux R 7hs
TH 2y A, F A AAHE Vs EUE
ater Quality Analy51s Simulation Program(WASP)-S-

N
Fi
1o,
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United States Environmental Protection Agency(USEPA)o] 4] 71l WASP+
19700l ks o] 500d EoF thgetAl AMEEH H® ROt wmuldAE F
2 4 d=2 g AFEEHJoY, S Ad 3 AH1996, 1999)7F e dE Ao &
AT #AHste A £ Aln e £ o3 A, LAEA olFEA
ek oSS 9ld WASPE AF&3te] H7Eedv B AlFe JrrE fEA e
WASP o] WASP8S Al-83} %At} o] WASPRo] E oA 7it®l CAMI}

we wgagE mdeln, A AR REN e 149 T2E 0 ARTE
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o & BES EY5tiL, fUILEEHY A U olsS 2T F o, AE
of tigk H7I7} Thsste] AL AR P LH9EAY olFs BT £ QY] Wi
o]t} (Knightes et al.,, 2019; Wool et al., 2020; Cope et al., 2020). WASP82] 7] &
T d= A8 8 ZrH(Wool et al., 2020).

oC

oc_o(va,0) VEAG)

ot A,ox Aor  TorT ot oK

C: FAIE 5% (mg/l)

t: A7+ (day)

U, : T3 7% (m/day)

A, EFEEA (m?)

B, : 50 FAA S (m?/day)

S, HZHE 2 AH3HE (9/m?/day)

Sp: AAACZEEH AR (mg/m?/day)

Sy A W 528 ukgol 93 F W 3-E (mg/m?*/day)

CAMz} WASP89] #lo]d & tiew Zrl WA, WASPSL FR 3 o] of7]
o] 7)ol EGS B A odo] HASE A9E YUt ErlsstH, A
2 AF FEo] Hve AR 2o Jtssite A ]7} UTH T3 ZF 3w A}
she] Axfol FAld EA5E CAMIE= 2], WASPEE F=A9 AEE 7tz ¥
Mel Az 7Fgst, By ulFolA z Axpel Ryje} A4S dAder dohe
apolHo] EAETE wI CAMLS FA-AE z7te] F-g22L wojsi= ukdd
WASP8o| A &= ke al#] =t (K 6 FFE>). 3 CAME AE wZd-AHE Y
AAg I e dEe oA, AE wWA-AE U & 3te] EuiAFE dst
o] HEA Sl EH olF 7|ZS Hosttt. AR, WASP8 A= EY-& A
FRES W sle] ®oldtth= 2ol fo] Utk
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<E 6> CAM3} WASP8e] uheg 7]%

Media Process CAM WASPS8
1-dimensional advective
O O
flow
Adsorption and
desorption between
1 q O X
Water water column an
sediment
Deposition to sediment O O
Degradation in water O O
Volatilization to air O O
Resuspension to water O O
Sediment Degradation in sediment O O
Burial O O
O
(including
sediment matrix/ @)
) ) sediment particle (only
Water - Chemical transportation . o )
i L i partition coefficient soll-water
Sediment mechanism in sediment o
& partition
sediment matrix/ coefficient)
sediment-water
partition coefficient)

AFA FH7kE 98], WASPd <]
71et Mg CAMY &<
2o a#atA &r)e <a¥ 7>d A&s CAMe A
3t 9 X8 A AR ARES <29 11> BAE AAY
2 /Mged. o A3, CAMe] FA-AE Aast 5As zlolE spAE 1617
o] 4 Az 161719 NE ARE WASPSd| 338t}
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Headwater

Chemical Input _

13
4 25
o 26
23 34
A4 35
36
37
——
[
86
B7
159
160
161

<a¥ 11> WASP8 47F =4 %
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A2 A AR P72

CAM3¥ WASPRe AFE AFztd oz waudt A3E <E7>3 <29 12>9
Agste]  UERATH FAOA T R i AFE g3 Aol=
Ethylenediamine, MEK, Toluene, IDPI <41 = 1.224], 1.309], 1.33#, 1.23ujo]mH,
A Eo| A= 112428, 104191, 2664, 1.16W1= A EoA CAMe] Ethylendiamine,
MEK, Toluened] t)s] WASPSH. t} 113 7}3kc},

CAMo| ARt mtedsl= FA-AE S22 7|4S AYsta RES F539<
o), oA F Rl o =7k o] Ethylenediamine, MEK, Toluene, IDPI <A
2 1.239, 13000, 1.33%8}, 1.238fo] ™, A Eo| A= 1258, 1.378], 1.30%81, 1.14%8[ o]},
=, TA-AE 7 S22 vy Al T R o Sghe] 2v) ojul®2 UEs
w2} A, Ethylenediamine, MEK, Tolueneoﬂ A A E A CAM} WASP894 Oﬂf%k
o] zol7} AT E olf i FAH-AE 7 F-EFo] 7]egs A5 ATh

CAM} WASP8S Hlugls wf 239 o=, Hid Sy 2 HF ALE
Hrrel7] 913 A4 A5 AE R Fractional Bias(FB)9} F Z&o] o= kAo
A AEE Hrlelr] 98] Spearman A4S ARSI tH(Hamby et al., 1994
Chang and Hanna, 2004). CAMol A FA-AE F &2S g s wje} iy sl
S wWel 4 54 FAef AEAAS Z At FB g Htghy A 2
e <x 8> A stAtt

el AN E - 05<FB<05°I™, FB kol AAHS ol $1xg d,
CAMe9] d|Z3gko] WASP8e] oS3ty dXxsicta #ers 4 Stk (Chang and
Hanna, 2004). &A= CAMO FA-AE &gz 7]z dre] o 31} 3799
FB Zro] A A9 o= uetun webs, 394 CAMo] WASP8R T} tha

G 7kskA R, FB 7|02 g8 wf 7 Rl o Fgke] Aot Ax fvia dd
HAo. A EA CAMY FA-AE & =222 dtad Al FB z& Ethylenediamine,
MEK, Toluene, IDPI <A = -195 -155 -0.71, -0.05°2. % Ethylenediamine,

W
i

MEK, Toluene®] FB ko] AW uro] vt stAIvE FAl-A & F-&2e myt
FAl, FB gtol A4S o= YEl} F Bl o3k ol F-2F e 74l

g2 thAl selshsic,
FB #olXl CAMS| 5A4-A% & 92 whed of 2ol e} Ahol7h BT, 5
At AEAM FREA A3 CAMS $A-AE F-23 W oot BAglel
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FA AR A 22}

I 4 dth(Hamby et al.,, 1994).
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<¥ 7> CAM3} WASP8e] Zdo] W& AF7Hd Pt o= FEH

3+7 WA Ethylenediamine MEK Toluene IDPI
CAMo| A-A = 7t = 1.22 1.30 1.33 1.23
Tas A AE 112.42 10.41 2.66 1.16
CAMo| A-A e 7t = 1.23 1.30 1.33 1.23
TR v AE 125 1.37 1.30 1.14

E=5H] = [CAM/WASPS]
a7

A&t

H

(»

._'|_
T



Chemical Concentration

Chemical Concentration
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<# 8 CAM9 EHo m&E 1y o= A5A%
Ethylenediamine MEK Toluene IDPI
CAMd| FAl-AE 3t A -0.37 -0.36 -0.33 -0.20
- g7 vy A& -1.95 -1.55 -0.71 -0.05
CAMo| FA-AE 7+ A -0.35 -0.34 -0.25 -0.19
F. ez wuko A& -0.06 -0.05 -0.05 -0.03
o 0.999 0.999 0.999 0.999
CAMe| A -+ E 3t A (p<2.2 E-16) (p<2.2 E-16) (p<2.2 E-16) (p<2.2 E-16)
z.grx 1 . 1.000 1.000 1.000 1.000
Rho (p<2.2 E-16) (p<2.2 E-16) (p<2.2 E-16) (p<2.2 E-16)
o 0.999 0.999 0.999 0.999
CAMo| FA-#E 7t A (p<2.2 E-16) (p<2.2 E-16) (p<2.2 E-16) (p<2.2 E-16)
&gz wako . 1.000 1.000 1.000 1.000
(p<2.2 E-16) (p<2.2 E-16) (p<2.2 E-16) (p<2.2 E-16)
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CAMo A= F3 AE 7Y & 2322 two—film theoryE %3
U oES4e edEdET AR U 9 2 edBdel WL A
(NERIL, 2001; Thibodeaux, 2005). webA, <3 3-2>9] =4 K& k¥
s 7F T, FA-AE P 583 Roste 28 A2ATS kowsaE A dE
) 9], sediment matrix/sediment-water partition coefficient:= #*E U <=x}4<]

FANE S AR | T35 FAAE Ske] vz e,

1 1 1
= + <A 8>
kOwsed kwwsed ksedwsed * stmsdw K

kowsea - Overall mass transfer coefficient between water and sediment

K, 0w - Sediment matrix/sediment-water partition coefficient

EpwsedsFseawseq- Water and sediment side individual mass transfer coefficients
CYSdm st
_ _ 14
Kimsiaw = o (1= 0g4m) 7 — T 05w <A 9>
sdw sdw

0¢,w~ volume fraction of water in the sediment.
Z,q4,- fugacity capacity of the sediment particle

Z...- fugacity capacity of the sediment pore water

Fygp = <A 10>

Zdw = 77

sa

K,.. organic carbon-water partition coefficient(L/kg).

X,.: mass fraction of organic carbon contained in the solid phase
p,,: density of the solid particle (kg/L).

H: Henry’s constant

of W, AE QAP FAAE ¥ Kb FHEEE SrhEY Qo
I
=

Koem Kow?b S7Fell w2} %‘ﬂﬂﬂi, <" 13>e4 2429 Kowst CAMelA

2olgl 7t 24 W FA-AE F-23d 8 AER FYHE fluxE Haseln

249 Kw’t 71845 AER Fd5He FA-AE 1+ 594 flux =3 S8}

= AL 988 £ k. o] FUMIAEE PCBY FA-AE 7+ EujE wrie 4
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I, B Kyl 5% AER o 29dts A 23¢ X gt (Wang et

al., 2011).
10 €
]
6 - ® Log Koc £
) g
B Sorption flux 0
o]
-+t
4 1 . 3
[y
0
Q >
S 2 b o
m N
o2 c
S L 5
o £
0 g
P
o o
-2 A ] g
= o)
(S
2
-4 T T T T 0.1 <
Ethylenediamine MEK Toluene IDPI
Chemical

<9 13> Ko CAMO] it TA-AE S-282 flux

SEAI W A Eo|A] CAMeo] WASPS8H® T} 2] o]A 13 7}3k Ethylenediamine,
MEK, Toluene®] K. %2 IDPIS] K9 gtrt} vtol FA-AE 7F 5 -g2ho]
9 BA S E Eetal A E A CAMeo] WASPSH T &4 v 137l Ao
2 Yewt ol B K S5, FA-AE 7t &9
ER olFste F B4 o 7FoRE A&y wEow Add

of CAMS] B4o] me 374 2 FA-AE F2% s AR F9uE BT
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<E 9> CAMS| Bdo) e % % FA-AE FH o) ALz FY9

= Hat flux oS3k

Ethylenediamine MEK Toluene IDPI

21 7F flux

3 2.20E-03 3.57E-02 7.74E-01 4.40E+01
(ug/m’/hr)
TA-AE
&2 flux 1.90E-01 2.32E-01 7.74E-01 1.01E+00
(ug/m>/hr)
:gaa-}_(]- ﬂUX-Q;I’
27} flux €] 1l 8.64E+01 6.50E+00 1.00E+00 2.30E-02

(F- 22} fluy 37 flux)

<3 9>9)| 4] Ethylenediamine, MEK, Toluene, IDPI¢] <A-AE 3+ & -zt
fluxe} A7 fluxel v]E= 27 864, 6.5, 1.00, 0.022 Ad=HAT. =, 249 Ko7t
FSTFE, FA-AE I gzto] QAEHe] F olF 7|Foz &3l AE

.
A CAMo] WASP8H t} 1137134

14
rlo

2o OM: AE3e FAR A8 AL A
= 2.3 H7FP . CAMZ WASPY RE EA4d st 549
FB #t& A9 o2 F RF9 oFgho] AdsA dAgttr Addd - 3l
t} (Chang and Hanna, 2004). %3 A#EA A3 5 2go] 7z} 374 e &
Ao gk AT 4 AL 7tA 7)o CAM# WASP8e]

282l WASP8}9] H

0.

A
N
)
lo

rol
(o]
2,

Ao,

otd

=)

e

AN E0A d= Agr dxdtta ddE o (Hamby et al, 1994; Chang and
Hanna, 2004). Koy 7ol @& Edo] thajri= CAMo] WASP8® U} 313 7}&}A| vt
o]i= WASPSo| M= nutd 3l A -4 2}9] G 2hg wkd gy ol o

ol
=l L
Ld=do] wA

rkE

gA, FA-AE o] F-2F3e FA k

F 714 %9 grpol7)e] o= CAMS WASPSEE} odEAY oS o Aid
A Bositts ez weotEd 4 Ath(Mackay, 2001; Mackay and
Thibodeaux, 2010).
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WA <2y 165>04 HxHoer HAIHE= S| = 20 mm/hrol A
Tolueneo] MEK=E.t} ¢F 1.04v) v =LA et A4S AYdsta Kt 2245 2
A YERE T KawZb A9 28 ED9] 5434 fluxts 4974%7F 1.5mm/hrd  u
Kaw7} Al 2 Toluenee] ©¢F 4.64wjo]t}. sFA 9k 7 T Z7 e wE HA#HFH
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AR RERARS ZOmm/hroﬂ*ﬂ Tolueneol MEKP_E} A Jehgd o8 ey )
FARALE JdAT BHo AAY 7t BERY AAoZ yHAAxY. et T
Zhsholl mel JAE EEe MAY JtxAd BEHe] M Ao *7:7}'5}1 octanol-air
partition coefficient®! K., FKow/Kow)7} & EZ2ASFE Axaat B2 Ao &7}
3, Kaw’t W& BHYFE 724 B89 Algo] S7keH & of
g oy ATrolA dAE =He A ago] Tt B4 /H]Z*EE} o 2 3o
2 yebydt} (Ligocki et al., 1985a.b; Duinker & Bouchertall, 1989; Dickhut &
Gustafson, 1995). 424 2o AAe] AL nx= Wl WMo 17427
BXE= 79 Are 342 yvehdtr (Marshall-Palmer, 1948; Pruppacher& Klett,
1980; Seinfeld & Pandis, 1988). MEK, Toluene, ED, IDPI &AW Z log K&
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2 Kaw’} BS4% Solid Runoff$} Water Runoff & t} 743l =
o]= Runoff= $AAA flux: K/l 42 B0z o &7 A4 5o Runoff
2 FAd fYEE o w3 7467 "otk T3k IDPIE A ¢ sl ED, MEK,
Toluene®] Solid Runoff fluxy #& 7% 7% Water Runoff flux®t} #oh &
st EDE= 797 %o] wgl Runoff flux7F Solide} Water & tlo|A] #HAsHA AL,
MEKS$} Toluene& % t} Z713k whdo IDPIE= Solid¢t Water Runoff flux & U}
gtz S7FskYh mpx o2 ED9 4%, Solid Runoff fluxe} Water Runoff
flux & thellA 2 ZEe] F7bed W& Runoff flux W37t th2 EFJEHT ¢
AA YERSET

W Z  IDPIYF Solid Runoff flux7}F Water Runoff flux®.t} =LA YEeElYG o] F+=
e 2o Kewd 4%, f71 849 2548S yetd ¢ dew(Leo et al,
197D, B Wl 7] 280 U &2 =& =3t} (Sabljic et al, 1995). whe}

/H, K0W7]’ %‘_‘“%'/F% Q %7‘] O] _{\_{1’:}\—] o]

7]

=
) H EY U frIEHdd digk FAH =T}
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Kowi= 4.75, 257, 0.28, -2.05¢]11 IDPI7} #ld 2 Ko #= 7143 ED7F #Ald #2H&
Kow S 7FATE A A fluxE ¥)wst 23, IDPI:= Solid Runoff flux7} Water
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T oF 0.02v] = UERR
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%A H A fluxet Runoff fluxE FH o2 79 w7t Z7H8ke] wel Kyt %S
TE FAAE Qd9EE B olfE vy Zuh oA AW vpel #Zol, Kt
e E FAFA fluxyt 7, ti7le] e SdEde] AdAo R ALaAF
oA A7t "Wolx FAlo =wslr] Ao IDPI? EDe 7%, Toluene® MEKOY|
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Geometric mean concentration
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Geometric mean concentration

in water

I FIFE BAE] Adl, <29 20> A9 Al
Cemerexige) s)agyton ok ERS 4

le+4
1e+3 o ®
Te+2
1e+1
Te+0 - l ! FN
le-1 A - ® -
oluene
"‘a_j 13 (IDP1) (MEK)
= 1e-4
1e-5
1e-6
le-7 : 0
24
1e-8
e m 48
1e-10 . T . , : .
-8 -7 -6 -5 -4 -3 -2 - 0
log K,
<a¥ 20-1> Kol wE FAl A9 2t 29 A7) 8 ed%

_59_

|
(5§ A171¢] &9]= hr)



®

N

|
{Toluene)

0

2

®
-
(MEK)

3
®
(IDPI)

le+4

1e+3
let+2
le+1 o
1e+0
Te-1

le-2
1e-3
le-4 -
le-b5
le-6 o
le-7 o
1e-8 o
1e-9
1e-10+

(Lw/bn)
JuSWIPas Ul
UOIEJUSOUOD UBSW J11}8WI0S5)

1e-11

log K,

Ao Ao 2z}

=
Ly

<9 20-2> Kywol wh

Foll A ARaL7E

5]

<ag 20504 g =23

7
Nlo

7F 7t e, Ko/l =

e
T

Toluene

KeX
s 2

EDe} A<

1} O
.

3] Kaw?F Al

E
=

bt

1o

4

M-
)
iy

TR

o

—

—_—

DS

4
i[R

JIK

t}. nhxeto g IDPIE= 749 A7) 7F

|

0%

W
i+
o
o

ge
oj
100

Bo

171 A8, <z2¥ 21>0] BEAC] we zt A7) 3

LHEFH T

=
=

w234 flux

_60_



1e+5

<+ ©
O N =
edu
v
&
e 48
]
2 I
<
]
ze « I
= i
e ]
N I
w® -
<t o) L] — [}
+ + + + +
L { L { {
(du7,wyBn)
Xn|} uoiisodap 19AA

log K,

<ag 21> Kol wE

—
10

kol et

o)

7 %7t

_61_



{Toluene)

u ® (MEK)

(IDPD)

7

Solid runoff flux
(ug/m’hr)
9
~

<9 22-1> Kol W 72 A9 A7 8 A2 95+ Solid Runoff flux

1et+7
1e+6
1e+5
1et+d
1e+3
1e+2
1e+1
1e+0
1e-1
1e-2
1e-3
1e-4
1e-5
1e-6
1e-7
1e-8
1e-9
1e-104
Tle-114
1e-12 4
1e-13 4
1e-14
1e-151
1219
e1/9 ED
1e-18 - ® (ED)
1e-19 T T T T T T T

[ | o @
[
] [
o (MEK) {Toluene)
(IDPI)

Water runoff flux
(ug/m*hr)

24
48

npe

Log K,

<8 22-2> Kywoll W 7 729 A7) ¥ $£A2 §95E Water Runoff flux

_62_



<8 22> Kuwol w2 zF 79 A]7] ¥ Runoff fluxE et IDPIE A 9
o] Ao wel Runoff flux7} Ao, 3] Ky
7} %=& MEK$ Toluene?] 7%, Runoff fluxe] 7+HA*o] EDEY =LA YES
IDPI= 2 A1717F ol el wet Runoff flux7k Q3w <718t

:
§ BE BASE 43 A

1 4
NolA F23 Fito] Aot ANPAL T BA o) F /%] o3 FA
olfo] WATE g 2 oA o
g wol wwuled shAW K7l
WAt FAAA WAl 2
Lg7lel A AZIE = d s
Toluene> ED tiH] AFaL A
Ad), 12 98 EFOR o|Bi: 09
FAR F9¥E e gawth mebd, EDst IDPIF 49 A717 2old4s
Runoff flux7} Z7}3k

oz
ot
p—
(1S
4n
ol
o
e
oz
>
—
S
w
jur}
==
=
)
=
2
an
ja|
2
O

s
Jo
rir
)
o
B=)
.
£
o,
rlr
17
-,

N

N

O’gl)‘ [e] [¢] AA N y
ED¢} IDPIE %58 Koot 9 Kz a8l 7] 5 992 4o mzA 22 Fo
At A A A At Holdas SdErt A Axe wEAq. & AUt =

=
ol foll wel dh7lell M FE3| Fatete] Egom ol s, FAS YT B
59 AR} ol wel 749 A7)V} =o]d4E Runoff flux7} 5 7FsS3 ).
5 A7l e HFAAA fluxet Runoff fluxe] W3lE 2yl Av Kol o
£ wsl gEA dehte olft tgu 2tk we
Fe A7 mlEE FAAE LFdEt S ol
g e =4 ols &l s tirlelA FEs =l
5 240 o] 37314
Il md4s A AR 09

oA Aol =718l o Runoff7} 74

-~

K-y
AL
4»
Y
f
Ho
o
N
rir
to
uled

_63_

,ﬂ -j'f,- 1_'.]| &

l

1

1



Geometric mean concentration

in water
(ug/m’)
?
0a]

m_core_X,t
o) Cig =

S|
ax

4 o EgFor P REFS
dele W AFR e gE WEE ey,

at7] 18, <@ 23>0 7§ A7)

?
W

(MEK)
(IDPI)
®

®
{Toluenes)

> o

East
VWest

<Oy 23-1> FFol| &

H} &k

(East: 3}

o

log K,

FANA 74 =4 d o d

[<X}

West: &}z kol &)

_64_



A<

I
ok
=

T
o D]
0 5 "oz
o 7] % _;Iorﬂ <
E < 8z (L~ ) AR~
o _ o o 14
~ ® 4 ol T gr
T
o Gl =
L . A _ wmo 03
S Lo NV e
— ! DT.C HO 03
_— = A
v N =)
= T o -
c ) 83 %,
~ - = 2o
1 ci = .
ﬂAI — o]
g w
L © % B Ho
HO
—_ =
el
m ¢ A B 7_,. ‘_._Mlo %A_ol OE
© LTI
frse)
________________,____Q_u ﬂ_/H Wﬂom
O~ NNFNOMDDHO— N o
~MNOTHNOMROdD T MO0 [@\| —
bbdddbdbddbdddbdbdddddddddd . x i
BR
((w/Bn) viooR g
JUaLLIPaS Ul w®
UOITEIIU=2UOD UERW JLIJ2UI0a5) /_/\_ ﬂ&

[e)
_65_

th 7] ol A 9]

T
|

o]

o)

o] FoA dl7|oA A EHO R
Al A}

2.44E+061) o =T},



AT EAE

A1 A aTan 2o

FAsE AEel A s

B7heA e
shel 7]

AbaLof A

3)
5)

1 &

SRS

=

7}

7, 2)

g

oz

3l A

of th7lek EFel

==
Lo

|- E RES A

i

3

spehabarzl Al eF Azl 1A

T oEAR A E

47pA] =30 o

T
T

A ol A

A

U g 7t

A flux¢} Runoff flux

s
=F

4 flux7t S7FstH, 7]

A =] ]
=

2~ <
TE T

¥
oj
_Lmo

ase]

—=
fi%e)

o)

N

—_—

_XU

A fluxel EF W

M, Kaw® KowZF 2555 Runoffo] 9]
Kaw?F -4¢F -39 df IDPI®} MEK7F 4727t S7hgel e}

Al =]
=

7] wWZolvh. B3 Runoff fluxe %

o

A=

9]

U] Wol HjE

EaWN|
H

Sholl wh}

7}

=
[e)
flux:= A

FA vt Runoff

S

"
KR

N

—_
o

7
Njo

o} Runoffe]] 23] 4=

e
=

3
=

o 9B

EARY Bt gad Kawot Kow

a}

=
=

e

of
ﬁo

Akl

=
¢

A7kl

il

"
el

0
Al

il Al

o] 3

A flux =

Al =] A
1

<
< =7

)

_66_



A

A

2=
T

s

S

&lo] Runoffel] <]

)

7}

[€)

=

el

T

LI

il EFolA A=

0

o 9]

=
=

o )

7

=
[}

i
)
ahi

)

=do] vl

o,

L

77 o
A

o

=

%)

=

]

o

o, WstE wgk A YERET g Ky
[e)
o

A& B

A<

2
o] Z7}st4=% Runoff& 3|2

T}

gt

1

A

of uwe}

b

kel

]

hm s

A

5

0
o

Hth o 52 FAAE

i
il

il
)

]

wA
o
o

il
o

ol
B
B

7hstel A

=
[e)

Aol

o Wbl Kaw?t %

_67_

oF 2A4E+06W) A vieh



) I

AR 2 9o

A59]

A 2 A

:;E ‘Alv.ﬁ ‘q’ On_ \_l_Xl,._ ot " _*o —_ ~
= % om ox of M NoOX il BT o T O™ e Nl e w o
w P ° N T S of L BT B L T
x° - " o e alo 1__/I fuse) ~ o il " ~ - ! ..:l EL g OL ‘Hol
el N U o BB = B ook ™ e ~
™ voRR BTN g . T = o o o N
<A O,W o o ol % B i oL KR e = Bomo X i - = m )
lany N . —— Q —~ —_—
MW%ﬂﬂoo_Lﬂm%ﬂ I émﬂmﬂﬁyﬁ R
o mo NEe o do T s &N o omMﬂVo%wu_aﬁr R~
A T L S Y A A~ I = SR R R g X
N CIE T o B o= N W OB g E o | " e o W )
o E) D T Bn ool o o’ = oo o r
oo o Lo < T CI
~ N X T 2o w8 Moo =
N omo RN O D Ko o} ~ = m B o O o n}] ™ o
W_ ol P HL _ZT AT wr FL T ﬂa ~— o = vA wH iy =K
T d BT p BT T TR y@%ogﬂo% oz o
TR T ksn e DEIGE Ll FSwemEl 227
IR N ~ W o 03 ) N - o " D
< o Lo P T ) I T wir A
) Breedy =Y o & B W g e E ]
G e I L I - S I I
Moo o~ % X 0O o A o S R0 o e TK
R ~ W ~ mX £ T (o7 N Hokow
ﬁi ) X ‘Aluﬂ OME m} . | O.# T EO = — i - ~ 3o
o) T X mo B oy wY v % o B <
wxp P Eary TP d Wb L0 e 1T
ot e B T ol E T w® T =3 bW = 1 = B o L
EL TM =] Wﬁ _.E A—l On_ ™ 5 Ao i 1__/| OﬂE ! I:M _ ﬂ@l ;o_._
_&ﬁmlﬂorw/rx of my ¥ 1p X M- Mo o 9 o BT mEMﬂLL o T
TEE N xR e TP w5 P w o T
T aw T T B oo 2 © o Ho o m%ﬂﬂoﬂKdW oMl
AT el T LT R _dd e mERE LT S
s xlEm oW O X0 N~ o S oo oy D ow o
oAy oy 0 = o oy wm
= RO = o - i by M = @ N o= H
o e — ol L o - NS L A 0 c X b
FERzaEpds pTg g By Pk dgw v o.M
o B R oof g oo o PR aw S 2 X o X
B e M o S ) NO ot s 8 = TS oK A o o
v X BoX B 7o ~ — H 5 AR o= % R
T X g% . X o N = —= G0N
) ™ E._ .o ol _.E =) ‘.uf_mﬂ < . ,Q. S \H_OI - 5 = él o AT .QI
P E e T L WD E cal> IR Sy
X —_— L on ¢ X X7 e oF o oF N op B o O
H_.t = oty o= 0N ol - :.L s o oR OE % dl ﬂor o= [EL .
rrrc Pyl Pep¥is Scxgzsfae odes
FH AN NF RS o W oI D R N T
S T o W N R

5} AT

A A

(o]
=

5 7he
— 68 —

==
=

A AFA o

S

9l

1

°
-

A- A ol of

5‘4



1. (2017). ) BAALGL AME AT E
, Sr=r3hebEetE], 55(1), 48-53.

5

ZY3A Y. (2007). 3H HAE Z POPs =L ZUEH YA (2)

g, (2009). A AE g Al FFA S8 Bt 284 2 A"
SH 9 7 MH, 2, 145-166.

SHE. (2011, TS&FEs, , HE7

Zelol. (2019) "7]EWslE e VOCset PCDDs /DFse] U] thuja Fg
slo} o] wWE o W3l HrL WAL =i, A& hetu o .

A58, a5, 294, (1999). F8 FEAm o= mde =4 v, gy
7

4734k (2015). "A st abA o] AAAL FE & REE AR =R, A
&L

St A AL (1996). tistdolA] LA EH olFdata Azbo o] ek A,

St A AL (1999). AW & LAEZ o]t S 2 A7 o #ek A
T

SN (2012). EES A A3 Al #3F AL

S5 (2015). 2015 7 WA

SR (2019). S5 A4 EFAA.

Bloomfield, D P. 1999. An overview of validation methods for energy and
environmental software. United States.

Borah, D. K. and M. Bera. (2004). Watershed-scale hydrologic and
nonpoint-source pollution models: Review of applications, Trans. ASAE
47(3), 789-803.

Bubbico, R. and Mazzarotta, B. (2008). Accidental release of toxic chemicals:
Influence of the main input parameters on consequence calculation, J.
Hazard. Mater. 151, 394-406.

Chang, J., Hanna, S. (2004). Air quality model performance evaluation, Meteorol
Atmos Phys &7, 167 - 196.

Cohen, Y. (1986). Organic pollutant transport, Environ. Sci. Technol. 20(6),

_69_

#;rﬁ'! _CI:I_ ]—h -_.fJ]_ T_III_



538-544.

Cope, B. Shaikh, T. Parmar, R., Literature Review on Nutrient—Related Rates,
Constants, and Kinetics Formulations in Surface Water Quality Modeling,
EPA/600/R-19/241, U.S. Environmental Protection Agency: Washington, DC,
USA, 2020.

Dickhut, R. M., Gustafson, K. E. (1995) Atmospheric washout of polycyclic
aromatic hydrocarbons in the southern Chesapeake bay region. Environ. Sci.
Technol., 29, 1518-1525.

Donigian Jr A.S., Imhoff J.C. (2002) From the stanford model to BASINS: 40
Years of Watershed Modeling. Proceedings ASCE Task Committee on
Evolution of Hydrologic Methods Through Computers. ASCE 150th
Anniversary Celebration; 2002: 3 - 7. November; Washington, DC.

Duinker, J. C., Bouchertall, F. (1989) On the distribution of atmospheric Biphenyl
congeners between vapor phase, aerosols, and rain. Environ. Sci. Technol,
23, 57-62.

Easton, Z.M., Fuka, D.R., White, E.D., Collick, A.S., Biruk Ashagre, B.,
McCartney, M., Awulachew, S.B., Ahmed, A.A., and Steenhuis, T.S. (2010).
A multi basin SWAT model analysis of runoff and sedimentation in the
Blue Nile, Ethiopia, Hydrol. Earth Syst. Sci. 14, 1827 - 1841.

Feijtel, T., Boeije, G., Matthies, M., Young, A., Morris, G., Gandolfi, C. (1998).
Development of a geography-referenced regional exposure assessment tool
for European rivers, J. Hazard. Mater. 61, 59-65.

Garrett, T.]J., Avey, L., Palmer, P.I., Stohl, A., Neuman, J.A., Brock, C.A,
Ryerson, T.B., Holloway, J.S. (2006). Quantifying wet scavenging processes
in aircraft observations of nitric acid and cloud condensation nuclei, J.
Geophys. Res. 111, D235S51.

Hanna, S., Dharmavaram, S., Zhang, J., Sykes, 1., Witlox, H., Khajehnajafi, S.,
Koslan, K. (2008). Comparision of six widely-used dense gas dispersion
models for three recent chlorine railcar accidents, Process Saf. Prog. 27,
248-259.

Hamby, D.M. (1994). A review of techniques for parameter sensitivity analysis

of environmental models. Environ. Monit. Assess. 32, 135 - 154.

_70_



Hoffman, F, and Chiarappa, M L. Investigation of the behavior of VOCs in
ground water across fine- and coarse-grained geological contacts using a
medium-scale physical model. United States: N. p., 1998.

Jung, J.E., Kim, Y.K., Song, J.H., Lee, D.S. (2014). Development and evaluation
of a dynamic multimedia model (ECORAME) for local scale assessment of
aquatic ecological exposure to chemicals originating from sources in
environmental media, Sci. Total Environ. 500-501, 103-112.

Kim, K.E., Jung, J.E., Lee, Y. Lee, D.S. (2018). Ranking surface soil pollution
potential of chemicals from accidental release by using two indicators
calculated with a multimedia model (SoilPCA), Ecological Indicators 85, 664
- 673.

Kim, H.S., Kim, S.K., Kim, J.G., Lee, D.S. (2016). Are the ratios of the two
concentrations at steady state in the medium pairs of air-water, air—soil,
water—soil, water—-sediment, and soil-sediment?, Sci. Total Environ. 553,
52-59.

KEL (2009). Sustainable spatial river planning for climate change.

Lal, R. (2001) Soil degradation by erosion, Land degradation & Development,
12(6), 519-539.

Lee, D.S., Jung, JE., Kim, D.W., Kim, S.J, Kim, S.K. (2012) A new coherence
test procedure of environmental quality objectives based on multi-media
monitoring data and its application to polycyclic aromatic hydrocarbons in
Korea, J. Hazard. Mater. 209-210, 129-136.

Lee, Y., Lee, D.S., Kim, S.K., Kim, Y.K., Kim, D.W. (2004) Use of the Relative
Concentration To Evaluate a Multimedia Model for PAHs in the Absence of
Emission Estimates, Environ. Sci. Technol. 38, 4, 1079-1088.

Lee, Y.A., Kim, H.S,, Lee, D.S. (2019) Evaluation using a Multimedia Fate and
Transport Model of Surface Water Pollution Potential of Organic Chemicals
Accidentally Released into air during a Rainfall Event; TH208; SETAC:
Pensacola, FL, USA.

Leo, A., Hansch, C., Elkins, D. (1971) Partition coefficients and their uses. Chem.
Rev. 71, 525—616.

Ligocki, M. P., Leuenberger, C., Pankow, J. F. (1985a) Trace organic compounds

_71_



in rain-II. Gas scavenging of neutral organic compounds. Atmos. Environ.,
19, 1609-1617.

Ligocki, M. P., Leuenberger, C., Pankow, J. F. (1985b) Trace organic compounds
in rain-IlI. Gas scavenging of neutral organic compounds. Atmos. Environ.,
19, 1619-1626.

Mackay, D. (2001). Multimedia Environmental Models: The Fugacity Approach,
Second Edition (2nd ed.). CRC Press.

Mackay, D., & Thibodeaux, L.J. (Eds.). (2010). Handbook of Chemical Mass
Transport in the Environment (I1st ed.). CRC Press.

Maidment D.R. Arc Hydro: GIS for Water Resources. Redlands (CA), USA:
ESRI Press; 2002. p. 68 - 86.

Mircea, M., Stefan, S., Fuzzi, S. (2000). Precipitation scavenging coefficient:
influence of measured aerosol and raindrop size distributions, Atmos.
Environ. 34, 5169-5174.

Pandaya, N., Gabas, N. Marsden, E. (2012) Sensitivity analysis of Phast’s
atmospheric dispersion model for three toxic materials (nitric oxide,
ammonia, chlorine), J. Loss Prev. Process Ind. 25, 20-32.

Park, R.A., Clough, J.S. Wellman, M.C. (2008). AQUATOX: Modeling
environmental fate and ecological effects in aquatic ecosystems, Ecol. Model.
213, 1-15.

Paul, R., Mondal, A., Choudhury, M.S. (2014). Dispersion modeling of accidental
release of chlorine gas. Proceedings of the International Conference on
Chemical Engineering 2014 ICChE 2014, 29-30 December, Dhaka,
Bangladesh.

Renard, K. G., Foster, G. R., Weesies, G., McCool, D., Yoder, D.(1997), Predicting
soil erosion by water: a guide to conservation planning with the Revised
Universal Soil Loss Equation (RUSLE) (Vol. 703), Washington, DC: US
Government Printing Office.

Schwarzenbach, R.P., Gschwend, P.M., Imboden, D.M., 1993. Environmental
Organic Chemistry, Wiley Interscience, New York.

Wang, D.G., Alaee, M., Byer, J., Liu, Y.]., Tian, C.G. (2011) J. Environ. Monit.,
13, 1589-1596.

_72_



Wool, T., Ambrose Jr., R.B., Martin, J. L., Comer, A. (2002) The water quality
analysis simulation program, WASP ver 6.0, Draft use manual, US
Environmental Protection Agency-Region 4, Atlanta, Georgia, 2002.

Wool, T., Ambrose Jr., R.B., Martin, J. L., Comer, A. (2020) WASP 8: The next
generation in the 50-year evolution of USEPA’s water quality model, Water
12, 1398.

Wang, L. and Liu, H. (2007) An efficient method for identifying and filling
surface depressions in digital elevation models for hydrologic analysis and
modelling, Int. J. Geogr. Inf. Syst. 2, 193-213.

Yang, D., Herath, S., and Musiake, K. (2000) Comparison of different
distributed hydrological models for characterisation of catchment spatial
variability, Hydrol. Process 14(3), 403-416.

Yoo, M.].,, Lee, Y.R., Kim, D., Jeong, M.]J.,, Stockwell, W.R., Kundu, P.K., Oh,
S.M., Shin, D.B., Lee, S.J. (2014) New indices for wet scavenging of air
pollutants (03, CO, NO2, SO2, and PM10) by summertime rain, Atmospheric
Environment 82, 226-237.

Xu, S. Kropscott, B. (2014), Evaluation of the three-phase equilibrium method
for measuring temperature dependence of internally consistent partition
coefficients (KOW, KOA, and KAW) for wvolatile methylsiloxanes and
trimethylsilanol, Environmental Toxicology and Chemistry, 33(12), 2702-2710.

Zhang, L., Cheng, 1., Muir, D., Charland, J.-P. (2015) Scavenging ratios of
polycyclic aromatic compounds in rain and snow in the Athabasca oil sands
region, Atmos. Chem. Phys., 15, 1421-1434.

Zhu, H., Mao, Z., Wang, Q., Sun, J. (2013). The influences of key factors on the
consequences following the natural gas leakage from pipeline, Procedia Eng.
62, 592-601.

_61_



Abstract

Development of a multimedia model
to predict the effects of rain and
properties of chemicals accidentally
released on the contamination
characteristics in the river water and

the bottom sediment

Seung-Jae Mun
Department of Environmental Planning
The Graduate School of Environmental Studies

Seoul National University

Among chemical accidents that occur in Korea, leak-related accidents account
for about 77% of all accidents, i1.e., it 1S important to prepare measures to
prevent and respond to leakage accidents. However, the models used to predict
and evaluate chemical accidents are mainly limited to the atmosphere, and the

models for evaluating water pollution do not sufficiently consider the deposition
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of pollutants from the atmosphere. However, since chemical accidents pollute all
environmental media by interaction between media, a model that reflects the
dynamic characteristics of the chemical leaked by accident in each medium is
necessary. In addition, in the case of rainfall, chemical substances are removed
from the atmosphere to the surface by wet deposition, and chemical substances
deposited to soil can contaminate water through runoff. However, the general
models currently used are not able to evaluate the effect of rainfall sufficiently.
Therefore, this study implemented an extended multimedia dynamic model for
chemical accidents (CAM) that can quantitatively evaluate the contamination
level for air, soil, water, and sediment. The reliability of model and the effects
of chemical accidents on the water and sediment were analyzed through rainfall
and wind scenarios, with the properties of the leaked chemicals.

As a result of reliability evaluation of CAM, the spatiotemporal prediction
tendency of CAM with WASP8 was similar, and the Cyaer Was in adequate
range compared to that of WASP8. However, in the case of Ceediment, CAM
predicted higher than WASPS. This was because the lower the K. of pollutants,
the more adsorption—desorption between the water and the sediment, which
WASP8 does not consider, acted as one of the main transport mechanism for
the pollutants from the water to the sediment. However, since this mechanism is
one of the main mechanism of chemical transportation between the media, it can
be accepted as the advantage that CAM simulates the transport of pollutants
more precisely than WASPS.

The effect of rainfall factors and the properties of the leaked chemical was
analyzed via CAM by various scenarios. As a result, the contamination level of
a Cyater and Ceediment Was 1nversely proportional to K.y, but under rainfall
conditions, when log K.w>—3, Cwater Was proportional to the rainfall factors. But
when log K.w<-4, Cuaer Was was inversely proportional to rainfall factors. In
addition, for chemicals with log K., between -4 and -3, it is less likely to be
affected by rainfall. In particular, it was confirmed that rainfall for 24 hours
after the accident had the greatest effect on Cyaer and Ceediment, and also the
wind direction.

In this study, a chemical accident multimedia dynamic model was
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implemented, and the effects of rain, wind, and chemical properties on chemical
accidents were analyzed. The results of this study can be an important reference
for the elaboration of future chemical accident prediction models, and also
suggest that water and sediment contamination should be analyzed too in the

process of pre- or post—evaluation of the impact of chemical accidents.
keywords : Chemical accident, Leakage accident, Multimedia model,

Contamination of water and sediment, Prediction
Student Number : 2019-26158
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