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APHEA : Air Pollution and Health - A European Approach

CESAR : Central European Study on Air Pollution and Respiratory Health
CMRA : Chemical Migration Risk Assessment

CV : Coefficient of Variation

DTSC : Department of Toxic Substance Control

EPA : Environmental Protection Agency

EXPOLIS : Exposure to Air Pollution of Adult Urban Populations in Europe
GerESII : German Environmental Survey II

GerESIIl : German Environmental Survey II

HRS : Hazard Ranking System

LADD : Lifetime Average Daily Dose

LADDuret : Lifetime Average Daily Dose by direct approach

LADDinirect : lifetime average daily dose of dioxin by indirect approach
LADDnumoda : Lifetime Average Daily Dose by model

MCM : Multimedia Compartment Model

3MRA : Multimedia/Multiroute/Multireceptor-Risk Assessment

NHEXAS : National Human Exposure Assessment Survey

PAHSs : Polycyclic aromatic hydrocarbons

PCBs : Polychlorinated biphenyls

PCDDs : Polychlorinated dibenzo-p-dioxins

PCF : Pathway Contact Factor

RIOPA study : Relationship among Indoor, Outdoor and Personal Air study
POPs : Persistence Organic Pollutants

SMCM : Spatial Multimedia Compartment Model
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TEAM : Total Exposure Assessment Methodology

TEF : Toxic Equivalency Factor

TEF, : toxic equivalency factor of dioxin congener, i

TEQ : Toxic Equivalency

THEES : Total Human Environmental Exposure Study

AT : Averaging Time for the exposed population(days)

BAF : Bio-Accumulation Factor

BTF : Bio-Transfer Factor

BW : Body Weight

C. : the concentration of dioxin congener, i in the environmental media

and foods
CF : unit conversion factor
Cx : Concentration in the future for a exposure duration in environmental
medium k

Ci(0) : concentration at a initial time in environmental medium k

Ci(t) : Concentration at a time, t in the future for a exposure duration in
environmental medium k

Cmedin : Toxic equivalency concentration of dioxins in the environmental
media and foods

CRuwdi : contact rate of media such as daily inhalation rate, ingestion

rate for foods, and dermal contact rate

Cuseue : Toxic equivalency concentration of dioxins in the human tissues
such as breast milk and blood

D, : the differential sensitivity factor for the i-th parameter

ED : exposure duration for the exposed population

EF : exposure frequency for the exposure individual
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fg : femto-gram = 1x10™ gram

fvap : the volume fraction of particles in air

H : the Henry’s law constant

IU : Intake or Uptake Factor

Kow : octanol/water partition coefficient

ng : nano-gram = 1x10° gram

Ni(t) : the time-varying inventory of a chemical species in compartment i

Pa : Pascal

pg : pico-gram = 1x10™ gram

R : the universal gas constant

R, : the first-order rate constant for removal of the species from
compartment i by transformation

SA : surface area

S : the source term for the species into compartment i

ti/2 : half-life of dioxin in the body

T : temperature in kelvins (K)

TF : Transfer Factor

TFy—y : intermedia-transfer factor which express ratio of contaminant

concentration in the exposure medium, i to the concentration in
an environmental medium, k

Ty : the rate constant for the transfer of the species from compartment i
to compartment j

Tio : the rate constant for the transfer of the species from compartment i
to a point outside of the defined landscape system

X% : correspond to the base-case value of the variables, X;

Y, : correspond to the base-case value of the output, Y



@ : multimedia dispersion function that converts the contaminant
concentration

@, : the volume fraction of air in the soil compartment

B : the volume fraction of water in the compartment

pi : the density of the actual particles

TCDD : Tetrachlorodibenzo-p-dioxin

TCDF : Tetrachlorodibenzofuran

PeCDD : Pentachlorodibenzo-p-dioxin

PeCDF : Pentachlorodibenzofuran

HxCDD : Hexachlorodibenzo-p-dioxin

HxCDF : Hexachlorodibenzofuran

HpCDD : Heptachlorodibenzo-p-dioxin

HpCDF : Heptachlorodibenzofuran

OCDD : Octachlorodibenzo-p-dioxin

OCDF : Octachlorodibenzofuran
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EYe #¥Y4E ¥43Hen, 9% A4Ed =37 HE Ug= &4
4+ AANHAT =Y & Y BY A& A =@ 9F JdY tho)
£ A HWE UM =%, LADD(Lifetime average daily dose)® 273 - 7+
Aoz Aadt vzgo. teol&de AMEd dY BE =&Y
LADDyrec® FH W7l B EFelA S tel&d 29% A8 3 viMd AN
A&&T S A AEQ1IF)NMY do]l KA L9 AE W AF HATR
o] 83t Arg3tHTh THAQ LADDmdiea® AT A Ao 3@ ol4 A
31 JYE AF A9 FR9 WYn~9) ¥ ZHn=15M 2 o]
T & 9o o§F ¥ A (pharmacokinetic) WA A§ o]&3o oA
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specific approach)el X @el#te DUAA S49 #ele & wiMdMe] 24
T3 A&7 AFL 9E fAE HolHe R #F3Y FFHLE A
RES QY AR E FRHAAM HAZe TA3A %& & Ute ved
ol st o}

#3], #r19LA HGEAY Fe FRY $4HR7)18 84 W (persistent
organic pollutants ; ©|3} POPs)@& B, t7], &3 % HAE w9 ¥A
el ol AP A A, FolAgd B PJREFEUTE
oA UeA FdT olHY AHAYU THNRFIEL edNoeR
B 873 & &= BAE o]F(long-range transport)e] 93] T8 Pl
M2 Mol= o] ¥ (transformation) A1} A A(deposition) THAH Fo &
(degradation)o] <]3} Wdct T4 olF #A oM Hol(transfer) 34 &
o H9NAEHEL A AWEHA @3, 238 oE HPHQ A= W
g0 AHA #olAlad ¥ AP O 2 #73 29 EAE o3
71= @rHSwedish EPA, 2000).

o] 1ol HRde ®HFL U], A, E¥ N ¥ ¥ oj¢ g
H QA7 LAEH =eHE AR T AT gEH LgEAel AM
of A¥& viNE F2¢ Uy VAR FHAVNE A oJHt AFNA L
FEAN Y @Y Hexposure assessment)e W7], 44, EY, ¥ F F
Zte] @ iAol el WrlElolfrt AAT ol kW ANE A
o2 B3& Bt YW (receptor oriented approach)dlXe vl¢ & HAR
=YL UG o8} 7 TAR HAW 4 U YYo=z gFHL e A
o] LEEHA QA7 =&l F ' 7Y ZE viNe REF FHrlde
oA/} E @ H7Hmultiple media and pathway exposure assessment)
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mala 21M7]9] RHFEAR NS HE FARAY 28 VL L9
3l A 9 AejASY N =¥ 7 e VEH RE FER %)
e oA /DdAE =@ BrHmultimedia and multiroute human exposure
assessment) FHolth o2 TN/ HFE g B/ HIHE F4M
de /e 2 @ ARE AFTHA 2FAHA AT HrHtotal risk
assessment)@ 7He¥HA 37 wEo] FHeLHBAR H¢ W5AQL 84 7
@olgt & 4 U

i/ AEE =& BOME A% RS AE24 GERIed UM A4
3 AT AR A WA FHE B 49 dF AR FH| T
A 5 g@o gdebA, H2ddE oHY BE =% AdELE B9
33, UM =@ B A Hold o] &3] AW Y ANwE BEY & U
Ag Y& A8 Qe ZUFH d7wel #UHT UTHUS EPA, 1992a). 3
o frolidaaade] 874 M olF R ouiM A¥ o4& dF7F ¥ A
Y532 3lonv(Devillers and Bintein, 1995), ©ho] KA o] M H34 &
Aol dAiMeE 873 @) FPE A4 HE Aoz Ha QHH A
U 83 ML AF d& R o2 A% A2 UM =& & 979 ¥
840] v& 4= UchCohen and Clay, 1994).

B7E TEE FAE ¥ ¢ o] RAE Wi & FeEolARt ®
& Ag4goz A BRFY AP ¥ w1 B, oY RAP& Vvt
o2 3 #7 wiNZL olF R YolAlwm& 3 AAFAYYE ¥eTle R
o] WHARAM B A7 =i At H2 w3 ¥ X E Y (environmental
protection agency ; ©|3F EPA)dlAXe A%7t@ %8 23,78-tetrachloro-
dibenzo-p-dioxin(¢13} 2,3,7,8-TCDD)& <4 W¢ & A(human carcinogen)z,
ol R AL #8¢ AN Wt &Y (likely human carcinogen)Z #®3t1 Rith
(US EPA, 2000d).
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A, $8 ee] 2f 3 WY F cholKl TR ugoe R 4le
%W UM &% LADDpdiread THHLE HA B},

G, Dol gAY dElA/RPE 2§ ¥ H&REY LADDmoad 3 -
4 #go] 948 4% ¥ LADDimee W LADDpgieelt BT GO.24
A By - AFANG



H23 oA+ H&d

2.1. oA/t =2 G| H S

fagetgdey #7 2ol o¢ M =& H7M FHE Y HE
o] M| (contact media)$} & 73 £ (exposure pathway)l %3 747i0¢] =&d
4 e ¥ £F(total dose)§ A3l Flojtt. YA ZE FAI}I oY
¢l el N/ AR E =fB7HE 3] HAE o F& 57MA9 HAPol ¥
£ 8t (Maddalena et al, 1999).

1) 47 B TR Bad B4 % oA He}

2) 7VsE RE & BE B

3) GFE 873 NG 29 ¥ BA

4) SRS} 4 =& B viATY &L, AR, R FEHT
A%

5) =@ UM HRHAEY +o& At B

& F T8 a7 HAYd A A7 ol AREE 4 - TAL FF
& ¥ ACEE oY EE RPEE FHHAe BAY - A3H Afe
2 A8 dAAeZE A7 A& FPol WFAAY #F A do. @}
A, Hede olH® At k& AULE 2y, A =% R HHA
B7te] o] 837 HY FYNEE BE3Y & e A2 YY3H7) A4 HF
E| B4 o8¢ A77 AR KTHUS EPA, 1992a).

el M/ AR xf 2UL 2H#0) LHHAAM MIFHE €XRE ol
2 QA8 FIFHeoz 44 viNE HH=# FA%E AR ¢€3rA Y



A& SOz HAHNE Holvh(US EPA, 1996a). thujM/tlR 2 ZYE
& 29 749 &3, 2y 7AY dci/ANY, Adee/Xas] B3,
A8 &9 WAAL 74 R AFHAAAE PR NS Fo) ol& thef
¥ YelE TR A 4 UTHWhelan et al, 1994), A Z| M) t}oj )/}
A2 29Y A7 27) fANMe 238)d 4P (screening-leve) ) A9 &
TA487) AR e, ol ¢ ElEe T8 (structured-value) ¥ &
71X2 3 Byd AT olH% EYEL vlx EPACAM #3 ¢4 A
A Al2¥l(hazard ranking system ; HRS)el o|-&® u} ItiUS EPA, 1988 ;
US EPA, 1990). Analytical/semi-analytical/empiricalo] 7|2 Goja) /A=
EdEe ¢4 €4 A B K3 ol AHANMY uFHQ B}
& 8 o] &Ht} ol# ¥ RYER 42 F(numerical) ZUERYT AE FA4
Hol oM deEHFe] oMz, TR (structured-value) H2Yo] o}
d @2 3 (physics-based) Zilo]7] wjEo] wW¢ GFdln FyA J8Ht @
2 LEEE AW FAHY AN FE WHR AURA +P3r) AHMe
2 87 wiAo] di#) vhe A AR vl S ejA /PR 2P T
d8joF ot o8 §9] chemical migration risk assessment(CMRA)E #3234
o2 d¥E 2E#Y 740 old Zze v MM 2gR T
I, =YHolHME d&LHo 7 Ztzte] F&(compartment)§ €4%E #%
A& 3 E¥(composite-coupled approach)® 2|83l =g TFA%A ok
ol AWML Ed T UolM ol B, Z oMol o A
I qFE A7 484 "o ol EYEL toiM/dR3E kgl
¥ AN HH=E Wote d UdME ¢ A, R A9/ RY A
BolX F4¥ 2 F(numerical) 2L 2 F{Po) HZY AHHA B¢}
AT}

GelA/ e = Ede Yoz odwAY ©F uMt oF
(transfer)3} H 4 (transformation)o]] &% Z §#73 wiMA e LATE &3}



€ ooy ¥ Fo) o9& 2y (multimedia environmental fate model)3} A}y
o] LRAE TUY B3 viMo RHTL FHFEFLE AP UM =& FF&
&ges GAZ AN gF oS Zil(multiroute human exposure model)
2 7459 Utk

A8 BWIb fopel A viofM mdel WaAe] FXHTA W] &
Aok whae] oA Rl PRI AFAdNen, H2 FRAVE
(information technology)®l WAL= tioja] &z 8o i@ @A77} b3}
A A== ok 27) oA A7 1950d o] AMA K HAlEs W o
d A7t WeuEA W7, EY AR, AW AE W HELEY HALE L
4 Aol A= &Y F e AT AFHoE WYHHWhicker and
Kirchner, 1987). §/8 S&-&del dig tojd] d7e /7] 2d&A9] AT
o] F& o &3e "chemodynamics'o] th#}] Thibodeaux(1979)7} A& R 3}
A AYPEH[G. 3 olF HerEMe g diA dFe] RAHe
Mackay(1979)9} Mackey ® Paterson(1981, 1982)0] “fugacity =" & 7}#3}
HA AZEHAD. Fugacity El& #3¢ @AANA fsgdd ol
Mol oy & A7 BWHARA AL AUHMackey, 1991). Cohend}
Ryan(1985)& A¥xe] 24 Aejdire] #7 TohE A&% + sle GuiM
7% ®y(mulimedia compartment model ; o8 MCM)& AueRo.m,
1990dole & © RHEH FTHA MCMYA SMCM(spatial multimedia
compartment model)o] WH = 1cHCohen, et al., 1990). 90dtho] WM UA
tho]l§4l, PCBs(polychlorinated  phenyls), PAHs(polycyclic — aromatic
hydrocarbons) ¢ Z®¥A &3] GFHUA, o]l oY dynamic
multimedia fugacity model®} 22 Ciuf¥ @7 F Z¥o| JMEHUY
(Laniak et al., 1997). POPss} @& A Zf4 #3A] iy 8730 AefA
(HolAlw)2 2] ol HA§ MEH3S o &37] ¥ empirical food chain
modelg = 7\ &= 7] Ala# s chMcLachlan et al, 1995; Currado and Harrad,



1998; Lober and Pinsky, 2000). ®3], 1990 dt) Ewrtele jo]l KA F o] 4
Be FEN g ¥ 8% Sel® FAle] 5871 #1#) chemical balance
modelo] AWE 7% 3P THSu and Christensen, 1997). H 2 A R
oM ChemCAN, ChemFrance ¥ 71 8}e] FH3A yoz 3y
2HdEdY #7F FTHE dYee A=rF Uid(Bintein and Devillers,
1996 ; MacLeod and Mackay, 1999 ; Kawamoto, et al, 2001). ¥} POPs¢]
ZAE olFEAR olBE}Y) 9 YROE KYUNBE e oz ¥
At AAFHQ T2 E¥o] WA AeFe v Az ¢EHAn Ao
ols}gro] AF7A THE viM Zyge] /ANEHIL Jout, oL 2YY
- ZRel ZARll olER VEYoE JAF HY Ei)(mass balance model)o] ™
Zr & HEHE €FY FH(compartment)§ AHEBR o] FHU LA
Ydolvte WRo]F(mass transfer)¥} &) §(degradation rate) FYHA A
(equilibrium relationship)&& |43t 4o He Edws] T A&
€ fugacity®] 718 4§ nigoz €Y, JEEL A

U722 e® B7he w3 1980dd] FERERE AAE YW TEAM(total
exposure  assessment  methodology) @Y}  THEES(total  human
environmental exposure study) S+ & 71HSZ ¥71# H7) AR ol
¢ ATEE VFAM edEAd WY AMY F & WA HA
Helon 32 NHEXAS(national human exposure assessment survey) L &1
T4 B eguEde Bi@ QA =40 AW 4F FRE dojdnA
AP A} o) Rojx) i UtH(Sexton et al, 1995). EF, H2o+= EPAR 54
08 3o fH7Hexposure assessment)7} TFYH f4 e gy} AN FE
AeiAl 8] 27 A £43e M Y4o]l He dAZ 7R & W,
E% 37, AW €739 24&3 Y dejAe e =& AFHEE W
Aog WAL v ZIOPE 7183 JUTHUS EPA, 2000e). =% <
A4 =®%971E A% SH¥7A2AL (German environmental survey II,



GerESIDE ©|v] 199083 1992 AA#H T, 1998dele FUA/FEAL
II(GerESIT)& 4 Al 3} o} (Hoffmann, et al, 2000 ; Skov, et al, 2001). K¢l
A olRojAE @FEE CESAR (central European study on air pollution
and respiratory health)) APHEA (air pollution and health: a European
approach), EXPOLIS (exposure to air pollution of adult urban populations
in Europe), RIOPA study (the relationship among indoor, outdoor and
personal air study) o] 129, v]5 EPAS} N3/} ¥ o2 A7 S
Teplis study %] $1th(Slachtova, et al, 1998 ; Hasford, et al., 1998 ; Rotko,
et al, 2000 ; Kousa, et al, 2001). o] TR =& 7 A= 71E3 e
2 x§%7ie] 4P /T dae] B#Y x§dsd Y A5d GEity
Heleiu ol 28 FHIFUE Bl Ut

%0t ol BFHedHEH Jidel FARFHEAM AT #A(risk
manager) £ Y FAAFAA J9] BALH FAZ Y 873 ® AN
FE O FAHK & ¢ WL SHIA AABY] A8 CalTOX,
HEM-TI, THERdbASE$} & tuiM/ti3z =2de] AFHUUS EPA,
1992, 1996b, 1998). T A|/TtZ 2 ERUEL 7€ BFH drja] A& =4
B4 & U @edAe vE, &4 HUHE B ARAE M =& Bl
& Ay &% ¢ UAER d32 ZlE FH3le A7V o] %o
AL At 2 dBH oM/ R R /83 2Rl (multimedia/multiroute
/multireceptor-risk assessment model ; 3MRA)%] 71¢& & 4 AUTHUS EPA,
1999).

HAZLA AgE delM/ B2 2Y& diRdo] fuMrE gy ¢
A LHEA T AXR FALE g HEPde L9EAY 83 2 FH
St 32 AW AN=&HW/HE HHA A= UTH(Table. 2-1). o] @ =l R
EE2IPEL FU A4 Brhd U9 ¢ Ue FREE o g &
detsl WolEish A% WAER )7 (package)Bsiel Go] F WA



Table. 2-1. Examples of usage of multimedia/multiroute models

Models Description of representative usage
Evaluate decommissioning alternatives by using a site- c
ARCL tadiation scenarlo/exposure pathway analysis to determine the
accepTable, levels of residual radloactive contaminants that remain.
A multimedia and multiroute model which evaluate to possible
CALTOX human uptake dose and health effects by toxic chemicals released
to air, water, soil and foods.
Determine accepTable. levels of chemicals in soil after clean-up of
DECHEM Uranium Mill Tailings Remedial Action Project Sites. P
DITTY Determine the collective dose from long term nuclear waste
disposal sites resulting from ground water pathways.
DOSES Estimates of long-term dose to main from buried waste.
GENI Internal dosimetry from chronic and acute radiation exposure.
GEOTOX Evaluated health risks presented from the presence of TNT, RDX
and benzene present in military explosives residuals,
Developed for assesment of ground water pathway from leaching
GWSCREEN of radioactive and nonradioactive substances from surface or
burled sources.
HHEM x:;?t RPMs to develop preliminary remediation goals CERCLA
HRS-1 Hazard ranking for SUPERFUND site assesment.
Estimates radiological impacts for a given combination of waste
IMPACTS streams and processing optons, dis technology alternatives,
(PART 61) and disposal site environmental settings. Used during the
development of 10 CFR Part 61 rule.
A risk computation system developed for hazard ranking
MEPAS application.
Computes environmental radiation doses from uranjum recove;
MILDOS operations. i
The MILDOS-AREA code provides improved capability for
MILDOS-AREA | handing large area sources and updates the dosimetry
calculations,
MMSOILS Multimedia landfill model.
MULTIMED EPA Toxicity Characteristic Final Rule.
NUREG 0707 Estimates site-specific limits for allowable residual contamination.
Provides generic and site-specific guidance of radiation dose for
NUREG 5512 exposures to residual radioactive contamination after the
decommissioning of facililes licansed by the NRC.
Calculates the consequences of ground water release of
NUTRAN radioactivity from a waste repository.
NRC review of licanse applications for onsite disposal of
ONSITE/MAXIL | 15 gicactive wastes.
Source : US EPA, 1996



Table. 2-1. Examples of usage of multimedia/multiroute models
(continuex)

Models

Description of representative usage

PATH

Used to implement residual radioactive material guidelines during
decommissioning

PATH 1

Models the physical and biological processes that result in the
transport of radionuclides through the Earth's surface environment
and eventual human exposure to these radlonuclides.

PATHRAE(EPA)

Maximum annual effective dose equivalent to a critical glc;pulation
group and to offsite populations at risk from the land disposal of
radioactlve wastes.

PC GAMES

Used to evaluate the spread of toxic chemicals released to air,
soll, surface water and ground water.

PRESTO-EPA

Simulates transport of low-level radioactive waste material from a
shallow trench site and assesses human risks assoclated with such
transport. This model was modified and added to create the
PRE&O family of models.

PRESTO-EPA
-BRC

This is a modified version of PRESTO-EPA-POP. Additions to this
model include estimation of radionuclide transport and exposure
to workers and visltors, population exposure from incinerator
releases, worker and visitor gamma exposures, and onsite farming,

PRESTO-EPA
-CPG

Maximum whole bodr dose to critical population hEOUPS from
lang.l gdisposal of low-level radioactive waste by shallow and deep
methods.

PRESTO-EPA
-POP

Cumulative population health effects to local and regional basin
poept);l.tl;jtion om low-level waste disposal by shallow land
m 8. :

PRESTO-EPA
-DEEP

Cumulative population health effects to local and r?onal
populations from land disposal of low-level radioactive wastes by
deep methods.

PRESTO-II

Evaluation of possible health effects from shallow-land and waste
disposal trenches.

RESRAD

An analytical methodology recommended by the Department of
Energy in its guidelines for allowable concentrations of residual
radioactive material in soil encompassed by the Formerly Utlized
Sites Remedial Action Program(FL%RAP) and Surplus Facilities
Management Program.

RISKPRO

Used to evaluate the spread of toxic chemicals released to air,
soll, surface water and ground water. RISKPRO was adapted from
PCGEMS.

SARAH2

Core equations were developed in support of the EPA "Land
Dispo:g Banning Rule"

UDAD

UDAD provides estimates of potential radiation exposure to
individuals and to the general population in the vicinity of a
uranjum processing facility.

UTM-TOX

A mulimedia model which links an atmospheric transport model
with a surface water model.

Source : US EPA, 199
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AR ol g3rlde ool B R :=@BIHE HAY AEsdLe A B
AN r@dd EUES 2 vete] SR :=@AYEL W dolE wojxvt
AYEES Hoj glo] AHE Fu A4 #7hs 3

FURAMY =fH/He ZldE ol 8¥ dFETe LAER FAe WY
& T2 o839 fou, thijN/0dR2 2 FFE ol 2HRHQ] 43P0
o SHdMe B WMo B RHE A&y 9% mdwe] I9FH
o] & Azoln, QuiAE Aoz ¥ 2HEFHY o)Fo di¥ dFe
benzo(a)pyrene& F403 ¥ PAHs¢} 2,378-TCDDe| tis] 93 @78 v}
ATH(el&oF, 1999).

2.2. CalTOX - compartment model2] 1=

2.1.1. CalTOX 2He| 7|& 71y

CalTOX 2q & fajsitgdo]l #3502 wasol Yoo &7 - HH3
Aol A8 ¥, W] R EF T OF® @73 ojAe] &4 Mo -
% Ese P& AL, oWA L9E 8 dNo Azl &Y
EA 7be® AN x&%3 22 A% 34 A& Holkste dEiN/OER
UM =4 W7t 2uolth CalTOX 2Q& #8 mrjd vigx oy wase
SAEAY FUG 12 AW AN =@ 5% B8 s1@(clean-up goal)d
2487 ¥ @e X o}l EPAd & /A ACH(US EPA, 1996b).

CalTOX 29L& %39 I PH&E(conservation of mass)d BSEFY
(chemical equilibrium)& 7] ¥2jog ¥} o0, fugacity® vi/HZ 3N
i, AN A2 2 unsteady state-nonequilibrium ZRJo] x|t Eok-§ 319 oA
E A3 o] R steady-state 71 A& BB CalTOX ZY& o}

- 11 -



FE FF LEEAHRVISTE, TS R, FHTE 2 Wals ER-))
s g 7 vjA (environmental media)2 FAHD ThFF =2 v
(exposure media)E F3 AWE 4F(uptake) 7153 & F(potential dose)e
&% & JUTE X FF(comprehensive)o] L FFA(flexible)AA T3 E o
A cH(Figure. 2-1).

CalTOX =Ede otuja] Heo] % ¥W¥(multimedia transport and
transformation) @3} T2 14 =% (multiroute human exposure) € &
TAE ew, A4 2l g9 AF5E A8 74 QAHF A o
T WHAE F2(sensitivity analysis)¥} E4A EA(uncertainty analysis)E
T & F JA=EE FAHS A

Environmental Media Exposure Media Exposure Route

Personal

N | [—’ ir

Air

'

. Tap Water
-Surface
Water

Sail Source

Food

Ground
Water |e

A 4

Household
Soil

L p]
»

Source : US EPA(1996b)

Figure. 2-1. The potential interactions among source term, environmental
media, exposure media, and exposure routes for CalTOX
model.
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2.1.2. dynamic multimedia transport and transformation 2l

CalTOX= th7)(air), ¥ E Y(ground-surface soil), 4] & (plants), root-zone
E %(root-zone soil), vadose-zone X %(vadose-zone soil), X 3}4(ground
water), A ¥4 (surface water) @ 3% (sediment)2] 8719 MR Az T
4® dynamic multimedia fugacity %% o|thFigure. 2-2). 2 WAe & A
(total mass), F 3] (total volmﬁe), 1% Z¥(solid-phase mass), A4} A
(liquid-phase mass)$} 7273 A (gas-phase mass)E HAME D, © JE 9]
Aol - i@ (Aol s 7+ T LEEA FEE 4 &5 US4
(linear, coupled, first-order differential equation)s] ]3] Ar&=zc},

daNi() == RINKD~ 3% TiNid+ 31 THNio+Sid—TioNi(H  (Eq. 2-1)

Where :
Ni(t) : the time-varying inventory of a chemical species in compartment i (mol)
Ri : the first-order rate constant for removal of the species from compartment j by transformation
(1/4d)

Tjj : the rate constant for the transfer of the species from compartment i to compartment j (1/d)
"}]'i : the rate constant for the transfer of the species from compartment j to compartment i (1/d)
io : the rate constant for the transfer of the species from compartment i to a point outside of

the defined landscape system (1/d)
Si : the source term for the species into compartment i (mole/d)
m : the total number of compartments within the landscape system.

Sediment

To ground water

Source : US EPA(1996b)

Figure. 2-2. Mass-exchange processing of environmental transport and
transformation in the CalTOX model
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Z} 870 wiMelAM LHEAY & LN REY AHAH /9, SHE
OE diAelre #3id fe LEEAY AAHA WY, Y BEE 2% #H
el A% 2+ MNIM F FAFY F FEd& FAANY G CATOXE
LAERY WAS  Fd(radioactive L #fl (photolysis), A &3}
(biodegradation) 33} 22 AW W HEHPL YA} &) 9§ |7ty

decay),

Q) &4l2x mestn gltKTable. 2-2).

Table. 2-2. Summary of the processes by which contaminants are

exchanged and lost among compartments,

Compartment Gains , Losses
Diffusion from soll Diffusion to ground-surface soil
Diffusion from plants Diffusion to surface water
(1) Alr Diffusion from surface water Diffusion to plants
(both the gas Rem:?tﬂsim of deposited soil gouhm:it by1 rainfall
cles nvection losses
Phase and particles Cor?tnu'd.mnt sources

Deposition to sofl

Deposition to plants

Deposition to surface water
Chemical/physical tranaformation

Deposition of particles from air
FOIY:: u P

Root-uptake from root-zone soil

Diffusion from leaf surfaces
Washoff from leaf surfaces
Chemical/physical transformation

(3) Ground-surface
soil

Diffuglon from air
Diffusion from root-zone soil
Washout from air Ej}l'_ rainfall

deposition of particles
18;}’“ ant sources

Diffusion to air

Diffusion to root-zone soil

Advection to root-zone soil

Soil solution runoff

Eroslon (mineral runoff) to
surface water

Resuspension of soil particles
C]'len‘lﬁ;l‘;phyuical transformation

(4) Root-zone soil

Diffusi}on from ground-surface

50

Adveﬁﬂon from ground-surface
80!

Contaminant sources

Diffusion to ground-surface soil

Infiltration (lenchian) to
vadose-zone so

Chemical/physical tranaformation

(5) Vadose-zone
soil

Infilration from root-zone soil
Contaminant sources

Infiltration to ground-water zone

(6) Surface water

Diffusion from air
Washout by rainfall
Deposition "of atmospheric
articles
Soil solution runoff
Erosion (mineral runoff)
Diffusion from sediment
Sediment resuspension
Contaminant sources

Sediment deposition
Diffusion of vapors to air
Diffusion to ent

Surface-water outflow
Chemical/physical tranaformation

(7) Sediment layer

Diffusion from surface water
Sediment deposition (from

surface water)

Diffusion to surface water
Sediment resus; fon
Chemical /physical transformation

Source : US EPA(1996b)
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CalTOX 2¥& d&Ael zt ATy fad FYRT oz} Y99
WA AA ol AAY HAEHeA, g8 - G - Yo WYo] He
2, 4ol ol Fe] wiA3} ©]F(cross-media transfer)o] £]s] c}E viM =
9] olFo P HEE T8 bR At(Figure. 2-3).

artment Al mant
Flants comp . r compart conduotive loas from the

air compartment

surfgos—water
gompartment

discharge

sediment

deposition &
resuspension

solide
cs
Bottom aediment

compartment

Ground-surfags soll
00| nt

Mass
tranwter

Aoot-zona sall
gompartment Vadose-zone sol

Infinteration to
aompartment o

ound water

Source : US EPA(199b)

Figure. 2-3, Partitioning among the liquid, solid, and/or gas phases of
individual compartments in the CalTOX model

CalTOX ERl& &Q9 o5& d&#327] H fugacity 28 & ol-&3 Atk
Fugacitye AFEdAM HE3Ae FA=® Ushlilec dHoEs 4Ydy
(Pa, pascal)2 RFAIE1, @3] 8 8F Yol miME oF 7%
¢ A= ¥Sh(partial pressure) 2 A Vel A ch(Mackay, 1979, 1991;
Mackay and Peterson, 1981, 1991). & ©jAte] #73 wiA7} set9s Abejol
A& W &AL fugacity(escaping tendency)s EE 4A}(phases)ol| M FU3n,

- 15 -



CalTOX EqdolMe AM® F wjAfe fugacity B QA2 AW A
Lol w& Hae] FEHUHQA A]A¥(dynamic system)d E ¥ T} CalTOX
EgolM Ag3tn e fugacity 718 44 & Table. 2-3¢] VeRI R}

CalTOXNME LHER9) WY& A=%37] #8 J& ¥ (photolysis), 7t
#3 (hydrolysis), 4t8}$} @Y (oxidation and reduction) A& #f(microbial
transformation) ZA ) ¥ WY § na3T Atk VA viAdMe] LQAER
¢ YL AUEAY AFGH) & & VIS KU1EFS /4 WA F
WYL A oM e w7 (halflife)7t 713 F88 E3W AL4d&
veille AE7 99

Table. 2-3. Fugacity capacities in environmental media or compartment
for CalTOX model

Media Fugacity capacity Variables
Pure air |Zu, = 1/RT R : the universal gas
calr fZw =1/ constant(8.314Pa- ' /
Pure water |Zyuw = 1/H mol-K)
" T: temperature in kelvins
Sediment | 2° = KD1X 0 81X Zuuar H Henry’s 1
1m'water/1 : the Henry’s law
P:l::tidesm (1m'water/1000 ¢ water) KDcontsLtant (Pa-m /mol)
cles - | : the sorption
Air Zyp = (3%10°)/VPIRT Cofhfﬁcient .
Lipids (B = oK ¥ Zom P! e Sl of the
Air Z. w Zu + fuoXZ a, b : empirical constants
Compartment |[~* ~ < ™ Tvap = Lap * |fvap : the volume fraction

of particles in air
Z, = (0.5/RT)+(0.4+0.01 X Kow) X Zair { @4 : the volume fraction

Z, = (0.82 + 0.03% - of air in the soil
Plants p ™ (082 + 0.03XKowo7 )X Zwater comp ent

Zp = KpeXZattf o B4 B : the volume fraction
ol of water in the

Zi= g Zur + BaZyarer T (1-0)Z compartment
Compartment - o+ 202 (1- ¢4) : the volume

Surtace Water|Zu = Zuu + (obu/ pow)xZwp |  irection of solid in
Source : US EPA(199b)
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213. ClA2 2N i W

UM =& Hrle =& A7 FCd HE JHed @7 viMeMe edE
& A AN =& FoE AEHFE Ro|tHUS EPA, 1989). FAHQA x
#FF L dWT =& F(average daily dose)o.Z EHY, TH{, AH % HR
&g 28 =& 7158 4% AFoE BA%Y g/kg-days) @92 Had
t}. CalTOX9] t}732 ®E{& v]id EPA®} I XF)ol DTSC(department of
toxic substance control)olA A3 e WY& o83 QHUS EPA, 1989
; US DTSC, 1992a,b).

GAE =@ F L UM =& AA(thuman exposure factor)s} H& ufj M o)A
9] eHEHY Fol o8 AAADG AN =& Axe #7F viMo] Y Te
HHHe 2 HEde ZE A4 L3 A AU ZE PERH 8
A, At e agl, A%y a& EgUch

CalTOX9] T} E 2 ¥ 2371A9 @ ZFE AU E@sta 3l
on, 302 2dd 87 "N A FAAL A F =& HF(potential
dose)& &P chTable 24). P2 2P th7), ARSy, A4, B EX
% root-zone EYolM d&FE LHUTE o83 UM P ={HE AR
4, 299 &7 ANE A &85 AW F7] T AN HE ofAelA 9
FTEg A&, 4 HE v AP AN =i QAR ndg YBT <
AN &%, LADD(lifetime average daily dose)# A 3A ¥}

CalTOXe| A Al#3t3 v LADD 4He WA 4L g3 3t

LADD;= TF(k—3)x (IUi/|BW) x (EFX ED|AT) x Ck (Eq. 2-2)

LADD; : lifetime average dally dose by exposure mediaum i (ma/ke-day)
TP(k—1) : intermedia-transfer factor which express ratio of con t ‘concentration
in the exposure medium, i to the concentration in an environmental medium, k

IUj/BW : the intake or uptake factor per body weight assoclated with the exposure
BF medium ifrnnd route foj the individual (days/year)

! exposure uency for exposure \ ays/year,
ED : ex%ure deuc}-nﬂon for the exposed population (yeary:) Y
AT ; averaging time for the exposed population (days)

- 17 -



Table. 2-4. Matrix of exposure linking environmental media, exposure

scenarios, and exposure routes for CalTOX model

Media
Exposure Air Soil Water
route | (gages and particles) | (ground surface soil,| (surface water and
root-zone soil) ground water
- Inhalation of gases| - Inhalation of soil | - Inhalation of soil
and particles in vapors that vapors that
outdoor migrate to indoor | migrate to indoor
- Inhalation of gases| air air
Inhalation and particles - Inhalation of soil |- Inhalation of soil
transferred from particles particles
outdoor air to transferred to transferred to
indoor air indoor air indoor air
+ Ingestion of fruits, | - Human soil - Ingestion of tap
vegetables, and ingestion water
grains + Ingestion of - Ingestion of
contaminated by fruits, vegetables, irrigated fruits,
trasfer of and grains vegeTable.s, and
atmospheric contaminated by grains
chemicals to plant | transfer from soil |. Ingestion of meat,
tissues - Ingestion of meat, | milk, and eggs
- Ingestion of meat, | milk, and eggs contaminated
Ingestion milk, and eggs contaminants from | water
contaminants from | air to plants to - Ingestion of fish
air to plants to animals and sea food
animals - Ingestion of meat, | - Ingestion of
- Ingestion of meat, | milk, and eggs surface water
milk, and eggs contaminated during swimming
contaminated through inhalation | or other water
through inhalation | by animals of recreation
by animals mother s milk - Ingestion of
+ Ingestion of mother s milk
mother s milk
(not included) - Dermal contact - Dermal contact in
Dermal with soil baths and showers
contact » Dermal contact
while swimming
Source : US EPA(1996b)
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H3F ¢ U8 9 iy

3.1. 5t U8

o] A7 E 44 R ¥ WEOl Y FUoNM o] XX : e #Y
Y Ao Ml &34 HEEE Dol R AW #73 2F R UM
#F& AF37) A OAA/GEE A =& HF Z¥E ARG
(Figure. 3-1). A7 AL AHEA, QAN R Fr=2 AYgged, o
Age) APAXNGA AN BFEHL Y =A R F3 & 2TAH0A
MEHE dolfAg 2ddez FARFL ER o dfoMe the|&A
LYol A% AFHY B vl LR o} LFAHANMY ) A
® R AN ZhEE B9 A =@ Y= 18] 98 dF 9 Ade
hte] x§ ANPog MY WA AdoMe =% dFIEL A
A - A 8ol A% tol&d @d WA ) viED AY FRF U
4oz g

golgAlel thiAl/DHAZ M & ZH& 747 s CaToX =W
& ol #3JT. EY FHRE A¢ 9F d¥ A9 B AR (landscape
parameters)@-& 7AW A, 7]4HHE, FAIE o AR NYw A=# Q8
At =& i FAdo] i UM k& <A (human exposure parameters)
e BN, BABAR, B3 YA/ HS AFRAM R S HHA A
A EY ALE ol 83Ut 2l #%AAH EAdE A 4 QAwEe ¥
HEGE Ae3gom, 2y & AAd J¥& vXe F4 AA4EE ¥l
7] 918 F23Q TP E(local sensitivity)#h RIZE A 4*(sensitivity score)
¥ e

EY ol dujAl/OREE AN =@ Y BHIY AFE 94 =@
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AT s ol ¥ BT UM =& % LADDE A - FHHoz 4
#31] ¥E - AR T. Fo]l8 A LADDyra FUW A HEF 3 gho] &4l
oAz AF AMNFE 283 A&(HEY, LADDndrea= FT HF A
Aol 3d o] AFAL e ¥F AY FHY ¥ L ZH F GOk F
=& vgo s ¥ ¥ 83 (pharmacokinetic) W& o] 88 Qi (back
calculation) 3} % o}

Development of prototype model for
multimedia/multiroute human exposure model

- Selection of study area
- Determination of compartments and parameters for model
- Development of prototype modael

v

,->| Sensitivly analysis of prototype model
Estimation of ADIs — Eatimatlon of ADIs
: Indirect approach = : Direct approach

- Measurement of dioxin levels
in human tissues
: breast milk & blood

— Calculation of body burden _
based on dioxin levels In Oetermination of human
human tissues gx:l)oslurlo par?r&?tera

- Calculation of LADD,, ., bY alculation of LADD g,
pharmacoklnetic equation

- Collection of dloxin levels In
environmental media and
foods in Korea

Y
N Validation of multimedia/multiroute human sxposure model

= Comparlson of LADDs
: predicted LADD, ., using model
: estimated LADD, .. LADD, 4, by Indirect and direct approach
- Adjustment of mode
- Uncertainty analysis of model
- Validation of modal

Development of
multimedia/multiroute human exposure model
for dioxin

Figure. 3-1. Research scheme of this study
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3.2. ¢+ Wy

3.2.1. oM/t 2 oM i WI Y 7Y

(1) o7 iy X9 49

tol Al gejAl/ A2 AN k& Bt Z¥§ FHAY A8 ddE
A7) 8 FU ol Fo odY R A R AN =& AR o
3 EY A AR @F g A9 M3 2deze 24 A9 o
oA F 2GURN EA 427 Ad /F, ki AT TE, delgAe YA
A 83 = F 73 M { VA Hold BH 2x o JteAdE AL
-2 ZAAY. o] dfdAMe telfAld A = W AHAR B¢ Y
g S 25 2] 4 A7 dd 9§ 9 =& AYeE A
3ot

oj¢} A& UF V&I NPo2 MEA, AHA R A= HYY
A AYg AAH#AT olE AYL dEA, 49 A % FY - 24 Y
Rgo] HAaA €Y Atk AF i AQeMe] w2 Avf % Fx2A) ©
AL oF 20% % XA} ANeH, AF TG A7 oF 15%, A=+ QY ¢
7%7F o} AgofM RFHn AN AT WHE 27 AEY o 1.8%7) ©]
Age] AT Aen, B3, tdolKA ¢4 FH7 B¢ A2FE K3 A
718 27 Ag HAe A ¢ 33%7F o] AYd Y= AcHTable. 3-1).
ol| Y &zt Aldel o ZH WA HIE 2zbMElFY o 0% NIE
: 49%, fr#l W71 : 30%)7}F o] A Qe A2Hn AN cH(Table. 3-2).
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Table. 3-1. Characterization of the study cities in Korea

Contents ‘ Korea Seoul Inchon Kyonggi

Area(la) 99,434 605 959 10,135
- farming land 18,888 21 244 2,112

- grassland 118.2 0.0 04 4.3
Population(10°persons) 469 10.1 25 9.0
- Farmers (10°persons) 4210 0010 0.058 0.549

- Fishers (10°persons) 0.315 0 0013 0008
Annual average temperature(C) 13.7 13.2 12,6 12.7
Annual average precipitation(nn/yr) 1,779 1,733 1473 1,556
Incineration plants (ea) | 11,561 27 46 133
- Local governments 878 2 8 5

- Self-treatment companies 10,601 25 32 107

- Treatment companies 82 - 6 21
Industry plant to dioxin emission (ea) 6,164 1,277 399 1,909
- Secondary non-iron smelting 1,433 219 178 493

_ - Pulp & paper mill 4,731 1,058 221 1,416

Source : Statistical yearbook of korea (NSOK, 2000)

Table. 3-2. Estimated quantities of wastes generated and incinerated
annually in Korea

(unit : ton/day)

Municipal waste Hazardous waste
Area Rate of Rate of
Products Incineration MCh}g’Ziation Products Incineration incir;t;él"?ﬂon
Korea | 45614 4,676 103 166,114 7,616 4.6
Seoul | 10,972 527 48 | 12,978 42 0.3
Inchon | 2211 130 59 8,482 500 59
Kyonggi| 8,081 1,647 204 | 17,547 1,755 10.0

Source : Statistical yearbook of waste (MOEK, 2000)



(2) Clojajj/ctd 2 oA i e 7|2 ¥ MH

tho] A8 GuiN/RE UM =& H7} ZYE TAN] A% x =
d2E CaTOX 2g& HAATH CaTOX =& ©Z EPAYAM EF o4
A 9 (superfund site)e] A8 712§ AV A¢ EHo= ALY M/
G3E Tyt %3 CaTOX Ry tholdAla e viwkgA - 4N 23
4 F71eg@3Q] POPsg) 874 3 AF R 23 AP UM =&F oI
2 7bed 2ol

o] dFeMe CaTOX ZW4 uigoez d7 ddxNde] 22tA)doM o
7l 328 viRHE TolgAeg U WY 4 e 9, AESF R A
&, EF 9 A AgelMe AHAQ 84 od97 dE YN €3 NE
28 24 Aol ZAd AW R JHE AN, e A Y9 WY -9
F7l &d B9 UM HE vAIM 2 £F R olE AW F AN =&
%, LADD# <& 8} 5 cHFigure. 3-2).

iy AgNM e 873 & tholA 29 A% AN = H=EM F
AN % qERAZFY A A2 A ARHA & Ao BN
Th(Table. 3-3). Thol&4Al& F7I%te] 10°~10" mHg &9 BY =}
107 mol/ ¢, &@-&/& BWA4, Kow(octanol/water partition coefficient)E
10°9]) siotd B34 71 HEAA A84, vINEE, AN 234 FAolch
waty o] AFfoie thol&Ae HolAlgg B HH HAAH) ¢ AAM
& ZE9 EE /544 n#nz sigoen, z §7 viazs) P
X} 2Pl E =@ viMel Mg M Aol ¥ A =% A2E nAEHA
gkt



SOURCE

Dioxin emiwsion to
muniolpal § harardous
waste nalnerator

Predlction of

Environmental
Medlal
Levels

AR

WATER

ECQSYSTEM

surface water
ground water

Predlction of

Exposure
Medla
Levels

PEABONAL AIR 80IL FOOD
oraing, frultes, vagetablas
Dm.l,;! housshold aol meats, mik, 8008
fishan & seafoods

Prediction of
Human

Exposure
Dose

INHALATION

INGESTION

DEAMAL CONTACT

personal alr

housshold soll

foods

household soll

houssehold solt

Figure. 3-2. Diagram of predicted process to multimedia and multiroute

exposure assessment for dioxins in this study

IF =% ARNE 49 T2 AP THF=® AW EF 3 Kol
g &, EY WA A AW #del AP T H =89 571A MR
Zz& FAAAT AN =& AEZR A L9¥ AEF E AsE
o] 8¢ FAE Al R FHE ARZo] ¥ AN =@ W7 eHd) =&E ¥
Ad R BAAE B 24, Q98 A E PHLE AY =4 F
F 1A MRA=E usstHch old A7 i A FM AuisEe FAE,
GE# R oMRE EF & AQdA A, A% R 2HHY, SR B
& 94 AY Frigol 468D AFRET @7 By NAdMe AEE
HEg&& 97 %%eli, Aty % ARFe AF ¥ 85 T FU8TE
AHR-3ER Qle B E(BAR, 2000) X B W A EFE I Agol AHYgo=
UY =&& T2t vt AR A& ¥ =& HEv 299 EY F
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Fo o =& FETE DAL, ARFAMY F9, #HAl T Ho®
T 9% =&& 1ARA Ygsivt

Table. 3-3. Determination of exposure pathways for dioxins in this study

Pathways Exposure Scenario
All inhalation exposures indoors active
Inhalation All inhalation exposures indoors resting

(5 pathways)

Inhalation exposures outdoors active
Inhalation of air particles indoors
Transfer of soil dust to indoor air

Ingestion
(14 pathways)

Use of ground water for irrigation

Use of surface water for irrigation

Use of ground water for feeding animals

Use of surface water for feeding animals
Contaminant transfer, air to plant surfaces
Contaminant transfer, ground soil to plant surfaces
Contaminant transfer, root soil to plant tissues
On-site grazing of animals

Ingestion of exposed site-grown plants produce
Ingestion of exposed site-grown meat

Ingestion of exposed site-grown milk

Ingestion of exposed site-grown eggs

Ingestion of exposed locally caught fish

Direct soil ingestion

Dermal contact
(1 pathway)

Soil contact exposure at home or at work

() ciofA/cid= OlM & Y 4 elxiof oijst

oiEgt % aHEEEd dd

AT i AQeMe tol &l LU EE T R fH W& £ZE
Ax d7] 2.2 HEde LU TANeY, BEF F to|RAe 2
7] ¥E #$& IU ZAIAYAAM RY 2 Aol gle FH R FAXH
A9 % EY & HE 2495 AR AERJHAMEANRIAPEATY,
1999). B¢ ABF R A2 fUse dA3Y 9L DA @k

.



o] &4le] &2 - Bty Bg AL EAo] /MY & Aoz A
23,7,8-TCDD| th & NEGOE o] 3R, 0|2 o8 EHe $8d
‘44 A7) A ol LA FHAA i %Y BAYGES HIRE &
TFEEFOE @R}y HRHPG o] &N FHAM Ay EE - ey B
Aol B9 REEL IHY HaAd AR @7 ARE® =AL A8FHATH

A7 A A BY QA4 F 29 AY WAL AF Oy AQeY | ¥
& e on, A¥T A% ¥ % 7L A Adge 1999 &3 A
5& o839 A A9 Hag& HLAATHEFAN, 2000). 7] F HA #3}
Fy AETQ HAE FET A AHe] AXR B % 4 AF S8Y =2
E & 971 & FHA(total suspended dust)?] 1999 AW F ¥ ARSF
% HfrYA(suspended solid)9] 1999 AHT LA=& AL HUTHEAR,
2000). A7 W} AHAMY FH R Q29 Au) WEE Al QM) FH
(T, A8, F FR AR, A2FEAR, FAR) % FAF 19998 A
AFE dF AY BALE o] FEaP XY RY AR F A9 A=
A#FH, £9 EFY o8 % 37 &, AEF F Fol, JABAAMY 1M
A UE, EgoM] f& TiF FABAXNY 8 GHFde AP HESRE
€ T A7 HE AER o] 8RR} 199). 2 & Wyl F AR A
7 &%, root-zone R vadose-zone E%Q] BE FH, A¥F AEHNG
(ground water recharge) ¥ A7 thd Ao A AL AR o] @7t
& JdYEsE] dsiME CalTOX EoA MA L Y& £ARANY H4 9
A} A1 gk(reference value of landscape parameters for residential site)& <)
£ 3 A THUS EPA, 1996b).

=g AT FJdd o AFe 2y U3 & A AANE 2h R €3 o
o] &4l W7l cidAws] WA MFQ 54 ked AEAGes, NEHYL AP
& o] &% 42] Eq. 3-19] 93 &3 & HEAHUCHUS EPA, 1989).
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SA = 01 X BW¥ (Eq. 3-1)

SA : surface area (ct)
BW : body weight of subject (kg)

ET ANFLe dHY {AEFHATAY AEF AP en(@dAg ¢
AEHNATA, 199), 1 9 AF HIFL 959 FRGYZAR (BB EA
¥, 1997) A2 & ALANY. AHH N E& AL, & AHEF AW -9 AR
A g ARe dAY #RFHATL B Ao (QAN 8
FHATF2E, 1999), 49 WA AW HUEL 0%F HARAT A7 oy
Ao A AujE AEL EF do]Sald edHten, A7 4 xGeA
ARHE AELE ZF O AQ9A 100% 2H¢0n 713 a7 dyd
Ao ol Aale] 298 HE HHEE 4 HE9 A PIFd oy o
A4 A YAFY viE§ HAAAAT § ZYdMe] =& 71& US EPAY
A AR Qe FAANGAM S FF =& 713 30E(US EPA, 1997)& ¥
LR R=

B 2y #8444 E44 A8 deolsAe] ¥ - ey Adxge] aE
BFREEGE 1759 o] KA FHFMo] iy grwel HAZ~Hdgh 7o
o 3 & ¥-F2 X (uniform probability distribution function)@ 2 -8-3}%2.H,
a9 AR WM E hEFTH CV(coefficient of variation)& ©o|g%% ZI-
A7 &% X (log-normal probability distribution function)@& 283} c}.

(@) CiojA/ct A= oM =i RYol 2Bt & 2IM L&d oS
o} o] AT i AFolMe TolXA @Ud Y B AN =§

F& &3] 98 B ZYL 87 AR Ho] % dE& ¥ v
N @7 ¥ ®®(multimedia environmental fate module)®} ©}hFg 1A 3
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& iAo ¥ > FE dFHe YAE UM =& T F(multiroute human
exposure module)& 4389t

ol N 84 %8 2 & (multimedia environmental fate module)d| A& #
72 A% 7(7k2d R P4 FR), AESF R Ay, B EY,
root-zone R vadose zone £} 7} 87 vl A (compartments). 2. 2 T/ 8} R .
Zt @73 oA ed@EAe Mol R WYL dynamic fugacity equation
o] &8 H tHEq. 3-2).

Ck(#) = Ck0) < @ [ Ck(0)—Ck, 1] (Eq. 3-2)

Ck(#) : Concentration at a time, ¢ in the future for a exposure duration in

environmental medium k kg mg/m', mg/ ¢
Ck(0) : concentration at a jnitln.{nﬁ{ne in énvirom/ner)\tal medium k (mg/kg, mg/m’,

/£

(D{Ck(mol) ,t) : multimedia dispersion function that converts the contaminant
concentration Ck(0

k : environmental medium such as air, water and soil

T A 87 A 2o ¥ THAY LHLE2A MW - A F7),
Axg R A YRETE AHS, LEA G Auf 2@ R ALE 7}
&, & Ege ¥ 87 @ H& vwiAM(exposure contact media)d Al ¢
=& d&Hct L9498 d7), £33 R EYY #3 viAZ A Al - Y F
7129, F F¥e AR EY 29 59 UM FH& v (environmental contact
media)o| 9] LET v+ M AHo] A4 (inter-madia transfer factor ; ©]3}
TF)$} TF ¥4(f(TF : environmental media ~»contact media))® ©]8-3led o
Hect 29 AQJM AuiE A& R AR JlRAMY QEEEe MNAR
A (biotransfer factor) T+ A} A% A 4| 4=(bioaccumulation factor)® ©]8-8}<
o] 85k

UM =& ZAEZE kit A& vAE 28 FI =%, AH =% R AR
A&k ¢ F-E LRI, £ 2YPAME T & A& wiNE w
A2 A& (pathway contact factor)§ Eq. 3-3¢] 9]#) A-@3twch



PCFijk= (Ci/ Ck) x (IUij/ BW) x (EF X ED/AT) (Eq. 3-3)

PCFijk : Pathway contact factor from exposure medium { by route j attributable. to
environmental compartment k
% Ck : intermedia-transfer ratio
ij/BW : the intake or uptake factor per body weight associated with the exposure

EF mEdium{&Edmumfjth individual (days/

: exposure uency for the exposure vidu ays/year
ED : exl;’)sure duratio:\yfor the exp%?éd population (yeu!l) year)
AT : averaging time for the expo:egaf’oaiulntion (days)
{ : exposure medium such as perso, , tap water, milk and soil
j : exposure route such as inhalation, ingestion and dermal uptake

golgAlel A/ DA 1A =@ ZY0l g A8 dY BE AN
= &%, LADDmoawt 2t =@ B2 A&&, PCFS @ A& AY SQES
ol $-8t0] 48 ATHEG. 3-4).

LADDijk= PCFijkx Ckx CF (Eq. 3-4)
LADDijk : lifetime average daily dose from exposure medium i by route j
a{tribuTable. to env%ronmmml compartment k (pg-TEQ/ kg-day

)
PCFijk : pathway contact factor from exposure medium { by route j attributable. to
environmental compartment k

Ck : Concentration in the future for a exposure duration in environmental medium k
91]15{ ke, me/m', mg/ L)

CF ; t conversion factor

1 : exposure medium such as personal alr, tap water, milk and soil

L: exposure route such as inhalation, ingestion and dermal uptake
: environmental medium such as alr, water and ground-so!
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3.22. oM/ E 2 OIM i DY HEY W HE

(1) 289 EadY ¥4 % ElgY A4

£ 2y 33 o&d oo Ay BHAEE H28E0) A 74 AR
w9 JELEEYPo] Y Monte-Calro simulation§ WAIEHS & 759
GHEEEYE =&IH

Y% £ Y9 BldY AF4 H 2d ¢&2), LADDmeaest A7 WA
AG9] AN @& uiAAMYg ok FE & ABY AANAEAMY o
o2 Y= &AW SR vigez AY - UHAog #¥ LADDure R
LADDindirect 9t ¥ 3L} T}

D AY 2L et gl BT 1M &2, LADDarea Mk

B 2Y9 &) iy 194 A3E A AH HEHo) o8 dd B
7@ UM &% LADDure® HE3 AT A3 HH) 2% LADDawers €
T A A9 W9 A7), EF R A# FY AN & w9 dol &
A 29x &4 AR & viAAML UM HEHEE, CRowul o831
3t

Zk Q1A =& viMolM e ol KAl LA FAAEHI] ¢, 3 - 9 Y
A AN w8 R FHW AT RIME FHLE Y B3N Toj&A x
& B7F A8 # L@{ANT Table. 340l ©] dFAA A& Y 83 &
ol &4 29 A8 &M dis el 4 873 oA o]’
L= I FEAN9 &Y FZe FHAMR I-TEF(international-toxic
equivalency factor ; ©|3} TER)# T HNUFHF/NEE, TEQ(toxic
equivalency ; ©|3 TEQ)Z #4t3}e] 282 PH(Eq. 3-5) EF z+ vjA|e] A9



AN &L, CRuean® £ ZHAAM o8¢ 2+ F& viMe thEgd FU3
A AEBAt 2AY Aol 98 LADDuweat UHEH W& FA§ o) 83
o A&} ATHEg. 3-6).

Credn = Z[ Ca X TEFq ] (Eq. 3-5)

Cowss : the toxic equivalency concentration of dioxin in the environmental media and
foods (pg-TEQ/ks, fp -TEQ/m', pg-TEQ/ ¢)
Ca : the concentration of dioxin congener, i in the environmental media and foods

kg, /m, pg/ L)
TEF; (F;g/xic eggivalenc% factor of dioxin congener, 1

LADDdirect = [ CRmetia X Cmedia X CF 1/ BW (Eq. 3-6)

LADDuirer : lifetime average daily dose of dioxin bz direct approach (ng-TEQ/kg-day)

CRuwie : contact rate of medin such as daily inhalafion rate, tion rate for foods,
and dermal contact rate (£ /day, kg/day, m'/day, m’/dny

Crets : the toxic equivalency concentration of dioxin in the environmental media and
foods (pg-TEQ/kg pg-TEQ/m'’, pg-TEQ/ 2)

BW : body weight (k?

CF : unit conversion factor

Table. 3-4. The summarized the citable scientific literature for the levels

of dioxins in environmental media and foods in Korea

EnVif:endrgntal . Sampling area Sapx:g(l)igg Reference
Ambient air Urban and suburban 1998 IERY(1999)
- |Urban and suburban 1998 ~ 1999|Kim, et al(1999)
Soil Urban 1997 Jang, et al(1998)
Foods Coastal sites in southern|1995 ~ 1997| Hashimoto, et al(1998)
5 Cities 1999 Lee, et al(2000)
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(LD 2 2ol 2t gifl W QM| ‘- &@, LADDinaea &

E 2H9 FA i B3 HEE A 1Y HAE A IdY H
T VA =&Y, LADDrdrecrl AE3IF T UFH HEWl 98 LADDpdyea e
2R W AMNzYANM ok 2 S AN vRo=z JgFHY
& (pharmacokinetic) ®3 4§ o] 838l & Ab@(back calculation)3} s c}.

Ef ARe 1998d dF U A9 ARAne] fHg gy & AN
Hog YA 9 @4 AR 1599 A{AZRHE o 100 ccs] /¥ MH &
Ak B ATl AR} ARE 25~4349 HFAAE)DL, HE 5d ol &
T A A9 A3 G-

9 ABE 1999 AF B AGe] AP e A AY 2HE
o2 AF AUAR B 2F 300 cco] HAR MYHAUT. A7 AYA
Z AAY €Al AP do]RA k@ ZYe] e vEFIAE e
E 3 9% MAAANAY. olws W 9L IBM(32~42M)0ld, A A
A g HAQ 5@ o] AP U

ANE Efeh ol £ AL AR WEIo FFEY A7A
70C ol3te] AL YFH BBt MY AMTAANY ol gA A
g A A8 AxEle 2R3 SAFXNATANAN AATEeH, QM H4
& FEeE ez 48y dol&Al F¥FA 173 uie AFEAL Aoy
Fishers & Oceans Laboratoryol* < ®82t{tH(Table 3-5). Wo| &4 LATZE
874 M oQTs} lATMAE Eq 368 A& olfEe] HUFAF
7155, TEQ(toxic equivalency ; )3 TEQ)E #¥4+3ts] 2)-83t%c}.
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Table. 3-5. Dioxin congeners and their TEF"

Congeners (I;I_‘%%g Congeners ?II_‘%E%
2,3,7,8,-TCDD 1 2,3,78-TCDF 0.1
1,2,3,7,8-PeCDD 0.5 1,2,3,7,8-PeCDF 0.05
1,2,3,4,7 8-HxCDD 0.1 2,3,4,7,8 PeCDF 0.5
1,2,3,6,7,8-HxCDD 0.1 1,2,34,7,8-HxCDF 0.1
1,2,3,7,8,9-HxCDD 0.1 1,2,3,6,7,8-HxCDF 0.1
1,2,34,6,78-HpCDD 0.01 1,2,3,7,8,9-HxCDF 0.1
OCDD 0.001 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 0.001

1) TEF : Toxic Equivalency Factor

Ef Ee 99 QA 47 T4 AL AR ¢80 9 d¢& 2
B87] fi8 AHA o], 48, AY, A AR, 4E¢®, AFA AR T
o B3 4E A AHE WA

Table. 3-6°1v= Ef R HP)AM 9 o] & = Frio] gAY AT
Ao Adxge] A ANAHA RAY did) Yelyoh 24 F tol Al ¥
= Hrbe] FAPd AUAEA5H)Y BT QWL 0M5~BA)l1, MEL
W 54 kg(47~64 kg)olm, 2427} 8%, BRI 7Helch WFE Tho]lfal
T2 W7t FARY AUAe B 9ol BT AL 38M(32~424)°] i,
NE& B 54 kg(47~64 kg)olUt AT FAATY AF (9L Mg, QA
R ANAGAM HAY 59 o] AFL ANen, BT v FAAE| L,
AY FREH tholRAld dis] AP =&l AY ey, Aegx
Ado] fAIE A2 ZAFHAG

43 A 9% LADDngreat FE58 YA = gd(phamacokinetic
model)$] 718 44 HYY Eq. 379 28 A3 HUS EPA, 2000b). o}
o] A ¥HrE YRIFH LR 5~708 HuHI e, £ dFdMe
ul5 EPACA A#a e 7697 FUsH A-8319500(US EPA, 19%4),
AW o] A F4EL 0%E 7Y A CHSmith, 1987). = A7 FA9z§



Table. 3-6. Characteristics of participants involved dioxins exposure
assessment in breast milk and blood

Breast milk Blood
Comntents (n=15) (n=9)
Age (years) 30 (25~43) 38 (32~42)
Body weight (kg) 54 (47~64) 54 (47~64)
Smoking habit (persons)(%)
Smoker 0 (0 0 (0)
Non-smoker 15 (100) 9 (100)
Occupational contact with dioxin-like compounds
(PﬂYeﬂsom)(%) 0 3(30 0 (0)
No 15 (100) 9 (100)
Weekly food consumption (persons)(%)
Meat
no 1 2 (22
1-2 times/week 11 g%) 5 (56
3-5 times/week 2 (13) 2 (22
>5 times/week 1 (7) 0 (0
Fish
no 1 5 (56
1-2 times/week 8 {573) 3 (33
3-5 times/week 5 (33 1 (11
>5 times/week 1 (7) 0 (0
. Egg
no 1 g 0 2(2
1-2 times/week 4 4
3-5 times/week 5 (33 2 (22
>5 times/week 5 (33 3 (33
Milk
no 3 (20 2 (22
1¢ /week 10 &6 4 (44
>1 ¢ /week 2 (13) 3 (33
Cheese
no 13 SB 5 (56
1-2 times/week 2 (13) 3 (33
3-5 times/week 0 Oz 111
>5 times/week 0 (0 0 (0)
D
ar?c')y 4 (2 7 (78
1-2 times/week 4 (2 1 (11
3-5 times/week 6 (40 1 (11
>5 times/week 1(7) 0 (0)




9] MAW YFL FleschJanys F(1996)] At e T4 F&HA
(Eq. 3-8).

LADDindirect = [ (In2/t12) X (VXCF1) X Cuue X CF21/ A (Eq. 3-7)

LADDindirest : lifetime average daily dose of dioxin by indirect approach

s:ﬁ-fTEQ/ kg-day
tyz ¢ -life of dioxin in the body (years)
: fraction of fat to the body wight of subject
Cusew : the toxic equivalency concentration of dioxin in the human tissues such as
breast milk and blood (ng-TEQ/ks fat or lipid)
A : fracdon of dose that is absorved
CF1 : conversion factor 51,000 kg)
CP2 : conversion factor (year days)

V = 1.030x{BW / H"*}-0.835 (for female) (Eq. 3-8)

V : fracton of fat to the body wight of subject
BW : body weight of subject (kg)
H : height of subject (cm)

(2 oigts B4

thol &Ale] ThejAl/ B2 AN =& Hrl Z¥E BA] HH 2Y
ol 4¥ F£BL AT & & A FAY & TAE AAEE =@
= UAE #4(sensitivity analysis)§ AAIBAST £ E¥ Axwel B ®
TE ML dsle] AAge] ulF WEHRAE BF A& Azte] ANF& W
ke F42AQ WA= ¥Y(local sensitivity analysis)d A3t £,
Ul3 Q135 (differential sensitivity factor)y T3t A4e& Ao ojs) Atgs}
S THEq. 3-9).
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Dsi = (8Y/ 8X) X X%/ Y (Eq. 3-9)

Ds;. : the differentlal sensitivity factor for the ith parameter

3Y/ 8X : the partial derivative of the output, Y, with mgoct to the variable, X,
evaluated at the reference or basecase value of Y and X;

X’ : correspond to the basecase value of the variables, X;

Y® : correspond to the basecase value of the output, Y

T8 A8 CV(coefficient of variation)o] £}& J%-& L3i#}7] & 0l
§ OAZE #4 $49 xXyY'E® ovd/Y)ER desie AgE A4
(sensitivity score)@ &8t CHEq. 3-10).

Sensitivity score = (8Y / 8X) x { CVix(X%/ Y } (Eq. 3-10)

3Y/ 83X : the partial derivative of the output, Y, with respect to the variable, X,
evaluated at the reference or base-case value of Y and X
CV: : coefficient of the variables, X;

X'i : correspond to the basecase value of the variables, X
Y° : correspond to the base-case value of the output, Y



Ha4d o+t d

4.1. ClojAj/CtE= OlH i Y 1M
41.1. 2 2 ox EU X BELY AN

(1) cfolSA 299 R 7| B

A7 A ANGe tho]2Aal LgNeE AW AY B A HAE 2T
AdE A& 2770, QA 467, A7I= 13372 & 2067h0)0 T, ol &% A
T a4ge 6872118000, ¥ BT L2A4Fe 1,887E 0| TH(Table. 4-1).
W71 & AGRAAY ol iEASF 100 ng-TEQ/kg(US EPA, 2000a)&
o] 8% AT g XNPNX ol KA F vi@%HL 0188 g-TEQ/UE s
%} cHTable. 4-2).

B Eg9 049 ¥ 206719 2424 @ U7 LgYogM 584x
10* mol-TEQ/day& ZATHLY, E¥ X FAZ AP 29U L Ozero)Z
AARALT. AF Y Aol g 4 @873 uAAAMY thol&y 27 FEE
Bokel A 1.82x10° pg-TEQ/g(M&A EHAV/AATH, 200002 @AHL, U}
v} A oMo ME O(zero)@t4 83t cHTable. 4-3).
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Table. 4-1. The amount of incinerated municipal and hazardous waste in

study area
. Annual dail
Address No. of incinerator (ton/vyT) (ton/ J; V)
Yongsan-Gu 6 56 0.2
Kwangjin-Gu 2 37 0.1
Dongdeamoon-Gu 1 364 1.0
oongrang-Gu 1 160 04
ungl;go -Gu 3 294 0.8
Kan k-Gu 1 244 0.7
Dobong-Gu 1 220 0.6
Nowong-Gu % 79328 218.2
u \
Seoul Yangchun-Gu 1 81338 2228
Kangseou-Gu 1 33 01
Goroo-Gu 1 217 0.6
Kumchun-Gu 1 808 22
Youngdun, u 1 449 12
Dongjack-Gu 1 249 0.7
Kwanak- 1 72 0.2
Son, u 1 906 25
Kangdong-Gu 2 1846 5.1
ung-Gu 1 174 0.5
ng-Gu 2 1 0.0
Yoonsu G 3 280 08
eonsu-Gu .
Inchon Namdong-Gu 2 85 0.2
Seo-Gu 2 240 0.7
Ganghwa-Gun 20 641 1.8
Ongjin-Gun 15 864 24
Suwon-Si 8 2,284 6.3
Seon -51 14 168,961 462.9
U gbu-5i 1 292 048
51 3 116,388 3189
s g
WANEMYeong- A .
PyeongLek—gi 15 2,308 6.3
Dongducheon-Si 2 438 12
Si 4 730 20
Goyang-Si 1 101,425 2779
Gwacheon-5i 1 2,737 7.5
N Gw‘%u‘ si 2 4';'8 o
am! - X
summ i 3 et 03
un .5
Kyonggi Gunpedi 2 300 08
Uiwang-Si 3 584 16
Hanam-5i 1 1643 45
Yo 1 15 25,720 70.5
Paju-5i 11 2,300 6.3
Icheon-5i 1 302 0.8
Anseong-5i 2 609 17
Gimpo-5i 9 548 15
Yangju-Gun 4 1,980 54
Yeoju-Gun 4 €02 25
Hwaseong-Gun 13 107 03
Gwangju-Gun 1 310 0.8
Yeoncheon-Gun 1 73 02
Pocheon-Gun 2 529 15
Gapyeong-Gun 1 1,040 28
Total 206 687,211 1,887

Source : Statistical yearbook of waste (MOE-Korea, 2000)



Table. 4-2, Estimated dioxins emission to air from incineration sources in

target areas
Area Incinerated waste Emission Factor” Emission rate
(ton/day) (TEQ ng/kg) (g-TEQ/ daﬂ
Seoul 459 100 459 X 10°
Inchon 6 100 628 x10*
Kyonggi 1,422 100 1.42x10"
Total 1,887 - 1.88x10™

1) Using to emission factor of municipal waste incineration proposed US EPA

(US EPA, 2000a)

Table, 4-3. Source and initial concentration of dioxins at the

environmental medium in target areas

Environmental medium (mS(())ll}rcf:y) Iniﬁa(ll) gt:%rﬁ%el}g)ation
Air 5.84x10™ 0
Surface water 0 0
Ground water 0 0
Soil 0 1.82Y

1) Source : A& HAEAATHU(1999)

() coj=mMe Fa| - BietE &Y N HHHEE DY

£ Y HEH dolZAe g - 8 Ax dEgess MY B
o] & 2378 TCDDe| h¥ & AEHAL, HHUY BHE 18 HEEE
2L 1739 tol&d F&HAFel h FAREY H2~Ho) HHd dP
© ¢ 8% ¥ (uniform probability distribution)& 387 8} 1 t}(Table. 4-4)

tho] $419) &7)1¢e 3.75%x10%~1.50%10° mHg, Log(Kw)& 6.1~82, &
71g4a BUlAISFE 574x10°~245x10°2 ZALE o] vlHgAgse] N84 EAE
vehgtth Golg4s) 7hd ®AAel WA A &2 A% biotranfer factor ;
ol# BTF)e 44 L¢o.8 A% ol BIE7 267x10'~6.35%10° day/kg, 7}
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FHoM dRES BTFE 10~45 day/kgo 2 wj¢ EA A@HULH, 7%
9] A4dle &#e BTFE 0.005~045 day/ke, $#9 BTF& 0.0003~0.009
day/kg® FALEAT 4 @7 w9 ¥h-§& W3 7)(reaction half-life) o
717} 0.18~120%, ES& 1~1009Q, AEse 19~34d, 281 @AM
2~-10d o2 ZALH O @7 wiMoAMe] ARl mlf & RLZ HIIHA
o

Table. 4-4. Summary of chemicals properties for dioxin congeners

Probability
Chemical property 2378-TCDD  Range  yioiribivion
Molecular weight(g/mol) 322 305460 Uniform
Log(octanol-water partition coefficient) 6.66 6.1~8.2 "
Melting point(K) 578 470~-599 "
Vapor Press H 160x10°  379X10 o ’
apor ure(mmkHg) X 150 % 10"
Solubility in water(mol/ £) 1.86 x10™ 7441; )1&0: "
Henry’s law constant(atm-pr'/mol) 3.29%10° 1.?.839)( >;120.-;H .
Organic carbon partition coefficient 5.38 x10° 5{ i.;(g%? "
Partition coefficient in palnt relative to soil
concentration(kg[s]/ kglp]) 0.34 0.25 MO‘:;O !
1.03x 10"~
Biotrnsfer factor : air—plant(m’[a]/ kg[p]) 2.57 x10* 4.11)((1)04 "
Biotransfer factor : cattle—milk(d 4sax10®  267X107 :
iotransfer factor : cattle (d/kg) . 8.99 % 10°
Biotransfer factor : cattle—meat(d/kag) 0.24 0.005~0.45 4
Biotransfer factor : hen—eggs(d/kg) 36.7 10~45 "
3-\.-
Bioconcentration factor : water—fish(kg/ £)] 1.86x10° 22;;)}204 "
Reaction half-life in air(d) 3.00 0.18~120 "
Reaction half-life in root-zone soil(d) 6700 365 36500 "
Reactlon half-life in the surface water(d) 430 1-1111 ”
Reaction half-life in the sediments(d) 2100 6003609 "

1) Source : US DISC(1994), US EPA(2000a,c)



@) o7 CHa X9 X% BY U HMEE Y

A7 W AEe B AE fEF X HFXXTYL Table. 4-50] o}
shligich a8 98 dege oY SEEE 2Y JHEgn CVe) 9% A
S ATHBLEE Y& PSR

29 A WHL 117x10° w, Y4BT F4FE 0013m, AWF 7|LL
286K, B F E&L 1.67%x10° m/day2 ZALEAh 7] 3 A¥F WA W
T 761x10° kg/m', EF A Qe 12x10° kg/molxn, BAF FaAE
AAFL 0127 kg/molih EF EY & 8 €§FFL 030ln F7) @4
F& 02, F SRR 004010 NESFS BT HolE Sm, #HYUA =
€ 0024 kg/m', 2E 2 AAB] FE $ARFL 00328 FAEHAG.

Table. 4-5. Summary of landscape properties for study areas

Korea Residential Site Mean cy»  Probability

distribution
contaminated area(m') T.17 X 100 0.1 point
annual average precipitation(m/d) 1.30x10° 055 Log-normal
atmospheric dust load(kg/ m") 7.83x10°  0.64 "
plant dry mass inventory(kg/ m') 1.27x10"  1.05 "
plant dry-mass fraction 200x107 04 "
plant fresh-mass density(kg/ m') 8.30 x 10 0.2 "
soil particle density(kg/m') 150x10°  0.05 "
water content in surface soil 3.00x 107 024  »#
air content in the surface soil 200x10"  0.29 "
average depth of surface waters(m) 500x10°  1.58 "
suspended sedmnt in surface water(kg/m')  2.40x10* 1.0 i
solid material density in sediment(kg/m’) 200x10° 005 v
ambient environmental temperature(K) 286x10°  0.01 "
organic carbon fraction in ground soil zone 3.07x10°  0.37 "
organic carbon fraction in sediments 3.00x10° 0.84 "
water dispersion coefficient(m'/d) 500x10% 0.2 "

1) CV : coefficlent of variation
2) Source : Yearbook of envronmental statistics( MOEK, 2000),
Statistical yeatbook of Korea(NSOK, 2000), KOSIS(NSOK, 2000), Lee(1999)
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(@) A Oid X|H99) olMl Lo WY U ARET DY

AT A A B Aol WY WER ¥ HEFETXEYE Table. 4-69]
VERIRITh =@ AT MY MFE £ A7 Ef % 9 Hop g
w9 WE AE 54 kgF MEWH 0027 m'/kgd FEHHT @9 A3F
d BB HAFLE 0374, AU EF2E 3704, AR R ERF HEHME 45
L& ABdte RoE FAFATHAAM G BAFHATAR, 1995). FAse F
g A9 2EEFL 15 m'/day, BAIY EEEL 20 m'/day& HBIHA
om(US EPA, 1997), 8% 3 AW FT HR&L 80%(192 AlZholiL o) 3 &
F AL B 8441, AN R B& AL 08A3teE EAEHNG. 94
FE ANFL 03 kg, KR 007 kg, AL 005 kg, ¢H= 0.02 kg, $Fr&
008 kg2 A EQAHREARAH, 1995). 4U9] €U EF HAFL 20 mg
(US EPA, 1997)& A-&3%t}.

AT YA AGdM AuE FEL EF LEHATR AR, Ty
A AAF) A dF A3 AGMY AE JU&E Bl R AR
95%, IR} 12.6%, SHE 101%, +F7 392%, QR 267%2 A&HAUT-
ol ujs] o] FHv HF AL4FY F 03% AxTe] AT i A9
M THHE Ro= et

AN @ B4 ¥He & YRrEL RI-APFUFVIEYHoE FAHUL
o, M $ =7IL 25d0M 30de) GUNFREIRYOR, AWT =@
718 E=(mode) 350 days/year, 34 345days/year, o 365days/years]
A7 8§ ¥ X 2 % (triangular probability distribution)©. £ 73 314t}



Table. 4-6. Summary of human exposure factors in this study

Human Exposure Factor of Korea Mean cvY cﬁﬁ%ﬂigg\
Body weight (kg) 54 0.2  Log-normal
Surface area (m'/kg) 2.65x10? 0.2 "
Fluid Intake (¢ /kg-d) 3.70x107 0.2 "
Fruit and vegetable intake (kg/kg-d) 8.09%x10° 0.2 "
Grain intake (kg/kg-d) 576x10° 0.2 "
Milk intake (kg/kg-d) 1.50x10° 0.2 "
Meat intake (kg/kg-d) 1.30%10° 0.2 "

Egg intake (kg/kg-d) 460x10* 0.2 "

Fish intake (kg/kg-d) 980x10% 0.2 "

Soil ingestion (kg/kg-d) 370x107 0.2 "
Fraction plants that are exposed produce 1.00x10° point
Fraction of fruits and vegetables - local 947x10%° 0.2 Log-normal
Fraction of grains - local 1.26x107 0.2 "
Fraction of milk - local 3.92x10? 0.2 "
Fraction of meat - local 1.01x10" 0.2 "
Fraction of eggs - local 267x10" 0.2 "
Fraction of fish - local 320x10° 0.2 "
Water use in the shower ( { /min) 9.70 % 10 0.2 ”
Water use in the House ( ¢ /hr) 1.54 x 10" 0.2 "
Exposure time, in shower or bath (hr/day) | 7.75x10" 0.3 "
Exposure time, active indoors (hr/day) 8.40%10° - point
Exposure time, outdoors at home (hr/day) | 4.80x10° - 2
Exposure time, indoors resting (hr/day) 1.00x 10" - "
Indoor dust load (kg/m’) 6.40x10* 0.2  Log-normal
Exposure duration (yr) 3.00x10' - Uniform
Exposure frequency (day/yr) 350 - Triangle
Averaging time (days) 2.56 x 10" - point

1; CV : coefficient of variation

2) Source : Yearbook of envronmental statistics MOEK, 2000), IERY(1995, 1999)
Agriculture & forestry statistical yesrbook A 2000),

‘95 national nutrition survey report "
Statistics of ﬁsheries(l\«{MAﬁ(, 000), I(OSIS(NS%Q, 2000)



41.2. DEE P MY MW oS S

(1) Steady-stateOijA{ C}jo|=24l2] mass distribution

AF A AFolM guA/gE2 O =& Y& ¥ d&EH ol
Ae #A iAoMY AFH @yl e FMAY @& Fgure. 410 T
AEAch. £ 2Ye EY ugatel 182 pgTEQ/g?l AsHdA 1.7x107
g-TEQ/day$] A& f7] 2ol 28 30487 ==& W A7 A
o9 #73 WAL o)A A& A3

£ 2YolAM 308 F¢Y ol KA di7] F vl PR 1862 golvy, 3 ]
79 75%7F A7 A AY HeR olFHY, 19%7F EF R AW g
(18%)% FA(1%)Z A A(deposit)H) i, & 5%7F W71BM HYPS = Aoz
J&HUTH 308 B¢ EF W ARGl FAE %9 9B3%7 £ = W
Yo FFAoz AF U AFGs] 87 vidde F w&F] 7%¢e]
K Aoz AFHUG.

#73 dAeMy tho]XA AF ZITHE WY, A&, AESF B AHBA
60 o8z daF v, EGMe XNFSE ¢ 7@, root-zone R vadose
zoned A whd olAto g eyl wlelA, vadose-zone 3 root-zone EYW
AM9 tolRA ¥/ FE7} 10'~10° mole2 7} ¥ AAHUL, BEE
FA 10" mole $&olFem, 2 9 wAAME 10°~10" moles FEE &
dettn &= 2 ALY olF P& AW, 0y, EHEY, AHS,
A% 9 JAFAME Fé& T ATl FUE A2 FAHE WY,
root-zone H vadose-zone EY-E #UT f&el i HAo] Aojxle He.
2 uehgth. Rootzone EYS] Afole S Edo 2o Holxx(285x10°
g/day)7t 27 o] AN FYFR} F&Fol 154 Ax B Aoz 4
#5031, vadosezone EF& wlMfelMe] w& WW-&(180x107 g/day)
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2o fAFRT f&Fo] 16008 AE E A2 Yehytr)

HolAlw& Tol&4 PMEEe] fA viMAd HEAMY thol&A] TR
71 33 AEelw, FM #HAFY 98%7F dirle] < AHolHH
steady-stateo] A 55x10™ moleo] EAP T} o Z = Ach.

(2) IX g oiHolAlol Clo|RA & S5

B EYe] A% 873 vjaE Ld=# ATRY, 7] F M2 Ldxe]
29k (50th percentile)& 0.03 pg/m’, YA #AL 943t 0.004 pg/mE o
259t EY & E¥F R rootzoned| A Zzhe] #gte& 113 pg/g ® 2.04
pg/g2 F#AHAG. AR Hole W4 vuE sgolRer, ARHFE
F43kol 0079 pg/ L & o] &= A cKTable. 4-7).

Table. 4-7. Predict concentration of dioxins at envirorunental media in

this study
Environmental Dioxin concentration
Medium Mean Median Range
(50th) (5th ~ 95th)

Air 888 0.038 0.030 (0.009~0.764)
(P&/ ™) particle 0.004 0.004 (0.0006 ~0.018)

Soif ground 1.33 113 (0.27~4.87)

(P8/8) root-zine 2.05 2.04 (1.95~2.25)

Water ground 9.58 x10” 2.55x10° (3.58 x10°~1.83 x10™)
P8/ £) surface 0.025 0.079 (0.007 ~0.528)

Zt @73 wjMeA 9 thol &l A& F& Figure 4-20] Hlm3je] YEhAR
4. EFMg 4&F T WH7 7 A veEgen, dridME A&
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5th percentilegt®} 95th percentilegte] 108 T 9] 2jo]F Ko, o|F ujA o
A9 hol&A AF d&d slojAe #RYAL AL e HUHAG. O
B, FAS ASle AESFE oF 1008) ) Aol By, B3], A3}
¢ Atoe d&RFx YH7E & 1000w olBed el E el glojA
A &Yoo thd EAFY AeE HIHUG.

1.0E+01
1.0E+00 ff ﬁf
=
1.0E-1 |} ﬁ
1.0E-02 ! ﬁ
g 1003 f

1.0E-04

10E-05 §
1.0E-08

10607

P P
#d" . f d"’p & df! f!

Environmental media

1.0E-08

Figure. 4-2. Predicted concentration of dioxins in the environmental
media using CalTOX model

(3) 2lH E& ojxMjojAel Cjo|JA o& BT

W7), ¢4 % EFS A 84 dMAAM to]&A 2@ 4% AHA
A H& viNEe Ho] F=& &Y IR Table 480 el &
2YdMe A7 dAAGAMY S5 BF &0 9%l Ads R ARSF
T A¥ ¥d EE FY 52 A8 7] WE LEE A¥e R AR
¥ JA F8FE AHoD AY AN A FEE AU
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7] Loz QAW 4 9 Ay ol A LPdxe BF FYake] 0037
pg/mE YERTE olst Fe] Hui - & FE9 Aot gl fNeRZE AA
2 A9 staAd ol 100% JUWE #1 7FEdT, A4 Y Asoe
90% ko] AWE Holdutn A HA7] AEC)H, FHZ W7 F tho] KA
Zb&A 0 A HlE©) 092 : 0082 JtAA FE7F AujFoly] WEY RAe
2 A5

SHE 873 WA g HFAAML LHgEE RN 1.50 pg/g &K
0342 pg/g, ¢ 0166 pg/g =7, HY R A&7} 0055 pg/g 18], $F
0047 pg/geZ ARHUY. FHAMY % FEI -/ & F=o] uls
oF 73v) A% wA vEIgon, 1 Y2+ RN A A M)A 4(BTF)
7b S-froll vig) < 108] 27) WECE HIEHAT o Ke o]kl o4
#1294 MAFgezA off 1k F&HEHe & AN F2A 4 (BAF)
7t 23,78-TCDD¥ 18,6004), tho] &A1 F&HFMe 2,670~63 50000 24 vi¢ =
7] Wi} 0.007~0.59 pg/ LY W& A Loz #T3HL o RelMe
0.134~10.0 pg/g9] 7H¢ ¥ & LA=E 4&FEHUS

W7, 3 W EY 2902 Q8 4§29 Aol ulge A % 9
gehg 2 ojniKe A¥E AdHne ZE HEA AN 7t g
Fxd 4% Fgo] 60% ooz bt} AF ¢ s AU %
FlAlE #7 viNE PriEA A AW R M ARSe) vixE IR o
ol&Ale] 7] L H FHE ¢ 156~20%% A= el A#F R S oY
of ot th7) 2 719 &E o 5~85% LR YIHUT. ol uisf o
o] &Als] 43 Lo AF Au) FAF R AE VBB Holy 02% o]
24 w4 musgen, Egdd dY FPL 13~23% P2 FHHUG
(Figure. 4-3),



Table. 4-8. Prediction of dioxins levels in the exposure contact media

using the model

Dioxin concentration

Exposure Contact Media Median Range
Mean (50th) (5th ~85th)
Ambient air Indoor air 0.041 0.037 (0.014~0.087)

(pg/m')  Outdoor air 0.041 0.037 (0.014~0.087)

Water

(pg/ 4) Tap water - - -

Soil Household :

(pg/8) soil 1.860 1.610 (1.16Q 3.450)
Grain, 0.069 0.055 (0.024~0.149)
vegetable

fruit

Foods Meat 0.436 0.342 (0.129~1.080)

(pg/8) Milk 0.058 0.047 (0.020~0.132)
Eggs 0.206 0.166 (0.073 ~0.440)
Fish and 2,900 1.500 (0.134~10.0)
shellfish

g 100% . s
g 80% o s e L
. _
g 60% ERoot-zone soll
= BIGround soll
.3 40% J EDAIr (dust)
.5 HX D
= 20%
Q
O o%

Figure. 4-3. Contribution rate of dioxins levels in environmental medium
to exposure contact media using the model

*’5\'9@6@@@
S

Q@Q@Q\Q&Q

& a‘?«\’

Exposure contact media
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(4 M i S@ol o/t glsl ¥

ol - oflE

£ 2y M =@ dAE o 74 A =& A=Y FH&-&(pathway
contact factor)® Table. 490 et UM =& 22 H&ES A
¥F % FAo 9% WEEo 22 012 A4 A AeH9D, 49 §F
A BF =% HHEXL 0072 AFHAUT. H#F AN =% YH{L 5x
10°~7x10%11 00, EF QA9 4N =g FH &L 4x107 08 o

A et

Table. 4-9. Summary of pathway contact factors”

Exposure Media Inhalation Ingestion  Dermal
Indoor air(active) | 1.29x10’ -
Ambient air . . 1
( /RE[H]Q 3 day) Indoor air(resting) | 1.16x10 - -
Outdoor air(active) | 7.39x10? -
Soil 7 5
(kg[S]a) /ke[H]-day) Household soil 3.70x10 1.49x10
Plants - 6.93x10° -
Meat - 6.50x 10" -
oods 3
Eggs 4.60x10* -
Fish and shellfish - 490x10™* -
athwa contact factor = (contact ratexexposure time)/body wel
i y wei t of h l.(unan Bm[s] wdght ot soil gh
wei t of ood



ol & i AW FEHEW AA HE: vAE 5o o8 A=W @
TUHIAY AF 419 99 HF A =2 F, LADDposaS BT 232 pg/
kg-day, 50th percentile2 1.640 pg/ke-day, 95th percentile 6.29 pg/ke-day 2
955 AH(Table. 4-10, Figure. 4-4). 2 x=% Z 23 LADDpoad AWEH,
TFE =EFL 001 pg/ke-day(F43h), 43 =& 93 1.60 pg/ ke-day(F 4
&), AR HAEF g8 002 pg/keg-day(FY ) oE =2HE "oz Ueyd
% LADDmoa®l @ A3 =% 719&& 971%, 5F =& #A=E 1.3%, 5
FHE =29 M E L6%E H Y

AH =8 42 T 9F 438 59 A =3FE % LADDpowa 5%
R 59%E AAWA /Mg & =EdoE YrHQon, $F H4Ho) o x
S(FY3 018 pg/ke-day)2 15%, TF, A2 2 HQ 4o A8 =253
& 015 pg/kg-day)& 12%& A1 glo] ojulF t}eog Z8% & )
A Aoz EAFHA.

Forecast: LADD ..
Cumulative Chart

10,?00(3) :I‘rial-s ' 2? itgsliers

g o [T

T T -
-

0.00 2.25 4.50 6.75 9.00
(pg/kg/day)

Figure. 4-4. Probability distribution of LADDmoda of dioxins using
Monte-Carlo simulation of multimedia/multiroute human
exposure model
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Table. 410, LADDpoda” of dioxins by multimedia/multiroute human

exposure
LADD of dioxins (pg/kg-day) Eo&zﬁgg
Exposure Contact Media Median Range c];f At](:))tal
D
Mean G0th)  (5th —S5th) %)
Indoor air 0.007 0.008 (0.005~0.027) 0.65
Inhalation
' Outdoor air 0.007 0.008 (0.005~0.027) 0.65
Tap water - - - -
Household 0.001 0.001 (0.0004 ~-0.001) 0.08
soi
Grain, 0.476 0.153 (0.381~1.10) 12.36
vagetable
and fruit
Ingesti
BESHOT Meat 0.238 0185  (0.062~0.613) | 14.94
Milk 0.075 0.058 (0.023~0.172) 4.68
Eggs 0.086 0.069 (0.026 ~0.190) 5.57
Fish and 1.410 0.736 (0.059 ~4.74) 59.45
shellfish
Dermal Household 0.028 0.020 (0.006 ~0.073) 1.62
uptake soil
Total 2.320 1.640 (0.521~6.290) | 100.00

1) LADDmogat : lifedime average daily dose using CalTOX model(pg/kg-day)
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% LADDnowal 84 "X 87 viMle AR 297 7] 9oz
B4 = QIch(Figure. 4-5). t)7] 299 Aol FHAE L9FEY 75~-85%
7t dl7] 244 9% Ao HrPoE UY # LADDmoda &N ol o)A
E 7] oo Y FYo]l E RAog HrHAL oo HIs) AEFS; 29
9] Afole FHAE 29 viAe I%F 02% ©]3to|Awl, AN xgF9
59% % AABL e AR B LdHolr] HE FFAHoE F
LADDmocet®l 714 & %4 VA= 87 "iMNZE Hr71=g A

8.0E-01 BN AR

}' 20001 | -y o= —_ — /W;pﬁ. -
§ oomegy L T T = iston it

' & LY S .

',J"’ A GV

Figure. 4-5. Comparison of LADDmodet 0f dioxins in the environmental
media and exposure pathways using multimedia/multiroute
human exposure model
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4.2. Cjojaj/CtH 2 A i Yo BF U HAS

42.1. HF FI¢ol o/t U BF 1M = @(LADDareo)

tholfAle] chilAl/TAE AN =& 2¥HY 2§ HH FIH W #
7 N R AFENMY to]RA 295 24 A& ¥ Table. 4-11~Table. 4-13
o e Aot

FU 7] & dol&A 9=y HF 012 pg-TEQ/m(0.03 ~ 0.29
pg-TEQ/m)& 2AH fIth(Table. 4-11). ¥ To]&A F= F PCDDs
(polychlorinated dibenzo-p-dioxins)®] f&°] 12%= JYelyen, 7134 &
tH&& BQ FENE 2,34,78-PeCDF(HH& 27%)8 H7LE A

Table. 4-11. Concentraton of dioxins in the ambient air of the citles in

Korea

(unit : TEQ fg/m’)

Congen Urban area Suburban area Mean

geners Ist __2nd _ 3rd | 1st __ 2nd__ 3rd

2378-TCDD 0.00 0.00 0.09 0.00 0.00 0.23 0.05
12378-PeCDD 218 0.00 193 | 12.72 319 4,78 413
123478-HxCDD 0.53 0.82 1.29 4.36 057 11.63 3.20
123678-HxCDD 0.97 0.58 2.03 7.42 233 0.00 222
MR hoEbD| 0% 0d4s 08| 308 1% b@l| im

1 D . , . X . R .
oOCDD 0.02 0.01 0.09 0.46 017 0.25 0.17
2378-TCDF 8.84 917 847 | 4545 3339 25.01 21.72
12378-PeCDF 0.14 0.40 1.40 5.41 1.63 1.15 1.69
23478-PeCDF 7.13 709 1128 9427 4151 3859 33.31
123478-HxCDF 5.99 5.06 778 | 3774 1980 40.28 19.44
123678-HxCDF 2.73 1.21 457 | 21.89 9.62 0.39 6.74
234678-HxCDF 2.67 2.26 678 | 2386 1194 11.99 9.92
123789-HxCDF 0.12 0.48 262 6.03 2.87 6158 12.28
1234678-H F 1.99 2.81 246 6.77 5.87 2.50 373
1234789-HpCDF 0.36 0.38 0.54 2.04 0.60 0.24 0.69
OCDF 0.27 017 0.06 0.00 0.17 0.44 0.19
dioxin 5.57 354 919 | 4250 857 2030 14.95
furan 3024 29.03 4596 | 24346 12740 18216 | 109.71
Total 3581 3257 35,15 | 28596 135.97 20246 | 124.65

Source : IERY(1999), Kim, et al(1999)



EY 3 to]l2d LYEE BT 1839 pg-TEQ/g(243 ~ 53.97 pg-TEQ/g)
22 Hrie QckTable. 4-12). ¥ tol54 ¥ F PCDDse] H/&0] 31%E
HrdMEgE A & E&E JeEeY, 7MY & ¥Re& EQ F
e g Mg slA7 AR 2,3,4,78-PeCOD(AR-& 32%)2 W71 /o).

HE F ol &d 2HEE AR FANE vt U REX2 ZAFHUGD
(Table. 4-13). A& 3 oM RelX e L@}t 13~384 fg-TEQ/gO. &8 H|IL 3
w}ew, 21078 $f R GE#FoM & 20 fg-TEQ/gd T L2 XA
th. §R7lolMe] tho] &4l g 027 fg-TEQ/gl 8 wi¢ WA ZALE v,
dReMe 14 fg-TEQ/go 2 0AE ®A VeIt TH+E 15~18 fg-TEQ/g
olNI, T, widst Fe MAFE 3 fgTEQ/g ¢13t9] T =2 RALH AT

Table. 4-12. Concentration of dioxins in the soil of the cities in Korea

(unit : TEQ pg/g soil)
Urban area

Congeners 7 2nd _ 8:d &h 5t | Ve
2378-TCDD 0.38 0.94 0.00 0.00 0.51 0.37
12378-PeCDD 1.54 4.09 0.61 0.22 0.99 1.49
123478-HxCDD 0.65 1.63 0.26 0.09 0.26 0.58
123678-HxCDD 1.16 2.98 0.64 022 0.59 1.12
123789-HxCDD 1.34 3.66 0.63 0.22 0.57 1.28
1234678-HpCDD 0.76 224 0.51 0.12 0.28 0.78
OCDD 017 0.35 0.24 0.05 0.07 017
2378-TCDF 0.35 1.56 0.13 0.01 0.45 0.50
12378-PeCDF 0.28 0.83 0.17 0.05 0.26 0.32
23478-PeCDF 543 16.98 2.82 0.80 3.68 5.94
123478-HxCDF 1.22 3.92 071 0.18 0.90 1.39
123678-HxCDF 0.98 3.92 0.51 0.15 0.58 1.23
234678-HxCDF 1.64 7.51 0.80 0.20 0.63 216
123789-HxCDF 0.11 0.52 0.05 0.01 0.05 0.15
1234678-HpCDF 0.68 224 041 0.09 0.31 0.74
1234789-HpCDF | - 0.12 0.44 0.06 0.02 0.04 0.13
OCDF 0.06 0.18 0.04 0.01 0.01 0.06
dioxin 5.99 15.89 2.88 09 3.26 5.79
furan 10.85 38.08 5.68 1.52 6.91 12.61
Total 16.84 53.97 8.57 243 10.16 18.39

Source : Jang, et al.(1998)



Table. 4-13. Concentration of dioxins in the foods of Korea

(unit : TEQ fg/g)

Rice Barely Bean Radish Cabbage Mackerel Pollack Croaker

Congeners | 5y (nw5) (n=5) (n=5) (n=5) (n=5) (n=5) (n=5)
2378-TCDD | 0.00 000 260 000  0.00 332 000 0.00
12378-PeCDD | 215 276 459 006 224 26370 000 964
123478-HxCDD | 0.88 052 034 000  0.00 000 000 0.00
123678-HxCDD | 0.74 123 089 000  0.00 155 0.00 0.0
123789-HxCDD | 052 007 008 000  0.00 000 000 0.0
1234678-HpCDD| 058 008 014 000  0.00 019 000 051
OCD 005 010 006 004 017 075 179 115
2378 TCDF | 000 056 068 032 051 878 945 522
12378-PeCDF | 026 068 043 001 0.0 066 131 184
23478-PeCDF | 291 6.02 201 000  0.00 000 000 0.0
123478 HxCDF | 263 179 080 001  0.00 0.00 000 0.00
123678-HxCDF | 1.30 188 096 001  0.00 190 000  0.00
234678 HxCDF | 150 094 064 000  0.00 000 000 0.0
123789-HxCDF | 204 143 065 000  0.00 000 000 200
1234678-HpCDF| 045 021 020 1.03  0.19 056 000 095
1234789-HpCDF| 055 013 018 0.00  0.00 000 000 - 1.78
OCD 001 002 000 000 000 002 004 0.02
dioxin 491 476 8.69 010 241 26951 1.79 11.30
furan 1166 1366 655 137 070 1192 1080 11.80
Total 1686 1842 1524 147 341 28143 1259 23.09
Squid shellfish Milk Cheese Beef Pork Chicken Eg

Congeners (n=5) (n=9) (n*2) (n=2) (n=7) (n=7) (n=5) (n-E)
2378-TCDD 000 3889 305 000 000 000 000 040
12378-PeCDD 739 4211 395 000 314 000 000 090
123478-HxCDD | 0.00 307 151 000 010 036 000 010
123678-HxCDD | 0.00 544 141 000 451 061 002 058
123789-HxCDD | 0.00 403 086 000 037 000 000 029
1234678-HpCDD| 0.00 180 011 000 146 065 001 017
OCDD 1.88 172 000 018 002 003 002 244
2378-TCDF 1461 13356 039 000 027 080 000 158
12378-PeCDF 2.93 296 059 000 002 002 003 032
23478 PeCDF 236 12550 335 1663 500 164 010 5.10
123478-HxCDF | 0.00 810 091 000 131 194 002 086
123678-HxCDF | 3.74 512 082 000 089 110 000 040
234678-HxCDF | 0.00 540 077 000 073 029 004 074
123789-HxCDF | 0.00 250 112 000 000 024 000 000
1234678-HpCDF | 0.00 336 009 121 031 068 003 017
1234789-HpCDF | 0.00 025 012 000 001 011 001 0.00
OCDF 0.04 010 000 002 010 000 000 001
dioxin 927 9706 1089 018 9.61 1.65 0.04 487
furan 2367 28685 815 1785 864 683 023 918
Total 32.95 38391 19.04 18.04 18.25 848 027 14.06

Source :Hashimoto, et al(1998), Lee, et al(2000)



ol¢} o] AL 87 wiA W AFTAAMY ol 29%s #7 o
AN H&& 3 A% HAFR o) &3td J#d 409 WY BE «FL
W 22 pg-TEQ/dayo| it U BT % HFE & AT FAAFESY BT A
T 54 ez RAYORM thol&Ae w9 M3 dd BT =%
LADDuyirect® 0.41 pg-TEQ/kg-day2 4}4¢ 3% t}H(Table. 4-14).

LADDuret8] 7g¢cle oj%e} JFR AHo ¥ LADDarea?t 0.10
pg-TEQ/kg-day2A] & Q1A =&Fo] i 7)o &o] ztz} 25%E FAL3A
W7t At ol & Hie AE F tol|RA FEE RIL ZH u
o 1080 wrovh, 8 et B4 TR HMNFol R LN v
o oM} WEOE ¥ F¥oE HMHUL R N FH HH oY
LADDyrec®l A& VA F8 @ A2 7] 59 AR 4H3%)0
g ez HrHRUG oo Hs JKF, +F W GdEEd ¥ F
LADDgire 71 &% 10% ©]3l2 vElor, 1 fIR102 e A¥E AAU tlo
N 2EEE W& B olYz)t ]l ¥ ANFE F7) gioes HrisE Y
o}

& ZE2W LADDgrewt A #& ¥ AN =&%Fo] 032 pg-TEQ/ ke-day
2 % LADDyre®] 78% % AXBe ROE HIIHUATH o)o] v 7] 24
o8 A% TF & %(0.046 pg-TEQ/ke-day)¥ EY Q@22 A9 4N
¥ HE 830046 pgTEQ/kg-day)L FUH sgog AgdAct
(Figure. 4-6).
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Table. 4-14. LADDgirect of dioxins based on their concentration in the
environmental media and foods in Korea

Concentration

Intake/

LADDuect(pg-TEQ/ kg-day)

Exposure uptake Percent
media  (PCDD PCDF Dioxins| "Fps. | PCDD  PCDF  Dioxins | (%)
Food"” (TEQ pg/g)  |(g/day)

Cereals 0.0048 0.0127 0.0175| 311.2 0.0279  0.0729  0.1008] 24.50
Soy beans |0.0087 0.0066 0.0152} 15 0.0024 0.0018 0.0042 1.00
VegeTable.s |0.0013 0.001 0.0023; 287.9 0.0067 0.0055 0.0122 3.00

Fish 0.0942 0.0115 0.1057} 53 0.0925 0.0113 01037, 25.20

Shelifish  [0.0532 0.1553 0.2084] 13.3 0.0131 0.0382 0.0513 12.50
Milk 0.0109 0.0082 0.019| 69.5 0.01% 0.010§ 0.0245 6.00
Cheese 0.0002 0.0179 0.018 0.2 |[6.78x10" 6.61x10" 6.68x10 0.00

Beef 0.0096 0.0086 0.0182; 36.6 0.0065 0.0059 0.0124( 3.00
Pork 0.0017 0.0068 0.0085 204 0.0003 0.0022 0.003% 0.80

Chicken 0 0.0002 00003, 8.1 6.60x107 3.42x10™ 4.08 <10 0.00

Eggs 0.0049 0.0092 0.0141] 24.6 0.0022 0.0042 0.0064 1.60
Ambient air’ (TEQ pg/m') (m'/day)

inhalation 0015 0109 0124 20 0.0055 0.0404 0.046] 11.20
Soil” (TEQ pg/g) | (g/day)

ingestion 579 1261 1839 0.02 0.0021 0.0047  0.0068 1.70

dermal uptake| 579 1261 1839 0.1156 0.0124 0.027 0.03%| 9.60
Total 0.186 0.2251 0.4111; 100.00

1) Based on data from Hashimoto, et al.(1998) and Lee, et al.(2000) for concentration,
and MHWK(1995) for intake rate
2) Based on data from IERY(1999) and Kim, et al.(1999) for concentraton, and US
EPA(1997) for intake rate
3) Based on data from Jang, et al.(1998) for concentration, and US EPA(1997) for
intake and uptake rates '

7z

Figure. 4-6. Comparison of LADDuyiret of dioxins in the environmental
media and exposure pathways by direct approach

<
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4.2.2. 7 Fowol 218t il YT M L @BHLADDindirect)

AT AR ESY ER F ool SA FZ(HT 151311349 pg-TEQ/g fat)
9 9% F=(WT 16011746 pg-TEQ/g lipid)e ME fFAIY 828 &3
F {tH(Table. 4-15). 2f R WY EF ool &A FEA Zzd) i@ Jdi¥
7MEE SiE% WIHE @A, 23478-PeCDF(¥ TEQ 84 ¥xo haf =&
¥R A 4% 28%9 JH€)e  $RFel A e,
1,2,3,6,78-HxCDD(# TEQ ¥4 %o s 2/ 3 @ 247 14%8 25%9)
Z19€)0l 2 tEoeg ¥ Hidd EJch % 2/ ¥ ¥ & 3 TEQ
B wzo ¥ 2378TCDDY] #FH&E 1% ©]3d Ho= BWrHACG
(Figure. 4-7).

Table. 4-15. The concentrations of dioxins in breast milk and blood for

women
( unit : TEQ pg/g fat )
c Breast milk (n=15) Blood (n=9)

ONEENET®  "'Mean SD  Min. Max, | Mean SD  Min. Max.
2378-TCDD 016 034 000 09| 016 049 000 147
12378-PeCDD 1.07 086 000 3.05| 200 239 000 789
123478 HxCDD | 032 023 000 098 025 026 000 063
123678-HxCDD | 211 118 080 437 | 403 316 204 1220
123789-HxCDD | 047 060 000 257 | 170 199 058 690
1234678-HpCDD| 034 037 007 147 046 020 031 097
OCDD 045 038 006 112| 044 027 015 093
2378-TCDF 087 145 000 421} 049 059 000 177
12378-PeCDF 006 009 000 028} 001 003 000 010
23478-PeCDF 520 460 000 1970 | 441 148 268 745
123478-HxCDF 095 120 000 501| 075 033 000 118
123678-HxCDF 105 120 015 438 069 035 000 121
234678-HxCDF 124 298 000 1177 | 019 030 000 09
123789-HxCDF 034 091 000 314 000 000 000 0.00
1234678-HpCDF | 042 069 000 233 020 007 012 035
1234789-HpCDF | 007 018 000 071 013 003 009 018
OCDF 002 005 000 019} 010 003 007 015
PCDDs 492 244 196 1051 | 905 7.61 435 2875
PCDFs 1021 1163 147 4830 | 696 268 356 13.20
Total 1513 1349 483 358681 | 1601 746 791 3390
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ETCDD
OIPeCDD
Bl HxCDD
CIHpCDD
EocpD
NTCDF
EX)PeCDF
ESHxCDF
EIHpCDF
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Breast milk
(n=15)

Blood
(n=9)

0% 20% 40% 60% 80% 100%
Congener ratio

Figure. 4-7. Profile of dioxin congeners in breast milk and blood for

subjects in this study

tho] S A19) EEAQ 23,78 TCDDY phamacokinetic modeld] <3 T3
E WA E o]t QUET AT FAXEY tolSal Y HE A =
%%, LADDidier= B+ 5 To| R4l Txo] A= Ha 1.35 pg-TEQ/ke
-day(0.43~5.24 pg-TEQ/kg-day), ¥ o] gsjrs HT 125 pg-TEQpg/ks
-day(0.61~2.55 pg-TEQ/kg-day)E A+& = LAch(Table. 4-16). Bf 2 ¥Y AF
FAAES] AY, AT T A 54 2 AFH] fAEIIAY WEA AH
Mg e tol&al FEE o8t THYLE 4EF LADDindieas -5
FALSHA A EH AT "

Table. 4-16. LADDingiret 0f dioxins based on their concentration in
human tissues for subjects in this study
( unit : pg-TEQ/kg-day )
Breast milk (n=15) Blood (n=9)

Mean SD Min., Max. | Mean SD Min. Max.
PCDDs 0.44 024 0.18 094 070 050 0.33 216
PCDFs 091 122 013 431 055 0.24 0.27 1.06
Total 1.35 143 031 5.25 125 048 0.60 3.22
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423. Clojx/ciHd =2 oA i DY HE

gol&ael  geiM/gFEz A =% =¥ o8 «&H
LADDnouet(0.52~629 pg/kg-day)e 33 HTHLE 4&¥ LADDarest(0.2~
078 pg-TEQ/kg-day)?t IH HEYLE AE¥ LADDindiea(0.43~5.25
pg-TEQ/ke-day)9t 2HE ¥ = WHIZ dZEQ)(Figure. 4-8). Z¥o| &I
LADDmode®] %928 23 HIEHY LADDgwee W @I 4] AT 2}
ol Holn Ao, UH Wl 98 LADDidiea U 12~13W) ®
o A9l fAIG T2 WY

2 2YoA d&d 9N HE& vAE w9 A P2y ol Z o
ANd =@ vas] 2E, 2449 29w EY oFA7 ¥ Tl
¢ eHAA IR, dr], EF R AAEAMY wEE Zd 4F
s} A& Fxte] Apolrh 108 ol&tR YENTE ole] wis] AM =&l
AYE ®el viXe Aoer HrHDL Jv &%, df R o fAMe] =y
d& FEe A& AR H¥ 12~18 HE FA oFHAcKTable. 4-17).
£8, O % o RANMY Byl o&X ) A& B4 Aol tho] KAl
A X oA (BTF) v YAHAAF(BARY #&AFo] 98 ¢AdE Aeg
% 7H Ao}

Figure. 4-93} Figure. 4-10cl= & E¥3 Y HIH) 9% Z M x
# 72N LADDHH & @%d) U¢ 719&& vasHth &%, ¢f 9
R AH HEZE AYNY OB AN =% ABoME =i AFAs I
HoHel A% g Fol WL FANY FEo2 FPrrE UG 28, AM FH
& viAol e AFX JF T WUXNE EQ &f, ¢F R UK
Ao A% AN =P 2Y Fx Y FEW A PIME T 2
o) @ HHh
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, LADD(pg TEQ/kg-day)

|WMax./MIn. B Mean ﬂModlanI

Direct Indirect(Breast mllk)  Indirect(Blood) Model

Figure. 48. Comparison to LADDs of dioxins that determinated by
several approach methods

Table. 4-17. Comparison levels of dioxins in the exposure contact media
using model and measured data

(unit : TEQ pg/kg-day)

Environmental Media Prediction by model Measured data
Ambient air 0.001 ~0.225 0.083~0.286
Ground soil 0.035~11.7 243~53.97
Foods

Crains, vegetables, and 0.011~0.778 0.002~0.018

Meat 0.047~1.790 0.0003 ~0.018

Milk 0.008~0.176 0.019

Egg 0.082 ~0.484 0.014

Fish and sellfish 0.005~10.0 0.013~0.384
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LADD (pg-TEQ/kg-day)
Model CDirect approachw

Exposure contact media

Figure. 4-9. Comparison of LADD according to exposure contact media

B nhalation
CIDermal uptake
Clingestion-soil
Engestion-plants
Eingestion-meat
ngestion-milk
Ingestion-eggs
B3 ngestion-fish

Direct approach |

0% 20% 40% 60% 80% 100%
Proportion of LADD (%)

Figure. 4-10. Proportion of LADD according to exposure contact media
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424 ClofN/Cid =2 oM =& DHo DIZs By

ol &9 cejA/thA 2 AN =& Bt 2¥o A8 I AARE
o] B A&Ad "Ae Y& B3] HH UFE A (sensitivity
analysis)}& AA¥ A, 3 87 UAAEol YUY FF ,Je2 HIIHUG
(Table. 4-18). tio]¥Ale] LU 2 ARIHHUY 7] F do]XA ujEe]
WY AAZ =&HNLH, o2 U & - #TF Axw FAMe Wy B
Tl &Als] ¥8 %3 7)(reaction half-life in ain® FF Az EHHATH
EY o]l KA HM F& dFUF I%E VA ¢ Ae KU1 EHA
4*(organic carbon pattition coefficient ; Ko)= @2 - 288 9% A= 9
ZHEAck. AF 3 A9 &Y AA® FolMe 9% Az =ad Aol ©
vem, A @& Bg AAEe HHME 8 W WA U AHF R
24AGAM g Aul EE BL4& AT} & AAEA B2 R A2 AR FI
B8 W 57 9% AA =AU

Table. 4-18. Sensitivity analysis of parameters for multimedia and
multipathway model of dioxins

Base Local Sensitivity
Input Parameters value sensitivity  Score
Source term (n=1)
Air emmision rate (mol/day) 00005 01 0.9329 0.09

Chemical property parameters (n=2)
C}rlgar;m carbon pattition coefficlent | 38%106 1.60 . -0.178 028
- . . . .

Reaction half-life in air (days) 30 1.7 0.044 0.07
Human exposure parameters (n=5)

Meat intake (kg/kg-d) 00013 0.2 0.225 0.04
Fish intake (kg/kg-d) 0.00098 0.3 0.212 0.04
Ir(\ e71c:ll()m of pasture by beef cattle 60 0.4 0.196 0.08
Fraction of local product - meat 0.101 05 0.225 0.04
Fraction of local product - fish 0.267 0.7 0.212 0.06




Hs& 1 &

HE FABEde] £ WAL olF % duiA Ar A7/ ¥us) A
Y= flem(Mackay and Peterson, 1991 ; Mackay et al., 1992a ; Devillers
and Bintein, 1995), t}o]|&4la} 2 AN &34 FHd) disfiMe ¥4 g
AYE M27) 9P Rl A g 4% A2 873 NI AF @
T R o ¥ OFE AN @ H7l 979 WeHol of RAFH: gk
(Cohen and Clay, 1994). ¥A71A dFHo & thuld g7 ¥ EUEL
HEE 7t Ed€ ddeE AF - Ausdevi(Allen et al, 1989 ;
Mackay et al., 1992a ; Clark et al, 1995), t}o] R A3} PCBs2} & A2 ¢
A4 w3l AEErdle B olegol At B3 to] KAy FHiede &
Zg2oA %€ k24 YHE a8a dRe YA &80 F3E AeE
v & (Bumb et al., 1980 ; Stevens adn Swakhamer, 1989)5 7] wjio} 7}24
BT QA BAAE BFE G 8#73 AL AF Q0L o) Roj Aokt
H A7 o] &% CaTOX 2 o]# ¢ 7tA4 R A RA4& =5 Ad
THAFS POP &de tiy g 874 A % 32 AN =&F o
& ¢Fo] go] 850 sti(Maddalena, et al, 1995 ; Bennet et al., 1998 ;
Coulibaly, et al, 2001). #8] Tjo] &A1& F-2e§ FulA4, Kowr} 10° o4
ol1, M) Ar4(Henry's constant)”} 10° atm - m'/molo) 3} A4, &34,
B¢ #Y(Lorber, et al, 2000)0]7] wEo] o] 4% APAY ¥
MEe] o olf MejA# ¥ 2x 2¢o] v FA¥} #Aolvt. CalTOX
& E%g AFE, root-zone P vadose-zoned] 372 M{ FHoE R/
gte] 2b2te] MR T 8o W& vfAT olF R WYE AF87) GE the]
FA7 Fo] 2GAQM S AE Aufel AW A 29 R olE AW A
@l 2% #Wo U@ oM/ HE oF A7 REAo] 48
t}(Mackone, 1993a,b,c ; Maddalena, et al., 1995).



£ dFdMEe CaTOX Zxl§ ol&3ld Mg, AN 3 A7 AQelre 4
§ 3 A MR £TAHNA i@ EHE TolRile] % OuiN 3 AR
& R olZ AP AR AN =FFE AFHAT F 17F 9 oK B
Mo Y efA/GAE BY& TFE] HE £ AFAMe F8 &9 -
B8y AARE FEAN RAGES A2 -Ad HYd U GdGEEE
(uniform probability distribution)® A-g3lQc} tho]LAlal o] £HL FH
N Fd=o e Bl 872 FH A& dAsMEe TS e o
AEAEQ] Guja] 2W§ F/d3 o A3 homologue profile 2®o] 7w 5
o] #tHChristensen and Zhang, 1993 ; Singh et al, 1993 ; Su and
Christensen, 1997). 231} homologue profile 2 & LA P T 2zt
o ¥ CAFE FHNAYG dEsol e FAU Uk B, B AP0
S} o] egUdMe vEF & MEATE ol83}d Mg ARde o9
#& homologue profile 2 & HE&H < 1A "ot ol EAAH& s}
7] $i#AM v]F EPAYAME 2378-TCDD# o|43ld uviujx] 28§ AF¢
¥ 17708 Gol KA M iy ¥ - %y Ry WFGR L
ol A8l 87 FH &% 2U& AEE v Ack(Lober, et al, 2000 ;
Eschenroeder, et al, 1999). Suzuki ¥(1998)2 tiol &4 HHZ A ¥ - %
82 Bgol g4 X@ J4o] ¥ ¥ BE TCDDS} OCDDAol 9] o]
e RAYge) ¢Mw WA fete AE o83 FFAe o)fEty
B4 BHE A8 o]k 9] steady-state TN 2§ @A

& dFdMe ol Lddd A% AHAA §7 oiM L@ ofY
Zt LAAHofM S AW A& R AHE stEg B Y =& J¥x a3
7] 98 M&, ¥ 9 A7 Y& e =& NYge HAPRHLH, Y
AAL 117x10° molRrh. CalTOX 2L 1000~107 w'e] WA i &
74 e 3 & Non, 2 1d o] AN BE &= AW I
T& A&7l A8 MEHU7] dE] AL WA U «F dAde g



FHA49E WD Yoty Radta UTHUS EPA, 1996).

AT Y AGolMe AR R K& HIE 2GAHANAN by Foz )
fEE oA e @7t 682 g-TEQoIY oM, EREYN A 7] 29
=€ 1.82 pg-TEQ/getx 7HE3INth ol d A2 3047 =fgoz A%
ol A9 87 3 AEL F 7] wi&Fs 75%7F @7 4 A9 we] o
7IHe 2 olFEH, o 5%/t W7FAM A¥HY, 19%7F EF 3 Au) A
(18%)%} FAI(1%)E Hol=i, Aold ¥ oF Bt ¥ £&= dYso] F
S0z AF U A9y 87 wiAde F v&F] 7% AR A
28 JFHUT o] FoH199)E M& R A7AGAM =A] LZ2AA ul§
He 2378-TCDDS 87 FH d7& ¥ 7] vi&Fe 80%7} & x¥ge
2 olHH, EYOR 99%, FAR 02% °lTERL RIE ¥ Utk w&
W2 PF&M(low chlorinated dioxing)e & Q2X@¥  FFA(high
chlorinated dioxins)ofl w3 7] & AHAG H o]FAol 2 ZoE YA 3
o}(Lorber, et al., 2000 ; Swedish EPA, 2000 ; US EPA, 2000c), 2,3,7,8-TCDD
of Y AAT olFFo] ¥ o] FA§ LY B 2YoM FAY oFF
B ¥ g2 Ao vadig =% €& G228 XM (high chlorinated
dioxins) 5% YA&, A& X YA 2HYo] AY22 A, ¥ ZYA
EFo 29 tho] & o]FHo] o]FoH1999) AFANMRYG o 154 WL RO
2 vepgr} o] goh(1999) Aol &% 2,3,78-TCDDS] thujM 874 Fef 24
(=& 7] 10d)NME 10% F=7t A7 g Ao AAEHY, FIFHeg
of 25% A=gto] A Wi AYe #F viMe] FEPTT Ry, YA,
ol Kalg oz ¢ B RYoME o 7%%e] AESE Ao Ao,
FE G2XE FHANY w2 83 AR/AY % AN 3P nWIGA, &
A Age 2 g

AT A AGelM e 7], AFES R EY F F=€ 42 0034 pg/m’
(34)(7F24 0.03 pg/m, YA 0.004 pg/m), 0.079 pg/ ¢ R 113 pg/g
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22 JFHAY. FH ZAAGAMY T F Tk WA BEE HT
0.125 pg-TEQ/ m'(0.033~0.286 pg-TEQ/m')(IERY, 1999; Kim, et al, 1999)& K.
g b e, § 2y @ &X9 F4a& 0.034 pg-TEQ/ m'(0.001~
0225 pg-TEQ/m)E YEI} dEUL AFFERTE T WA AH/HUA
%, A& T WHE AAY Ao YeERT EW el giy] ¥ &
b2 T A L9Eze] vlgo] 9558 HuHm 1o.m(US EPA, 2000b ;
olfol, 1999), & ATNME FUH Aoz AZ=HUA. Jang ¥(1998)& 4
L& 224 29 AQoMe EY F tholRkAl w= & SAY Ha, ¥
7 183 pg-TEQ/g(243~54.0 pg-TEQ/g)2 Jehgcta Husgen, A& A
qolMe) EF F LUYEE 087659 pg-TEQ/g(M&A RABAATY,
19992 WEE ¥ A3, AZFT EFAAY tol%A 24x=E HF 0935
pg-TEQ/g( A& —224 pg-TEQ/g)(FHBZ AT Y, 2001)& FTAlH £ =Y
o] E9 99dx d&:A(SYY : 113 pegTEQ/g WY : 0351~117
pg-TEQ/g)E A% LEES "It dHE ALz Yeiych FHURBATH
X BAA FANN SR dol&A FEv HF 0056 pg-TEQ/ ¢ (#3
&~0502 pg-TEQ/ £)2 TAIE o] & 24 43 o &N} vf¢ 2HE
Ao2 YrtsE .

LA" {3 R AWAY StEE ASEeE A8 e o
o] RAl9] 22 QUEE A&y Ad, A FE(FH Mx X BY)ANMe
0.011~0.788 pg-TEQ/g &H+ 0.047~179 pg-TEQ/g -Hf& 0008~0.176
pe-TEQ/g WHE 0032~0484 pgTEQ/g % olHi¥E  0005~100
pg-TEQ/g2 FA =AUk otA7x] ) A Fore) cho] Al &4 Age vl
$ A Holv, Lee F(2000)9) 28] =AXNFNN FEHe T4 4F 3 &4
(5% WF 0017 pg-TEQ/g). R2(5% HT 0018 pg-TEQ/g) F(FT HT
0015 pg-TEQ/g), F(% BWHE 0001 pg-TEQ/g) HIH&(F BT 0003
peTEQ/g), TFIGE BE 0281 pgTEQ/g), Wi(GE WFE 0013



pg-TEQ/g), Wel(5& HF 0023 pgTEQ/g), LAAGE WF 0033
pg-TEQ/g), +#(2% Wd 0019 pg-TEQ/g), AZ(2% BT 0018 pg-TEQ/g),
A171(7% W 0.018 pg-TEQ/g), HA7(7F BT 0.008 pg-TEQ/g), WL
71(7% W 0.0003 pg-TEQ/g), ¥ BF(GF HF 0014 pg-TEQ/g)NAM sl ot
o]l &4 LE=E TAY ub Stk Ve AN R g M 2AR
gl gol&Al FEE 0208 pg-TEQ/gE =A}E th(Hashimoto et al, 1998).
£ 2o 93 d&E JF F 29T AE LHdERTG 29198 BE w
A A&k Hol Alge] 7] A YAhAM edAEE U o &X
s} A& e o 29) A Aol RolA @Rt tolsAe A
2XAw7E ARHe &8, R F AR R Aole 108 ooz e
wot.

g R RYANY di7) F dol&al L¥EE BT 2 012 pg-TEQ/
m R 011 pg-TEQ/me.2 X33 2™ (Clayton, et al, 1993 ; Liebl, et
al, 1993 ; Konig, et al, 1993 ; Wevers et al, 1993 ; US EPA, 2000b), €1+
W Aelrgl diy] 2= A% $%(0125 pg-TEQ/m)% vi-¢+ FALY 4
ok wWetd AFoML] thol&A ool FE tf7] 2gHU o] oj%
oA MU, v B FHdAY AF F L9Te FU AL A#
Mo F=} FAE ZH& 2 Aotk ol 2E9] 8 xFHULR
Z 4A JE 2179 G HEAFORAN FRANM BT LYEE
n)=9) A% Z+z} 048 pg-TEQ/gst 0.07 pg-TEQ/g(US EPA, 1994 ; US EPA,
2000b)2 RN, P #2 032 pgTEQ/g R 0.05 pg-TEQ/g(Furst
et al., 1990 ; Beck et al, 1989)2 & RHHEEHFcH & o] g &K 3 +F/
M9 e¥Ee 4z 0342 pg-TEQ/g R 0.047 pg-TEQ/gZ o &= oH,
o2 R Y AEAMY e v YR & 4 U oo HIH A
T RAAGAM Y By B LAt HF B AU F4s) vi$ RAMEAE
78 FU AFIAMe &3 dFe 2177 0018 pg-TEQ/g, $F
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0.019 pg-TEQ/g2 XAIE] A3 Tt A& Holi U

B TE d& 2y d7dMe Ldde Hed AR BRAY 28
zt oAl M9 A FEH Hael AR oF e FFEROE 7 ALY
FE UE Y A4F hd 22 A8 giokeldol, 199). 2R &%
FRoAMe el &A FE HE HoAled B 2AEHE teolg RY&
Uehlles 3898 Qxdez, ol wiMd d@ tol&a F= $Xe vE
Hlw Ak & 2y d&Xe 9% £F9 $RMY FE HEL L0
AgHALH, FUY A& g AHME 21U FARANY tho] & 2
A=7t Ag A AL: YrsRed, vFg FYPAMY A AR o
¥ ol Hl§& T 1:015 R LO16EM B 28 &2 FUAY AFgo
2 JElrh

E Z¥o] ¥ AFUNAAY AF A4Ae dY BT QA =%,
LADDmoa® % 232 pg/kg-day, 50th percentile® 1.64 pg/kg-day, 95th
percentile 6.29 pg/kg-dayZ & =T £ 2P| 948 &F LADDumoa
(052~629 pg/kg-day)e AR FHeWoz 4&E  LADDuea(02~0.78
pg-TEQ/ke-day) R 73 FHEHLE 4% ¥ LADDindima(043~525 pg-TEQ/
kg-day)s} SAHE FE= HHAZ dFHUoH, B3, FH FIEA 9%
LADDindirect9}£ 0.19~0.29 pg/ke-days] 2pojqtg el A}

23 AS¥o) 9% LADDngeal 287 98 SAE A7 oA A9y
A 399 R{ F vhol&A FEv P 1511135 pg-TEQ/g fat, % &
EE B 1601746 pg-TEQ/g lipid2Z H7}Hof wi¢ #AIY sEo= e
Wt Kang §(1997)¢] %8 uete] AEAH AFse Uit 4 2 6vlF
dxte] B3 A 2NN o)L FE=E AW AW, HF 165150
pg-TEQ/g fato. 2 F4Fo] & AFfMe] nf d WF o8& F=o ¢
A%+ A9E 29k Van den Berg $(1994)€ UM Wl 24, €9, A% =
oMl GolFAg AAW ¥F @ FER LY AT, AXAHo| me
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ez FHHUUGT By v sl AT ddAwEY 2R/ R ¥§F telE
A FEE Y8 948 dE A7 AWEHF F WD F= 154 pg-TEQ/g
fat, §% BT F= 160 pg-TEQ/g lipid)s}t FAIY o2 TAME Ath(lida
et al., 1999a,b).

Tol2le] Wi ¥Y ¥HE x&F WIXE vF EPAdME 1
pg-TEQ/kg/day, 43 MARA7| & 1~4 pg-TEQ/kg/dayZ A3} 9
CHWHO, 1998 ; Japan EPA, 1999 ; US EPA, 2000d). £ f3tolA @A
o 2% LADDuareat 1 pg-TEQ/kg/day ©l3}8] 302 Brs AT, 314
Aol 9 LADDpderea®t XW A& 918 LADDpoda® 1-2
pg-TEQ/kg/days] F&olojA $8 vatdMe] tol & &4 F3 1oy
Me okl ez A" %3, fol&Ae EH A @& (endocrine
disruptor compounds)2j 9] FgFo] AP7IEAA HZoE ®jo} R fol7)
of dol&d 2 ¥ A4 R UF F44 @ A7 A7 LaH3 3
t}(Koopman_Esseboom, et al., 1994 ; Pluim, et al., 1994 ; Weisglas-Kuoerus
et al., 1995 ; Huisman, et al, 1995a,b ; Koopman_Esseboom, et al, 1996 ;
Jacobson, et al, 1997 ; Lanting, et al, 1998 ; Nagayama, et al, 1998ab ;
Hoover, 1999 ; Spatandin, et al., 1999).

3 LADDpoge®l ¥ 4AH =& 7€ 971%(3 %%t 1.60 pg/ks-day),
TE =% BEE 13%(FYE 001 pg/ke-day), HEHE o] M
1.6%(3 9% 002 pg/ke-day)2 B7IE ATk 43 =& BE F R 4N
TE 7o) S9N(FUR 074 pg/ke-day), &R H¥e 15%(F4wk 018
pg/ke-day), H%, Ma: R HY 4N AP & 12%(Fda 015 pg/ke
-day)2 7= AR WA 2% LADDgeao] ¥ & Z2W 7]9
oMz ol f ANE8%)7F V1R & FoE vegtey, I/ R AiR 4
ol A Fgo] 24%, KRo| AP FFL I8%EAM ¥ Y| % B
thd 2bol@ BT olH Y B Aole ZYo| U &R LY=It 034



pg/gl.E &P ug, AA A A3 dAMY &4 FEE RY 4FXY
oF 1/2024 ZH, $f R dWMY L@GEY RAE sFo2 HEA
W Folch T A FANM Y ol KAl LYEE PIF, fFHAAMY A & 4
o ®is] W WA #FHULH, oz U WY BT AM x=&F,
LADDaret®] 8 Aol 9% LADDparea®TF o 38 AX A AEEHIY
ot.

ol A gojA/gR2 UM =§ B/ Z¥ FEE UIFE AAgw
o] 2] &N v FE& HUEV] A UPE B (sensitivity
analysis)& AAI® A, 7] 3 dol KAl HEFH(LFEH) Bl F TholgA
9 W8 REP7|(reaction’ half-life in air), #7182 {ulA 4 (organic carbon
pattition coefficient ; Koo), $% ¥ %W ANF oJAH Y AHNF 29AQqd
A8 SR g, LFGAHAMY oHF ik, R A AEA EXx 9
A2 AR Z dae & 87 AAEe] fY I 8oz HIEHGY A
Y A F fFrg2 B A S, K Tol &9 A4 2 AMEBAAF 3
& VX RN B HEZA o] ZAle] B ML olF A&/AY I
PR oz, B YN AF FES} vy e AAE 2 &%, &
R AARAMY A FE dE: B FGg& viXe Yot 1 9
A% Y AT AR 2Y HHF LdAYAAM &7 Y4&, 29A
dojre] o|HF Y&, W 7t AMRA Bx Q HE AR d5E T
A9 B oML o]F dBde YTk XA FAL, AFHA AN x=
&% 4ool 9%E TAE Fo Wewold |

HE Ugs EMoMe 8 9% QAR =&5A= (AL, S 73
R =@ viMAMY AS AEs vuBHAM A7 HUAY HFMY
LA & YHHA A#EH Ue AR 71E9 LA9E AEE HAYPe
2 A% |y29 YMHAS(BTF) R /=9 YA A AL BIF)S 2
H TN A& EE ojH R YA HAHS(BAF)E HolAled A% AEH A



A9 Ge]&A FE & UojM WL FUHUAAE HEIL U P52
B7h= At

Friess} Paustenbach(1990)& 2,378-TCDD# UiAre =2 &7 F $folxsl
#7129 AANHAAT] S A& NS TEHNOY, olad YA
& (bioaccumulation ratio)& 7}& ALEA] EHMY AR AR AN
g% =& 229==2 Uy F¢ F Ackn Mtk Friess}
Paustenbach(1990)& 2,3,7,8-TCDD$] 7%+ AN &2 §o] 4~6 FEE AgH
o, BFHoZ 504 A4Y 4 Uon BusT 9tk McLachlan(1994): %
e 28§ 9 FHolMe Adggel s Ld€dY N ZAPe
steady state’} A8, A29 e Afole $H& ¥4 F widss) o
Fel 23 oy 3 AW Fulg-§ ¥ vjdvg e dvt Lo v W=
Al steady stated] =G APt ol T AT FAAR wiFL
McLachlan(1994)& tho] &4 e o 93] WWlE A7} steady stated] =R3he
71t % 6 Ak A8FY, =¥ AW wdg R SZNMY ok
ol a9 $RAMEG @A ot WEHATH RS EPA(2000)0 M
tho] KA F&FA o] oh¥ McLachlan(1994)9} Fries §(1999)¢] A3 A o
£33l thol K9] AA2H gL 027~5769 WHZ Jehdoin wESY )
o] Ao M ol thelF A WA §3 Ay s A BRF
T o83 deE &K R FReAM BAMANAsR ol &MY £ B
YolXe 71ae] Al AAd A FRZ YAH) A4 0.005~045 day/
kg, +H29 AMAo|AFE 0.0003~0.009 day/kg& A ESHT.

ZIEH 3 dRoMY ANSHLL 19873 uv]= e Erjols] Koppers
Wood Preservative Treatment F#ro] B A2 A4AE o|F, T Bz Efd _
A ppm ¢E tdolgAe] nexg ARHI, W B FHFRANM A
¥ "9 f3o) t#e] tol&o] g ko] RaFWA, Stephens ¥
(1995)°] w& °]&¥ AHAAHYU o] KA =& AU o] M& WHEA{J{G



JEL B SANNY AARAEL 01~287, GRoIME 15~11302 4
#IATL BT Jon, B ATANE GRS M ERgn Ay
TR-&& oJ83d dRNMY M AlA & 10~45 day/kegd] U2 ¥4
B3tk

0 QE $do] MABE oNF AA TolSA A& dHHY] NG A
N &2-4& Sijm F(1989)°] goldfish## o= & A7 AHIAEF HGL=R
Mackey %(1992)0] A)H718te] ol RolNe] AN AGL 294~599) W=
AEFHUGI Lagges, B ZYdgMc Mackey §(1992b)8] I+ HEAE
wgog gy ANEHAS 2670~635008 2 83HTh.

olgt @ol Thol& AT A& AN AAY A Aol FAANMY 4
AAolg N A4 BY AT 133 oRAL YFlE #TFHTL
WARAE 2 Q7 AW} $ A Huga A 2 Y902k A
A & AEFog Fuj(intra-species)ol 9] Ao EAS7) Yo}
& A A9 AT SUIE 229 SFYNE AW & F AL FH0)
mel RSl WP AR B0l WHAM HE o2 s Ml chels Al
BAFYeo] WetAy] WEolth FMEE WRE 4N 234 gde #
UM (complex mixture)E FA4H o Now, Rgdn gAYe] AL FHA £
NEE TAE BUANE YFY FAUEo] BAA FoAME 87 W
HAA WAME whA shis) WA RANY ¥FHY) BRolt A& WY
goleae Agole o 270F9 FHAs EAHH, olge EAE I,
A5 $o NEAd §A BART ol AN WAE RN 2Fg T
W BE 2 F&A s vtk 249 R& AAD A gaA, o
Ztzte] Mg BF Fol@ A s FANY AHANN o8 WE
&S 7 ATE AXVGE Re f AL dolg AR

tho] %415 zto] Fg EHo] it WL, AN ZUHPL tLo] #7}
B8, AN 2F4oe AN UM R AHA I FE & 2 9% #
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A . gEldithe o] o A& POPsd disiMe 87 wa AYg M%7 9
¥ EFHoZ 38 QWA ¥ AZ VA WML AF A7 R ol QA%
G2 AM e B d79 ga4ol tf Rztsm glck(Cohen and Clay,
1994). 2001d 54U 239 POPs 5A §eol &G HF M7t T4 Ad ¥
8 Utz #A 7S deiol7] i) POPse] A& #el& HME
FY g3 By % FHAY BE AN & AAEY AP dHolEHolAg
HEo g JiNE POPsg] ciul/tAs =& & 2§ o848 A33A
w7t oj¥ojH ol & Aolrh.



H6d 4 E

o] AFNME CalTOX Zl& o83t Mg, AN R A7 Aol &
2 2 A 7R 2L i@ EE deolKAld g toid 8#7F A%
d& R o2 A OAZ AM =&F& dJA[T B ZYe 47 oy
A9 E ulggte]l 1.82 pg-TEQ/gdl FHlolA W7 & LZAANHE U o
7] 3 to]& o) 1.7x107 g-TEQ/dayZ 307t wi&=HU& ¥ A7 WX
Hqe] 843 WAMT dolEA AF R BHFE AN = F& A33Hc Fa
47 AYE v{H A

1.

AT HAAGIAA tol&Ae oyl @Yl A% o), EH,
root-zone Y vadose-zone E%, A HE4 R AAP, A8, AFSY 87
Mol Mol @73 FH ZY& FARALH, AW -9 F7, & FEE
F A ZE R H¥EY 59 QA HR WAE AW BE, AN

- ARRFY ) e BRAMY AM =%F LADDE d&¢ $ e

ol ¥Ale tuiA /A2 9N =& 2¥& TARHAT 3 NYEY
A Bg @ AN @ UF F QYFAY B W4 1685, o
A =@ W 2685F)d i A7 Y AY R k@ A7 JDAMY
HEZT HREE 294 PR

2. ¥ 2HAM 30d T4 thol gAY 7] & wi@FL 186158019, &

W& Hs) 75%7t BAYOR OB, o 5%7F hr1FN WY,
19%7 £ R Au A@% £AEZ YH(deposiUTh. EF R Huja
o Fa348 39 93%71 B8 £ HYE o] steady-stated A IF of
A A9 B e M@ 7% ARAHE Ao oAy
sict.
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3.

273 oA Me cle|&Ae] 2¢@x REFE(mass distribution)E
vadose-zone ESF| M7t 974% =2 7} B 1l, root-zone E o] 25%, 3
Aol 0.02%, EHEE%o] 001%0]9oH, S (aquifer), W], AESF
3 A FoME 0.001% vwigke g viebytc

B 2] 9% 83 e 2959 FU4@ R & HH(Gth~95th

- percentile)= 7}2A t)7) LE9E7F 0.03 pg/m'(0.009~0.764 pg/m'),

ZH4 W7l 4% 0004 pg/m'(0.001~0.018 pg/m'), BEHEY 113
pg/8(0.27~4.87 pg/g) root-zone E¥ 2.04 pg/g(1.95~2.25 pg/g), A
BESE 0079 pg/ £(0.007~0528 pg/ £)2 AFHIUH, Asqo)r
SHEE 10° pg/ ¢ FaA

AM H& wiMAMY edze 49 % W Ld=st 42 0.037 pg/
m, FYR 2 E%(household soil)& 1.61 pg/g, oI H¥ 150 pg/g & H
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9. ThelRAe] TEjA/TdRE YA =& WP BP9 AR B4
(sensitivity analysis) @3, ti7] F Tol&4l Hl@&(LAH), W7 &
Gol %9 Wr-g wWzhrl(reaction half-life in air), f7)1@gLBuiAS
(organic carbon pattition coefficient ; Koo), S8 ¥9¢ 43%, ojW§H
YUY A 29AH9NM] R Y&, AR GAMS oiH|F A
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ABSTRACT

Estimation of Human Exposure to Dioxins in Korean

Urban Residents by Multimedia/Multiroute Model

Yang, Jiyeon
Dept. of Public health
The Graduate School

Yonsei University

Dioxins are widely distributed in all environmental media and
organisms, because they are stable, persistent, bio-available and their ability
to bioaccumulate. In the case of chemicals that have been release into
environment, the goal of exposure assessment is to estimate the individual’s
total intake through various contact media and exposure pathways.
Computer models can be used to simulate the exposure scenario and to
generate data the supplement measurements for determining exposure and
allows risk assessment (US EPA, 1992).

The objective of this study was to estimate human exposure to dioxins
using a multimedia/multiroute model in a urban area of Korea.

In this study, a multimedia/multiroute model used was based upon
CalTOX model. Steady state conditions were derived, based upon the
assumption that municipal and hazardous waste incineration is the only
source of dioxins in the Seoul, Inchon and Kyunggi-do area. To validate
the CalTOX model, the predicted lifetime average daily dose (LADD),



obtained using the model, was compared with LADDs obtained directly
and indirectly. Local sensitivity analysis was performed to identify the
important parameters and Monte-Carlo simulation undertaken to examine
the uncertainty of the model.

The results of simulation to the CalTOX model based on various inputs,
such as 1.83 pg-TEQ/g the background level of dioxins in soil, 1.7x10?
g-TEQ/day, the emission rate of dioxins into the air by municipal and
hazardous waste incinerator, and 30 years exposure period, following were

obtalned.

1. The environmental media was consists of 8 compartments such as an
ambient air, ground soil, root-zone soil, vadose-zone soil, surface
water, ground water, and sediment, and estimated average daily dose
through exposure pathway of inhalation, ingestion and dermal contact
by exposure media include indoor and outdoor air, water, household
soil and foods. Probability distribution functions of 42 parameters (16
landscape parameters and 26 human exposure factors) were

determined the study area.

2. Over a 30 years period, the total emission of the dioxins was 1,862
g-TEQ in the study area during the 30 years. Among them 75% of
dioxins emitted to the air were transported out of the region of
simulation, 5% transformed in the ambient air, and 19% deposited to
the soil, agricultural plants and water. Approximately 93% of
deposited dioxins in the soil and agricultural plants were eliminated
by degradation or transformation process. Finally, the only 7% of
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emitted dioxins remained within the simulated region environmental

media under the steady-state conditions.

3. The mass distributions of dioxins in the environmental media were in
decreasing order : vadose-zone soil (97.4%) >> root-zone soil (2.5%) >
sediment layer (0.02%) > ground soil (0.01%) > aquifer, ambient air,
water and plant (less than 0.001%).

4. The predicted levels of dioxins in the environmental media from
CalTOX model were 0.03 pg/m' for air, 1.13 pg/g for ground sofl,
2.04 pg/g for root-zone soil, 0.08 pg/ ¢ for surface water, and 10°
pg/ ¢ levels for ground water, all of which were within or relatively

close to the range of actual measured environmental levels in Korea.

5. The estimated dioxins concentrations in exposure media using the
CalTOX model were 0.04 pg/m', 116 pg/g 150 pg/g, 0.34. pg/g
017 pg/g 006 pg/g and 005 pg/g for indoor/outdoor air,
household soil, fish, meat, eggs, plants, and milk, respectively.

6. LADDuoqs was estimated to be 1.64 pg/kg-day (0.52~6.29 pg/ke-day)
using the CalTOX model. The ingestion dose accounted for 97.1% of
the total LADDmode whereas inhalation and dermal contact intake

accounted for less than 3% of the total exposure.
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7. LADDmoga was similar to LADDindiex (0.43~5.25 pg-TEQ/kg-day)
based on body burden data, but was four times higher than the
LADDgiret (0.2~0.78 pg-TEQ/kg-day) as derived using typical media

levels and contact rates.

8. The predicted concentration of dioxins in milk was very similar to
measured data, and the predicted levels were about 10 times hight
than the measured data in the ambient air, soil and plants. On the
other hand, the estimated concentration generated by the CalTOX
model was about 12-18 times higher than the background levels of
dioxins in the meat, eggs or fish.

9. Based on the sensitivity analysis, eight significant contributing input
parameters were identified, namely, air emission rate, reaction half-life
in air, organic carbon partition coefficient (Koc), daily intake rate of
meat and fishes, ingestion rate of pasture by beef cattle, locally
productive fraction of meat and fish in the simulated region.

This study was undertaken to allow the design of model capable of
predicting human exposure to dioxin congeners via air, soil, foods, etc., and
via multiple exposure pathways, such as, ingestion, inhalation, and dermal
contact. A model of this type should allow risk managers and other
decision makers to have a more complete picture of potential human
exposure and of its quantification. Thus, this model was designed to be
relatively simple and transparent. Consequently, the designed model contain

many uncertainties, which can be minimized by further refinement using



database information about the landscape and meterological and human

exposure parameters in Korea,

Key words : Dioxin, Environmental fate, Multiroute human exposure,

Lifetime average daily dose



	표지
	차례
	그림차례
	표차례
	약어표
	국문요약
	제1장 서론
	제2장 연구배경
	2.1.다매체/다경로 모델의 연구 동향
	2.2.CalTOX-compartment model의 구조
	2.1.1.CalTOX 모델의 기본개념
	2.1.2.dynamic multimedia transport and transformation 모델
	2.1.3 다경로 인체 노출 모델


	제3장 연구 내용 및 방법
	3.1.연구 내용
	3.2.연구 방법
	3.2.1. 다매체/다경로 인체 노출 평가 모형 구성
	(1)연구 대상 지역 선정
	(2)다매체/다경로 인체 노출 모델의 기본 모형 선정
	(3)다매체/다경로 인체 노출 모형 구성 인자에 대한 대표값 및 확률분포값 결정
	(4)다매체/다경로 인체 노출 모형에 의한 총 인체 노출량 예측

	3.2.2.다매체/다경로 인체 노출 모형의 보정 및 검증
	(1)모형의 불확실성 분석 및 타당성 검증
	(가)직접 접근법에 의한 일일 평균 인체 노출량,LADDdirect 산출
	(나)간접 접근법에 의한 일일 평균 인체 노출량,LADDindirect 산출

	(2)민감도 분석



	제4장 연구결과
	4.1.다매체/다경로 인체 노출 모형 구성
	4.1.1모형 입력 인자 대표값 및 분포모형 결정
	(1)다이옥신 오염원 및 초기 농도
	(2)다이옥신의 물리.화학적 특성 및 확률분포 모형
	(3)연구 대상 지역의 지역적 특성 및 확률분포 모형
	(4)연구 대상 지역의 인체 노출 특성 및 확률분포 모형

	4.1.2.모델을 통한 환경 매체별 예측 농도
	(1)Steady-state에서 다이옥신의 Mass distribution
	(2)일차 환경 매체에서의 다이옥신 예측 농도
	(3)인체 접촉 매체에서의 다이옥신 예측 농도
	(4)인체 노출 모형에 의한 일일 평균 인체 노출량 예측


	4.2.다매체/다경로 인체 노출 모형의 보정 및 검증
	4.2.1.직접 접근법에 의한 일일 평균 인체 노출량( LADDdirect) 
	4.2.2.간접 접근법에 의한 일일 평균 인체 노출량(LADDindirect)
	4.2.3.다매체/다경로 인체 노출 모형이 검증
	4.2.4.다매체/다경로 인체 노출 모형의 민감도 분석


	제5장 고찰
	제6장 결론
	참고문헌
	영문요약

