commons

O N § D E E D

@creative

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HE=SS SH, HE, 32, 84, &3 5 28T 2 2UsLCH

— f=Rr—T0—

Ch5d 2= 245 Mdor gLk

HEALEA. 7ot EHSME EAIGHAOE 2HLICEH

HZd. #5l= 0l A5== 2dl 5

Jd
0
it
2
o
m
1
£
I3
Iry
[

o Fgts, 0 HEEY WO S0l =2 A2, DAEEN HEE
ZTEH LHEHH MOE 2L

o REARZLE Y2 5Jfe won U227 E2 MSLA Falil

HESAEH OIE 0IEAS Ad= A2 HWEN Sotl IS BA BSLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Collection




TEBEA B

IASAZES BEEAIES ol 88 H52L
4B A% B LAES) 27

20074 2A
EERBR KB
By T 2H

B



T B4 B

IASAZES BEEAIES ol 88 H52L
4B A% B LAES) 27

REZR M HE

o] e LEE L Blfgro = 2

20074 2H
EERBR KRB
& T 2§

o fE



g,

=7
A/

A =

VA

f

g

[

iy

deo] T

—x .
A

E

12H

20064

£
iy

K

K



CONLEIILS w+oresesessessssssssssessessssassssssessessssss bbb s a bbb bbb bR bbb bbb bbbt bbb bbb i
LASE OF TablEg wwwsessesssssssssssssssesassssssssssssssssssssssssssassasssssssssassisssssssessssssssssssssssassssssassanssnns i
LiSt OF FAGUIES orevessesesssssssssssssssrsssmssssssssssnsssssssssssssnsssssssmsssssismssssssssssssssismssassssssssssssssssaniss v
ADSETACE weseeseesesressssessessssnssssessesssssssesaessssas st s s sas bbb b s b b s bbb bbb bbb bbb vii
L. Al e 1
T, A S Wl HEH ceorioemuuecesstenssensisressseessseesstessseessseess bbb st bbb 7
1. TRl A S R O] T HE ocntennsenssennsstiinecessianssensssensseniuse st s isensssensssesssessssesssses 7
1.1 TPull R BE7 R T O] T Q. wevessssereeeessssssssstiessssssssssssssssssssssesssnssissssssssssnsnssssssssss 7

1.2 $AMAZ SFFE A Y BRG] serrerrerrsserieeriseesissetisenise b 12

1.3 SAMAZE SHEFE R O] BT B wervresssrerssssssessssssssssssissssmsanisssssssssssssee 15

1.4 S A= 3l o Mol s] B 4. Loa e 18

1.5 A A O] JBF ST T} cerrereerneeet e 21

1.6 YN I} R T R] AT crrrrensseessecmnsbiinieteeeesstersastinsenssenssesssenssessssssssens 2%

1.7 GBI A T T} eererermseesiiteemmssassse s s seessiE bbb 27

1.8 A A2Ad7 JHAE Ho]E M o] 29 A e 29

2, 2O AAG Y BF BELE A O] coorrrrrssssssssmmmmmmmmsssssssssssssssssssssssssssssssssesss 33
0.1 BLELZEA] O] B wermmmrsssessemssssssssssssssssssss s sssssss st s 33

2.2 HAasse THOJOF TLE crererrseeisserissesissesissesissesissesisse s sis s snas 36

2.3 A BTG T S Y BFF worrererrsrerrserrsrermsecssesssesssesssesssesssess s ssasessas 38

O. ] D) 87 E O] Z LA et s 39
1. A2 X9 HTFE7} D HZE BA e 39



1.2 B3AMAZ 3EF BX D AZX9} B ITH T} coveeneerrencensennennn, 54

1.3 TIZFE B s 59

2. Q1 ZFO] TR AL Z T eeerreemrseresseerssenmseessssensse s sess e 64
2.1 H QI BIRFE AL seeerereserssrsssesissetissesissesisse st 64

2.2 Q7S] 12 A Z T AFA coorreesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssees 69

V. 38tE2 2 AT NE Y3 B ALY AA v, 76
1. oA AR Qd =BTl 5A T I e, 76
1.1 R DB ZFE AFA cerecreisseseteseiseesie e sbss ettt 77

12 BAMAF SFEZ FEE S i 84

2 11‘—%7]'%)‘8]34' _lf_vt_'_;,’_:}\-] o]%oﬂ -‘4‘:51' 3&‘:;]_?_/‘\_?/_:,?4 @zg .......................... 104
O Y O 0 O P PPTE PO TR (TP 113
Fh T TELG] cvverrerrteeeense e R R s 115
RG] F cerereeeeee e e R e s 123



Table

1.

Table 2.
Table 3.

Table 4.
Table 5.
Table 6.

Table 7.

Table 8.

Table 9.

List of Tables

The StI‘uCture Of the MUSEM main modules ............................................. 9
Multimedia environmental models; The fugacity approach ----:::-xxeeee 11

Rate constants and half-lives for biodegradation: extrapolation from

the biodegradation screening tests (day) ..................................................... 19
RlSk Characterization fOl" human’s health ................................................... 28
Vector distance components ........................................................................... 36

Input data of environmental characteristics for calibration and
Sensitivity analysis in MUSEM ..................................................................... 39
Input data of regional characteristics in Japan for calibration and
Sensitivity anaIYSiS il’l MUSEM ..................................................................... 40
Input data of physico—chemical properties for calibration and
Sensitivity analysis il’l MUSEM ..................................................................... 45

Emission volumes of chemicals to target area using PRTR data

Table 10. Input data of environmental characteristics for estimation of daily

Table

Table

Table

Table

Table

11.

12.

13.

14.

15.

Chemical intake USing MUSEM ................................................................... 64
Input data of physico—chemical properties and regional characteristics
for estimation of daily chemical intake using MUSEM -:eeeeeeeereeeeeeneees 66
The chemical releases and transfers using reported facilities data of
PRTR in Japan for estimation of daily chemical intake (kg/day) - 67
The estimated chemical releases using outside notification data of

PRTR in Japan for estimation of daily chemical intake (kg/day) - 68

Biodegradation rates of each scenario for estimation of daily
Chemical intake (l/day) ................................................................................ 68
AVerage daﬂy intake rates from fOOd ....................................................... 69

— i -



Table 16.

Table 17.

Table 18.

Table 19.

Table 20.

Table 21.

Table 22.

Table 23.

Table 24.

Table 25.

Table 26.

Daily intake per capita according to degradation rate in Continental
area and Regional area (ug/kg/day) ........................................................... ’72
Input data of environmental characteristics for estimation of chemical
exposure USing MUSEM .............................................................................. ’76
Input data of regional characteristics for estimation of chemical
exposure USing MUSEM ................................................................................ 78
The land classification for estimation of soil and fresh water area in
Korea ................................................................................................................... ’78
Input data of chemical emission volumes to each environmental
compartments using TRI data e, 35
Top 20 ranking from TRI data (point source and non-point source)
il’l Busan (kg/day) .......................................................................................... 93
Computed chemical concentration of multimedia environments in
Busan USing MUSEM ..................................................................................... 94
Parameters of environmental compartment in MUSEM -:e-eoeeeeeeeeeeee 104
Input data for estimation of chemical ranking using POT ----eeeeeeeee 108
The top. 20 ranking from chemical concentration of each
compartment in Busan, JKorea et finimitin 109
The top 15 ranking from POT using the computed result of
MUSEM il’l Busan, Korea ........................................................................... 112

_iV_



Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

List of Figures

1. Exposure and risk assessment for chemical substances ««-:«eweemeeeeeeesee 8

2. The main modules Of MUSEM .......................................................................... 9

3. The relationship between the exposure assessments at the different
Spatial ScaleS ........................................................................................................... 10

4. Schemes of communal biological sewage treatment plants (SimpleTreat

30) ............................................................................................................................. 12
5. Indirect exposure routes for humans through the environment - 22
6. Chemical emission volume database from TRI or PRTR data - 30
7. Chemical emission volume database from products and imports = 30
8. Database of thSiC07Chemical properties ....................................................... 31
9. Database of environmental monitoring datg coroeeeeeeere e 31

10. Selection of environmental scale on database of characteristics of
REGIONAL AIEQ +++++-seesssrssesssssssses ettt st 39
11. An example of a Hasse diagram, the calculation of the ordinal ranking
probabilities and the average Tank « s wewe s, 35
12. Formal procedure to rank chemicals according. to environmental hazard
is explained by using:six chemicals from Table 4. (a) Set chemicals
at vertices of regular polygon, (b) rank chemical with one another, (c)
remove redundant lines, and (d) rotate diagram and eliminate arrows,
i.e" Hasse diagram ............................................................................................. 37
13 Ranking probablhty for X3 from Flg 11 ...................................................... 38
14. Framework for evaluation and regulation of chemical substances in
Japan under amended Chemical Substances Control law -«:eeeeeemseeseeeee 43
15. Determination of chemical emission flow to each compartments (air,
freshwater, seawater, urban/industrial soil and STP) using PRTR
result for MUSEM .............................................................................................. 49



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

Simulation result of chemicals concentration in 47 Prefectures of Japan

Chemicals distribution ratios in each compartment (98) «=«wememeesereeens 56
Comparison of the observed and simulated chemicals concentration -+ 57
Sensitivity analysis of chemical concentrations by change of values of
KOU) (Regional area; Tokyo) ........................................................................... 60
Sensitivity analysis of chemical concentrations by change of values of
KOU) (Continental area; Japan except Tokyo) ............................................ 61
Sensitivity analysis of chemical concentrations by change of values of
degradation rate (Regional area, Tokyo) ...................................................... 62
Sensitivity analysis of chemical concentrations by. change of values of
degradation rate (Continental area; Japan except ToOKy0Q) :wweeeeeeeeeeeees 63
Comparison of daily intake per capita. from model predictions between
in Regional area and Continental B = B L T P T P PP OPPRILPPICOPPRIS 71
Intake fraction of 21 chemical substances per exposure pathway for
mOdel predictions in Regional DN 0= TR L L PP PP PP L PP  PYPRTLPPREPPROPPRL: ’73
Comparison of daily intake per capita between in Regional area and
Continental area (ug/kg/day) ........................................................................... ’74
Comparison of-daily intake per-capita according to degradation rate
(ug/kg/day) ........................................................................................................... ’74
Top 10 of the emission load in Limitations of reported releases and
transfers (point sources) and Limitations of estimated releases from
OutSide nOtiﬁcation (nonfpoint SOUrCGS) ....................................................... 81
Calculation method of the emission to each compartment in MUSEM
USing the TRI data ............................................................................................. 83
Mass distribution ratios of chemicals in four environmental media -- 105
Hasse diagram for a partial order with 174 chemical substances and

8th environmental COMPATTMENLES +wwwweessessrssrssmssissississsisisisees 111

_Vi_



Ranking of chemical substances for risk assessment using a multi-media

environmental model and partial order theory

Kyong Joon Roh

Department of Environmental Engineering, Graduate School,

Pukyong National University

Abstract

Pollution by chemical substances such as - POPs (Persistent Organic
Pollutants), EDCs (Endocrine Disrupting Chemicals) and PBTs (Persistent
Bio-accumulative ‘and Toxic substances) in the ecosystem has become more
complex and varied, increasing the possibility of irreversible damage to human
health or the ecosystem.

Even at this moment, such chemical substances are continuously
developed, manufactured and circulated, and accordingly the type and quantity
of chemical substances flowing into the ecosystem are also increasing.

There are 100,000 “or more chemical substances circulated around the
world, and about 38,000 chemical substances-are used in Korea. It has been
reported that 2,000 or more new substances are developed and commercialized
around the world and about 300 new chemical substances are introduced to
Korean market each year. Furthermore, the circulation and production of such
chemical substances is also continuously increasing around the world, and the
introduction of and the support for environment-friendly chemical substances
management policy have become the major issue of the international society.
Therefore it is necessary to have a management priority setting system for
various chemical substances is required for efficient management.

This  study developed MUSEM  (MUlti-media  Simplebox-systems

Environmental Model), a multimedia environmental model that can
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simultaneously evaluate the possibility of exposure of hundreds of chemical
substances in order to efficiently manage chemical substances that can have
negative impact on human health or ecological environment through
environmental contamination.

And in this study an alternative priority setting methods for the
management of chemical substances in connection based on partial order theory
(POT) and Hasse diagram. The theory of partial orders has been used to order
chemical substances according to their negative effect on human health and the
environment. POT is a simple technique that a priori includes "<" as the only
mathematical relation. The theory of partial orders is characterized as being
based on fewer assumptions concerning functional relationships and does not
apply weighting factors.

MUSEM executed the modeling for Japan by setting all 47 prefectures of
Japan as the regional area for 62 chemical substances and the rest of the
territory of Japan, excluding regional area, as the continental area and made
the estimation of concentration among environment media in each
administrative area and made the sensitivity analysis on Tokyo area.

This study calculated daily. intake rate of chemical substances by human
using the PRTR data concerning 21 chemical substances subjected to Type II
monitoring chemical substances centering on the area which produced the
highest amount of each chemical substance among 47 administrative areas of
Japan. The daily intake rate of chemical substances estimated based on the
model was evaluated by dividing cases into the "case 1 where the degradation
rate constant is 0" and the "case 2 where the degradation rate constant is not
0" and applying them to MUSEM.

In case 1, the degradation rate was set to 0, and both regional and
continental areas showed similar values for the substances with high
transitivity to the atmosphere such as isoprene. As compared with the daily
intake of case 1 which did not consider degradation, the daily intake of case 2

which considered the degradation decreased by 0.01% ~50% (10% in average)
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in the regional area and more in the continental area by 0.01% ~16% (3% in
average). This indicates that the degradation speed of chemical substances has
greater impact on the estimation of the daily intake and that it is necessary to
set values according to the actual conditions including the biological
degradation and the degradation in water or air when evaluating the danger.
The study also calculated the concentration of exposure for 174
substances, the TRI data of which are available, in Busan, Korea, using the
multimedia environmental model, MUSEM. The estimation was made for 8
different media (such as air, freshwater, seawater, natural soil, agricultural soil,
urban/industrial soil, sediment in freshwater, and sediment in seawater), and
the result of applying POT by simultaneously reflecting the distribution of the
concentration of chemical substances in each of the said media showed the
management priority for the chemical substances in Busan in the order of

toluene, acetic acid, hydrogen chloride, azinphos-methyl, and acetaldehyde.

Keywords: chemical ranking; multi-media environmental model; TRI; PRTR;

partial order theory; Hasse diagram; priority setting method; risk assessment
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Fig. 1. Exposure and risk assessment for chemical substances (http://eetd.lbl.gov/ied/era).
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sStEA 3 HF AT FdstTA MUSEMS Environmental scale2 T
287 FEE FZ 200km’ol ] M2 Regional scale (A7FdldA )7 <
THgR G FHE R J= F7FFESY Continental scale (1900km?®©]u),
12]3 Continenttal scales X38h= A5+ Global scale (HHMH)ZE &3}
Ah(Fig. 3).

AW A F F% o Zol= SimpleBox 2.0 (Van de Meent, 1933; Brendes et
al, 1996)E submoduleZ ©]-§3}% 2™, SimpleBox 2.0= Mackay Typed] level
m (PEE-ZAe)olH, SAMA=Z MiEd st olF, g4k 3, 34
s

< 1L H(Table 2).



Input
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Release
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Y

Environmental

Distribution
Y Y
Exposure Effects
Assessment Assessment

.

Risk .

Characterization

Fig. 2. The main modules of MUSEM.

Table 1. The structure of the MUSEM main modules

Main module

Content

Input

Release Estimation

Environmental Distribution

Exposure Assessment

Effects Assessment

Risk Characterization

substance identification
physico-chemical properties
continental and regional emission

partition coefficients

degradation rates

sewage treatment plant.model (SimpleTreat 3.0)
continental and regional box model
(Mackay-type level III multimedia model
SimpleBox 2.0)

bioconcentration factors

secondary poisoning

human exposure through environment
consumer products, and as a worker

PNECs (Predicted No-Effect Concentration) for
environmental end-points

Risk Characterization Ratio
(RCRs = PEC / PNECQC)
Margines of Safety (MOS)




Arctic zone

Moderate zone Tropic zone

Continental
scale

Regional
scale

Environmental scale

Regional scale

Continental scale : Whole country expect Regional area

Global scale : northern hemisphere, Arctic 1.7x107 km?, 26% land
Moderate 9.9x107 km?, 50% land
Tropical 1.3x108 km?, 30% land

Air Water
Arctic zone Arctic zone
“ Continental “ Continental scale
scale ' e
Regional Regional I
scale

l ‘ W2R
‘ ‘ W2ac
% Moderate zone % Moderate zone

Tropic zone Tropic zone

Fig. 3. The relationship between the exposure assessments at the different
spatial scales.



Table 2. Multimedia environmental models; The fugacity approach (Mackay
and Paterson, 1981)

Content Detailed description

* Most pollutants will move from one
environmental phase to another, e.g. dissolution,
volatilization, sorption

* Partitioning theory describes the equilibrium
state for phase transfer reactions

* Fugacity approach simplifies calculations for
multi-phase systems

e There is no reaction, inflow, or outflow

equilibrium,
Level | steady-state,
no-flow system

* Consider contaminant degradation reactions

equilibrium : biodegradation, photolysis, hydrolysis
Level Il steady-state * Very complex at the reaction level, especially
flow system biodegradation - need to consider large number

of reactions, organisms, chemical parameters, etc

nonequilibrium » Based on the law of conservation of mass within

Level Ill steady-statem an appropriately defined system
flow system » Use materials balance approach to account for
transport and transformation processes of all
nonequilibrium constituents
Level IV unsteady-statem " Resulting differential equations are solved for
flow system concentrations of interest

MUSEM$] Environment compartments Regional area®} Continental area

o) 7}7te] scaled] WlalA Y], ERAEST, dsdon TR, BEEHAAA, B
Al AEEAR TR, AR(EFY, segez 72)d 8] fFMAR T
B e T dSe AT HawSE oEdnh

2dEs 9% AT e wEsFe dAY wEadel dHA 3l
de 1 A8E AWE AMS7Fs AT, A&7t fle Aol wEA
2 AEdfoldt. #4or wEse dsted T TAdolY FHo=
o A=l MEHs B9 dsteds andstaa s 2 3(STP)
|2 &<l SimpleTreat 3.0 (Struijs et al, 1991; Struijs, 1996)= MUSEM$]
submodule® 49}t ATh SimpleTreatoll A= Fig. 49} #&o] stAe] 9 W44
< T3 W7, 3, sA(EHA)E e e el e FETH
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aeration tank solids liquid separator

primary settler

effluent

seltled sewage

raw sewage>

activated sludge

primary sludge

wasted sludge

e -
<& cio) c(e.0)

primary aeration tank solids liquid
separator

sedimentation

Fig. 4. Schemes of communal biological sewage treatment plants (SimpleTreat 3.0).
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dC,,
Vair dt = EM[Sair - VairDEGair Caz'r - ZDEPuvater Cair - ZDEPsoivaair
- ZXCHair - water,cair - ZXCHair - sailtcair ........... <1)
+ ZXC]{'IU(LMI’, — air Owater; + ZXCHS(MZL — air Csoil,-
o 714;

Vi + 7181 A (m;,)

Co » N71%F 33HEA EF = (mol/m?,

t : AIZk(s)

water; : W& FA(water; : FT9D, watery : NTD)

soil; : N E(soily + AQA, soil, : A, soily : =1 2FH-8A)
EMIS,, : W72 wE5 <= 3}5HE 2 (mol/sec)

DEG,;, : W71% 3teE4d9 134l EEF5(1/sec)

NDEP,,,.. G : BZ160A BEZ oFo) ol% 85tER o]%F #(mol/sec)

water;
>DEP,, C,, : RN NN BFO 2 o|Fo©F 824 ©]% F(mol/sec)
EXCHMT*U,'M(M,C:MI' . EH7]Oﬂ/H %—E‘—, jﬁ_]]-/‘\l‘oﬂ *O’]—(:SJ_— ﬂ'@‘%ze] O]% %]—(mol/sec)
ZXO‘H(MT*SOH,CMT : I:H7] Oﬂ )\:1 E00]:*9‘i Q—}{}oﬂ ‘O’]é_]: ﬂ'ii}—%;é] O]% %L(m()l/sec)

ZXCHwater,- — air C

water;

Copn, : BFNA 712 Z2tell &% 3etE2 o]F ¥(mol/sec)

L 2ol A t7]2 Sake] o3t 82 o] FH(mol/seq)

N XCH,

soil; — air



e

Vurater;% = EM[Swater,. - Vwater[DEGwater,CwaterL
CSorn L G SRR C )
o ZXCH’UHMETI — air Cate re EXCHwaterﬂ - sed,,cvru;azerr,
+ DX CH iy yaper, Cuir + 32X CHopy sy, Coca,

o] 71 4;

. B > 3
VVwatm‘ . Eg% 7(1] Zﬂ' (mwater)
. S 5.5 3
OUJGt(iT . %%73% 9:}5_']—%@ %%E(mOI/mwatw‘)
A

sed; : N Ad(sed;, : ST9Y AH, sed, : W49 AA)
EMIS, : &4l FF(mol/sec)

water

=
DEC, ., : E274% &2 1AM EE(1/sec)

e
rlot
o
o
ull
B
A
rr
ot

Y RUNOFF,, C,,, : &5FZ gk s8tE4 o5 & (mol/sec)
YIXCH 1y —seq, Conter,  BONA AAZ B4Fel| 23 518184 o] F F(mol/sec)

M XCH.

sed; — water;

Cieq » ARANA ZZ 23 el o3 8}st=7 o]5 (mol/sec)

1.23 E
da‘mil
Vsoil, dt - = EM]‘Ssoil; - Vsoil[DEGsoilLCsoil;
- ELEA OH[NGsoiILCsoil,- - ERUNOFFSOH, o, 7 (3)
+ ZDEPsoil,azir - EXC]{SON,* air Gs-oil, + ZXCH(M’T — soil; C:nir

o 71A;
Veo’il : Eoo}:j;] i‘ﬂzjl(ms )

soil

C.

o ¢ BE¥T 3EEAE T (mol/m?,)

soil

EMIS,,; : E4o 2 wE5] = 318E 4 % (mol/sec)



DEG,, : E¥% 8182 13231 S 541/ se0)

MLEACHING,,, C,,, : E4HZd 23 3854 o]% & (mol/sec)
1.24 N&
dc;ed‘
Vsed, dt = V“@d,, sed,cys(zd,,
— Y SEDBURIAL,,, C,,, — Y JRESUSPENSION,,, C.,,

SCLL e (4)
+ Z SED[MENTA TIONLU ate 7’, CYU}(I,t € 7"

- Y XCH,

sed; — water;

Coeat ZXCHwater; sed Cuater,
o 71 A;

Via + A2 iﬂzj'(mied)

Cyy : ABZF FEHAFE (mol/m?,,)

DEG,., : AdT 31e&Ed 12884 =45 (1/sec)

&4 ©]5 3 (mol/sec)
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1
2
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oL
L

SEDBURIAL,,,C,,,

sed,;
RESUSPENSION,,, C, ., &+ AF-oll &gk 8ttE2 o]5 &(mol/sec)

C : A g 35=4 o]F 3(mol/sec)

water;

o

SEDIMENTA TION,

water;

1.3 302t 3tst=29 =8 E

shu o]de] SAviAlT BIALE =EetA X3 sestEde tE AR
olFdtH= AEFS 7HAH, ol & F WA o]FEL fugacityE EHH
T FHoz xdd FAMNEES o8t Mackay (1979)= ol#g WAooz
HYJHE x£d, thvll A 373 Al (multi-compartmental environmental system)ol &
Aste stet=de B3 AFS Hrista, wiARte] EuiH = setEd e S
o 3t

SR #MAEe drlelel2E, uylE, u3E-ER RS

(partition coefficient)= Th23 2T}



1.3.1 toI-loH=2&E2te B

ol

rr

AolzE YAt AHD ARHE B, 7159 HoteA ABL 243
F= olxtolul, JAFe] EAA ti7]-dol2E EujAlae ZF dEA IR o}

s

A o 2 o] ZEAto EAlSHE setEA e F&E UErdT(Junge, 1977).

CON;,,0e SURF,

= Junge RSN
FassaeT o VpL+ CON. JunJ(SUREL(T (5)
o 7] A,
Fass,,, : Eﬁﬂ% oﬂﬂi% O]:}X]-Oﬂ %’—Z}% :5].6‘_]1—%;‘(_:]_9] %_‘%(_)

CONjypye + Junge *&<7(Pa-m)
SURF,,, : J1o122% 3129 ¥¥#(1/m)
Vp, : QA Fej A9 5719 (Pa)

Ede) STN(Vp)S BT LR B dHE 22 2HSE B
Ast7] s o] He HE

Tpenw = T(substance isliquid), ¥p, = Vp

T > T(substanice is soild), Vp = VpT b 6)
66.79(1 _ Lj:)
o714,
T, SHEHEA S HE3(K)
T: A2(K)

Vp : 83tE4 9 F71%(Pa)

1.3.2 Hol-28 220 Ha

A TG AR e B F o728 BHASE O
&3 2o

HENRY
Koy voter = % @)
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HENRY : Henry “4<=(Pa-m®/mol)
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Ks’oi,l — water = E},irw,‘Kvu,ir — warer + Eua,ter"wj + Es‘olid,m,KpsoiIPsoli,d,

o] 71 4;

Ks‘oil — water

(m®/kg)

(kg/m?)

'Psol’i(]: al

Kpsnil = FOCS(”;IKOC

o 71 4;



1.26 Kow"®
1000

v A 4=(m*/kg), Koc=

. B
=

q

) A 5(-)

o B
=

Eua,ter%p + Feolidwprsu.sp‘Psolid

KS’ usp water

o] 7] A;

Ks‘ usp— water*

E[i(l,t S

Bl Al 5= (m?/kg), Kp,,,, = Foc,,,,Koc

=]
RN

~(12)

Fwatcrsm N F;olidw,,](psedpsolid

Kscd — water

o 71 4;

Ksed* watdr - ;q 7‘(—‘—]_% ‘E‘HH %(-)

Fsolid“,d :

Foc,,Koc

WAl (m®/ke), Kp.a

ST

[e)

: A 1

Kpsed

I

)

o

Zahn-WellensH)|

©
L

L

Table 39] 47}A] ZZAZAA Ael7}s

7} 3t th(Linders, 1998; Linders, 2002).
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Table 3. Rate constants and half-lives for biodegradation: extrapolation from
the biodegradation screening tests (day)

ROy pu g 10 deys Mty Net
window & &
DIT50,4r water 1~106 -
DT50,1010 water 1~106 -
DT5040 water 15 50 150 -
DTo0ioson g, ,<0.1 30 90 300
0.1<Ap,,;<1.0 300 900 3000 -
1.0<Kp, ;<10 3000 9000 30000
DI50yio-aersed gp, 1<0.1 30 90 300
0.1<Ap,,,<1.0 300 900 3000 -
1.0<&p,, <10 3000 9000 30000
DT50,, s7p 0.029 0.096 0.29 -

Zahn-Wellens test : Pass level must be reached within 7days, log=phase (time window)
sholud be no longer than 3days, percentage removal in the test before
biodegradation occurs should be below 15%.

MITI-II test : Pass level must -be reached within_1l4days, ‘log-phase(time window)

sholud be no longer than-3 days:

1.4.1 OoI

k = kogOHCONC,,, oottt es (13)

deg,,

o 7] A;
k(ll’,g””_ : EH 7]%9/] i}‘g‘]—%ég 1i}%—8ﬁ '}‘—ID'E—}E)]—'{F(l/day)
kon : 9715 OHEZHTI BT ¥H3-4 545 (m®/mol /day)

OHCONC,,;, : ™75 OHZHZE %= (mol/m?)



1.42 =83

kdegw(;r: khydrw(,,. kphotoum{,,‘ k'biotm,(,‘
_ 1112 N 11’12 N 1n2 .................................................. (14)
D]BOhyd,,“m D]BOP,MOW DT50,,,
o 7] A;
kiey - =BT SHEAD 1AL EE=44(1/ day)
Ky, 0 AN Tl o7t gt 1328 &2/ 47(1/ day)
Kphoto,, © TRENA FEel o s}etEd 1223 & =4 4(1/ day)
vo - BEATAA AL o s ED 13 &= 44(1/ day)
DT50,,,, —: FEBIAX ZhgEEsidl o3&k st 1wkt 7)(day)
DT50,,,, i HolA FEsfol o3t 3stad Wkt 7|(day)
D150, ¢ BBAZNN AR o 2D w7 (day)
1.43 E
ke Gt kbiow,, + kabzom,,
]n2 .............................................................................................. (15)
= D750, m["‘kabzo .
o 71 4;
ki, + BFT =4 132852 4d47(1/ day)
o, - =FT AT AT stEd 1A N F =3 (1/day)
o, - EFT HIAEA BA T B 1AW E=45(1/ day)
D150y, + BFE AEsol 23 3st=4 ukt7|(day)
1.44 &
Kicg...= Fucr, Frio acr,, T 1-F aerm,)kbio anaer,, T Kavio,,,
]n2 ................................................ (16)

k‘ . = —-—
bio aer DIBOM() aer .,



E. A-T ZNEE()

Kpio aer., + BT 5717 AZdN 0l o3 sttEd 1AL F =3 (1/day)
vio anacr., - AT F7IZAEN A T BEEA 13 A& =1/ day)
Fuo @ AAZS] MAEA B0 93 FED] 13E 5 & E45(1/ day)

abio,

>

D%Oblo aer ., : EO(;F%‘CA (ET":_L‘H Oﬂ ‘q é‘l‘ ﬂéjl-%%?]_ }?_]_-71:} 7](day)

1.4.5 STP(3t:HMEI&EZE 25H)

deggmp = kb’io sTP + ku,b’io STP

B I A C ) e En /DA (17)
DT50,, / W s
o] 714;
Kuey.,, : STPZ Sl 3tEd 1242 3& =3 (1/ day)
Kyo,,, - STPE Aol &7 shet=d 1A}l &=/ (1/day)
Kavio,,, : STPZE HIBEZ &0l 2|3 sfet=2 122 3& =34 (1/day)
DT50,, = BEFT BEdol o3 sEd w3t 7(day)
1.5 SF0A0 2et ==8It
A, FEEAE AXH FBFor BEE Ede U], 52, EY 59
2 uHxﬂi BrEH, o8 HgSs A A Fo] mAE zhet) o

L=
A A5 AARE B, AEE, L85 EF 59 §huo dE gAY
FEE BAFERRY 34, o7l 24 A 4AGES neise] FASFE 7
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Fig. 5. Indirect exposure routes for humans through the environment.

1.5.1 OI%

Cfish, = BOFﬁSh C’wate'y ................................................................................................. (18)
o] 714;
fZShZ : O:ITETQ EH}E}/"]/v\—]X](fZ'Shl : "‘?T—}l:g/ fiShQ : —8H )
BCFfish . %Q’%QE “‘?‘Ei O:I‘IETE'O’] ﬁ'i}%é xﬂ%%%ﬂ]'/}:(mi}ater/kgﬁsh)
logKow < 6, logBCFy,,;, = 0.85log Kow —0.07—3
(2, logKow<1%1 3¢ logKow=1)
log Kow > 6, logBCFy;q), =—0.20 (logKow)* + 2.74log Kow — 4.72 — 3
(2, logKow=10%1 7% logKow=10)



1.5.2 &2

Kplant —water Csoil , porew
C, - (19)
root —
RHO,;

o . BETAleaf 1 =
leaf — ALPHA RHO plant ( )

BETA,, s 1

grass

c\(grass = ALPHA RHOplant

CYToot : /'\J'% E'E_‘j/]}“zq‘%“g‘ §]—‘6—]'—‘5-%:'1l‘l):}:‘_;—-(kg/kgroot)
Ng QzAF S E S % (ke/kejy)
q;ru,ss : % }_Z.}%‘ ﬂa‘%é%};‘(kg/kggrﬂbé)

SN 0. S = A —
[(plantfwater COE T = '\L‘HH
&
=

L
Csoilz. porew * © X] ZJ-—
AR ] 9
RHOplant P | E—%—Z—l "—(kgpl(mt/mplant)

BEAT,,, A% Ax459] 38tE4 Tl 33 44 source@H(kg/m®/ day)
BEAT,,,, & 235 354 %0 &3t 22882 source®H(kg/m” /day)

=
ALPHA : A EA S22 o] pak 2342 sink 31/ day)

Qtran sp AREAplant
BETAZeaf = 090112 porew TSCFr——— I/[(af +(1— Fa”% )Cawgmantivlwf .................. (22)
Q rans AREA an
BETAJrass - Ygrassland, porew TSCFr——— : . + (1 - Fass )Cairgplrmt V. PUIL s (23)
: leaf “ leaf
o 71A;
C\fqrassland, porew * $lﬁ—‘ 7 §]— —} = 7(] l’: s (kg/mf}orcwatcr)

TSCF : Transpiration-stram concentration factor (Z&HIMLEMFRE), A&
o] YR &L F7Y WY AEANSFIH} ESFST sEHE Y

B E 532445



_ _ 2
TSCF=0.784exp ( 10%%711;4 LR S R (24)

o 71M;

Qtru,nsp : %ﬁ%%k(md/day)

I/Z(fﬂ'rf : %ol?—%i—gl }\]U Xﬂx_]( ;Dlant)

gp](l,w,t : %ﬂ. 3::1___7:” '/;:(m/ day)

Areapl(mt : /:J'%%]Q] Eudzj;(mQ )
C.

soily, porew — q;ru,sslu,nd,., porew

RHO

: (25)
— 0707‘ SO
soil, Ksoilfwater
o 714;
Gsol'lZ : %X]% p:]—éj'-% 2 OE(kg/kgsoil)
RHOsoil : EO&: ‘:'E]E(kgsoﬂ/mioil)
AREA lant 9plant
ALPHA = [(]( = Pu” I/:uf + k + k!N e SRR SGIRER, IF SEREERRETIE (26)
o 714;
[(leaf air Z\"}%g—‘l’m 7] %HH%(')
ko AEZRE 38tEd F A AE(1/day)
Fyowen 212270 15 shstE Al 54181/ day)
1.56.4 28 & RIS
Croat = BAEnmtECj]Oj .............................................................................................. (27)
Cooin = BAsz‘zkz GG, wovvemesssssssssssssmmmmmmssssssss s (28)
o 7] A;
Cmeat %-'ET% ﬁ-i}%;‘g (kg/kgmeat)



C\(milk : ‘Prxﬂ%%_ ﬂ-@‘%é OE(kg/kgmilk:)
C: 7t wixlZF 3= 4 5% (kg/ke;, kg/m);,, kg/m},,)
IC : &9 7} WiA(F, 37, & &) 1943 F(kg;/day, ke, /day, ke,,/day)

= ZA, air : F7), drw : &)

. Zyul A (grass : &, grassland :

BAFm(:a,t O E ° ‘E -'7:‘: Z':(day/kgm eat)

BAFmilk : %Xﬂ% Ag%lg‘%ﬁ]%:(day/kgmzlk)

Travis®} Arms(1988)°l] W& /79 43
2ot

BAF,,,,, =10~ T6+loghow” L B Bl B N R N (29)
(&, logKow <1.5¢]"H logKow=1.5, logKow>6.5¢] logKow=6.5)
BAF, ;. =10~ 8.JF loghow /. ...... . SN N W T N, (30)
(&, logKow=3°]™ logKow=3, logKow>6.5¢]" logKow=6.5)
155 &«
Cv(],’ru,' = ma'x(ckutgrleuW Cyg”“) ........................................................................................ (31)
71 4;
water; : X]i—IL?% i}é‘_}%za] (kg/muat(r)
2 TE BFE()
quu* : Z] 6‘]-'/;:% ﬁ-i}%;‘g (kg/muatn) grw soily, porew
1.5.6 212t
SR Ale] E2st= sHEA S Qo] AHste A F7, NE(HFFY A
), FA=(FF, oF, B F)E FF ols o At odE FUE E53%
% : sto] & o Ae FHEA AH =5



C.IH,
DOSE,LUM] EDOSEk Z B ettt re e e e e e e e e e e e e e e e e e e ar e eeereraaaa—a (32)

BW
o 7] A;
DOSE : 7} WiAl 258 <Izte] st 1Y A H F(kg/kgwoa/ day)

k 2 wfA(total: A Wi A, drw: 555, fish: o1, leaf: A, root: 2EHE,

meat: S5, milk: A%, air: 3 7])
IH : 1zte) zy wiA(E71, &, 4 T) d5&(kg;/day, kg,,/day, kg,,,/day)
BW : 217ke] A Z(kg)

HFolyt FFo MAste M=, 2F, EFF Rzt mXe 54 F
= dEFoEH mdo] o3 o F5F Y FE = (Predicted No Effect Concentration;
PNEQE FH%th i/, Qe #BaHE FU 93 545 B30 9
g Z4o=® ¥gd ¢ glon, A7 A BeE L ARE ol &3t A

1.6.1 MEAHOI OIXls Hgt
#70) HAE GG FFoIU F4o ANt 4B, LAEE, H5A
Jo X

Ao gl PAE $HS etk 27 o @ PNEC

oy
N
a1
(@]
)
1
2
ot
ofr
zZ
o
sl
@
Z
Q
Q
o
03
(e}
=
<
(¢2)
Q.
e
=
@
o>
0
Q
=)
o)
0]
o)
=
)
fmyp
)
2
zZ
©)
m
—
z
o

Observable Effect Concentration Level)S <AHZ 3t AHASH. 8T g+

H
ALY 9% Aoz, A vFd e 5SAHT Y=ol duse A
]

24 e 2] WEol dFo] Jon BHE 4 gt ALAE ALPY
4188 Arel 2§ 1 B%840] A% Anm 44T 4 Ao
1.6.2 QI2HAL0 DIXIE S8
a0 2R A7 AL P AF AL Lule] 9 ol o
Ne 7zt ASdl we 548 @R A7ke] Agel nAE Q] thalA
£ 94 A Aol 98 des 54¢ nese 424 Wrie} )



A, v el =Ad] thd NOEL, NOAEL (No Observed
Adverse Effect Level)S 8 T FA4bshH, Azt dis]l <= NOEL £+
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Table 4. Risk characterization for human's health

RCR

Risk characterization (Exposure / Effects

) Exposure Available effects data

RCR

man-env, tot

DOSE,, NOAEL

For Humans Exposed LOAEL
via the Environment RCRNL an-env, inh PECai‘p NOAFEL

LOAFEL

'man, oral, chr
man, oral, chr
'ma,inh, chr

'man, inh, chr

Acute RCRcons, inh, acute C;Tnh NOA ELm an, inh, acute
L OA ELm, an, inh, acute
RORcons?der,acute Uder,pot NOAELmamdenacute
LOA ELman, der, acute
a],er NOECm(m., medium, acute
LOECman, medium, acute
RCRcons, oral, acute lt;ral NOA ELm an, oral, acute
LOAELman., oral, acute
For Consumers -
Chromc ROR{:OTLS, inh, chr C;'nh, ann NOA ELm an, inh, chr
LOAELm(m, inh, chr
ROR(&Oﬂs,dcnchr Udenpot NOAEmeudcnchr

LOAEL

man, der, chr

Cder, ann NOEOm
LOEC,

an, medium, chr

an, medium, chr

NOAEL
LOAFEL

cons, oral, chr oral man, oral, chr

'man, oral, chr

i 6‘}%7\31 1OE] %}]\ji %k(kg/kgbady/day)
Lo ATE B A0 39187 19 2487 ke/keyg,/day)

] 1 A HZHkg/kgy,q,/day)

Lo
L%
i
0

[oRust
Connoann * AU 37159 g8t24d A7 F5(kg/m?)
C:ler,ann . (‘)—Z—]——‘O/] ﬁ]_?—‘o/] ﬂﬁ;}%é Od’\‘éﬁ %E(kg/mS)
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2.1 BE=A0IE

AYPoigo st =444 7IHSd FEEA o] E(Partial Order Theory;
POT)& Halfon# Reggiani (1986)° °Jaf set=d#AE flal =dHALH, ¢
AH7LE A setEdY e = POT9 Hasse diagram o] = {71
T A4 stk oW e POTE 1z Al &7 747 d&FS vA<= 3¢
E4E 49 &2 3t Jrh(Halfon and Reggiani, 1986; Briiggemann and
Halfon, 1990; Briiggemann and Miinzer, 1993; Klein et al.,, 1995; Galassi et al.,
1996; Halfon et al., 1996, Sgrensen et al; 1998, Behrendt et al, 1999;
Briiggemann and Bartel, 1999, Briiggemann et al., 1999; Lerche et al., 2002a;
Lerche et al., 2004).

POTE 43t} 3 watz g%, Axpadmole, g 59 FokdA 47
A& 4 Aok (Birkhoff, 1984; Davey and Priestley, 1990; Bartel, 1996). POTS] 7]
22 Jide] tisiA = Halfon®?} Reggiani (1986), Briiggemann$} Bartel (1999),
Briiggemann % (1999), Briiggemann % (2001)¢l] & g}t Qlth.

POTE F&AAI e #A “<” RS wEste ds 24 et
(Davey and Priestley, 1990). POT+ 24 Al Ho] ofE =R &+ w& 3}t
EAL 4FY A7 FFAoE AAHAE ¥

A2 AT stEdees 2ol AT & 2159 2 19T
®, ©]= descriptors (¢;)= YEbE F A ol o] tiFuiAlTY FEHEAE 22
descriptors ¢;(z,)2-2 ®¥3sH, = & =& z,v descriptors ¢;(z,)2 FA7}Fs
sttt 31eEA o H 2w Z7Fe] )8 descriptorl ol A AT Hlwrt 7hs sk
o BuZEdH, 2 1,9 BEE descriptor’t & 2,9 descriptorEth el o] At
2o 95 AN ARHog EF 2 EF ,BT A9 AW

F5% #98 /M ol o &

1

J

i

o

HOZ py<uz if gj(xy)<gq;(x,) for all j&E

EE 54 AS 2,9 EE descriptor’} x,9] descriptor®} Z2 &9gHd,

EE oA gi(z))=q(z)°1™ ©] 22 5% £HE AT Aot o] 4



o7 FdIYH 2, <z, and z,>2,92, ~2,°]Th YoM} z, <, 0|2 z,<z,0lH
zy <z, °]Th W, descriptor (¢;)< z,<z;°|3l descriptor (g,)NA= z,<z,9] 7
FAMAY F 7HA FEEEY #9E 2AT F Jud ol HuETLs
(incomparability)o] 2} 3 &3,

POTE 7t steE4 Atele] #AIE Hog A4t Uetd Hasse diagram
(Hasse, 1952)% linear extension (LE)S ©]&3led uyEldTE 7FA3E Hasse
diagram®] ¥2]E ZH3AF Fig. 11914 4ol ER 58 (vy, 7y, 75, T4
z5) % F7FA 9] descriptors (q,, )& °©l-&3stAth 2,2 Fig. 119 Step 13 <]
7}A] descriptorl A g (7,)=5%} ¢(z,)=5F, TFE EE 3IStEZHT &2 &2
2 AASAHq (1)) = 4 (2a) S as(@) = GEn), A7 o,s BE E2). Fg. 11
NA - 2,9 23+ descriptor (¢)NA z,7F 22T I (q,(2,)=4 > ¢ (z3)=2)
HHl2 5 WA descriptor (g,)1 A= 237F 7, Y & ASZ2 YER(gy(z5)=4 >
3 (2,)=3), °] =2 €9 24 5 fltH(incomparability).

©] 5 Hasse diagram=; ©]-&3dte #eks] E9 A S el Fig. 119 Step
29} 2tk POTU A S9&A G #gh Bt At A2 Briiggemann®} Bartel
(1999)°ll & et Ut

ol



Step 1 : Data matrix;
Five substances (z,, xy, =3, =4, *5)

and two descriptors (q;, ¢,)

Step 2 :

Hasse diagram

Objects A Qs
xq 5 5
O ) (@)
Tq 2 4
Xy 3 1
- ole
Step 3 : All linear extensions
Step 5 :
Step 4 Ranking frequencies or
Occurrence of ranks ranking probabilities
Rank Object Rank Object
Ty | Lo | X3 | Ty | Ty an Ty | Xy | g | Xy | T
5 1510104010 5 [1]0]0]0]o0
4 10/312/0]0 14 |[oo6lo4al o]0
3 101212110 3 [ 0]04]04]02]0
2 10/011/2]72 2 [0 0 [02]04]04
1 ]0J]0J0J2]3 1 0|00 04|06
Avg. | 5 |36[32]18 |14

Fig. 11. An example of a Hasse diagram, the calculation of the ordinal
ranking probabilities and the average rank (Lerche et al., 2002a; Lerche et

al., 2003; Lerche et al., 2004).




2.2 Hasse CIO|OFO0 &

Hasse diagrame <A #AlE W& 225 s Histo] ol 3

ofstr] &7l WEel HLo 484 Hasse (1952)7F #AE rAsta g gst
RE R foA oldE Foar sH sk

&1, 2,52, oW 2,2 2,80 9o 18 T1e)3o|thTable 5, Fig. 12).
Halfon®} Reggiani (1986)= Table 59} Zo] 652 ste-&EZol| tjste], 7714
o] descriptor (BE&5I £l 54)5 ol &t $AEHAE Hrlstden, ol
o 7zt B &H#A= Fig. 129 (b)9} ok X3 hexachlrobenzene >
biphenyl > benzoic acid®] 22 YEtue 359 se-E-H ¢ Fig. 129 (o)
ol 3] & hexachlrobenzene 2} benzoic acid®] = FAE e+ st A=
& F AoH, ol Fig. 129 (d)&F #Zol FHcHE AAstes EES & 54
Bt} 9o 1@ o =2 A Hasse diagramo.Z FheFs) & o=
Fig. 129] (d)¢t 2] =2 &5 levelZ2 FAHH, o= SHIFY =& Hedd
th(Briiggemann and Steinberg, 2000; Briiggemann et al., 2002).

Table 5. Vector distance components® (Halfon and Reggiani, 1986)

Accumulation Degradation (inverse)
. . o photoirradiation
Ne Compound a]g%ie %%}; reljcae;ti/gn slglc:lsge aCJE% S(lilé)dzge % CQ2 % org
(1) 2) 3 @) 5) X(160) frag(m7)ents
1 toluene 380 94 0.1 1900  3802x10° 11900 10.0
6 benzoic acid 6 5.1 0.1 1300  1529x10° 9804 10.0
23 biphenyl 540 280 04 2600  6579x10° 10500 10.0
24 2,2’-dichlorobiphenyl 2690 2420 0.1 6300 10.0 28600 10.0

28 2,4,6,2' 4-pentachlorobiphenyl 11500 2320 39.8 27800 3.33 19200 10.0
34 hexachlrobenzene 24800 2600 55.7 35000 10.0 66700 10.0

*The first four columns are the relative bioaccumulation rates of benzene derivatives, benzoic
acid derivatives, aniline derivatives, and phenol derivatives. The last three columns are the
inverse of the degradation rates. Inverse because higher values of degradation are preferable
while high bioaccumulation is not. The ranking direction must be the same in absolute terms.
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Fig. 12. Formal procedure to rank chemicals according to environmental
hazard is explained by using six chemicals from Table 4. (a) Set chemicals
at vertices of regular polygon, (b) rank chemical with one another, (c)
remove redundant lines, and (d) rotate diagram and eliminate arrows, i.e.,
Hasse diagram (Halfon and Reggiani, 1986).
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Linear extension (LE) POTOA &l = A& e A4S YHeE= A
°]th(Davey and Priestley, 1990). Fig. 119] Step 29} #Zo] =97 £ 83t Hasse
o8 Mo A%

T8t Occurrence of ranks (Fig. 119 Step 4)E ©]&, Z} /¥ 3=
Ranking probability (pr)E & &+ Jom, &9l #dd =
probabilityS i3t thd =2 average rankings T

1982; Winkler, 1982; Winkler, 1983). average ranking= U A 2
e 4 9 (k< 1R ranking probability (pr)Y] Heol E& o= F3HT

k=N
Average Ranking(i) - E 7. p?"(i,k) .................................................................. (34)
k=1

71X N& =29 770t

ol#¥ st ¥2l= Fig. 119 Step 4%} Step 59| & el Sth. B4 2,2 &
LEo A Z9lel #1A1817] wiEol] 7 =& £915 AA ok v, =4 2,= LE
oA 4(23)), 3(23]), 2(18))9] FHS AA|SIRLSEE, ranking probability= 0.320]™
47 3918 AARATHFg. 13). Fig. 1104 Fola oA 559 serEdsl 4
¥ average ranking=z, (5) > @, (3.6) >z; (3.2) > z, (1.8) >z, (1.4)°]th.
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Fig. 13. Ranking probability for z, from Fig. 11.
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Table 6. Input data of environmental characteristics for calibration and
sensitivity analysis in MUSEM

Regional area 47 Prefectures of Japan
Continental area Japan except Regional area
Substances 62 chemicals substances

(Type II Monitoring chemical substances in Japan)

Emission load Emission database by PRTR result




dENA wiEHIL e FHEAY JFS FHotetauz 3 EAT &Y
A ARTS 47709 EEFA(HGENK)S 25 Regional area® A8 o1, o]
uj MdelE Regional areas A2 Ym Aol dEHAFEE Continental areaZ 3}
of Rdgs AAste O AAE FERla Hriedt

A19DBY] YutE e Table 73 2om, A& Z} PP FAE AFF= HA
B EHER2002) ARE ol8stlon, 2 A9 WA 3 B HEe HA
A HER (2002 HARE G wEIONAES Atge® gt 24 o
FAGY WA 2 EX HES U7, B, EY, A T SAMAEY AHS
st o] 8 E T stEA Y FEE A stEE R ES HASGEES

Bt (2002)8] A5E o] 83T} Continental area®] QI+ 2 WAL dE
9] kol A Regional area®] TTEE ﬂga} Zom sgon,
NGNS eles R ES dBRAT] S Agsach

Table 7. Input data of regional characteristics in Japan for calibration and
sensitivity analysis in MUSEM

. Area_ratio(%) Sewa
AI%a Area name TOPMIaHon frea agri. urban-Ind. surface SY

code (XlOOO) (km) forest a%ea{ area . water area (p};‘
(Who{ee‘%ﬁmry) 127,432 377,880 661 13.2 17.80 2.90 62
1 Hokkaido 5670 83,454 683 152 14.18 2.32 82
2 Aomori-ken 1,469 9235 649 171 15.43 2.57 40
3 Iwate-ken 1,407 15279 754 108 12.56 1.24 35
4 Miyagi-ken 2371 6862 569 19.7 20.26 3.14 65
5 Akita-ken 1,176 11,434 708 134 13.07 2.73 37
6 Yamagata-ken 1235 739 691 139 14.93 2.07 50
7 Fukushima-ken 2,120 13,783  68.6 11.7 17.12 2.58 33
8 Inaraki-ken 2990 6,09 320 304 30.20 7.40 43
9 Tochigi-ken 2,010 6,408 547 21.0 20.96 3.34 46
10 Gumma-ken 2,032 6363 641 135 20.18 2.22 37
11 Saitama-ken 7,001 3,767 331 234 37.94 5.56 67
12 Chiba-ken 5994 499 326 273 36.80 3.30 57




Table 7. Input data of regional characteristics in Japan for calibration and
sensitivity analysis in MUSEM (continued)

o 0,
Area  , o ome Population Area I'Area ratl(?(A) Ssiwa?e
code (x1000)  (km?)  forest A8Ti- urban-Ind. surface (Ig}J)Y
area area water area °
13 Tokyo-to 12,219 2,102 36.7 4.3 55.84 3.16 97
14 Kanagawa-ken 8,625 2415 40.3 9.2 47.52 2.98 92
15 Niigata-ken 2,465 10,939 625 14.6 20.30 2.60 41
16 Toyama-ken 1,119 2,802 56.5 14.7 25.46 3.34 45
17 Ishikawa-ken 1,180 4,185 664 11.3 20.65 1.65 59
18 Fukui-ken 828 4,189 744 104 12.96 2.24 57
19 Yamanashi-ken 889 4,201 77.8 6.3 13.44 2.46 55
20 Nagano-ken 2,217 12,598 75.0 8.9 14.43 1.67 56
21 Gifu-ken 2,111 10,209 80.0 5.8 12.06 2.14 49
22 Shizuoka-ken 3,786 7,329 63.7 10.3 22.22 3.78 44
23 Aichi-ken 7,123 5118 435 169 36.06 3.54 56
24 Mie-ken 1,861 5,761 65.6 11.6 19.67 3.13 26
25 Shiga-ken 1,359 3,855 509 14.2 15.83 19.07 64
26 Kyoto-fu 2,642 4,613 75.2 7.4 15.58 1.82 81
27 Osaka-fu 8,815 1,893 314 8.5 55.87 4.23 83
28 Hyogo-ken 5,578 8,392 68.1 9.8 19.82 2.28 82
29 Nara-ken 1,438 3,691 77.2 6.7 14.07 2.03 59
30 Wakayama-ken 1,061 . 4,726 77.0 8.0 12.63 2.37 10
31 Tottori-ken 612 3,507 742 111 12.65 2.05 43
32 Shimane-ken 757 6,707 78.9 6.4 11.17 3.53 25
33 Okayama-ken 1,953 7,009 684 .10.7 18.54 2.36 39
34 Hiroshima-ken 2,878 . 8,477 73.2 7.7 17.78 1.32 57
35 Yamaguchi-ken 1,518 6,111 71.3 9.1 18.22 1.38 47
36 Tokushima-ken 820 4,145 75.4 8.6 12.89 3.11 11
37 Kagawa-ken 1,021 1,862 476 19.1 30.15 3.15 28
38 Ehime-ken 1,486 5,676 705 111 17.18 1.22 36
39 Kochi-ken 810 7,105 83.4 4.3 10.53 1.77 23
40 Fukuoka-ken 5,043 4,840 449 193 32.90 2.90 64
41 Saga-ken 874 2,439 444 243 28.76 2.54 26
42 Nagasaki-ken 1,507 4,093 59.0 134 26.94 0.66 42
43 Kumamoto-ken 1,858 6,908 629 174 18.20 1.50 46
44 Qita-ken 1,219 5,804 71.0 103 17.22 1.48 34
45 Miyazaki-ken 1,167 6,685 75.9 9.4 12.81 1.89 37
46 Kagoshima-ken 1,779 9,132 63.6 14.3 21.02 1.08 33
47 Okinawa-ken 1,339 2,272 472 188 - - 56
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1. Limitations of Reported Releases and Transfers; RRT

PRIAR Data MUSEM Input Data
Fotal Raleases Releases to Environmental
D Air emission to Air

@ Release to Water Bodies -
@ On-site Land Release
@ On-site Landfills

to FreshWater

-t SeaWater

Total Transters “to Seil
& Off-site Transfer as Waste
B Transfer to POTWs Transfer to POTWs

2. Limitations of Estimated Releases from Outside Notification; ERQ

PRTR Data MUSEM Input Data
Estimated Releases from Outside Notification Releases to Environmental
(D Air emission . 1o Air
@) Release to Water Bodies : 46 Freshitfater
3 the Others ]
o SealMater
Relea . to Soil
b Releases to Env.
to Air
to FreshWater
to Sealater
to Seil
Transfer to POTWs
Excluding ERO
@ Transfer to POTWs » Transfer to POTWs

Fig. 15. Determination of chemical emission flow to each compartments
(air, freshwater, seawater, urban/industrial soil and STP) using PRTR
result for MUSEM.
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Table 10. Input data of environmental characteristics for estimation of daily
chemical intake using MUSEM

Regional area Region with highest emission load by each chemical
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Table 12. The chemical releases and transfers using reported facilities data
of PRTR in Japan for estimation of daily chemical intake (kg/day)

Releases Transfers

Compound name Total

air - water 4 Jandfills waste POTWs
emission bodies

carbon disulfide 19008 385.6 0 0 58.18 43.84 19495
chloromethane 12117 7.42 0 0 104.2 548 12234
ethylidenedichloride 2506 12.13 0 0 4202 0.05 6720
1,3-butadiene 1691 27.13 0 0 5022 036 2220
bromomethane 1486 0.07 0 0 73.21 0 1559
vinylidenechloride 9124 11.25 0 0 2740 0.003 1198
1,2-dichloropropane 596.7....0.24 0 0 1029 090 1627
nitrobenzene 25.41 14.8 0 0 350.7 3849 7758
isoprene 334.6 0 0 0 150.6 459 531.1
thiourea 0.003 3147 0 0-720.7 448 1040
ethylenediaminetetraacetic acid 0 70.65 0 0 3547 1784 603.7
1,1,2-trichloroethane 45.04 2212 0 0 215.0 0 2822
trans-1,2-dichloroethylene 5447 0.027 0 0 126.8 0 181.3
cis-1,2-dichloroethylene 619 1931 0 0 2283 0.005 253.8
o-chloroaniline 0.06 3.62 0 0 1405 5.67 149.9
p-chloroaniline 0 521 0 0 0 0 521
dinitrochlorobenzene 3.78 0.51 0 047 0.55 0 5.30
tribromomethane 2.74 0 0 0 30.14 0 3288
2,5-dichloronitrobenzene 055 0.005 0 0.07 20.79 0 2142
p-nitroaniline 0 0 0 0 058 014 071
amitrole 0.03 0.07 0 0 21.94 0 22.04
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Table 13. The estimated chemical releases using outside notification data of
PRTR in Japan for estimation of daily chemical intake (kg/day)

Compound Name Inl(?llli;?rc}es qggl'lsl,:rsingouseholds 1;/([)?1?21: Total

carbon disulfide 4.69 0 0 0 4.69
chloromethane 132.0 0 0 0 1320
ethylidenedichloride 28.65 0 0 0 28.65
1,3-butadiene 0 0 0 10306 10306
bromomethane 0 8692 0 0 8692
vinylidenechloride 1.73 0 0 0 173
1,2-dichloropropane 5127 0 0 0 5127
nitrobenzene 0.01 0 0 0 0.011
isoprene 0.003 0 0 0 0.003
thiourea 2.32 0 0 0 2.32
ethylenediaminetetraacetic acid 1361 0 0 0 1361
1,1,2-trichloroethane 846.5 0 0 0 8465
trans-1,2-dichloroethylene 0.005 0 0 0 0.005
cis-1,2-dichloroethylene 0 0 0 0 0
o-chloroaniline 1.87 0 0 0 1.87
p-chloroaniline 0.19 0 0 0 019
dinitrochlorobenzene 0 0 0 0 0
tribromomethane 1.65 7.59 24.98 0 3422
2,5-dichloronitrobenzene 0 0 0 0 0
p-nitroaniline 1.87 0 0 0 187
amitrole 0.02 0 0 0 0.019

Table 14. Biodegradation rates of each scenario for estimation of daily

chemical intake (1/day)

Case 1 : Biodegradation rate, ks = 0

Case 2 : Biodegradation rate, ks > 0

Air (kdeg air) 0
Water (kdeg water) 0.00462
Soil (kdeg soil) 0.00231
Sediment (kdeg sed) 0.000231

STP (kdeg STP) 24




A 1.0434kg/day,
0.1701kg/day= 7}4 3ttt

Table 15. Average daily intake rates from food

okxll= 0.063kg/day, 4%

0.094kg/day, 2}

0.0763kg/day, A&

Category Daily intake rate (g/day)
fishes and shellfishes 94.0
leafy vegetables grains 464.1 1,043.4

green vegetables 279.4

dark green leafy vegetables 93.6

soybean 57.2

legumes and nuts 22

fruits 132.0

mushroom 14.9
root vegetables 63.0
meat 76.3
milk 170.1
others seawood 13.5 688.3

sweetener (sugar) 7.2

eggs 36.8

oil 113

confectionery 26.7

luxury foods 509.3

seasoning and spice 83.5
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Table 17. Input data -of environmental characteristics for estimation of
chemical exposure using MUSEM

Regional area Busan

Continental area Korea except Regional area
Substance 174 Chemicals including toluene
Emission load Chemical emission database by TRI result
Atmospheric mixing height (m) 1000
Fresh water depth (m) 3
Sea Water depth (m) 25
Depth of natural soil (m) 0.05
Depth of agricultural soil (m) 0.2
Depth of urban or industrially used soil (m) 0.05
Temperature (C) 12
Wind speed (m/sec) 3
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Table 18. Input data of regional characteristics for estimation of chemical
exposure using MUSEM

Content Busan Korea
Population (eq) 3,655,437 45,985,289
Rate of sewage supply (%) 77.8 73.2
Area of Land Category(km®) 762 (100%) 99,538 (100%)
River 43 2,801
Ditch 15 1,756
Water surface Marsh 1 (82%) 1,103 (5.7%)
Mineral spring site 0 0
Water reservoirs 3 35
Dry paddy field 24 8,099
. . Rice paddy field 99 o 12,326 o
Agriculture soil o Tok 2 (16.6%) 540 (21.6%)
Pasture 2 556
Natural soil Forest field 367 (48.2%) 65,100 (65.4%)
Saltern 0 117
Building land 96 2,387
Factory site 17 534
School site 10 244
Road 41 2,337
Railway 3 118
. .. Bank 2 B 173 o
Urban/Industrial soil Park 5 (27.0%) &7 (7.3%)
Sporting facility site 2 125
Recreation area 2 16
Religious site 1 28
Historical site 0 10
Grave yard 3 277
Miscellane ous area 24 788

Table 19. The land classification for estimation of soil and fresh water area
in Korea

Division The classification of land category
Freshwater E:;zogétch, Marsh, Mineral spring site, Water
Soil Natural Soil Forest field
Agricultural soil Paddy field, Dry paddy field, Orchard, Pasture
Industrial /urban soil The others
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Fig. 28. Calculation method of the emission to each compartment in MUSEM
using the TRI data.
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Table 23. Parameters of environmental compartment in MUSEM

Parameters value

Volume of air (m?) 1.52x10"
Volume of freshwater (m?) 1.86x10°
Volume of seawater (m®) 1.90x10"
Volume of natural soil (m®) 1.84x107
Volume of agricultural soil (m®) 2.53%107
Volume of urban or industrially used soil (m®) 1.03x107
Volume of sediment of freshwater (m®) 1.86x10°
Volume of sediment of seawater (m®) 2.29x107
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Fig. 29. Mass distribution ratios of chemicals in four environmental
media.
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Fig. 29. Mass distribution ratios of chemicals in four environmental
media (continueq).

— 106 —



Cair @water Bsoil EMsediment

4,4'-methylenebis [ 2-chloroaniline ]
cadmium and its compounds
_acrylamide

lead and its compounds
4,4'—bisphenol A

formaldehyde

epichlorohydrin

copper and its cormogrjrds

folpet

Parath!on

methyl chloride

zeta cypermethrin
azinphos—methyl

i 2—V|nY|pyr!d|ne
_di(2-ethylhexyl) adipate
nickel and its compounds
chlorosulfonic acid

' fosthiazate

3,3 —dichlorobenzidine
ethyl-acrylate

furfural

sulfuric acid

_ triazophos

cyanide compounds
hydrogen sulfide

captan

i , benomyl
zinc and its compounds

. dimethylamine
antimony and its compounds
barium and its compounds
butylated hydroxytoluene
decabromodiphenyl oxide
mercaptoacetic acid
thiophanate—methyl

nitric acid

phosphamidon

chlorine

cresol(including o—,m—p=isomer)
tin and its compounds
bronopol E

acephate

methyl alcohol

hydrogen fluoride

sodium hydroxide
chloroacetic acid
phosphorus oxychloride
boron and its compounds
thiourea

paraguat salt

trichlorfon

sulfur

phosphorus pentoxide
ammonium bifluoride
sodium chlorite
potassium hydroxide
sodium fluoride

0 0.2 0.4 0.6 0.8 1
ratio(-)

Fig. 29. Mass distribution ratios of chemicals in four environmental
media (continued).
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Table 24. Input data for estimation of chemical ranking using POT

Regional area Busan
Object (x;) 174 chemical substances including toluene
Descriptor (g;) Chemical conc. of 8th environmental compartments
Qoir + Alr Quater, © Freshwater
Qyater, * SCAWater qy0q, : Natural soil
dy0n, © Agricultural Soil 4,0y, * Urban/Industrial soil
4y.q, ‘Freshwater sediment Q.cq, * Seawater sediment

MUSEM Z#e] FHH 4ZF 3Ed g5 o2 7- wjAd #e$
1= W719 A5+ toluene, xylene, acetylene, ethylene, propylene 5% o]l
on, S99 £ 4%+ lead, sodium hydroxide, cartap, azinphos-methyl ,

o

parawuat salt®] TO=Z, TA|-AEH8A]). -9+ azinphos methyl, iprobenfos,

carbofuran, molinate, nitric acid® <=2, |59 HAFAY A=
decabromodiphenyl oxide, endosulfan, iprobenfos, chlorpyrifos, azinphos
methyl®] o2 Yelgton, ZF wixd 2deke] ©mE A7 v5s &
T ANeH o] REE uHg FA A #HFAUE EES AAstaA POTE
Z838tth. MUSEM F4 sio me &9 2059 &4 Table 259 e
At

AR Ao gk FotEde] Aol s 24 o], =4 F
£ 7|Hto 2 POTSF A3t Z I+ Fig. 302 22 Hasse diagrams 73301,
Table 2601 87FA &4 wjA|FT o % EFE 1S FAALNLY 39 155
= HeAH. Sl =FtE A% =7t AdS H71E W, POTY =924l
w2, kel A slojd #E e $AESTE w2 38HEZ S Toluene,
Acetic acid, Hydrogen Chloride, Azinphos-methyl, Acetaldehyde ¢ <=°]3lth.
ol HjEEo] B2 £AIQl Table 212] Toluene, Xylene, Sodium hydroxide,
Ethylene, Acetylene®] <=1 wji&&dd wWE =Z7Fs4d7 AolstAl yehd
MUSEM# POTE ©]&3 ¢4 240 283 Aoz Alsdth

H

a)

N

3
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Fig. 30. Hasse diagram for a partial order with 174 chemical
substances and 8th environmental compartments.
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BR0AS T AW Aol YA A 2 FFL WA S
e setEae g BelE Astel, T sEABAT AT AN

] &

Al o3t B AAH7IH FETA]o]&(Partial Order Theory; POT)&
TYstar, B AFolA e gujA @ Ed MUSEM (MUltimedia Simplebox-
systems Environmental Model)& ©]-&3%t =&71s4 Hr7hd3et Ad st #e]¢-
Aed] 2BAIE"H S F53EA

B Q7oA HeEaneldl Yol AR o 8HE By 5EHQ w
Ay Fls feiA sstEdel =4 DB 2 A9 /i DB 5 TR E o
1

Ashel, 741 EE £9EY J82A2 FA0] AU 5 MUSEME 7

MUSEM< ‘o]-g3to] 6252 3fet=del) tisto] A& 4771 Ao} AFmjA
T FRdSS AAsta, F8dE ssEd TR A5 vl BE4sien,
U= 245 AAste mddddte] Bades A=At MUSEMS| o =23,
SAAG AoiA 7 wjAE JFF EES AHEH, 3 wjAd 50%°]d o=
TXshe =2d24E W71Y B% 13-butadiene (99.8%) T 16%, =37E9 AF
piperazine (99.8%) & 41% | 23 th EYS] 9= p-chloronitrobenzene(88.5%)

<

TY 3%Fo] 50%°1’ ThE RSN, AZEY HAF= tri-n-butyl phosphate”}
219% 2 7HE =2 BEAE UHU <= AeE oFHAH. olHd 2F e =2
gk AE R (%) TGl T Edo] £Xxst= o g qFHUH

w3 21F setEAe st o S d =
749 (Case 1)9} dojupb= A (Case 2)ol diste] 17t 1Y &4 HALFS
skt MUSEMel 93k mdly Ad, a7t dojuA &= Aoz 7H4
Case 19 A%, ethylidenedichloride, bromomethane, trans-1,2-dichloroethylene,
1,3-butadiene, chloromethane, vinylidenechloride, tribromomethane, carbon

disulfide, 1,2-dichloropropane, isoprene, nitrobenzen®] 11 Regional area®}

Continental area®] 19 AFHZFo] AY 22 ol ol < gFEo] Azt
o] F7] 38&0] FQ 4 -.J% 1S & o, Regional area®} Continental area?to] Tt
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g/ L) T 22 ‘jra E4E Zt= 7 $T= Regional area®} Continental areal 4]
| F~FAmY Zpol7b W

O]Lg xﬂz 7“‘] g=4do] dEfHYS Bl3 Case 29 AF 19 A

< Case 19 1¥ AHAZFH vl Regional areadl| A=

0.01% ~50% (33 10%), Continental area®lX= 0.01%~16% (B 3%)=Z U ©

o] 7+A3I¥UTE FetERAL Hil&Ere Av|v 19 HF e FAH olxd & o
S A= AS ¢

Faoddon, oS A 2E2HstE AAE Ffle HER
1

=
3, FEold e Ells Edste], dAY &l wet O e A-9E 2

3
|2, 59 A, A5 AT =4 w5 s
o|E 7|Wte 2 POTE & &sto] #ejrt $A4A He 3e=dS 243At. <3l
£ A% 5—%7]'% A& H7td W, POTS =91 2785 wawd, #4449 A
ol dolx B ¢HERI7F =2 F8t=4L2 toluene, acetic acid, hydrogen
chloride, azinphos-methyl, acetaldehyde &°|UTtt. o]l wWjE&Fo| B &A1
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