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<E 3-3> f2|UEl FRI|FET MYHE
5 w |44 dH(mg/1)
sk i G
7F=H(Cd) 0.01 0.01 0.01
H]2(As) 0.05 0.05 0.05
F&(Hg) ND ND 0.0005
=g F(Pb) 0.1 0.1 0.05
=S 67+ 2(Cr™) 0.05 0.05 0.05
ﬂ( ) - - 0.1
T2(Cu) - - 0.02
2 A 571 &= 57 = 77 =
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] Qo _ -
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Tl A AR A7t T 2] RS Vsste aol wet o
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* Equilibrium partitioning

* non-reacting chemical
Level 1 o . . .
(General partitioning tendencies for persistent chemicals)

- steady-state media in the closed system.
equilibrium and steady-state media in the open system with

inputs and outputs.
Level I | - degrading reactions and advective loss included.
* Mode-of-entry of a chemical to the environment is irrelevant

- No intermedia transport rates are deduced.
* Non-equilibrium(different fugacities generally apply to each

medium) steady-state in the Open system
Level Il | - rates of inter-media transport are calculated.
» chemical mode-of-entry information is needed.(Influence of mode

of emission on fate and transport)
+ Non-equilibrium

* dynamic or unsteady-state in the Open system
Level IV | . : T .
+ time-course of chemical emissions into each media (to any

time-varying conditions) is needed.
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oA = olol & aAES S FojthMackay et al., 2001).
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wolatet2 2ol clofd a7|E Aol et dF

3. 9= cldAS2Y Sy ¥ 28 Hy

E**oﬂ o Oé A FERIEZ o= F gle tjA AsEdS s, of
£ A9 frafsletEd =,
=

A AR U2 el A o]w] FrHEA ] gl thge o thefA] A
o]l #g Aprhdo] o] FolA AL ok AF7HA] thijA] ATRD L tiFE Ee
i}ﬂlﬂléE(PCBs) T}o] $4157(PCDD/Fs), TR 5 ghel4A 7 (PAHs), 7]
AEFFOCPs) T F2 fr71steE Aol wgtElo] A - # g oA gto},

o2 offt
> o2 id

li’

7}5 (Cd), 72(Cu) F(Pb) & THE7A dd=de Srista slow, Ay
ol AAME A4 H= FHF RN AlFtste] Hole A 2ADY] B

d5o] &is] AE AL 9= FAOIT T <3 42>00 2=ollA FEEo] &
8

27 SEEE Y 9504 BN BT Qe A o] ASRLES
#, 9)e] ) AERAES] 72 2 50 S0 B A UE
<H2>d MER Felakd F2ah

fo 42 n2
(<0
o,
8
T
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H4Z clojHl HERdo| JY U B3R HE
<E 42> F2 =2 ctiHHESEE
2d Hg AL
W | 2dd EdZEF s
717 W oA 23
A9
SimpleBox VOCs, DEHP,
P Level III Vg
1.0 DBP, Cd, Cu
SimpleBox Ul9#t=,| VOCs, DEHP,
nested multimedia fate model A
Jgeke RV 20 A5 | DBP, Cd, Cu
GlobeT: bal model ang | DO P
obeTox obal mode il
M g DEHP, Pb
NE 9 A
EUSES Level III fr 3,
A EA
v,
_ TCE, PCE,
CalTOX Level III AYIY |
u] = /EPA ol Titume, PAHs
TRIM.Fate dynamic mass balance model n)= |VOCs, PAHs, Hg
benzo(a)pyrene,
U}/ Healt ChemCAN Level 11 A chlorobenzene,
emt ve
h Canada, hexachlorobenzen
CEMC, Trent e, chlordane
Univ. . 71E B A
\
EQC Level I, II, 11T 7148 e
7Tt/ NSER
C
Globo-POP | non-steady state nested model AAT | =-HCH, PCBs
=29 o]/NIL
U
7t/ MSC,
ACSD, Multi-compartment Environmental o-HCH,
MEDIA AR
Environment Diagnosis and Assessment model lindane(¥-HCH)
Canada
UK-MODE
L Dynamic box model SSE PCBs
o
3=/ Lancaste A o PCBs, PCDD/FS,
i steady and non-stea
rUnv- v BETR y y 4% | PAHs, PBDEs,
state(dynamic) mass balance model
OCPs
WMO/AMAP o o PCBs, PCDD/FS,
/EMEP | MSCE-POP | regional and hemispheric model :ﬂ?__’rL PAHs, HCH,
project T HCB
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7F vEed=

1) SimpleBox

UE&= RIVME A7 TR0l dSate] o7], 4|, B 84= 5 viAl
¥ EQO7F Mz 3 AAH A AEst, XY 973 T Seded v
dZste] v spetEAo tigk BrPk o] Fold & JESF 8] 913k HH 0= 1981
d SimpleBox 2.9 1.05 %2 7/)dslt) o]F o] e wd A3 9
£ %3] SimpleBox 2022 o] E 9121 SimpleBox 2.0 #4 88H&
A28’ (European Union System for Evaluation of Substances, ©]3} EUSES)<
sh=dl 2H7F 531 THBrandes et al, 1996) HIZ7HA % SimpleBoxel gk A
s ALH AL o, ket Q= ol telA oS 5 ZYE Y Hloje
Hlu g A7 2dso] FE3] WRH I vk AF7HA] SimpleBoxE o8-8t AT
H od SFEAES B <H 43>7 2tk 2002400 19972001 59 FAME
Thill 3] 317 5 DEHP(di ethylhexyl phthalate)2} DBP(di n-butyl phthalate)2] v ]
S FERE BY G529 Blasiiiet, 1 2 A S st A5
E=Hlo} A9 dAshE Ao AN CH o|2HE vrjA AErEdo] AT ©A
E AX AAH A 5407 289  gle AAE 7S T8 dFA

THStruijs, 2002).
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<# 4-3> SimpleBox 222 &%t A7 =2 ¥ F JAFUHE
A= ogER F8 g7uUE HIA
RIVM Report No.
1993| VOCs 46% | - 467] VOCsoll 3l toj) 71 A4
719101020
. . 3 RIVM Report No.
199%5| 2170 S3HE | - E/H7IRE FEHIE o83 B B34 9t
719101020
. RIVM Report No.
19%|7t=F 2 72| - EFH F55 ATl U 2dy 9 d3X 9] Hlu
713501001
-5 Qeuge] Bk o7 03k o) 7)) 1] o) |RIVM Report No.
=z = HoJdT-l &332 R0 T [
1997 VOCGCs 115 Zo] BalaA B} 719101031
2002| DEHP 5 DBp |, ZEFCIE AE ST e w339} 4% v RIVM Report No
607220008
TCE, lindane
/ ’ RIVM Report No.
2003 | benzolalpyrene) g gjzs0) 24 Wi, B 2SR W) chon T
» fluoranthene, 607220010
chrysene &
2) EUSES

EUSESE EU %7hs9] stetad #s)4d H7He 1) 7= ol 19901 EU =7F
2 2t A Sl Brtel wek ARk A3 Mol Ak FAE A
vh e, o]F Al7IE U9HEo A e At 8¢ H8 = A (biocides) &

o] 9343 B7FE 9Ig A2l o= A USES(Uniform System for the Evaluation of
Substances) S 7]'#8t3{t}. USES 1.0 7| 31st&-d 3 At 3}8hE2ol gk 9l
/3 ¥7}& 918+ EU Technical Guidance Documents(©]3} TGD)ol| 7]1%38te] 7ids]=
|, o]F USESE {iulo|ESH melo] uiZ EUSESe|th HZeoll= o] Ed TGD
Al et & W3 EUSES 2.0 HlHo] /=gl EUSESE 543
o] H7HE ffsf A o] op ARt 54 At A H 9 Al we} JHw
< 245t A g =S AAH 0] 3K(Lijzen and Rikken, 2004). EUSES=
St o] QA F S0l tigk A A HeiAS Bt RN ART1H, A7)
, AFAA 59 Slel g AeAEdA AP S A ARE AlTshet 28FH1
ok

oz ok

[ A=
] E‘/O'I/E

A

finj

L vl

F7F A

fe foh o X

%9,
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3) GlobeTox

GlobeToxE HEHES] AFAHG A UYA 28 ) TARGEISE FASH: 3 FEo =
SimpleBoxE 7|2EHZ o] JitE HAT RO thijA AsEdolt.
GlobeTox= Al7tl] W 8H4 mjAd 53} Fo]2 dg) 3 & i L5 59
mY gEasEe wsld e wd 4319 9% g + An 99,
GlobeToxt= M2 The 2] - 814 542 7AAe ] 71 thEAQ SBa(E
42 Fx)ol i3l 285 Ath(Verbruggen et al., 1997).

4) NORMTOX

Hggt=o e 7] wjAE 2 A4 E BQOS} Y YUd-8-43 715 (Acceptable or
Tolerable Daily Intake, ADI == TDI)ZH| 33 EAdo] J=AE H71sh7] $lshed]
Th A A5 2E el NORMIOXE 73t thRagas et al., 1998).

. w3

1) CalTOX
CalTOX= 299 B B 7], 74, H4E, Askr9] 250 wE A 2=
£ Hrketr] Sl £4 0= 19921 Ae]Eu o} EPAY] -5E ] (Department of
Toxic Substances Control)ol| A 7]'&s] O;lli‘r(Mckone et al,, 1993). CalTOX+= FIE
Edex gi7] - FA4 - 948 2 A4S AdHE 7P e vhd, B tiejM=

H e 2 7183 Rdolth Rde F7 QEEAY o]F @ wigkS AXkele B
Y =E3H7F ZEE TH Sl olF % ¥ BE2 T4 v Rl
A EG A3 ededo] FUHAY ALHoR B, BEY, FA LAEZE0]
HEE 75 A Aol e 7 vjAE e GEAe] sEHEE A5 5 e,

g7lsh S faserE ol WiEE W A B vAE LIRS o

dlol] A& AFEH ATk CalTOXE 2002 4.0 WA71A] QH|o|E E9lom, 7 vlAL
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Z47) g2 240 2 AM-H 3 9t} CalTOXE f-3|8laEd o &7 - 313t EA4Jo]
U 32 2973 540] L A=49]

B T olsHE # FHAA T XS AT
S

g ofye} Al ofE Y eEH) S MASAE AFHeE Btk de

2) TRIM

n)= EPAS] W71 AlY 2 71E $193)(Office of Air Quality Planning and
Standards Organization, ©]3} OAQPS)= t7] L 4E2 9 1A 71ES vldsh] 9
S+ 47 t)7]H(Clean Air Act, ©]3} CAA) ZZI1HES F18 Fo| o] ZZ 139
YH= A=Y ol WE AA Ael=ot $73 FF et Bt ¥
At OAQPSE o]d H215 flaiA =2 Aed ofF, =& fdll= Zdd
2aAS Q1star 199619l TRIM(Total Risk Integrated Methodology)©let 8
A AZRge] shute] =gt 1998d0] A WA REZ TRIMFateZ 7l+a}

olojx F WA, A A ZEZX TRIMExpo®t TRIMRiskES H3ch

TRIMFate = THijA] 43 =AM LEE29] §% EXE odSsh= thiA
A& EdolM TRIM.Expor THA| 874 QA =Z event, TRIMRisk+= Q1A
ThiA] =242 B o JHERE AP L A Ael=s dohl7] g
Edolt}t. ol & Sof &3 2L A ti7] L9=49 A 1SS B4
&teH TRIM Fate®] %2277} TRIMExpo ZE9] & Ho|EZ & TRIM.Expo?]
9237} TRIMRisk®] AHFHo= AHEHol #F 495 A& F Al g 4 &

B Qo wet dgHes o SYHACR AE 5 3tk

TRIM Fate= 1998\d ©|%-Z A& garg]Eo] 7= o] @A) prototype V7T T3iE
o] At} ‘97-98 3712 Bell 7k 27]ol= "ol 24 #7183HE (nonionic organic
compounds)S H’d 22 phenanthrene® benzo(a)pyrenes /o2 st &l S
g Heghs AR oY OAQPSS] 87t met FH 7 prototype VollA =
F718HHE ol9fdle &3 2 9tE T F713kgHE(inorganic compounds) €]

FE°] F71EATHUS EPA, 2002).
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1) ChemCAN

ChemCAN=- 71uthe) 2470 A 95 Wd o= k=2 o] vuljA] A< ¢l5sia
A &S 71 4 Y= Uttt B3 (Health Canada)?] X902 Fjuict 3
73 B9 ¥ AlE(Canadian Environment Modelling Center, ©]3} CEMC)ol| 4] 19914
o e FFEY Level Il EEo|thhttp:/ /www.trentu.ca/cemc). ©]$ 19963
59l 495 #7o], 2003 989l= 60 HAdo] BRItk ChemCANE 7frjrte] A
99 JHE DBR 7531aL 9lom el B7HE sh7] AAsiMe 1 =29 wiE o
Holu vjEol| thgt AR} B asttk 20030l ChemCAN EdS o|-&, Ffuch
o] 370 AYE HAYSZE benzo(a)pyrene, chlorobenzene, hexachlorobenzene,
chlordane 5 47} 3}st2de] 873 T oled =% El'i—ioﬂ el A& ol dstar

A A ARAZ L AP 2910] A9E 0GB o]F o] Y
B O A e
= )

Aol Q&) shshEde] ol s A=} Fk, mE AT Aot AT  lvk=

ATEHE HE)E SFHATHE. Webster et al, 2003).

2) EQC
EQC(Equilibrium Criterion)= 2] 3}e}=29] 74 AsS H7ks7] flsf vt

CEMColA 7jdts]o} AHE-5 1 gtk EQCE 1997'd 59 1.01 MAS /)3l o] 52

2003 5¥ 2028 A71A] GHo|E Yt} o] Rle 3}8tE Ay} 3}8HE- A7k vl

£ Fal AN CH, 29t stetEdoly 7]E BeHE

= AL YA E o83t 718 0|8 F e E%OIE}. gHA, w5 EPAY

ANe stEde] SAS AXer] skl EQC I AWM A-S ARE-staL it 4

H
AREA B2, w37, Sei= 5o seted 54 AAast 24 vjAE wiEF A
&7

QL
AE
e
(I
e

2
ro
)
OPH
o
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3) Globo-POP

Globo-POP  7juth NSERC(Natural Sciences and Engineering Research
Council)&} A¥745-9] Yo 2 7fiElom, =29 o] NILU(Norwegian Institute
for Air Research) oAl AMgstal ok ZHF/3-7]2HE 4 (persistent organic
pollutants, ©]3} POPs)¢] 87 & A% tigh Hart A AAH o2 Al s
Ap o] ZAo| F7IZ 2R olFd 48 Aol thigk Ble] iU ASFA
Rro = POPs 29 AIRHA 331308 Tzl B Holl & g17] il
POPs 29| A7-2¢1 w2 el thaf Btet AS 517] ffal o] Rdllo] 7k =
t}. Globo-POP2- #4719 Wi &AL ]88t t-HCHS} PCBsell thal 24171 5t
o] ol s BEE EARIAL, 7HE AU E ol&5to] POPse] A7 ol& S H7t
Sl=d] ARE-E $th(Wania et al., 2000; Wania, 1999). .42 Visual BasicO.2 X271
A Fojx ofrl A= FAHNY AR 7Fs35kal www.utsc.utoronto.ca/~wania®]l
M FEE t o} ARgo] 7hssit

PNF

r‘:\
O
El

4) MEDIA
e} 8745 213k MSC(Meteorological Service of Canada)w= 1997'd%-¢ ¢F 31d
of 24 17te] Bz ol S wjEH 7] = olFHF I v, A,

EY FAAGAMY ATS Bkl flsted  MEDIA(Multi-compartment
Environmental Diagnosis and Assessment)E 7|23ttt o] 292 0-HCHY] ©]&
= 2x2°9 A EE T AAE Tl AATA R ATH7I] AREHAL ik
o]% o 22 ytioll A L= lindaned} ¥-HCHE] )5S B7}Fsk=H| A5 7]
%= ST &5 o] BEle F243 4 (wet scavenging) dale]ES F78laL, HE o
Bl 3Ed M E AE 7tseteE ANLE Algo|thShatalov et al, 2003;
Koziol and Pudykiewicz, 2001).
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1) UK-MODEL

F=ollA PCBsO wlE AF4HS 1960t & H1AE el o] F 501 717to]
ASE L Itk o] FFES detsty] flsiA wEE, Bl dE 9 level IV B4
A& EdQ] UK-MODEL®] %= DEFRA(Department of Environmental Food and
Rural Affairs)®] 2|1 9= Lancaster tgol|A] 7=t} o] Re2 o)A PCBs
< HIX3 POPs9] AAE] ol&< dSsiAU Fde ZAFCEA o5 &49 de]
S A% MY =7=2A v 88l Z8EAL JAITHEMEP, 2004).

2) EVn BETR

479 Lancastert| St A= FHUIE AAE FAFSZ POPse] AsS 2
¥& 4 QI EVn BETRS 7j@slied), o] Z&& sjvbtt CEMCY] ‘BETR North
America’ EES EUZ 3t siEojfom EXo|&E, 77 FH, EY f7|e8AT,
e 9 7les ge A% 54 AnE B} 4 BE 5 UES GIS AzHe] 371
%1tk EVn BETR 292 FHS 5470 A2 Lrr F 5070 cell2 o]Fo1xl &
vl s FH A9 XY, A, frebrlol e 559 47 boxE T
dEo] Jlom & AT £ RISZRE dojAe &9 A% tolHEAE A
FHE g vk WdedEe Z298hH ER(PCBs), Thol &A1 7(PCDD/Fs), U
WSS AT (PAHs), | EE3T ol 2(PBDEs), 71 HAAE R
(OCPs) & POPsOll == 250l tafl sk 482 + =S 74530
on #A) Q% ssteel] el MiEwe F45a nde A9 A2 AR

st 2dS Hrlstar QIthhttp://www.es.lancs.ac.uk/).
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o}, 71e}

EMEP(European ~ Monitoring ~ and  Evaluation  Program)&] 2003
MSC-E(Meteorological Synthesizing Centre-East) A€ol W2} 52 S35 2] <9
POPs S Q=5 H718l7] skl vl Ag =l MSCE-POP= 7Hd: - AR89
o} MSCGE= ZALZAAAU 7L HdEZ ] &3 oA 4 (Convention on Long-Range
Transboundary Air Pollution) g kx50l &J3f AEd & A5E 7|22 Fd¥
EHHo A 9] POPs] 33H #E5 ARkl on, 1 F-H 20001 231 713t
F<ke] POPs(PAHs, PCDD/Fs, PCBs, HCH, HCB) HH%% ARE 759 0 Ao
(Shatalov et al, 2003).

4. =z cliyASZE | e A &8 5iE

o FelM EE Hithz dHo] =M= vt T2 vrjAl ATEds
7hEste] Ur%EHi-‘ﬂ =20l weh ARgskaL itk ey o)l e 2l ‘3%
T2 FE 74 UehE S854S WFsk=s H71A3E o oA =l

doll AH ol& 0}71 o= ojEwo] Btt 5¢] =EW7HE el EEol2 87 %
°hﬂ =39 RS2 O yehe] 553 =3AUE L R HolHH| o] 27} 1EH
=5 Hof glo] AME I A8 Brbsstta & 5 ik lelME HZ s
frafstet=de] =& 3 S 7 59 2l we} vl A Aerd sl thek
BAEZF A S7H AL Tk whebd 71 e AF7EA] Sl A A veA] 7

)
>
b

sEAES /N 9 &8 Al tig] 7t AHRTVIZ S
2002'd UNEPY] ZHR=d1ralstetEdel #st A 9H A ol= Iule] A A

& 292 POPsME, EDCSeoul, ECO2 5 -F-gjuetell A 7ite A 7] 4] AF
2SN e RN FAH RS d ¢eAA HATHUNED, 2002). ©]5 Al &
o] Akl 543 IHEFsHA Bl - ATNel v <E 44>9F ATk
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<E 44> I ClfAAHS Y WY e

way | maEF (A o Ad | uwEd | e sd
non-equilibrium, | 7], 4,| <o @ A o PAHs(16)
POPsME unsfgady-state AR 1330}?“ X§07klmxlj PCBs, Phthalatees [POTS g}iﬂ °lE
level IV model | £, 2148 PCDD/Fs =
Alkylphenols,
non-equilibrium, | H 7], =3, PR Phthalat sl A g2
EDCSeoul| unsteady-state | 2%, jfoﬂ l;o ates, o 8A% A%
level IV model | E%, 2148 S Odls, PCBs, AT
PAHs(16)
A
non-equilibrium, | 7], F4,| A AT PAHSs(16) el A 18487}
ECO2 | unsteady-state AE, Py VOCs = 93
level IV model | E%, 2]4) S s king OCls, PCBs 3l slelEAe]
A ASAT

7}. POPsME

POPSME = 22 30'd 51te] §A4% A4y} o ofdl w23 A= tdo=
PAHs 5 POPs®] 873% 7% H

o
o} POPSME 228 =3 2|9S 257 A|H o2 Al&E3lslar Qlar, 7F AA}ol| A Hj
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<% 4-1> POPsME ZE 2| 7id T

e

Z2 513 16%9] PAHse] oAl oh7] Sl 43 5

b, mdlo] B4 g HF
EY BAE, FHEEY FAdMY 25 SA5ta Bl oS re) vty
2SS Brisk vh Qlom(773, 2002), PCBse} 20| EF 59 &2 tisixe &=
g9 &gl gt HrHe AASIATH=EHEE AT, 2003).

1. EDCSeoul

o

EDCSeoul& @37 A7) A gstel] 3apdwo] 24 Zgd  "EHA ol
A A O dgkow Aet] SAAR AT A0 e v e oA
71s 2ot EDCSeoul WEHIAG =] trjA] &35 A5 et &
w7| st} ALEATE o] Bl NG szt

SA o)1 HEZQ] o] o]]%
9}, A4 9] 57 A3t 22ke) RejA R RS 5

< A y7), A, B4
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3ol thek A57F 4o e

t}. ECO2

ECO2E Z) 38 T4 2 29Ad 12 & gidoz §3atst229 thjA A
= 9 A YA=E Frlslr] Yske] 03 37 E

oA N SZFALG A 7123 HejAl

ol FelM A E tZ, IolNE B 74| F7e) thiA] AgEdsoe]
or ol BlE AF7HA] FEd R B AT A7E T A dF AHES
gHaf ia et 22y 2574 o) Bl ST
¥kt Saso] SEH I S W Aol A e} o] vk siekEd delE AP
AN 9 g7t A4 Alelle Zotry] P& FHoltt wlebA do ot
BANE 3 g7be] B A7l dofM il A 2 Aegozn nr

7

=
dreba A0l 7123 Falststed g A s 7] = e AeE Ve
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H5E CllHASEE S ol &% oY 247

M5% ClofNAHSZEE S o|Set oA

= 2}

9 oA ASR ] $h}e) EDCSeoul S o &-3ke] Hl

2 e e pue
H71E S o2y

Z@UAE YAk ) A 2710 e ABA
ANEEHY B B AR EEstad Sk

R

B oA 2

1. ta=2 o chofdAs2Eel M3

7L A=Y A4

B X oA AsEds ol&e Felistet=d WA &7l et

o1-=2=
AAA B7te] tid=4 = PAHsS YE<1 Wx(a) 2] dllS HA3stth PAHs= ‘034

SAFIA AT Sl ¢ B EE o A AR TIE =dTo|th Lyt

o2 Zh Y e delti el 5= PAHsS 7 B 7t

palel
80

A2 S <% 51> Zo] 167] PAHs7} &5F o2 ¥

FACHAH7HCRS) 23} 2 AE7E H7E FolM e s wou, Sl W wAE el
EZ(POPs) A1 2 OECDs SIDS AM3s #& Algdo] FH= 1

o
=
F 6139 A3480) THo) Yg
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<E 5-1> 167X] PAHs2| 2 =2| - 355 84

Eniderislar mlubility ; TARST PrESIUrE

Ma PFaH chambca]l nama Fing Fa welght (g/med] (g} st 25T leg e leg Ka P —
1 Maphthilers 2 1=2 Fand b s il 1 BE=2
2 Acenaphthydens 23 122 d420 .07 3.04 1 1E-4- 1. JE-3
3 Acenaphthers 25 1542 344 a.68
4  Flucrens 25 1562 D 4.18 368
| Pharuanthrens . | 1782 435 448 4. 15 B BE=4
1 ASTLUNT RO Tl 3 182 L1 ] 4.5 d. 15 Z 4E~i
T  Flucranthess as o M0 4.9 4,58
8  Pyree 4 2021 133 4.88 4,54 & aE-7
f  Benm{alaribracene 4 203 11 563 53 1 1E-7
10 Chryssne™ 4 253 1.8 583 53
11 Benzolblsorass ke’ 4.5 2523 2.5 6.4 0,74
12 Benmikilsranthens® 4.5 L' 2.4 .31
13 Benzolskpyrens 5 252.3 2.4 .08 574 5 BE-G
14 Iealanal |2, 3-2d) pyrana™ EhR ame.a 5.58 6.2
15 [Hbarssia, blastbeacen® L} a78.3 0= 5,85 5,52
16 Benzolg h,1)perylens” L] i | .5 -y b2 L OE-ID

*animal carcinogen, international agency for research on cancer
Kow: Octanol-Water partition coefficient, Ko: Organic carbon-Water partition coefficient

A ArIgolM g3lrifmrt e E23 whEete] B39 tiEE (polycyclic

2
g
i
ol
o,
o
o
[l
>
o
oX,
i
aw
ot
ox
=
:
lo
o
of

=) 2
ol 24 @3] TAHEYS, B85, £ 3 93 22)
I QIEHETTERS], 2000). 7] 5 PAHs= Aol F34so] &+
slor 24 8l AAPAS F3f 7125 H AR, Hdle JA A7 74
&5 ZHsin SAELR AE3te] ZVItel 23] TAA mEo] @R A=
FHYE 44 ¢ Fasiria Bs o wiet &7 W PAHsel tigt #e] 2 oAl
ool A7H AThAEA, 1999). PAHsE &4 UNECE(United Nations

Economic Commission for Europe)7} 1998'd 62 Ael st “GAe| 287 LG &4
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i

of gt A" (Convention on Long-Range Transboundary Air Pollution)ol| 4] 3]
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ADI or TDIL: Acceptable Daily Intake or Tolerable Daily Intake(¥ Y3845 71F)
BCF: Bioconcentration Factor(A&-557]5)

B(a)P: Benzo(a)pyrene(#l % (a) 23l

CAA: Clean Air Act("]= 74 th7H)

CEMC: Canadian Environmental Modeling Center(7iUt}h 4295 AlH)

Ceq: Equilibrium Concentration(* &5 )

CSI: Common Sense Initiative(’d-4]% 74 #e] 4 A))

r

Css: Steady-state Concentration(d/3"3H &%)

DEFRA: Department of Environmental Food and Rural Affairs
EQO: Environmental Quality Objectives(3+7 #3EX))

[EM: Integrated Environmental Management('s 33+ ¥2])

IPPC: Integrated Pollution Prevention and Control(& 32 A ¥#2))
MPC: Maximum Permissible Concentration(3 t]&-8-5 %)

NOEC: No Observed Effect Concentration(¥-%3 &5 %)

PAHs: Polynuclear Aromatic Hydrocarbons(Th8H3 3k gHel4 )

PCBs: Polychlorinated Biphenyls(Z2]dstH]#Hd 313HE)
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POPs: Persistent Organic Pollutants(ZH+4 7129 =2)

OAQPS: Office of Air Quality Planning and Standards Organization(®]= th7] #|¥

2 7 943)
RIVM: National Institute for Public Health and the Environment(W| @ #E. =@ 74817
ATA)

TRIM: Total Risk Integrated Methodology

VOCs: Volatile Organic Compounds(31%4 +713}3H=)
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SimpleBox

»  H1% 3 (non-equilibrium), 3 Fel(steady state)E 7}43sh= level T 22}
quasi-dynamic H1% & (non-equilibrium), H17/d8l (non-steady-state) & 714 3st=
level IV 228 & 4= Qlth

« 7} 374 v A (compartments) = 3H8HEA 9] F 27} 1Y (homogeneous) 3 37H]
H19) boxE T o] & box W 3] T stetEdo] 7 viAEE £
A, FrEHe e mass flow 2590 o3 G2 WA Hrk vpeke viAoF F3t
A PR L= olF BESC] <HF I¥ 1>, <F5F ' 2> YER ok
+ 5 partial scales : a regional scale, a continental scale and a global scale(arctic,
moderate, tropic geographic zones).

» 10 homogeneous environmental compartments(regional and continental scale) :
air, water(fresh water/ sea water), sediment, soil(natural, agricultural,
industrial /urban), vegetation on natural and agricultural soil.

* 4 compartments(global scale) : air, water, sediment and soil.
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Areiic Fone

Temperate Lone

Global Scae PR Regional
* Scale

Continenial Scale

Tropic Eome

<2& 17 1> SimpleBox 2.0 22 2| 57 partial scaleZte] A T=

» 29EZ mass flows} FE FF-E mass transfer coefficient(m/sec)ol] <73}

Ak 2t wjAE R 2-8-5= mass balance 2 ofef o} 2t
V- dT(Ij} = EMIS; + IMP; - EXP, - DEGRD, - LCH; - BRL; +
ADV; + DIFFy
V. - volume of box i [m]
dC; : conc. of the chemical in box i [mol.m”]
dt : time(s)

EMIS; : mass flow of the chemical from outside the system into box i by emission [mol.s”]
IMP;n : mass flow of the chemical from outside the system into box i by import [mol.s™]
EXP; : mass flow of the chemical from box i to outside the system by export [mols]
DEGRD; : apparent degradation mass flow of the chemical from box i [mol.s”]

LCH; : mass flow of the chemical from box i to outside the system by leaching [mol.s™
BRL; : mass flow of the chemical from box i to outside the system by sediment burial [mol.s™]
AD Vlj : advective exchange mass flow of the chemical from one box to another [mol.s”]
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DIF'F; : diffusive exchange mass flow of the chemical from one box to another [mol.s™]

» 71, 83, Henry's law constant$} +-3l&(degradation rate)©] =%l whe}
ks 57490] Aldb el v At

» gjstEdo] EYolX 7] olgE o]5d uf leaching, diffusion, adsorption,
degradation #H ¢l &J3) o] FZlo|7} AP EHES st 3shEd SH4HEE UE o]F
Zol7} Agd) A EajE A 2544 (hydrophobic) 31eEdA42 ATEZole
Zropzink

» regionalZ} continental scale| A 574 214 EE0] W7 20014 F7}=] 3T o]
w2t o] Bt ol s R FUHH R AR darelEel] wtEE I

- diffusive exchange between air and leaves,

»atmospheric deposition,

- advective transport from soil to vegetation with the transpiration stream,

+ advective transport from vegetation to soil by plant depth,

* degradation in plant tissue and removal from the soil compartment,

- removal from the soil compartment.

GlobeTox

GlobeTox< Simple Box ver. 1.09] nested HH 0.2 7 R o]thVerbruggen E
et al, 1997).

= ATA TR B ATEDR tiET tgo] BE ALFoR Yo 7
A28l 7], £, A 9F 22 compartments2 WA ZITE B 05 compartments
= oA gt shaet 2o @ ol oz AP GlobeTox Ed9
compartment®} phase © Ty <#3E 1>3 o] FA o]
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<8I 1> GlobeTox =& 2| compartments and phases

Compartment Phase
air
Atmosphere water
aerosol
water
Fresh surface water/ biota

solid particles
water

Sediment ) )
solid particles

water
Soil A/B air

solid particles
water

Oceanic water ) )
solid particles

Ice caps ice

» <55 O9 2>+ GlobeTox BHls 798k= &7 7R AlT4 725 HoFth
A 5709 7 FEZ FAH e, 419 dF FEE I, 53, obxo}
o} ot |7}, okz7tet L AE# ol s} thef Aol 7 47) thFS o7k
A%, A8, AAESH BAA EXS compartment® A FH o] QI ke
7], W FATN S22 ), B8EH ice capsE TAE <FE 18 3> 2
o] A&7} =l h3+ L2 xo]H GlobeToxe] Z&7H 318tE A A7t w2 5
T ygloltt. YRR wAE wE: AlyEest EEHY transport R
transformation 4%, partitioning®] gt B3 J4 gho] 87H:



=

Continent 1 Comtinant 2 Coribnant 3

Corfnant 4

Oipsans

NL=—"

Almosphers

Friesh aurface waber
Ssclimant
Soil A fnatural]

Soil B [oultivatea)

<2 E 8| 2> GlobeToxel ASXH £=x,

AMEENG COMpzdnig amsirnnmantal olimatniogical
propenies sty tacinm
n-:dd & il gl & mibuwa & b ol
I'Fl.t @ e bR i
‘H'\-ﬂ'.r -::-:-r-l-u -m:
madel GiobeTo
v
cutput concertmbondima profiles for al compantments
<R Z 18 3> GlobeTox 22| Qladn £,

5123
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« 24 viA(compartment) = LE=EY EIE7} #UZ boxE YERHOIA| 1L
compartmentol| 4] &% H8}+= mass balance 2] .2 A4F= o] Zt}. 7} compartment
N FAHAY FE5+= mass flowzE TS 3714 B oz A9E 4 Atk
1) Advective transport. U7\ 419 T8 M §&4 2 IAYALY ols

2) Diffusive transport.
g wiA] ol k] Akl gk @ HEH S mass flow
7 wjA ] AAA dofu= Al 7F processes
: adsorption/volatilization(air-water), adsorption/desorption(water-sediment)

3) Chemical conversion. degradation mass flow

» 7} compartment™ mass balance equation®] <#-5 1§ 4>~<F-E 7 7>714]

Jept glek

E.H'-'S

""Q\ e Lo
5 L <82 & 18l 4> Air compartment of

aos: the goptmental spgleg.
1)Emission, 2)Volatilization,

._r__kl*_ﬂ_,_, i 3)Air exchange, 4)Degradation,
H 5 ‘ s .

A fr

Soil A 5)Gas absorption,
6)Dry and wet deposition.

Emis | Air
. - —

A <F£5 18 5> Water compartment of

Ocean Water SoilA |Soil B|| the continental scales.
1)Emission,  2)Gas absorption,
P ,,J;@ 3)Dry and wet deposition,
4)Desorption, 5)Resuspension,
4” 5y, 6)Run off, 7)Degradation,
LY 8)River discharge, 9)Volatilization,
10)Adsorption, 11)Sedimentation.

10 Sediment
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Water

Sediment

<8& 78l 6> Sediment compartment.

1)Adsorption, 2)Sedimentation,
3)Degradation, 4)Burial,

7 5)Desorption, 6)Resuspension.

<52 38l 7> lce caps compartment.

1)Dry and wet deposition,
2)Degradation,
3)Calving and melting.

FRA BFetEA0] BY EAS 2AVE) Y A AFHe R 199

o] & vl SEA-FFA F7]1 28 EH(POPs)ol t3lA= DDT, PCBs,

ZYYo|EF FollA= DHEP, $54-70l el E(Pb)oll tigk Al &alold 23

CalTOX

» CGTOXE =832 A58 + e F /M9 EdQl Media transport and
transformation 222} Human exposure 2@ 2 o] Fo| At A Zd, 37 vl

Al

RIS 9984 BEENE T 279 kF A2E B A} Fee



126 2doid SeElE E Rolateta el clofd ga7|E Aol et A

=29 dHT gro] A Ao s s, R E R oF) <=
8

—_—Ar — Porsonl
ar
*
[ I —
Surface Tap
Saoiil Huu
o Wl er == Wl of
' =la
+ Fead
 Ground
went er Dermal
—l g Contac
<8& 137 8> CalTOXe &4 ofxAtolel 2H=H olstdnt E£E =,

* Media transport and transformation &2 EQF] 214 &
A&zo 7 t)7), B, S0 QFEZo] wj=
A FEHEE B 4 31T Human exposure 222 373 vjA| & Sl ¢17to] A3}

A=Al FEo v AR Fshe LAEEY HEHE HAE

il

o °
o

>

o)

2

8 o2

fr o

P The Multimedia Transport and Transformation model
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* Media transport and transformation 222 dynamic unsteady-state & ZX] A|
2o 7zt whE 2zt viAE L P2 FERHEE 58 1 7R dYe ted
2454 43 2t

LN ()=—R N (- ; TN+ ; THNID+S (D= T ,N ()

N ; : time-varying inventory of a chemical species in compartment i [mol]

R ; : first-order rate constant for the transfer of the species from compartment i[1/d]
T ,;: rate constant for transfer of species from compartment i to compartment i [1/d]
T j;: rate constant for transfer of species from compartment j to compartment i [1/d]

S ; : source term for the species into compartment i [mol/d]

e : total number of compartment

P Human Exposure Model
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TRIM.Fate

* Compartment type
TRIM Fatex= t 7], E%(surface, root zone, vadose zone), A%, H& &, A5t
771 B E-Z(abiotic) compartment types$}, birds, mammals, fish, terrestrial
plants(leaf, root, stem), soil invertebrates, benthic invertebrates, algae and aquatic
macrophytes 9} 22 54 AejA| o} 4 AejA o] LF JYIFoE 247) BEH
(biotic) compartment types E¥Fstal Qich = 3}etEdo] 27 ol thkd &
(phase) 0.2 AT & A= Aol 1=tk 74 wjAE compartment®] T8 th
S <HE 3> 2 <BE a9 1003 2ok AREAR] 27 W) volume element(3F
7 o173l compartmentE 7HA= 32k E3F ) 9] 719k Befo] 2HE 4 9l
ol Tl ¥4 WdEE ¥ F Utk
* Processes
2do ARG gaE]Ee I 318E4 o] ¢ compartmento] 4] THE compartment
2 o] (transfer)3tA}, 7+ compartment Wil 4] 1 H(transformation) ¥ = .2
o]fFoA itk 1 HFES Y v 2t
- Advection;
+ Dispersion;
- Diffusion;
* Biotic processes; and

- Reactions and transformation.



<#E 3> 2HS

TA3sl= volume elements2t compartments, phase.
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volume Element

Compartments

Phase

Air

Air

vapor/gas
suspended particulate

Surface water

Surface water
Common Loon
Mallard
Macrophyte
Water column Carnivore
Water column Herbivore
Water column Omnivore

water
suspended solids-algae
suspended solids-other

Sediment

Sediment
Benthic Invertebrate
Benthic Omnivore
Benthic Carnivore

sediment pore water
sediment solids

Ground water

Ground water

soil pore water
soil solids

Vadose Zone soil

Soil

Surface soil

Soil
Leaf
Leaf Particle
Red-tailed hawk
Short-tailed Shrew
Raccoon
Mouse
Bald Eagle
Mink
Tree swallow
White-tailed Deer
Long-tailed Weasel
Black-capped Chickadee
Arthropod

Root Zone soil

Soil
Worm

soil pore water

vapor/gas
soil solids

= Sources

TRIM fate=

Fld

2 oo wjEelo] 23 @

= Time-related terms

o oA 0d8d HE A
flet WA 7129 W] M AT 3
249 490 e T3}
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AlEEolAd 717 1ol 1 o))t AR AF = ARE HA(sH-94 7H),
dlol8 A AR ZHA(1A17E 144 o) d)e 24 5 3t AR steady-state &
Eol Ry ol Azt thef e Bart glok

* Seasonal processes

Litterfall ¢212]52 2]&59] 31554 uptake 5430 F7H5|ATh. Litterfall> 244 <]
FHoll webA gdAlE 3 2ollX 2AE da7A] AL R vebd Sl ©f
e Tl 4 W 2 2R gretEdo] RER o] FstA Hrh HEl o3 3}
=729 uptake FH4 AT M| o} A ME]7h dojid & Abo] 7|7kE<t o] FoiR
o 2l et o= L2 FEFS v ALY A9 & By g
w3 2.

- The dynamics of snow

- Growth of organisms

- Litterfall to the surface water

- Transformation of chemicals in litter
- Senescence of plant foliage

- Blooming of algae

- Dietary changes of wildlife

- Habitat use

- Excretion periods

» TRIM Fate= 29 A]2®] WollA mass balanced] f4]ol S-S

28] o] ZHFEAY WU SHEAY] e AlRHoR 90 SHEAY ¢

2t} Compartmento] A= vl7kA 2 94 7)7H5<t 89 compartmentol] 7+

Tohe 29 2, compartment?] 2713kl A 21 7I3Fet +dE 4= Bt

I frEd 2w g FLei <5 O 11> 2YY 74 24 R 9EE
ol = el et itk 2l M= Ao $lo} 7t compartment Wol

A dojuhs 3k EaAE R £33k Qi
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* Chemical-specific algorithms

TRIM.Fatew™ %3+ 318124 (organic, inorganic)®] E4J¢l w2 o]F ZH=Zo| dist &

HEFE st Jon 29 AT thekdt Fej(elemental, divalent, methyl)

of M da2lE= Eobelar vk ARSAE A Ol seted 52 S5l 7
EA4AR0 ¢a]FS algorithm libraryol] 718 % Utk TRIMFate =&

Polycyclic Aromatic Hydrocarbons(PAHs), methylmercury, elemental mercury$}

benzeneol] Wik 28 A7} wHrHo| Utk

EVn-BETR

* Fugacity-based, steady and non-steady state(dynamic) mass balance model
* European scale, GIS s/w(describe geo-referenced data regarding landcover,
water flows, soil organic carbon content, precipitation and temperature

information)
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* Compartment type : air, vegetation, soil, surface water, sediments and coastal

water

» 7} AY9utt} 77) mass balance equation©.Z POPs9] ¢S AWt 18junz
Aol 3tk A 547) Tl thel] Lepabd ALk42 378717 Hk

7] /a2 3719 Aol 58, 7} Ao BANASE QU T} sl

U 58, BE A942 FANN Qolke 3719 B9 o]F0] S 2 714 Ho]

GIS £4d¥ w501zl 571419] flow matricesE &3l ZAFATE

EQC model

* EQC (Equilibrium Criterion) Modelol| A= 873l A g}e1E2 9] o] 54
7] Sfef spetEA e st =23 S40] AREH:

» 30 2+ air, water, soil, sediment, aerosols, and suspended sediment 7} A}-&-
=S}, air, water, soil, sediment= 373 A| (compartment) 2 A& 131 aerosols,
and suspended sediment= 734 Atololl A BstE 2 & sk T3 S3vA]
(sub-compartment) 2 ©]-§-=JTH1E 12).

* BQC 2dl2 3st=As 1t vlag 7hsdlA she REEA 3ot vl

(il

3+ i $7(standard environment) S A53HH, o] AL AMEAZL WEE 4= gtk
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+ Level I Level I 3} H]%‘B‘P/P 4% F(advection) ¢} §H3-(reaction) 8-S s}
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EUSES

» EUSES:E $1814 #7F 2d2A 4dA| 2 JPEch 2y 13).
1) Data evaluation - H¢|& ¥&
2) Exposure assessment - S A Q17 A

3) Hazard identification - E3°] ¥ 7}A1 =
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w
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ki
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e

-111
DY
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)

Dose-response assessment -'=& ZE Ztolo] gk #A|, LA, S R
4) Risk characterization - <’d¥= 2 =2 &l Abga} 70l vYehd= 74

29 W43} 4= B2}

Data evaluation

Hazard identification
Dh05 0N PONSD SRS EMInT

Expasure extimatian

et

Data set

Emission Toxicity dala
rafes

single species

Enviroamental

digdribution Extrapolaton

Mo-affact
ayals

<8& 178 13> EUSES 229 7|2 1™

Expogure levels
intakas

RSk charaliorisation

(FIECPNEL, MOS

» EUSES =42 Environmental distribution module®*] Mackay- type levellll
multimedia model SimpleBoxE A&-3tt}.
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» ZF 9= A gt AT UL F F79 soil(agricultural and non-cultivated
soil), fresh water, freshwater sediment, surface ocean compartment(depth of 200m)
Z e

= Bdluie] 907) SgviAl7E BT BEl R S48 o0, 8 Aol AR (finite
difference approximation)®l] ©]3] ©AZ o= ALt

+ fugacity S 7|WFO.E sk thilA| AT B A wsAR 5o st of
U)o} &5 YRS o83t E(partitioning)ZF 74 (degradation) TG ol A 2
To] S Aol ¥l 540] A

MSCE-POP

» MSCE-POPEH-2 EMEP A9-& tl/dC.Z 3 regional, hemispheric 9] F 7}
H o] glom 7‘7# 5050 kme} 150x150 kn =S ZHeth

» POP 7%% ZAgE 517 deiMe Setede] Eujdhety SRR viEAs
7V R AT A= 4 —2—01 P95tk MSCEPOP B9 4EH gro] ofef <75 1
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Phiyscal-chamical

Mateorological and |

; Froparties Emssions geophysical data | |

- S I ........... e o

MSCE-POP
miodel
— L |
Digtribution beteeen | | ©oncantration and Lan !
g<berm SouFCe-facephor
E'“'*'I_‘ﬁg“' deposition Seids trerds redalicrenips

Long-ranga mansport potantal and overal parsisience

2dof 8 282w 71 59 EAol8E(land cover) A&, Leaf area
index(LAI) A5, 314 350l tigh A5, sea ice coverdl] tI$t A7 E0] a1, A}
EEE 1980:d5E 2000374419 307 FHoF w5l ¢Js) AE¥® POPs (PAHEs,
PCDD/Fs, PCBs, HCH, HCB) Hl%& #At8E5°] AMS-5 Utk
- 2o A= A BEY BEY, 8l A4, Wel/ woE FAEHE 17).
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i Atmosphere

; Advection and diffusion
Gaseans phase :
Exchange
Emissions
Gas Exchange Wet Dy

deposition llv:pl:lmtllul of Dregradation

VA Mt

Southern hemisphere

1

]

1

/.._j..-'". Vigretation: defoliation - — :
! Sem hee s I_ |—

I 1

: Soil: comviective fMaxes, Sent transport by currenis, 1

1 dlilTusiom, turbulent diffusion, :

: prtitioning. sedlimen i, i

I

- POPst tl7)2 29 & U2 AR ol FH A 7] o o EYEs 47
S0} glck. wed|A] POPe] B ol5d] QS vl AREL oot gk

1) B7]

- transport with advection and diffusion

+ partitioning of a pollutant between the gaseous and particulate phase;

- wet and dry deposition of the particulate and gaseous phase to the underlying
surface;

* degradation.

2) 24

- gaseous exchange with the atmosphere;

* defoliation.

3) Soil
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- gaseous exchange with the atmosphere;
+ partitioning by the gaseous , solid and liquid phase;
- vertical transport of a pollutant by convective water fluxes and diffusion;
* degradation.
4) Seawater
- gaseous exchange with the atmosphere;
+ transport of a pollutant by sea currents and turbulent diffusion;
- redistribution between the dissolved and particulate phase;
- sedimentation;
* degradation
5) Sea ice/snow
+ accumulation of POPs in the snow and ice medium,
- gas phase exchange between the snow and the atmosphere,
+ fluxes into the seawater as a result of snow and ice melting,
+ fluxes from the seawater to the ice cover during ice bottom/lateral accretion,
* horizontal transport with drifting ice,

* degradation in the snow pack and ice

MEDIA

* MEDIATE 3%F¢l global scale®] ThjA] AFEdolrt. o] mulo] g3 wiA|
(compartment)= ™ 7](atmosphere), E % (soil), A% < (cryosphere), B (ocean)Z
o] Fo| Rtk

» t}7](atmosphere)

- 329 o]F REREA FHORE 05 x 05 ~ 2 x 2 & Ao]e] 272 dEEH
Urlon, 20 2E 15~25 07 Uro] Akt
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Abstract

Multimedia environmental quality criteria for the integrated

environmental management of hazardous chemicals

Basically, the environment is comprised of various multi-media including air, water,
soil and so on. Numerous kinds of hazardous chemicals are increasingly emitted
into the environment from various emission sources, which makes it more complex
and difficult to resolve the environmental problems. Since hazardous chemicals
behave interactively in the multi-media environment by being transferred and/or
partitioned from one medium to another, it requires so-called "multi-media approach’
to assess their fate in the environment and to develop appropriate policy measures.
Medium-specific environmental management of hazardous chemicals may result in
the failure of environmental policies. Currently, ’‘integrated environmental
management’ has become a new paradigm for the management of hazardous
chemicals in many countries.

Compared with other countries, Korea has less number of environmental quality
criteria set up for the hazardous chemicals. Those existing criteria rarely have
scientifically-defendable basis because they were not set by the results of risk
assessment for the target chemicals. Furthermore, with respect to the purpose of
integrated management, the existing criteria have never been examined for the
consistency, which is individually set up for each medium.

In this study, ‘coherence test’ of medium-specific environmental quality objectives
for the target chemical of benzo(a)pyrene was performed using EDCSeoul which
is a multimedia fate model developed for the Seoul Metropolitan Area. The results
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of coherence test revealed that the environmental criteria individually set up for each
medium may result in inconsistency with the others.

For the successful implementation of multi-media environmental quality criteria,
the following were suggested; (1) environmental quality criteria for the priority
chemicals need to be developed on the basis of risk assessment with the multimedia
approach, where the criteria should not only be scientifically defendable but also
socially and economically sound, (2) future efforts should be exerted on the
development of various policy measures for emission control, monitoring strategy,
and organizational rearrangement within the government for the integrated
management of hazardous chemicals, (3) technological development projects were
also suggested such as monitoring database, risk assessment technologies, and
decision support system using the multimedia models.

In order to generalize the conclusions of this study which were drawn from the
results performed for a single chemical of benzo(a)pyrene, it is required to give more
efforts for developing a multimedia fate model which is versatile for various

chemicals with less uncertainty.
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