S-5

2ty AESH Uist A4 oy HoF R e

AR RBY FHATL

3 &

A7 A eold BFedoR U FUE F Yx A AR BY £

JAHos FAst FANILE A¥Aog HrgnA s WYELRA, G 8

F QYES ANEGsEA @7 AA FNAoR ANSE FAW] ol ede A

Sl A RE Anze] IPAANE FARA, SH%H, £, AN % ZARH 29

5¢ mF mastd, ¥4 ZAAER JudiFel Aoy % AelH FIdRe FEF 3
vH #Ed 24 AAd F g PEeeln.

BAcE BAL A A% AN FF, F AAAAE FEsE ol A B

Aol e FaAHoln A ARE QFse A AddAs LFTdNe FAxet 4
738 Brtstel FREAA LdFolol &M o= AEY LAFEE T AF A wo}
EY g Je7te #@go] - Fa% FAR ®ezA HAY EF EF o) Ho 7}
A AP EA FoA olsiuAe EFHAHoR A e FHAEAE Fourtr] A8

gt oln FejAd WYPEo] 87HIL glod ol g WPEEC FHFA Y] 7]
] 5}31 ASe M=ZF AAFTY & Hol & & Ut

sl Hrke Begde A, 8429 Astel WE JARF G dFE Bl S
HRem g4, ASA - gPH o SR AFs Ao FHAAT, AA, LA
A edBge UA, 71FEA AA, AEAY dF] HEEHREA 0 7}‘”?*‘4—“ HEolt
A HIE Bl $F2Ee AMIFA s FEHoln AZFHI AR} Xﬂ“&r% T
Qo} =9, AR 71 5 74 FARY oA mo] YA FRe A 3 Ed s
F don £ 5 9o tig el 7IFS AAE F U3 old B}E FTEH AHYrle
5E¥ 438 7tsA @

B odue $AdEA] YA el g HEL FE VT $HRIH 28
(US EPA, 1993)¢} NAS(National Academy of Sciences, 1983), ul=olA waix]= AHE x|
2 X (Federal Register)o]l ZAIE W& & EdZ g

al
M
Ho

(1) Asi @Ot Ad

Al =(risk) @ FEAL] EFFEY &3 =&5F Zidolvt I gl Faidt =2
7} @A &E(probability) ¥+ ]”%*8‘(11ke11h00d)°i A o] B THNAS, 1983). $isie+=
SHA (safety) B AutElE AAd ez A2FH(voluntary) £+ B2 (involuntary) 9%
2 ERFE 5 Ao zuF —A?SHE% A ?—20 MRAojut ALEl 9] oW HFol IIEE
23 Ythe AP S ol ¢ 3 WopEole vHH, S Py tir|ed I o] siglel T
A F Ue A o4F 5 glo] ‘”0}%04 F e HAEy AHEs Ao AL
Hogi}, A #elstolM zAF ol & ez HZEy] WEe a2 F_A o
agx & 5 Jo

AZANAAHE o 54 EZolY HFFF =EHo YElG + JE AY &

o
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Ao A% I3 &E5S FHste HAQA HAF ol AL & Uk A g A%
AaidH et Abdo]l #7244 2 ¥ (environmental hazard)el]l =&AL 3¢, ueug 7} 8
IS A e ABRH2E FASe HAAoY. F FEEH did 94 Ad4H, =
detd 2L A ATLZAAZHE ZdE o] &3 94l (extrapolation)S E, A =F
38t A A v A = e A7 AAMYAE ASe 2 Hokste Reold. olelst Hrt
= 93dA #el(hazard identification), =% ¥ 7Hexposure assessment), £Z-9k& 37}

(dose-response assessment) ¥ 815 ZA(risk characterization)®] F8 49AE S3 5
FECHNRC, 1993). 8 494 F 9433899 HA  HAsh4gH7Hqualitative risk
assessment)oll &8l SF-vkg HrE w=F Hrh YAl AL AL YA Hut
(quantitative risk assessment)ell €3t}
a3 1-12 83 NRC983)ell A HAF F2 4dA2 FASE dafidH7t 2 1 99
#e g AABAZ 2AG A2, AF7A Hed Frbdgd dig 4 71

3
T2 H7bE a9l

olx| ol =

19 1-1. Major elements. of risk assessment and risk management

(2) I8 M & 9l(Hazard identification)

A4 B e APSnA e BReAEAY A2 e HeE Ao AFgel Qo)
datestol oial 2Ase AAAY B aAlt wed HE4 73

el 52 % Agd UE 47 AL 38
of wrebgel ofsh werdol W werdsl ZFEE o= HEA(weight of evidence

Frafdt e LA = =
g EE Zudd. 9FAd sl A 3 2ze T
(quality) S utgho g H7I3cHEPA, 1986). & 1dA &<2lo ¥



(epidemiological study), 54 A ®&(toxicological study), A& oz & A9 H¥
A} 8 (controlled human experiments), in vivo, in vitro 2438 A7, £33 A A3
g Fo] Yot olgld ARELS Lo, vLdEA I AP U9 7NE AR o) &

A,
EPAZ u23 ofe) 7|#old BE @y 2o dalas @t 2749 713 (weight
| g 28 AAS 448 o Yo e 2Ad gaA
tha o BF A4S 488w Ao Sugde sadol94oly 48X 5
o gq pra

Qe FFyztel Az

3 bl o] tigt FEAY A8, AMYS ddeE o 3
AAE FE28E 98 AT A8 T2 T3 29 S $EAHE FFEA Ao do
W EAE Bgeo 279 AFol W LARAL ERIE Aot Udeid oe 2HA
AL Za U<E 1-1>
¥ 1-1. International classification of carcinogen
IARC Norway Sweden Germany ACGIH
1. Carcinogenic to 1. Sufficient A. Toxic A 1. Carcinogenic |A 1. Confirmed
Humans Evidence of Products in Man Human
2A . Probably Carcinogenicity |B. Harmful A 2. Animal Carcinogen
Carcinogenic to II. Limited Products Carcinogen A 2. Suspected
Humans Evidence of B. Suspect Human
2B. Possibly Carcinogenicity Carcinogen Carcinogen
Carcinogenic to A 3. Ammal
Humans Carcinogen
3. Not classifiable A 4. Not Classifiable
as to its Human as a carcinogen
Carcinogenicity A5 . Not suspected
4. Probably Not as a carcinogen
Carcinogenic to
Humans
US EPA US ARC Australia EEC Netherlands
A. Human 1. Known Human 1. Known 1. Known to be I . Initiation and
Carcinogen Carcinogen to be Carcinogenic to complete
B. Probable 2. Reasonably Carcino- Man "May . Promotors and
Human Anticipated to genic cause Cancer ) other substance
Carcinogenic be carcinogenic I 2. Regarded as if acting as
B 1 - Limited Humans Carcinogenic to cocarcinogens
evidence 2. Regard Man "May
B 2 - Sufficient “as if cause Cancer”
evidence Carcino- 3. Concern for
C. Possible Human ; Man Owing to
Carcinogenic genc Possible
D. Not classifiable g{) Carcinogenic
as to Human umans Effect
Carcinogenicity 3. (l/) OS‘S‘lbl‘f
E . Evidence of arcino
Noncarcinogenicity genic
for Humans Effects

(3) 2t-vr2 H™IJl(dose-response assessment)

o) oA stz Ae] A7 dFo] AAHYDY 2 eole ST B
Jol gt Wosh ol RolAol BTk f}-wg WAL ofw B s APl
sgelEgrd 1 2AL A QueEo AAEs Y= E $RHoz FdsE ©
sol 2487 yayel N2 g=oh

i
>
9
o2
o
)
A
=
L
ng "l
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S 3(irreversible) &4& 9@ dd £H¥ FoAFd w2e dd AHMEZW EdWo
(mutation) 2 7B 2" s A d7g Zolth ey BdEH] tiAtE Fd 5
}EAY e wGEA o8 &4d DNAZF DNA B4 Al(repair system)oll 93 713
u Fo] G FFo s B =] HojA Uk Foy, ¢ I LA HE FEo
Brtgstoz, A ¢AdE =Fo gflojok Zisdite o8& HA=R, Hgx =d
(nonthreshold model)2 2 &3 kot
Borsl HAHe o ol shddAE oA FAHe] g WolEdA 1 JeH oA

£ initiation, promotion, progression®] 4| ©AZ Y o] W th(Weinstein, 1985). o] o]&o]
71 Z@A wolEd A3 Y olfE B HAEHAM HFH g 3 FHo] o U7

A
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= 3}7] AdaM= = 7t
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a3t AMA ‘v}"é} %abﬂ*‘] AgHFo
A 7oA A}4 ¥ MTD(maximum tolerance dose)Z %37 A& 1A = 74
T29 9ito] "asdty, old HGXjo] JAE F8A mdo] ALgdry §F-¥hE
) ndolgt Fol xEFLFOIREYH WEE dFdL LFEAA AFER 9]’\5'3
Itk o721 &F-ukE 84 P(dE FoId AW7A =83, d2 Aste dAH
2RE oz A9 sidel o] YETH wg(d; FY)ol ”3‘?-_} g2 ¥
Ab EE FgPRAn e FAH eI} o)gdY. £F-vE e YAz
%Ei vegForRy WEE oAF3s FEHol9of <8 safety dose)& Z A3l
T2 ol gHY

HE ZEAYM oj&HE 8%, &, JHWNAYEF (maximum tolerance dose; ©]3}
MTD)¥ % MTDE A2 & E‘} %8t2 B d(multistage, Weibull, log-normal,
Mantel-Bryan model)& o}&3te] A E&Foz irE HASHA @oh(2d 1-2).
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Cancer /?/sk? 7-0 X H /.S k

IsTHAM
Hsc20 e

q,

7

, Y—Axis |

Multistage, Weibull

UR ‘_:_ 10-7 Marfitel—Bryan, Lognormal
(S9 fAs) ;
Dose
o v v
1

0.1 .0 10.0 100 1/2
4 MTD MTD
4
VSD (HHH o8 83)
sY=o MY s SRANHUM AIBSEHE BY
(ug/t, ug/m®) {mg/kg/day)

SRUM MH2RY 8 M8
(HEAXM SIS0

oy 1-2. 24 EF9 £33 A4t

g-utg HriolA HaFoze] ite] glo] A mAEol ¥ EAE HEY 24
o 7tA atrdd BRARS HPEsL FzdUidE AL ZFAM 45
o 2 xo)le HolA HEZ SRR LI wrH, AT
Aola g Al ALEA A el gt HEEoF Fr

o) wal Y ALBeA Yelrel Aol F4 wWldlM £ uh o] zolE Y
o gk Yurdoz ouwtd ZHolA Y f@eA AMErt 2 2dE HESA 5
=0 2 oolgE BY AT o ve £F #AVEES o 48 #AH)e ATt
7] wj#o]ch

S ge A ol 3ol g e FAHEY] AMME FELFAA AE
¥ 8238 Apzto) @d: §3F(human equivalent dose)2 2 HE|sE SF2ALYLAA
(dose scaling)ol Za3stt) olhes HFAH] Yzsted §F& WFste Aol dubyoly
g ¥ol] that wge Atgolu FEolY Y &l diside §YT FFequipotent)E L
Be RE 7tEew o
wrol4 Zdo 7A$ £ZHBL BE UREY AYTH Ry MEPH Aolde

| &=

1o
X
i
o

r _\1 r
£

e rr
2

O

o
ox

M
o

3

©

::

aY"alo = 2 2A o)A AFEAH(surface area)S ol&rh 2y H
A wes AEDAC ofs) FRoA ADoz SFURL FYoRM VAT F AE B
Ao a7 Yl AdelA oFE % H A 2 (physiologically based pharmaco-kinetics
model) 1 g3t71 e &

|
]
1



o3 fHF-ukHrte HF AE dIdd L3 FFolMe Lt WS
Aoz, DH‘H A= FA X(unit risk estimate)2H FAEW, EPAS o
Bl, B2, C2 ®Fd & didf olaigt Al FAAAHE FPs AL g 2 A
HrebA 57%” gogds & g8 FEASE o8 78 £ vk dAe @
3ol FEAFN AN LYLEIE FFHIL e Aol
FEHog B4y EH £IF-vEE HrloA dojXs AFAEL G FAA
A A A orA &Folth B Y E FA = EPAY WHOS Z$ 189 HosHa ¥
NFS nste] 70Kge AAF A<lo) 70d ¢t oH FgFEHo] FYFE(lug/l E
lpgmH2 299 A =EHAL B o2 U o] HAF & JE 23 9
e dZ=Th

o
S U
2

=%
2

e

N

() g 5483

A7tste dHels F2/8EA A2 (structure-activity
relationship, SAR approach), %4 ] A xY(chronic inhalation reference
concentration, RfC method), & @~ E ™% (dose-response modeling), 234 HIH
(decision analysis approach) 59 47FA HZ Wil A& + Utk SARIHTHL Hxd
9] ztgvyto] o] EE wh wlwet &3F-ukS HIYPLS Hrp B A8 HEI 8T
I, AREA Haye g 2e 228 82 se 540 AUk
EPAC] A vt Bdo £3-wg HrtaANA 7Y drbz oz o] g5 WY
9! % 31X (inhalation RfC) X+ 43 3% (ingestion RID)%Holct withet &F-wt
718 98 g we ARG o Ix7}b ks 2dse idE gHeR
° AAE A AA2 Ax7F AALS] A zbolel we}
(i A+

kS

b=

Hog QAo EAE T & Al
BEgAE e} ojejd A olR A, dd dxl%k"i’ﬁ A AFAGE A &3]
d st dorng £F-ws JrE Y3 AEE HHY g NI FFdE 29
Aol strh. wlurel gEk-wS HWrlE Y A HEA ol & Aol =& = 7T
ojth, BE Aol LEE =% EE AFEY 2 =& g A% JFe & Aol
7)o A2 Ao et Sg-wreHrtE o] 1A 2 Y U(stationary source) &2 F-E Hf
25E A5 B w07 Yo AF AZAMY w=F7Izte] F e Holof §H,
Ty =& A7 obd Af HA=ER uste Aol ot

® RfCs2 RMDs |E=
RIC/RfDE EA 890 =25t A 7HTe] Id “otA(safty)” §FE H7lste 3
olt}, TEAZE BF wF9 FuFEMRIC)E dNzoz E%X‘E%E(inhalation RIC)Z

N EEEY AT 28 5% =3 77 FARMDE FEEY o 1T JD
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Aol les aeishA] @S HAFA & &t ojE gL HIFEH A /5
A& NOAELA 7ol 2A%G 713 @& v5dAM 53 A7 %o #2E do g+
o8 HA #H A¥ FF(Lowest Observed Adverse Effect Level, LOAEL)ol&t W™ 3lx
EPAYIME Be FE29TE 539 U3 LOAELES HESL Utk EPACdA = 5H
d3fo] Uojuix] %L NH B2 FEE FHEFYEFTTNo Observed Adverse Effect
Level, NOAEL)o)2} % th NOAEL9 A&l RIfC/RDY H7tlA AAA dAo]7] wFof
7t4 Faskoh

AA5 AA A7 o™, QAd FEsle B (human equivalent concentration,
HEC)7} #7ts]ojof dch. & F& ?i’?’i”rE‘] NOAEL® x%7|3t7 A& 3§89 Aol
el wAEE NOAEL(HEC)C & wW@sojol 3w RIC/RIDE o7)o B84 A5
(uncertainty factor ; UF)2t H 844 (modifying factor ; MF)7} & Eojof gt}

RfC/RfD(mg/kg/day) = NOAEL(HEC) / (UF x MF)

4 RIC/RDE AAstcd AleEd A8 E AT g LdMs=
@ZAs7) 93] ALEEE Aolw, 10%E 1007kA1 2] ¥ &4 (modifying factor)
g

24U
574 g o 88 & U+ AR A% R fP B BRE WY

@ UWIPIIE HIXAALG £ 885 dd8dZ HAX|(Lifetime HAs) ®E

24 AFZ AU AF 2 2499 A
] (Ambient Air

RfC £+ RIDE ¢¥d ZFF & 44
71 & (Relative source contribution @ RSC) A3
Level Goals : AALG) =¥ S84% 29%E AnXd HAAZ Axx(Lifetime health
advisories : Lifetime HAs)E ZAE 4 Ut 299 Ad 714 therd #7 wiA(
7], & AFE EY F)A oWl 2l F 2EE F Z4zHY WA JldEe 28-S
2kt

tu do
K
&
)
2
=
)
N

RfC(mg/kg/day) X BT A F(kg) X RSC(%)

dd IFZF(m/day)

AALGOrg/m) =

RfD(mg/kg/day) x HZHF(kg) X RSC(%)
4 & HAF ¢ /day)

Lifetime HAs(mg/ ¢) =

(4) = =4 Jl(exposure assessment)

$9-9e AARRY BUEYe) B =52 ¥HY F U: ANEE NFe
Ao AAHA @ =FRPOLRY wF A5F ATHTel ofn FEe sl A4
e 7] AAME mEFS Arbstelo} @t

wE Aol 4

g AFGe] A7), =&9 ZZ(strength), ¥ =(frequency) ¥ 7%t
(duration), J18]1 =242 o 3 A4 E0] W= Al mEHolol 3y, FHOIAT =7
(F& &4 e 2923 AF 72Al(biological monitoring) & & QA=A

J

o
M?.l o2



= ook WA =& S TEtE diEREe] 9l Hrlkel el =Z(mg/kg/day)S oS 2
o] xdE & Yt}

%8 % (Total dose; mg)

U4 B YU RS =
(Average daily A Z(Body weight; kg) X <9 (Life time; days)
lifetime exposure)

2 4% = 09BAYE X HEE X =% 7|7t X FFESE
(Total {Contaminant {(Contact (Exposure (Absorption
dose) concentration) rate) duration) fraction)

AA e} &3 e WAF7], &, &4, EY SIHA
& Fd, 238 ®xE A% HES %6}04 o ) 2} A1 A 7}
SHEAN HEVNNE Lo, FFEES HEE
Ao # &% T3tk EPAYIA S W] e gl 93 HE&
on Aol HF 20m/daye]H, &&F A3 o &

qom, A #HF 20 /dayeltt. dutH oz FFE
29 <49 100%7F FEcha 7HARs L Ao

lo

{

r

lo
Yo

m rlo

(<]

|
Moj*;yj
A

2f. il £ Z A= (risk characterization)

9]l = Z A (risk characterization)& $1@40] &ld EAoA =2 H7t At &%
-uke H{IlE Z2Eed AgstA @ £F-9S Brhe wAAR 2gGEAS L YE
Aol e YalE 2AHL H2 Wyel 44 gar

(1) ¢ 28
galsE gutd oz s 98l E(individual risk)®t AT #13) =(population risk)
A

) AT MUY Ee B¥x2E FEE & vk
ol 2R Y EE I E(aggregate risk)2E EHEHL ol =& Tk

27
d BAAHES BHA 2L 4+ AT BAANE FANE BF ZHY BE(w/ L, B
lug/m)el QB0 EL AEH(BFS Wm/day, EE &85 AT 20/day)22 A2

o =25S W okrHE wAYare] FARoaM, ALFEAAA AHNFE 714
A dolx Fxlojtt, whek AFEolM vlAAHAgolgH dYYAEAE BE FS
S Ex e} et A BHE AR A AdE orddel %S Frh

olw 9@ ZFo Wil §3-wS WAE FH A& o'¥%FH =F HE T3 Lo
2 w2 F(mg/kg/day)S F3tA 71U 9 8 = (individual rlsk)—a- "é% F Jon Ay 9
8} S (population risk)& 7§ $3 HEOH & QT HYe Q¥ E 39 AEE

d& ol % & LdEHY gl 4 X 10 (mg/kg/day) ‘o] w2 o] 20meg/ke
Jday® W, AQYHEE AP 8W(4x10°%20 = 8x107)0]2 AT F&g AP Hoz
ARYE o AF A Y == 800% o] Hrh

a3y, YA Holdle 2o E#A(uncertainty)o] FuEE7] wio] Ax Al
gl 3, YlE FA A Qo WH=Al BFAAe tE Med EHo] FAld I

- 88 -~



Aol st} o5 BAL 9sia dutz o2 Monte-Carlo simulation®] A4 stxlgol 2
ZHoltk. H EPA XA E HAHsi=e] FHH A

s olgxoAT YE & Bagkolyt
Zokgh w= SJE R R B&(d), 90%, 95%, 97.5%, 99%)2 EHEEF i Uk A
Y3 EXE o HAFEe wEHE JdTTE Z¥HeH, olF =R =EFgFL

7t eEd FeFEd mEHe 7R *}aEloiOF gk mebd Howkes 2L ©d

Bldlola 2ol w2 W& HA Hrle £#F-WE HUME I AER FuA E
=g A7 Anxee] nuE Ei Ay £ otk F @ LIGFTES WA T dY
sl g2 ux ; RIC £+ RMIEE 34 FE=(AALGs ET Lifetime HAs)® Hl oz
WA 0 $£Fo] 1€ 23tE AgdE HFall dHFF)o]l A S AAE FH,
101301 Ao A Ll USS AAE o)

) g odx FFEAAMY AH =FHF(mg/kg/day)

AYF; = -

2 31 X (RIC/RID, mg/kg/day) x ¥ Al 719 =(RSC)
d odE & (w/m, pg/ )
Ee o=
AALGs(ug/m') %+ Lifetime HAs(ug/ ¢)
LRI > 1 - AR L FFLE UF
<1 - AR FFELR T

o9} e A Hrte FZAQ EAHE sl #E(risk management)dl] g /&
g Args ALgsl7] Afoltt. 9 H"S‘ PGrtel FAES AAH Ao HrMAE A7 7HA] A}
AEARA A, 71EA AAHN BAES nestd A AAAE] FAZRRY] oo
2 olgx1 FRle] ol HRE Fojulve AdE TR £Uoz offEATHH 2-1).

PIoH& & Of
(Risk assessment)

PoNE &2/
(Risk management)

SR B
(gmxﬁ JNEE&H

olHi ol S2UE

Pl L
(Risk communication)

GIRADbXI AESE, ZHI.
HX, BN HA-E, 2401
U US 2E T8 1A

S MO AU EO
ol st DS E AN

a4 2-1. 184 Bt sk we
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mEol e HsAE HbE T 8F LdEZEES #Esr] Al EPAR 3o F
MCLGs(maximum coataninants level goals)®} AALGs(ambient air level goals)& A&}l
HAAA(BACT : best available control technology, RACT : reasonable available control
technology)S i#dte] SDWA(safety drinking-water act)®} CAA(clean air act)ol A 2] A

A 71 Fx)19) MCLs(maximum contaninants levels)®} AALs(ambient air levels)E A3z 2
st 2y 2-2).

Social aspect
(Risk Perception)

Health Risk || ______ ' Health-oriented
Assessment i 1 i Risk Management
Economy Technology .
= Analytical
- Control
Water toxic8 ) iaminants Level | {Best Available g {Maximum
Technology) . Contaminant Levels)
Goals) ; i
; BACT :
. (Best Available Control |
o AALGs Technology) ; AALs
Air Toxics  (Amblent it Level RACT . (Ambient air Levels)

{Reasonable
Available Control
Technology)

a5 B4e9EdY A wel WY

et AE A 19929 RE 39z 538 (FAodede 84 H7E
W AE A deld Frkel tie 712HA HERe] £YHAT, £F 1995EHH 3
W7k ol dEae g H#rvle A, AAS Zo loen, oy Il s
N "7 7le B9 A7 Hdn #rkEn 9k



