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I. A&
At Wzt A" sF0 Yo T AYe] LAY HIFHo] YT FIH
gon, AN o BPe F3 HREAx Frlshs FAolth B et
e 85U HAYELY = WolFoE o]Ee] Tl &AF BT 2 H2A
A7} FAE AFolrt.

Ao tF-2e Aol A B 2T AUEE AZo|gdo}, ol A

BEL WA BAAA ALY UG dfFFHoT LRI GriarFelA
op g FoFolnt RS ABLLE niZEE AT Y2 Aol HRYPEA 3t Ao
AEEI odch. & dEFYY dUF 437 1 e 27 BEY 2UEEA
o|]Fol= w2 HAEAHEUo] IZUHCH US Department of health and human

3

1o

service, 1985).

AAFLZ NE A7 ofofl thgt Aol tiFET] AJRStE A
olge] thdt MAFEE FHIL, &4, thyl € AR [AUNAM AEsHEe &
E3edEAY & &4 ES AR5, AN L ZeiAY M) ZAE LA
3171913 =Fo] A st

2o} Z+e IS AN iyt QAFRS AASHI] 3] o] &EHE= I
2o 717 91814 Whhealth risk assessment)AESA Atk 10d et Bl
o] ZA7b Ho}AUrt. (Mnro T Krewski, 1981; Ames, 1983 NRC, 1983:
Ruckelshaus, 1984)., %3} =yt 3003 d 7t n]=22} Food and Drug Administration,

2
f
12
At
¥
Ol'r

]
“

Environmental Protection Agency(©]3} EPA), Occupational Safety and Health
Administration§e] AI7|RlA TS dY FHEHHY = HALIE
A& A3 SlojA o] iy Eo] A LISHA A-&E] ot Rodricks, 1989).
E3] ul=t EPA oM $1314 HUlol dZste] @2 BF7EE dBstded
3 d2A sof ARE, ol2F YAKIEA, &5, tNE, AUZI] 2EEF W
A8zl ZHEZY HI NEAE  (guidelines) & 4 SITHPaustenbach, 1989)
ey feviet] A9, Z4ze) it iAol ZEsEs il dEd] iy
#Hel7lEol AY e AFold, Ak stuetx ¢l g 7ol 22 a3t ola A
AL PYPES ZAZ AR 2] BeIEL U8 FLIt vFEol
1=
utebd 2= Y3l Bt g 2Eal ol & ¥tk WAy 7} 945
of tiyt FEES A8l Aests, HEA €FA Y98 t71edL & &9 U

518 WS el B Pk



. & &

1. #lsld H7te] Al =

A= (risk) 2t FRERL] BF o] =23 Ao} Aol Yo /3
g} Az}7} WY BE(probability)EE  7FsA (likelihood) 22 & eJHITHNRC,
1983). uwielA] ¢l3iEs= YNt o8 L% (dose) E= k& (exposure)?] T4 =R
¥y 4 glch

A7 ¢3ld BN health risk assessment)Sh Alglo] #|AA oy
(environmental hazard)ol] =25 UE F-F, YAV dFE A == APFo

2 F33h= apEolrt. ol Hrhs Y1E/d #l(hazard identification), X
1 7} (exposure assessment), -2%F-¥hg 38 7}{dose-response assessment) 9 23| %
ZAA (risk charaterization)®] 2 4%HAIS B3] $3™c} (Fig. 1).

AL A2 Atdo] ofd HYEL =&FHAS FF AA /3T %
& FEATIEIE ARt DARA, I Edo d & 5 A¥AE 9 Akt
of thgt AR (G AF)E EriZ 2188 FF HAr}

&3 7he Algle] Tl miAl(Z7], &+, HEHINE, ARYE EY
)& B3l AA¥del UM [ Ad duhd =2H=TIE A2 AR
A, 3 B2 minE % w= AMEIA 0 7tA)(biological monitoring)AlEES
Efz F3Hch

|-k Hute Algle] flEdY 53 &%d =&FHUdE B¢ Ad &
13 S8 HAAZ FEL2 guil7tE AAske Al oluf A wigH
ES FASI Aty ez a8 Y FE ARE o] &ITL I}
Aol =2 4 e tiAFY LEERY == BHF AFEE A dE
of, §&-utE Flolls FEA AIHeR &% £ U (dose scaling), &%

o
—_

h

oA HLgaoze] oitHxextrapolation procedure)”Z} HI=A] He3djtl, olE
2Jitolls £8AA SARG] o &Hrl
A 2L =&Y % &L HIlAN =&Y BRE FYSHA 5

2ELELY ER sz =2HUAS BF Aot ARl F3T G (o
o] WY HEL AP s DAl

vzkxl 28 84 #8de B4 flsld H7Haqualitative risk
assessment )ol| £3}3 -8-¥k-g W7l =&HIL, sz AP HPF 8 B

(quantitative risk assessment)ol <3ic).
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H13h8 Hote Fa WAE
7} #1384 #eQl(Hazard identification)

ollA AFRE uiedo] 18 H WA dFstnAl ke BFLY
oL A2 BHIE0] Atgte] glo] fY AAE ZefshertE AR 3
AU Bt Aeltt. whebd ARG 4% DAl 1 323 FEo] o 53
€42 T %@ Al ¥ AFZAEL 7HE F7 FD(veight of evidence
approach)& F3to] W EE vy SEEAR AAFLE EF/ste 2 3=
E HAst= Zojrt. oleo] 1P LS HUsl= AXH:= Fig. 29 Zrh

Chemicals

| |

Human Evidence| |Animal Bioassay Result Corroborative Information
(Mutagenicity test, SAR..)

L I

Weight of Evidence Approach

|

Classification of Carcinogen

|
[ . | |

Proven Probable Possible Other

Figure 2. Procedure for hazard indentification step

Thee ulF Z9EA UUEUL) EPARR UFo} Ui Jof sintele BatEAL

€ LEhdgich

. Not all carcinogens are equal
. Carcinogens are classified according to the weight of the evidence

CATEGORY A Human Carcinogen ~ 24

CATEGORY B Probable ” 100 ~ 200

CATEGORY C Possible ~ 300 ~ 400

CATEGORY D In sufficient Evidence ~ 75,000 industrial
chemical

CATEGORY E Not a Carcinogen ~ 80

-5 -



AHdA, 53 SPEAC ois) Algte] glo] wWetdely ol uE AFshs A
t 23] olgen ARt AP ety E o= Urh Y Y ZA
22X the3 2L Table 1& AAE F 9len, g3 A7} FEHE A+F o=
gt&ato] risk7t F718E Aol o] Holl BAE] e 4£5S Asloort

t}.

o

Table 1. Comparison of epidemiologic with animal data in human risk assessment

SUBJECT ANIMAL STUDIES
Increased No increase
RISK risk
Conclude Human studies may be
human risk biased or uncontrolled

for confounding or
Increased extraneous factor,

risk
Animal studies may be

g in error
HMAN i
STUDIES | How may human studies No indication of
‘ be in error? ' Human risk
: Confounding
i No increase Bias
i Limited power
‘ How may animal studies
be in error?
.Excessive exposure
.Species differences
2] B, Atgtell cis] FAAZ 2w glen ol AFF, HEFTEA
vloltdof tfdt 2EHI Z A7} E2|5}l= agent & E3rA E(mixture of compounds)

2] »=&%7 (exposure circumstances)ol] Ti3fA s, Algtel] glojAx et 9]3)
E(carcinogenic risk)E& Uthle A2 Fst=Fo] BEHF o2 et}

{International Agency for Research on Cancer, 1987).



1}, &-8k-ut2 # 7} (dose-response assessment)

o™ saEael thsl sigdol Welo] solthd W 1EBWL 3t dnt
2o SMEE UhjoUE $umos Fusts DARA, SUEAI} ulue
S4E4 7z gayel va

1) ujdet 5984

2} 3 %] (Reference dose : RfD)E AI&3SIAl ==
b, o]t ANl FL SEL o2y uhy F opihd(subchronic)dE el A
#ol%l NOAEL(No observed adverse effect level)X®Ei= LOAEL(Lowest observed
adverse effect level )7t E#AA A4 (uncertainty factor)E L}—‘,‘-Ol% V4 R

QAo BE FAUS o2 s §3olth

NOAEL or LDAEL

RfD(mg/kg/day) =
uncertainty factor

fqr

olmj E¥AY 7~1H'=—°4 28R AL Table 28t Zom of2|¥t EHAUY S 13}
olf= th3t Zth

¥o| (intraspecies or intraspecies variation)
- Ame B £E AVY

- olahy A7Y 7
- AR A7k BE

- =¥l 9¢l (pharmacokinetic factors)

Table 2. AU As AH&AH

A2 9%

fr

10 | QAR ATEA HAT 7)2 o 23 E}FE N

100 | QAETAN} YT BEARLEA W12 mdol T BYH A
A3 UMl H2Y B9

1000 | ANATEII Y2 SEABORA H7IT ol 9T W7 ol
2%

1-10 | NOAEL thilell LOAEL-E thal & A%

71t | =zt =michol] ot Jiel ALY A<

-7 -



2) Hdd 4

Ut B #
BRF RE EAY
Atglel]  Edsh= &%
scailing)2}go] WastA Hch £I}IFL HF oo ¥

A aolollis aYAo] FY ¥tk o]EF ZA A AFERZ (surface area)
o]-g3trt. U ol w3 ARARF ] 3 FEAAM AT FFARS
o g WY 4 = BN 7H4x]7]7] $8) PB-PK(physiologically
based pharmacokinetics) model-& ©]-&3}7]% ¥ic}.

BE FEMEM olgHE 28%, & HuW/AEEY (Maximum  tolerance

dose:

fr

313 2dg o]l FEAMUFPA ALE
22 Juse AEEE YAl (extrapolation)d}

equivalent dose)o & A#SI7] 93t L_HAH (dose

e
fr H
P

=)
°
Re
(

]

o

&

o]SMID)Z} % MIDE ZAE  Table 304 AAJslL & TiPY £33 =
(Probit, 7

Logit, Weibull, One-hit, multi-hit, multistage model)& ©|&3}o] A &aFo g 24t

1=}
=)

=2

A A3tA "l

Table 3. Mathematical models and their low-dose behaviour
in the case of zero background

probability of a low-dose behaviour
model response at dose, d
linear sublinear supral inear
one-hit l-exp(-Ad) (1) 0) A>0 - -
multi-hit  [T(k)]7' /A5t Texp(-At)dt k=l k) 1 k Q1
(k> 0)

k
multistage exp(-% Bid') (B;) 0) Bi) 0 - -

i=0
probi t [2rBlea(D £ (ydx (B) 0) - B) 0 -
logit [1+exp(-x-Blogd)]™* (B) 0)  B=l B) 0 B <0
Weibull 1-exp(-Bd™) (m) 0) n=1 m 0 m <0

Source : Munro and Krewski, 1981
-8 —



2dof uiel 5 ALJolAM #3I=2 zole A MolA shu) o] xo]E

WEhiA "|ch(Fig. 3).

k X
1071 X
1072 |- X
Linearized Muttistage
x 109 - Multistage
T ) Weibu .
Multihit
108 L l 1 |
0.001 0.010 0.100 1.000 10.000 100.000
Dose

Figure 3. The effect of statistical models on low dose extrapolation
source : Van Gelder, 1991

dutzow ota Fdox FU &M =T} 52 EHS
£ I olfe 5Y AilEdAN O ¥ §% (5 BFIIES o @434 ¥3)S
33171 WEolct
mlafA EPAS] 73-9= Linearized multistage model 2 ©]&3}lo] BH42Ql #A
4733t U= Ad8olth. o] multistage model UnE-go] WUAF3}7] Hoj

M E3A AR} biological event)o] QI E|OJZrl= S JHHoR

P(d) = 1-exp[-(q0 + ql + q2d® + ... ... + gkd®)]
qi >0 andi =0,1,2,3,...... .k

A(d) = l-exp[-(ql + q2d® + ...... + gkd9)]

A(d) = P(d) - P(0) / 1 - P(0)

714 Ald): 82 doll X A (71 2)BAE olate] 23} YSESE Estul, qlx0
duf 2ILBE A(d)E i A(d) = ql’ x d2 EIHT}], E3 ql'= q19 95% A
g+ 412}347] (95% upper bound)E UERITh  mely Z3jelsizol chat 9swalar Al
gatAol7|E sleh. o714 g [(mg/kg/day)’]E 2-218 Lae) 7187]0) 3

ot et Zx0Y (carcinogenic potency)olgt dZ=T



FIHOE weky BAY SU-NS Frheld ol AAEBL T S 3

WIels)E FAX (Unit Risk : UR)& EPAVE WHOS) A% 152 Ba4ms B2
AFE Testel T0Keel A 4ol 0 Fe 4B YB Yol WABE, lug
L EE 1pgn’)2 299 BRG] L2HUS AF o2 o) WAY 4

A Qhd &% (Virtually Safety Dose : VSD)¥Rtwt 1o] ¢to] A HE

| 23RN 27T dFATe] =B EY

flslo] Haole=AE LTl = B8RS BIIstoiof rl

&%l =¥ AFHELY IV, x5  F=(strength), W=
2|3 =23 250l it a4Fo] WEA] a8E

olob 3y, BRFedxE FH(FF FY = RUY)} AAAA(biological

-
-3
[¢]
Ne]
[y
[)
=)
(o]
<
e,
N
)
[« R
«
o]
[s1]
o
o
Q
o §

Wl
o
55
it
aF
=
o
A
lo
jg
2
ox
of ¥
)
3 -
32
2
1
e
=]
[
=
%
Q.
<
Mo
o
oo
X

% 22F (Total dose:mg)

e daily 2| %(Body weight:kg) x 4 (Life time;days)

lifetime exposure)

Z 8% = 4883 B x FEFE x =¥ 1T x FF EE
(Total (Contaminant (Contact (Exposure (Absorption
dose) concentration) rate) duration) fraction)

4714 2EEAL] TEE A FF2 e wiA(Z7], B ¥, EY
SN 2HEAY EE UEhl2 A&EE2 F4, 438 £ ¥ FHS T3
of ufAlel AA7t HEFSte &S YL =EVVE 2F4EA}Y HEHFUTE U

A
31, FFEE2 AES dAUR So7te FodEdY RESSS Wit

or



2}. ¢13l= ZAA(risk characterization)

ojE QFEAo] s &P-utg HILE B AEH ' =E2BE F
3 ol =& (mgrkg/day) & J3PR /A #IsI=(individual risk)E & 4 3

o A3FY Y =(population risk)E= 7 YT =& ALY ALSFE
o8 o] “xels LEEAY ql'gte] 4 x 107 (mg/kg/day)"o]:a &gko] 20

thg Angoz AR AFUY AT 800%o] Urh
Jeuh, sl bl e 2 (uncertainty)o] 4ukE7] wEo] Azshol
o}F Fsiorsin fiBIE ARTAC Qo] W=A] BHAAl T NE B

{uncertainty description and analysis)o| 33§z o} %lc}.

H

3. A 7] F §71edER- vt ¢jsid =}

AEA AFAHoA tfy] FREIF F718EHY ol e 23 U
=L HI57] $I3lA], Extractable organic matters (o]3} EOM) o
Benzo(a)pyrene(©]3} BaP)®] s=& &It EY 5E W Apge] £3-ikg
AARE FE AAEE R E FAAE vadded, 538 2g5Eol ©
sl FARE ALt EM W BaPe - Zof wE Xzt Ut =& AR
et

7},  EOM @ BaP?] ¢d%=% AR

1987-1988'3 2} 1990-1991'd Atololl EOME B %o glo}, EAH oz o3t
zto]7h gldent (PX0.05), I} wldwtr]e] EMY] Rl /o3 xlolE
LERSITHP0.01). wekd 295 3 H EMe] st FojE xlo)7t ¢l
282 ol BEE WU} ulubhisle] Qlo] EMY] HFETo tjit Z4E
F33todct. 382 EMY BEsEE I vyl Ao 2t 6.75 u
g/m>, 3.98ug/m> ©]git} (Table 4).

(..

EI BaP 5= A dEel= F23t xjo]S LlehfA] 2EgkeuH(PY0.05),
AR Dol F93 2po]E UERAQATHP0.01). welA EoMz} npxirix] &y
o} wjyhislo] Qlo} BaP HFsEol thyt B4l 22k 2 96ug/n®, 0.51ug/m° 02

A ] tHTable 5).

4»



1987-1988'd 2} 1990-1991'A Atojof MEA] AFRA YA 7] FHEISF
EOM 3 BaPo] W B S 72 5.24 pg/n® 9 1.80 ng/m o} At}

Table 4. The atomospheric concentration of extratable organic matters in

fine particles

unit @ ug / n®

month 87-88 90-91
4 - 7.25
5 1.39 4.78
non - 6 - . 2.20
heating 7 0.39 3.21
8 5.55 3.93
9 2.97 4.32
10 5.94 5.83
mean 3.25 4.50 z=3.98
11 7.18 4.49
12 6.61 9.93
heating 1 5.01 8.59
2 10.02 3.56
3 6.23 5.83
mean 7.01 6. 48 L= 6.75
All 5.13 5.33 L=>524

. 1987-1988 vs 1990-1991: p>0.05

. heating vs non-heating season: p<0.01



Table 5. The atomospheric concentration of benzo(a)pyrene in fine particles

unit @ ng / n>

month 87-88 90-91
4 - 0.77
5 - -
non - 6 - 0.41
heating 7 0.27 0.57
8 0.56 0.72
9 - 0.96
10 0.35 N.D.
mean 0.39 0.57 ;12’0.51
11 4.79 0.59
12 2.28 7.64
heating 1 2.69 2.02
2 2.91 1.06
3  4.65 0.99
mean 3.46 2.46 u=2.96
All 2.31 1.45 r=1.80

. 1987-1988 vs 1990-1991: p>0.05 . heating vs‘nonheating season: p<0. 01

L w9 flsi= A ¥l

S-uhg AAAAZ FE foj BaP W EOM3} FF
& Table 60l A|A]5HSAC}

o7] 4 BaP2] T2l E FAX = BaP?] s &Io) iy FHXEAN FE
AP R E o] &3l Multistage model B & Ar&E| &= 95% A3tztolct

2 dro] 8" Thelflsis FAE thled2} FEH s ge)r] wiEel
FUed 2 /1) AAFYY FEARES olgsled VFH L1 x 10° 3} 4.4
X

=
10°° & d=ysigct,

(n
i
Ao
o
2
Il
e
=
N



BaP in EOM®] THe|flsi= FAIX= tir] EOMuo] BaPo] Ing/m> &3tz
7HEY o) o] QT 23} U 9T Coke-oven TEAto] T J¥Y AT
2g A2l Ftolth. o)k 8.7 x 107° 08 2 dio] o &FelHr).

EOMof th¥t ejflsl= FAX= ti7]§ EoMo 1pgm’E&apgitia 7138
o ol2 Qg 23puel ISER Coke-oven Z2Ajo] it o3st @7 [ u)
$ﬁui%ﬁﬂiﬁ%1”éﬂﬁﬂ%bw} 2 dFolA AP ] fds
X=6.2x10% 2 1.9 x107°22 1.9 x 10“‘° H)3 ¢jsils WHoE x|
el fEl= —?—7417‘4% ANgAl Aol HAstA 2%, 8% Felth

K=
=
al

o

) -l)l'
AUl

Table 6. The comparison of upper bound unit risk estimates

BaP BaP(1lng/m>) EOM
(lng/ms) in EOM (l;zg/ma)
Animal 1.1 x 107 Inhalation
study | P4.4 x 107¢ Intratracheal
Human » °8.7 x 10> | %.2 x 10* |Coke-oven emissions
study
Compara- °1.3 x 10™* |air particle
tive 42 x10°° automobile(gasoline)
potency 2.3 x 10 |automobile(diesel)
method
"1.9 x 107* |automobile(Seoul)

2% Collins et al. (1991)

© 0.71 % BaP in benzene - soluble coke-oven emissions, WHO (1987)

¢ Continuous exposure to l,ug/m3 of benzene-soluble compounds of
coke-oven emissions in ambient air, EPA (1984)

¢ Woodsmoke 64%, mobile source 36%, Lewtas (1992)

f gasoline, Lewtas (1992)

£ diesel, Lewtas (1992)

h21% gasoline, 79% diesel emission in Seoul,

42x10°x(0.21) +2.3x107*x (0.79) =1.9 x 107*



T}. EOM % BaPE 7]Q1gt X3} ¢t glsie AF.
1) Coke-oven ZZ2} Q¢ - EOM lug/m® A X

EOM lug/m’ & RERY A3 7o)y A&Y D9 AN=FAX (6.2 X
0)E AL ALols, Wy} ulksle] 2z 4.2 X 10° & 2.5 X 107
zzpgot &L Uehjdrh. HF QU E FHLEES A9 3.2 X107 (A
™
[e]

o o 39l Zzuelg)oldr
2) Coke-oven 22} ®F - EOMZE BaP Ing/m’ A F

EOM W) it B o
A= FAX (8.7 x 10°)E HEY By, hy7Ie} vlbyyiel] 242 2.3 x
0! @ 4.4 x 1072 %3} wet HEL Yehigrl. HF SE=E HLsi4e A

=
ol 1.6 x 1071 of 239 23} wakg)oldch

ofN
'y
o
=3
0o
~
aw
o
X
B
o
%

—

o

3) Comparative potency method - EOM lug/m3 A F

Comparative potency methodoll 2J3] At&EX The] 3ls FAXNESS v o
TR o] Aol AHYsIA £, 2SI A& e = FAA (1.9 x
10°)8 283 Zfole ysle} vyl 22 1.3 x 107 2 7.6 x 1078 X
2} wHES Uehigdeh HF LHEEE A L91de Aol 10 x 10°(AP
o 17 o] 23} Wehg)

'~

4) BB 4% 4437 - Tt EER, BaP lng/m’ ¥

BaP2] ol wE X3 Y #¥lEE FUdxE FEAREAGAN A" 24
A= FAX (1.1 x 10°)& FET Aol buvlie vihirlol 22 3.0 x
10° 2 5.6 x 1070]gch. 71T B 3 BE AR 4EY e s=
FAA (4.4 x 10°)2 F88 ZLE e} upd

x 1081411},

8l7le) Zbz 1.2 x 10° @ 2.2

—-15 -~



4. 2]3l% #2] (risk management)

g3l= Fele ANEF TN BojAle A FRE ol§ U EL
4

3t FAY(AEEC] BF7IE)E npdst=Zo] FHHolzt & 4 3rhFig 4).

RISK ASSESSMENT

Dose-response
7 assessment «— PB-PK model — uncertainty analysis
hazard N
identification RISK MANAGEMENT
exposure risk
assessment ——> characterization ———— regulatory
J decision
i T
enviromntal Control ’
epidemiology option — non-risk analyses

|
|

social political economic cultural legal

Tt Tt Tt
acceptable risk risk
risk - perception communication

Figure 4. Risk assessment and risk management



s3iy Belold EMEolAE 2AEL 4RIl E2T PR &
49 B AMel4E3 AAA, AHF Q AN do] o nolt. &
Eados BAZY AL ST 10°~1072) Weluoly =S APst=o)
the 3} 2 AES TEst slEe] ARHA Wk,

2 WA)el 43 BRANES webleTk
A 371913 T Hel4zol nhebrhesp
ZAHQ Fge ek

©
) dge
- B771EE w3l AE7} ZAUCHE Teof WE olejo] ALY g

[}

B3] 2717 - cost or risk-benefit analysis
- AE Aoz Y BAIE ofsll Fwlo] ¢APE =7
- B oy AL BAL WP

7}?

fr

o] 3 EPAZ S 2843 71&4dA o dlo] 4 sl 8 EIIE B3] MCLGs(Maxinum
Contaminant Level Goals)E A3t ojo 71&3, AAZ, A1FA, AXAH QT2
&8ty HAFAEE 7R = MCLs(Maximum Contaminant Level)S A 3it}. '

HEY 220 AL BE MCLGse} MCLso] 59sin, ety B4 AS
£ MCLGsi= 00] 32 MCLst 107~10088lell A ola) o} @e Hastel dshA 9
th

H= #Helol o] ARH JNE(A=FEY Hdix)o] wWolgsd 4 ont
9li=t}(acceptable or unacceptable risk)dl= AL ZQ23F FAjolcl.

de minimis risk®t 32} de minimis non curat lexzl= HERojoA Haigt 7t
Aol ofE Algto] UF Atasio] YA HEEA BAUE FA gt Fol
th & oJ" AkE BUEAY BAsTE ARl B Aot dlibE AHE
7ol UF AlL3E dojriele Folth

uteba] oj® wWtd EAL A =& o] de minimis riske] JiELo 2
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