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Abstract

Methodology for health risk assessment has been developed by governmental agencies and
research institutions in the United States concerning environmental and industrial health
such as Environmental Protection Agency, Food and Drug Administration, and Occupational
Safety and Health Administration.

The basic concept, process, and scientific rational of the health risk assessment are discus-
sed in order to introduce this field of research for future application to risk assessment and
management in Korea.

As environmental criteria for most of the environmental carcinogens and non-carcinogens
are set based on the quantitative risk assessment, this quantitative methodology should be

emphasized and studied in Korean situation.
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AR,

FAd e Q& Aol YU vAE
o % FEY Ao, olBF AP
B YA AAAYL gAA Md A
o2 YFHOE Fad HoAlYde %
AFGFolV WYJERL B PEY J@Y
W o] FEA 3§ Aoz 49
Hi 3tk & 4FFY 9U4F S 3£
19 733 8REEA olFe B 873
5483l ¥FPIHUS Department of
health and human service, 1985).

MARez HE HME, NEGE R ¥
oo Y XAAGol WFH7 AFFAAN
ol UY GAFEE WFIshAL, T,
7 R G 873 AN dAedHeE §5
AL FEAY HRE FET AAHINY,
UA 2 A H AAE HAE)
AT =¥o] PA g}

Aot e REAY UM dF ¢A
FEE AN AY olfHEe YA
gl A7 AMA HIHhealth risk as-
sessment) AJ=2A X 103 52 #FA 9
FA7F HolA stk Munro R Krewski, 19
81 ; Ames, 1983 : NAS, 1983 ; Ruckelshaus,
1984). =¥ Ad 30 4dzt wlis9 FDA
(Food and Durg Administration), EPA(En-
vironmental Protection Agency), OSHA(Oc-
cupational Safety and Health Administra-
tion) 5 WA 7|@ANA FEAEAY
YHEAAF == ATLVNEXNE AYste
g AAA o] W&ol FHHANA HEH
o] Skcth(Rodricks, 1989). &3] n]= EPA o
M 9134 Hrtd A3t we §77)
g 4R ed 2 d2M T 2FE,

o] 23} MALNER, 84, UA, AUF
7] SEEA % 2HA AF B9 A1 7
&2 E(guidelines)& & <+ 9l (Pausten-
bach, 1989).

a3y $2vEey A, a4 g9
iAo A HEHE FSGEL qE B
7€l AY ge AAH, tx 3y
Bz fEA Hrlet e #A%Holn AA
A WHES TARZ AArIndE oF
9 BYIEE ALY A7 Rl
HE B EARE ¢ e d4old.

ety EndiMe $3A Bt g
a3 o]lg FYsed Yoy & 84 F
o g FEEE A3 Mastaz fd.

I & £

1. flsi4 golel mutxol &

A E(risk)T FAER] BY £F
ad Adoid g U FAT A
7t 2AY &8 (probability) & 7HeA(i-
kelihood)2.2 A 2] ATHNAS, 1983). oA
e dNH o2 £ (dose) EE B
(exposure)d] ¥42 HHE & Ut

7% 9314 H7Hhealth risk assessment)
& Atde] 73 9 ¥Y(environmental ha-
zard)l =25 AE 3¢, &4 7Hed 9%
€ A4 Ee 3FFo2 233e FHo)
. o]E§ Brte HEA ¥<U(hazard ide-
ntification), =& 7} exposure assess-
ment), §F—%-g H7Hdose-response as-
sessment) ¥ {3ME DA (risk charateriza-
tion)?l 8 4 QA& ¥ FYAJY
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AP AL Aol oE HgEAI
=3HAE BE, Ad FA% IFE /Y
A7lerte 2Ase dAZA, 1 Ed
U ZE FE AU R Agd A
A2 (G ATHE EUE JE4Y 9% &
4§,

k& Prte Aol Oyt s (F 7], &
£, AF HHE, NEYE, EF )€ &
3 $igAol $UE HEAY HAA drt
U =2He018 2% GARA, O &
Ao v 3 = & A EH ZHAHbio-
logical monitoring) AR E-& EWZ 33 d
o.
£ F—ukg BPrle ALge] B8R 5§
A 4% =2HAE S, Fd AT o
g2 SPAY HEL ArdskE dAse
A olt}, ojn] Algte] ¥ HFE FAH Y
3 Ywtyoz DEFAN FE FE
Agg ol &tk 2y Algte]l =&¥E F
e A Fo LPgEAY FrE BEF A
FES EAEY] Q2o &F kg Yt
£ FEAAM Algoze &% 2A4HY
(dose scaling), L& FNM A&Fozo 9
A8 2H(extrapolation procedure)7t WEEA|
gaslt olg itdle #843 A=
o] o]&dt}

A= 3L =&Y/t € &F S

gGrtdA =2€ FRE FUsS 5 3
BEAY EF Fxd =EHAE B5, A
doj} AFAGANA FHTE BV D)
o] Y TES FAE GAI

4l 7tA 34 F 9¥8 8$de A A
&4 ¥ 7H(qualitative risk assessment)ell &
1 §F—ug Btk &%V} s
A A% A4 M 7Hquantitative risk as-
sessment)o] < ¥ch

2. s Hotel £ TAHIE
7t |8 &ol(Hazard identification)

Skoll A AFT uhsd Zo] YU BY @
A AFdna e FHALIEHNY A
2$ 3gE Aol AP gl AT AHA
& z¥sterte AAshe 33HA B
Aolth, ety 194 7 SAAA
Q8% REo] ojd HEH dF FTE
D Algel] A AFEHREE FAANE
7} (weight of evidence approach)& &3}
Wby Ex WYy EHEBFE AAFHe
2 B2F3e AHolth ols} Zo] JUALS &
d3te dae a9 29 2L

2 nFe A=A 3IEA9 EPA
EF 45 O 24 HFste EA
8 JepiA.

~ 24

100 ~ 200

300 ~ 400

~ 75,000 industrial chemical
~ 80

+ Not all carcinogens are equal
+ Carcinogens are classified according to the weight of the evidence
CATEGORY A Human Carcinogen
CATEGORY B Probable
CATEGORY C Probable
CATEGORY D In sufficient Evidence
CATEGORY E Not a Carcinogen
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Chemicals

l |

Human Evidence Animal Bioassay Result Corroborative Information

[ ]

Weight of Evidence Approach

[

Classification of Carcinogen

|
I l l |

Proven Probable Possible Other

Figure 2. Procedure for hazard indentification step

AH3, §7 BtEAd] W3l Algel 3 2ol B 1& ANE 4 gleH, 9%
of ¥gdoly ol g HASte EAe - AT FEHAE AT F o= UFHW
433] ojgl ¢ A&7 Aleje Bdd risk 7} 7R & ZBFEe & 19 FAIH
< E8E ¥ I3 899 ZAZA 9 Ae 82EE T oyt o)

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

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

for confounding or
Increased extraneous factor.
risk

Animal studies may be

in error
HUMAN
STUDIES How may human studies No indication of
be in error ? Human risk
Confounding
No increase Bias

Limited power

How may animal studies
be in error ?

* Excessive exposure

* Species differences
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a2, Atgel did AEd AR fle
A5 AAME, AUFEAA T3 A
¥ 28 FA EA3= agent R EY
“d #-(mixture of compounds) 28I =&
7d(exposure circumstances)o] 3| A&, A
ol slAME wd 93 = (carcinogenic
risk)® Jehdie B3 AFEe Rl A
€%z o=z elFsiti(International Agency
of Research on Cancer, 1987).

a2y, JAAME 3] black box & B
S 0F oW ASHhino] 93] o] YA
< 71de §43] dEAA Yoy ol
A7 17 A F8 3 @A (intiation, pro-
motion and progression)& AHXHo} o=
Ro] F8 olgo|th. MEE I Ald
EA(intiator)2 A1}3}d QAo g ¢lto]
Y4E 79 B3P 29 39 =AY
ot

E < Exposure to Initiator

cell or Genotoxic Agent
. chemical,
radiation,
l virus,
Somatic cell
Initiation M .lc ¢ ¥ l
tation-
Genetic “hit” P utation Cell DNA lesion
enetic 1 ersistent i
roisten Death repair
DNA abnormality l
| Clonal expansion,
Promotion { Stimulated by promoters, Nom;al
: 4 (diet, chemicals hormones Cell
Epigenetic v radiation inflammation)
events 3
{
Cell transformation
Genetic “hit” {  Malignant cell phenotype

v Pre-clinical cancer

Progression .

Genetic “hit(s)” V' Clinical cancer
Altered genetic
and epigenetic

mechanisms

Figure 3. Natural history of

neoplastic development
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Table 2. Chemicals, groups of chemicals, complex mixtures and industrial processes causally associated with

cancer in human(including pharmaceuticals)

4-Aminobiphenyl

Analgesics mixtures containing phenacetin

Arsenic, Arsenic Compounds

Asbestos

Azathioprine

Benzene

N, N-bis(2-chloroethyl)-2-
naphthylamine(chlornaphazine)

Bis(chloromethyl) ether

1, 4-butanediol dimethanesulphonate

Chloranbocil

Chromium and chromium compounds

Coal tar

Auramine manufacture

Shoe and boot manufacture and repair

Coal gas manufacture

Coke production

Nickel refining

Rubber industry

Isopropyl alcohol manufacture

Coal-tar pitch

Conjugated estrogens

Cyclophosphamide

Diethylstilbestrol

Melphalan

Methoxypsaralen therapy
with ultraviolet therapy

Mineral oils

Mustard gas

2-Naphthylamine

Shale oils

Smokeless tobacco product

Soots

Tobacco smoke

Ethyl alcohol

Treosulphan

Vinyl chloride

Furniture Manufacture

(wood dusts)

gl AFE o]&F <AE B3, AA
wotal #dol Qg Aoz FYPE AYE
AL F 37302 ¥ 29 Zh

olg} o] YA &S dAAME B
AR F AAY AR A, §& ol&
A 2A adgxn A AEHQ 89y
o] aFHARY AGFEH P HEA
(hazard)& A= @4= & 4+ dd.

L}, 23912 HI7}(Dose-response as-

sessment)

ol e W PPl &<lo
A0 29 2 238 A4 4t 1EY
A= GeEh=UE FFHo2 BHdE

SA 2, GorE A vt EXER 44
Aol gad.

1) Hlget S4SE

vgdd 39 Zee FIX(Refere-
nce dose; RMD)E At&3A Hed, o«
AN T FTES ddeE & g 9 o
oA (subchronic) A¥ QATFNA HAH
NOAEL(Noobserved adverse effect level)
T LOAEL(Lowest observed adverse ef-
fect leveld& BEAHA A (uncertainty
factor)2 UFolE ez Ao J%E
FA & Aoz JgEHE §Fojth

NOAEL or LOAEL
uncertainty factor

RfD(mg/kg/day)=
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Table 3. 844 A4 AFAH

10 UARFAT2A HAGE 71T o AF 824 e 2HE AL B4
100 AALTZEIH7} Y3 FEAHO2A AV =Zo 4% B§3A Y& AHE
AMl HeT B¢
1000 AAETFHIA} Q3 FELHLRZN FVIL =& A Hrv} ofd A%
1~10 NOAEL WAle] LOAELE & %
7| e e wgel o J)E BRI As

ojlmj EXAAY A+ AHEAFNLE R 3%
gon ole|¥ BHANE LB dE olfkE
o33 2
—Z =¥ FWAol(intraspecies or intra-

species variation)

—-ZA5Y E¢4A £ ATA

—otgtyd dTd BY

-3 AL By

—<okE & 2AQ 2 <l(pharmacokinetic fac-
tors)

2) wetd =3

AAA EFY Aee #9H 2dE o
83t FEAYANA ALSE 874 Foll B
5 EAY R JgHE AFEEE 4t
(extrapolation)® Alge] A&dte £F
(equivalent dose)2. 2 A 3}3t7] A% &FA
H(dose scailing)o] 8 3tA Bt £FAE
< H%F oiREe Aty 249 AEd
3 Atolole aYdlo] A dtheE o|8H &
Aol 2lA MERA A (surface area)& ©]-&F
=3

a9 494 B ule} o] BF FEA
HeA ol &sHe 18P, HAWAHEFMa-

dAFL 44 HE =2

ximum tolerance dose ;s MTD)® 1/2 MTD
& ZAZ 99 83 2d(Probit, Logit,
Weibull, One-hit, multi-hit, multistage mo-
de)& o] &3t AL FE JAE HAAFA
€t

C}h. =Z&HIHExposure assessment)

£F ¥k HriERy g a9
FTEY =22 ¥3d & sle Y=g 4
2o, AAFHQA W =S PP o2 R
g 7 ATFHG] = Axe 93
o A& A=AE 47 fiMe =2F%S
AArste o} gt

E&grtde x2d 73w A, =
29 7 =(strength), ¥Y1%(frequency) ¥ 7]
(duration), 2L =& ZFE Fo A
84F0] BEA] a2 Eo]of 3, ¥ Y
T 2A@EA 2 2 29 AEA
(biological monitoring)& F3] UM =& F
< 3T 5 Uk

TE =& & XUIE dRrEy 9
Yol 9lo] x&(mg/kg/day)e oS3 T
o] #¥E &+ Ut

%8 % (Total dose ; mg)

(Average daily lifetime exposure) - A Z(Body weight ; kg) X+ (Life time ; days)
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RISK OF EXCESS CANCER DEATH

005 05 (50 50

1/2MTD* MTD*

CONTAMINANT CONCENTRATION

i

Sma

i ]
TYPICAL LEVELS FOUND IN  TYPICAL LEVELS USED IN

DRINKING WATER(ug/D)

ANIMAL EXPERIMENTS(mg/kg)

*MTD=MAXIMUM TOLERATED DOSE

Figure 4. Dose-response sample curve

FEYF = 298 ¥ X FEZE X =& 7T X FF ¥&

(Total (Contaminant
dose) concentration)

q714 LGEAY F=E UM A3
I e WAE7), E, 24, EF T) W
A LEEAY FEE YEUI HEZEL
9, &3 € A F&E 3o viA g
AA7E AFde €& TG xEVILS
L24EAR} AEHIRE L3}, FFEE

(Contact (Exposure (Absorption
rate)

duration) fraction)

2 HZ3 JARE o7t FL9Ed
o] FrEFEE TG AMYE EojidEe
RAe LFgEA] H2Y, A =& H¥
8 37kA] A@FA T FHE FHGe A
< 9n ¥,
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2} I8z FX(Risk characterization)

od e FgEA ] &F—wrg HIHE
3 428 '3T =231E I 4o
A &% (mg/kg/day)S F3HE N A3
T(individual risk)& 94& F v A+3
© 98 = (population risk)= 711 3=
k2 AT AU E F3Ho A&

& Eo xghe LYEAHY q."#o] 4X
10~%(mg/kg/day) ol =& %F°] 20 mg/kg/
day € ), M = HTHT 8HUX
107X 20=8X10"%)°l JATFHEE A7
o2 RS 4 AT HH== 800
o] "}

2y, 33 Hote] B2 B84 un-
certainty)©| §=%¥ts]7] Wj&ol| ZA# 4] o}
F fro#et 3y Sz AFGA A U
vte Al B digt e £ (unce-
rtainty description and analysis)e] ] & #] o}
Lia= 8

2dd wal Y HEFAA =gy
atole FAlujol A ] o] xold U
el A Eci(2Y 5).

UtH o 2 oA SN FY £Fol
A Azt 2 dg AYg3tA Hed
3 olfre Y HAEANM o G £FE
83718 9 434 HA)E AFs)
o F o]},

w2t A EPA 9 %+ Linearized multis-
tage model & ©]83ld B FAFNE
< A3 de AAolth o] multistage
model & Fyh-go] B Y] Ao d¥H
¢ 949 A E A A (biological event)©]
a7so it AL Aoz 39 584
F4& g3 2
P(d)=1—expl—(q+q+ qd*+ - +qkd®)]

gi>0 and 1=0,1,2,3, -, k
A(d)=1—exp[ — (q:+ qud*+ -+ + qkd®)]
A(d)=P(d)—P(0)/1—P(0)

! X

10! X

102 X

Linearized Multistage
x 1078 Multistage
é’ Weibu
Muitihit
L |
0.001 0.010 0.100 1.000 10.000 100.000
Dose

Figure 5. The effect of statistical models on low dose extrapolation
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4714 A(dE F d9A AQEIR)E
A& o4 27 HEE £33, q#0 Y
o 237 Y% AWd)E HF Ad)=q" Xd
2 B¥dd. =¥ gt q 95% 4§ A
Z#A(95% upper bound)E eI} wla}
A 23 Az Uik 95% A7 AS EHA
°o]7]1= &ttt 7|M q*l(mg/kg/day) ']
£F—ulg I 71&7)o AP Wt
7t} ¥ (carcinogenic potency)olgt dH &t}

THHOE W EF SF¥-g
7t dojXe AREL B = F
Ax et HAH b &Fo|t},

@9 #= FAXUnit Risk; UR)E
EPAY WHO 9 7% 189 HAFYHY

RISK ASSESSMENT

Dose-Response

/ Assessment

Hazard
Identification

Exposure

Assessment

- Risk
Characterization

BEANFE L3S 70kg s BATE A
o] 70'd F< ojW e EAo] EHFEE(
pg/L BE lpg/mHE 298 AN =
ZHAE AF o2 AN o] ENE F
Ae 274 Y=g d¥erth

Q+A 8- F(Virtually Safety Dose s VSD)&
Hekdgd 190 o] Y HE(10799
Az HFee §Foldt.

3. Ysl= Et2l(Risk management)

ARz Be AN HrteA dojAE
H3H HEE olg dAAYEAY UF
FABAE B0 §3718)E vidse A
o] FEFHolgt & & AH2H 6).

RISK MANAGEMENT

T Regulatory

Decision

/ |

Control Options

Non-Risk Analyses

Figure 6. Risk assessment and risk management
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A4 gy EAHoAE 8248
i3y HrlelM =8 AEE 9o B4
A 2H9EA ANEsTH FAH, ALY W
AXNH 4o dig noltt. & FFHo
2 @3EY Z¥e 935 107°~1079
HY YN w8 2Ased 9194 2
< AIGEE aBste V)&l AAHA €
1=

-84 £SEEY e VA B3P &

371&& o 7herth?
—4dAE 8H7EE KA 98 T
A AN FEo| we stest?
—8371&E& ¥3A ZAHY 9L ¢l
©7}h?
83718¢ ¥4 9= FihEd
E O g o]o] T H| ol v
8] &7}7 —cost or risk—benefit anal-
ysis
—AA o2 Fle] Y |AHIIE
o3 FAYE =7e7h?

— 87 ¥ FXNHY FHE ouF

7t ?

ul5 EPA 79 €843 71E 43 3
o] $4 34 18 F3 MCLGs(Maxi-
mum Contarinant Level Goals)& 3 3}3L o]
od 713, AA3A, A8A, AH 4gL
18 ¥y FAYE /1A & MCLsMa-
ximum Contarinant Level)& 7 3§tc}.

HgetEAd B4 A4e E¥ MCLGs
¢} MCLs 7} $€3tH, ¢ Ed9 3¢
€ MCLGs¥ 09]3 MClse 10*~10"¢
W oA o8 8& At AH3)
A |

A8z gl o 2L 7NEI= F

&9 HEAxE)e] wol 943 & glot gl
t}(acceptable or uniacceptable risk)3He
R F8F Ao,

de minimis risk & ¥ de minimis non
curat lex 2 HE8oAA RKAH AU
ojd ARQto] YR Al dte] PAAMU Y
EE2A #4E& 7R gede Foijg. & o
| ARME BIHEAY FAFEE Algdhe
H Ee Zgoly dihg AlgdrldE

F At&§ deldele FEol,

meba ojd wekd 49 A A=

o]2}¥ de minimis risk & Hdoez &
9 107°~107* AZE o}F vlu| g e
ALE 5 Ao o] &9 HPL &4
7153t ¢ = (acceptable risk)2 ¥ 4
o 39 7S A Alge g Y=g v
23y F3 gl

m, 2& 9 Ad

o feluEte A AAFEy we
2 Q3 878 @Al A4 el of
23d. do2 HeAoln, felFelH A
£ 3@ o] FEHA v ¥
olf Y FHE ti% Iy AYE
EY U 32 Arle £F &
& oA oz Zoie A}EH YHe g
THE A% gAW WAL sHeA &
22 yztdd,

TEA] oAl AlF3) FHEA Wrid EA
T 8737189 44, delude +4 &4
A%, #271€9] Hot, agn §39 98
4 AEE FUAA geln 7Med dxE
TE F e $2A PAYo] o|FojF e} &
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Risk of death’ Attitude Activity
(b}
Acceptable
e ———— Being struck by lightning
’ (de minimis risk)
1 in 1,000,000
P /// // l«———— Natural disasters
2 Some /
. Ny / warnings
1in 100,000 —— -5-%
S| =
o | &
s|8 (@
N le—— All industrial work
1t in 10.000 —— -8-
%
@ re——— Tralfic accidents
|««——— All accidents
\ N\
\ N Unacceptabie \
1 in 100 —_— \\\

Figure 7. Probability of death for an individual per year of exposure{order magnitude) in term of

acceptable/unacceptable risk

o, ol& 1% %ol A A HAd g
Azse 2ot olF fAHAEe

AA, 17 A4 FoH) S 77 &

At golol Bt A4 Hrke B4, 9
3}, & tH(epidemiology), B4 % F9| &
93z o]FolAnZ ol FERol9 HF
A77t asith B¢ A4 Hhe By
49 AgA Tl A A7l
o gt

s]o]

X, 37 N8 Hote) AAg vge

2 A4 Bgrled SAAAC 4. 9
A3 Hrtol F718l] FAH F¥H V&
H g34e

A dicke] AErE, B

2454

71e gAo] Yadn M} FH o
& 477 gasd,

AA, 37 88 H7 #Er1€y B
A€ Eo17] AHAE 2 LYEA
e o We AV YA AMEsS
, A7 9 A7 gasit

A, $ejvete] 873718€ 71EX
& Jidell A EAAH EH(goal)o] cAE A
d& o} &0, ol wWE BAHBY
4713, A3 dio] Yasid,

OA A, qA AgsD e §F7E
HAME F7134 zFot7t gasi
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2 F %, th71% benzo(a)pyrene 9] £JAtHHY
o mE A= FAXN vz AF. AA
UeE RAGY HAL%S] =&, 1991

AFAH. =A 21F f7129Ed =9
EdWol g el oY AT IMgsn
uiehd wpAtete] =8, 1989.
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