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ABSTRACT: Fifty chemicals are currently classified as hu-
man carcinogens based on epidemiologic and animal data.
Humans are daily exposed to them from various sources of
exposure via inhalation, dermal contact and oral ingestion
without proper regulation. To reduce cancer risk to man,
these human carcinogens should be appropriately regulated
and monitored environmentally or biologically for routine
human cancer risk assessment. A number of mathematical
risk assessment models have been introduced, but any realis-
tic and relevant model system is not available for humans.
A mechanistic process for human cancer risk assessment was
comprehensively reviewed and problems were also discussed.
Here, a new conceptual approach using epidemiology and
biological human monitoring was suggested for the most re-
levant method to study human cancer risk assessment.
Key words: chemical carcinogen, human cancer, risk asses-
sment, biological monitoring.
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s}st 549 obAAg Hrtel lolA g BAIZE Ha e s B2 derEHolth
B.C. 441717 Hipocrates7} ¢+& carcinoma® HH3 o]af <ol tial] 2 A7) A3=o
o} o} kg 3] EXAIZ £ v FAA 7 kL six HAo] ofy i o]t o] FE
ol i3 B4 %27t 48 Aty siAlvh BREEe A4 SEEE, Be¥EE,
Agstx 222 BRE 4 Jdoy g, 5hshd utE- o] MEde] & o] 71 Stk
dubzloz oute] 70~80%7F 734 addA HIERHL ez It {F714% &

o A whelE Aol ¢olx| 2aiA Hrl= 1 F 8 Ado] ml$ AtHWeinstein, 1981).
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o) YA Wb wekE Aol Bl oA AP H W4 ojn] E45te] sHE
o ol Ao e Wt 2 Bel§ eute Fshe ol B AT 71X U &3
& Zhdo] 1 hE3 FEZ ®7F 5= PAH(polycyclic aromatic hydrocarbon),
alkylating agent(<], nitrosamine), heterocyclic amine(s|, quinoline), heavy metal(<ll, arsenic),
mycotoxin(<], aflatoxin B,), organic solvent(<l], benzene), % pesticide(s|, TCDD) §2.2 &
& Utk B3 B4 AAEAL M, gE, Xeray 5 WA 23S ¥ Y.

HkE Ao s Holel ol Had HR= 1) 38 S22 ok Fol, 2) fakulk
SHo) BA, 281 3) =& &e] Ao thFigure 1). EEA 9 29l 9 &3 wh-3-vho] #A
F2 T2 APl st g2 st Astd AT AHE 83w St &
Aol HE 874 FUHH S o] &3ttt o] 37, B, EY E SAES Yoz W EAS
ZA38s Aol 22y 33 RUE P gHS Hastaa) A RYHY &, QA g,
=, B, g 23 58 o] 88t S AMEde Wi ol T Bol o] 8511 ol thLee, 1990;
Lee et al,, 1990; Perera et al., 1988). $F o 2 \ItZ 2l o] Q1A 2f3fA H el glojA] EdE 2 2
Bt =E%7F a2jal gjad ok iy 2 el @8 w=staAl ko

ol st el ety ARE sk AL FIHOR 1 BA) AAd) L FuUT
S 7] SAtelnh mebA AN T Eerdel B ARE AR A HW g )
ol vh2 WE A FAlo) o8 & ek Tet Lel@ A9 E S £ED BE

2)
£ 38 el BEE A H, AHES dIY e Rt A8 AT
T= e Wrte gol o] & H I Qi) o]e} & AFAEE F
N8B Y 9 FAGAT T T A 7B FGEEAS 2 FHE U FR3I
UK Table 1). Cancer Risk Assessmentol] o] &% 4= 3l databasew #1314 # 7}ol|A] hazard
identification dose-response® 7}ofl @3+ AR E )&= IRIS(integrated risk information

A. Carcinogen Identification | In vitro, In vivo, Epidemiology,
(Hazard Identification) Human Toxicology
B. Carcinogen Dose and Human Maximum Likelihood Estimate by
Tumor Incidence | -——------ Extrapolation Model or Epidemiology

(Dose-Response Relationship) J

C. Carcinogen Exposure Dose Environmental and Human Monitoring
and Exposed Populations | -—------- of Chemical Carcinogen
(Exposure Assessment)

D. Cancer Incidence in a By Extrapolation Model and Human
Given Population | —------- Exposure Dose.
L (Risk Characterization) Unit, Individual, Population Risk

(Increase of Cancer Risk at 1/10° 10° 107, )

Figure 1. Cancer risk assessment in humans exposed to environmental chemical carcinogen.



319

Table 1. Carcinogen classification by U.S. environmental protection agency(EPA) and international
agency for research on cancer{IARC).

EPA IARC Criterior
Definition
(1986) (1987) Epidemiology study Animal Study
A 1 Human carcinogen Sufficient Sufficient
B 2A Probable carcinogen Limited Sufficient
C 2B Possible carcinogen Limited Insufficient
Inadequate or No data Limited or sufficient
D 3 Not classifiable as to No data No data
human carcinogenicity
E 4 Evidence of noncar-
cinogenicity for Lack of data Lack of data
humans

—NTP(National Toxicology Program, 1986): Clear, Some, Equivocal, No, Inadequate Evidence.

—OSHA(Occupational Safety and Heath Administration, 1982): Category | potential carcinogen,
Category Il potential carcinogen.

—CPSC(Consumer Product Safety Commission, 1978): Category A, B, C, D.

system), 13004} &&-E- Aol & .- 7] AFANE $£Est = GENETOX 12]a 1963d
olZ 2y IHH 520,000 22 A3 AEE 23 Cancerlist So] thEAQ oz}
&tAlch.

SAR(Structure Activity Relationships)

o] HhH2 7]&d ¢eizl A=A 8 FLRe}t fAE PRE zha = EE Al
S Foizl /& ARE B BEsH: oItk SARE o alw AA o) Bas
Forz A vgo] A == Fe] AUtk 7| A& Aol )3}l database} FE3S] FH)
Hol vt TARM Al oE 3EEA ] W] gRE 318 FRAS B gA HotE
(& Aolrk. Z1edi} o] SAR WHE-e &g e HUAd S Hrhske d @ 7|: AERE
A3 Wolm FH|F o], 7“““’1 HEE AFslA Eale ©do] 2tk SAR E+= QSARe
18-5l= =doj= Hansch, Rekker, Free-Wilson % Enslen-Craig model %] 3t}
ol® 58k o] 7|&e) ek A 11 shek 727} ol a) FAabr &Alabii(el, 99% ol 4
urelz go] ol Ao & WA 4 9lon ukel urebio] 9t} ety 2i, 88tA EXo
el 100~1000v) o] Aol dupe}l Aozt g & Joug o] ML o] 83 woi=
HAgE F97F a.ghet

d)

o]

In vitro 8HH

o] e FES o]&31A ‘x’z‘?i
A3 o] &tA, FE S M, v
o] 7)R el 3t Ao osf obo] wAlE|: Wt YHe 7| 2E Fi Aok F, 3
Ao o3 ¢hol ‘”3 H2dH AEYe {31 HEE 2t ‘il‘: DNAo]| &44o] dapror
gJojitof gt} o] B % % A (genotoxicity) ol 2} 3t Ab7]e] Bl e
B A in vitro LA H7F wEelet & 4 ok 1y o] #3
(mutagenicity)& JeEP A Huz 488 s glo)gd A8
7+ wo] o] &&= 4 2. 197319 Bruce N. Amesol] 2]3) 7let=

ek oA et or Wys #A7E = DNAS

glo}, Zihe] §& o] &sh= WyoltTable 2). 72}e] ol

e #%Zﬂ.P_E Hol A
iolgl stk o] FolA
Ames testH o]t Ames
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et al., 1973). Salmonella typhimurium# 5% ©]-8-3+ Ames testi= JFH3}aL, A HolH, 4143
AAE 7k 9) 01 false positive(d, nitro 3}3HE) IEE false negative(d], f-718 A 529
AR A#RE Fdshe FAYES ¢ AUk

In vitro 1B FHE FEADe] w1s) ALl #A dnE~72), AL, vl
AA 20, €A 48E F9E 7 U A& & 7 do 2 °] e ke 1
A=A o] &= B o] Ag AHE UYEZ HAYo o]& = QUth In vztro/\]?-j
Z in vivodl) 7} 7h7ke A Al Al e] o) cell transformation assayrl} 24=1

In vivo 3 (Animal Experiments)

slstE A o] W] o RE Hriste o 7 ol o] & H I Qe o] e FES ol 8%
A% ol FE 43+ rat(Osborne-Mendel, Sprague-Dawley, Fischer 344), mice(B6C
3F1 hybrid)& R o] &3t Al@ 7|7te] 1d 6714l o]Er) Fodite] Azhe] &8H2~3
dose)ll ¢, 7 50~60n}e} & AH&-3t Alo] AWl ot o] FEAIE W& NCI(Na-

Table 2. In vitro short-term tests for screening of chemical cacinogen.

Classification Types of assays and materials

Bacterial Mutation Salmonella typhimurium Escherichia coli

Mammalian Mutation Chinese Hamster Ovary(CHO), Human lymphoblast, Mouse lym-
phoma(L5178Y), Chinese Hamster Lung(V79) cells

Cytogenetic assay Sister Chromatid Exchange(SCE), Micronuclei(MN), Dominant lethal

(Chromosome damage) test, Translocation, Chromosomal Aberration

Cell Transformation Syrian Hamster Embryo(SHE), Balb/c 3T3, 10T1/2, Human epithe-
lial cells

DNA repair Unscheduled DNA Synthesis(UDS)

Table 3. Carcinogenicity test design in animal experiments.

NCI IARC TSCAY FIFRA?
(EPA (EPA)
Number of 2 2 2 2
animal (B6C3FI mice, Fisher (rats, mice, (rats & mice) (rats & mice
species 344 or Osborne- hamsters) Preferred)
Mendel rats)
Number at 50 M, 50 F 50 M, 50 F 50 M, 50 F 50 M, 50 F
each Dosage
Dosage 2 plus control 2 plus control 3 plus control 3 plus control
(for qualitative study)
Duration 24 mos mice<120 wks mice: 18~24 mos mice>18 mos
of dosing rats<130 wks rats: 24~30 mos rats>24 mos
\ ! M V i

*Abbreviations:

NCI, National Cancer Institute:

IARC, International Agency for Research on Cancer:

TSCA, Toxic Substances Control Act:

FIFRA, Federal Insecticide, Fungicide, and Rodenticide Act.

Y For registering new pesticides and registering existing pesticides.
Y For new chemicals entering the market or for existing chemicals.
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tional Cancer Institute), EPA(Environmental Protection Agency), IARC(International Agency
for Research on Cancer) 52 Zt 7] wha} 2F7te] =po]7} QUtKTable 3).

TEAEES AR Eo| ol 2aFe ©($ 8000000170 Aom 3t o] AP A}
QA ut2 Aed 4 Y=vbe AAs ok & ® hte] FAAojtt F FEAYN AR 1
o] FAE QA =EHe A& Zol o19A #J4Hextrapolation)d + o FE HH
A7E AF, 1EA, AW a7 d £ Wojridel & QAo ogA utE 83t
A4 % kol

£JA}toll = one-hit, multi-hit, weibull 5-9] o2 2dlo] o] &5 o1} BF SEAF 27}
gEsta dong FARE I Yok EZL FE It 93 5 A veEo] Al
ARz 351 e §F LAY TAR ol AR H&o] EAE A7) s
Mete 8 488 AT + de #Ee Aol 443 a7Ee AAdd Aok

o 815 ¢i+(Epidemiological Studies)

A3 A7 S}EEY FYY oFE A3 BN AN = ouF HuL W
HETOE 7P S84 HUHE 5L glom 58] AR 7| Hol A MetEA-S ) el dha] oA
2 92 o Zar 3HATh o] A A4 & AL AT uidel AbgolEhs ol
AHAA e 22AE 54 o 2YEA 1EEE, A&Fe R, AU nEHER
A 25-8ke 2EAE] 99 AT W AT JPe s &3] ol &HY. %3 A
7L A BA] FRIF AlF Ale FHE iAo Z 3l AT £& itk 98E AT e
Aol g gletEd e =27 ojudt Bl(association)7} SIS A3Al ek

At WY& case-control(retrospective) study, cross-sectional study 2 prospective (follow-
up) studyZ g 4 9o Al v]fo] o] == prospective study®E.t} case-control
study”7} @o] o] &=t} Case-control study= 71&E 2] 2 g (o], 2ol &3 AVLE)E 23 3170
olW fafstetE Aol mEHo e FH ATste AW SFEAHY RE2HY ARG S
Fropuith, ejuf Ik oz 95ty A4 S AW g EAY iy dRNS
&elE B causal-effect 2] 282 WE 4 flche A(Weinstein, 1981) 3 AJZH H]-§-o] Bo
T 9ol Jdov o AEAHS] AT ASGHA Ed] dFHolof & T3 Fiolrh

oIH| SMsEXIHED

IHE o w e A8y AFAde 2 oA 7 mlg Aok v ol A
AH G50l Astd A= causal-effecte] & F=adl] ¥ gl GHo] Jrt wekA ojs}
2 9H g Bt AT vjF 5 T I B A7) v $- #has] FaE A Qe
op7l QA £EAE 5, HA} HAghojrh

A AT AlEE A Ao Z st U BA9 k& A E 9o}, toxicokine-
tics(Fr, AL X, wjA) 2 toxicodynamics(FEA A7) A receptor$te] ¥H-SHE ol 75}l
Ay urAal o] Al 9812 o 7 2l o FE-ofo]tHVainio, 1985; Perera ¢f al, 1982).

NA ZAshe HAe A5tz d+E B dlo HEH o7 ol WigtE o] o] FK o
=¥, dukEety] =&, o/ =F F 2ol we} o3l o] BAsl=IE HetHo g ARG
T3l ¥ 5 de AU AEE AFs & 5 Juh A BA38 £ B2 dge go g
=

& QA ZUEY el oEste] AtstA "k

getsalel 2uUEY



Zare] Aol 11 MQHE A FUAE, WAL, =EPE] B3 s} a7 Eh B
2 Foly dol w2 ge DEAE M o gu Pue tw 42 wUHE Yol
ot @7 mUHYT ¢

3 e

2 27, B 2 SAE EA%s HUERAS AVFoR FUHYSE A 8§74 7Y
elgolg} ghrt =g AejAol Ao A4 WE(EIY] i) S WE(EFE, 2 8)0 U
TUEHE o] ¥F EFAZ $

37 TUEH 93 A5 B4 GC/MS, HPLC o & o]&&ld A3 Ho] ghor}
o] Mo KA A7to] wol *&EM 22 AgE & 17J of EAajo}r sl 4 =
Hgol= FF o wylolg} 8 4 glvh weld] e 54 24Ed 9 Fod Ui $AE

7Nl ELISA(Enzyme Linked Immunosorbent Assay), & W83 E4 W o2 femto

mole(10” ¥ mole) ¥

et al., 1988). ELISAYH &
i, 2) sk, 3) AA Aol 4) A&

1 4

G 7R BAdo] 7}sdE A Al A"lo] Aty]o] ghtK(Table 5)(Vanderlaan
GC/MSu} HPLCH.t} 10~ 1008 7} =] H-A
g AHE

AHE 58 ey
zt3 glct. webd ELISAw #+ g

Table 4. Characteristics of Environmental and Human Monitoring of Chemical Carcinogen.

Environmental Monitoring

Human Monitoring

Method
Sample

Advantage

Disadvantage

GC/MS, HPLC, ELISA, etc

water, air, soil, food

—easiness in sampling

- convenient, easy
—inexpensive

—not actual exposure dose
—lack of representativeness

ELISA, *P-postlabeling, HPLC
blood, urine, tissue, milk,
feces, saliva, hair, nail
—actual exposure dose
—biologically effective dose

—difficulty in sampling
—expensive

Table 5. Antibodies developed for carcinogens and pesticides.

Chemicals Detection Limit(ng/ml)
Carcinogen
Aflatoxin 3.3
Benzidine metabolite 0.25
Benzo(a)pyrene 0.05
Dibenzofuran 1.0
Dibenzodioxin 1.0
Nitrofluoranthrene 120
PCBs 10
Pesticide
Atrazine 0.032
Benomyl 2.0
24-D 7.0
Diflubenzuron 39
Paraquat 3.0
Parathione 50
Permethrin 17




AEYEY Bo] o] &5 it} $7 RUE P JA ] dF =2FS AEste ol 14
Hog o]&yE NEZ #Al o]&H o} olefe} e ExAHo] gt

37 mUE ) ol AR EAEe Alg AFHd ok dlr)eh £4E RUEHYE H¢
A5 AT AFH] g o] Aol Alge] EA FFE & 4 JoBm=2 E4e a7t
Al = Qi 87 BUEH e & shve] FAIES 1 B4 AR A A =& 8 A8}
ol e} 2 g &3l o o] 88 ¢ Je 7IZARIE Holth uwhA 83 RUE o o3t
Agg dAe =EFE AES] YEiME B, 37, S8 § EE =E2Y9H =& BEE
BAEtaL 2k zhe] e ahg ERHA o2 AlAts|ot sl ol & AN BrbEs 1y &, 37,
B9k S48 0dr 24T 5 HE 29 2L 249U o AEE AbHo) vjobgt
F A ARE AT AA Y =Fd vE AT 7 UvkeE PEAHQL SHEAN i
Z g sitka ¥z

X BLE™

old RUEHPL 37 RUHHAE 2 EE =EY(E, 37, 24E DA =& FEE,
¥, J)E &) utegtE A o] oA o) AA = =25 2kS blood, urine, tissue, milk, saliva, feces,
hair, nail 59 QA9 MHol} ZF A A3 &3] A5t ot meba] QA ZUEH
AHE T 9 QA9 &L risk assessmentol] FF Z&o| 7}538ltHPerera, 1987).
EE QA RYE S wrE-Fo] Ao =&¥ o] toxicokinetic phase X toxicodynamic
phaseE AX WS do7= Ao o|27|7+=] 2zt @Al g sle A £ & F(biomar-
ke A8 H22 <Al Uid =& #itop} A4 AWE ofr|A 7w vl Had
BE8+4 f %5 e(biological effective dose)S 78 4 Ut £33 @ o= 53] DNA ¥
Azl vlolbR A o] F5 ZF 9] DNA B 3 edductE A3t o4 U H
Hata glor ol& HE et vjmoll A Eds] AT a1 9l Foko] tiPhillips ef al,, 1988;
Calleman, 1986; Harris et al, 1985; Santella ef al, 1988).

Q14 RUE 3= ol ELISA, “P-postlabeling, HPLC So] o] 851 gt} ¢ix) &
s HoF ol HAd s ok QlojA QA RUE ] &L vf9 a2 11 F_AS
G2 dsria dok

welEdo| 2lsld "ot

o

HHE Ao g QA o] i HoHE SsiX e bt 22 JH7F S8 3] AEFofof gt

it

D) S2AdoIMe B el @ olAlel A4 & Ak HAH 4w 47

2) 5EUYS Gl NF ea FA

3) $RAUY ARY QA MHLFESAEE, FEA)

D AHo T WAR LY =B = 2AUS

A7) D~2)9) FEL 1E0] ATH AR st Pol ek LS 58 vul g

o] &-3te] flate FJHE Hojof ghr. 4ol 3t HE = ol A Q153 vpe} o] 37 F QA
2UHH S S & Aok 53] HEEe] fa Y Hrldle Folrts wet
& 7140 o] 22 nleg Fojof $hrkFigure 2). v]= 4 RS HANA AYdte =& Aol
gogk e o33 22 o] E£3E o) JH(US EPA, 1986).

a) Properties of possible exposures

b) Sources of production and distribution

¢) Exposure pathways and environmental fate

d) Measured or estimated concentration
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e) Description of exposed population
f) Integrated exposure analysis:
—Actual calculation of exposures
—Information on human dosimetry
—Development of exposure senarios (occupational, ambient, transportation, food, etc)
—Discussion of uncertainty

et (IEZUHM HEE)

AntH o7 3 2 A5l B 287} BEFEEZ SEAH o)A L& tumorigenic
dose(TD)E o] &3ttt FEA A TDs7F £3] 850 TDs UAE 529] A F 2
WrEAE il dF 7S (BE 249) Fo(mg/kg body wt/day) 3tQew) A& A
AET=50%7F & fdste TUEH o §3S E3) TDyE 2 537 dow tasz
WA o] Erhe AE 9v]dh 2 Bruce N. Amese TDgoll Q14 9 =222 243
HERP index(human exposed dose to rat potency dose) 7}'3-& %= &+HtHAmes ef al, 1987).
7]]A TDw»<t HERP indexE H|wsle] 3}etEde] Wby Awg Frle & glon,
HERP& dA2 Ao =& 4& T3 A S¢EA] FA4L 3713 indexolth

Daily Intake(mg)~+70 kg
TDs (mg/kg)

HERP(%) = X100

A8 RIS S5 Bol olg =T i) mdd glolA o@e EAFY shue 1%
=l A& HAREE AFA AEE guiz FFHMolt FEAPIME BE
AEFS Folste] 49AHAE AL 2y AP Aoz Ato] B He] YAZ =2

Carcinogen . .
Exposure (air, water, soil, food)
e s (Toxicokinetics,
Initiation Toxicodynamics)
Promotion | (Transformation)
Promotion |l (Propagation)
. (Malignant
Progression Conversion)
Cancer

Figure 2. Multistage process during chemical carcinogenesis.
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53 Qe % 2§ e AgFgo|n g NS Fosty & FEHEHAYE ALFo R
AFEH= v o] it o] &5 1 gith &3 0]%Q HPH.2. One-hit, Multi-hit, Multi-stage,
Logit, Problt, Welbulli’% Linear extrapolation 2.¥loj§ o= uncertainty factor 2 A AU

AEYAL 55 712 2% pharmacokinetic E’_@(physwloglcally based pharmacokinetics, PB-
PK)& 7“”‘3}01 o] 837k gt} wepa] ou RdE wekEAol o A Brlel A
Asl=uprt A7 Aok

u] $Ax )4 A3F= cancer risk guideline linearized multistage model-2 d¥tzo 2
ARSI glont WotEA FF R Aojxd ulE 747 AEJ wEel 4R dE Qe
Atk 3 ALE-3 2o X”Q"é% Aela 1 o] {FE HAISEE HoJQlt). Figure 394
HEuke) o] AFEAA AFER itdhs B9 e o|BFoE FE3EE A7IE ofH
Aire] AAe Yixel Avhvt THEY £F BFAJMAAY 8= Roh A 37D
AE 7t Fovpr 2l e Gajr) "ol o] oA supralinear ¥+ threshold €]
ASe AAF o EAEA &S 7HeAdo] ot o EA 9 HIFIF A o} F-g] A2 m]Fe]
wolEAn okg o7l 4 gloju g thresholde) 7f@e oj&8F o2 QAR gt

# < Munro®} Krewski+= aflatoxin¥} saccharin 52 Z+2H2] extrapolation 248 ©]-8-3}o]
vl w3lgtiMunro and Krewski, 1981). Figure 4°ﬂ/~1 B =v}e}l o] Linear extrapolation
2ol 713 B4l AatE 7HAd o) 1 3-8 Multi-stage, Weibull, Logit, Multi-hit 2
Prohit Zdl5=0 2 o]}, uje}r] A}ghs Eié} ZHol A B o Llnear extrapolation &
do] 713 AAdsicta £ 4 ok Multi-stagett Weibull 292 )22 2 2.0 4 sublinear &
HE Uetd 7 flom g A4 fels Bo) WA H7igd 27t ld. a8y gl 3
g8 vepdith. Multi-stage 299 739+ H ‘Linearized” Multi-stage model =
HA|A a4 Hrtell Bo] o]&E7|x g}

Multi-stage Zdleo] Ao

a) 2971 A o] Multi-stageo] &9 7) % 8} (Weinstein, 1982)

b) AE8HA Adnto] 2ol FitEa

Added Risk
Low dose . High dose ]
.2 :
10 =
i
. |
10 — :
Supratinear
s Threshold
10 — Linea
Sublingar It
-8
10
Syfolinear |
ol } 1 } !
0.01 0.1 1 10 100 1,000

Dose(Unit)
Figure 3. Extrapolation models from high dose to low dose in animal experiments.
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o AAl AR wHlo] Agsin
d) AEx2l Y& HrlelA Upper limit7} linearityE 2t &
¢t Zol(Siegel et al, 1983).
p(d)=1—exp{—(qo+ qud+ q2d®+ gsd®+---)}.
(p(d)=the probability of developing a tumor after life time exposure to a dose d)
(q's=Coefficients estimited from the data by the method of maximum likelihood)

2RSS HEH R 157 Y5t 47]9] extrapolation W& o]-&3lo] A F o g
%%k (virtually safe dose, VSD)& +& < 9tk VSD& ¢tAlg &8 k= A
345 o 2 risk-benefit analysisel]l &]3] 7123} o1 1008 EH10-6) <k tﬂ-}\g_’_7}. 1
$- dHH o= QbHg pEolgbal H ol D3t Chen and Gaylor, 1987). o] w|=
A& «]“%(FDA Food and Drug Administration) ¥ 2R3 3(EPA)e] dut AFE i
o7 P& uo] 71Eo g2 VSDe d¥ 32 3HADI, Acceptable Daily Intakes during an entire
lifetime)2] o]v e} A AHE-E Utk 2t v A YGPH R A% (OSHA, Occupational Sa-
fety and Health Administration)oj M= T 22}2] HA =24 )3 & 92 2 E A 1,000
B F 199 dHAE10HE F3aL A

it

F glom mye of

o

R53

E

g

o
73

[o]
ru2 L mﬂ

o

de
u(de)

(de: dose estimated to produce a 1% tumor incidence)
(u(de): upper confidence limit at the lowest experimental dose de)

X107°

VSD =

2e(ESE0M

elzlo )
o

229 9al4 Bolol ol FEARE Aol Agse HE osl 2L we

Added Risk
Saccharin Aflatoxin
162 —_= 16 -
10+ 10 F
165 — 16 -
X MWL GP Lx M w La p
o—4 ¢ ' ' — '
107 107 10 2 10° 102 10°
Dose(%) Dose, ppb

Figure 4. Estimate of the added risk over background extrapolation procedures: X-linear extrapola-
tion, M-multi-stage, W-weibull, L-logit, G-muiti-hit, P-prohit.
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Table 6. Reference values for dose calculation: in human, mouse, rat and hamster.

Species Sex  Lifespan Body weight Food intake Water intake Air intake Surface area

{yr) (kg) {(wet weight)  (mi/day) (m®/day) (m®)
{g/day)
Human M 70 75 1500 2500 20 1.85
F 78 60 1500 2500 20 1.70
Mouse M 2 0.03 5 5 0.04 0.0075
F 2 0.025 5 5 0.04 0.0070
Rat M 2 05 20 25 0.2 0.045
F 2 0.35 18 20 0.2 0.040
Hamster M 2 0.125 12 15 0.09 0.0137
F 2 0.110 12 15 0.09 0.0125

*A(cm?) =K(W), (where A=Surface area, K=Species constant, W=Body weight).

ofel¢ Aol gk
A A, Toxicokineticse] AolAdL & F ¢t

29 FF, AL £X, WA Tol FEY AIES YA gt} 53] Bl A 7ha
oAkl WRW A Eho) £R9 FEA e Holth

et
=A, 3, AF R AHAKE, 370, 22 o7k N2 HgetA) et 9 Agks 2
[E]

g

ofN

8
& 242 moused] FYMNFLE TDxE 1 ppm/kgS VUL 4% Table 6 3234 mouse )
B 235t FAFT Abgtel FYFS vl AhEshd ol g gk

(Mouse®] £E&U#F=0.04 m®/day X365 day/yrX2 yr=29.2 m
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