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“Man—The Ultimate Test Organism”

11: I'H?‘E;ﬁ’x =

I FIERT - AR SRR
Dr. James R. Miller

There is general concern that human mutation rates and consequent genetic ill
health are increasing as a result of the action of ionizing radiation and the vast
numbers of complex chemicals that are a significant part of the environment of mod-
concern has been the development of a battery of
Although these guarantee that some potentially deleterious
compounds will be effectively screened out, the biological reality is that the
human being is the ultimate test organism, and epidemiologic studies must be car-

ern man. One consequence of this

non-human test systems.

ried out on human populations to determine the genetic risks posed by environmental
pollutants. Surveillance of a large population (e.g.,newborns) or monitoring of
individuals (and their offspring) exposed to a known or suspected mutagen are the
two principal approaches to such studies. The latter, the focus of this presenta-
tion, can take many forms depending on whether the exposure is of long or short
duration and whether it is widespread or confined to a circumscribed population.
Each type of study requires different epidemiologic strategies, usually case~con=-
trol studies in surveillance and cohort studies in monitoring.

Five primary elements must be defined or determined in an epidemiologic study:
the characteristics of the population (including controls) under study, the des=-
cription of the cause, the genetic characteristics to be used as endpoints,
dose/response relations, and time/response relations. In addition, proper statis=
tical analysis and evaluation are critical., In general, determining an increase
in mutation frequency requires large samples; the smaller the increase to be de=-
tected (or excluded), the larger the sample required.

Appropriate controls are an essential part of defining the population to be
examined., This presents a formidable challenge. The prinhcipal difficulty is
created by variables that might influence the mutation rate directly or indirectly.
Some of these might be obvious (e.g., radiation exposure), but most will be
subtle and difficult to measure. Such variables can be controlled by exclusion,
by matching cases and controls for some factors, and by statistical analysis for
others.

The genetic endpoints may be somatic (structural chromosome aberrations and
sister chromatid exchanges) or germinal events (structural and numerical chromo-
some aberrations, sentinel phenotypes, biochemical variants, and embryonic and
fetal deaths). Because these events, particularly the germinal ones, are rare,
indicator disorders (such as cancer, reproductive performance, birth weight,
sperm abnormalities, and sex ratio) which are relatively easy to determine are
often used as endpoints., However, these are not "clean" genetically and must be
evaluated cautiously.



Detecting somatic mutagens requires follow-up of exposed individuals and
their offspring to determine the ill-health consequences of somatic aberrations
observed in the former and to seek evidence of germinal mutations in the latter.
These studies are facilitated by record linkage technology. Although such tech-
nology is not well developed in Japan, other features of Japanese society- life
time employment and good company=-union relations = provide ideal circumstances
for sound epidemiologic studies. Japanese investigators have already made an
enormous contribution to studies on environmental mutagenesis, and the necessary
talent - epidemiologic, cytogenetic, clinical, and biochemical = exists to make
significant contributions in mutation epidemiology.

GENETIC END POINTS

Endpoints Somatic Germinal
Chromosome aberration

- structural 4 i

= numerical L4

- SCEs &

Sentinel phenotypes
Protein and enzyme variants
Embryonic and fetal deaths

+ 4+

EXPOSURE CLASSES
Population Short Duration Long Duration
Small-localized Industrial accident (Ceveso) Smelter, uranium mine

Large-localized Atomic bomb Exposure to chemical with long
lasting effects (PPBs in Michigan)
Ubiquitous Drug (thalidomide) Smoking

SOME DEFINITIONS

Surveillance: Ongoing evaluation of rates of certain genetic endpoints in a
large population (analogous to infectious disease surveillance).

Monitoring: Evaluation of a population at presumptive specific risk because of
exposure to known or putative mutagens.

Case Control Study: Groups of individuals are selected in terms of whether they
do (the cases) or do not (the controls) have the trait under study.

Cohort Study: The group or groups of persons to be studied (the cohorts) are
defined in terms of characteristics manifest prior to the appearance

of the trait under investigation; these groups are observed over a
period of time to determine the frequency of the trait among them,
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SIAETE L. DINEL e B E B TRT, ML il Table I-1 Number of Revertant Obtained by the Ames Test
OF¥R, ThTRED X5 L TULEHE WL B, LI Z0EFRLTRL. 20 Compound class
OND 7 5 AZ—=IIRY i BrieonT, B FIEZIEXMOILAEZ S 2 L#EHTA Acetaminophen 6 Dose 0 250 1000 2500 5000 (pg/p)

Revertant 137 123 125 113 118 (rev/p)
1.000 0.898 0.912 0.825 0.861
Saccharin 6 Dose 0 500 2000 5000 lOOOO().:g/p)

ERX0T, 7F3RZ—%DL BT LHNTES.
WEETHEXTERLZENLDLNS LS, 2O

e EZ TR LS. WE, L obiE 20
23 AZ— a, b T BB EEELTCHRD. £

. . sodium Revertant 94.5 103 96 96 96 (rev/p)
DEK 2 F7AZ~CIET B n(a)flEx L0 nb) HD 7 7 AR=5H0E, &< AN fihh DT, ) 0.917 1.000 0.932 0.932 0.932
Barbital 4 Dose 0 50 200 500 1000 (pg/p)

ILBEHOBIEY 2.9, 2P, Tur®, 21D, LY
v Zay® L, FOFHEE mP,m® TEb

NG BRI R WY B LT 5. ok,
ERofcix, MEET—FE 25A2A%2—-x2

Revertant 94.5 89 97 107 94
0.883 0.832 0.907 1.000 0.879
Urethan 4 Dose 0 500 2000 5000 10000(pg/p)

(rev/p)

6 14 7o B A 1 VTR ASFR AL I Revertant 133 120 129 150 128 (rev/p)
+. 5k DD Y - & BT O TR, WE ' 0.887 0.800 0.860 1.000 0.853
m® =32, /n(a) (3) flinn%<, 7235 A2%2—nN3EL OB CILET Thioacetamide 4 Dose 0 500 2000 5000 10000C(pg/p)
3 N e i it X ~ X Revertant 147.5 148 121 118 131 (rev/p)
m"”=21‘j"”/n(b) (4) Z)uk@ieﬁhﬁ?é. ift’ éZ_Dy el Thiourea 4 Dose 3'997 %6800 (2)08(1)8 (5)0;1)37 géggg(pg/p)
j CHB 1ED LAY E MO ED 7 7 A2 —ICBE Revertant 147.5 173 163 136 141 (rev/p)
L1, TRTORAHORECHTZTHMER 33,524 Sy 2N e adm HETHA LM = N 3 pose 0 5% 26742 367%° 360" (pasm
(ES b TESD. ThbDMC DO TOFMIL Revertant 191.5 151 205 151 165 (rev/p)
o~ : ’ 0.934 0.737 1.000 0.737 0.805
m= (D z;”+3 ;% /[n(a) +n(b)] FROBRTEET 52, kb HIHEL, 77 Stilbene 3 Dose 0 10 46 100 200 (pa/p)
i J =7 | Revertant 191.5 171 203 217 179 (rev/p)
(5) AR =T b0 ) RTUEHSH B DT, ; 0.882 0.788 0.935 1.000 cl)éegs i
ol 5 o 5 e ~ N | Aminopyrine Dose 0 50 200 500 00 (pg/p)
Thzbhb. 2T, PHELZNEHEE O FhuxBRI iy, Revertant 94.5 100 94 111 95 (awm

0.851 0.901 0.847 1.000 0.856
0 50 200 500 1000 (pg/p)

(rev/p)

(pa/p)
(rev/p)

Aniline HC1 4 Dose
Revertant

Mo 2 |oOR (ChaFhfe\w5) #itET5 g
v, 3. EFLORELBNARE ,

SVHF (FRTDIEHDF i)
Sr=21 (@: —m)?+ 2] (z;¥ —m)?
i J

191.5 139 179 141 178
1.000 0.726 0.935 0.736 0.930
Epsilon - 6 Dose 0 0.5 2 5 10
Caprolactone Revertant 114.5 131 115 114 119
0.874 1.000 0.878 0.870 0.908

RECWRRIe 7 FAZ— ik w, TOFE
Ames 1k X5 AE-GHEECE LR B HIFE

(6) RERMOBCHAT 5 < & bAIRETH B, % e eaviahs S A 108 %6 im. deeh
DFR, 77 AX-AFHARRROMERT  OBEMD R BHHIL ¥ 1< 2 00 M- Kt 0.955 0,851 1.000 0.851 0,941

%
SW=Z (.Z‘,'(") _m(a))2+2 (xj(b) __"l<b))2
i J
7)
2T, 27 AZ—[HOVHMERD X 5 CER

T5.

Su=nn—((a%£%(m‘“’—m“”)z (8)
5k, Sr,Sw & Sp ODHICEKANKLT B &
PAETE 5.

Sr=Sw+Ss (9)
Fze, 209X WT, £HXL Sy v
X B LB 2D 27 T A X —1TIRY
BFBE, FDOIFAZ—BLTVAILEHIE,
FDOFHENP LD THAPINEDEED TS
B DT, EAWGEWEEEY D > T3
EBEWTHBENSIENTELS. 2T, %
Tl H BB HET2o0D 7 5 A2 —KIED
SFT Sy BEATHEL, o¥EDiho 1201k
EED 7 5 A X —-CBEIZRIHN Sy 23 X
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{EEHOFE-> T B~ DHEEX KL CTEbh
re A E-SUSHROE R E Hrc o &2 LT v %
XV, 22T, EEDHIL, one-hit £
FNCALE OB R AR TR A? # HE:
-ROsHifRe fitting X5 2 & v,
m(x)=(B+S:)exp(—T%) (10)
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TR AREREK (one-hit 7L THLRS K
7V ViR Y T 4 S-BHLTEBR
51ROETHS), T XHEHOBILRT <7
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RIGHIROMCER L CHETH L e E 2.
T, BRRERFWLEOMI %, HIFEARELR

HoBoOEHETII BT, (LAHOEER
fbie X 2 ERBARERKOMMELC L > TH LS
ELDTHBD. b L, ERERERBEOHEE
EXNLT2 7 A2~ #EALCEEE, 2L
BORRAEREWM BT HILEML, BRERK
EEFEL T RWEAEWERL 7 7 A2 — 2588
ShTLES. LvwHoix, MOCERERFEES
BT 2ILEME, BEIRERE RO RO MERHED
FEEREKREL, ZDHIZDOHEHED NG
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BEMOFEY FANDIBD TREETH 5.
SO, FERERERKOBDOENETHDHE
X, WEORDEEYHC—EC L THET 30
EXRHY, EEcwE, EReAVubh s mE
DHFE, MEZRHTEE (BRIRE) 2o
HEVSENTRIENEL TL 5.
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b DBV F51F B EIFRIRE Rk D HXHiE R R D,
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Table I-2 Number of Revertant Obtained by the Ames Test

Compound class
4-Amino- 1 Dose 0 10 50 100 200 (pg/p)
biphenyl Revertant 101 295 2108 4212 3992 (rev/p)
0.024 0.070 0.500 1.000 0.948
Nitrofurazone 5 Dose 0 0.25 . 1:0 2.5 5.0 (pg/p)
Revertant 186 272 571 1480 2928 (rev/p)
0.064 0.093 0.195 0.505 1.000
Epichloro- 1 Dose 0 0.1 0.4 1.0 2.0 (pl/p)
hydrin Revertant 126 131 254 1100 1760 (rev/p)
0.072 0.074 0.144 0.625 1.000
4-Amino- 2 Dose 0 5 20 50 100 (pg/p)
quinoline-1- Revertant 119.5 157 202 377 595 (rev/p)
oxide HC1l 0.201 0.264 0.339 0.634 1.000
Sodium nitrite 2 Dose 0 200 800 2000 4000 (pg/p)
Revertant 170 i b ) 203 349 534 (rev/p)
0.318 0.328 0.380 0.654 1.000
N-n-Butyl- 1 Dose 0 25 100 250 500 (Pg/p)
N-nitrosourea Revertant 186 201 285 363 565 (rev/p)
0.329 0.356 0.504 0.642 1.000
Hydralazine 1 Dose 0 50 200 500 1000 (yg/p)
HCl Revertant 147.5 197 296 368 697 (rev/p)
0.212 0.283 0.425 0.528 1.000
Beta- 1 Dose 0 5 20 50 100 (pg/p)
‘Naphthylamine Revertant 92 330 1274 2186 2900 (rev/p)
0.032 0.134 0.439 0.754 1.000
1,3-Propane 1l Dose 0 0.005 0.02 0.05 0.1 (pl/p)
sultone Revertant 94.5 587 1805 3124 3996 (rev/p)
0.024 0.147 0.452 0.782 1.000
4-Acetylamino- 1 Dose 0 10 50 100 200 (pg/p)
biphenyl Revertant 101 187 734 1304 2006 (rev/p)
0.050 0.093 0.366 0.650 1.000
Alpha- 5 Dose 0 10 40 100 200 (pg/p)
Naphthylamine Revertant 113.5 138 221 261 21 (rev/p)
0.435 0.529 0.847 1.000 0.808

The integers in the column of class have following meaning
( C;Carcinogenicity , M;Mutagenicity );

1; M+ C+ ,
4; M- C+ ,

2; M+ C- ,
5; M+ C? ,

3; M- C-
6; M- C?

The number in the line below Revertant is the number which is
recalculated with the maximum of 1.0 .

SA—2%BLRLT, 3ERRATHITAXR
FA - B HE A

—amEzEA L.

ZDXIKE,

OEfErFDFEEH TR, EFELTHELR
QO D25 A—% B, S, T DfEick-T7 7

LDFEERTT XL,
W EDRRLERR 5T B, &E,

Hrzrl, BPNEHEECI > TELRZA0)K
DL, Ames B Xk » TELR T 5 EERE
BR{E & DFRENTG/INE
Z DHEE N

AR =T HZER LT, WEDOL > T 5
BB (o huE, *54A—2 B SET D
) CroThETHrz LY, EDITFTAR
—EEIWSIEER L o TWBWEDEATH S
PERDBENTEDEVHIFIEARDSD. Ll
AL, ZOHETIRIMMCEYICET VEIES
MmEnd o En, BEERES. bbb, 7L
DORENFEYI Tl &, Mflie K22 D CFHEL
T, 77AX—RB|OFTTH, HEHERDOD
5253 AR—SIEIEBIRW. LT, &
DHERBRAT I, FTFETAORED, 1L
20, EMEN D B CREFENICARTTHSEYT

AnAHBHITHZELAET, kL7 FAL
—SikB iR, 7 A—2BRS, b5
WE T4 E L (Weight) 2250 C, #7§AZ%
RERRLERLCHET L L0, BERZERL
THETHZ LI TES.

4, Ames FE([CLDERBERANDOEHA

Wi TR~ k%, Ames LI X » THEbI
7o ERER R A Lc®. Tabel I ix, EHiH
v 2—TEFOTA «- RE - ERDLBE X - T
BohicfEx DAY O Ames BT X 5 ERER
BEREOES, BEOCHEHELTELLRTWAS.

Table II Cluster Analysis into Two Groups

Cluster Compound Class = Pg;gmgters
- T
T Acetaminophen 6 0.927 0.015 0.019
Saccharin sodium 6 0.940 0.022 0.020
Barbital 4 0.842 0.069 0.046
Urethan 4 0.828 0.052 0.035
Thioacetamide 4 0.929 0.014 0.018
Thiourea 4 0.913 0.034 0.036
Fluorene 3 0.869 0.021 0.025
Stilbene 3 0.823 0.091 0.057
Aminopyrine 3 0.848 0.063 0.044
Aniline HC1 4 0.850 0.014 0.012
Epsilon-Caprolactone 6 0.904 0.016 0.015
N-Methylurea 6 0.911 0.023 0.020
2 Nitrofurazone 5 0.052 0.040 -0.008
4-Aminoquinoline 1-oxide HCLl 2 0.202 0.044 0.004
Sodium nitrite 2 0.298 0.029 -0.007
Alpha-Naphthylamine 5 0.419 0.184 0.081
Epichlorohydrin 1 0.022 0.058 0.008
N-n-Butyl-N-nitrosourea ) 0.335 0.032 -0.001
Hydralazine HCl ol 0.251 0.020 -0.021
Beta-Naphthylamine ; | 0.034 0.114 0.042
4-Amino-biphenyl 1 -0.041 0.187 0.067
1,3-Propane sultone 1 0.031 0.123 0.046
4-Acetylamino-biphenyl 1 0.041 0.083 0.027
The meaning of the integer in the column of class is the
same as one in Table I .
Table III Cluster Analysis into Two Groups
Cluster Compound Class Parameters
S 1
1 Acetaminophen 6 0.927 0.015 0.019
Saccharin sodium 6 0.940 0.022 0.020
Thiocacetamide 4 0.929 0.014 0.018
Thiourea 4 0.913 0.034 0.036
Epsilon-Caprolactone 6 0.904 0.016 0.015
N-Methylurea 6 0.911 0.023 0.020
2 Barbital 4 0.842 0.069 0.046
Urethan 4 0.828 0.052 0.035
Fluorene 3 0.869 0.021 0.025
Stilbene 3 0.823 0.091 0.057
Aminopyrine 3 0.848 0.063 0.044
Aniline HCl 4 0.850 0.014 0.012
3 4-Aminoquinoline l-oxide HC1 2 0.202 0.044 0.004
Sodium nitrite 2 0.298 0.029 -0.007
N-n-Butyl-N-nitrosourea 1 0.335 0.032 -0.001
Hydralazine HC1 1 0.251 0.020 -0.021
4 Nitrofurazone 5 0.052 0.040 -0.008
Epichlorohydrin 1 0.022 0.058 0.008
Beta-Naphthylamine 1 0.034 0.114 0.042
1,3-Propane sultone 1 0.031 0.123 0.046
4-Acetylamino-biphenyl i 0.041 0.083 0.027
5 4-Amino-biphenyl 1 -0.041 0.187 0.067
6 Alpha-Naphthylamine 5 0.419 0.184 0.081

The meaning of the integer in the column of class is the

same as one in Table I .
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Acetaminophen 1
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Thioacetamide 1
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Fig. 1-1. Dose-response curve of compounds
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Fig. 1-2. Dose-response
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curve of compounds

The number in the graphs is the number of class in Table III.
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547 A= ZOMEHEREDORENT TR T3
LEXBRD, X ETFAREELL THFE,
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Bk, 77 AZ—5HofEEcoun Tk
Nfehl, T ZTELRCKES, BE-RCHR
DKL ESFGL T BhERLId DA, Fig.
1 Ths. XEWRL Table Ill T 7 5 A%
~1,2,-,61%, FAE-FICHEORELIEFTS
AR EYDANRTIRY TF LTV DDA 5 T
HAH5. Tibb, bhbhbhoRELHEZ,
AE-RICHEoH © X - T, BHEEL 05T
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TWw5., ¥, ofR-RICHKROEE, WE
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LW EAWOWERK ST £ — X TREL
LTEY, LENsTZ25AX - LRERIT,
WEDHDEEO LR VERBRLTELRT WS
LW KR ET 5.
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P SAR—GBH DO Fe 5 A XORE-RIG
e 7 23 a3, WERKDOKRBRE,
MBFZHRESIC X > TUEbh b DR A, i
BNEFREIRERAREGER v 2 -2 BE3h
TWAHIHEE, PIEKLKSI X5 SALS %
AuTtEbhicdbDThsb. ok, stEIEFEKK
FEER + v % —D FACOM M200 3 X0~ A
=2 v NEC PC8001 # F\»THT- 7.

ks, AR, FEEEVABRIE [ARALD
FRHELE L CTOFRNAWE OEIBRREDBISE & 5F
BT 5098 ] OBIRER X»>ThhIhicd D
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2 £ X B

1) #EFET - 7 - A+ (Basis 81283 5 5HD),
BURE 4L, 19794,

2) L.E. Myers, N. H. Sexton, L.I. Southerland, T. J.
Wolff, Environ. Mutagen., 3, 575 (1981).

3) R/PMAFREERES v 77 4 SALS FHOF5(&
FLE, 28 I i, IR, FARKEG
Hi vz —, 19794,

4) A.Imamura, Y. Kurumi, T. Danzuka, S. Kodama,
T. Kawachi, M. Nagao, T.Sugimura, ##5.
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AE I EHDHTRELMET, CRELELD
13, FOFEDICIEE S, Ticbh bk oAt
AT — 2 ORTECETLED0THD. &
DEBEDMDIAL L ELDELHAH 5 LIRS,
ZCTIRFEHEORMEL VS L TRFLEEL.

2. EXNLEZ

WEBAERFEWEDETHERFIEEZM LR
FELES. Miz, £<{#DDNA rKIGLTER
BRBHBLYFHET HIEEERT.

T CCHRICEIL, 2R H D VIR ERE
DEBE LD LRETH. 7S, FEHA DRI
BITHTH 5P, TORAFRIIME AR
ChBb0ET5H. Ak OEREHEL
PELT, ThAFREEDH5HIIE, %Y
BREFEBCED T CIHE 5 1 47t Barrier ¥
IOERERT & 0MiBE» S0, DNA HiOBHE

SR AT - ZIGRET
B B & =%

TNz T, ok z—ABE IR RRERERE
FORBOMELH 5. ZhbIiIMu BT 55
AFTHoT, MEBIZRHI5@H%, zh
¥ C(K1) £T5L, L riebEx2BE BAD
5 WILEER#ELE) X
X=MC

LEBIh 5.

LUF, MEmcE R T 55, Cix, FAlk
WEDD DMIEDONTHL 5.

3. ERFMORTR

¥, =— AARBR ST 5O RRE RS
R EEHCEBR T ARAZCOVTORS, &
ITHALLVWEELT, Z0X3RRIhEE
i, Ao o—oDBHEXRLTWSY, Th
e PEHEZ BREDAEED B IR HENME
FHDOBEDTHH-T, ZDL5he tehx 58
OB ET O O LERRER BB -b0HE
fFD—2>TH 5.

1 =—2R300LAWROTRENTCERFEHLIFEEDOH]

t %= R # B O® His*/pg L .

rg Hich mg 470 h
N-acetoxy-2-acetylaminoflurorene 98 886/5 173 1.7x10%
Acridine Orange 097 4370/20 219 2.2x10°
B-naphthylamine 058 590/10 59 5.9 x10*
benzidine 8 265/50 5.3 5.3x10°
ICR-170 7 6410/10 641 6.4x10°
ICR-191 7890 566/0. 5 1,132 1.1x107
captan 095 820/10 82 8.2x10%
AF-2 09 1674/0. 02 83,700 8.4x107
dimethylnitrosamine 03 1100/4440 0.25 2.5x10%
aflatoxin B, 098 2260/0. 1 22,600 2.3x107
dexon 0957 719/100 T2 7.2x10°
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1 HiEHEOBEHCFHAB Shi-F— 204 (Kada et al., Mutation Res,

26 : 243~248, 1974)

® 2 BEARFOEBRIFEOMSE (MAL? X HHE)

PN WE mg M h oD
1t (=] L) His* #2554 (A) FEREER(B) AxB()
J
TP - S 1.0%10° 200x10° & |  5.8x10%
AF-2 4.7x107 3rv 1. 4x10v
* v 7 &V 5.1x10° 422+ v 2.2x 10"
Tris-BP 2.0x 10 200 kv 4,0x10%
h T A 1.9x10! 15,000 k v 2.9x104
BE X pic| 9, 860, 000 + v
(60 g D247 0 3.9 g DEFIS) 8.0%100 (BEfR) 5.1x10%
S ) (B = 1.1x10 134,000 + v 1.5x10
& % 3.9x10! 222,000 + v 7.8x10%
3.1 H F M ZITHhXTRBTSELIE, S9 TEMILLT

= — A AXEEIR 300 DILECIT 5 =— A A
KRRADKERELRTICELY, Rk pg Yo 235
%35 His* ar=—HHxb->TLOiENELE
BL-GELl). xodikit, 7v—tAh:
(LFRHORELFRINTHTEL His* 2r=
— B & OMCELAIMEGR (K1) BFEETS
FRE RO THEELXZE LTS, R1CRTLS
C, ZThETELATWAHERCISE, ok
EHEIWBEC X > T 10" DA — X —DEEIND 5.

BohicfERE, SS9 KLEBbhickRexX
L TR RT oD, HMZEORFOTRT7 v
=S4 /&5 bESTHA S . EOHNIX
KIRRLTHS. ZOhERR, LEHEOR
Ho—oT, —EDEREFHET TOHLEXRT

DNA X325 —fo “RISHEE" 2R Tw5%.

3.2 ERVEEH
AP L, =— 2 AR B\ CERRERE

% 3 lg (¥ 1ml) ORMOFTLRARERFGEE Mut-g)

KRR (HF FTOHE) 0. 047
lppm ©7 7 7 b ¥ ¥ v By THRLCEMS 12, 000
geufedel (Trp-P-1 2% 53 ng AHMAER L 2358) 2,067

E%Tmi%ﬁﬁ,bﬁﬁﬁzoﬁmﬁiﬁéh
CLAAEAEL, ThIHHTRLCLEEY
#WFBc ey, TOFEHENELEAHELLT
BT AERFEMEORE— o hud His® ZREH
eRT— R L(E2). cofFE, BERE
s, Mfais B ERFFEEOHTEEL T 55
BE2BERERLTVS. K2 THULALS
©, fek 2 BREREENMEVSETH, BAEE
B (B, EREBEAR) SREVHEIE,
WELETEbEDH L REREXELI LS.
FOficiE, T AN, T——DX5HDON
5. cOERBEEEORTERCEL T,

BhTr L ATHBEN, RLY, ERFEDOKZ A
2, EDX5cHETe PERELTWSH, i
FolEROARE XOFHIELFRETH 5. fAlALCE
X, BEER—oDBREEZLBBFTHS.

4. Mutations/g
3, ARREDLOR, HEWTHY, B

BEOFHELYNHDBET, TOgUhDETS
BREFEEEYTRTZERRBL(FES). Tok

B, 777 +* B OO X 5, EOfME

DETHILEEE, HRBEILHRELTRTS

AL, RREABLOLORAT LERFTAROR

AR CERFER 2B HHEL1HD. KERC
BT, ARARLOERAECHE L T2
hEEELT, REARLELTW2553H%.
filice X, =o Mutations/g %5\ L LT
Mut-g) i3, bhbhr B EDOMDOLERFIFEE

RBELTERLTWALYHBERY 52 5.

CETHHEBRRIRDAAELT, ZOEIR
LTk P HEHETIRRNCETHS. E
e, WIEELGEHEL-EY, £DEE Mutg
ELTELTIULENLREMTHS. Zhbo

FECBE L i cHhRTS.

5. ZEEEREMFMCONT

DB LT, BRECET 5 0EE - ERBE
G - Mut-g 1%, ZcBHE0» 2R HETH
D, FORFXRINBZERLID, BitokE
et h Zh o ew BT 5 D IERCHEIL -
TWwb. ThTiR, chboRFxHE->1ET,
ChE T AT TED X EHEL, D
X ORI TRED?

ZoE, HEREHFLELTWAHZETS
HHL, HEOHILHEBLVAED 2 TELT.
LF, BEAICORS.

5.1 ZEFRFMHDOEM

»BHERFOEED, MERTFOFETEMIR
AR 2 W T, B 2, 3 iR TR L
23379 ZE R 0 B O S350 bl B T O
5. REIESEILIh 5z L7 Lic DNA X RIET
BERBOERE(xF+ 75V, 77V v, MNNG
DE>KID) X, YATAV, FANEFFV/D
X>57% SH @F, $50ixD-=) Ar Vg,
€23 vCo X RAMERTI X » TEERNS
Eh3®. ZhORRBEGTHHOT, ERE
CHERL-RRED S ORI @S < hE
N X - Tefke LTCOERFEEOMI DOV
NEEDTWAHZ LD, BE, RE o0
BEAO X REEROBETIE, LIELIEE
FEBERNELSNEZ o TS, T, BRE D
DESFRIFMINCHEETBREIND B A 21 B
5.

—F, =—asARBrR T, REIEERLZE
EF LA LRATFOFENMLR TS, 2D
&, ARPFTEELVWERFEEOE T2 b T
N, TDX 57 in vitro R TOHEEDEMENT
DEZIAHILENS . REEECLER T,
»HABBRTLLOCBEHS THAHIN, BR

— 28 —



FCRBIh ook BHRcrcox skl
HFRTLFELS T, RBHER I CEREER
BRBTHTHS 5. i, KRBEH(T, FFHE
RERBT HBHEREO—HETH2HE5D5,
FERTFIPENREC LD = hiigs,
S THBETRAEVALEIELORS, z0b, &
Ric TS ERDLETH 5.

"z

5.2 MHRUDRLEZDR

I OB RNERL L O, &LTR
FEEOBREOWHE, MOBRFOHEC L - TE
REFEEDRBT 2HBE605 5. FOFRAlHo—
DELT, 2RI RBHEEAL S5 LARELR
Tw2® ¥, FREOHFEEE LT, Bl
ST BT B REEITIRTHEETEE
&, RTFOFER, FRESEECHE L < mEG
2, HBRIOMATHS. coOlERCERT S
T LB T, BYFMORBR LY X1
BLVS AN 5T W3, 2B, s i
YD XS IHEFEERHCOWTIE, FOXoics
MEHALTIOnE LY., —o0HkEE LT,
Bift, 2%, KEvokXdi, v rEMmTs
RERRCBL TR, Z0dhnbFRERHHT,
ST B L LA, BEWDE ¥ ERERR
25 ENRETHS 5. (LRI BT 5%
BREOHBEIFELT, £0X 5B HORE
THPREYD ANDONHETH S, DL 5%
— 2k Mut-g L LTHERINBDITH 5.
FELY I, eRAFOVRLERELARRAR L
EOERFEHEDOPECH L =155 SD ga
FELT, HENOERFERBRATe>T\ 5.
X ORZHR = — A AVRIZIEERT 5D TED
MR EFIC T3 L Bbh s,

5.3 MfEIC2WT

DHEBOERFEWE, EHPCTE LY
20T, TONEFHOMICIEL T, »5HE
BELLT Tl e ST 2 EHR EEL 5 5, T
bLREXETS. coz iz, chEclbh
B XD, WoNREETHSS. Lal,
BEXREL I BEIHD 5 5. fok 213, 4tk
FTESREEZF B2 LD WERETH -

hbESh. COBA, MoLEWE LIRS
T, DNA LDZRIET2EVD & LTl Tit
EHR. DX RERFL, Fo4rhojs
CELCERFILF D, DNA BEYERT S
THH5. ERBEABETH>TH, Er b
5z Eixis DT, MBI, BB AEIXD
DNA R HeFieshs. Tihbd, R
. Lsl, RO XS RESRS 5.

B, fikic DNA oL KIELT, o
HHFLIELRIGLAEWY 5 infb Bz B L <
HY5B0? DNA T A (L%, FETeE
ERRIEL o4k EcHFELTHh, DNA
CRICHER BT HLEWER, botEmE L b
EVIRIETHDO TR A, T, BRED
=47y FTHDHFRMN T DNA #6235, BHL
TWBZ L BEERRY £ BT EE:
D LIIRETHSS.

ERFOERAESE LT, DNA #E) S 20
T, AR LD ZOBEELELTHLS. F—1K,
EL BEONZ LB WEEDBEENRDD 5 5
7n? XTORREEIIED TV, £B/L L
z7g\. Co%E, DNABBIRRFOF ¥ =5
HE~NEBLHZERAES. LL, %L D54 DNA
BB, EEOHETHHE~ E O DNA ke
DRAREIR ST, HETHLEELLRS. BHED
MNELIRHEROBRBTIR > TEL B L, 4ikE
BEENCIEL T, —EHKL T DNA Bf5iz524
CHBETATHALS. Thbd, MErEET .
—75, BEOMBETHECELOhS - i3, BR
HREDFETH 5. DNA EBHEEL T 21T,
BIEFHIC DNA BECRIE L - EEAFFEET 2
CERERRRIEE DR, o8, OSSR
THREC e 501, £ADOFEHNG> 7 F L
B0 L oORHEE MR ETENTHS.

R DNA oS L L ToORBEOLMER S
5. COBRBEFEELTELOR DS A
RARERIL, &< ¥—7g (single) HBERRT T3
PITchs. —Fh, BADFKECELTIE, ZoX
ST B—BEBORE TRV D TRV ? L
L, CORIRTHATHS. i, BE- - HEOR
BAv~nrwix, BRRMEREETS. -k 218,
DHBRIETEENORIET E VS5 2 LTH 5.

xpic, BRABRRO VALOREND S, K
0> kBEHEECD, BRBROHELEDHS.
7o & 2iE, BRABRERFARZL, boLbflL
LTELB\. VWE, AHETFRI-T, FRE
REROEN LFHTHIDIE, BRICEZS
VA RME DB WERORIIIEETS 5.
e 2EL0 2\ 5 ERAT 50. O1RREDF 5%
EEIhTLES. ZOXSCEAMRTIC X
50.012 3 fESRRE Sha c &%, BEoBE
LizplodoThs. LhL, FEREEL T,
BAfEDPIEDFRDOATIIN > TL %.

z o CHEARE BT HREA DX, 290
Bl EOETF R D 5\ ITHEENCEE 5 51
Bk, FhEhORE S HBEEUETHSD
LAMETHDH. MDD TERVEE CTHETS
2 @BFofEB oML, BCEMYME L 25T
H55. #-T, L, 0.010%F 5100 BFH
hEefkE L TLO LY, HEBOBRhL 2Lk

%.

EbYIC

Dk, WEOBHE L TOERFEEE M 4
BT ENTRETH DM e MERT BEEOHRR O
DRI ELELSL ORMENRDB. L LiLE
WEIFECEE D 5 DT, *DOREMDFHTD
HRIE, FEARERROEELSIVEFEELS
BERMCHESCIHERALYERIRETHS. Itk
AfL, oORFECBELCfTbhic 2, 3 OFE
BB R ORI Ko TnB T LR
L ¥

2 F X ®

1) McCann,]J., Choi, E., Yamasaki, E., and Ames,
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chemicals. Proc. Natl. Acad. Sci. U. S., 72:
5135~5139, 1975.
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B &
3. REBHFREFTEMOTEEL
3d 24h 24h
vz, i { f
(s€) A A A
EN EAERBRTT « ZetAEmR otk PetatkiEA  QfafkeEa
IE & v & — « BRIFHL
A fE ® RBEMLE
LT3
i (37°C,3h) 24h
b Dre—vESEET 5. CoMiac MNNG & - %{;ﬁ; 77777/ ¥
1. FL&®IC DUz PNU RfEf S5 &, BECKELT, : (Hi%) Y tupkmAR
Hufh fk T4 (chromosome aberration) & T H efrfkBmE (BlorT=)—) BNHEBT5. 48
ABETIL2Oo0A T T) - b B L5 EBbh Rl B, — B EE MR % 5T L\ B 3R fE
B. TD—2%, BHEHRD DI LEHET X - ToHE, AFLEMAD 7 r—vERBHZ EN
T ROGOBCEB PRI ~7ch, i, #E TEB. ZhLDI7Rr—YEOWT, F— A% ] sy ,_6“_| 24h
EOBELT, Rl HHVRBPEELS Ry F JER I ABHORE FE20nF 2 v 77 vz
ATOF vy 7, G, 2, BHCIEBRER  —) RFok. LORKR, REHRELLDEL N B! etk
PBE HBET 5 DX A VER o 5 3 Iz s F
f ;@a‘@[zfm‘ %nl 5. ChOOUHIEGIN  HAILIARELERTE, KUCRELH e —
e 28X, JH clastogenicity LIHEh TV 5. MR X HHBELTERE (FE1)P. ERo®E —CHL %\ 5 fHi{EkE—
ZDOBE, PlkoRE RS LTl D Fix, AMElE L CoREERE ORI, M
EFLEBRVuabinicv. io—Do0h 7 =Y Jan bR O N AEELERThHL & o ® Caramel A
=ik, REFRFMEFLSIDE, LD, REE  2FRBRLTHS. LY, & FOY Y 3REA s
25 (chromosome mutation) & FESENE DT W E 2B T\ 52, b e Caramel B
b5 OHEX, BHHIHE BE) »IE EEoux, BE FFEChc), #9700 5D ] Conmel D¢ g oonmelc
HERRAL B2, bIHECMBEAL LTI (o RArED) ©owT, LRH10on7 " “PEN g Stevionde
LESDTHS. EBELI-MDOEZZDH T B THERERT->TCER. B, F+4 % 0 Sodium nitrite © Sullsgtr‘ilrzxmd
7Y —RAD, ¥k, HHMOKKEORER  =—x - ~aAx—@H#FM@ER CHL) 2FA » o A T e L
o 1 oate
BEoMBbhEEDBbRIS. LaLxhib, THWTE LI LRIV 20 EARD B, 1) e " ; o DDVP po o sium bromate
o 1| Nitrofurantoin Propan sultone
BEOREHLEIL, MEOBEMALILOBE  HESEHTHBC L (MEM 5, 10% CS), B |ty " ar LY e
ELTHETBbOLEL LIS D MMIAMAYE S & (39 15 B, 3) feasmil £ RO L e R
EELOMEETIX, ROBLEREAAIE e EZEEwF oMo HHEMENZ & GRH 2 % =1 Captan  f-Propiolactone
EndB. FFFrA=—X - ~nAx—0Of  BUT), OREHENIEL, BakERE g e o s
MR L, EWCEVCBRLHoRESME  ORAUNEHTHBI L, 5 e M EOMOM & 3t
® 4NQO
#£ 1 MNNG & X 2R RE FHRM & A B R Mo 55 4l
MNNG Yt th R WA ER=e=—/fH2e=— o . B gl e e, B WO
(png/ml) (%) (%) W oo RE o R RoW OB M Mutagenic potential in Ames test log (Revertants/mg)
0 0 97.0 1/20 1/20% 2/20 2 Ames 3Bl I O° in vitro etk RERBCHE LIRS OIEE
2.0 22.0 32.0 4/20 5/20 9/20 L B ik e .
4.0 61.0 12.0 6/20 7/20 13/20 HBIL, RipcxiypRBEENH L, REE 2. HEREDIEEE
8.0 100.0 0.5 7/19 2 - BIFBTLBTELS. e ' AL S
* REABIESMSETHEN, ATV A2 - VERENRDLAD L. EUF, SRBRk o0 g0 3 0N E RAYRAS DRAKIC CHL fifan—EH (2x109) %77 AF /7
*2 JEC] T\ Tl DR B. v— b (EfZ6cm) cifZ, 3 HRHFEELIE,
— 26 — —-27 —




*® 2 REERERBRCHIELE R cbAHDERFHE (D2 fiE)

Ames 7 2 FEMED L D Dy (mg/mf) Ames 7R FtEN LD
4 100 |k
4-NQO*
4 10® L Trp-P-1*
o-Phenylene diamine, ENU*
Hydralazine-HCI
MNNG*, Trp-P-2
2-Amino-5-nitrophencl, ENNG*
NO-propazine NO-carbaryl, MNUR*
Diethylstilbestrol* 4 102 | m-Phenylenediamine
Carbaryl Captan
Propyl gallate B-Propiolactone*
Acetaminophen AAF*, 2-Nitro-p-phenylenediamine
AF-2*, Propan sultone*
Rhodamine B*, BNU*
Hydrogen peroxide* <4 107 - Nitrofurantoin
4-AQO0, Noscapine Potassium bromate, PNU*
Maleic anhydride* DEP*, DDVP, Sodium hypochlorite
Caffeine Styrene monomer, Sodium nitrite
Ethionamide* Tris-dibromopropylphosphate*
Quinoline*, B(a)P*, DMN*
Methyl p-hydroxybenzoate - 10° L Sulpyrin, Pyrovatex CP
Phenylbutazone, Furosemide Tris-dichloropropylphosphate
Sodium benzoate, Ethenzamide Isoniazid*, Stevioside, DEN*
Aspirin, ENG, Barbital* Cochineal, Caramel C, D
Sodium nitrate Phenacetine®
Soy sauce
Urea, NaCl 4 10" F Acidred
Saccharin sodium
Urethane* Caramel E
Potassium sorbate Caramel B
Diazinon
Saccharose
4 10> | Caramel A

D2o(mg/ml) :HIRI20%6 I BHRNBE X FERT 2ICET 2K « (REKESH )

420y 7 A TETREELERTD

WiEEINZ 5. BREEER, D551 DHEIHEIME
REEZITV, FI50% MHlITHBRERIELL, &
A2 TIREREATS. By mic¥ %,
24 % X U8RI E (2t 3 FE 2RHEIER
D) TR EREL, Hkr» Y (0.075M) T
KRN Z T 7%, BELT, Bom, £XR
R X PR AR (FR T 5 (EER) Y.
BiEORBEE(E BN LT85, b
LU DT ER # A L, 7y MF S9 mix
(Ames 7 A + & [A k) &Iic#ifks 3 MR
L7tk IHI24SRIEERL, ROKERLIFR
5 ((RENGHE LR Y. BEOBEIL, MialE

WgErH-Fe, 7rv—roFF, S9 mix rit
6 BT A EELERPTHBHY (K1),

3. EEMFFMEORR

BEMETT (400~1000F5) CrRiflsr 24810008 %
B, ROEOHBERY (Fvvy 7, U, %
B, BRI L) ZRoMilao HBRBEELRD
5. 10% L EOHBERLRL, o, BERFNE
DB LRI B AT L WET S, BEDEC
D\WTC, LUTFERT Dy s X0 TR fEZEH
T5.

£ 3 Fod =K ~nAx—ERARCRT 5 REGRHERRR (TR 5

semEmH

4-Nitroquinoline 1-oxide 30000
Trp-P-1 (a tryptophan pyrolysate) 12800
{-Ethyl-N’-nitro-N-nitrosoguanidine 9600
N-Methyl-N'-nitro-N-nitrosoguanidine 6200
Trp-P-2 (a tryptophan pyrolysate) 4667
N-Methyl-N-nitrosourethane 3400
B-Propiolacton 2967
N-Butyl-N'-nitro-N-nitrosoguanidine 1800
N-Propyl-N’-nitro-N-nitrosoguanidine 1733
Styrene oxide 1567
Butyl-(1-acetoxybutyl) nitrosamine 1317
N-Amyl-N’-nitro-N-nitrosoguanidine 1167
N-Ethyl-N-nitrosourethane 1067
N-i-Butyl-N’-nitro-N-nitrosoguanildine 767
N-Butyl-N-nitrosourethane 750
Propan sultone 728
N-Methyl-N-nitrosourea 580
N-i-Butyl-N-nitrosourea 512
N-Propyl-N-nitrosourethane 467
Nitrosohydantoic acid 304
N-Propyl-N-nitrosourea 200
Rhodamine B 183
N-Butyl-N-nitrosourea 155
N-Methyl-N-acetylnitrosourea 152
N-Amyl-N-nitrosourea 104
Methylazoxymethanol acetate 80
2-Methyl-DAB 71
Dipropylnitrosamine 66
N-Ethyl-N-nitrosourea 56
N, N’-Dibutyl-N-nitrosourea 48
Maleic anhydride 40
Dibutylnitrosamine 33
Butylbutanolnitrosamine 21
Dimethylnitrosamine 16
Isoniazid 7
gl
Actinomycin D 696000
Mitomycin C 470000
Saframycin A 190000
Bleomycins-HCI 51000
Thio-TEPA 23200
6-MP 11000
5-FU 9280
Nitromin 7625
EBNU 7000
BCNU 6200
Busulfan (100f51t%) 10
Cyclophosphamide 4

% D DEHR HH
Aminacrine-HCI 42000
Triamterene 9333
Tolazoline 880
Acetaminophen 583
Hydralazine-HCl 333
a-Methyl-dopa 260
Sodium azide 250
Levodopa 233
Sulpyrin 113
Papaverine-HCI 96
Methyclothiazide 24
Theophylline 23
Cocaine-HCl 21
Aspirin anhydride 16
LSD 11
Phenylbutazone 9
Nitrofurantoin 8
Ethenzamide 8
Phenacetine 8
Trichlormethiazide 7
Isoniazid 7
Ethionamide 4
Aspirin 3
Chlorpropamide 3
TRACFEHE
Ethylacrylate 3200
B-Propiolactone 2267
o-Phenylenediamine 2000
Styrene oxide 1567
m-Phenylenediamine 1267
2-Nitro-p-phenylenediamine 800
Formaline 733
Propan sultone 728
Acrylonitrile 600
Epichlorhydrin 576
Methylacrylate 533
Ethidium bromide 330
4-Nitro-o-phenylenediamine 267
4-AQO0 205
THPC 200
TDCPP 96
Quinoline 47
TDBPP 0

THPC: Tetrakis(hydroxymethyl)phosphonium chloride

TDCPP: Tris-(2, 3-dichloropropyl)phosphate
TDBPP: Tris-(2, 3-dibromopropyl) phosphate



3 ft &
I
Captafol 2500 Sodium nitrite 52
Captan 933 Sodium hypochlorite 18
Carbaryl (NAC) 500 Riboflavine 13
Maneb 200 Ethyl p-hydroxybenzoate 12
Sumithion 120 Food Red No. 2 (Amaranth) 8
Malathion 112 Food Red No. 3 (Erythrosine)
DDVP 80 Food Green No. 3 (Fast Green FCF) 5
DEP 48 Food Yellow No. 4 (Tartrazine) 5
Dimethoate 37 Food Blue No. 1 (Brilliant Blue FCF) 3
MTMC 16 Sodium nitrate 2
Simazine (CAT) 0 Sodium dehydroacetate 1
MPMGC 0 Disodium glycyrrhizinate J
Simetryne 0 Food Yellow No. 5 (Sunset Yellow FCF) 1
Ametryne 0 Trisodium glycyrrhizinate 0.8
Atrazine 0 Sodium d-tartrate 0.8
Prometryne 0 Sodium 5’-inosinate 0.8
Propazine 0 Sodium benzoate 0.5
Acetone 0.4
DDVP: 2, 2-Dichlorovinyl dimethyl phosphate Potassium sorbate 0.3
DEP: 2, 2, 2-Trichloro-1-hydroxyethyl dimethyl Saccharin sodium 0.3
phosphonate Ethyl acetate 0.3
MTMC: 3-Methylphenyl-N-methyl-carbamate Food Red No. 106 (Acid Red) 0.2
MPMC: 3, 4-Dimethylphenyl-N-methyl-carbamate Propylene glycol 0.2
Sodium 5’-cytidilate 0.1
Sodium 5-uridilate 0.1
BREED= b=y Food Red No. 102 (New coccine) 0
NO-MTMC 12267
NO-MPMC 5067
NO-NAC 4933 TR
NO-CAT 2066 I M2 5V 400
(NO);-Simetryne 1500 I=NEFv 217
NO-Atrazine 1000 Hh 7 24V 35
NO-Prometryne 0 Sy hAVE 6
NO-Simetryne 0 ATFEFFAY 5
NO-Ametryne 0 Hh HhA* BER 3
aF=—LEEK 3
Sy 7 RBFEK 2
RERNY h T A N 2
Propyl gallate 275 & i £
Hydrogen peroxide 144 b=cA .
Potassium bromate 116 » 5 o
1 Dy {& (BEOREL LY DER 2 =—B) L/t B

BRE & HITE X hicBfkie o T, g Zedn e
D 20% CEREXHB IR BT 5 RIKEE
(mg/ml) ZRDB. Titbb, DafEdVNEWE,
ARG O REARTFRIETE - LI B.
REME B LI BHMED Dy HxE 2107 T.

Dz fiX, Ames 7 A b THL I A RIEMAE

ViR (R 2).

2) TR {&

Ptttk OREER R, TR D b 0 L2
G B 5\ I EBRGEE &) LeKFlXh
5. EHEHDORRTIE, HENSRE kR

— 30 —

wr BT oHE Do EOEWHD) ik, )
m&tﬁ?%@ﬁ§<,§&ﬂkﬁf%om9m
v, —F, EERPOBBEYIE OkaETE
mlb)bfﬁb&,ﬁﬁﬁlof%yoﬁgu
»52%, 9 10mM &HL L TEATHHACH
b, FHELEOWEECHBE & 7o - T BiKIC IR L
AL RT b OREWHAK DS, DT,
BEAIREEWE D% Db D%, Do fHAEW E
., G iz CRBARE L % FRT B
ﬁmtb.%of,%ﬁbuﬁmﬁﬁﬁﬁmﬁt
BEHL, —EBE (mg/ml) Hich T ZBBRKE
rREoMAOMBBEELYEH T LT X o TH

CHRREOBMIOIBEL THZ LEREL T 5.

Yute fh BB CTHAE & 7 - fobifk o TR fER %
3T, RELZOEXHL TTHHEMETD
D, COKMEC X > TEoBREOREWDOHIEY
EDBT LIXTER.

4, b VYILC

THEL B EE M % o B R R AR B,
b DY bk Bt 2 H5HE & 3 5 REREE D 5 b,
RLMET, BRIEOFCHELE NS T ENTE

. bz, AREL, Ames T A b DD
EMRBTIRAS R WERLIREEL T h 5.
LasLishih, in vitro RRFRTHES R 7= i #
1, F0¥%, in vivo RBRRERETHI0OT
e, FEELI, E2F, F-RkRABR L L T
in vitro RBIER TV, T O E2 ERMC L
THZERLST, IhELLWKRENLD, #E
B in vivo REEITV, 0O LETHEENCEZ
DBEDREMT SOWTEIHE L T RETH S
LEZTW5.

2 E X M

1) RERE) : BAREZRFSAE 7 M RERES
(1978).
2) BEMTFIEN
& (1979).
3) M. Ishidate, Jr. and S. Odashima:
Res., 48, 337~354 (1977).

4) Matsuoka, A. et al.: Mutation Res., 66, 277~290
(1979).

5) MAEFIEA : AAREERFSEAHIIETERE
£ (1982).

6) M.Ishidate, Jr. et al.: Gann, Monograph, 27,
95~108 (1981).

AABRA RIEF L5 8 MBFERE
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4. tR2ZEREFECKITIIHAEORME

L ERFEOEMHRC, EDl\ “REER
B 5550 EMIL, HREXLBHA-EHT
FRELBOEYIFATVHDEEZATHS.

bhbhOBELOKNE ETHLFERFEDORE
VAL — B D¢, HE—RER Y R
ERDD - LIXBH TRV, ZOkd, TOH
ROBPCOWTUER VSV TOEBRTHL N
T-AE—RRMEY, TOEFTHCERLT,
BERN ORI B HOMAREERD B L b, ERIED
REAEOREXHEODHCHEATEOHEY
WET D EMLOHERELR TS,

CDOBEEN Rz L RIEC T B EMRIES
HBRATHRZI-TWT, BRECLISLDE,
BARFEED S D L DRPINTE oI D TS,
MBE DAL MNER DOBEL A~ —F v
7LT, o oW THE—RRBRE U
Comts s ENTER. & DD HEEH B ERE
DEFCT O THEHRNILIH, D S E I Ii@ms
Fhhi-d, RECRENLZ ENELRMoT
I THB.

TR ZoOMECIXFIRERER DA LT
IS 2R L CooMECEEY Mz TR X
5.

1. £YREOEHELTO DNA

AL E R LT 5B (K5I
=) RIEXEIERLONDB. ChETHLA
TWAEEBOEEL L ULERETREAER, R
RERER, MBIETE, WV, BEBORER SN
BIFbhs. Wh b MilesA o DNA fERAL
T, ThirfEERE X cERBBL T B &M
MHRTWB. ZOERMREIEDS &I, M
JABHCH BEED AL 7 x T OBIEEEL 2
LhicwbidTidlewsy, o TiRIBELCEY

RS R BRI
B & 5 X B

%%&LfDNA@@%&WDkW%:&Kﬂ
5.

ERIFWE AN © DNA fFAT 5545,
XEIERFCEBLRELON DM, EELOX
i BROBEEEL) OB IIREKTH
k4% DNA DiEETHS. ChiFERET-T
ke tcHEOBENETHIDEELLNS
Fhifz z Tt DNA 0B EaxEL TEL
LT riLT 5.

2. kﬁﬁiﬁt;%DNAﬁﬂ@l%%ﬁNﬁ

L2 ZERFEN DNA KL ED X 5 A% T
BhvkMbiw, ¥R T 55 TR
Bhbthd X 5.

I TIRERE L LTEMS #EY B, fEA
ZF A MO K E X% 10,0004 LRET 5.
EMS 04T Ei% 124.16 TH 555, EMSO0. L

mol ¥ 11 iz 12. 416 g DEMS » &%, L D4}

1 1 20
%ﬁmeu4mxm—4mqo Thb. mg

DARE X% 10,0004 TH BB 10711
T5. chiXdosEoMiabeEths EM
OEFEEHELTHRBE, 4.8%x10° L 785.
m@1@¢:aih5DNA%uﬁ§ﬁmLfﬂ
XF3x18HERLRS 2 6, HELIFEDKLY
12F10fE D> EMS 5 F o ilaNCFET 5 &\ 5
s, ChixMifary EMS REYVE 1
TFFT 0.0lmol &L THEH1MHBL, X
LI WBE T LT MEACIRRIG T FE 5 D
EMS G 0FETAHZ bbb, 2O Lk
FREEDOBNMIECOWTUL XIG EHEVCEET
HoTh, BRERYFRT DR IS H)
DEBHZEHEERTS.

RezD k5 e BERFEWEDSG T & DNA &
ﬁﬁ@%mlorifbﬁgokﬁékﬁikg

1 ZBREWEORRELFEEEL OB KIT % 3
(B) WTFhofHa b ARFEERZET b0

o BEREERIC oW T, FRCERRFIRCR
FLTC, EXTRBEDHRLDIRD IS2DORIGH
REZLRB(EL).

(i) HEHEPEfREZ~THE

(i) BEEBVERTHG

(i) BECHFELRTHE

(i)ixley P CETHRETRALR, RE
OO X 57 b 0T, BAFEEBELET X
B 0 T bB. (Hi)ik2ey PR
CRIAESFLITALbE ey PHEELOR
SRMELTRONBLDT, £4 €V Y v 7,
KERRED & 5 i REBEREN NIRRT S.
COHE MBI EETO 0 SAES. GRS
DEGNER VB> TUILDTERINS X 57
BAECRONS DT, HAHARERKE CXMAFED
BRIER IRV, —EDHAEREEZ S L
LD TEENRALRAX 553D T, £
DREL EoAETCIXERMC EAT 5. Miazk
FHDBEILENRZDHFFITH 5 5. 7tk (i),
(ii), (iii) WTFhoBHA SLFEERFEOHENE
WIS CUR BN ZD SR 2 M@ TR B B R L
EnB 77 r~%RTh, hioTETRRTS
BRBHBN, TOZLIZZ ZTIREC LWz
Bik-3 5.

& T A CRBIRAEHRD BAFER & DBIR
THA. BTk (i), (ii), (i) DV FhoHae
DEHARERZEZT W ETRLTH SR, 0
BARERZBAT X > Thric ) OEBRRT.
Tht Rl1kxzoZEBHofifELEERKELT
RRCRAL TEW - #EHEpVNI WA IRRIE
BB, BEC X > T (1), (ii), (i) & HIEHA
ERTBEc s bhTLE», HENDSHK
EIRETHL, ZIhLEMBINIL DT EMN
VEARTIORKS. Mok nBacizvTh

OHEDTHHIEMRTH 500, HHEENTH
500, BERDDOH, MEXFITERVC L
Cinh. ZoOhdEARKTERHCELILE
ey THCER L T, ZhhzhE 0 Okl
YL E (+x) OfEYRD, thxlEELT5
LWw i HEBfThh T 5.

L2rL, ThEeRELTHEERTIVLALES
MIRET, HREGEREERL T, BER/NE
{T5LD, ERROBEXEZDTRD ENDS
Br#ThEibrBEE cCHEDKELY L5
LIRTRETH BH, ThIEEMET, XEMK
R T b s\, & 2 ARKICEET X 5 e HfiE
DHFFETHAREELE 2 bW 2 BAEVHENTH Y
BBHDOTH 5.

3. MEFECTRMENLEIONDIHE

(L ZERIE o i E—{F AR B UBREL
THAREDODBBELLTIRD 4O0RELD
ha.

@ ZREWEIMEMECERELLRWES : &
DB D B IRE F THIUCBTFET 5 D1 4R
ThH5.

@ &EIEHDE4E  homogeneous 7¢ # $1 D#l
LR AAKEICIZIBETIE, £0 5B HED
BRI EE 2 Z ) T oA T DB
BEx V5 A2, HEFN—TERE L 5 L5EET
BEEX R LB e 556, Pl EBEHER D
B, MRETE, REERERENELLRS.
® EBEOEMRIG: FIZERBACDONTIE
initiation & promotion M 2 DD Fis - foikEN
HELEHACR LD TUEERRETH D LE
ZbhTwb. M, ZHEOBAEESR, EEIE
OMEBRL ZDOFEDDHENTELS. &
D X 5 ez DNA oEEREdRE b,



5 2 OBREL MBI T\ X 5 TG i BRIEA
EEHFETHZ LRI B,

@ BHEoTELIEA: DNA KHEBERLET T
b, ThEELRBRETSZ EATENITYRE
BRERIELCCZIWTHAS. DX BlE
L T inducible repair D2 E 2 bhb. FlziE
EWEED 7 L+ 1 4eF] (MNNG) fRicdh & 2 U
DRBEEHEEL THL &, TOb L TREED
T MEFICHER R E L TH BT A2 RAE
RoFuzrZEL<Milahs. oz LidwiuEc
X o TRBHEAR “BIERIL” »igcbh, 7r¥
MEFIC X % 185 % 1618 3 % ¥ 57 (transmetylase)
NFEEIhBed L FHBHE T\ 5 (Samson and
Cairns, 1977; Mount et al., 1982). ;TEIC X %
EN-EFrFvoLvEV{onXdT LF L
LEEREEOFE N2> TB 25 G,
1981). =z a4 7D FIXEER &HE
BROFEXTRTIRTTH D0, EELEWLICE
HEERTAZ L #EN L. B LAKRECHN
ZEDLDE—BEH AT HRITHSS.

4. BREINTZL2LENLRHOLNDIBEES (ERME
&)

EERABIROFENTETIZRD bR\,
1K B BRI s ) B UG B AR D B4} & 3 B IR
DIGHBEOBER ENHEL MR Y, R
FRHERTEBENPCNECE AN D 5. flxiE
() FEREBEI AR THE LD, (b)EEOBE
BARELENLRE B ABEIN R H 5 85
B, (C)EAREFITHT 5 RREZ 0 £ 5 s
heterogeneous WA D FU o T BLBAERDT
bhXd. Z0X5Ba%OCERER L A4
5. CoBORIGERT S ORERC I ERE
WX ThH L2, AL SR ED
BEOREZOEHOF S TLEST, £
BEE, REXSFETHIHAEXFPRETHS.
LERoTINEED X S| S hAKE B
ThH5H. TOFRCABDANCTE 5—D2RDZ L%
X BrCIT 5.

5. {ERTREHRSHOEERLET TOERK
BECBT a2k Rz SR TRS &,

{LFERFOREDLAEYE L L COEENRK
MTHET, IEIEOBENFET DI L0
LT, ThEPRECXFIL R\ tsic gm0
WHEDHVENT, VBB E S TS &
=

L WEORGH LEERT E co—HDBRE
X, ThE W OhDoBRBICFT 52 LTS
7%, {EHELE Ehrenberg & 058 » 0 F F%kic
AT &L X 5 (Calleman, 1981).

BrP B
MAERRE D L BRKBERE~OBRR
L34
R P ZE R R 0 Bk SRR,
ERIT OB IS DR S TR~ DF]
pe:
5 14T (macromolecule) o HEHAIC 4

T BLFMEL

6 RIGERIZADRERE

DR R B 6 LIRE, EEOERER
EROENBETOMICS ¥ &F REMEIE L
bhlXs,
DIEFERLIEBRED S b, LgoH#mc LB
BT 2B L CEBEL TR KDL 51T
5.

AW Nk

6. RIEBICOLWTOERDODEELLRIARE

I. #5E=FRFEWEI AIREOH CREEh
BT h, ThidERNTcR#rZr TKEER
FeZ L T LDTUERATA X 5B aThE
PR OKE I# T 5T /0D d DTS
BTha. ThooWEIEFHCIRIAETNRS
&, AR TEEEIhTRERERYEZTRER
LI AIERERER LY, I 352,
HEERNARZ B IdRILFR b ENBRE E T
Ef IR b .

I. E5TF (&L 0%5E& DNA) DRl % <Fl
ELERFWEORE= GELMCEANMaz)E
B) =R okE Xeont, AREOBR
BT D DIy, BEAOHE A E THE
L, WL T rEMERACEREbh 2 ERK
DEHEEC LT EEbRW. ZLREEE
ERHRZMECT2BACR B ILTHS. &

Z 55 DNA 03 QE0 % TEE L 7oL E O
BV EHCHET S Z LXARAHECIWDOT, o
DEEH ¥ THEBAWLEE LofEE 5. L
HLEREE, DNA s LcZERFEHEKD
TERZEOUE & A, FEEMlaEAWHEe b
BERBRORELETREIRDLENTES. K
FIX 2 h b o2 MIREEE RN & 2, MREN
DRBOEBBRECT X HEMiR IR L TR
b Thsr 5. HERMECREEMEY AV
THRTERROBRE L FROMFRES L L TE
Te

. R TFREFIRE LY & —DLFELL=
g2 DNA Tk 5 5a1iL, #ifan s DNA %
HELTZhCHEAE L TCWAEREFROFKEARERH
ETH. TOEIXPERETHS. ZOEmITLFE
B ENRE > ThbLLUERDOBRE T, £WEhEn
bbbhsETcoic, BEOEBEIRZS LS
wBE, TOXNEEL L CHEETHS. BREWE
PHRHBETR TSI L, FoRYEECERT
BB L - 1R D T h 7o (Sega et al,
1974).

RAREY (iR, BE) =RBETREALE,
Ltk R, MR, WE, BEYREORKE
PIPERRETH D LIXTHI>ETH L

DExEHT 2L, I.858, I.EHHRE
ZE GEUMR), I EM~DLEMEART D
WTIRHENRFREE WS & L ie . BIEDHLE
DEFLEDRECOERFOELZEIECL T
B HACKA L ETHEL R TR D
W EIXES>ETHIW. L ZARTREH R
Eexh b oR AL U BRI,
P LARBBNC S TERIh T e
ERb 5.

7. W B
bR HERCEER L - BT, D TRESR
OEAZ RET L ERIPATH 5.

FTHE—CREDAEOHK ML URB LRI
AL ThHbhkThhEkbihwo LIz E5 T
37\, BEEFROHETHENATOHETY,
TR EOBETIREDOL L 52 s, oz
MY EolcZ L THIHIL I DL, AR

ZRBTHME R, MREEErEAE
LTfTbh TELBANSE NI 5THB. Thik
MBS & s, SRR - FREEREE S LT L
e ERFERTS EBbh s, BEEROTIRC
IR THRSTHBHH, risk DFEMEZh TR
BOTH5.

TN EDEEMRICOWTIRIEETbRIE 3
EEERELERFREHOMN b, FEENRIERHL
tet o ATHD (Tazima, 1982). [ &
EFIO MREEEAE I (HE, 1982) b
NTEW . $#558 L ENFER & DM 4R
KRERENRDD. FILERTE X VERNCED A
FhLEWERHELEN CEEHLEROER
ETAHD, L (1980) XEROFICHERFE %
BETOIMENFET A Lo i, ¥
HA D% porphirin ${ih %  DILEERF % NG
Hlbdnrz s, COX>WEEL TCREHFD
bilirubin, biliverdin, MEMNICH{ET % hemin
TEN DB ExERL 7= (Arimoto 5, 1980).
Vo e AR A - e BIR MR - b OfEA
BRI TCAELERS. ¥EAL (1982) e
F ORI E N I MAERFEER RO h B L%
WELTW5.

CDXOSEEZTL B, {LFERFEOHEH
DEEMELE E COBMENECELRENEM N
b, FRINCY THRENS T T »1
2 DI RER L < 7 ADRIBIRERT X 5k
WRARRER I K oW T HAE—FREM G
D EERISRBLTWS (KE, 1979; ¥,
1978). X LA AL DFMNERERD S © T
Bolct LTh, BREN—EOHREETETS
¥FCRENCEETE R VWEAIEREEL S5
I T, ZOBRFCRBECHFEIHEECEZD
hazlicics.

RCFIEC e 2 DX EREROBETHB. =
DERCBTAERFC O CLER ERERS
DD, EODOBREL X 538\

CD X 5 IEACiE risk-benefit DIEA A A
LTHIEr 5. H5WECFLNORARD 55
&, Lo b R0 BN TS/ NI WBE I,
EIERHEFBROFELRET S Z LN E
BHDHZLTHD. ZhedLd LAZ0RA D



RBLREWEDTH ol h, BEMET T,
BEZ W EHE LT b wThsr 5.

EH LIz EEHL T CRBEBLIDIIRIESE
BREOBRIEBEN ENR-TET, bhbh2BH
BERL T ARBOFPOEDECRARER MY
FolbonRRINAT, EEESTL, A%
ARELIVHKRSTLESBEEDBLTH
. By, kM@, i, v—A, AL A, Va
— AR END, #%K, HXK 1vR2Vba—-te
—, BERCES T, BEZLHVA, y1re
FIHECH LERFEERFOC LR EIR T
5.

YrEF THTHRIHIWAERFEEYEDE ¥
b MEAMHETAZ LREETHHTNED, BR
FEH:omuwdocit, rrERTEHCHTAIER
JRE & LY O BERE IR X 3 A A RFEME L ©
Eiliab N NUROR LAY (B

Licio TERWIIH L EWATE T—HOZERK
HDARZ b T aREIHTREYD LEdhITEA
RBHZEDTEBRYI DT THB. £5T
HHUE, Edo X5 sEREOYIEALEIC -
TR BT TH5.

D EEEHT 5 &, (CHEERREOEWHFCIX
MEDFELRIENCRD 5 5BERDB. Th
T DERFEIEANTRESEE OO ELE
ZITC, ENECHEETERVEATHS. Lk
Lz ofc B3 EBEDHFEN TG EL bR HIC
b bY, v 253V 4 AT bR
T, B O BERIRETE RWHE M
hHHHEB. D> kB4 it risk-benefit
balance % X { %2 T, #HEMKZOHFEELHE
THZERARB. 5 L KB EY RN
CHEET A LI T L YDV ERES.

50 B X mk
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Wz EE(1978): RRIEEMHMIKZEATRIC X 2 WE
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A, FEOARE REDER. B ERFIREMEE
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5. {L3E & BFHRIC KB REFHOHEE
—BgiRiA4E REC B& <A —

1. FL&®IC

BERT e MOBRENES Y S X BEROT]
REME BIL T3, BEEHRSHR BB BT
DN —FTTATHS. LT, BEEFOL
2ERFEOBERHEE © M X %, BEHREYE
(REC: rem equivalent chemical) T#/RL X 9
LWL RENRLINI(1975). Lvl, EALE
EEFIZIRT I EWE, RELTWS. &
T, TOMERERNT5.

2. BESHOBRKRENMEIC & T 2EFXNEL

751)

v FoERTIE, BVWRCEERE I OTHA
Fha. ZhbOBEEFRIKTGTHEMRCET
DERER L BERROARTCRRTS EEX
LRhTWh. LA, b MeBTAEYHRE
T, BERESHEoBETY, g FHoric
Bbhh i BEROFEINREE XTI LERL
TWBH, FOEIMAPWCEER TRV, L
NoT, b MGEW=Y ARBHRED T, £O
MM U A RREROMAERRE D ELCLT,
v PO ER HEE T B MERER E DR T
Wh.

P O R o R E g R ok Miak, Th
CERBRNEZ - Th, TOERL MM
—BYEDES L dicis\. i, FERARZE
RERVEL B L, ToEEI EFEFE RIS
BEY, BERERPEZLIETE 2L Y23
5. LT, BL—Eolic, BEPOME
TRECXDH IND & X OBIEIGEHREOFET
X, BEARORRERDOAXERTS. <V A
DU, HMEBSHREBEEILTY, @&
AEERERPR . LhL, EREOE

KRR - HHRILHEER
il S .

filivx, A+aisgrhciEsuvcithhidie by
DT, FHlDOE Y 2BV biNX ST HD
2%, B AEOIREFEE LR TWw5. Licdisa
T, b MExHT B EEHR O BB R EE O P T
X, ~TVADAALFEUREZEY, e rtoHeLk
ChHTULED ERETS.

3. MHRICL D BESHEOBRKRED

<~ 7 ADREFEMT, REHRE BT 5 L, 2
RERBE (Y)1x, RE(C)CZEEALTER
T5:

y=a+bx €.

al, HRERERRT, biX, KHHEOR1E
iz (17 FEWS) U OBRFRRTH 5.
HRERRCELWIRETOERYFRTHOCL
BicHEOZ v “fEinfEE” (doubling dose)
Ews. Zoffi (EXRT, a/b cX->TRDLI
BiHE) 1%, Bl EORHLERAERCETS
54, KERERBHCIIH100 5 FTH5.

EingEy, BRAYEZTEETERSEROME
HFC X bW T, KECERX LD X5 THHH,
BECIEEH IR DTk, ZORENIEL
{, =y ALe bHRRAUCEGHREZEL LT
g, e PAOBEROBEHEREITSED X
SIitB.

b F OEEHRORATH 5 RAEREK X OHEIE
Py AR O, e 23h BRI ER L
LTFH100 7 VX 35, BABECEL
WARGB L ERBFRE S h, RRORBIENE
BEFEREMIh 5.

FLLBERERMRZ 2T, £THTEE
WELTHRTHERBOH . ZORAIXEHET
HHDT, ZZTIRZRUETAL .

LR ofE g X 5 fEk i ER L &



Xi¥hs. €D, vV AOBEKROEEDHRE
EFEXRARD D TIXRL T, BOBOELE W
SRIRERDBEN D, BEROREHELHTE
THFETHANLDLTHS. IV ARXBEDT
% &, KERERREY CANE? 2 8lbh,
FhIIEERAERDOEERRAC LT, F
RfEEEIhD. ChbDORRERLZ DD
P02, A HEEBREHRE L THRD T
5. LichiaT, ToHAEX, ~v A0EMER
FOFREE S LI LT, BT P DBEEHRDO
TR AREAHEE T ¥ 5. HEHRC L 5®
EHIEMRE OHEE I, MEEC X BH#EMEE D
EDhb by, bl TWwas,
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Table 1. Mathematical models and their low-dose behaviour in the case of zero background?®

Low-dose behaviour]

Model Probability P(d) of a response at dose df
Linear  Sublinear  Supralinear
Probit @ (a+Blognd) (8>0) — B>0 —
Logit [1+exp(—a—Blogd)]! (B>0) B=1 g>1 B<1
Weibull 1—exp(—adm™) (2,m>0) m=1 m>1 m<1
One-hit 1—exp(—2id) (2>0) >0 — —
k=1 (1d)ie-4d
Multi-hit 1-— 2‘(-3'—6’ 2, k>0) k=1 k>1 k<1
=0 i

k
Multi-stage 1—exp<— Zﬁ,-d")
i=1

(Bi=0) B1>0 B1=0 =

t With independent background, the probability of a response at dose d is given by P*(d)=r+Q-1r) P

(d), where 7(0<7<1) denotes the spontaneous response rate.

Under additive background, P*(d)=P

(d+8) where 3>0 denotes the effective ‘background’ dose.
¥ Low-dose behaviour for independent background also. (All models are linear at low doses under

additive background.)

Probability of response—e
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risk

Supralinearity

Linearity

Sublinearity

1

[

Fig. 1. Linearity, sublinearity and supralinearity at low doses.

BlLF0 low dose TD curve D% Table 1
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4.1.a. One-Hit Model (Linear Model, Single-
Hit Model)
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4.1.b. Multi-Hit Model (Gumma Multi-Hit

Model, %-Hit Model)
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Fig.2. (a) Weibull dose-response models fitted to the observed data for four
compounds (nitrilotriacetic acid (NTA), sodium saccharin, 2-acetylami-
nofluorene (2-AAF) and aflatoxin) and (b) estimates of the added risk
over background based on six extrapolation procedures: X—linear extra-
polation; M—multi-stage model; W—Weibull model; L—logit model;
G—multi-hit model; P—probit model.2?
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Fig. 3. Hypothetical dose-response curves (a), exhibiting (Ia) low-dose linearity
and (ITa) low-dose sublinearity, together with corresponding estimates
of added risk over background (Ib and IIb), based on three extrapola-
tion procedures: X—linear extrapolation; M-—multi-stage model; W—
Weibull model; A—actual risk (estimates averaged over 250 simulated

experimental outcomes) .20
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Table 2. Observed and predicted malignant neoplasms in EDB production

workers at two locations?®

Number of malignant neoplasms

. Number of :
Location exployees — Predicted?
3.0 ppmP 0.9 ppmP
Michigan 57 5¢ 32 19
Texas 99 34 53 35
Total 156 8 85 54

a2 Number of neoplasms above the normal background incidence predicted with
the one-hit carcinogenic model used by CAG.

b Assumed atmospheric TWA concentrations of EDB.

¢ Includes one employee who died of prostatic cancer at age 88.

d Includes one employee with metastatic lymph node carcinoma: primary cause
of death was arteriosclerotic heart disease.
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S
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|
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Mean aflatoxin dose, ng/kg body weight/day
Fig.4. The dose-response relationship between
aflatoxin intake and lifetime risk of liver

cancer in man, from epidemiological
data.3®
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Table 3. Liver tumour data from aflatoxin feeding studies with rats (data from males only)3®

Study Strain

Incidence of liver cancer at aflatoxin doses (ppb) of

Type of aflatoxin

no. of rats 0 1 5 10 15 20 50 100 500
I*  Fischer  Crystalline B, o 5%%(%%) A %yg)%%§ B
It Fischer Spectally pure B, %36 — ~— ~— ~— M8 — — —
IIIf Wistar Spectally pure B; Oél([); i - B . Oégg) - (g/g) o
IVi Porton Rosetti (98% B.) Oégg i e i . n ok %5/421% %?/gg,
V§ USC B; from peanuts Oég) Oé(l)gi W 0{65) . =i = o -

* Wogan, Paglialunga & Newberne (1974).

T Nixon, Sinnhuber, Lee, Landers & Harr (1974).

I Butler & Barnes (1968).

§ Alfin-Slater, Aftergood, Hernandex, Stern & Malnick (1969).

Table 4. Parameters for study 1 estimated using the various
mathematical models3®

Parameter
Mathematical model
a B
Probit 2,687 1. 906
Logit ~5. 075 3.785
One-hit —_ 0.03013
Mantel-Bryan (upper 0. 99) —1. 499 —

Table 5. Calculated frequencies of liver cancer predicted by
the three models from the data of study 13

Dose No. at Observed Probit Logit One-hit
(ppb) risk frequency frequency frequency frequency
1 22 2 0.1 0.1 0.6
5 22 1 2.8 1.8 3.1
15 21 4 8.7 7.8 7.6
50 25 20 19.5 19.9 19.5
100 28 28 25.5 25.9 26.6
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HL, VAZ% 107° L LckRRIL, kY e7
AMEDOOLERIKRELDDOID T ENTFHIR
5. BAae, 10 Y A7 3 % VSD ik
best estimate TFIELIHIZK D X 5 TH 5
(7272 L, Mantel-Bryan D41k 99% upper
confidential limit): Probit Model, 0.054 ppb;

—
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Fig.5. Best estimates of the dose-response relationship between aflatoxin in-
take and risk of liver cancer in the rat using each of the models
for all of the rat data combined: probit (P), logit (L), one-hit (H)

and Mantel-Bryan(M).

Observed data for rats(O); observed afla-

toxin lifetime risks for man(®); upper 99% confidence limits for an
observed human risk of zero( ] ); upper 99% confidence limit for an
observed risk of zero for a group of rats(T).3®

Logit Model, 0.77 %107 ppb; One-Hit Model,
0.14x 1073 ppb; Mantel-Bryan, 1.3 %1072 ppb.
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Table 6. Estimate risk to Tris-BP-induced kidney
cancer per 1,000,000 exposed

Risk

Total lifetime exposure
(mg/ke) One-Hit Probit*
0. 085 1.8 0.1
0. 85 18.0 ™2
8.5 180.0 100.0
85.0 2,240.0 4,400.0

* Slope is 1 probit/10-fold dilution. (Mantel-
Bryan Method)
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