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(TM!) 815 L. BEEMER3RRARNRELTE
SCF DI L AR IEHERAGAKER (Fagi 6Y O
F=R) LEEHERARR (Ohske B OF—%) 25
EHEET N, FORORERSICHTIBER{T
HAREHEROMEAREIL, Linear fit model (EHEWEF
)k Power fit model (MEFREMEFI) L35 200K
BEREB TS . ThEDERE S LT SCF LRID TMI
EREETS E 40~ 100 pg TEQ/kg/ronth DEBIZID , Y
ETH & LTIEPRERE-> T, 70 pgTEQ/kg/aonth £ ¥ 85
Lz,

FHE D UK-Food Standards Agency (FSA) Tl EC-SCF'W R
UIECFAWDE X A BAMICIZA L, BREEZHOWN
IVRRAPELT, Sy FEANOLBBEORERE
FICRATFEEADES ERVTVWIY, ARAWEOR
ElL, EC-SCF™RJECFAY XizBih, BLERAAHEN
BREERIGEE L, CORBOREOKNATERE Rk
DEHRARREOLERAVTHEERS L REIRS TEBGH
SEAEERDMEDBES{To . TOHR, FagibDF—
B SNTHONEE 16 BORROKARTRIZ 33
ng/kg/day & RE& &=, T D6 EC-SCF R U JECFA
LEBADTFEREE (3.6) ZHWTTDIE LT 2 pglEQ/
kg/day Z®IS L7z . EC-SCF™X JECFA TR 1Bf® t 4
REELOHERLLTHMELTVALY, TDIE LTER
TLANMETT, b RTVLTIERT, TDITOES
BERALTVEY, FHICEMRMTTDI 22 55880
HoTLENARRIREEET 2 X34 L, BN

Table 2. Summary of tolerable intake derivations for TCDD in
the assessment agencies
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e et drdoees o e Hen T e by mass LT RS

VATHA i e i n LI - Laadhy

bleo e FEEMS TDI Z TENEERREIRNIC LI
BNTHEI WS T eMIFmIohTWa ™ |

EX)

BTMEC, JECFA, UK Q& A A% & B ECid e
TNRTVATF—&by b, 1WEEEAETITbN BT
BTAVONELOLZERLTHEY, Fgib? D1 H
BT EEIE T Ohsako 51" DR AGD RO BEN M
LRZUOBNLY FRA o5 5E LTHRRARRE
FHL, TDIREDHOHEAL LTERLTVS., 1+

X, SCRAMICIMEVW A AR R TRIY 5 TCDD O
LELT, HolumanF v F OIEIRICBVT64 ng/kgbl b
RERTHREIN: | OBFEEETRUBA LR THR
DEAN | Long Bvans T v FOERIZEWVT 50 nglkg LA
LOREETERETNEREERUHERFRED D |
Wistar 7 v FOBRICHBNT 25/5 ng/kgl EORSRTH
BInk | BRTELERTRURTEHOEL® , Holtzman
Z v FOBRICBWT 50 ng/kg A EDREBTHRREE hit
AGDERE" AR EThTVE.

Gray 5% DS LI-MIR(EEL | HEEOBNhTSHD,
EN¥AERINNLEEIORS, T, HERTRICDW
T ZDHERERTHEELHL I RERE RO800 ng/kgf?
BB ENLELOTEHD, HiHED OB AhETHE
MIETBE 50 ng/kg UL THEES BN RS BR
TH5. TNODEME TDI REDRMRETEC LRTHE
meEzLNns.

Faqi 69 OHELBRONFTHOLIZZAR - RIS
B{EIAES b inty,

Ohsako 510 {2 X DiEIRD AGD EHAREETNTVS,
AGD DB L ZBIEME (AGD/cube root of body weight)
HRETNhTEHY, AGDEHOEEEISN T, Rot
#63IEY rEKI0EY RESNCELOhETETS
b, B2 ERIIGVWEEZILNS,

TCODDRFHM, BFCHT3ESCOWTRE{ 0H
ENEDA, TCDD ORFME, MFCHT 3 TCDD O%
PITIAEMTRAHENS . Ohsako 5201 [IFFISIR
RUBROMRIEARGAOIRTRICIZ 800 ng/kg $¢D TCDD
REOEERMEDHONE, oL LTWS ., ¥ED 1) i1
1000 ng/kg D TCDD &5 T LRTFHRAICE VT TCDD DF
Bi3isohd, BA 7o b a— LIz X 3 Holtzmann 5y
b2 BIfLong Evans 5w B 210 BENTITFhhizs%
HEPBHATEIN > EEBERTVE . Gy 5OEHMD
WMFELE TCOD OSBAER TRV L RRTED , ¥
7=, Theobald & Peterson™itS v b, NLAZ—, THTAD
3HOBMTRNXNZM—-OL B ERMOLY Fla
YRR ERORFER L THED ERNTVS, 205
i, BEREDTCOD ORFER (1 BRFRE, Bt LH
BT KHT ARSIV TRERNTESEDH 242
BEEBOLATWE,

~7% . JECFAPDIHHT & Faqi H® *® Ohsako 57 OF
WEZAVTRAZEAEHBOHERRRATHWAM, &
R, EBLoB—0HERBICT 20T} RS, BRSNS
BoNENEREDOL Y VORRES TOI EEDHRES
LT END S, COMRBICHT ABEEANERERII
BT LLBELTWIWEEZLND ., £, Rier b2y
&L U Scantz & Bowman O 7 & ¥ HIUC 0T 3 B8
1999 S LA% , SRIZICE ORBOEREICMT 20 E TR
HREIhTwied, EC, JECFA, UK BIF3MEENG
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In Vivo Mutagenesis Induced by Benzo[a]pyrene
Instifled Into the Lung of gp? delta Transgenic Mice

Akiko H. Hashimote,! Kimike Amanume,’ Kyoko Hiyoshi, '+

Hirchisa Takano,’ Xen-ichi Masumura,” Takehiko Nohmi,?
ond Yasunobu Aoki'*

YResearch Center for Environmental Risk, Notional Institvte for Environmental
Studies, tbaraki, Japan
2Grodyate School of Comprehensive Humon Sciances,
University of Tsukuba, fbaraki, Japan
3Division of Genetics and Mutagenesis, Nalional Institute
of Health Sciences, Tokyo, Japan

Benzo[a]pytens [B[o]P} is o ubiquitous airborne
pollulant whose mutapenicity has been evoluated
previously by oral and introperitoneol adminisire-
fion lo experimental anlmals. In this shudy, muto-
genesis in the lungs, the larget crgan of air
pollutants, was examined afier a single Iniratro-
chea! instillation of 0-2 mg B[o]P into gp! dela
fransgenic mice. Intratracheal injection of Bla]P
resulied In o stotistically significant and dose-depen-
dent increass in gpt mutont frequency os measured
by &thioguanine selection, The mutant hequencies
at B{a]P doses of 0.5, 1, and 2 mg were 2.8, 4.2,
ond 4.8 fimes higher than the frequency teen in
nonireated mice (0.60 & 0.13 x 10°5). The most
frequent mutations induced by B[o]P Ireatment were

G:C—~T:A tronsversions, which are characteristic of
B[c]P mutcgenesis in other models, and single-bose
delstions of G:C base pairs. To characlerlze the
hotspots of B{g]P-induced mutations in the gprgens,
we analyzed sequences adjocent fo the muicted
G:C base pairs. Guonine boses centered in the
nucleotide saquances CGT, CGA, and CGG were
the most frequent largets of B{a)P. Our résults indh
cala that Intratracheal instillafion of Bf]P into gpt
delia mice causes o dosedependent increase in
gp! mutant frequency in the lung, and that the
predominont mulotion induced is G:C—T:A wons
version, Environ. Mol Mutagen. 45:000-000,
2005.  © 2005 Wileplis, inc.

ds: benzolo] pyrens; get delta tramgen!

Key

; 6-thioguanine selection

INTRODUCTION

Benzola]pyrene (B[a]P), one of the most potent muta-
gens in ambient air, is generated by the combustion of
fossil fucls such as occurs in diesel engines and industrial
settings. This polycyclic aromatic hydrocarbon (PAH),
also a component of cigarette smoke and bumed foods, is
carcinogenic in rodent cancer bioassays [Singh et al,
1998; Iwagawa et al., 1989]. B[a]P is converted to reac-
tive intermediates, Bla)P diol epoxides, Of these inter-
mediates, benzo[alpyrene 7.8-diol-9,10-epoxide (BPDE)
is the most mutagenic [Miller et al., 2000}, but al} of the
Bl[a]P diol epoxide enantiomers are carcinogenic in mam-
mals [Buening et al., 1978). The metabolism of BialP is
catalyzed in various tissues by mono-oxygenases of the
cytochrome P-450 (CYP) 1A family. Expression of the
genes encoding these mono-oxygenases is mediated by
the arylhydrocarbon receptor, a ligand-dependent tran-
scription facior to which B[a]P and related PAHs bind.
BPDE and cther reactive metabolites are known fo form

£ 2005 Wilwy-Livs, Ine.

DNA adducts, predominantly by binding to the exocyclic
amino groups of guanine and adenine [Cosman et al.,
1992; Bartsch, 1996], The metabolites produced in the
lung are qualitatively similar 10 those found in the liver
and other tissues [Cohen et al., 1976; Prough et al., 1979,
International Programme on Chemical Safety, 1998].
DNA adducts can cause mispairing of DNA bases, .
leading to the induction of mutations through the DNA
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BlalP administration. Their lungs were removed, frozen in Hyuid nitro-
gen, und stored wt —80°C unii) the DNA way isolated.

DNA Isolation and In Vitro Packaging of DNA

High-molecular-weight genomic DNA was exiracied from the lungs
using the RecoverEase DNA Jsolation Kit (Stratagene, La Jolla, CA).
Lambds EG10 phages were rescved using Transpack Packaging Extract
{Siratagene).

gpt Mutation Assay

The gpt mutagenesis assay was performed according to previously
deseribed methods [Nohmi et al,, 2000]. To convert the phuge DNA into
plesmids, £, coll YG6020 exp g Cre s bi was infected with
the rescoed phage. The bacieria were then spread onio M9 calts plates
comtaining Cm and 6-TG [Nohmi et al,, 2000], which were incubaied for
72 br at 37°C for selection of the colonies harboring & plasmid carrying
the chloamphenicol scetyliransferase (caf) gene and a mutated gpt gene.
The 6.TG-resistanl colonics were sireaked onto selection plutes for
confirmation of the resistant phenotype. The cells were then cultured in
LB broth containing 25 pg/m! of Cm st 37°C and collected by centrif-
vgation. The bacterial pellets were stored at —80°C until DNA sequenc-
Ing anulysis wus performed. Mmtant frequencies for the gor gene
were calculated by dividing the number of colonles growing o M9 +
Cr + 6-TG agar pluics by the number of colonies growing on M9 4+
Cm agar plates,

PCR ond DNA Sequencing Analysis of 6-TG-Resistont
Mutants

A 739 bp DNA fragment containing the gpf gene was amplified by PCR
vsing primer 1 (forward poimer: §-“TACCACTTTATCCCGCGTCAGQ-Y)
and primer 2 (reverse primen §'-ACAGGGTTTCGCTCAGGTTTGC-Y)
[Nohmi et »l,, 2000], The resction mialure contsined 5 pmole of each pri-
mer and 200 mM of cach ANTP. PCR amplificution was carried out vsing
Ex Tag DNA polymerase (Takaru Bio, Shige, Jepan) and performed with a
Model PTC-100 Thermal Cycler (M] Reswch. Waltham, MA). Afier the
PCR products were purified, sequencil were perf d by using
8 DYEnamic ET Terminator kit (Ammham B:osclmt.ta. Fiscataway, NJ).
The sequencing primers were primer A (forward primer: 5'.OAGGCA-
GTGCGTAAAAAGAC-Y) and primer C (reverse primer: 5'-CTATTG-
TAACCCGCCTGAAG-3') [Nohmi et al., 2000]. The sequencing reaction
products were analyzed on an Applied Biosystems model 310 genetic sna-
Tyzer (Applied Biosysiems, Foster City, CA).

Statistical Analysis

Al duta are expressed wa mesn + SD. Sinistical significance was evol-
vated using ANOVA and the Scheffe test. P < 0.05 was considered to be
sintistically significant. To evalusie the lincurity of the mutent frequency
dose-response, a simple linear regression was performed, A statistical
comparison of mutationsl spectra was performed using the Adams-Skopek
test [Adams and Skopek, 1987; Cariello et al,, 1954],

RESULTS
gpt Mutatnt Frequency in Lung of B[o] P-Treated Mice

To determine the mutagenic effects of Bla]P in the lung,
gpt delta transgenic mice were exposed to increasing doses
of B[a]P by intratracheal instillation. The body weights
of mice given 0, 0.5, !, and 2 mg BlalP were 23.3 &+ 0.9,

Blo]P Spectrum in gpt delta Mice 3
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Fig. 1. 6-TG-induced mutant {open squan:) and mutation (filled xquare)
frequency in the lungs of Bla]P-ureated gps delta mice. Data pre
expressed as mean 3 SD {n = 3 for the conrof, 0.5 mg, ond | mg
groups; n = 2 for the 2 myg group). Number sign, average duta of two
animals, Stalistical significance was delermined using ANOVA und
the Scheffe test. Signifieant differences between the conrol and
BlalP-induced groupt sre indicated: asierisk, P < 0,05; double asterisk,
P « 0.01; triple asterisk, P < 0.001.

25.0 = 0.0, 25.0 = 0.6, and 24.5 2 0.5 g, respectively, and
there were no significant differences between the assay
groups, The mutant frequency in the lungs of the control
mice (0 mg BlalP) was 0.60 = 0.13 x 10~ (n = 3). Single
injections of 0.5, 1, and 2 mg resulled in increases in the
mutant frequency of approximately 2.8-, 4.2-, and 6.3-fold
(1.7£022 x 107%, n=3;2.5+ 033 x 1075, n = 3; and
4.1 x 107% n = 2), respectively, compared with the
contro]l mice (Table 1). Mutation frequencies cafcolated
from the mutant frequencies displayed similar fold in-
creases. Significant differences were observed in the
mutant and mutation frequencies between untreated and
treated mice at the 1 and 2 mg doses bt not at the 0.5 mg
dose. The B{a]P treatment resvlted in a slgmﬁcnm linear
dose-dependent increase in mutant frequency (F = (.88;
P < 0.001; Fig. 1) and mutation frequency (*° = 0.82;
P < 0.01; Fig. 1).

Charocleristics of gpt Mutation Spectrum

To determine the spectrum of mutations caused by
Bla]P instilled into the Jung, 131 gpr mutants from the
lungs of treated and control mice were subjected 10 DNA
sequence analysis (Tables IT and 1II). In control mice,
92% (12/13) of total muiations were base substitutions;
G.C—C:G and G:C—-T:A ftransversions and G:IC—A:T
transitions occurred at nearly equal frequencies. In the
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Bla}P-treated group, 44% of the mwations (52/118) were
G:C—oT:A transversions, and 14% (16/118) were one-base
deletions. A dose-dependent increase in base deletions
was observed in the range of 0-2 mg B[alP, while
G:CoT:A transversions increased with dose at 0.5-1 mg
B[a)P, but decreased slightly at 2 mg Bfe]P.

The mutational analysis data were usad to estimate muta-
tion frequency. Mutations that were isolated more than
once from an individual mouse were considered 1o be the
result of ¢clonal expansion and counted as a single indepen-
dent mutation. Using this correction, 92% (12/13) of con-
trol mutations were independent, while 74% (87/118) of
mutations from treated mice were independent. For most
types of mutations, independent mutations and total multa-
tions displayed very similar distributions (Table II), and
mutant frequency and mutation frequency had very similar
dose-response relationships (Fig. I, Table I). Marked differ-
ences between mutant frequency and mutation frequency,
however, were observed for G:C—+T:A transversions. The
mutant frequency for G:C—T:A transversion was estimated
to be 0.11 x 10™* (control), 0.61 x 107* (0.5 mg BlalP),
14 x 1073 (1 mg B[a]P), and 1.3 x 167% (2 mg Bla]P), as
shown in Figure 2. On the other hand, the mutation fre-
quency for G:C—-T:A transversion was estimated to be
0.11,0.41,0.69, and 0.82 x 107* for 0, 0.5, I, and 2 mg of
B[alP, respectively. Although different, both the mutation
frequency and mutant frequency for G:C—T:A transversion
increased dose-dependently.

There was a significant difference between (he mutation
spectra shown in Table II for untreated mice and mice
treated with 1 mg Bla]P (P < 0.05). The spectra for mice
treated with 0.5 and 2 mg B[a]P, however, were not signifi-
cantly different from the contral spectrum (P = 0.60 and
0.056). Also, there was no significant difference between the
control mutation spectrumn and the spectrum of total Bla]P-
induced mutations (P = 0.10) or between the spectnim of
independent control mutations and either the spectrum of
total B[a]P-induced independent mutations (P = 0.09) or the
spectrum of independent mutations produced by each of the
different doses of Blg]P (P = 0.86, 0.30, and 0.15).

The pasitions of gpt mutations induced by Bla]P are
listed in Table III. Among the G:C—T:A transversions
isolated from Bla]P-treated mice, five gpt mutations {at
nucleotides 115, 140, 143, 189, and 413} were each
observed in three or more mice; these positions therefore
are polential hotspots for Bla]P mutation. Significant dif-
ferences were observed for the hotspots in untreated and
treated mice (P < 0.05, Adams-Skopek test).

The predominont frameshift mutation in Bla)P-treated
mice was single-base pair deletion of G:C base pairs
(15/16; 94%). Thirty-eight percent of single-base deletions
(6/16) occurred at G:C sites in §'-TGG-3' sequences, and
the deletion of G:C from 2 run of G:Cs occumred in 63%
of —1 frameshifis (10/16; Table III). There were, how-
ever, no apparent hotspols for deletion.
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Fig. 2. Comparison of 6-TG-induced mutalion spectra (not corrected
for clonulity) in conieo) und Bla]P-ireated gev dehu mice, Open bar, con-
wol; Kght gray bar, 0.5 mg; dark gray bar, 1 mg: closed bar, 2 mg,

DISCUSSION

To detennine the mutant frequency and mutation spee-
trum induced by Bla]P in the lung, BlaIP was administered
directly into the lungs of gpr delta mice. The mutagenicity
of Bla]P has previously been determined in the liver,
spleen, forestomach, and bone mamow using oral adminis-
tralion or i.p. injection in the Big Blue mouse [Skopek
et al., 1996; Shanc et al, 1997, 2000], Muta Mouse
[Mientjes et al., 1996; Rompelberg et al,, 1996; Hakura
et al., 1998; Kosinska et al., 1999], and the rpsL transgenic
mouse [Muto et at,, 1999). In these reports, the authors did
not determine whether the mutant frequency depended on
the dose of B{a]P except for one study using spleen T-cells
[Skopek et al., 1996]. Our resuits indicate that the mutant
frequency in the lung increases Jincarly with the dose of
B{a]P. Therefore, when this compound is directly adminis-
tered to a target organ, the lung, the amount of Bla]P bound
to DNA in the form of a BPDE-DNA adduct appears 10 be
proponiional 10 the dose of B{a]P administered.

B[aJP administered by intratracheal injection also
causes lung tumnors in direct proportion to the total dose
(0-8 mg) [Yoshimoto et al, 1983; lde et al, 2000;
Tchon-Wong et al., 2002). For instance, the incidence
of lung tumors was 39% at a dose of 4 mg B[a)P
[Tchou-Wong et al., 2002). These data indicate that lung
tumors arc induced under the same conditions and with
a similar dose response as gpf muations in gpr delta
mice. Human B[o]P intake from air was estimated by
Raiyani ¢t al. {1993]. On the basis of an average inhala-
tion of 15 m? air per day, exposure 10 Bla]P was calcu-
lated to be 0.19 pg/day in industrial areas [International
Programme on Chemical Safety, 1998). Therefore, the 1
mg dose of Bla)P used in this report is equivalent 10
the total intake of B[a)P neceiv:d through inhalation
over 14.4 years (5,263 days).

To analyze the specirum of mutations caused by Bla]P in
the lung, we determined the sequences of mutated gpr genes.
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Carcinogenic Risk Assessment for Exposure to Chemical Mixtures in the Air
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Michi MATSUMOTO, Wakae MARUYAMA, Seishiro HIRANO,
Yasunobu AOKI, Yukio MATSUMOTO and Osami NAKASUGI

Abstract: In this study, we proposed a method for the carcinogenic risk assessment of exposure to chemical

mixtures in the air. We assumed the action of each chemical in the mixture is separate, when the mechanism of
carcinogenesis and the target organs are different among chemicals, and/or when the concentration of each
chemical is low enough to neglect the interactive action. Accordingly the total risk of mixtures was expressed

as the sum of the risk of each chemical. We selected 10 chemicals released in large quantities to the

atmosphere based on PRTR data, and calculated their unit risks for carcinogenesis. We estimated the

carcinogenic risk using the monitoring data of toxic air poliutants by municipal corporations in 2001. The

carcinogenic risk in areas with a large population was higher than that in areas with a small population, which

was dute to high concentration of benzene and formaldehyde in urban areas.

Key words: chemical mixtures, complex exposure, carcinogenic risk assessment, unit risk, PRTR
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@3 BHEROTF-2L0)XRPOLENRIZEIIRIAOLI= v FYX Y (UR) XD 3TN

21 IITONPFT-2NIRIT 0% HERNNE RO FMIS % IHRY (LEDIO) 45,
*2 b FRUUWOBRED F - #ARHIT & 0L, MNEDRIZTONTHETS, ANONARINC TS EREL T

HET S,

*] HHROEMIZRG SEMDREAROLA, RIUSRE (IR OBER T4, &5 (I8 S0 ns
HonERIE 2t TR SR ARG FEEMBPINILING,

S TOF - FIZREVE FOTSNIRERDEDLF T+ L PONIETE S, PBPREF ALY OELHIINGFA LS
BHAL, EFRLEARTEDS, b FOBERUAOEMIZMO S T ACITMRMOWIL, €+ (ILAA). To b,
7 AONUZ, 50kg, 15 m3, 035 kg, 0,26 md, 0.03 kg, 0.05 e & L 7,

5 ATMEREOWEROTARMIBEE ppm Smg/my ISR 5, 25CHOME, (9 LR/ 2445 S REBZETE

nTEs,

*6 WHEPALETE, HMBROWMWMMIIED scaling factor & LT, [MMBALARIIEATIEOIHELL LD, 2/3 3t
ENT LA, HTRRMKRTIEL T MBS h 3L IR TATNS,

AitHHLTWS, RAZLEEDIHEIZONT
HEADRMADI=y P VR 2E2RDHBI LY
L, ThenERERNCEEORMmYEE XU
OXFRABMIZFEL, 2=y PV A2 ERD S
FEEMBICREL -, BRLAHEERUF
= #2228 WHKIDR T, US EPA (1992) Tit,
=y YRS ERDILDOT — 2 OBIRIZPE
L, F—sDRLE bz, BHEPREENLY
LT30S 22 DBEERRL WS, Thic
X3k, F-FLLTRIEYELDIRCLIOF

~2TH3, OGO F — 42150 EAFRE
Th520, FL{ORELEZT, L tDY RS
- AR ITiReEE L, LA L, BAA
BT A ROGEET — 4 AT S ik
Wi, RASTHIZHMLTF — 2 438
Lt SERRLAZIGEOF T, +34RMm
ADEET - s A FETIORSVEYDATS
D7, TOLY, thoHHIZ>LTREMERD
Fe- g kROWES £/ TIT. BE
BOF—2 LW KARO{LERRILERAAD



® xﬁ¢cﬁﬁfﬁlqnﬁ%%!w%ﬁhlzybuz?txﬁmaaﬁﬂ.gmmgﬁﬁﬂ
1ARC Alr Unit Risk* Air Unit Risk AirUnitRisk | AJMSEENNS | SoNluthsH
Chemical CAS No. RAAAL (NIES) {EPA) {WHO Europe) (AA) (£}
i (per pp/r’y (per gy} {per pejm’) {pg/m’) (ppm)/ (pg/m"}
MLT 108-88-3 J 0 - - - 007/ 260
L 2 ] 1330-20-7 3 0 . - 0.20/ 870
prial=El 75-00-2 8 12x10¢ 47 x107 - 150 -
{5900
Horttor 106-46-7 2B 20x10* - - 004/ 240
HiEAF L 74-87-3 7 k| 0 - - - .
o 22x10* "
Ay 714322 1 (50x1077) —78x 104 60 %10 3 -
wibd 0000 | 2A 13x10° 13%10°% . . 008/ 100
FILTER
H7Ra 79-01-6 2A 28x 10 - 43x107 200 -
IFL
FHSILAD 118-14-3 i} 24%10° - - - -
IFL,
F+3ona 127-18-4 2A gax10* - - 200 -
IFLY

o AFRIZEGTRN L= Y2206

Iy bY AL ETNTEOUIIRNRIRF — 2 OTRNIEL Fooutin,

Srooxs L USNTP (1986a) , 25 P ooy [lad 7 s £ A iRE 2~ (1995),
L ATILFEF: Kemsetal, (1983),F Y 2 w0 %1 2 Henschler et al. {1980),
FF2PAFOLFL I USNTP (1997), 7 b 2 2 B UL F L 7: Mennear et al. {1986), USNTP (1586b).
MO RNz 2T AL 722,

NV EUIZINTIL, WEF-I LD USEPAZSEI L= = F U R 20ETHO b RaOFENE,

AZ10BA

FBd4 AThOALEL, FUTO0OIFLY, FRF2OQOIFL, 700480, Flh
PAFE FICE SIGERANOUARI AV 7 (HERRICH 2 EEFARERE)
KT AT I LR I3RS A DR IZ 81T B RAimIT T = 9 U v AR

EPENIL Fs,
Gl R FIOBIN, $UE, (W5, KMOKLIERA ATALFE FOIEMMNLEVAD, BHAY
22 MEBHORNL Ao T1E,)



Amy FUR2ERDEFERIOVWTHRIL =,
BUEROBBRRIET -5 2 2FAEL, NV F
+— 2R (33BBOREERL—EH Y
Mz HE) L LTW%ENREERRO TR
OS%IMIRRME (LEDw) #3k/, ZOF0*
FLd, BESERHEETFLER O, NvFv—-
sHROIHEIZIL, US EPA @ Benchmark dose
software (ver.1.3.2) #fERIL %,
BELAFHEHEND, k10RO EA
ORPALZy P YR EENTT, BYOES
BT SRBAT—ENFELE s BHRIZON
T, 2=y MY RA2OFMIIAVAF -7 2 HH
BIEEXRICHEE LTELE,
RYE/IZDOWTIE, EPADAEEERA L.,
EPA (1998}, WHO (1999) 2 EDZEMM, B
BRMMR T EERPADEET -4 (X
BEARRIEKEA M A Mz 5 Pliofilm it
Y83 &I+ 5 % 2T, Crump et al,, 1984,
Crump, 1994, Paustenbach et al, 1992, 1993, Rinsky
etal, 1981, 1987) D EPEIT TS, L
2L, HEBRICHRORENS D, EPAL =
w P X2 ITBEEBAYTARLTWE, Thb
ORBEERIEL, EsitAIlaZy YR 2
EHELTY, HLVLAIRAFOENRILIIEFLS
hiuid, EPAOAFEERATIZLEL,
FEEOhROME (50X10° per pg/m?) EHEIZ
Bz, WHO (1999) DHEHLA2=w Y X
2it, 44~75X10° per pg/m T, WEDFRD
HT6.0X10°%per pg/mE ARIhTED, 31,
PREIEIZRFTREDNY ¥y DRI ND
EAhREC, TRl LTRAZ A2y
FYRZ$3.0~7.0X10% per pg/m* (PRITVEE
M, 1996, 1997) THH, wihiEMETSE
A30T, RLUEETHHLELLND,

4, ARBEEEAWSHEORAEEIC
LBENADURY
BEIzEL Tk 22y P X2 OfEERN
THARBPADZZ EEMTILWINE, Wi
TELEDRORRFTREOREENLETS
3, SZTORMBAV R 2 EIL, KRBDLEY
BOSRBIHAEZRRIHIEENARERED
ZrERT, ARATHATESARPREDE
2, MBHCI3FRBENSTARBRECE
I3 EERAFRIRE=2") » YRESRT,
IYHENRENREE A TS, ERL 208K

DPET, TOHRETREIMEIATVE0DIL,
CrunAgy, XXV, FALLTAFEF,
PSuoTFLYy, FEF2ORIFL YOS
MEBETH %, FITIOSHBRIZESIHARM
AVAPERBELYE, ETEZRLALII,
HEY X2y P A2 LARDBEOMNE
BLALYANFTEIABZILELT, BAEYH
HRROMERADOFEAE LBIRHOA, B
JIREBRERR LD AT, ZOBY
BRIOREAAVZA Iy T ED, ADDBE
FREFORMED U AT HENI E4HH
5., £, BN, &%, B, RFEOFZROY 2
IHLEMB DR, ALATAFE PRUNY
Yy OMENFHEHERREIIRVWI &Ik S,
~F., BV 270 8B, BE, €5, B
¥, WM, BlllosRo 55, KB, 34, BYF,
WEIDBLL, FALLTAFE FORME@AM L
fodh, MEAIELTYZ2AEELALBDIZE
CHATHHLDT, SHHARTESEHLYELL0
FiABLDORBANROHIZALUT TH 10D
I3, BREBHOATHS, WERRYEVyDF
HREAEL, SWRTRTE&bYRY 2202
BHiBEERIzEOIRENL S5, BEOZEN
Eebhd ko, ZOSHBIZLEWMARMA
VWAZTIE, RLATALFEFERYEYOEFS
A E LA KRENL, Thid, srarn
FEFO2=29 P20 HELn B &
STWAIEE, ALATALFEREXYE YD
EFEORRFOBELB I EILES, ANPO
fEEWRIZEZRMBAY Z2IZALTIR, 202
DOMBEHFEBRTHISLELEHS,

5. B

AFRIZEVLT, REMHENRAADI=
FURSEHELTROEIMROT T, BEX
B Re= ) v/ REEREPALT, B
BRENTRTH > ~OILSHETE -7, IO
¢, Xy¥y, PYronIFLY, FLI2
OULFLYy, VougisrOimBizonT
ASBHEMAEDERTHS, ZOMHMRO
BT, RMABELIY R4 2 P ELTHEEN
ESHONEMBRRYEYOATHH, o3t
RitHBER~ORErMEERADE I AL,
BRasxy K4y MIEISEREIhAKEE
REOEERBTIILRTELLMN, RVEY
D AFTBERLHER & fho3E oK R E



2, BLEHR- TV B, RV EYLNOIYME
DRFIZBAL TR, HFRAF B =2 ¥
FREOERTR, TXTOREHAZELTR
WREETE-TWE, XY EVizonTiE, B
BEREBATOSHARS S 20, NI
MOABRTFLITED, FRIEMPRIRF -
2 EDBAVHHLARRBAOHLRD LH10
MR (R2) e Xy ¥ RASTOZL, L
L, ¥sppiey, F)souxFLy, 7h
FouoiFLYyORREEIEZD £, BlEH
RIZED 2 EFORMRAEBERE VA EHES,
SEORFERTFRIERALS IBRHER AL,
RAAZEORIEREICH L TREDRBEM
ATHEINE I PRIETIRBIRIATHE,
EHEFEICZOMMRICE PITHTARMARSS
E0EP, 29 bV ROMNBIIAL:F -5
RHEY, BURBRF—F0r bAOIHERFEIR
W, ZERRTREARE4BBLHL B,
LA LZOIMMRIZIARCIZ k> TvFhe (%
S RBAENBD] 50 [RVANRTHS
THEENSS) LMFEENABETED, AR
BICEORBAVAZIEZEAZRIZIhbOBR
OFEESE{ERLLVOIIELSTIWN,
EHIBHADRALATLFEFTES,
BAMRDEINATLTL FORMALZ o b
Y X #131.3X10° per pg/m* T, US EPADIRTE
Tha=y bWRAZOEERCLCTHSE, Zhid,
RYErDVERTED, bobFNLTA
FEFDI=y b A2ERDIIzboTIE,
SERY Eif-ti0mREBL0, KBEOWHE
THHI &P, REBOMBOBLSIIBRINS
&I EMBEGRERIHHTCHI NG, H
BIMHECRRBEHOMELTHEVLELDELD
(REEMBLELTED, 229 D) AZNEBD
BeUTOIEEENSE, LIL, RALT
LFE FORAT@REREOMBLEILRELE
Vi, RAATAFE FO—RBEAKTIZHIT S0
it EABI oA TOEY, ZTHERBICLZ S
w Ty RERMES SV RARENRE
MBEOUVEDEFIeh TV AR TS, Bk
FHE»rOFTABREHMHESRERE A TS,
Zhiie MERIC i 5 BRI A ORI £ 2
HOBIRELTE Y, SHMOERICL-sTRE
SZERIZEDTAALDTHS, FNLLATAFREF
DRFAF~OHMRIZ, REIFERNTOHL LD
i, BRI ABES» SO ARELED

T3, ARANOHUROA, ~v ¥ 21275 2
L, BAATLFE RIZO0 M EABYRES L
hOBETHE L MAlEhs, AWBELE Y I 2
DEDOERNFELED S TIZN D4, BRAA
VAZADFEDOREINEHIZL, ~V ¥y
tﬁmm,$»A7»¥tFuouTauz¢%
ERT IO BHEL+ P NET<E2THS
S

6. £&8

FERAL, LEHRORMAZZ 9 PY Ry
2R, ESIEOMROARPREOMEEN
Hhid, HABBIILIRMA Y R 2O EMT
HTHIZLERTIENTES, ROFLFY
2D, tOWBRPENAMLADEEIZONT
EHRARBOVRL L ELIZTLNTESLED
his,
RERIcBH 3MEAR, 2=y b RZEX
DEOITBELBEES SRR F — 4 2
AFTRTHIDEABEAIZER L L, B
BEOBEZSBELATPOBEMNBEIATI.
SURMADLNT L, BEHMANME—IZ8EL
ThaWLWwid, MEAOMEMICETSBERD
FEHEANZ OHBOBELREL TS L1307

LENAANILEETHE, 2ANMBOEL

EEWRIZIE, FARE /SHBEEMNEL, X
AP LHEEALBTIRBROIZINB L
EEhIPK1E<, TNERLARDORTD
YAOBREEMETHIZLENS S, Zhblt
SHOBRBBBETCHEILELS,
BEXASHOBEINE s hTuanwbeirl
T, FRUENE L, VRSBV TEED S 34
Hoxzs 0 rrtEmts288e 5524 LA
0, U X o BREICIE R E A RS X NEET S,
ERRIZET BV R 2He 2=y YR 2DH
RELORTES ORI ZEEATVEN, &
OEILIFEERTIERSHDY 2 2 HEHE
PRUIZB SRR ERBETRHORNE RS
TEELS,



(f+§3)
Vauuxay,nayaun&yﬁy,m»A7»$tF,buyun1¢by,?F57»#u1
Fvy, FrIrunxFrrnazy b2 o0OENBREET.
~v¥#v—2FR (LEDw, BI'F BMDLEMER), 2= F ) X% (UR) M %zt USEPA @
Benchmark dose software (ver. 1.3.2) (WEEEEEFA) 2HOA, & FORZHBACREIHNS
FHEEUMREDMEIL, b b, S0kg/15m!, ¢ 2R, 0.03kg/0.05m* & L7,

1, Yyoougxsy

YronAts YIMEREOHKT, MEROWE TS S, EPAR, IRISF-#~x—Xiz07T, 792
(M) DRNAEERT - 4 » GPBPKEF Mz L ORBATHRERDTAZ FURZANRLT IS5,
MEAFHBR»E A=y P A2ORHHE, 55003 REATAR » 6 XQPREAOREH LM
BXBTRTHTHS, F0LY, ITTCRETTIF+APOFEIZED, 2=y P RSERDE, U2
U2 DRMVAEIZIIFEEND D, vOADF -2 FOY R 2REIZHATIORRY CLOEOR
REB34, vORALUHIFHTELF— 24BN ENS, CI TR AORMAGF — 2 £ HI v,
BRI B ARVADRY FT- o HREMBUTBI256 0, USNTP (19862) DF— 5 27,
IOF=2it, 4D AQBRARRIILE VY ADOFRECIICS Y 3BERCBREDRECRETH S,
B4id, 15, REY, BEOENR, RUETAS£ADEALOIZOLTHBIF - » 4 RN L2 RE,
R, FREUH, SHERVREL A2y MRV EBRT I ENBLUCHI LORBLE..
7 — s RUEMBRIZ WL TiziEt, (Datal)

Datal
Tumor: combined adenomas and carcinomas (iver and lung)
Animal: mouse/B6C3F1, 50 males and 50 females
Route: inhalation
Exposure time:6 hrs/day, 5 days/week, for 24 months (102 weeks + no-exposure 2 weeks),
Reference: US NTP (1986a)

male

(] biver by Liver (e} Liver () Lung 1e) Leng ) Luag
Doan Survival Adsnomi Coclnoms Combined Adenome Cursineme Combined
Ippm} i Inel

0 39150 10/50 13/50  22/50 3/50 2/50 5/50

2000 24/50 14/49 15/49 24/49 19750 10/50 27/50

4000 11450 14/49 26/49 33/49 24/50 28150 40/50

female
18) Lives 1h) Liver 1) Liver Ul Lusy (k) Lung " Lyag
Dnae Surviva) Adtuwme Carcimbme Combined Adesvma Carcingsy Canbingd
(now) Ineld Toel Incid Incld P IncH
0 25150 2150 1/50 3/50 2/50 1/50 3/50
2000 25149 6/43 11/48 16/48 23/48 13/48 30/48

4000 8/49 22/48 32/48 40/48 28/48 29/48 41748

male & female

Ml Liver M) Lirer (u) Liesr ip} Lemg (g} Lumg. tr) Lung
Dhuce Survlyal Adchncg Chicimran Lombined Adenoms Cwrclroms Comhingd
e i i Inehd Inchd Incid faci
0 64/10 12/10 14110 20110 5/100 3/100 8/100
0 0 0 0

2000 49/99 20/97  26/97 40/97 42/98 2398 57198

4000 16/99 316/97 58/97 73197 52/98 57/98 81/98




EERDORVODF—~2 L DBMDLE RS B &,

Liver: 519.367 ppm = 519,367 X 84.93/24.45 mg/m’ = 1804 mg/m® {(degree; 2)

Lung: 219.833 ppm = 219.833X84.93/24.45 mg/m? = 763.6 mg/m* (degree; 1}
BREHOHE, MBERICEIFERVEREOIMBIZEIRBET O, KATARIIERTI L, HR
OWAIE, '

1804 X (6/24) X (5/7) X0.05 X (50/0,03)**/15 = 280.1 mg/m?
2=y PRI,

UR =0.1/280.1 = 3.57X10* (per mg/m?)

FEoiB4 SRR,

763.6X (6/24) X (5/7) X 0.05X (50/0.03)/15 = 118.6 mg/m*

UR =0.1/118.6 = 8.43X10* (per mg/m?)
FHDL= 9 I X2 E2ELADYDE,

1.2X10% per mg/m® = 1.2X10% per pg/md

2.5V snaRrey

NIV roayE23REE, BEEORETHS, O ACRARREROF -4 ATy
P A2 ERS, 2EROBABRIZES Vo ARz SFARSA, BE, ARLSSORET
B5508, TOF—FD5%, MHEOF -2 R - Ty, HREGEENRED 5 h SFMRPAD T — 2
RHFIZHEAEL 2. (Data2)

Data 2
Tumor: hepatocellular carcinomas (liver)
Animal; mouse/ Crj: BDF1, 50 males and 50 females
Route: inhalation
Exposure time: 6 hrs/day, 5 days/week, for 104 weeks
Reference: &34 7w &4 R # — (1995)

male
male female and
female
Dose | ofri1z  bMKE | o FIEM  LFFHR cdaX¥ | LM
(ppm) | #4 5§ A m X-Bag | AA
L ogro#
A
0 12/49 0/4% 2150 2/50 1750 14/99
20 17/49 3/49 4450 10150 1/50 21/99
75 16/50 1750 2/49 6/49 1749 18/99
300 38/49 6/49 41750 41/50 41/50 20/99

PO LOF-2 LOBMDLERD B L,
5§2.8221 ppm = 52,8221 X147/24.45 mg/m’ = 317.6 mg/m* (degree:2)

SDEEORE, MR IHERCEEOSMRIZLHBEHEETL, AHBREIZERTIE,
317.6X (6/24) X (5/7) X 0.05X (50/0.03)4/15 = 49.31 mg/m’

2= bV A2,
UR = 0.1/49.31 = 2.0X10° per mg/m® = 20X 10° per pg/m’

3. FAATLTEF

AALATLFE FRABHETH D, BRAEET3EMI LS, &4, BB SFAMEBLNT
VWEZENCRIFTCRMARERTEFAOND, 7, MEENR 27 TLVbLhTHEIZLED, B
BOXEIPHBEROBNCLIBRAEORES, BEIEOMEICRBRALWEEIGhS, £C



T, LFOFREBRARREUNOBA LR THEL LT, BMDL Ak, F— 5127 v b DIBARS
RENT— 8 AL, (Data3)

Data3
Tumor: squamous cell carcinoma in the nasal cavity Tf""or
Animal: rat/F344, male Dose (ppm) TIncidence
Route: inhalation ' 0 0/156
Exposure time: 6 hrs/day, 5 days/week,
2 0/159
for 24 months
Reference: Kerns etal. (1983) 5.6 2/153
(modified by US EPA) 14.3 94/140
BMDL 12,

6.34674 ppm = 6.34674X30.03/24.45 mg/m* = 7.79 mg/m® (degree: 3)
2=y b A2,
UR «0.1/7.79 = 0.013 per mg/m* = 1.3X10® per 1 g/m®

4, MysroOzFL Y

PloooxF Ly REEEORETE5. RAAEBOF— 213, NMRI v A0 »E, ICR <
T ZADWORME, Swiss <@ ZOMRUFOMES, B6CIFl = 2ADMME, SD 3+ OERI 4 T4 o
CHREDMS LY, STFETIN, AEREHEAEETAVEZNBED, EFLIZEALAVED
HEEBRE, NMRL v 20 2583 202 B6CIFl v ROMBEEOF -~ 22 F V30N BYTH3
LEAGN:, 220F -2+ gy bEDKDAI=y PR 2OMENBLLARSR, NMRI =520 ¥
NEDF— 2P oRDLEOFIEL, REMBME B0z, T 2ALE, UTFIzF-s %0
HEBRERT, (Datad)

Data 4 -
Tumor; lymphoma LWe!‘ Tumer
Animal: mouse/NMR], females Dose (ppm) _ Incidence
Route: inhalation . 0 9/29
Exposure time: 6 hrs/day, 5 days/week, 100 17730

for 18 months

Reference: Henschler etal. (1980) 300 18/28

BMDL %,
42.9402 ppm = 42.9402X131.39/24.45 mg/m® = 230.75 mg/m* (degree: 1)

BRESMOME, MPRRICEIRERCEREDI/MARI- K ZREETV, AATBMEIERTI L,
230.75X (6/24) X (5/7) X 0.05X (50/0.03)"*/15 = 35.83 mg/m?

2=y YR 2,
UR = 0.1/35.83 = 2.8X10° per mg/m’ = 2.8X10°% per xg/m?

5. FrIINAOZFLY
FrIIAFTOZFLVRARIZETE{ORETES, RENTPILLEZ2Y 2RV » ORSAE
BOT-25353%, 79 bOF-23HLARKGHRGIED LY, ?920F—s%2=
v PV RS OEMIZANWS, TREYYADF—2254, ZoF— s 0P TEHROMEAELSOLE
EOF-23ARRIEHGMI- D Ly, Bels b e iNTREN T -2 4RWTHELE,
(Data 5)



Data 5
Tumoer; Liver haemangiosarcoma, Hepatocellular adenoma and carcinoma,Histiocytic sarcoma (all organs)
Animal: mouse/B6C3F1, 58 males and 58 females, 7 w (10 male and 10 female mice from each group were
evaluated at 15months.)
Route: inhalation
Exposure time: 6 hrs/day, 5 days/week, for 9596 weeks
Reference: US NTP (1997)

male
Numberof  Haemanglo- Hepato- ilepato- Histiocytic
Dose (ppm) Survivors SArcoman cellufar cellular Sarcomus
at 90 weeks (liver) Adenoma_ Carcinoma _ (all orgons)
o 41/48 0/48 17/48 11/48 0/48
312 17/48 21/48 17/48 20/48 12/48
625 9/48 27/48 12/48 33/48 7/48
1250 7/48 37/48 20/48 26/48 7/48
female
Number of  Hsemangio- Hepato- Hepate- Histiceytie
Dose (ppm} Survivors sarcomas cellular cellular Sarcomas
at 90 wecks {lver) Adenoma _ Carcinoma __(all orgons)
0 38/48 0/48 15/48 4/48 1/48
312 20/48 27/48 17/48 28/48 21748
625 18/48 27/47 20/47 22/47 19/47
1250 10/48 34/47 15/47 20/47 18/47
male & female
Number of  Hacmangio-
Dose (ppm} Survivors aarcomes
il 90 weeks (liver)
0 79/96 0/96
312 37196 48196
625 27/96 54/96
1250 17/96 7196
BMDL i1,

66.3272 ppm = 66.3272X100.02/24.45 mg/m* = 271.33 mg/m® (degree: 1)

QRBMOME, PREICEIVERVEEOIMRIZISRALTH, KPARIIERTS L,
271.33X (6/24) X (5/7) X0.05 X (50/0.03)**/15 = 42.13 mg/m’

2=y P YRSIL, _
UR = 0.1/42.13 = 2.4X10° per mg/m* = 24 X10° per ug/m’

6. FrorunTFLs

#1700 FL Y RESHOHKTES, RVAKBRDF ~ #iZMennear {1986), US NTP
(1986b) 1= % 3 Fischer344/N 7 » b DEIFHE B6CIF1 7Y AOMEEDT ~ 2455, 7 v P DT -
S RABRGMENATHARTSH 50T, TITREN Y AONROBERVEELADY LT -5 &

HuT, 22w MY 220HEEFo7%. (Datab)

Data 6
Tumor: Hepatocellular adenoma and carcinoma Animal: mouse/BSC3F1, 50 males and 50 females, 89 w

Route: inhalation
Exposure time: 6 hrs/day, 5 days/week, for 103 weeks
Reference: Mennear et al. (1986), USNTP (1986b)



male female male and female
Comblned Camblned Combined
Dose [+ Ady or | Carclnoma  Ad tor | Carel Ad or
{ppm} Carcinoma Carcinoma Carcinoma
1] 7149 17/49 1/48 4/48 8/97 21/97
100 25/49 31149 13/50 17750 38/99 48/9%
200 26/50 41/50 36/50 38/50 62/100 79/100
BMDL &,

15.0458 ppm = 15.0458 X 165.83/24.45 mg/m* = 102.05 mg/m® (degree; 1)
RRMOHIE, PRSI LIMERVAEDIMARICEIBELT, KAARBRIZLRTS &,
102.05X (6/24) X (5/7) X0.05X (50/0.03)%*/15 = 15,84 mg/m®

azy b2,

UR=0.1/15.84 = 6.3X10° per mg/m® = 6.3X10° per zg/m?®

WE
EEOWMFIcH A, HBAFEAERILHR
B LSRR TELIGELWAL2 2L
Fro ks, BBIZALD, ZHBOEHEOFED
BT RRE AR EELA, STIZRLTH
BosLEd.

51 A X
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FRMEERSANSE (1997) NV EVIZHD
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