=4 (toxicology) A PS5

. /\7"7')1/ZX( Patacelsus; 1493-1541 ) EBh - f& £ fiTEf Tl 4=
RIEMEND, MEICIXTRTEELNHS - EEDLGNDD
(ifd&\ MEZ=IZT HDILE | "Alle Ding sind Gift und nichts
ohn Gift; alein die Dosis macht daf; ein Ding kein Gift ist" ("All

things are poison and nothing 1s without poison; only the dose
makes a thing not a poison")

. %7*':' FEMEDELADREMZFEFRICFZAT LM%

=45 (toxicology) &LV, 1960 I—ﬁ*ﬂﬁﬁ(:%\fﬂ'S"_?f’bf:%ﬁpl;\ﬁ
cﬁ BYEECEEREEDERIEEICHFVEZENLENY, F
HICHEINITHN TS

« EEATIE, ZIERIERADNSVREBEAEIFERLRERE,

e IRAAZB®D 10% ICAFEELF I AIFEEAS, 1000 AH-U1 A
ANz @éﬁ&'n,%‘shu%({%ﬁ*mt)l;tﬁx)rc%,ﬁéinm\

e 80% DEFIZANGFHLLVAMNAFIL, BLIFEFEOBESE
MR- THEDOND, HDEDAEMRKICITEEEFEH A,
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PRRIGMEDF2ESE = (LDS0)

+ LD50 [MEFMEES VL, ELEVMEEDRBEYIIRELT,
ZDEREMOF B HEBREABANICET T LIHAEND L, BE,
Tx'—ﬁ-bt@]%@ 50 % MEE I HHEZAREHYDE (mg/kg)

LTRT, L3 ME0AEN DRSO R RMWISIE (K EIC
I~k http://www.eic.orjp/ecoterm/?act=view&serial=252 )

(Zv FERT
0.015mg/kg )

VX RS X
0.003 mg/kg (fp 25 58)

(FREER S D7,
HELRFI)

500 mg/kg
FEbh73/712 |

(RO TILT B\ ’ Y
GE) B :KE, F: 5%, :BE N: ix%E, = TC3T)

S, BV, B8R 118 mg/kg 2;400 mg/kg
e e me R HALEY T4 X T Ry L
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IEEMEOCEZE OB - HEf 4
AR IN—F AV B TOFEAT

o BA
BEELME BESE 42 T4
BEm BT, v
St B, i .
Ny AERZEA) y =]
. _ vy REEm
' %'Hﬁ%l A E
I i 4 - !
ﬁ*ﬂ@ JIDIRY:
v g | MBSE
N =E Y ! v
pept| | o anssE
SRR ARII Y AEN MBS D VRS oy y v
Tk THAL, 2O =DRDEENTDMEGRNE - i ey
BILTNDEBE BEICH-ot BAELS 1 2 E TORR KPS GE-IER L
1H

[Z 42 A P9 ] Minato Nakazawa 3
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AR
RERENT B4 T

- IFEFERN BRIk, Bk, v/077—2), HAMRET AL ARG
~ADKE (NKHIE), /28— J1OUI2EBY( L REREE, FiKEER G, B
SREUA (1M D)) 2

- BHEM:BCLEBCOHAICIDEMRE, FBCDY—HELTDRIRZRHE
JHRMERE, FFECICKYFEMEIESN-I/RT77—UFICLHHATIERE

FESRIE Fr D AR 1E]
- EYPNHEER BEEEDZKBEIEITAHUARN A~

o« AFOFFRA2: Cu, Zn, CdFIZKYFEINSD, EEFZTEIYAAKRINZHEMS
hOF<T B0 F(-SHEEZLEDL, MWE000-7000) 1

EMBREEESR: SOD, 185—+t, GPx7EE
DNA 1@@@%&%% HEEEDOIRTYFEESR

TgA L (N ‘/ZZI 1)

. JF— ") JF—
BT EREMGRE | BRRENGE
ERNE '] 2 | BRI

(&HnF) ‘
LEMmE — = > BE - Bt

() LA e -2 | | REIR

TRIVY sy amamn
- E LR
BEOHED/NY T NTT NS LIRS



° /ﬁ" {_t!f‘:l:

R LS Ik

REFLIR, ERIE

 Efm T a2 FRE AR

E [N BSNnD,

o —CH:FHJEH-L

ESSEEEME NI NPT LY,

« fiEH: KUEERMEFHA MmN oRINEN D, KER
RETHRARELTEEENLRINENBEY, BREL
ThHifa Mo IRIRESN DA HRNEAF L

» RERHE: BMILEIZLDDT, BIEEPMICEAT
%Hh)]$7b\1fﬁ<lanﬁ B [ZIELEVLVIE NS VDY, MiR{E

Rz, /\T A b

B CIXEEBEME

FAL HUEEFNHY

« REIEFEDT—RILDE HIVOHMIEEF, [ARELT

i 0.1 g~min/m?,

1.7 g=min/m’

2013 7H1H

[E 4% A P9 Minato Nakazawa

FEETI15 gmin/m*, BRIAELTKRIET

5



ZNSEE

LEMEOERREOE® L, £ERAOZOMEISHT S
Bl T%@#%ﬁ(%ét\ S0 KM Em) O RB G CO
= I | < 1XAF

e« EEIL, YN (Absorption), 4% (Distribution) , {4
(Metabolism) , HElt (Excretion) D4 K Fh 7L HANENRE
(ADME) IZ&YRESNSD

(CPMEL 55 RITEEE 5 A SRED TIREMARIES
Ao/

RO EEIET 16 (37 E) 2 E0EE (B E ;
target organ ) &LV

BRZMEELHEBICLUELNHLIDT, ENEBIRIEEEL
(TR 5750y

llrnll

9+
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s RNADEES

\

53 %h

MIEIMEIZE->TELS

* DDT (FREBFID—FF) OFA AN 2—)L (FEFHEIRZE) (3B
iy i P i S

o FERLKER ('S Hek(S ?%’CHH@%HEH@! L '19 DM, AF

T

/7KfEli%Hﬁﬁ§FEﬁo)

* WEEVALRHECERIZEIRT S

s PN YMEICESTELRDRE

. _12|K1E|10)%

B AER A DI

N =40

RBAAZEARS (BPB) &L \o1-#R#ERI Y

» MERIDE

Al :

DFDRES, lRBEEDIE

SRR DA
- IRIARIICEET DM BE X WP M EHHH RN
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AEMNNEE, INPRIRIZEERFEL

% IxEEFY (BBB), M
, & A5 Ao
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R

« EYHIE, EARMICIE, MEDOBEZBERSESD
CEITEY AR RIS

. REMELD, MBI Lo TIHEBENO S AEH
MREUNS S HidH— 1L BEE 1L

o {% n%j S It D B S

£ ARG BRE, 1=7T, MMKDEEICLAEREEA, &
1$W®y<®ﬂiﬁ%§’€ THhndh, FFiEhmstiEH, FiEsS
0% — L. D cytochrome P450 EULNOAN LA INT A
BRI MELEE, 7I)ILd—ILDES{EIL P450 &Y
£ ADH [ZKYT7ILTERIZ, S5IZALDH IZKYAILIR BE
’\ﬁn%Té*L%)‘f%E%h\‘

» FNERE:7IIVIOVEIES, REiES, 7EFILER
7&& NEMEMELEDIESICLYEE NPT LGED

201347 81H =% AF9] Minato Nakazawa 8




KHERDECHNZSE

EYRHES SeHE EEEGHE REBEGFEERE XREOZE

BNAHAS ¥ SEERDEE

né’\%
7J)La—)L ADH1 I5/—)L HAT4-20% HFEEICHE TS T7ILa—IL{CEEEIC
ﬂmk%ﬁ%% HARATIY% FELZLDT7ENTILTERESE

N-7+EFIL  NAT2 hEESAY BATH60% EYORIERAD ﬁ__U’@TL\(%

ERTSEER —TURE BARA#12% FHE@ERGE
UDP-4'JLY UGT1A1 EYILEY ? Crigier—Najjar JE{&ZEf (% =HJE) A°
D/Eﬁiﬁizﬁ% Gilbert fE{Z#$
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HE

« HEt2RE (X B, AR E

. lzkEJ’\ODHF/ BB TORIRARER (M&RD 25 % HREKAE
ZEL, %0)9*5 20 %75\ﬁﬁéh%> MW GEuTliuﬁ),
71<‘HII TOBWRIY, REEENEICLARMEND D EAA
P PEe T o7J'/I~7/J<7|'\ 2 AU EEYETE
BeNFA RS RR—RIZLS) EBRIN (DU ILOA—RFEDFK
BERATEITTEHLS, BAEYMEILEYTHEERERINEIN DT LY)

o FRAA~DEM BN CRE RIS EEEDICIREZTEOTT
—HEHGRAANEE#REINS BENSLVIEILFOFFEFERI(C
et S5 hY, 1% |$h\1ﬁb\¢%£lill\ﬂ7@fﬁ|&ﬂ2(ﬂ?ﬁﬂﬂ@ﬁﬂo A
FILIKERTGEE) T IILAFAUIAERTIILoOVEfag L2
#%ofi”'ﬂ_*gz_y 7.|'/ RS RXAAR—A2MRP2 il EL=F52 X
R—AREICKYBEEIRIICRR T A~EEM SN S (38 M AERIG)

M ZE (X UGE—EBDEY, PCB, DDT %), 2.t
b (fEaEYE), TRh (EREFRERD, K8, BR, K
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=E D758

== RFFTTOIAMICLL7%E
,c,\|$ﬂ|§:._. 1 AR ZE CTHREARBIIZFH IR, LD50 %5 LC50 T (i
- HAMEM . REKREIZEY 1 ~3yARIBETHRIR
« EMEE - HrA~1FELULEDOBRETHRE
« BHAEZE REKITRR(EEEHEEIESR)
s FREH=—sUREORBAICLINE
« ENAM - NATERTHHEE
- A= I—23: DNARBRENABEINTEMITE K
- J0E—lav EEMEMNERELNAMEIL
s ZERM . EREDEEZFRIIHEE, EcFEHE

1E_.|'ﬂ'/|$ ““H“ﬁ/hjiﬁﬂ@ﬂ%ﬁﬁl J:O—C_Iﬂ/%i;_d_'f,ﬁ.
« fih, £IEEG, MEEE REEE N WMRELRE
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=EDIRNERE

© EDNADERFNTOATORY CBELOBLILY, B
MREARGEC DR EEEMRE LS

. ARIYLDBE, BUBETEA (1 2(FERITDT
BB E I H LN, KRISRINENFARIY ADELITE
THEICZHL, 2DEB L ICBRICBITTL0DT, alts
HEASIRT 20 (LETH, BEEEARET 50 LEROE
RRME) THY, cNoAEMBEENZ S,

» B OFNHEBEAEMBE(NLASHR) THH LR,
ISO—k (BREFID—1E) DIEWEEARCHECEE, K<
s TLVA,

* SRHB TERKEBRBRIETMMNELE_HA, MRZ L
IRELTIXETULNS , IR FRMERAIEZ D EAVFHHRY

o BERESR (As) [TZERMENLGEVDINELEILAMELHD, B
5 B (R70T77—S40 NK MR 0D E 1% T (F5)

20134F7A1H =% AF9] Minato Nakazawa 12




%1 OO S

SHEF 5
© EENR AFRBISNI, ERAESOTIE (EHCHE
It B DRI S ) IR o (S OB 10
RIS R REE AT, BEREEE )

- ENYEERCIEEMIEEROMREENH,
EMHERERDIELE (cf. OECD HEMHAEBRATARFS A1)

- AMROSFMHER IX5% 2W£22, El#R, LD50 %1

- HAMEHRAR: 2~4WEBHEE, I8, NOELHTE

« EMEMHER . FREETIEENTE xE12yARER
5 NOEL, ADI, TDI%#EH

o FOth, BEFEMNAUBREHESEEHER, 1’E—rﬁ/|f'£n BR, —
HAREIESEMAR, TERESER (Ames FER), L BAEE
2 ER (in vitro CTIEEMEZALNS), Z7U—:/7 \‘E'EEET
B% A EESMRER EHSMHRE £YWE=-4ULY,

2013478 1H [E 4% A P9 Minato Nakazawa 13




NHhoDEHHE

SLBRD &Y 77

(Source: Collins FS, Gray GM, Bucher JR: Transforming Environmental Health
Protection. Science, 319: 906-7, 2008.)

E RO o B HR mmmpzgy | ICTHRUE
1 ~38R/F || I, '%j':‘g% s || 100~ 10000/ £ %}"3% >17(§0'30‘th
£I3574va N
$aydaynNT | HFEER
52 #2 5 (C.elegans) BEEEHA
Sr=s =
= lE

Tl

-

— 3

E k

F_ 5 M T

AEEEE
(FFBEMIS
Salb—Hk)

]

-

1) T4 HILIE
= EFRIEZRD
BTE

7__
@?ﬁt N 5fE
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=EDHER

« REFMISONTIE, EHBIEE (LD50) LH LR
(LC50) , #=E = (EDS0) L EZ LS

» BEAFETSHBE

- EREETOMEDSERTICONT, EREFRARYILDE
RETDE, HHEELUTCRREEALOICHDITT ., 20
RARANEERE (BIE)

s BIEAFELGWNGES

e RMEMNI-AEDHT, EHLSWIEIFENZEOHONGEI 2K
NDA=%, NOEL ( No—Observed Effect Level; fE{EFE) H 5L (L
NOAEL ( No—Observed Adverse Effect Level ESSE) & FT&E

« PIBZEIZOLI-ORICT AEARNHIRT HaIEENEICHEHD T,
ZEZRHHLVIES %IEF@’"&’E%FT%

e EBFZXE = (Virtually Safe Dose: VSD) : [T ANBIRELY XTI AN)L
ZEREL, %*LH_FUD')Z7L7ﬁ\fib\ﬁﬁ§(i¥’gﬂ"]liﬁétﬁfij_
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e EH % (RfD: Reference Dose)

e ADI (Acceptable Daily Intake) : ¥ &1 HiER=, EXIZF]
JINAME (REOBREMY) DT, EFA—EEE
HYL"C:BFBH'&#EL\&%%B*L%H Haf-UDER=

e TDI (Tolerable Daily Intake) : A1 BiENE, =X IZER
TADTHNMEEF 2 EREIZ DT, ERA— A JEIEE
LTHEEREN GO EEZONSTBH-VDIER=

. EBLLEN L me/ke KE / B, BLBRREAEERE)
Mz BN -5EHER THEONT- NOAEL (ARG A (X
NOEL F7-1F LOAEL=Lowest Observed Adverse Effect
Level, Tx/NEHE) %, ADITELZTEZRE (safety factor)
%z, TDIGEBAEE IR (uncertainty factor) TE|>TH S,

» BREORIMILEEGEF TEIECEAE —RICITBYRE
ERT1571= NOAEL A oitE T 5740, BEICRA 10, EKE
=X 10 TRA 100 #38F, NOEL A LOAEL Z{E515 & (&
&5(2 10 2HNHT 1000 2EAT 5 EA BN
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A= kIGE#%R

J.E(dose)itliﬂ LRE IS CTERERSR CEENRIGT S

-

= [ l/’\)l/'fa"%%)& EEYMOEREELTOD dose ITXF T BRIt
iUA“(—}iJTL' L,TJIEHZF;&/%G) dose Z [T T=#2{E A %) LD EEZR
X, SFEIRD—TIZHEBIENZLY, &It (BeZE) ICEARELH S
CEMSEIRIZHBER, SF fﬁili, BE, BEXMIERSTHT
TIN5,

\Ini'r

FHRDOEANRILETT BiRsesF Mz 5= (EDS0) LTS, 24
S REBTIEEHBIEE (LD50) A R fEhn, HECIZTOE vk
SHPODYRFI (A YRR T, XA VADNBEDRZE
MEED) Pr(Y; = 11X;) = F*(X;)

(
© 1 2
Probit: F*(X;) = ®(8p + 51 X;), P(2) = / > e % 2 dg
oo T

LOglt F*( ) (50 T 61 ) ( 1 _T_ e?
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= RIGERORIGETIL

e DUEYRETIL: ENAYME N1 BLHETCFIZEZEL!
HE, TOMREMANAILT S, IBE= D IR LTHEAL AL

IHEEPD) I, 1 75\191

1
THEb, P(D)=1-h(0)=1-exp(-gD) , 1K

SZx5Z

TR NVERZFIV{EEL
Eiﬁf(ﬁ%b\/\ﬂ)x

OHDRA=IZEEHI, LEFITE S g ’&%75\/\/;“3 TI793EMES,
c BRBZLEEETIL 1 DOHMRENDAIET H=-DIZ K ERED

RIGH—TED|EF TE_DADENHY, %E&“B‘é‘d)}iﬁﬁﬁb‘ﬁ .

ED—RXRATRINBDEEZZANIL,
P(D)=1-exp(—(q0+q1D+g2D"2+..+qkD k)) ,
KE EPABRRAVTVLDIE, COETILIZqI>0 ELSHIFIZE
2 F1= Crump DET )L, BEIL, P0) IZLD AT %R R
== D TOENAIRY, DFYEEI') XY RD)={P(D)-P(0)}/
/'Cli DA 0IZELVEE R(D) I

(1-POO)}#EZ 5, CDET)

LLRIIZ q1D £75 2D T, K

EEGR

188

S TIXBEIRIH,

1= [ZLEfi
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