BT BRE

MNEL TR

Bk

N B EB 7

Y2448 H6H

=y

1 5

2RER P
E DTN .4»:?»._,,5 "
Rl e

B R B DFE R DOBENT OV T

FRk1 5FETA 1 BMNTEASBERAEZEOT70101 584 Lo TEENLYEES
ZERERD SNIEREAEIK R O~ U O B ER TR TR D A e

[y

?j‘?i '
8

i

3 «_iéw
‘,,,,
L.

7

=3

SRR DO AR

HTROLBYTTOT, BRRTLEAE (TRl 5FEEE485) $2 3465 2H0H

EIZESEBMLET,
2B, Ranf@REEMOFEMIIBIRDO LB Y T,

i

<V H L OME— ABRES 0.18 mgkeSAE/A LT3,



BIREEKEE@mE

eIV,

i
oo O
it
Hp
7 )
M0 0o
N o



B

K B D R R > 2
BB EERE AR E R S . . 2
<BREEEELLEYE - FLEVEEMRAESEMEELE> ... L 3
- 4
L. B R D . . . . 5
1. RBE - BBIE . 5
2. BB, TR E. BT . 5
3. BB R 5
A BRATEREIEE 6
I. BRI R AEI R D . . . . 6
1. EHICET AR R 6
(1) R B RE . 6
(2) BB A DB 9
(B) B AR 20

2. BRI DR . . . 26
B BB 28
I. BRI .. ... 29
17 = 35
BB > 36



<FHDEE>
20034 7H 1H

20034 7 H 18 H
20114 1H 31 H
20114 2 H 21 H
2011 4 12 A 22 H
20124 3 H 22 H
20124 6 H 21 H
20124 6 H 21 H
20124 8 H 2H

20124 8 H 6 H

JEAE SR X 0 IEREACEK T O~ > v ORI I AELE
(TR D B L R R B A I > W T RS . B EE OB
%3 MR mEZeTES (EiEFHEMM)
5510 L E - 15 3 E P A S I R AR K 2
5511 WL E - 15 G E B S 1S DR A
5512 UL WE - 15 PR STE AR K =
%9 b FEE - (FY B EITRE SR RS
% 436 IR WL RTESWME
£V 20129 7H20H EE»SOMIER - HF#ROEE
b - G EHMRESEERE LI BN EZEES
ZER~WE
442 RIAENEEERES )

([7) B A CJE A S8 KR s )

<BERLTE2ZERZTEAE>

(2006 4£ 6 H 30 H £ T) (2006 412 H 20 HET) (200946 H 30 HE T)
SFHHEN (ZER) SFHHERE (ZER) AE E (FAER)
SRS (ZERRH) HE R (ZERMAE) /NRIE (ZRRAEE)
/IR BT /NR BT R
WAL T R AT —1E
HoR v = Ty —1E JRITAR T
ARG — TR T i R HE I
RE ARG — AFE—

(201141 H 6 HE )
NRET (ZEE)

(201246 H 30 HE T)
INRET (ZAER)

RE 2 (ZAERREY) gy i (ZERE)

KR
A —1E
S LA T
S I
i HAH

(201247 H 1 A D)

KR 4
BpAf—I1E
JHLAF
S A I
i A H

e i (ZE Ry

g T (RR R

W7 FE (ZREEARRx»*xx) % 900742 H 1 H D
=4 EE (ZEEAGRRRR) *x 900744 H 1 HD

fiFE Fikk
RS T
FEE g

¥*% 2009 4E T H 9 B
wxwk s 9011451 H 13 Hvb
wrwkk . 9012457 H 2 BN D



ek (ER)
SEARIEST (B RACER)

AR R
2R IE L
By 5
IS
K FH
JIFE 2

RN

N N VET 6k
s E

(2011410 H 1 Ex D)

ek 1

RENE—" (RRED)

A HE
[E Ny sl %
(B RG 1-*
FILAR I
e ZE N *

e e

L pEe

(HEE 1)

R /NG 0 SHIE=S

AR Z
HE B —RR
AR
TR
HETLE "

BN

B —
JEHR I =

AR Z
AT A ZE
F AR K
SFAMI
T | LT
SR

<BnEREZESILEYE - FEYEEMRESEMZTELE>
(2009 4E 10 H 1 AN 5)

PS4
LI
W
I =
K TE

AT

JEEH =
HEA R —
o AR
L7 adiEES
K IE

A SR

1:2012 6 H30 HE T



-

TERECEIK OIS B UEL EITR DL WE & LT, ~ 0 > O S AT %
1T-o7,

A VTR BRI 1E. BEFRERR (T v ), BaEEERR (v AR
Z v ), EBHEEEEBREOREDS AR (v AKDT v N, RREEEER (T
NEONT B AL B - RN (v A RO v b)), B SRR L O
FHELEDORBETH D,

< HUE B R EIILDETHEL DA E > THAETETHD, v T
BUIAE, BRI ESL L OGE LA ERIEFEEELECLAEENH LD, 1ZEALE
DEMNNI~ U T MERAINTWDHTZD, B hOS U H R ZIIMmITLNEZ v 5
AN
VU HDE MIRTAEEERZEL LT, mAEDO~ T U EIEEMICER L TW
T2 FEBNC BN T HHARR R~ DRENRBD LN TW5S, BMFERTHL~ 2 H o ofkd
P52 X D PR R~ DI BT A M BN HME S TWAN, b FOSERERE
IV LEVHEOKIGTH -7, £z, BER T, kR, FIRER, FFlE&L O
B~ DOFEICET 2 M A b SNV D
%ﬁxfi_obwni t}w\®%w>I&%Fﬁ%ﬁii%%ﬂiw%m\

B MEICES L Ciin vitro 388 & OVin vivo iREBR T ORE B8 STV A 08,
DNA & OE#HZMEE/ER T3 <. DNA 44 DNA EEICB 545 % 378
DIEHIZIFTREBICER L TWD EE 2 b5,

L7=-> T, ERDAFNMEICET DA — HIERE (TDD) 2H 425 2 L 3Ey)
Thd LWL,

THARANOBHFEEILYE (2010 4FAR) | 2BV TIE, vxﬁ/®&k®mﬁhmi
Z11mg/HE LTWD, ZAUTEE, 58, ROFERELFLE LIEFHIZE
vyﬁyﬁﬁ%@%*%ﬁ%ﬁ]09mgaﬁff%éem5$¢k%lEéﬁ%%
(Institute of medicine : IOM) T E L7 ADTHE LIBE 11 mg/HEZZH L, H
ARNOEFEFEEIERBIELY 11 mg/H EHEE L AMIEER 21 L LTCRHELEDD
Tbh b,

11 mg/H LW HfEE I, ADKEELZ 60 kg LIREL T, v T OERMEE
(NOAEL) # 0.18 mg/kg (KHEH/H . TH5Z ¢ NRRETHHIEEZLNT-, F/=. H
2&)\ BIFb~o T OEHEREN 3.7 mg/H THDH &, BWIEERICH LT
REEIIZOERELV LEHETHDLI I LE2BE L T, NEFEREE#EHT 2 &
ﬁ< ZOEE TDI & A7 3 Z ENTEDESZZI BN,

LS, =>4 o TDI % 0.18 mg/kg IKE/H & #E Lz,



I. FHEERMEDOBME
1. &R - A&

KFD~di A, & UTHEICERT 225, ShibBEk, THEEKR EDRA
MFRR ERBDZ EbdH D, £, WA - Ikl « WO ESE K ORI DD 75 <
L ERENOIRHL T2 LD,

U HANIAT VA BRI OBIEE K OCRINAL, TV =0 A Hil7s EOIEER
& @ OWIMANE NI EM & L THWsN D, b~ i3 T,
R AL A RO, BERZREAIEICHW O, B b~ v TR,
ALAl, 7 =74 NERO~ vy TFREVEICHWOND, £/, W~ T UL
X, v, L RAE OB ORERILOEARIEE L THY LD (BAE
7184 2003),

2. {24, nHRics. BRF=E
IUPAC
s~ H
#4, . Manganese
CAS No. : 7439-96-5
JLHRFLH : Mn
Jif& : 54.94

3. PEFMER
U AN TR R AEFTRRD B B 08 ARHEEICSIH LIZb oD 55 Tt
D DB FRIVER 2 LU IOR T,

E2x i <~ HAk it 2 R [di7s W~ H
~ ~ Y ~ ~ 7YV
CAS No. 7439-96-5 | 7773-01-5 | 7785-87-7 | 598-62-9 638-38-0 7722-64-7
FARSaE=V Mn MnCls MnSO4 MnCOs Mn(CH3CO2)2 KMnOq
TR 54.94 125.84 151.00 114.95 173.03 158.00
W ERR PR — — - Powder Brown —
crystals
Wi (C) 1962 1190 850 — 80 —
(53 1i#)
s (C) 1244 650 700 — — <240
(52 1iR)
HE (glemd) | 7.21-7.44 2.98 3.25 3.1 1.59 2.70
(20°C)
KB R 53 1R 723 (25°C) | 520 (5°C) 65mg/L ATV 63.8 (20C)
(g/L) ~1700 (25°C)
(70°C)




4. BITIRGIE
(1) FESDOHRFIESE
KEENAEME (mg/L) ; 0.05 (v O&EIZEIL T)
KEEF A (mg/L) ; 0.01 (v HroEIZELT)
SEARTE B 5 EHME (mg/L) ; 0.2 (B~ V)
Z D FHE
FEIKEEE OREIE K O E O HAE (mg/L) ; 0.005
TEVE RS  AFEREEAHM A (mg/ m3) ; 0.2
BifAEE (mg/l)
BB K ORLEFLYE « I 2T 07— & —FH, IR O M OVERHH -
FLANDOTERACEK 5 0.3
SARTNT A —F—FH ;2

(2) FENEEOKEREBITHA K54 U1E
WHO (mg/L) ; 8EK TR S 2 iR B TR Lol SidZevyy (38 4 ki
EU (mg/L) ; 0.05
KERGER#T (EPA) (mg/L) ; 0.05 (Secondary Standard)
KN KZEHA KZA4 2 (ug/m3) (WHO 2000) ; 0.15 (4EfFE#HE LO)
Z DO HAE . Codex Standard for Natural Mineral Waters (mg/L) ; 0.4

I ZTEHITRIMEOBE

WHO Bk AKEH A R4 > (WHO 2004, WHO 2008, WHO 2011a). EPA
SREV 27 R AT A (IRIS) @ U A N KR OB K AEIE (EPA 1996, EPA
2004) ZFEIC, FWEICET 5 E R Erm e LT,

ek, KAHEEIZBWTI, v T AbEYMOEENOEE LIz~ Ttk & L
TOHEZE% mgMn, pgMn LR LT,

1. FHICETIEZENHR
(1) ANEIRE
O 1)
< A OEAERINE, BEOAHFEN T e ATHIE S, v T EENE
HEFFICNL S TV D, FANBYER T 7 ¢ T TR I EMEE O F 2 TH R S
TeRBRIZ BT 25~THE O~ 1 O RIGERIZT.7£6.3% T, AIEARERED~
I AATENITFREE U7 xo 7= (Schwartz et al. 1986), ~ v H o # G H T 5 4L
ARG EZBR LR ATAICB W TS, 844 7% DWRINABLE I -
(Sandstrém et al. 1986) , A B &L TiE, HEWIEER IO D~ 2 T WIT1.4~
5.5% T, *RWE DA~ 77 v (1D /KEHE D D DWINT.8~10.2% I L~ H RIS
&7 > 7= (Johnson et al. 1991) , ~ v B U WRICRITIEEYCHLIZ O 7A@ el
MDY D (Keen et al. 1986),
BYTIHKE, =2 VB, T4 FUBAEAINTWD & ~ 0 PRI
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T 5N B D (Gibson 1994) , ~ > T WU & SR IITEHE 7B E R H Y | #5K
ZHOBFEEZERLTWD &, ke~ Tl HFOWRINEENIT % (Sandstrom et
al. 1986, Thomson et al. 1971, Finley 1999), F£7-. ~ > 7RI EMH v
T LPRE SV B DOEIfRIZ & D (Schroeder et al. 1966, McDermott and Kies
1987, Lutzetal 1993), ¥ > =V HDOKORFENR T . ~ o H U WINZHD S5
FEEMEN & D (Freeland-Graves and Llanes 1994),

B EAKE T T URIGERIZR Z R 22T MEERAE T3k b WX
WE&HEINT % (EPA 1996) |

a. RAICKBHEAEIANGDT 2 URIUR

FLIL G A & BALm G IZE EN DT DO FIT, VVﬁVOD@fF@?E’J*'JHﬂ%K
WEBEBZDLORGDL EHRLND, REY NV EHKROHTEIITIL, SiRE
DT 4 F B RS R TENER S, v/ﬁ/mi%%%ﬂﬁéﬂ&
BG-LTCWARREMED Y B 5, £, b aFLIC X 2 8k 242 B 4 o 4
FTT VT OEMFHIFIHRIZIZHIZEADT S X 5 Th S (Freeland-Graves
1994),

FRN TO~ 2 I RIERITREFL Tl 8.2% T ELD 2.4% ., KEHKIREHLO
0.7%IZ R THEICE > 7= (Davidsson et al. 1989a), kLA T DO~
YA E 2l Mn(D) THY ., BNT 7 b7 = U 2 FIRIC L DWIXO A
TERWA, BP0~ AL 3 i Mn(ID) TF727 F7 =V v EfEELT
WAHT=, WINAFEI S D (EPA1996), RFAH DT 7 b7 = U U R043Ic%
SEEND TN T LPRIEEOZIZEHE LT D RIS 72 (Davidsson et
al. 1989a),

b. 3LIRTHO~Y U H I

b MR TIE, ~ > R O FEARLRE TH L NEH-HEM R 3 FERITITFE L T
WRWTe, v T DENAEMEICEENELD EALND (Lénnerdal
1994), R L FLIBAHELOM T 2 RA THWLAR T, ~ T Dfrfrae
o7z (Dérner et al. 1989), 7 v M & HW=lBClI, ShEEW iE‘Z%}f‘@qu‘@
LTV LHARIZEDO~ T HBGEWINT 5 Z RSz (Lonnerdal et al.
1987), F7-@EBRICB W T, ~ B UMLK BE Y 2 s 2 3 B o AR IR
miﬁi%@b%@ 4fETHLZ LB LMNIINTVS (Mena 1974), t L?LLE&

IRBTD~ U R T 52T — X I1XIEE A E72W0DS, il AT THIR
/73 Y OWMARHIKT T HHDBARF 5 TH L Z ENRINTWD, % 6 1 if
DOFLIETIL, Rk~ o EHEITHRA LD L 7~9%E > 7= (Hatano
et al. 1985), FAERITHILEN O BH I~ H o Z2WIRL, Lorb kN L=z~
A EHRELIZC W, Ea. FAERIZBW TR, BN EN T~ > H iR K
BMAZAS @i d 5 LW )il H 5 (EPA 1996) .



@ o

VU HAAIEEDH B LMBRIAFEL, 1ZEAEDE NERKICHKIT A~ T
EEIX0.1~1 pg Mn/g BEEOHIPHIZH D, WEH . EBEN KD EVOIIHK,. &
figi, K. B C. & HEWOIXFE LGN TH D (Tipton and Cook 1963, Sumino
et al. 1975), F7=. v U U IFATEMIEIZ HFET D (Reaney et al. 1988)

LR E) T, ~ > I O R E BRI R SR I3 5 (WHO 2004),
Long-Evans 7> b (MfkE, 14 Hin) Os@filREARGRBR TIX, ~ o0 TS
R, BRI, IR ORIKICERE L, MR ORI E~DERE LT Th-o
7= (Kontur and Fechter 1988), F7-. MO EERALIZ BT D~ > A IR E X Mn(1D)
ELTEMENE S35 X0 Mn(ID & U CHEVENES LIz &7z

(Reaney et al. 2006),

@ HR#H

< U ATEREF S @EFEMoID it4ffi~ > Mn(QV)) & L TEREND
. AEERNORE A O TIEMIID & U THEET D AalREEN T 5T Y

(Leach and Lilburn 1978, Utter 1976) . (AN TE{LIZ L 0 ~ > 7 - OE 4
b B AREME S RIBE XN CW D, £72, Wistar7 v Mk~ H o 2 &5 Lz
BRICIHWT, IV R ORERE THIN L7~ o T DIF & A ENEF A B gk

(ESR) CTld 7 F V%R E 72 - 1= (Sakurai et al. 1985, Tichy and Cikrt 1972)
Z M, MnD2>65MnIDICZBL LT E A BNLD, 72720, MnIDAR X > /X7
HEOERS T LR ER Lo TRt 5 5,

invitro fABR T, & bk 77 23 8 Mn(D 2 Mn(IID~#@{bd 2 2 EDVR S
N7, £7-. invitro R T~ o W UVBKICEN~ o T DFEE N o~ 7 arsa >
VoD 8T A7 2 AT 52 L. 7@ invivo iR T Mn(D)- ag-~ 7 1
a7 )y V77 AN MadD- 7 A7 =20 007 )77 0 A X0 REEIC
HITTHZ ERENTWD (Gibbons et al. 1976)

ddY v 7 A DIREEE G RBRICIB W T, v U ADER &2 7otk O~ > T IR EEIT R
B Ule~w o U BRRIC K 0 Blp o Tie, g OB g o~ o 7 A REER. it
R R I~ o G LI KD | B~ T ORI~ T
H L@ CTE»-o7- (Komura and Sakamoto 1991),

@ it

VU AXFFEFETHEPICHE SR, T<—5 (0.1~2%) RS
5 (Davis and Greger 1992), #EH DO~ H 0k, BORKE TORWIN~< > H
ENRFICHE ST~ o T b7 D, B N TCIERIC AN AZ R U, e
NZi 13 H, 37T HT&® 5 (Sandstréom et al. 1986, Davidsson et al. 1989b), 1t
2, B, BAAPEICES LT b Vo #fiE L H 25 (Roels et al. 1992),



(2) ERFME~DZE
O 2MHEUHER

Wistar~ v b (M) (BT B b~ o H v /KESHR O Bl o & 538k T
Wb~ 7 o0 ¥EESEE (LDso) 1. HMET342 mg Mn/kgiAE, HfT331 mg
Mn/kgiAE (Kostial et al. 1989) . 7 v NMIBIT DEEEE~ > A v DOLD50l%1,082 mg
Mn/kg/AE CToh -7 (Smyth et al. 1969),

725, Fischer344 (F344) INZ v MZEBUT AHilE~ > 7> (1,300 mg Mn/kgf{k
H/H) O14HBEREHR R T, LTITEO 5TV (NTP 1993),

Q@ BEMHMHHER
a. 13 EMEIMESHRER (D R)

B6C3F, ~ v A (M, 5B 51 10 VO) (281F B fiiEg~ > 7 o AD—KFu# (0,
3,130. 6,250, 12,500. 25,000, 50,000 ppm : 3,130. 25,000. 50,000 ppm I%
122, 975. 1,950 mg Mn/kg {AHE/H) @ 13 H R GREBRNThhiz, &%
HRETROONEmE e R 1ITRT,

D2 58 & > 50,000 ppm & G-HEICIW T, A E 2 REHINIEIN 7 5
iz, HED 50,000 ppm HEETIX, HAKRED 13%W L., Tl O#x & UE
STERIIA B Lz, 50,000 ppm $5-8E Tl E Hic, ~~ 27 U v b
EE~E7m B RBEMET L, RS A EICHD Lz, KD 25,000 ppm
J X 50,000 ppm 58 Tld, AMEKBENSAEICHED LIz, FF I3 EIZ
B L= L (I m T Rne LTWb, CORERETHERIERIZA DA
Mo Tons, KED 50,000 ppm £ 58 Tk, BEORTE R EEGHAL O A & O
Wb nEg Iz, (NTP 1993),

F1 YIRS EERESMEFEHER

AERE B 58 i i3
Wilg~ > # > (1D | 50,000 ppm BASREE 13% 80, FFlg O | IREBEIMINHE], ~~ +
—/KFn¥) (1,950 mg Mn/kg & #/H) SR O EEOWAD, ~~ | 7V v MELE~ES

F7 Uy MiE~NEZBE Y | 0B U BERD ., FRIL
BEERD . R ORAD ., | BB
B ORI E RO LR Ot

TRk R ONE 1L
25,000 ppm A I ERER DI BT R L
(975 mg Mn/kg K&E/H) LA
=
3,130 ppm PREE ] @R R L
(122 mg Mn/kg K&E/H) LA
=

CD Z v b (&k&fﬁ %&%ﬂﬁ 5 UG, M 1P5) 2k Téiﬁmvﬂa > (IDPE K
¥ (0. 1. 10, 20 mg Mn/kg (KE/H) OHAE®ZNG 24 HiliE TO5RERE

9




& GRBRA TN, SFERGHETRD ONEEFT R 2% 2187,

10 mg Mn/kg (KH/H UL EOEGHET, R FEHO R— X VLR FEIC
J> . 20 mg Mn/kg (R H/ H & G-HETHIR T OE /) 7 I A F ¥ —BiEEN
AEIZEML, ek Fax v 7 —BEMAFEICHEA L7 (Deskin et al.
1980),

&2 Sv b2 BRBSMEERAR

BRI el aE s

ik~ > #H 1D | 20 mg Mn/kg {KE/H R TE O ) T I vAF v —BiEomn, Fu
PR Fn4) ok Kaxy T —BiEod

10 mg Mn/kg RE/H LA | FR THEID B —/33 o LU
1=

c. SEMBAMSHRER(S Y )

Fischer 7 v & () (\28BI1F B ke~ >4 (55 mg Mn/kg {K&E/H) @ 8
WIRAN& GRBR A Th 7z, BERE TR b= mEiT 4 £ 3121,
BEREIZBWTC, ~~ 7 Uy MEE~NEZ R EVRBENFEICHD LT
(Miller et al. 2006) .

£3 Jv b EARMBIRMESEHR

AR E B5HE i3

Rk~ H 55 mg Mn/kg 1A=/ H ~v b7 Uy MaEEA~NEZ T B UREDHD

d. 13 EAMEEIMEEHHER (S Y M)

F344/N 7 v & (MERE, &5 5-8F 10 U0) (23861 B fifg~ > 7 > AD—KFu (0,
1,600, 3,130. 6,250, 12,500, 25,000 ppm : 1,600 ppm |4 33, Hf 40 mg Mn/kg
{KE/H. 6,250 ppm (F1E 130, M 155 mg Mn/kg {KE/H . 25,000 ppm (it 618
mg Mn/kg (K8E/H) @ 13 BRI GBI ThI, FHEGHTRO LT
AT R AR 4 1R,

KD 3,130 ppm LA EDOFEEEREZ DT R EEIMPNHI 23, #ED 6,250 ppm LA
L ORGRECHE B RREEINMHE N b T, BEO2EGREE o 25,000 ppm
BeHRETIX, APl OHach e O E &S A B Lz, MO2EERETIEMO
Mot K Ot E R S A B Uiz, BETIE, 25/ TR A mEREIZ 2 bid A
B o Toy HFHREREN A EIZHEM L., 6,250 ppm LA EOEGHETY /R ER
BNEBEIZEAD Lz, —J7. METlE 6,250 ppm LI E&RERETY BRI
12XV AIMERE A B IS Lz, HED 6,250 ppm UA EFRERET, ~~ b7
U ME & RIS T TENAEICHEMN LI, FFOIL, Zhb D2 ki~
VI ATHFT HENE IDTHE TR VWE LTS, FORERIIZBWTEH, <
VI BEAZEER T SRR A b, BERIERIIA B o7 (NTP
1993),

10




x4 v b 1B ARBRMEEEHAR

AEBRYE B R i3 i3
il ~ > # > (1D | 25,000 ppm — JHF Ik oD it kb e OVFE f
— K Fn (#t ; 618 mg Mn/kg & &H/H) & DD
6,250 ppm ~< h7 Uy MEEIRIMER | BEAREEEIMNIHI

(# ; 130 mg Mn/kg A8/ H |
;155 mg Mn/kg (KE/H) LL
=

o
U o SERER O

UV RERE DA I
X 2 #A i Bk 3 o

o

1,600 ppm
(# ; 33 mg Mn/kg {KHE/H .
14 ; 40 mg Mn/kg {K&/H) LIk

TP ER B
FFIR O #s R} B OB R A 0D
b

fiti @ #fa et Jo OVFH %
=D

©)

@i EtRREUENA KR

a. 2 FREMSHER (Y X)
B6C3F1~ 7 A (MERE, #-# G- HET0VL) (Zd61F D e~ o 7 o AD—AKFn4 (0,

1,500, 5,000, 15,000 ppm : 5,000 ppm(FME64 mg Mn/kg{KE/H . 15,000 ppm
I3HERSS. 731 mg Mn/kglKE/H) DO2FEMIRAIHR ERBRBN TN, K& 5
FECRO b= B T A RHITRT,

MDA BRI B W THROGRE DS R R L~ BRI L, BEo
15,000 ppm # G-8E & D 5,000 ppm LA EDOFGEET, FARIRIEIILEN A B
Z0voT-, FT-. BED 15,000 ppm B GHE & MO REEERET, FUIRARIENE B R A
a1 oD R R M T % 00 F& AL B R N A B BN L 7=, TEMAI AR RIS 2Y 15,000 ppm %
HREOME 6%, W 10%I2384E L7228, SHRERICH A CTHEZIT e~ T2, Wk
® 15,000 ppm & 5-HE T, 7i1'H F V- bR RR R 2 ak O 38 A58 B 3 A B T 4

mu iz,

T VLA TR 0D 8 A= BB D o 0 2 BN & L FRR IR N b R T il o 38 AR A
DAEBRBEINCES X, FFH 513, B6C3F, v~ 7 A ZBIT AhiEE~ v H o 1D)—

IKF DFEDS PRI RS D RN 72 (equivocal) FE#LA N ®HH & LT 5, (NTP
1993),
&5 TOR2EMIEHSHRAR
AERE B 5 I i3
Wi~ > % 1D | 15,000 ppm FOR BRI e BRI O [R5 | A E R 2 b Rz A R
— KT (I ; 585 mg Mn/kg IAEE/H . | MEdIEAL & IBIRYEIR D34 | JR Ik 1 pk oo %8 AL 48
M ; 731 mg Mn/kg (KEE/H) | SAEEHEIN, AiE R LRCHE | EEEEN
J R eyt i e, oD 25 A 4
0
5,000 ppm AT R L FROPR M 8 1 P 5 oD 36
(M ; 64 mg Mn/kg 1AH/H) AR FE B N
Uik
1,500 ppm VL E FIEAT R L FH 2K A7 00 72 B AR
R, R IRE R
B2 BR R PR T 5k oD 3
AR A R RN

11



b. 2 FRIEMSHEHRR(TY M)

F344/N7 v b (MERE, &% 5RHE7000) ([Z81F DHife~ > 4 oADK (0,
1,500, 5,000, 15,000 ppm : 0. 20, 65. 200 mg Mn/kg{&<&E/H . 0, 23,
75, 232 mg Mn/kglKH/HL) OUFERNEEEHR G-RBRM T, K& GH TR
O IV AT LA R 6ITR T,

KD 15,000 ppm & G-HE Tl SAAED G REFIZ N 10%E <, BIEAD
BRI LD AFRDA RIS U, BHETHERENEE L L, —7, HET
%, A HED 15,000 ppm HFG5HETHRENL LN RN o T, MEE S, 5
T —ZZHAR T, RO EREIMEA N7,

FF 51X, 15,000 ppm F TOHFilE~ > 4 > AD— KW DMk F344/N 7~ b
2B T D RN AMEOFELTI /2 E LTS (NTP 1993),

£6 Svbk2ERIEEEEHER

AEBRYE B h5-8 i i3
Wi~ > # > 1D | 15,000 ppm FOEART 10% ), BREL O | #E T L 7e
— K (4 ; 200 mg Mn/kg {AE/H . BEARBIZKDAEFFEORA, | L

it ; 232 mg Mn/kg {K5/H) 12 PEES T BOE EEAL

c. 65 EMIEMHHHER (T vV )

Sprague-Dawley (SD) 7 > & (B, &&LGH 128 (B2 b~ T
ADPEAFY (0. 1,000 ppm : 0, 40 mg Mn/kg {KE/H (WHO #%5)) @ 65
HEEOKE G R Thiviz, EHETHRO b EmEET AR TIT7T,

HHE) L~V O L O R — 33 AEEIERE O —IRepY e m BBl Sz

(Nachtman et al. 1986),

&1 v b6 ERIEHEMHR

AR E 58 1t
#ifb~ > % > 1D | 1,000 ppm HEE) L~ L DB N
MUK Fn4 (40 mg Mn/kg 1A H/H) R— /3 AEB RS RE O — R 22 ) |

@ fIFSHAR
a. 20 A ERZESHER (T Y )

SD 7 v NHAENR (MErE, #£EERE 10~12 ) IZBiF5~r > (0, 50,
250, 500 ug Mn/H : 0, 0.7, 3.8, 7.5 mg Mn/kg {A&E/H) DOHEH% 1~20 H
2B T AEOKBEGRBI T, v AT, WoOHFIcEHLET 10% > 3
PR\ b~ o o RS THEBE Lz, {FFGEHETRO NI EmETR LR 8
W2,

L NTP 1993 (21X, i~ Ay () —/KF# 1 B Y4720 #581%, #E1E 60, 200, 615 mg/kg &
H/H, MEiX 70, 230, 715 mg/kg (KE/H Lt STV D,
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P 5 KX DR E, SEHERUR A~ DR EIZED Lo 7z, AR 14 HIZ 500
ng Mu/ H & 5-HE TR ME OVING O~ 0 T IRBEECAERIEMN A 60, HAR 21
A2 250, 500 pg Mn/H & 58 RGO~ o T BEICHEE RO BN A 5T
M, AR 40 BIZIXWTNOREISR THEGICL 2 EETA LN R -T2, 1
1% 6 HIZFEH L= Bl Y 55k (Righting test) 2Cld, 250, 500 ng Mn/H $¢
HRE ORI OBIENTRD D=2, AR Tld o7, A% 10 HIZHE
L7 MRRIC S IR BARERRBR TI%. 500 pug Mn/H #5-8 TR s 0O F B 72
TENRAHBITZ, £72, 50 ug Mn/H BGHETIX, HAE% 32 HICSEE L 781
[ElEEER CER Y 2 v 7 ORI BRI EMA A b ivTc, —F, BREE R
— /XX VLU BRI 72 3 A B, 500 pg Mn/ H 5 58T 50% 80
L7= (Tran et al. 2002a),

&8 Jv b 20 BEFEEMESEAR

RRWE 51 WA
it~ B 500 pg Mn/H WL SR RNC K D IR B O IE  (HiA4f% 10 H) . ##
(7.5 mg Mn/kg (K H/H) Sk F—/83 v LUL 50% 8
50 pg Mn/H ZEHELERR TOEL Y 3 v 7 [WEUH B ERE
(0.7 mg Mn/kg {KE/H) M. BRER F—r83 o LU RARE 22 (H
A% 32 H)

F7o. BB SD 7 v MR (M, A& 58 8 VL) I[Z W TR (H
A% 50~64 H) ITITENFERIRER 21TV, A% 656 HOMSIK F—/3I 2 X
NERIE LTz, 250, 500 pg Mn/ H &% 5-BECTld, MEIKR K— I L-ULICHE
TRID NI B VT2 )Y, Burrowing detour iER N OV BhEGEERER Tld. #EHFEM
WA B RN ITA B> 7= (Tran et al. 2002b) .

b. 21 HEIFR EMESHRAKR (T v M)

SD 7 v MR (M, K&GRE8~9 L) ([2RB1F bk~ (0. 250,
750 pg/Vt/H : 0, 4.4, 13.1 mg Mn/kg {AH/H) DOHAER 1~21 H OEBKEE:
BB TNz, b~ iE, 10% Y 3 BPHRICIRE TR Lz, K&K 51
TRO LN FmHEIT REE 9 IR T,

HIGEIZFM L= & 2 A, mABRRECHARS (WA 10~14 H) [ZAD
AEHWEIC T 2 BN A B, AEM (HAE% 90 B) ITA B bR 2
FREIBICBIT D R— RV N TV AR—F—DD) B 6Tz, £1-. &
BEOREI (4% 90 H) 1221 > 10 mg/kg (KE A BN 5 L-8E .
HISEB OBMMN A HNT-08, 24 > 20 mg/kg KEZIEENEE L84
Wiz HREEB O 03I 5 1v7- (Reichel et al. 2006)

2 W EMmITICr —DICEE | BIERE MURA TS 2 OIS B 2 R 4 1 E 3 5 3R,
13




&9 Sv b2 BEEERRESEHR

BRI B5HE i3
fife~ A 750 pg/Pt/H BV - AOEMVEIC R
(13.1 mg Mn/kg {K5/H) ARG (HIZE# 90 H) : #i b P8 (e

BIZBTD F="I 2 b T U AR—Z— D
D), alA rTHEES D HEEI IS

9
A

FERICm HE DB~ T RGEN R— "IV T AR—F =l h2 5%
BIZOWTHETL7ZEABRE LT, SD 7 v MR (MERIARE, && 58 10 L)
2B T Db~ (750 pg Mn/lt/H) OHA% 21 B (A% 1~21 H)
IZB T AR GREBRAH 0 . HAE% 90 HIZITREREORRSR &AL T R —
NIV BINTUAR=Z =R R ERB L R—=/33 VEUAB DD D3 5T
VW% (McDougall et al. 2008),

c. 0 BMEAMEEABR(TY L)

T b (HERE, A58 9~10 J0) (2B bk~ B o ADMNATI® O 30
HREE& 5B 3Tz, SFEGRECTRO OB e R 10 1ITR7,

7w FERET 10 HEFIBE L7212, b~ ADMAF (0, 20, 50
mg/kg f/H : 0. 5.6, 13.9 mg Mn/kg KE/H) % 30 HRiEEHG L. O 10
AR O®RERBR AT 222N Gl, G2, G3 & L=, —FH., v b+ (E
BIAREA ., #5812 I0) ([cHifb~ o 7 oADK F# (20, 50 mg/kg €8/ H : 5.6,
13.9 mg Mn/kg {AH/H) % 30 HFIREEH G412 10 H KB EZ L, 5] &6t
X 90 HREL@EHE O % 5 2 1% KRB 21T 22 221 G4.G5 & LTz,
G2 & G3 OEMIT., KEEFIFETEAG LBl &2 o RE I, G3 OB 3% 5
PEAHE LTz, fb~ > 7 ADMUAKFu & 5% I L7 G4 & G OEW)
X, B<EKEER 2 57 hro 7= (Shukakidze et al. 2003),

FEOLIE, w/AFEMEE (LOAEL) % 5.6 mg Mn/kg (A&E/H & LTV 5

(Shukakidze et al. 2003),

&10 Jv k30 BEERESEEER

e I
. A 176 5 i P )
AR E Bt
- it~ > A (D) it~ > A (D)
UK Fndn e G-l MUK Fn$e 514
A~ > # > 1D | 50 mg/kg /A BN -
MUK F4 (13.9 mg Mn/kg {KH/H)
20 mg/kg €5/ H EAGH oy e RE D FE AR T (1T B fE
(5.6 mg Mn/kg {KE/H) LA =)
+
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d 4 BEESMEERER(GY )

SDZ v b (M, &#&5#400) (2B 5 b~ 277 (0. 150 mg Mn/kgf{KE
IH) OMARZNB44H B OBKE GRERM T, &5 TR bz mlk
AT LA R 1UTRT,

150 mg Mn/kg{AHE/H #5-15~20 B H I\ ZIEB) I M O E L 7 AN220E 2R B3
DRIZE S, 16 H BICHEIE L IR TR DR =Y IR L7223, 60
HHIZIXEE L7 (Kristensson et al. 1986) ,

x11 Zv k44 BEERESERER

AR B ie i3

i~ B 150 mg Mn/kg A5/ H TEBN I, FHEL L 7o AN E TR B

e. 10 BRIESMEEEHR(ZY M)

Wistar 7 > b (ff, #5816 I0) (BT 28 b~ o ADMAKFIY (0,
15. 59 mg/kg (KE/H : 0. 6.5, 25.9 mg Mn/kg K5/ H) o 10 i Bk B 53
BoMTbilz, £&RGEETRO LN-mET e £ 12 187,

PR (22l L REER) A — T T o — o R GEENRE ) &2 v
TATENE AT, RAERE., SHEE IS, Bl L RYoREERE S A
WA —T 7 = FIEMEITRD U B BSOS OREITEGR T 5 7 L0
A & & BT LT, IR HISEN ORI IIER S v, FroehRei] i3 S
7= (Vezér et al. 2005, Vezér et al. 2007) ,

x12 Zv + 10 BEERESEHER

g BeG-RE A3
¥~ #H 1D | 15 mg/kg KE/H B & BRI A—T 0 7 4 — b RGO
Pk Fn (6.5 mg Mn/kg KE/H) LL | b, FEEIBROSOBEERA . R FHREENOWE
- RRIE R & Frfe Iy 24

f. 21 AMESESHERER (Y )

SD 7 v b (#f, &FE5H#E 15 0) 2k~ (0, 137.5 mg Mn/kg {KE/
H) % 2 BRIk E LT-% &G/ Z2 2BHC DT Bl & e & ik~ 4 v (275,
550 mg Mn/kg KT/ H) % 19 BRHPKE G5 2R 7oz, &% 58 TR
D BV EMEIT R AR 13 1R,

BREREOEHOIMIAZ 7 ) L— MLOHERICER 2 B LT
ARNVAEH 2T RIEE WD~ > T RIS~ > T & GEECHEICH
L., RELEEIIAEICED Lz (p<0.05), IR A ML 2 E2Z ) -EmH &
HTIX, =77 4=V N TOFEBNAEICED L (p<0.05), mHAERET
L. A NV AOAIIZE] D 5322 [H = 58 /1050 L 7= (Torrente et al. 2005)
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AR E B H#E 1k
b~ T 137.5 mg Mn/kg {5/ H X 2 ] Z2 i) R e s
550 mg Mn/kg {KH/H X 19 J f#] WA NV A AT 7 4 —/L K TD
TEEhE

137.5 mg Mn/kg RHE/H X2 #E | KE - B R
275 mg Mn/kg {KHE/H X 19 JH[#
VI E

g. AL AMBERMSHRER (THTTIL)
THTFLOHIR (HE, KGR 8 VL) % 3 BT, EhEhICTHIRO4
?LEEIEEO)?L WHAAEFL (17.59 mg Mn/kg {KE/H : xFHEEE) . KREHKROAILH
A% (107.5 mg Mn/kg (KE/H : T#E) KO~ T 200N L7IZ KEHR
@?L WBHHEEGFL (328 mg Mn/kg {A&E/H : IT &) % 4 AR OG5 535k
DTz, SRS TRONTZFEETREZE 14 1277,

IRE, IT BEE BT, RHRRERICHE A WIRBIERIC L DEEMEEE D REVE . AR,
MEREEF O F— "I ot e b= ORE FRAERERRD /X7 +—~
VARNZETIR o Te R, WEEE S 1 22AH & 1.5 2 H H ORIZEOTEBY DO
4 7> H BIZHER S OTEEED N A Hi7- (Golub et al. 2005),

K14 7hHTHILADAHBSESERER

AR E SRR tc 1k
Wik~ B 107.5 mg Mn/kg RE/H LIk | iEOVERY OB, HEIR {5 E) O Js )

h. 18 MAMIEMSHRER (T AT FIL)

T BV ([ AR GEE4T0) 280 S b~ > 7 o ADUAKFI (0,25 mglkg
{KE/H : 0. 6.9 mg Mn/kg (KHE/H) @ 18 7 H Bk GRBRNThbT-, &
HRECRO b m i e R 15 12387,

ﬁ%ﬁ/ﬁw KO T OREEBIEE S iz, FIRoORER, BEIZOENELED =

— EMERED B (Gupta et al. 1980),

x15 FTAHTHFIL 18 hAREESERER

ARERYE Be 58 i
it~ > H D | 25 mg/kg AHE/H i > FEomEE, BEOAFEN KLLMD =
MUKF (6.9 mg Mn/kg {KE/H) o—a M
® RESHEHAER

NTP 2k 25~ AT v hd 13 Jﬁﬁﬁzé PEFEMERBR (D, 1. (2) @d. 138
FMHEIAMEEHERE (v b)) 2) 2B\ T, AfmBkEEE zbﬁ“ﬁ%t *i%;eng
T8, e & ORI & 25l _éhﬂ\m\ (NTP 1993),
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® L0E - FESHEHR
a. HEEEMEHER (TVR)

Swiss ~v 7 A (MR, K& GHEHE 15 T, 7 14 JC)

(At~ o T QDA RN

¥ (1,000, 2,000, 4,000, 8,000 mg/L : 4 48, 76. 154, 309 mg Mn/kg (A
/H\M4&8&1%\W7mgMMg¢Em)%ﬁﬂﬁn2ﬁﬁ%*&@b\

&G HEOMEZ T T

G & AZRL L TR~ DR

AR B ORI IR 2 fi~ 5 3BR AT O T, A 5-HE TR &b %a”bt @

AT LA 16 IR 7,

TG L DIRE~DKBILH LR Do T2 R G THOKEITAE

L7z, HED 8,000 mg/L #HE5HETIXZERNAEICH D L7z (p<0.05),

8,000 mg/L $¢ H-RETIXEIRE, AFR BN HERIZHEAD Lz, £7-.

mg/L Dl B ERECONEERNS, Mo 1,000 mg/L LA EFRGHECHEEENAE

12N L 7= (Elbetieha et al. 2001),

x®16 TORETEFMHRER

(PR

D>

D 4,000

HEBE BeHRE i i3
i~ > 7 1D | 8,000 mg/L ZHE R HERFWA ., ETFRR
D 7K Fid (7 ; 309 mg Mn/kg {AH/H . B
M ; 277 mg Mn/kg A5/ H)
4,000 mg/L — SN B AN
(1 ; 154 mg Mn/kg R/ H .
H ; 158 mg Mn/kg {&8H/H) LU L
1,000 mg/L K Pk BRI, T EEE

(7 ; 48 mg Mn/kg {AH/H .
M : 44 mg Mn/kg (KE/H) UL E

s

b. AJEFEHER (TVX)

CD-1~7 A (I, #5812 L)

(28T DEEE~ > (1) UkFnd (0,

7.5, 15.0, 30.0 mg/kg AE/H : 0, 2.4, 4.8, 9.6 mg Mn/kg {K&E/H) @ 43 H

[FHOKE G-5R M T

M & AZHd S TASERE

2o E£72.

CD-1 ~v A (I, %58 16 L)
vyﬁva>wmﬁ%(%omwg¢$m>%43aﬁﬁmﬁﬁb

(ZHEmR
HELLIE D

D2 DRMRPAT O, HHREGHETRO 5

tﬂ@%%%%17qr¢
TR E OEEIL, 30.0 mg/kg RE/H &% GHE TR HAE &6 B I8

L7z (p<0.05) LAk,

KIRRE L N DR o T, K EEVEI ] B A FH

WA L. 15.0. 30.0 mg/kg RE/ A &5/ TIIMe=rICA BICED L7z (p<

0.001),
B1Z2-72(p<0.01),

7otz ns, ML T

ERDLITIINOORBROFER, ~ o &G

F7o. KKK FKRENIC
15.0. 30.0 mg/kg (A E/H &K GRETORERIC

A—H =BT
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BBk Hb FAEIRFRIZHED L,
B AT T O REEICE
JRE AR R A CITAE B R (LIT A Do T2,
%Omwgwﬁmﬁﬁﬁ@%@ ﬁ#i&% KFHREEDOREDZAGRIT 94%
itk &’) HNRINo T,

2 s NG IE B DD &




R BB T2 23 AR RE & T BT RRE D2k & O BE M T VW2
ol LTWW% (Ponnapakkam et al. 1995),

1T TOREFEHMHRER

AERE Be Gt 1
Wefig~ > 4 > (D) | 30 mg/kg R/ H FEH AR B o B R AEr 72 88
MUk Fn® (9.6 mg Mn/kg {KH/H)
15 mg/kg A/ H K1 E B O B ER T 72w K
(4.8 mg Mn/kg {KE/H) LI E B OB EIREERIC BT DR 74
D H EARAF 8 722 3800

c. REFMUHR(ZY M)

SPRD 7 > ~ (., &858 15~2110) (ZkF di(fk~>H > (0, 25, 50,
75 mg/kg AE/H : 0, 11. 22, 33 mg Mn/kg {K&E/H) OEFEELFICHZ5
HOKBE G RN Tz, SR TRD b m T e % 18 121”7,

B ClX, SRS CHMET DY F 7 ns P450 BELT =Y v p-& K
04 F A —BIEENEIN LN, ich B BIIRBoonenroiz, 75
mg/kg RE/H &G THERERBIRHEML, BB TE & NiBO R E
WZERIEDAE U, W EFEDINREG O AEE NG BIZHEI L7z (Szakméry et
al. 1995),

&x18 Tv FEASMHHER

RERE e 5RE B IR E
fb~ B 75 mg/kg R/ H 7B R R R SR N H & IR T 2R AE
(33 mg Mn/kg {AH/H) ?%%%@%éﬁﬁ%
N
25 mg/kg A/ H fF#Lfkh o> b 7 1 2 P450
(11 mg Mn/kg (K#/H) UL | LT =Y > p-t Fai¥
S A — IR O RN

d RESHEAR(TY )
Z v b GRHEARB, M, BMECRH) 2B 25 b~ > H o ADUAKFIY (10,
20 mg/kg (AHE/H (2.8, 5.6 mg Mn/kg {RE/H)) OILNERT 15~20 HE S AT

BHRETRO O mET a2 R 19 1T 7,
ENENOMEN AT IREM) (R, &BGHEE 12 8) 1220V T,
FLCHE S 40 HERIZEE L2 RS C, A ORI oMkl & 77V 7 Hila o
SHEABIEL L, BEID~ v T R & ORUR A~
10, 20 mg/kg (REH/H B GHE L DT, MFHBE L LT~ U U RE OFEHFE
\ZH ERBMMN KM E CO RGO LTz, & TOMERAL T, MfHIa DR 7T~
10%FREICHfE CH BRI biv, BEZ ST - RS TR & i
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RNz iviz, EOEALTH . B el & B 5 L 7o sl oz,
KRR L e GHE L TEITRD LR o T2, R TCOEMNL T, 7Y THllddnH
B HEKAENAED G, FRCAEE TR ) A= ARBEETH -T2
(Lazrishvili et al. 2009),

&19 Sv FEAESMHHER

BRI e L&

it~ > # > dD | 10 mg/kg {AHE/H K E D~ 2 F7 2 PR EEHIN ARRERAL TRl e 7
UK Fd (2.8 mg Mn/kg (KHE/H) | ~10%I2Z1{k. 7'V 7 Hika %o H && A7, Al
IR PR CIAE /R T ) A — A

@ EiEMHHAER
a. /n vitrosBg
in vitro & {zm M R BR Ot R A 2 20 12”7,

AHEE 2 W7o B AR 22 R BRI T AR ERY 22 FIE TR ORE R Th o 7203,
PILER T (Salmonella typhimurium) <°KM5E (Escherichia coli) . & OVRFER 72
JLERSRAE T Tl CTh o 72, MiFLIEMIE 2 V72 in vitro SRR XV 3700 & B
Tholz,

VB AT NI TR AAF U ELE LT DL OBERITHTIICLE
A L. DNA &kEER 2k L TR O E O EMMEEZIKS T 2 LB 5T
W5 (Zakour and Glickman 1984), L 72235 . invitro iR CEIZR I - &
frEEMEIX. DNA & O EEN A E/ER CTix7e <. DNA &%<° DNA &2 5
TLL R EOEMIZKIETREICER L TS B2 b5,

=20 RUHUD in vitroBloEMRBRER

AR E AR OFESE POE-3 ARG R EHD . FATE
) ﬁuﬁ%ﬁ P ﬁﬁ%}f P

JAEY

MnSO4 HIHIEIRAE BB | S.typhimurium — — Mortelmans
TA97, TA98. TA100, 1986
TA1535, TA1537
S. typhimurium No data + %k Pagano and
TA97 Zeiger 1992
S. typhimurium — NTP 1993
TA97, TA98, TA100, (NTP 1993)
TA1535, TA1537

MnCl; S. typhimurium No data DeMeo et
TA102 al.1991

MnCl; lacl FBAR 12297 | E. coli No data Zakour and

SLERBR KMBL3865 Glickman198
4
LIRS
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MnCl; IR ERTER | ~ 7R Y o NJ# No data + Oberley et al.
L5178Y #lia 1982
MnCls DNA {55k b R U oSER — + DeMeo et al.
(za Ay T vk 1991
1) = N AV PANSS No data + Lima et al.,
2008
MnCls Yo B R b b oRER No data + Lima et al.,
2008
MnSO4 Yt fk J R/ | CHO Ml + (SCE) + NTP 1993
R N R N
(SCE) #Bk
+ Bt — EtE

TRV LA T U UEEA AU B RO TSR CLER

b. /in vivoiE&

in vivo & mE R OME A2 K 21 1TRT,

7w b (e, K10V (2B T 5L~ F 2 (0.014 mg Mn/kg {KE/H)
® 180 HM O OG5 C, FhiMinIc b REEMRIC S A BEREARBEIR
72 hyo 7= (Dikshith and Chandra 1978), —Ji. A > R CHli i 7=
Swiss ¥ A (., &5 L) ZHWMiiE~ o oEmAE (103~610 mg
MnSOu/kg {KEE) TORE O BGHERTIX, BRI O Y R S5 O B K OVINE
WA B RN A 5TV (Joardar and Sharma 1990),

R2U RUAUD in vivoiBEEMRBRER
AR R D FEYA POE R 3 BEL . BITH
Y'E (4 #r)
MnCls Yt R FL g SR Z v NERE — (W05, 180 A) | Dikshith and
fal, RS JEGHE Chandra 1978
MnSO4 ~ U AERAE |+ GREERORSE 3 ) Joardar and
Sharma 1990
MnSO4 IR ~ U A | + GREREORS, 208) Joardar and
Sharma 1990
+: Bt —

(3) Eb~ADEE

< HE B R ERIILD ETHEEL DERITE > TOMNETETHY, ~H
VA=NR—=FF Y RUALZ—F (MnSOD) DX H I~ B NRARIEEZ D
LT, T —PBROTHINAR I FT—FD LI~ H o TEMEESNAEEL H
Do N AERDPAELTHRE TS, AFRMBEEELE DAL H D,
—RINZEAEDEMIZIZ~Y TN EREINTWHD T, B O~ TR
TR LEEZ Y 272\, —F, BRERIC~ > I RZ e 28 S S 7@ C.
FAEWROBERE, EHRY . ERaE X, EEIGHH, IBE & R OAHIE
ERLLN TS (WHO 2004, Hurley and Keen 1987),

THARANORFERLE (2010 Fh) | 1IZBWTIX, BRANIZK T~ oo
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BEREICOWT, AR T 3.8+40.8mg/H (%0 9) . s A% T 3.8+1.4 mg/
H GREH 10) & T 25 EME R OREREE CIE LR AOBESR (iR ZER<)
DM IS < T BEE 3.6+1.1 mg/H (RE%L 19) OFHE (3.7 mg/H)
EREFEMELTEHAL, v~ T OB REEZRABET4.0mg/H, AL MET 3.5
mg/HIZRELTWD, £o, TEARANOBFERIAE (2010 FhR) | O~ T
DA EREDEIZIBWT, [, THE, KOEREE2TLELERETIE, <
CHUEBREORRKEIL 10.9 mg/ HRREEIZE LSS LHEEIN TV D, [RERIC,
HREREORFETIT 13~20 mg/ HEENRKETHAH tHfEINTWD, F
72 KENIZET D EREIERTEIL 11 mg/H EHEE SN TWD, —J7, 15 mg/
HO~> % 47 N\O#MEIZ 124 HEl B 27-L 2 A, 25 HEOE G T~
THREDOHE R ERAPBEIN TV D, BEHICEEMITEEIZ 2.2 mg/HD~
VH U E 23 AR ET A L~ U BEORE R FR L~ T DR ~D
BB DAL, N—F 2 Y VIR OIER DN D, Z DIEFNZIS T D~ 2 T gk
BITEFHRETIIRVO THMIZHET 5 Z L1 TEX 200, v F 2 ORI
2 L DREFEHEEOFREMEIXEMA TE 2V, Zb XY, BARANCET 2WEIT R0
HLOD, FEFEREEIERIESZ 11 mg/H EHEE L, AEFEMER 7% 1 & LT, 11 mg/
HZBRADME LREE Lz, 7ok, RERREZDEFEOMENS, /NEICE
FAMAR EREIIEE Lo, ] EENTEY ., MADME LREZ 11 mg/
HIZERELTWD (EA5EE 2010),

PRI S (NRC) ORBMEEBEBESIL. KA~ T o HER VAR

{8 & (ESADDI) % 2~5 mg Mn/H &E L7 (NRC 1989), FIRfEIL, &
B & 2.5 mg Mn/H UL ETHEE X ED AT o AN & 5 BFFE RS
(McLeod and Robinson 1972) 233\ T3, EIREIZ. NRC 2MEFRA /8
BUC b4 E 72 L7 10 mg Mn/H & WOELS BICL M2 EmO TRESINT
W5,

WHO (1973) 1T ADOERIZE T HMETLRICET HMELZE LD, 1 HY
DD~ U AEE R A 2.0~88mgMn/H & L.~ H /3T U ADRFGEN D,
WHO 13k N DOV ZEEREZ 2~3 mgMn/H ., +72 728 &% 8~9 mg Mn/H & &
am L7,

KE, FEE, AT X OEUEN IR TRMET 5 &, 1 B4 720 O~ h v
BEEIX 2.3~8.8 mg Mn/H 7223, Bp3eH 0 O FRSZ Clim & O EE2Y 10 mg Mn/
AEHE2 2556000155, EEOBREIIZWVICHEDLLT, HEREERFOARE
TlE~ T DAY FRIFIRAENFEAD U, FZERICRIN S5 &ITED 325 (WHO
2004),

UbZFE LT, EPAITEYIZR~ 0 H A E4 10 mg Mn/H & L, AR
H 70kg £V 0.14 mg Mn/kg AE/HZHEH L T\5 (EPA1996),

RN 22 VA PR AR TS DR & SRR FERARE OFFEIC L 0 | SFHR A O
<~ AERE L LTO0.7~10.9 mg Mn/H2VRENTWD (Greger 1999), Z D
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T =X &HIT, IOM IR A DA LREZ 11 mg Mn/H & LT %, —F5, 7
YA RELT15mgMn/HDO~ > H % 124 AR L&t 47 4 Tk, IRA
BRLETL 256 A D IER~ o T AREDNAEIZHEM Lz, LarL, 89 HEIZY 3
Ek> MnSOD IEMENE B L= LISMT, BEFEITRED S/ >7- (Davis
and Greger 1992),

MM ERED 11 mg Mn/HO~ U Ao 2 G RF2ERL TWAH AT~ H Y
BEIC X AEERENRBDO LR &5, IOM (IOM 2001) (% 11 mg Mn/H
% NOAEL & L, WHO EKBIKKETA KT A 25 3 KO 4 iU CIxz a8
LTWwW5% (WHO 2004, 2011a),

OB TCIX, v~ U idmbIRFEEO RO —2 BRI TNnD, BHED
~ U RO LB G H 0 | MRS REREE NS STV DA, EER
F OVEMER 72BN T — 2 DA L TV DO T, BN FRIKIEANLGETE TV,
IXTNAY TV A MEBERREICIRA L, v T oHmoielka 8 UICRER] 23
&% (Banta and Markesbery 1977), F£7-. 1.8 mg Mn/kg {KE/H O~ > >
Fer ) 7 b 4EBHERL., 9 mHBZICN—% 0 Y UIREEOIER 2 & LT SERI A3 35
HEXNTWD (Holzgraefe et al. 1986),

BEIKZ T LT~ o T BRI L TW e AR R o7 88 OFFIR &
%, EPA O FHE(E L 0.05 ppm THH 23, 2D 10 s id. > H o O&EN 1.21 ppm
DOFFK%Z 5EMBERL T\, P~ T BE, Mg~ T UEEL HICIESs
L @D o =iy, EEZK A OO MRI A CREITRO b, 2Ia7RR
FREE TR Do T, — . FARARREA NFEELEO X 27 3R TR | Bl
ARSI TEN DO BNAETERE I MK < FE/RICHE D Z & NI & W 5 BT OFEfN &5 -
7= (Woolf et al. 2002),

AARTIEZ, BEEO~H L (828 mg Mn/L3) & EEEOHNEEAT HER
BIKZEE L TWe A2 IZ3 D VA FREICET 2 F MR H 5, IRA LT
<R, BEKHE O AT IZHED BT 2 400 EORZEMIZH SR LTV
B, AL 26 4055 16 41T, WEIR, FERE, Rk, FepEESo bk
DB HIVTN D, e HIRZN 22 B I 1T B, 3 A4 3BT (1 AT B R L7275,
i U7 1 A4 ORFFIRO~ > H R O 2~3 FUr < . [RIRFICHERTEEE & HE N
LCWe, BEIITEAREBIIOEVALNT, 1~6 WO EHITITEITE
C7Zpo 7z (Kawamura et al. 1941), LcL. BRI PO~ T RE
ITHEEME CTH - 7= b WBRE L ERE OMeh b FRIFFCER L T\ 5, WHO 1%, JiE
WOFEEBL L AT HUEH T, ~ W o TH Y SV H P AR DEALRTIIC —E 0 B3 H3[E]
BLIZ e JEREHO—RNE L TOILEWEOERLEZ bLD E LT
% (WHO 2004),

3 HERERT 1A KONEM 14 mg Mn/L 7> 5 4D 28 mg Mn/L 23MF S 7z,
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XU Ty T, 10 FLEOEIICHZY | EE OIEIKEN Lz~ 48
B & iR i s 8E & OB & R D E IR M T i TV A, HIBRAYIC .72 5 3 2
FTEEE SN2, T OHIOIF KD~ o T B, xR 3.6~14.6
ug Mn/L, RERHIE2Y 81~253 ug Mn/L & O* 1,800~2,300 pg Mn/L ThH -7, #
B, fREOKTF O~ o REORINE | B~ R ORI & R T
EE O L OEEZ T~ o H REORINL, B#ERH 5 & LT % (Kondakis
et al. 1989),

FRHBREOREE N L~ U T BIEICOWT, BIMFENA I TWD, B
EOERNZNE W) HEB T, JMEIC 10~15mg Mn/H L HEE SN, D%,
ZDfEIE 5~6 mg Mn/ B Iz 6172, WHO 1E, BFEZN LIz~ W U ERESS
HOKBEDRHNWENTHY, BROBRKOE~ L T BREEZRETERNI END,
I —HEOWRIZEY E hO~ T UomEEHEKRGICERT 5 2 S 13K
RETHDHE LTS (WHO 2004),

RA > AR o H E H TR T O 72 8B BI O EIC BV T iR a0
BT, ~ U T BEN 0.3~2.16 mg Mn/L O FF /K% 10~40 FERERL 72 40
el EOHEAEE CEYAER 57.5 m%) 41 42, AEREEITR O ol
of FREE 74 4 G4 56.9 7% ) 23MEEL L 7= ACEbK D~ > H 21X, 0.05 mg Mn/L
K72 o 7=, MREOBERE I TIIEL 28T, A, PRI, REIE L OB EUC
L~y TF o7 EnTWWiz (Vieregge et al. 1995), L2xL. Z O L OBREE
REESCEEURN D OT — X N KIM L TWD b HFKO~ U T REICH K& 72K
R H LT,

N T T v 2D ArathazarlZJEE L, B~ 0 0 VU ERETI3 ng Mn/L & SE¥ b 3
W pES ug As/LOHR Y $i & S K 24 L T U= 1424 D108 e & 541, anrtkhe
TR DR N FE R S Tz, BRI LA KO~ WU BERZEEL LT, 1Z
ERELDIRED S22 B MDD T IN—FI55 T T, ~ 2 H D200 pg Mn/LARTH
(44103 pg Mn/L) DIk & B LT #3844 /v — 71, <> 4 i
JE 73200 pg Mn/LLL 500 pg Mn/LaA; (CF#J440 ug Mn/L) O 7K 2 E L Tu
PR #ABL B SN —T2, ~ 2 L PEEE Y500 pg Mn/LEL 11,000 pg Mo/Lad (OF
#J801 pg Mn/L) OHFKREZER L CTWIRE31I4 Z 7 V—T78, T REN
1,000 pg Mn/LEL | (SE#91,923 pg Mn/L) O F K 288 L TV - IR 8284 % 7L
— 74k Uiz, 105 O1H 02K EEEIE, 200445(ZI0M (IOM 2004) 2S#E
LT 59~13 i oEHE (BR324 L, R THE2.1L) ##HL, &7 1—
TN~ APEENS, TI—T1, 2, 3, 4D —H Y= O~ ARRE (G
FOKHERDA) L LT, BRAZENZE10.25, 1.06, 1.92, 4.37mgMn/H, %2
INFENE0.21, 093, 1.68, 3.82mgMn/H & HiH &4, B OAEFLERLH
Ve G ietts N HRNER CHIER, IV —T1L I N—T4TIE, 7R —11Q

4 RED LB R
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TA N, ATERER, SERABROVWTNORBRO XA a7 ICbAREENALIL, 7 L—
TAD T RRETNTIE > T2y TN —T2L T —731%, WTNORBRIZBWNTH
TN—T1E VBN > TV, FEHFIRAREE RS R oTo, TNV—T74
DOHFKEZEI LR8I L - R oSEE CHERBENELY 2~ L, H
FKDO~ v H B LA a7 I3 EOMBEN 57 (Wasserman et al.
2006),

T H O CHEIE L —FIEET D6 OEFNHRE I TnD, —
200045, 6H DKL T, SHOHE o a7 —Y iz L, £ ORRIZH]
AL F KD~ H U EEIT2000~20034E731.7~2.4 mg Mn/L. 20044EA31.7
~2 2mg Mn/LCoHh o7z, 2005 IZAE KRB GV T BIE, A AKILUEE &k

ZLMER Lieholz, —FiX, T X OFHHRFHEICHTEEEZ 2 <
LT%D\%mvyﬁy%éﬁfﬁéﬁé%%%kﬂ4%yfw%ﬁﬁwako
T LB ARTHE D72 D GFL 2 EE L Tz, 658213200458 H 12, HAIE, [HiEAR
TEL 2V T O%HBA CTITE) LIRSS FERE S O MRE IR 3 T LT,
MRIBR A& OFE R, 6RO KRMIEEZIC~ > T OFR-PER I, o~
VIRE$39.7ug Mn/LEERETH Y, 290 MEE R R OEE O ZIE H B
B3, Higo~ o B RBESEH- T2, FEE iEmtotom%E&%
A OMICHRE SN MMOFRO MR EX1.9~2.8 uyg Mn/LC, FEHEE X Y & T
botz, FEHOIL. 6BIEDIERIZONT, = H U TR arl hogkofk
FEREHFHEERO—DIZEZONDHLE LTS, £7-. MADO~ T REEIZHOWN
T, A A~—d—¢L LTEMPREZHNTWSA, [FAF3EIOWUETH0.6~
2.4 pg Mn/LEMERH Y | ZDRFUZ DN T HIER L TW% (Sahni et al. 2007) .

NI BEDr Xy JIJFET D9~ D244 LD 224 55 L LT, &
Zh D~ T PR L R E O TENEIG IR B O B MEIZ B9 2 TARMF TN SEhE S 4
Too B HDEET DI TIEL, 20 FTOH T 0 LB MG S TR0 | ’?/77
VIRFEN0.61 mg Mn /L@#F‘ ZW1E L, 0.16 mg Mn/LOHF2W2E L=, %
DEDO~ T REIIWIOKEZER L CWRETHEIS <m<0%)fﬁﬁ
PR BLOIAICEE T 25% b KPUTEIRZ IR EICZ S AT & &
TUW5 (p<0.05) (Bouchard et al. 2007c) ,

N T TT 2 llBTHHEOEHTCRIZONT, v o2 @iREEEE T 5 M
o FAGEE OB ERHEIN TS, NP FF 2 2@ Araihazar ([ZEET 5
18~70 % D 11,749 £412%F L B FIZHOWTOHEMHIZE (HEALS) Z#EfL., =0
RAEEMD S B 6,707 4 OEMEIZHOWTHEROFAE LRIk FRkO~ 5
VIBEORITE BT o7n, 1R ORI 3,824 44 D 84% DN EE T RHAZ T LT
¥~ o R 0.4 mg Mn/L (0~8.61 mg Mn/L) O/KZEERLTEY ., Vi~
VT HBEUE 0.26 mg Mn/kg (RH/H NV EH STV 5, HZERFICHE UH K ZE
BLTW N AENTZ 3,83TA4DTEHLDH B, 335 4705 1 %Il 72 DHIICIE
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L7 fBKF D~ T RENEGL 72D EHROTEENEGL 2D LA bND
. FHRENTHBRBIIRARK E FENBRERNOVEHETHD, EEOILZZOK
< BT OREBEERNAT A2 S X TERnE LTS (Hafeman et al.
2007).

2003 4F 4 H~2004 1 HIZ, £ T DT ~T A ZEET 5 271 MO N D
v TN BAEFENTCHIUTHOWT, HEE 24 FRILIN O REBLO A i e O E A
BOM R~ > T PRE L FENEEEIE & ORI HE S, FrER 271
BID 5 H 40 FIR =N EERIE EZE S, 720 231 BlITAEIRAFICH Y 3 5 K
X (AGA) t2Wianiz, BB~ 2B U EHREIL, BEERIE, — A
2% 16.7 ug Mn/L C, AGA 77— A ® 19.1 ug Mn/L LV FEIZE -T2, BBl
I~ B PR & HARMAEICIIA BB A SN o T, —h,
R HE I P~ o T SR 1L, B R — A DS 44.7 ug Mn/L T, AGA 77— A D
38.2 ug Mn/L LV AEICE K, SOOI~ o 0 SERREI B 2 i
W~ W ERREL, BREEBLE— AN 2.7 T, AGA 7¥—AD 2.1 LA
BlCE <~ o T PR E R OBl O 2l b~ o T SR 5
R HE I P~ o A PR L, T N HAER AR E A ERADOBENAR ST,
FH O, RAEEM CIEBS M o~ o B RENBNT 5 & FENEFELY A
JREML7z& LTWwWab (Vigeh et al. 2008),

WNIZ LY EIREDO~ U AbEW GRERL~ > T 2) [T BRI ERE S
Ni=a . ~ T ohE e Wb D BEREMEMRER IS D FTRetEr H b, ~ o T
HREE I THET T O PR F CHAIIE R 1T LI RRC I T2 DS IR 2 IS ) & 2 H 72 W AT
PUNRIRE A R, RIS K > TUTHMEE LA L D, ~N—F Y i & BT ER
DI, TN—=F% 2 RERIEGEE) & I TV A 25, B RIS
B DEESN N R > TEY v BT TR A ERSCRIRZICHEENED
DD, R=F Y VR TITRERC LY 0 —/MERIZEENFE D TS (Perl
and Olanow 2007),

WAS NI~ o BT, T2 & 2 REMEO iR~ T Th o THIR ER S
PR~ HMICHE SN D Z &0, BmFERTHL IS TWS (Gianutsos
et al. 1997, Roels et al. 1997), MAFRERNGEZ T LT~ o WU DD IAEN HER

(Bench et al. 2001, Brenneman et al. 2000, Tjalve et al. 1996, Vitarella et al.
2000), RIRBMIEZHEET 5 7aEME2 H 5 (Henriksson and Tjdlve 2000) , #% 11
BRI NTo~ T3 O TOEE & RIERICHRKE # TR, HIEE S Tnd

(Zheng et al. 1991, Ingersoll et al. 1995), W ABRER CTid, AR O KE
EREBICHEE~Y VT RBRESND Z LR DOT, “EAENMROERL Y & H
RVIRVME S 72 2B OF & 72 5 (Wang et al. 1989),
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2. EE#EFEOE (X 22)
(1) EEENAHFZEREES (TARC)
IARC 1Z~ > H o DREDANMESTTIT - TR,

(2) FAO/WHO & [FI& Sl #Ef s &i% (JECFA)
R AN

(3) WHO Bx#KKEHA K54 U RUIRHXE (WHO 2004, WHO 2008, WHO 2011a,

WHO 2011b)

< OEBVERIIFEEN K VO T, 8T —%, LV bITIT>lwED
T—HIIt bD U R 7 FHRIZE#EY) TIZAR U,

IOM D& FEBEZER T, v T O HZRE (A Z2RALHEIC OV TT 1.8 mg
Mn/H., ABMHEICOWTIZ 2.3 mg Mn/H EIRELTWDERN, A% 6 nHETD
A2 0.003 mg Mn/H T, Ffins L2 51250 F DI Mm L T4 (I0M 2001).,

BRI 2R PRI B ARTE &SRB ERF OBEE TR, AN D~ T
EHEIT 0.7~10.9mg/H TH D Z &Moo 7= (Greger 1999), IOM (2001) i,
BAERE TR ESNTZ~ U T ABREO ERfE 11 mg/H %2 NOAEL & &7 L7z
(IOM 2001) 8, ZOEO~ VAT U NEBEPIZEEN TV T HIERIBRFEICFEY 9
LTz,

NOAEL 11 mg/ H % il AMAEE 60 kgd Thi L 72 #A5fEIX 0.18 mg Mn/kg {KE/H T
B 7T IR D DOAEMFERIRIHEN BN D & & FAA AT R SRS 3 % i
AL TCTDI % 0.06 mg Mn/kg (A8E/H (NG 2 (LI HELE) CHEH LT,

%3 TIE, AREIKR~DEID Y T% 20% & L, AKRE 60kg, k&L 1 H 2
LELT, WA R4 21504 mg Mn/L #38H L7, LrL, FARTIEZ, 2O
EIX, BREK CHEFEMREH SND~ o T DOREZ N2 ERl>TWAHZ &b, A
XA RTA4 VEEEHTHMLBEIT W EE LD E LTS, 2. 8K
W~ HUMWEENTND & U U DNEARAREIZIEE LKOEAORIF L 725
LAENHY, WEEIZE S TRIEOFER LD 2 LICER L, 204, @E 0.05
mg Mn/L % FE% EHEFITFTFRTEHN, T L ICZOEITERD LA LN
HELTWD,

(4) EPA/IRIS
EPA/IRIS Tix, bW EOFMZ, TDI (ML T2 A2 RAE (B0 RfD)
& L TEBMEIER D AMEDFEHRZ R L T D, o, 9 —FH T, BBAFREIZS

5 Food and Nutrition Board/Institute of Medicine (FNB/IOM 2001) (IOM 2001) Ci. A A{KE
Z 70kg & L. #5 L7~ NOAEL % 0.16 mg Mn/kg {A&#/H L HH LT\ 5,
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WT, BRAMEGEICOWTOFEREZRME L, VEIN U T, ROBEIZLD U X
TIZOWNWTORFREZTEML L T D (EPA 1996),

@ #0ORfD (EPA 1996)

bl S s 2 HE" TSR [EERE AR
(RfD)
FRRXARRE R~ DR NOAEL (&) : 1™ 1 1.4x101
b MEMEROT —4 0.14 mg Mn/kg R E mg Mn/kg
(NRC 1989, /H {REE/H
Freeland-Graves et al. 1987, LOAEL: 72L
WHO 1973)

¥ feph< O MEMERO NOAEL 10 mg Mn/ B 1%, #EOMHEDORET — 2123, ADKE
70kg & LT, #F®D NOAEL % & Hi,

o RWIELEE ORY 2B LA EREEREIIL LN WEHOKIRERERN O E O NZERE2 EIC LT,
<~ H O RID ITRE ST, ABBESEZRDNRVIRY . Bh o~ W o BREE L CHIKNATRTIE—
EWRTZND L 212, & NIRRT~ H o OIEFEMEHERF 21T 9, & MHEMORE ~ Zelrim T2 NOAEL
BT LERICY A U OMEME L MR LT, REFRKIT 1 & L,

wkk AN L L~ DUR TR L IS EAREUE 1 7228, Bk R T R~ o o~ DR R AL TIE IE
BENT 3 R s NS, HEAE LTRD 4 SRETHN5,

i) HEARRICAEHEKE T B URINRIZET RN, HR L72SA KD D ORI RSN 5,

i)~ A% 2mg/l 6T DK ZAETEER L2561 AEREO RN 2E 27~ (Kondakis et al.
1989),

i) LD RV E~ U BREIGHESNTHEHLEZ 5 ORI ERN A LD,

iv) FAERIEIEEE N DIEF B~ o A 2RI L, IR L7z~ > H 3R Lic < <, s m i Ak BE Y
ZIEFICHEISEIE T 2 & WG W D02H 50, THOIFRAEAF O~ T 34 A B Bk e
DA TR RS> TWNDZ EITBEFRLTWD,

@ HHMAME (EPA 1996)

EPA IZ. BEfFOEBMWRBRIZ~ > o ORNBAMEEZ T 5 DICAR 0 Tho E L
T, v HOREBPAUMEEZ D (B RORBAMEIZOWNWTHEHTE 20 [T L
TWb, F7o, v D MIBITFAREPAT — I,

(5) E&EFEE (2003)

EREICB T HKEREED BE L OBEOFMOMEIZLL FD LB TH D,

IOM (2001) %, L EBEOREEMEEMEBE LT~ v O— U RE (AD
R ANZMETL.8 mg, MABET2.3 mgs EHD TS,

SR 70 FEEERL A AR TR & R ERE ORATE E AT RE R, EHH A DO~ 7
UHEREIF0.7~10.9 mg/H Th o> 7= (Greger 1999) , #ifH% LRl >/~ 8
11 mg/ H 23Greger (1999) 12 L » CTEFAA L AV THEGR S 11, IOM (2001)
IZ X > TCNOAEL¢E &z, AIEIZINOAELLE D T LIRVMETH D Z L3 HEE
. EEN R FERHMENS Z ODNOAELZ W TCEHERETH 5,

WHO DB AKE T A KT A 2R (1996) 1IZEVy, EFENOAEL 11 mg/H
(CRMEFERREL - 3 (= v B v DAY MRS INS % ATHerE 25 [8) %@ L CTDI
0.073 mg/kgRH/H Z KD, VKO FHHH20% (WMHEITLHE THH Z &R DB
(ZEBEMENRTFN L2k D) o THREHMEZ KD 2 L #FERE O REIX

27



0.4mg/LE RELDHZENTE D,

VU ATTLWETHIFIBER TRt ST b~ o e~
A F L BED300~400FDOFEEZETHZ D, BULWKOKERKRERD, 2D L
Do, BECHBEL 2 L-ULOEE LD LFPKEEOE S S OBIENMELS
ARBNTIE, PRAF O ETREREFE S /KEM S /K E B ZR B S OFHmME 2 HERF L.
HOKEEDRA LT 288025005 mg/LUL T &5 2 LN WY TH D,

x22 WHOZFICLDETUAUD DI EICKS ) XY EHE

R NOAEL Tl AR TDI
(mg/kg REE/H) (mg/kg {KH/H)
WHO/DWGL EEHECTRHFESINT~ T 0.18 3 0.06
AR HEEEO EfRE (IOM 2001) K&
(2011) R T 5 78 8
ZEERAAT)
EPA/IRIS TR R~ DR - 0.14 1 0.14
(1996) v MEMROT —X
(NRC 1989, Freeland-Graves
et al. 1987, WHO 1973)
EE‘%@J%\ AIERE CRESNTZ~ 11 3 0.073
7%07; B LIRS (I0M2001)  (mg/H)

3. BEKR

W2 UEE KER R (BAKETS 2009) (2B 5~ 02 kDAY DK
TEAKORHIRIL (3223) 25, FHIERSICH T 2 &M TR 5 & JFKIZBWT
1. KB VEKE FLYEE (0.05 mg/L) D 1,000% BB & AT 37T - 72728, 7E17320%
LIF (8,622/5,232H1 ) Toh 7o, F7z, HKIZE W TR, 90%E1E100% LA T O
AT S Tems, 1FEAENRI0%LLT (5,241/5,4021155) ThH o7z,
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& 23 JKEKTORERE (BXRKERHS 2009)

o FEVEE 6 2 BEEU A &
K 10% | 20% | 40% | 60% | 80% |100% |200% | 400% | 600%
p e 10% | BB | R | s | i | | I | e | B | B | 1, 000
| PR e | BT 20% | 40% | 60% | 80% | 100% | 2009 | 400% | 600% |1000% %% itk
7J< il 4;51 UF | UF | UF [ UF | LF | BT | BT | UTF | BF
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 10.501
D
] 0.005 | 0.010 | 0.020 | 0.030 | 0.040 | 0.050 | 0.100 | 0.200 | 0.300 | 0.500 | ~
mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L
AR 5,232| 3,405 217 314| 195 127 98| 373| 269 98 59 77
SRk 1,041 359 92| 144 91 55| 45| 154 68| 22 8 3
~ A ‘\
J%k% 18] 279 24 14 36 21 16| 18 79 47 10 7 7
MRk | 3,079 2,340 94| 114 67| 47| 31| 106| 123 55 40 62
Z DA, 828 679 17, 20 16 9 4 33 31 11 4 4
(Frk 21 FERERER)
o FEYEE Ik B BEB U A 3%
K 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90%
p e 10% | R | s | HiE | B | R | | HE | B | iR | 100%
| PR | e | BT | 20% | 30% | 40% | 50% | 60% | 0% | 80% | 90% | 100% | iifd
7J< ] 4;51 UF | UF | UF [ UF | R | BT | BT | UF | LR
» ~ ~ ~ ~ -~ N N N N = 10.051
] 0.005 | 0.010 | 0.015 | 0.020 | 0.025 | 0.030 | 0.035 | 0.040 | 0.045 | 0.050 |~

mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L

EEXEN 5,402( 5,241| 107 25 18 5 1 2 0 2 1 0
#yiAK [ 1,005 987 12 3 2 0 1 0 0 0 0 0
%%7J<§E; AW 970 261 8 0 1 0 0 0 0 0 0 0
K | 2,846) 2,735 67 21 14 5 0 2 0 1 1 0
O | 1,271 1,248 20 1 1 0 0 0 0 1 0 0

(Frk 21 FEREHER)

I. BREEEZETm

< HUE B R EIILDETHEELS DAEMIZE > THHETETH D, v~ T AE
BUIARE., @BEOEL L O8E b HEEREREEELZECLFRERD LD, 1FEALY
DEYINI~ U T REAINTNDETED, B O T U REIIFBI ULz 015
720,

~ T AATHEABE BRI S D, A B ZIZEB T DHEIIER 06 D~ T R
INEIX 1.4~5.6% ThH 228, b~ o B ADKEHE D © OWILHEIT 7.8~10.2% & #H
HEINTWD, v T ATHERDODH 5@ HHGRITAATET D23, B, BESRLEHW
O, B, B, BIE T, HRbIRWOIEEENTH S,

~ U A L O LI, ~ U T AT AR IR TR ERREE S
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BE KT L2MATESHBEN TS, HFKOEAIZL D~ T AR ORE I
TR NIZEE T 232 FF9E Tl MR ~DEERRE SN TNDHD L STV
LONH D, BITOFIETIE, HFKEZEL T T AR OBRE I ZREICBD
T, HRERDEENREINTND, F/2, Ty PEOT B LORERIZIBV T,
FEBESI O EEVRRE OMREEOIERN AN EMEINTNDA, B B
DOEHEBRELY bEWHREORGTH 72,

TENAMEIZOWNTIE, B hA~OREDBAEZ R T RIS LTV, TARC X+
VI DENAMETH L TEB 5T, EPA X~ A2 oW T, B hA~DRB AN
DNWTHHTERNE LTINS,

BREMICOWTIE, invitro& ONin vivoikBR T ORE RN HE SN TV A1, D
NA & OEEN 72 AEIEA T2 < . DNAASCDNABEICE 575 &% > X7 E D%
PRI RITTREBICER L TWD EE 26D,

L= o CTOIERDATMEICEE T2 TDI 2B M35 Z @y Tch b & Hlr Lz,

U HUE, B R ERGRE LTEEFREOT — X NREELTNDLD, & hOT—
2% O TRHM 217 5 72,

WD TT L allBNTY U HARENEWHFKREZHA LTS 10 5% 142 4
XS E LIETHE T, BBlOBBERESCHM 2 &t N DK 2 ifE% ., iR
ML HFKO~ T BEL MR a7 RAOFEZRL, 852 RIFSRWHA
ARHIRAEIL 801 ng/L B X bz, L, ZOFRETIE, HIF KA OREEIR D
SO~ U H U BRENRE SN TWARWED, EEMARFHEICHAWS Z &3 &
EZZ 5T,

[HARNORFEEREENE (2010 /) | ITBWTIEL, v~ H U ORADTHE LIRE
Z11lmg/HE L TWAD, ZIUIEIE, B, KOELREEZFLE LEERICEITS
<~ U ABEREOHEER KEN 109 mg/ HRRETH D L) #HE L IOM TRE LT
AN DME FRE 11 mg/H 2SR L, A ARANOREREEIFFHIEL 11 mg/H & HEE
L. FEEMERF%2 1 LTEBLEZLDTH D,

11mg/H & WO EEIIZ, RADIKEZ 60kg & LT, v 4 ® NOAEL % 0.18
mgkg KE/HETAHZLERRYTHLEBZ DN, £, HARANIIB T A~
CONEHEEREN 3.7 mg/lH THDHZ &, BIERICALNI-ZMREEEIZZO
NOAEL LV 8 EHETHL Z LB E LT, RFERELEHATH L2, 2D
% TDI L 7232 ENTEDHEEZ B,

PLENS, =>4 o TDI % 0.18 mg/kg KE/H & #%E Lz,

TDI 0.18 mg/kg (K&E/H (=& L7T)

(TDI 3% E R L) P2 A
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