&4

BIREEKEE@mE

eIV,

2012%3HA
BEmTERER

LFME - ERMEEMHAESR



© 00 IO U W h

O W W DN DN DNDNDDDDNDDDDNDNDDNH - H =
D= O O 0 30 UL W NH O OWOW-=JO0 Ut WD —= O

B

K B D R R > 2
BB EERE AR E R S . . 2
<BREZE2EELLEYHE - FLEVEEMRAESEMEELE> ... L 3
- 4
L. BRI D . . . . 5
1. BB - BBIE . 5
2. BB, TR E. TR . 5
3. BB R 5
A BRATEREI 6
I. BRI R AEI R D . . . . 6
1. EHICET AR R 6
(1) R B R . 6
(2) BB E A DB 8
(B) B AR 21

2. BRI DR . . . 26
B BRI 29
I. BRI .. ... 30
17 = 36
BB > 37



w

© 0 3 O Ot

10

<BEORE>

20034 7H 1H JEAEFHEN R X O IERECEIK R O~ > 77 o OHIE L HELOE
(R D B L R B BRI I - >V T B . BREEH OB

20034 7 H 18 H %3 RRmEeLZES (EiEFHEHH)

20114 14 31 H 5510 EHLFE - 155 P IR A s TR AR K =

2011 4F 2 H 21 H 5511 LW E - 75 G E P A SIS R OB A =

2011 /£ 12 A 22 H 5512 BT 'E - 15 3 E B P R A ST TR AR A 2

20124 3 H 22 H %9 Bb WY - G E H A SRS

<BmTEEZTELTELE>
(2006 -6 H 30 H £7C) (2006412 H 20 HET) (200946 H 30 HE T)

SFHHER (ZEE) SFHHER (ZEE) RE B (FEE)

FEALY (ZEERH) RE g (ZERRE) INREF (B R

/NRIE T /NR BT ERE #

PATT T EE # Ay —IE

R 2 A —1E UM

ARG — UM Vi W g

HAE ¥ ARE— ARG —
(200947 A 1 B D) (201141 A 7 HM”MD)

NREF (ZER) INREF (ZER)

AE g (ZE R e it (ZE R

ER ERE #

Bk — 1 Bk —1E

UM UM

i MR I JEE UHE I

A H T 25

*: 20072 H 1 HD G
¥ 20074 H 1 G
**k 2009 T H 9 B D
*REE 201141 H 13 D



1

o2}

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 HEx D)

ek 1

RoNE—" (RRED)

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

e e

L pEe

(EEF)

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 )

PS4
LI
W
I =
K TE

AT

JEEH =
HEA R —
o AR
L7 adiEES
K IE

A SR



O 0 =3 O Ul W N R

R 0 W W W W W W W W WNNDNDNDDNDDDNDDNDDNDDDN -
= O © 00 30 Ol WNH O OWOWO0UJU bkt WhHFH O O©OOW-O0 UL~ whh+—= O

-

TERACEI K OFMS RELOE IR DI FWE L LT, ~ 0 o ORGSR E L 4
177,

< HNE, B REIFILDETELELS OEYITE o THHTETH D, v H A&
BUIAZE, BEIOEH6DO5E A EREFEEELECDARIENRH LD, 1AL
DEYINI~ T DEFINTNDETZD, B hOS U T REITMHmI L Z 015
720N,

v A DR MIRTAREFEREL LT, mAED~ T U E2 @ EICER L TV
TIEBNT £ 2 FHARE R ~DEENBD LTV D, BERTHL -~ Tk nofs
(2 & D FHEARFRE R~ DT DA ME SN TVWDHA, b FOFEHERELY
bEWHEDOKIG Th o7, £, EERTIX, iR, TR, i, BlgE~o
FHEIZET 2 mAbHE SN TV D,

FINAMEIZONWTIL, v HrDe FA~DOFD AL R T REILTE STV,

B EICE U CiE in vitro KON in vivo iR TG OFE MG LTV 5038,
DNA & OB ELEM T2 < . DNA &< DNA EEICE 5T 5% o7 g
DOIEVEICRIFTEEICER LTS B2 b5,

FROZENG, T ATONWTIE, IR ATMEICEET A — HEEE (TDI)
FRETLZENEUITHD LWL,

[HARANORBFHIUERE (2010 FhR) | (2BWTIE, w2 H v OMME LR EORHL
ELT, B, U, KOFELRLEZPLE LEAFCBITA~ T U EBREOH T K
REN 10.9 mg/ HREEE TH S &\ 9 i &EKEEFZERT (Institute of medicine :
IOM) TRE LR ADMME EIRE 11 mg/HZ# 2 L, BARANDOEREEIEREE
% 11 mg/H EHEE L, AEFEMER T2 1 & LT, 11 mg/HZ R ADMHE EREE L
TW5,

L7=NoT, ZOEEREIC, RADKEZ 60kg EIREL T, v~ T OEHMEE
(NOAEL) # 0.18 mg/kg (K&H/H T iRy chrtEx2ohl-, £/, H
RANCBIT D~ B OFEEREN 3.7 mg/H THDH Z &, BMFERICALAT-H
BB COERELVLEHETHI L E2EE L T, MEEREAEEAT L Z &
72, ZOfEE TDI L AT ENRTEDHEEZ LI,

Pk, =~ #H> o TDI % 0.18 mg/kg KE/H 7% E LT,
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I. FHiEXRMEDEE
1. &R - A&

KFo~ A%, e UTHEISERT 208, ShilBEK, THHEKR EDORAD
FRERHZ oD, £ W - Bkl - W OEREKDEFIBREN V725
CIEBENOIH LT A2 0B 5,

VNI AT VA B OB K OYRINAL, TV =0 A 7 EOIERRE
JEDOTINFN S OVREARE OB & L THWSLIN D, b~ o T3t T3 E3
AL A R O e K VBRI A I VW v, b~ oo iR E, B LA,
774 MR~y FREFFEICHWOND, 70, M~ T BAIY v AX, ~ 7
Voo gk B - AEOREAIKNERAIEE LTHWLND (BAETEE 2003),

2. £tF4. iRics. BEF=
IUPAC
&~ H
#i4, : Manganese
CAS No. : 7439-96-5
JLARL7s ¢ Mn
Jif& : 54.94

3. MEIEZHMER
< U ACEZIIAE & TALSEEREN B D, AFHEEICSIH L= b D& T
T72 b O OYFRALFEEIVER 2 DL ISR,

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)
K g 53 % 723 (25°C) | 520 (5°C) — AT 63.8 (20C)
(g/L) ~1700
(70°C)
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4. BITIRGIE
(1) ESORFIESE
HKEFEYEM (mg/L) : 0.05 (v HrOEIZEL Q)
AKEEHBEEE (mg/L) : 0.01 (o T OEIZELT)
SEARTE 5 EHME (mg/L) : 0.2 (B~ V)
Z DO FEHE mk*f%m%a_&oﬁ T DR (mg/L)  0.005
BN AR FEREAHMN A YE (mg/ m3) 0.2
AL Ix TV —2 =8 (FAK) (mg/l) 2
IRTNT 4 — 5 R IEOR K OV B
(mg/L) 0.3

(2) FENEEOKEEEBXIEHA K4 UE
WHO (mg/L) : S8EK TR S 402 IR B Tl EoR &Iy (85 4 i)
EU (mg/L) : 0.05
K EHEER#T (EPA) (mg/L) : 0.05 (Secondary Standard)
RN KLE A KZ 4> (ug/m3) (WHO 2000) : 0.15 FEHEFR] 1 450
Z D FEUE © Codex Standard for Natural Mineral Waters (mg/L) ; 0.4

I ZTEHICTRIMEOME

WHO #EAKKETA KZ 4> (WHO 2004, WHO 2008, WHO 2011a). EPA
SIRAE Y AR AT A (IRIS) @ U A N K OB K AEIE (EPA 1996, EPA
2004) LI, FHEICET D 2RO EEI LT,

AP K%ﬁi BOWTIL, ~ v W ALEMOEENOHBE LI~ T mHE L L
TOEE% mgMn, ugMn & EKFL LT,

1. SHICETLIHENIR
(1) ANEIRE
O T
~ U DWARERIE, @E OAEFFER T v A TR S 4L, v o T U EE N
HEFFICHNL > TV D, BANBMER T 7 ¢ TTAICEHEE OB 2 THFEEI S &
TeRBRICBIT 25~TH B O~ o TV RIERILT.7T+6.3% T, WEFRERED~
AR NICIRE L7y~ 7= (Schwartz et al. 1986), ~ > > & &H 79 5 IR
A EZER LI ANTAICB W T, 844 7% DWRIN AL I
(Sandstrt’)m etal. 1986), AL TIL, MR IO DO~ 2 T o WIT1.4~
5.5% T, XHWE Ot~ > 77 A1) KEH D DWILT.8~10.2% 2 L~ E I
Ko 71 (Johnson et al. 1991) , ~ > H WIHRI T A B OFLIL O T 3 @]
REMNH D (Keen et al. 1986),
BRI, 2 v, T4 TFUVBREAINTNWD & ~ B ORI RS
T 5N B D (Gibson 1994) , ~ > T WU & SR IITEHE 7 BE D H V| #5K
ZHOBFEEZERLTWD &, ke~ T FORINENIT % (Sandstrom et

6
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al. 1986, Thomson et al. 1971, Finley 1999), F£7/=. ~ > H U RINITEWH 1
T LPRE S I B OBIFRIZEH D (Schroeder et al. 1966, McDermott and Kies
1987, Lutzetal. 1993), & = FEDRDOFFEMR TS, ~ o o WINZ D S5
AEEMEN & D (Freeland-Graves and Llanes 1994)

B EKE T T URIERIZR Z R 22T MEERAE T3k & oW
N VT % (EPA 1996)

a. mkl$éﬁ AMS5DT AR
FLR G & REELm G 2B DR DO FIZ, 7/77/@$¢@%EG*IJH§4L?/

gﬂB%ﬁ"iKé%@ﬁ)&)é EHALND, REHF L TEHKROFEGHITIZ, &EED T
4 F R EEMME S RN ER S, 7/7‘3/0)$¢@%E’Jﬂﬂﬂfﬁﬁ’ﬁ (2B 5L
TWDHAREMEDRH D, Tz, BMLFIETIZ X 2802+ 2058 T, <
I DEMFIRARIIS HICEDTH LD ThD (Freeland-Graves 1994)

RN TO~ T RIERII R TIE 8.2% T, 4RO 2.4%, KEHKHREILD
0.7%I\Z X THEIZE > 7= (Davidsson et al. 1989a), fﬁtgﬁﬂﬁﬂ‘%qj@v‘/
AL 24 Mn(D) THY, BNT 7 b7 = U VR I DRI OFRE 2 T
RO, BT o~ T 3 Al QmﬁHD)*6357%7::),«EF”\L<w\5ﬁ_
D, WINAFHFEI D (EPA1996), BT DT 7 F 72U U RFHICEL GEN
BHANT T APNRINROEIZEE LT D EHERI S 7~ (Davidsson et al. 1989a),

b. 2LIRTO~< 2 H URIR

b MR TIE, ~ T RO BRI T d D MHH PRI R N 52 RIITFRZE L T
RN, v DERNAREICEENEL D EHALND (Lonnerdal 1994)
A EARHMEHL O G ZHA THWDHHAIRTIZ, v T DRFFERE - T2

(Dorner et al. 1989), 7 v b & HAWZRABRTIL, ShEEIINAEY LY LA E
W ED~ T ERERINT 5 Z & nrEiL7- (Lonnerdal et al. 1987), F7=
BRI T, ~ T DR IKBA P 4 @i 5 2 ol B 1300 AR E T AED )
DAETHDHZELHALNZEN TS (Mena 1974), & FHLIRICBT A~
VIRIIZ BT AT = Z T E A E RV AR THIR T~ v v DA TRIC
KT HENAR+ 3 THDHZ ENRINTWD, A% 6l FE TOARTIL, FRILER
W< B el EITRALD K 7T~9%E D> 7= (Hatano et al. 1985), #HEIR
ITHLEN ORI~ T RN L, LSRN LT~ T 2R LT < vy,
F7-. FAERICBO T, MIREN T~ v B TGN 2 B 5 @i+ 5 & u
HSTET U ANHS (EPA 1996) .

@

YT HEOH LD LHMRICAHAIEL, 1 ZEAEDE MiGRIZBIT A~ T
EEIX0.1~1 pg Mn/g IBEEOHHICH D, BF. BE KD EHWVOIEE, &
figh, K, B C. & bEWOIXFE LGN TH D (Tipton and Cook 1963, Sumino
etal. 1975), F£7c. v W NTAEEHIIZ HFET 5 (Reaney et al. 1988)

7
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FIRCHE I TIL, ~ > T IR O R ESEBI R A E G T % (WHO 2004)
Long-Evans 7 v  (HfRE, 14 Hils) Os@flRE O H3BR Tl, ~ o T 38R AR,
R TES, M ORIKICERE L, /) ﬂﬁ&(ﬁjﬁﬂﬁﬂig’\@¢ﬁ ThdmThHorz

(Kontur and Fechter 1988), F7-. BOKENLIZIIT B~ o H L Mn(D)
& LTHEENE S35 K v Mn(IID) & L CJiEHE W&EL Ltjiz’»mz’))o 7o

@ HRH

< U FERET O HEE2ME (Mn(dD) XiF4ffi~> A (Mn(IV)) & L CTH#
XD, EERNOFE L2 OFEZE T TIIMndID & U CHEET B RNz 5
THE VY (Leach and Lilburn 1978, Utter 1976) . AN TELIZ XL D~ T > DAl
BB T D AEEME DN RIS TV D, F72, WistarT v Mk~ T o 25
L7=iBRICE W T, B RO TN L~ o DIZE A ENE AL 3
7% (ESR) Tl 7 vz mRmE7eh-7z (Sakurai et al. 1985, Tichy and Cikrt
1972) Z &, Mn(D265Mn(IDICEL L&A BD, 7272 L, Mn(ID2R#
YORTBEOERSA LSRR AT LTSRS B D,

invitro AR T, & bk 77 23 0 Mn(D 2 Mn(IID~{bd 2 Z EDVR S
iz, F£7z, invitro R T~ B UBILIEN~ U T OfEE N o~/ v a
VoMb R AT7 2V A2y 7 352 8 2FO invivo 35T Mn(ID- 0=~ 7 &
ra7 V0l V77 AN MndD)- b7 A7 2V o7 V7 T 0 A KD EEHIC
T35 2 EDRENTWS (Gibbons et al. 1976),

ddY v 7 A OREEHR GREBRICB VT, v U ADREA IR O~ T PR R IR
HBLle~w U HUREEIZ LD Blp o Tz, T OB gTF o~ > R EIX, Ak
TR~ T R LB LY | BRI~ T B
B L8 CEn->7- (Komura and Sakamoto 1991),

@ et

v A ARFFEETHRERICHRE SN SN, < (0.1~2%) MRF RS
% (Davis and Greger 1992), #EhD~ 2 H 0%, BRORE TORBIN~ T
EIRHICHE S e~ v A BB, B b CIEPEINC AR AR U R
NZEH 13 H, 37T HT® 5 (Sandstrom et al. 1986, Davidsson et al. 1989b), i
1. BEZ, A HECEG L TWAE VI HmELH D (Roelset al. 1992),

(2) ZREBME~DEE
O Z2MEMHER

Wistar 7 v b (ME#E) (2351 Db~ > > KR o Hilashfilie 0 % 55805k Tl
HAb~ o T OO ERESEE (LDso) 1. HET342 mg Mn/kg{AHE ., i T331 mg
Mn/kg{&AH (Kostial et al. 1989), 7 v MNMIBIT HEEEE~ > T DLD50l%1,082 mg
Mn/kgAE Toh o7 (Smyth et al. 1969),

705, F344/INZ v NMIRIT HHilE~ > > (1,300 mg Mn/kg{AE/H) D14 H [
IREES G5Bk, IR T2y (NTP 1993),

8
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a. 13 EMEIESHRER (D R)

B6C3F, ~ v A (Ml £ Be5-7F 10 VO) (281 D hifife~ > 7 > (ID—KF# (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 HE R 5RER0NThhiz, &%
HBRECRO N FEITREZR 1177,

MDA 58 & > 50,000 ppm & G HEZBW T, A E 72 REHEINPHEIN 2 5
iz, HED 50,000 ppm £ 5-HETIE, BAEREDN 13%H L, FFlgEOHMEx & O
STERITA B Lz, 50,000 ppm $e5-8E Tl E i, ~~~27 U v b
EE~ETm B REMET L, RS A EICHED Lz, o 25,000 ppm
Y 50,000 ppm £ 5-8ECTlE, # A MBI G EICHED L, FE 613512
B L - L IRtV E LTWE, COFERETHERERIZIA DA
Mooy, KED 50,000 ppm £ 58 Tk, BEORTE R EEGHAEO @I A & O
e EEIN-, (NTP 1993),

K1 IVR S EEESMESEHER

AR E FHRE i3 i

Wk~ > H > 1D
—KFn¥

50,000 ppm
(1,950 mg Mn/kg {A5/H)

AR 13% B0 . TR0
RO EROBMD, ~~
b2 Uy MEL~EZa ey

IREABIH, ~~
7Yy ML~
= LRI i

BREEDPRAD | RIMEEL DR | BRI DA
02 £ O il R - B 00 1t

TR M DN A4k
25,000 ppm [ M ERER O3 AT R 72 L
(975 mg Mn/kg AH/H) LL
=
3,130 ppm PREEHE NI AT R L
(122 mg Mn/kg {K&E/H) LL
S

b. 24 BB MHEMEHAR (T Y +)

CD 7> b (e, - 58E0E 5 DT, ff 1 V) (280 A b~ > 7 IDMEK
¥ (0. 1. 10, 20 mg Mn/kg RE/H) OHAEER)D 24 H i E TOMMKRE
& GRBRA TN, SFHRGHETRD ONEEEFT R 2% 2187,

10 mg Mn/kg (AH/H UL EO#EGHET, SR THO R—I 2 LULRFEIS
J . 20 mg Mn/kg (R H/ H & G-HETHIR T OE ) 7 I A F ¥ —BiEENR
AEIZEML, ek Fax 7 —BiEMAEEICHEA L7 (Deskin et al.
1980),
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x2 v b2 BRBESMEEMEAER

AR E PRt il
At~ > # > D) | 20 mg Mn/kg AR5/ H WETEDOE ) 7 2 oA XA —BiEtEowEn, 5
LK A4 vk Kaxy 7 —BiEEoRE
10 mg Mn/kg R HF/H BL | BUR T K—r83 o Loy
+

c. SEMBEIAMSHRER(S Y )
Fischer 7 v & () (\28BI1F Bk~ >4 (55 mg Mn/kg {K&E/H) @ 8
MRET & 3Bk M T, HERECRO LN mEIT R AR 3 IR 7T,
BERIZBWT, ~~ Uy MEE~NEZ R EVRENFEICED LT
(Miller et al. 2006)

£3 Sv b3 EARMBIMESEAR

AR E Eacyite i3

R~ v H 55 mg Mn/kg {AH/H ~ h 7 Uy MELE AT 0B UEEDORD

d. 13AMEAHEEHBR (S Y )

F344/N 7 v b (e, &858 10 U8) 1281 D ilg~ o 4 o AD—7KFn# (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 3/ 130, iff 155 mg Mn/kg {KE/H . 25,000 ppm L 618
mg Mn/kg (K8E/H) @ 13 BENREFE 5B Tz, K& G TRO LT
BT RAER 4 177,

KD 3,130 ppm LA EDOFE SR O 72 RERINNHIA, M 6,250 ppm LL
OB GRCH B REEINMGI N A ST, BEOREERE L 1o 25,000 ppm
BEHRECIX, IO K ORI E &G B L, MEO2REHETIEMD
Mt K O EEE S A B Lz, HETI, 2GR R B mEREIC 2 biE A
SR Tons, HHERENHEIZEM L., 6,250 ppm LA EOFEERETY 3Bk
BOEEIHD Uiz, —J7. METIX 6,250 ppm LI E&HGHETY L RERE DA
IZ X VR EMERES A B L, D 6,250 ppm LA EHERERET, ~~ b7
Uy MAEFRMEREN TN naEICEINLE, 50513, 20BN~
VHATHETEZNE I DIFHETRVWE LTS, FORERHICZBWNTH, <
VAR GAITEN T WA A b, BRRER A SR o e (NTP
1993),

10
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x4 v b 1B ARBRMEEEHAR

ARERYE e 58 e i
Wilg~ > 4 (1D | 25,000 ppm — JFF ik o 6 Sek Ke OVFR st
—IKFn# (#t ; 618 mg Mn/kg & &H/H) HEORD

6,250 ppm

(# ; 130 mg Mn/kg A8/ H |
i ; 155 mg Mn/kg (KEE/H) LL | U o7 EREL DI

i

o

~< b7 Uy MEEARILER | A 2R E S

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

o

1,600 ppm

S EREE N

Jifi 0 e Sk Ko OV %) H

(# ; 33 mg Mn/kg {KHE/H . R Dt K OFEX B 8D | B O
i ; 40 mg Mn/kg fKH/H) DA E | B

©)

EBHESHRBRRURENAMEAER
a. 2 FEMEMESHEHR(THIR)

B6C3F:1~ 7 A (M, 458 5-HET7000) (23 1) B e~ o # > AD—/KFfn# (0,
1,500, 5,000, 15,000 ppm : 5,000 ppm(FME64 mg Mn/kg{KE/H . 15,000 ppm
I3HESSS. 731 mg Mn/kgfKE/H) DO2FEMIRAIHR ERBRA TN, K& 5
FECRO LI B T A RHITRT,

MDA BRI B W THROEGRE DS R R I b~ BRI L, BEo
15,000 ppm # 5-8E & #ED 5,000 ppm LA EDOFGEET, FARIRIEIILEN A B
ZhvoT-, Fi-. BED 15,000 ppm B GHE & MO REEERET, FUIRARIENE B R
a1 oD BRI T % 00 F& A B R I3 B SN L 7=, TEMAm AR RIS 2Y 15,000 ppm %
HREOME 6%, W 10% 2384 L7228, SHERERICH N CTHEZIT )~ T2, Wk
?® 15,000 ppm & 5-HE T, 7i1'H F V- R RR R M 2 ak O 38 A B8 B 3 A B L T 4

mu iz,

TE AR AR ARIE O S8 BB E D o3 BN & | BUIRARIENE b R T pk o 38 A B
DA BRI IESE FH 51X, B6C3F ~ 7 AR D~ > 4 - AD—
KT DFES AN T D A HMED 72 (equivocal) FEHLN & 5 &

LTW5b, (NTP

1993),
&5 TOR2EMEMHSHRER
AEBRYE BeGRE Jiia i3
Wi~ > % 1D | 15,000 ppm FOR BRI e BRI O [R5 | A E R 2 b Rz A R
— KT (7 ; 585 mg Mn/kg IRE/H, | MR & TEARIEIR DI | Ja ik 8 alk o %& A4
i ; 731 mg Mn/kg REE/H) | BEEEEEIN, A0E RV EREGH | LR
e R S 308 T2 e 0D 8 A A
AN
5,000 ppm AT R L FROIR R T8 B 1 5 D %
(4 ; 64 mg Mn/kg {KE/H) AR R EE RN
VI E
1,500 ppm VL E AT R L FH 2K A7 00 72 B AR
D, FORIRIE R
B BR Je3 1 388 ' Bk o
AEBREE RN

11
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b. 2 FRIIEMHEMHER (Y M)

F344/N7 » & (e, #-BGHETOND) (28T DHifg~ v 4 AD—KF¥ (0,
1,500, 5,000, 15,000 ppm : Z£0, 20. 65, 200 mg Mn/kg/H . M0, 23, 75.
232 mg Mn/kg/ H1) O2FERIRETB GREBN T, &G TR LN
PEFT L2 61277,

KD 15,000 ppm & G-HE Tl SAAED T REFIZHEN 10%E <, BIEAD
BEARRIZL D AGFREPEEICHD U, B ETHERENEE L Lz, —J7, #fT
%, IEHED 15,000 ppm & GHECTHEENA LN o T2, ML S, 55
T—HZIZHART, ERAEOEBREIMNEIA LN - T,

F#H 513, 15,000 ppm F TOHilE~ > 2 AD—/KFn#) Otk F344/N Z ~ k
2B T D RBAMEOFELLI 2V 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 EMEMEMRAKR(TY M)

SD 7 v b (M, 458 12 8) (200 24 b~ > - ADMAKF4 (0, 1,000
ppm : 0, 40 mg Mn/kg AE/H WHO #%) @ 65 # k& 538k 0317
oo BHERETRO ONTEmETRER TITRT,

HE) L~V O IR R — 3 AEEERRE O —RERY e BB ST

(Nachtman et al. 1986),

&1 Zv b 6hEAREBEEHERR

At~ > #H > 1D | 1,000 ppm EE) L~V O R T,
MUK Fndy (40 mg Mn/kg {£5/H) R — X AEEPERSRE O —BFRY 22 A |

@ IFSERAR
a. 20 HEF EMESHRAR (v M)
SD 7 v bR (M, 5/ 10~12 J8) ([ZBIFS~> 4> (0, 50,
250, 500 ug Mn/H : 0. 0.7. 3.8, 7.5 mg Mn/kg /K&E/H) DOHAEH% 1~20 H
IZB T DEOKEGRBE T, v~ T3, WoBHIcEHLET 10% Y =

L NTP 1993 (2%, Wilig~ > o —Kf 1 HXY47- 0 581X, HEX 60, 200, 615 mg/kg (KE/H
X 70, 230, 715 mg/kg (REE/H LFLE S LTV D,
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PRI b~ o T R TR LT, BB GHE TR O HE T AZ R 8
NN I
B G K IRE FEHEIE A~ DR EITRO bk o T, A% 14 A2 500
ug Mn/ H B GRETHML VNGO~ > T REICHEREMA A B, HAER 21
EW 250, 500 pg Mn/HEERETEIEO~ v H o BEICHBERBD N BT
. HAER 40 BIZIZW T Olfgs THOHRGICEDAEET AN T, H
@f& 6 H 2% L7=3 HiE Y 5 (Righting test) 2TiX., 250, 500 pg Mn/H
G CRAIRFEIOBIE DGR HILTe . AR TIE o o7, AR 10 B IZE
L 72 MR D < IR BREERRER CTlX. 500 pg Mn/H &5 CIR BREER O F B2
FEDRNF BTz, FloHAR 32 HICHEE L /=28 Rk i, &5 a v
DEFUCHEERAFRREEIND B B ivTe, —F BRI F— R v LUV I &K
{ERI 72980 3 - 5 40, 500 pg Mn/ H 58 T 50%84> L 72 (Tran et al. 2002a) ,

x8 Jv b 20 BREFEEMESEHAR

AR E B H-HE i/
b~ A 500 pg Mn/H WL RN K DRI ORIE (4% 10 H) . ##
(7.5 mg Mn/kg {AH/H) Gk R— 33 L L ~UL 50%Ei4
50 pg Mn/H x@jlﬁlﬁuiﬁ?ﬁfﬂ)@m/a v 7 a4 B AR A7 A
(0.7 mg Mn/kg {KE/H) LA BRER R— X3 2 LU BARTER R (H
s E?& 32 H)

Fo. EREABRO SD 7 v MR (B, B GRE 8 L) [T oW TRk (H
A% 50~64 H) IATEVPRURBRZ 1TV, AR 656 H OMEE R— I 1
NERIE LTz, 250, 500 pg Mn/ H#% 5-8ECTld, MEIKR K— I L-ULICHE
72 3 A B LT A3 Burrowing detour #RER K& OV @ [RREEER CliX, #EHFEHY
IZHBRBENHD XA L2 > 7= (Tran et al. 2002b) ,

b. 21 BEIFEMZESFHHR (T Y )

SD 7 v MR (M, A& 8~9 L) 1Tk 2k~ (0. 250,
750 pg/lt/H : 0, 4.4, 13.1 mg Mn/kg (AE/H) OHAER% 1~21 H OEOKES-
BN TNz, b~ X, 10% Y a BRHRIZIEE CRE L=, SR

TRO LN FmHEIT AR 9 IR T,

A EEZFHMO L7 2 A, mAEETHARY (HAE% 10~14 H) (ZAD
AEHWPEIS T 2 BN A B, M (HAE% 90 ) ICH B bRy s 2
FREERITBIT D R—RI v N T U RAR—F—DRD) B HIT-, F7-. mﬁﬁg
REOREI (4% 90 H) (2211 > 10 mg/kg (KE & IG5 L=
HISEF OB IMNN B BTy, 2 A > 20 mglkg (KE % BN K5 Ltﬁm\
W BHIER O 13 A 5 1u7= (Reichel et al. 2006) ,

2 W a Mo —VICEE AR U TN 2 OICE S 2R 2 ]IET 5,

13
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&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
=

FERICEH B~ T BRBENR K=V N T U AR—F =52 5%
BIZOWTHRETL7ZRBRE LT, SD 7 v MR (ERIARH, &858 10 L)
BBk~ (750 pg Mn/PL/H) oA 21 AR (HA#% 1~21 H)
2B AU GERBRNH Y . HES 90 BT S EEORSER & AT R—
NIV KT UVAR—Z—Z U RTEFRBLE R—/XI VELY AB DD B354
TW5% (McDougall et al. 2008),

c. 0 BMEAMEEABR(TY L)

T b (HERE, K858 9~10 J0) (2B 5k~ B o ADMNATI® O 30
HREE & 5B 3Tz, SFEGRETRO OB a2 R 10 1ITR7,

7w M &R T 10 HEFIBE L7212, b~ F o ADMAF (0, 20, 50
mg/kg f/H : 0. 5.6, 13.9 mg Mn/kg AE/H) % 30 HRIEEHG L. O 10
HRO®ERBR AT 22T 2N Gl, G2, G3 & L=, —FH., v b+ (E
BIAREA ., #3518 12 I0) ([cHifb~ o 7 QD UK F (20, 50 mg/kg €8/ H : 5.6,
13.9 mg Mn/kg {AH/H) % 30 HFIEEEH G412 10 H KB EZ L, 5] &6t
X 90 HREL@EH O % 5 2 1% KRB 21T B2 221 G4.G5 & LTz,
G2 & G3 OEMIT., KEEFIFETEG LBl &2 o RE R, G3 OB 3% &
PEAHE LTz, fb~ > 7 ADMUAKFu & 5% I L7 G4 & G OEW)
X, B<EKEER 2 b7 hro7- (Shukakidze et al. 2003),

F# 51X, LOAEL % 5.6 mg Mn/kg {AH/H & L C\% (Shukakidze et al.

2003),
=10 v 30 BEIEAESEEAR
B A
3 P 1 S i P
RERE 5
R s Wil o 7 (D) Wi~ o 4 (D)
VUK Fns e 5-Rii UK Fni e 5-4%
A~ > # > 1D | 50 mg/kg /A BN -
MUK F4 (13.9 mg Mn/kg {KH/H)
20 mg/kg i/ H RS ST SARIES S by SR NI N E e )] -3
(5.6 mg Mn/kg {KE/H) LA =)
=

14
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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) OMARLNB44H B OBKE GRERD T, &5 TR bv-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, 16H BICHEIE L IR TR DR =Y IR EEEAD L7223, 60
HHIZIXEE L7 (Kristensson et al. 1986) ,

x11 S k44 BEERESERER

AR B ie i3

A~ > # o (10) 150 mg Mn/kg &/ H TEBN I, FHEL L 7o AN E TR B

e. 10 ERESMHSHERER (T Y M)

Wistar 7 v b (ff, &G0 16 D) (281 28 b~ > 7 - ADMAKF (0,
15, 59 mg/kg KH/H (0. 6.5. 25.9 mg Mn/kg (AHE/H)) @ 10 @B AL 5
RERN TN, HREFETRD S -m i A E 12 1271,

RIS FRBR (2258 & RoERER) . A —7 0 7 ¢ — v FikBr GEBIRE /) 252
TITEN B2~ T, I ER., SHERE b, B E EMoEMELER L B
A —T 7 4 —)b FIEMZRED U S ESROS OEETER S 5 7 1oL
2P E & BT LT, B A BALOER ITIERE S, et S h
7= (Vezér et al. 2005, Vezér et al. 2007)

F12 v 10 BREBIMESERER

e BehRE pii
i~ # > AD | 15 mg/kg KE/H ZeERIERE & BRI A —T T 4 — L RIEHE OB
MUK Fn4 (6.5 mg Mn/kg {K&E/H) LL | b, HBEEESOEOREEILD . BEFHREMOWE
= IRFAE = & oo ) At

f. 21 BEESESERBR (T Y M)

SD 7 v b (M, K%5HE158) (b~ 4> (0. 137.5 mg Mn/kg 1K H/
H) % 2 HMEOKEE L%, Bk~ Do &G04 2 BECbT, gl&k sl
b~ #> (275, 550 mg Mn/kg IR/ H) % 19 B EMKZE 59 2R3 T
Nz, KHGHTRD OB A2 R 13 1277,

BREOEHOEMIA X 7V L— MUOMEASIZEE 2 KR L TR R
VA& 20, RKIKE RO~ > T PRI AL~ o T B GRECAHEISHII L,
(RE L BT EITAEICHD L2 (p<0.05) HJH 2 b L R &5 - & &R Tl
F =77 4 =) RTOIEBDNAEIZRED L2 (p<0.05), mHERETIE, A b

15
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L ADOFEEZRE D &M E e J13 80 L7z (Torrente et al. 2005),

& 13 Jv k21 BEERESEEER

AR E e bR i3
e~ H 137.5 mg Mn/kg KT/ H X 2 i [#] 228 7 E RE 1R
550 mg Mn/kg A=/ H X 19 A [H] WRA ML A A =T 7 4 —)L RTD
IEEhE

137.5 mg Mn/kg {KTE/H X2 @[ | (KE - R
275 mg Mn/kg {RH/H X 19 JHH
2Lk

g. AL ARBEIMEHRER (THTFIL)
TR OAN (HE, SEGEE 8 L) % 3 BT, e EICHROA4
?LEEIEEO)?L WHTAER (17.59 mg Mn/kg AE/H : xfﬁﬁﬁi) RKEHKOFLIEH
A% (107.5 mg Mn/kg (AE/H : T#) KO b~ ADERM LI KE
EEIEEO)?L RHAFAA (328 mg Mn/kg (AHE/H : IL &) % 40 HBROEET S
RERM TN, FRERECTROD ONFEIT R AR 14 (2577,

I#E IIREE BT, RHRBEICHE, WIRBIZLIC L 2 EESRE O RRRVE . il
4 B iR H oD F—/\\ ot r b= ORE GRERERERBR DN T +—~
VANZET R o=, 1A A E 15 0 A AORBICIENEEI O, 4 22 A H
(ZHEEAR FP DR ENE D 23 A 51072 (Golub et al. 2005)

x14 THATHILADARESESERAR

BRI B bR i3

b~ B oA | 107.5 mg Mn/kg R/ H LI L | SEONEEh O, IEIR 158 o Ji b

h. 18 MARIEMSHRER (7 AT FIL)

T 7, &P 5 RE4 ) (2 BT Bt b~ > o ADMAFIY (0, 25 mglkg
{KE/H (0. 6.9 mgMn/kg {K8E/H)) @ 18 A BIPOk&EERBR M Tz,
HRECRO LN 23 15 IR,

ﬁ%ﬁﬁ/} KO T OEEDBIEE S iz, FIRoORER, BEIZOENELED =

—nu CEMENRRO bz (Gupta et al. 1980),

x15 ThHTHFIL 18 hARMEESERER

AR E B I
it~ > # > AD) | 25 mg/kg (K&E/H I THROMEE, BEOGHENKLEZIED =
MUK F (6.9 mg Mn/kg {AH/H) a—n B

16
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® HRESMHHR

NTPIC L B~v /T v ho 13 2 ERER (Qd. 13 BREAMENE
HEE (T v b)) 2R I2BWT, AMEREEICOT N REENL L0, %
% & OREIIIA S NI STV RV (NTP 1993),

® 4£JE - FESHEHR

a. HEHMHHAKR(TVR)

Swiss ¥ 7 A (MM, 8 GREME 15 DT, M 14 J8) (2 b~ > B AD KRN
¥ (1,000, 2,000, 4,000, 8,000 mg/L : /4 48, 76. 154, 309 mg Mn/kg &<
/H. W44, 83, 158, 277 mg Mn/kg IKE/H) % ZEIAT 12 IR &E G L.
WHREOMEREZ N ENFER GBI & 2Bl U TAIR~DORE (R, HIRE,
AR IREL OWIUIRELD) 2R D RER M Tz, KR EGRETRD b=t
AT LA 16 [ZRT,

BeEAZ L D IREA~DEEIIL SR o 12D, B 5 HE CHUKEITAE B IR
L7z, HED 8,000 mg/L HEHHETIIZERN/AEIZHAD Lz (p<0.05), MD
8,000 mg/L F¢ 5-HE TIIABFIRE, EFBIEENFEEICHAD Lz, 72, HfD 4,000
mg/L DL E& G RECINEE R, Mo 1,000 mg/L UL EEGHTHEEENHE
WA L 7= (Elbetieha et al. 2001) .,

x16 T RAEFESMHHER

RERYE B8 I3 i
Ak~ > 4 > D | 8,000 mg/L b R HRZWA ., EFRA
MUK Fn (% ; 309 mg Mn/kg {AH/H . How b

M ; 277 mg Mn/kg (A H/H)

4,000 mg/L — JR B SN
(% ; 154 mg Mn/kg AE/H .
H ; 158 mg Mn/kg {A8/H) LU L

(1 ; 48 mg Mn/kg {KEE/H | Hm
M : 44 mg Mn/kg (KE/H) UL E

b. &EHMHER(TVX)

CD-1~vo A (I, K58 1200 (B HEEE~ 4> D) WMAFY (0,
7.5. 15.0. 30.0 mg/kg &A=HE/H (0, 2.4. 4.8, 9.6 mg Mn/kg AH/H)) D 43
Aok GRBR 2 Thivz, £7-. CD-1 v 2 (ff, K% ERE 16 IL) |ZHE
it~ B (I WAKFY (30.0 mgkg RE/H) % 43 HFPOKEE L, HEALE
DO & AR S THERRERE ~ DB Z TR RN T Oz, FE G TR 5
Nzt a2« 17 1237,

AEFHRSEERE O BEEIX, 30.0 mg/kg R/ H B G- CRIE EAE &N A BTN
M7= (p<0.05) LA, RFERE & ZZN A DL o T, FEENEITH &K AN

17
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W L. 15.0, 30.0 mg/kg (RE/ H £ 58 CIEMEHFIICA EIZHD LTz (p<
0.001), F7=. KHE M OKEE HKRITICR T 556 AEREIED L,
15.0, 30.0 mg/kg RE/H B HHETORBIRICE T 20T b FICH
BEo7(p<0.01), WEMMRFAIRA CITABRRZLIZA DRI o T2,
%Omwgwﬁmﬁﬁﬁ@%@ 313 81%., XTHREFOHEDZHERIL 94%
7Ty, MOEFE/RT A — 2 —|ZHBEREITRO bR o T,
FELIIING ORBROFER, ~ o H U BHIZ X D83 EEhEORD &
R - E08 D Bl T2 28 AEFREERE & C N O R R 0 8 b & O BIE T B
otz LTW% (Ponnapakkam et al. 1995),

x 17T T REFESMHHER

R E Er Rt JiiE
Wefig~ > 4 > (D | 30 mg/kg A=/ H Fo 3R FREE & H B 7e s
K Fn (9.6 mg Mn/kg A/ H)
15 mg/kg A/ H F 1 IEEE O BRI ek K
(4.8 mg Mn/kg IAHE/H) LIk B ORI ERESICB T A5
D H &K 2

c. RAESMHABKR(TY )

SPRD 7 v b (M, &PH58E 156~2110) (210 pHElb~>H 0D (0, 25,
50. 75 mg/kg KE/H (0. 11. 22. 33 mg Mn/kg KE/H)) OALFRMICH
7o D WOKE GBS Tz, S&EGEHE TR bz mEi e £ 18 [T T,

ﬁ@%?ﬁ\é&ﬁﬁ?ﬁﬁﬁ*@ykﬁmAP%O%Ek?SUVvtF
oA F A —BIEENEI LN, i RRBIIRO LN o T, T5
Iwmgwﬁm%ﬁﬁf%%%%%%#%ML\m%%:%wf%kWﬁ®%§
IZERIEDAE U, W EFE DI RGO AL N BEIZHEI L7z (Szakméary et

al. 1995),
=18 v FFHEAESEMHAR
HER'E Be G- REEh) IHE
¥k~ A oAD | 75 mgkg (AE/H 5 R RHE S B & PO I8 R IE
(33 mg Mn/kg {AH/H) S\ 32 ZF T O F A= A E HY
n

25 mg/kg K/ H G o>~ 7 v A P450

(11 mg Mn/kg IRE/H) BL | IBEELET =V vpt Fed¥x

1S oA — BRI OB

d. EESHHBRGY M)
7 v b GREEARM, i, BIECRI) (280 DM b~ o 4 IDIAKF (10,

18




© 00 1O O~ W N+

e e
Ot i W N = O

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

20 mg/kg AH/H (2.8, 5.6 mg Mn/kg (KH/H)) OIEURHT 15~20 HEH ST
YRHIM 2 R TR AL O HER 1 DA h R 28KEGRB  Thh-, &
HHRECRO b -Em T AR 19 1077,

ENENOMENSAEENTIREW) (BRI, F& 58 12 L) 225V T,
FLCHEIE I 40 HIRIZE L2 RE T, Flix OB OF KR & 277V 7 il o
WA BIE L, KD~ v H V=R L OBME& T <7~

10, 20 mg/kg (RE/ A #HRE L HIT, XHRREE L LT~ 2 B R E OGN
Ny =Ra -Vl VAN e T@ﬁm®%ﬂto£T®M%ﬁf —a—a DT
~w%ar IHECHERBPRBO b, BEEZ T o —a R HER
ERALRNZ Tz, EOEALCH  EF =2 —a =2 —a v OREIC
KTHBREL B ERE L TEITRD N> T2, TXTOMENL T, 7 U T Hiao
BEAEERFEEMARD S FRICISBETIE 7 ) A= ARBEE Th - 72
(Lazrishvili et al. 2009) .,

x®19 Sy +REFMEHER

R E BehRE IR B
i~ v # > D | 10 me/kg (AHE/H KRB~ o 0 PR REREIN, AL T, AR a7
UK Fndy (2.8 mg Mn/kg {KHE/H) | ~10%I2Z1k. 7'V 7 Hila %o H &EAFREM, Al
LLE S ASTE A R

@ EflnEHRAER
a. /n vitrogBg

A 22 W72 B AR 280 BB T R ERY 22 FIE TR MR R MG H T
L3, YLERTHE (Salmonella typhimurium) <° KA (Escherichia coli) . &Y
REER 72 AVBR AR T CIEBG M OFE R 23 s T b, Il FLIEHMIIE 2 V72 in vitro
ARBRITWTNLBEMETH 5, invitro BRFEMEREBRIZOWTE LD fERE R 20
(2R,

VB AT NI T T RV T LA F BN LT 55 OBFRICHETIOICIE
L. DNA & #E I3 L RO SO IEMELIK< 52 & 75 H 53T
W5 (Zakour and Glickman 1984), L 72235, invitro iR CEIZR I - &
Rt @IWA&@E%%@WEW%?@@QIWA%%%DNA%@K%%
T 5 H LRI EDOIEM EEBICERNL WS EEZLND,

19
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x20 THUD in vitroElnEHEREREER

RRYE PRER OFELH POE-S B EES EBL . AT
L F5) ﬁuﬁ%ﬁ P ﬁuﬁiﬂf P
A -
MnSOq4 IR BB | S.typhimurium - - Mortelmans
TA97, TA98, TA100, 1986
TA1535, TA1537
S. typhimurium No data + 3k Pagano and
TA97 Zeiger 1992
S. typhimurium — NTP 1993
TA97, TA98, TA100, (NTP 1993)
TA1535, TA1537
MnCl: S. typhimurium No data + DeMeo et al.,
TA102 1991
MnCl, lacl B1x¥1 228872 | E. coli No data + Zakour and
FLEAER KMBL3865 Glickman198
4
W AL AR
MnCl; BIREARERRAR | ~ v R o NE No data + Oberley et al.
L5178Y #fifa 1982
MnCl. DNA {5k b kU oSER — + DeMeo et al.
(=2 Ay b7 vk 1991
A) b U LoRER No data + Lima et al,,
2008
MnCls SR LN N b kY SER No data + Lima et al.,
2008
MnSO4 Yuta (R B B/l | CHO il + (SCE) + NTP 1993
2 AR N X
B (SCE)
+: Bk — Btk

oI RVT LA Ty U UERA A B RO TSR TR

b.

in vivoiRER

7w b (HE, &FE10P0) (2B A5 b~ # > (0.014 mg Mn/kg {RH/H)
® 180 HIF#E OB GRER T, FHEMIZIC L RFHIIC LA B a B a4
Siv72 > 7= (Dikshith and Chandra 1978), —Ji. 1 v K CTHEjii S i17- Swiss
~ A (M, H8E 5 L) Z Wi~ o > OE A (103~610 mg MnSOu/kg

{REE) Toofk RGBT, BHMIE O G R R OB K OVIEIC

B 7R

MR H 5 TCuv5 (Joardar and Sharma 1990), 1in vivo B{nmM iR T — & %
F£21IZFE LD TRT,

20
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£21 THUD in vivoBEEHRBRER

PR s R O FE¥A PO AR R L AT
Wa (44 FR)
MnCls PASERUNTAE Y T 7 v ME R — (RHE 0L, 180 H) | Dikshith and
Ja, A BEURE A Chandra 1978
MnSO4 ~ U AR |+ GREFE OG-, 3 ) Joardar and
Sharma 1990
MnSO4 /MR ~ U A |+ GREFE DG 2[E) Joardar and
Sharma 1990

CBE — o R

(3) Eb~ADEE

U UNE, B R EIZILDETEHELZLLDAERICE STOMHETLETHY , v~ H
VX—N—%#VF?XA?—ﬁ(MﬁMD)@i5V7Vﬁ/#Tjﬁﬁ%§%
HIE, F T =BT INR T FT—EBDO LI~ T TIEMHEESNDEEED
Do VA ERBARELTHMEITY, AFREHEEELEL 5 AH ﬁ#%é
—fRHIRNFEEAEDEMZIE~ U T NEFEINTWDHDO T, B hDOS U AR
IFFENIC LN Z D 2780, — 5 BRBREVIC~ U R ZEEH A 1R S BB T,
AR ORERE, B, AR, EEIRTH. I8 & Kb Ok
ERLLN TS (WHO 2004, Hurley and Keen 1987),

[HARNOREFEREEE (2010 FiR) | ITBWTIEL, BARANICBIF S~ O
BREICOWT, ABMET3.820.8mg/H &S 9) . A LMET 3.8+1.4 mg/
H GREH 10) & T 25 EME K ORRREE CIE LR AORSE (iR ZER<)

INTICIE S ~ 0 U fEEE 3.6+ 1.1 mg/H (34548 19) OF#¥)fE (3.7 mg/H)
EREFEMELTEHAL, v~ T OB REEZRABMET 4.0mg/H, AL MET 3.5
mg/ HIZERELTWD, £lo, THRAOBHFEIULHE (2010 FR) ] O~ T
DA FIREDOHEIZIHBWT, 38, B, ROERELHFLELTEEFETIE, «
VI EREORKEIT 10.9 mg/ HREEICE LGS LHESNL TV D, FERIC
KRERELEORFTIT183~20 mg/ HEENKRKETHA O tHREINTVD, F
oo T AU NCZEBT DEFEFEEIERIEIL 11 mg/H EHESNLTWD, —F,
15 mg/H D~ H % 47 N &hk ’1%:mﬂ52t&’%>25aﬁ@&5fm
B D BEODAER EANBEIN TS, BeiikcsEinir BEIC 2.2 mg/
H@v/w/%23@Hﬁ&ﬁﬁékm¢7/w/®F®ﬁ%&Lﬁk7/ﬁy@
U~ DZEFREDRTRD BV, N—F 2 Y VIREROIER DB S, ZORERFIZEIT 5~
7GR iﬁ%ﬁ%fiﬁw@fﬁﬁ T D Z LIXTERVWD, ~ U H Dl
FHERUZ X AR E ORI CE 20, T XD, BARANICEKIT 2HE
ﬁ@%%@@ﬁﬁﬁﬁgﬁ%ﬁ%%Hn@ﬁ&%iLwTﬁiil%%l&LT
nmga%ﬁk@mﬁiﬁékbtoﬁk\mEEMk%@hﬁf@ﬁﬁﬂ 74N

BIFAME EREITIFEE Lo T-. ] EE&NTEY, mA®m@Lﬁg%n

mQELmELT%é (EA57E7E 2010),
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SORBPZERRE S (NRC) ORMKREHFHR L. MADO~ o T AMEL BV R

%ﬁﬁi(mmmn)%%%nngak&mLt(mm1%moT@ﬁi\E
B 2.5 mg Mn/H L ECTHEM I EDNNT o 2NN & D BFFEHR S
(McLeod and Robinson 1972) IZES3WTW5, FRfEIZ. NRC 2MBEIHI 7218
Buzc b el #7x L7z 10 mg Mn/H & WO ED O EIZLZ2MEZ & TREINT
W5,

NRC 2 E L7 ESADDI TIIIK T XD L AR TREFZELHV
Freeland-Graves & (1987) il: MIFFEDRRFUZFEDE | A D ESADDI %# 3.5
~’7 mg Mn/H & L7z, BEEITIFEEI L, BT WO E R

WIZERLTWD &) ﬂ((ﬂi))?)\ ffl 2 ND~ 2 FT ABRE N L~ T AR
G: 2D EHHINLTUVWS (Freeland-Graves et al. 1987),

WHO (1973) (IR ADERIZE T HWEICREICET 20542 L, 1 R4
DD~ B EEE A 2.0~88mgMn/H & L.~ H /3T ZADRFGEN G
WHO (I A\ OV ZEERE % 2~3 mg Mn/H |, 582227 IE % 8~9 mg Mn/
H &R L7,

KE, FEE, 4T X OBERER 7S CTRMET 5 &, 1 HYS 72V O~ T
EHEIT 2.3~8.8 mg Mn/H 72725, BF 3 HHL O BRE TldasH O HE2Y 10 mg Mn/
HEEZLHGAaLHVED, EEOBREIIZWIZHLELL T, XRERETORSF
TlE~ T OEYFRIRARN A L, FEBRICRIR SN S ®FEDT 5 (WHO
2004),

PlbEZF LT, EPA T r~ 2 U A ES 10 mg Mn/H & L, BRAIK
H 70kg LY 0.14 mg Mn/kg AE/HZHEH L T\5 (EPA1996),

BRI 70 VPR R AR TR OBRE &SRB BTG OREIZ L 0 | SEHR A D
< EREE LTO0.7~10.9 mg Mn/HVRENTWD (Greger 1999), Z D
T—X &I, IOM (FRADMAE ERE% 11 mg Mn/H & LTW5, —J, 7
UARE L/“C 15mg Mn/H D~ 77 > % 124 BERA L7tk 47%“( I%. A
BRLETR 25 A B IE T~ > T ARED A EL ’i‘mbﬂbf_o L2xL, 89 HHEIZU N
BKD MnSOD {EMEN A BTN L7 LN E, AEZEITZR O biven -7z (Davis
and Greger 1992),

M7 FIREO 11 mg Mn/HO~ v o 250 RBEFELZEEL TWA AT T
BRI L5 8FRERRD LN T kb%>IOM:q0M2mn)MJ1mngH
% NOAEL & L, WHO flEWKAKE T A K7 A4 V5 3L 4 R CIxEinzHH
LTW% (WHO 2004, 2011a),

ﬁm%mfm\vyﬁy@%%ﬁ%@@xﬁ@ ok&ﬁéhfué mHED
<A EROEBIR LGN H 0 | A RESRERREN RS STV DR, EEM
&UE@%&%@?~&$K@L1w5@T\ﬁ%%@ﬁﬁmﬁﬁf%fm&wo
IR TNY TN A NEBERREICIRA L, v~ T FmofElk 2 8 L7z ER
&% (Banta and Markesbery 1977), 72, 1.8 mg Mn/kg {K&E/H O~ > 7
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el U™ Az A BEER L. 9 72sH%I1I0 35— Y UIRKEDRER 2 5 U 7= JE 6] 73 3
HZNTWD (Holzgraefe et al. 1986),

BEIK 2 LT~ o T BRI L TW AR R o7 88 OFFINR &
%, EPA ZEYE(EIX 0.05 ppm THHN, T 10 AL, v~ T &2 1.21 ppm
DI FKE BAEMBER L T\, M~ U EE, i~ T UBEE S LICER
EFEL &L, EEZE R OO MRI A& CTRFEITFRO LT, 2FH
RRTREE T E o T, — . SRMNEREBELROSFELEDO A 27 M TR, #
AT BAECA TEY O FNZAHBEEE ) DMK < FE/RITHE 9 2 & DS REE & vy 9 Fl o Fai 3
&> 7= (Woolf et al. 2002),

AARTIEZ, BEEO~H 2 (828 mg Mn/L3) & EEEOHNEEAT HER
BIKZEBEL TWe A2 IZE O b A EREBICET 2 EFMER S D5, IRA LT
< U H AT, BEK A OH T AZHED STV 2 400 EOFEEIZHRE L TV
o MAELZ 26 4055 16 412, WEIR, HEGE, Rk, FepbEESE o bk
DB HIVTN D, e HIRZN 22 B E I 1T B, 3 A4 3BT (1 AT B R L7273,
i U7 1 4 ORFIRO~ > BRI O 2~3 FUr < . [RIRFICHERTEE & HE N
LCWe, BEIITEAEEBIIOEVALNT, 1~6 WO & HITITEITE
U7Zplho 7= (Kawamura et al. 1941), LosL., {ERHFKDO~ T U EEIIHEE
ECHoT29 2, #REIXEEEOHE S RFFIZEIL T\Wb, WHO i, iERD
FEHLE TG T, ~ > B TIEYR S - H T K O LRI — 58D B 3 B1E L
e, ERBEHO—RE L THOFEDEOERLEZONDE LTINS

(WHO 2004),

XU Ty TiX, 10 EL EORMICHZY | @linE OBEKEN Lz~ B 48
E AR & OFERE & R D IR EAFSE N T OV TV D, HIBRAIZ #7225 3 T
DNRIE SHLT2DS, A IR O KIRFF KD~ > H U RFET ., xR k)Y 3.6~14.6
ug Mn/L, RERHIE2Y 81~253 ug Mn/L & O* 1,800~2,300 pg Mn/L ThH 7=, #
FH DI, K~ A REDHEINE | B~ v PR OMRIE R 2 7~ 3 &
HEOBEME OEE T~ H o BEORME. BEENH 5 & LT 5 (Kondakis et
al. 1989),

FRHBREOREE N Lo~ U T BIEICOWT, BIMFENA I TWD, B
SEOERNZ N E W) BT, JEIC 10~15 mg Mn/ H 23 HEE S0, F D%,
ZDfEIE 5~6 mg Mn/ B iz 6172, WHO 1E, BFEN LIz~ WU ERES
HOKBERHNWENTHY, BROBRKOE~ L T BREEZRETERNI END,
I —HEOWRIZEY e hO~ U mEEEHEKRGICERT 5 2 L3R
RETHDHE LTS (WHO 2004),

3 HERERT 1A KONEM 14 mg Mn/L 7> 5 4D 28 mg Mn/L 23MF S 7z,
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KA /4!:45@EHlﬂﬂﬂ?fﬁﬂ;ﬁF‘ﬂﬁbﬂtﬁk*ﬁk?&ﬁ&@ﬁ TlZ. 0.3 mg Mn/L LA
LD~ T APRE T H MR EITRED DR o 1o, MRRTEIIRAE TIL, v
T UPRFEN 0.8~2.16 mg Mn/L OFH: 77K % 10~40 MR L 72 40 Ll EoHE
A CESFHEN 57.5 ik) 41 42, ABEREEITRD bR oTlz, xtHEE 74 4
(XN 56.9 1%) NEIL L 7=k D~ o 4 B IX, 0.05 mg Mn/L K72 -
Too MFEDOHERF ITIEAEZ (IR ITI, Fln, MR, BEELOIEDETUCE L~ >
F 73N TV (Vieregge et al. 1995), L7rL. Z OWFFE S M OREZERE IR OHE
BENS DT —Z B RIMLTWD L FHFKOY T AREIZHRE BN D
iz,

N7 T 7 v 2 ®DArathazarlTBE L B~ 0 7 PREET93 pg Mn/L & S b 37
TRES ng As/ILOPR Y 3 & H P K ZHEE L T 21424 D105 1 2 X 5R1T, %DE’%%%“EE

B AR D REWAIFZE 03 S0 S AT, T%‘H&#%k@v VI REEFIEL LT, 12
BOWRENSRDWMOD T N—TT55F Tz, ~ 2 T PREH200 pg Mn/LiE{ﬁ (F
¥J103 pg Mn/L) D FH: 7K 2B HL Lﬂ\u%%‘ssﬁé S N—T1, ~ U PRER
200 ug Mn/LLA 500 png Mn/LAS# (44440 pg Mn/L) OFFF/KEZER L T\ =7
AL e VIV — T2~ W IR FER500 ng Mn/LEA E1,000 png Mn/LA ((F44801
ug Mn/L) OHFRKZEBIL CTWEIRES14 % 7 v—73, <~ F U EEHN1,000 ug
Mn/LEAE (F391,928 pg Mn/L) OFHFKEEBIL TW e RE284 % 7 L — 74 &
L7z, 10RO H DOAKSEREIL, 20044E(2I0M (IOM 2004) 3 LTV
59~13E 0B RE (BIETI324L, LR TIEH21L) 2FEHL, £/ —7DF
B~ o W BENS, Z—T71, 2. 3, 40— A 470 DO~ HBERE HFK
HdenA) & LT, BERZENZN0.25, 1.06, 1.92, 4.37* mg Mn/H., K1 Z
NZ10.21, 0.93, 1.68, 3.825 mg Mn/H L HH S iz, BB OHABERE LM%
GthE N DR ER THlREE%, SV —71L S —TF4TIR, TV AR —AIQT A
b ATENRAER, SREABROWTNORBO X a7 IO AEENA LI, 7 V—T74
DI WBEEINTIL > Ty T N—T2L T N—T3 T LTI NA—T1LVEEIN
LoTWEN, T—T2L T —T30YH)%, Fv—T1E M FN g EES
IRSIpNoTe, ZN—T 4D KE I L 72 R 135506 U 72 JRe6E /iR 2 FiE
THEBERRENBLD R U, FHFKDO~ o H R LA 2 7T A OHBEN 5
117= (Wasserman et al. 2006) .,

17 F OE T CHEE & — BT 26 OIERN |G SN TVD, —FIiT
2000726, 6H DKL NTH, SHOMMZEMO =27 — I L, DRI
FIH L7z H RO~ 77 PR EIT 20004 ~20034F-731.7~2.4 mg Mn/L, 20044F 53
1.7~2.2 mg Mn/LT®H > 72, 2005 IZH ii/KIEKR DG 2240 T B, HAKITHE
BEBFIC ULAMER Lo T2, —FiE, B FHZ OV R F RIS CEHEE %

4 FED LBV EHE,
5 HED LBV EHE,
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SERLTRBY, B~ WU maha CThOROIERIEL XA F v 7L EER L T
Wz, BIEELEEARTE O 72 O B2 EE L TV 2, 6513200448 H (2, HAJE,
BEHEARZE LR T OH% A BALCITE EOIERSC S FERE S OMPIEIR NI T L
72o MRIMIEDFER., 6k O KRMMIEIEE I~ o T OEREP MR S v, 2o~
VA PRES39.7Tug Mn/LEFEIRETH Y . 290 MREE ES R OEE OSRKZE
LRI SN, RO~ U REL BN 720, FFEREIXIEE 72> 72, 20054E3
~6H OFITHRAE SN2 OF RO MR E1X1.9~2.8 pg Mn/LC, EEME LY &
ETHolz, FEHOIL, LROIERIZOWT, =~ B2 T a0 hogko
KRR LR DO—2ICEZLNDE LTS, £, HAD~ T REREICH
WT, N F~—h—L LTRIMFREZFANTWDEA, A HFSEIOHIETH0.6
~2.4 ug M/L EERH Y . FDIRFUTHOWT H M L T % (Sahni et al. 2007) ,

BT HE DRy JIZRET H9~13 DD H244 L0224 x5 L LT, &
ZHROmE~ T YR L REE OATENRHEEE B O BREMEIZ B3 5 TSRS Tk S
iz, 150N EFET 2T, 28T FEN LKA S TRY . v
W PREENR0.61 mg Mn /LOHF%2W1E L, 0.16 mg Mn /LOHF2W2E L7,
EZOFEO~ A REIIWIOKZEBIR L TWERETHREICE < (p<0.05) | 5,
PERI. BLOWANICEE T 2 55E% & KPUTEIRZ IR A EICZ < AT & S
TW5 (p<0.05) (Bouchard et al. 2007c) .

N T TFL allBIFAMEDOEELERIZONT, v U W o EiBEESAT 5
B FAKEEOBEENREINTWS, N7 TFF 2 2® Araihazar [ZE{FET 5
18~70 %D 11,749 4 1Z%F L B BIZHOW T OHEWFZE (HEALS) #5EfE L., £
FHERID 5B 6,707 4 DEMEIT OV THEROFAE & RO 7 KO~ 7
VIBEORIE BT, 1R OILIE 3,824 44D 84% N EEEIIRHAE LT
g~ B PR 0.4 mg Mn/L (0~8.61 mg Mn/L) O/KZ#EE L Y, Y~
A ABEUE: 0.26 mg Mn/kg (REE/H NVEH ST b, HERFCHE UH K2
BL WM 6AEENTZ3,837T4DFEHLDH B, 335 403 1 RIC72 D RTICAE
T L7z, SEKP O~ T ARENE L 72D ENROERENEL D EHRLND
D, B EN T HBREIIRARE E FENBRELH VEHETH L, FEEHELILZOR
Bl T OB LERERTHZ L TERWVWE LTS (Hafeman et al.
2007),

2003 £ 4 H~2004 1 B2, £ T DT ~T U NZET 5 271 $ORER N H
v TN BAEFENTAFIIZOW T, HER 24 BRI LN O R O 4 ifn A L OV E
BE& ORI~ PR & FENE BRI & OBRRIHE S 7o, Bra il 271
FID 5B 40 FIN T ENFEEEIE 2R S, 750 231 BITEIRIIFICARYS 35 K
X (AGA) t2ZWrani-, BEloamb~ o U EHREX, BEERIE, — A
73 16.7 ug Mn/L T, AGA 77— A® 19.1 pyg Mn/L X 0 HEITEN - 722, B
iy~ 2 T PR & HARRREICIXA BRI Ao T, —
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A L AR~ o T SERIR BRI, FEBRIE S — A2 44.7 pg Mn/L T, AGA 77— A D
38.2 pg Mn/L LV HEICE <, oIl ~ o 7 SR B REgl oA H
<~ N EERES . BB ERIES— AN 2.7 T, AGA7r—AD 2.1 LVAEICH
<\ BRI~ 2 T L SR K OIS L~ o o SRR Rl o A i~
TR ENT, 2T ARIRARE - FERAORBENA LN, BE HIL,
AR TR I O~ > B RENEEINT 5 & T E N E R A7 388
L7=& LT3 (Vigeh et al. 2008),

WNIZ LD EIRED~ T AMAbEW CRE WL~ > T 2) [T BRI IR R S
Nl a, ~ o o & Wbl S BEREMEMRERIZKG D FIREMEDR B D, v~
HR BRI T O B TR T LB AURRo N TE DS IR 2 1T, & 2 B 72 WA T
N IRER A PR GTEIC X > TIRMEZE AL 5, S—F 2 Y Ui & BT ER
DI OX—=F% Y VIRERIEERE” & STV D28, BRI I TN IC 3
T AHREEALN RS> TR v H VIR TR A RS EREZICHRENRB D b1
LD, N—=F Y R TIRBERC LY 0 —/MERIZEERRD 51T\ % (Perl and
Olanow 2007),

MASHT-~ o Tt 728 ZAREMED b~ H o Tho THM ERZI G
PR~ HFANCHIE SN D Z &0, BFEBRTH LIS TWS (Gianutsos
et al. 1997, Roels et al. 1997), MR ARNHEZ I LT~ H BV IAEN DHEE

(Bench et al. 2001, Brenneman et al. 2000, Tjilve et al. 1996, Vitarella et al.
2000) ., 2ARBHIL A BET D e & 5 (Henriksson and Tjalve 2000), #% 11
RSN~ o T3 oFT X TOEJE & [FERIZHRKS #& T k2> &8 S T
% (Zheng et al. 1991, Ingersoll et al. 1995), W ABRER Tld. TR RCHM D
KRB B~ o N SN D Z LI 50T, ZEAENROERELIY b
2372 DARVME & 72 B OF & 72 %5 (Wang et al. 1989),

2. ERFHKEFOTE (& 22)

(1) International Agency for Research on Cancer (IARC)
TIARC 1Z~ > v DI AL EEIIIT - TR0,

(2) Joint Expert Committee on Food Additives (JECFA)
A E e L

(3) WHO XK KEHA K54 U RUIRHIICE (WHO 2004, WHO 2008, WHO 2011a,

WHO 2011b)

< U OERVLERIIFEENRKREVWOT, 8T —%., &b owmED
FT—XXe DU R FRIZEY Tld e,

IOM O&EMREZERIT., ~ U HrOMIEERE (AD) & A LtEicon i
1.8 mg Mn/H., ABMEIZSOWTIZ 2.3 mgMn/H EHRELTWEA, A% 6 7 H
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F CTOFLIRIZ 0.003 mg Mn/H T 4E#2S BN D202 OEIFHEIM L T\ (I0M
2001),

SR 70 FEEERL R AETE & SRR ERE ORATEEFAATRE R, FH R AD~
EIEIT 0.7~10.9mg/H TH D Z & h 0o 72 (Greger 1999), IOM (2001) i,
BAERE T ESHIZ~ U H UAEREO EIRE 11 mg/H 2 NOAEL & &7 L=
(IOM 2001) 28, ZOEDOV A PEFHFIZEENTWT HIBFIEE ICHY T
% TIEARu,

NOAEL 11 mg/ H % i AMAE 60 kg8 Tk L 7= #a%EIZ 0.18 mg Mn/kg K E/H T
BV~ I NTKRD O DEMFHIRIRA RN @2 & & WAV TEATEFZAREL 3 &
FILCTDI % 0.06 mg Mn/kg {K8E/H (INEEE 2 (LI 8mELsl) L7,

F3RTIE, BBIKA~DEI Y X CTE 20% & L, AKRE 60kg, BikEE 1 H 2
L:LT, 4 F74 204 mg M/L #8H L7, LvL, FH4TIZ, 2D
fRREIC IS < EIE, SR CEE MR SN D~ T OREZ DD EE->TWn5
ZEmH, ARBRTA RTA VEZERTHILEITRNEZ 26L& LTS,
Flo, BRI U O DBEENTND &, v T DRAREIZILE LKDEE
DRR ERDGENH Y, HEEFEIZE S TARPRORKF L7252 LITER L, 208
A, W 0.05 mg Mn/L % FE 2 EVHBEEITFFA TE 5%, Hll Z & I12% O3
nhHhEtHHENDLELTND,

(4) EPA/IRIS

EPA/IRIS T, (b FWE OiEfliZ. TDI IZFEY T+ 5RO HAE (1 RID)
&L TBMIERNAMDIFEREZBEL L TWE, 2. 9 —FH T, BRAEEIZS
WTC, BRAMESEEIZONWTOBEHRAZRME L, MBS U T, BOREICED U X
TIZOWTOFEREREEL T 5 (EPA 1996),

@ #0ORfD (EPA 1996)

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

29
30
31
32

* gYrp~r A oe MEVEERO NOAEL 10 mg Mn/H 1%, BEEOMIEDIRAET —Z IS, ADKE
70kg & LT, £F? NOAEL % H,

** RHMETE OB E IR LA EREREEIIA SN WSRO KBBERERN LG LN HHREEIZ LT,
~ A O RID IFIRE STz, ABEREAE R DR WIRY . B o~ T BAEE LT HIENARIT—

6 Food and Nutrition Board/Institute of Medicine (FNB/IOM 2001) (IOM 2001) Ci. A A{KE
Z 70kg & L. #% NOAEL 0.16 mg Mn/kg {A&/H ZEH L T\ 5,

27



e
WNNHRHOOWWIJO Ttk W —H

W W W W W W W W WDDNDNDDDDNDDDIDDDIDNDNDIDDNH = = =
W IO UL WNH O OWOWNO0 Utk WhNhH O OOWOW-JOoO Ok~

EBIRIZND L 9IZ, b MIRBIZ~ > T OEFEHEHERFZ1T 5, b MHER O~ e liE T2 NOAEL
ERMT DRERIC T o OMBEED MR L T, REEEMREIT 1 & Lz,

*RE < U~ ORI TITEERET 1 208, fobbk £ id HEh~ o~ DR BT TIE
EARERIS 3 St XD, B E L T4 BT 6N,

i) HEANICEYLEKE T T URILRIZZET 20, MR LIZ5A 130Kk S OWRILERN N 5,

i) v W& 2mg/L &8 T HEK E AJEER L5410, AEREO et 8 8% S 7z (Kondakis et al.
1989),

i) ALV R E~ T RBEICREINZRALE 52 NSRRI,

iv) FAEVITIEEE N DIEFICHEIC~ U A 2RI L, IR Lz~ > H 3k Lic < <, i mi ik Ba
ZIEFICMHHEICERT 2 L WA OB D0, ZIUHITREL T O~ T i34 43S Bk g
LRI EITR RS> TVD Z EICER LTV 5,

@ A A (EPA 1996)

EPA X BEfZOEWRER 1T~ o o DORENANEEZFTMT 2 DICAR+0THDH E L
T, v DN AMEE D (B FOREPAMEIZOWTHFETE) I8 L
TWb, Fim, v H Db MIBITAENAT —H I 720,

(5) E&E7E4E (2003)

EREICB T HKEEED LB LOBEOFMMOMEIZILL TO LB Th 5,

IOM (2001) 1%, L EEOKEESMHEEMEBE Lo~ v O— HiE U EE (A
Z R ANZMETL.8 mg, FABMET2.3 mgb EH TN D,

SRIR 70 PRI B AR TR & SR B ERE ORAETE LI ATRE R, SEHRI A O~ 77
CHEEEET0.7~10.9 mg/ H TH > 7= (Greger 1999) , #iH% LEl>7-~ o B 4%
H&11 mg/ H 723Greger (1999) (2 & » TREFHMEZ AW TiER S 41, IOM (2001)
12k > TNOAEL Y &nv/z, AIEIZINOAEL L Vo LIRVMETH 5 = & HEE &S
. BE R TESHEDY Z ONOAELZ W CEMERIRETHh 5,

WHODEKEIKRAKE T A N7 A 2R (1996) 1IZ7Evy, FFENOAEL 11 mg/H
(CRHEFERREL - 3 (= v v DAY TSNS % AT HErE 2 & [8) %@ L CTDI
0.073 mg/kgiRHE/H %R, FEIKDHH-2H20% (WHEILHE THDH 2 &R B
ZEDBHMERTFN EICE D) Eflio THREMEZ R D 5 L EFREE ORI
04 mg/L& RRbHZ ENTE D,

VAT T METHLERHEE CRRb SN T b~ o ey~ T
A F L ED300~4005DOEELETHZ b, BULWKORRERSE, Z0Z L
Do, FECHBEL 2 L-ULOEE L0 HFPKEEOE S S OBIEMMELS
ABNTIE, PRAF OETREREFE S /KE MRS /KE B Z B S OFHmMME 2 HERF L.
HKEEDTRAZ B ILT 588025005 mg/LUL T &5 2 LMY TH 5D,
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WHO FIZ kB2 A D IDIEICEKD ) R FHE

AR AL NOAEL Al AR I TDI
(mg/kg (RE/H) (mg/kg K/ H)
WHO/DWGL EEHECTHESINT~Y 0.18 3 0.06
5 4 hit EIEO BR{E (I0M 2001) K& DM
(2011) BRI SR A
Z L EFIALT)
EPA/IRIS FTRRASRIEE A~ D R 0.14 1 0.14
(1996) b MEMER DT —4
(NRC 1989. Freeland-Graves
et al. 1987, WHO 1973)
KB K EHERE CHES N~ A 11 3 0.073
(2003) VB FIRE (I0M 2001)  (mg/H)

3. BREWKRR

P21 KA R (HAKIERZ 2009) |
EAKROREHMRDL (3R23) 225 A HIE IS

IRBIT DT R OZFEDIEH DK

BT DEEMERTHD & JFKIZBWT

1. AEEARE U (0.05 mg/L) D1,000%BimE N TTEFTdH - 7-, £z, HK
WZERBWTIE, 90% 18 100% L T OE AT N 1ETH > 723, 1TEAENI0%LLT

(5,241/5,4021t15) TH o7,
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% 23 KEKTOREEIRRE (BXRKERHS= 2009)

4 FEVEE 6 2 BEEU A &
ik 10% | 20% | 40% | 60% | 80% |100% |200% | 400% | 600%
10% | Bl | HEEE | EER | EEE | EEE | EEE | EEaE | EEaE | A | 1, 000

% KR ﬁg[ﬁ LLF | 20% | 40% | 60% | 80% |100% |200% | 400% | 600% |1000% %t it
| TR T UT | D | BT | DF | B | BAF | DUF | BAF | BUF

~ |~~~ ~| ~ |~~~ ~ |0501
)
] 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?7k% 19 279 24 14) 36 21 16 18 79 47 10 7 7

K | 3,079 2,340 94 114 67 47 31| 106| 123 55 40 62
T DA 828 679 17 20 16 9 4 33 31 11 4 4

(TR 21 FERERR)

o SIS % B A 3

K 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90%
e | 10% | ) RS | RS | B Bl S 8 | B | Bl ) 100%

| PR | e | BT | 20% | 30% | 40% | 50% | 60% | 0% | 80% | 90% | 100% | iifd

7J<\ e 1] %I UF AN B | AN | BAR | LR | BAF | BLF | AT
» ~ ~ ~ ~ -~ 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, HRbIRWOIXEEENTH 5,

~ 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, MRRRDOEENRESINTND, £lo. Ty b, THTFPLORERICEWNT, &
ERES DD, EBIGHEOMRFIEOIERN A LN L HESNTHAEN, B hD
SEHERE LY b EWHED RIS TH - 7=,

FENANEICONWTIE, = T oD b ~DIENAMZ R EEILUIE STV,
IARC IZ~ > T OB AMEEZFMI L TE 57T, EPAIZ~ 2 T2 HOWW T, B h~D
N AEIZOWTHHTE 2N E LTS,

BEEEMEIZ DWW T, in vitro & ONin vivorkBR TREME D RS B3 STV D 53,
DNA & OE#HI A BE/ER TlidZe < . DNAAFSCDNABEICE G425 % v B D
EMEIC KT TREBICER LTS B2 b5,

FROZ NG v T ATOWTIL, IR AT S A — B #EEE (TDI)
FRET S ZENEUITH D LM STz,

<UL, B RERRE LTEFHEDT — 2N FEELTNWDHZD, B DT —
X WM 21T - 7=,

N TTT v allBWNWT U B RERE W AKEZSRA LTS 10 588 142 4
EXHRE LR TR, BBOBBERESCHMEZ St N O FIER %2 %, iR
ML HFKO~ T EEL MR a7 NEAOFEZ R L, 8L RIFSR0HA
KIPPEEEIL 801 pg/L & & X b=, LavL., ZOFE Tl HF KA OREIR)
5D~ U H ABRENRE SN TWARWED, EEMARFHEICHAWSD Z L3R &
EZ BT,

THARANOEFBIUERE (2010 F6R) | IZBWTIE, v > DA EREORIL
ELT, B, U, ROELRLEEZPLE LEBFICBIT A~ W U BEREOHETE &K
KEN 109 mg/ HRRETHL LW IHr AL IOM TRE LR ADOME LIRE 11
mg/H =S, AARANORFEEEIF BRI ELZ 11 mg/H EHEE L, RESEMERTZ2 1
ELT, 11 mg/HZRADMAE LREE LTV,

LMo T, ZOfEREIC, MADKRELZ 60 kg & LT, v H> D NOAEL %
0.18 mglkg KE/HETHZLIFRYTHHIEEBEZONT-, /-, HAANIZE TS~
VL DEBEREN 3.7 mg/H THDHZ &, BIMERICA LN T-HREEITIZ O
NOAEL LV 8 EHETHL Z LB E LT, FRFEREAEHATH L2, 2D
% TDI & /et Z LN TE D EEZ BN,

Lk, =% @ TDI % 0.18 mg/kg AHE/H L3 E L7,

TDI 0.18 mg/kg AH/H (v H &L 0)

(TDI 3% ERHL) P R
(NOAEL #EMRMATR)  RAOBAEFRHEICHE S WA FIRE
(NOAEL) 0.18 mg/kg A/ H
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F 24 BEABRIZEH (TS NOAEL &

o | BRE - R B T RARA b NO(AEL LO(AEL k=3
. mg mg
i - 1 - B Mn/kg A& | Mn/kg £
bEgpiee /H) H/H)
~ A 13 FEMIREL | M - & 5 85 0 #) & fit i ~ >
a. B6C3F, Beh (122-) A1) —
HEMES 10 K Fni
G 7wk 24 HRETRSE] | FR FTE O R—,33 AL~ v
b. CD BOo#ks LU (107) 7 > (1D Y
HE5, M1 VRIEE © 5% > IKFN)
= B KRR
i v bk 8 MR | ~~ 27 VU v MHAE iR~ v
c. Fischer 5. NES v EUEOR IV
HE b (55)
i v bk 13 FEIREE | K - eI O EE N, i fg <~ >
d. E334/N 5 JHF Wik o s b Ko ONFE sef (1D —
HEHES 10 EEOBD (33) JKFn#)
2 ~ A 2 AEMEME | M I RIRIER R AR fifi fig ~ >
a. B6C3F: MR A | IRERD . FIRIRIER (1D —
HEMER 70 MEOFARER | bRz e IR A M IKFNY
J% D %% A2 BE FE O HE N
(1500 ppm-)
8 7wk 2 MERIEME | M AT 10%E it fe ~ >
b. F344/N BEIEN A | D, BIER OB AREIC H (1D —
HERES 70 PEOFERER | X BDEFEROBD ., 1B KFnH
P AT B E EE AL
(200-)
=S Z v b 65 WRHEOK | EE#) L~ v O H N & Wik~ v
c. SD e b R — 3 U EE M 7 (AD) Y
HER- 12 HERE O — WY 72 1) bk KF0Y)
(40)
g 7wk 20 HMfK | &) [aEE SR C o & B~ v
a. SD 5 K[vavZEEHE o
A IRAFRIEENN « BREIA R
£ 10~12 — R LR
IKTFH 720800 (M %
32 H) (0.7-).
fi 7w bk 21 HREIEOK | BrERY - Aot AL~ v
b. SD 45 -7 H
HEFTAE R A (A% 90
% 89 H) : M bR
(HEBIZBIT DR
— NI T AR
— X =D, 2
A CHEINDA
FE B X 12 52
(13.1)
fi 7 bk 30 HEHRET | #5-nialf : B 5.6[A] AL~ v
c. e e b ok (5.67) 77 > (D) Y
¥ 5o dl Be 5% R - fTEhpEE KFnHy
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e 5 3 fek
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fi 7 bk 44 BRMEOK | EEYRFH, BEE L7-AR Bk~ v
d. SD B 5 LRETREE (150) 7 (11)
HE# 4
fi 7w bk 10 WEEEOk | Z2MEERE & B EK Bk~ v
e. Wistar ¥ 5 F—Fr 74—V R H (D MY
S 16 IEMHEOR | FEERE KFnWy
AN RIEIE el N5
3 BAL O W R AE R
& PR R 5 (6.57)
fi 7w bk 21 (2+19) | (KE - BEHEOJRD BTk~ v
f. SD A R K B 5
S 15 5.
fi TR |4 AR | FEOVEB O ER BTk~ v
g. HEFLIRA 8 | KRG iR E O (107.57) 77 (1D
fif TR | 18 AR | B . T o6 wik~ v
h. HEF 4 KB 5 B, BEOGBENKLE 7 (A0 Y
Eo==a—um A% KF
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A <7 A ZECHT 12 8 | M - E R o BN WAk~ »
a. Swiss ARk $e 5 (44-) #H 2D MY
M4 15, M KFN#)
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O 12, B o R BARAT W) 72 8
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* 7wk AL YR AR | BB - TR O Bk~ v
c. SPRD K5 k27 a2 P450 JEE L # > (1D)
- 15-21 T=Urpt et
XK — P IE M B
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H 7wk IEHRRT 156~ | KM E ~ > T8 B~ v
d. PN RN 20 HREIS | EEBhn, 2RENr <., V(1))
BB 12 | WEAR IR &2 | AR T~10% (2% UK
BCHER | b, 7V 7THlikoH
1 7 A MR | SRAERIEEIN, AR
K- THE R ) A —
2 (2.8-)
= BN ~ AR v B ERAE | RAKRE 60 ~
@ Bt E R | (11 mg/H) kg L LTH
1lmg/H, & Hi 0 0.18[W]
i 60kg
= Zo0tb h|HY vl | WYwH REHER | 0.14[E] <
@) T2 O vEERE | & (0.14)
& 11mg/H . &
H 70kg
= =N JE BRI R DHEZ AT R ~ L H
©) AN Ak v EEHAFFAK ] (1.21 ppm)
10 %55 2 5 A= REEL
14
= = BRI F K| AEERL UL—TF | 7 v—7F 3 < H
@ N7 T T | BRI [ 3), T Ar— 1Q | (BIR 1.92
2 108 | EEREMr AT | 7 A b, fTEIRBR. S | mg Mn/H .
142 4, 7% ERBR A 27 TR | & R 1.68
B (T v—7 4) mg Mn/H)
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