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1. LM E O EFER

~ U VTEARMAERTIRICBE T 2BBEGR CTHY  LTTAFICRA Y =—TFT v OfFEE = —
(Scheele CW.) 238k~ > 8k (MnOp) K W AID CTHEEL 72, ~ > T WO AT, v~ T
#I (magnes) (IZHRT 5 (KA S, 1994),

L2 HE R A& B IE IS B 1 D~ o H v ROV DAL O RITIZ N N -2 F L B
A(CFHANAI V)T T (FoRT | B 5E T 1-49) PN N-=F L EA(TF A
NRI UYL T e N N - F L ER(PF A IR RO EY (v at T,
B35 E R 1-50) bEEN TN D,

AFHEETIZ, v T ALEOFN G, Bl - g A& & OHEIE NCERE R OEY ~D
BROE MEFE~OEEIZET HHFRICESE, U TORKRNREHK~ T AbEHERY L
F5, 2L, v~ 327 RN~ a7 onTid, 4% BAFRKEHR, 6 % RFETMNAL LS T
BERZ LT 20, 72 BETOEN~DORER V8 E b MEFE~DRETIIZE R LR,

AR REDICEWIE, FxOBETHEL, ZAOLEXBITLZLEFHLWEENDH
Do £Z T, KiHEETIZ, KEISLT, BKREO~ T % g~ o), (b&Wo
RO~ T I~ HACEW ), R~ o &< T ALEMITONTHE DX BAR
MRS E Pl a2 XS LR WESICE [~ by ¢2nEFnEic+ 5,

1.1 {bEYEEE
HAENEE SARE — 1-475 1-475 1-235 1-477 1-156 1-446
HEE
1.2 {bZEHEHEN
BHEREERS 5 1-311
&5
1.3 g4 <~ W R OFDILEY
&E~vn | TEbey | BRI = | A by | BRERRV Y | IRERSVET Y | b VERD
v By Yy By Yk
1.4 CASﬁfiﬁ%‘ 7439-96-5 1313-13-9 | 1317-35-7 7773-01-5 7785-87-7 598-62-9 7722-64-7
1.5 fpZER Mn MnO, Mn;O, MnCl, MnSO, MnCO, KMnO,
16 HFE 54.94 9 | 86.94 228.81 125.84 151.00 114.95 158.04
R




2. —iRfE&R

B4 <~ U H O DILE Y
SExnT | Zigfbyy | WEB b = | Ay | BREEYD Y | EREERVDT | v VRS
HAH v ey N v J ik
21 B4 BRlzp U | @i~y | BB b~y | S bevh | BRER VDT | R ER VL Y | i VRN
v, ER{E | (11,10) () (11) (Ir) J(VII)
v/ /(IV)
22 MiE 99.95 % | 99.5 % LA | 995 % LL|99.5%LL k[ 995 % LA | 99.9%LL E | 99.5%LL |
VL k s E =
2.3 RHlidy AR R - ¥ (7 07/ I b G R A B < DR I b o O I 7 SN= VAN 2 N B 70 V%% (4
/(1) TWZyh, hv | B - BAE
YUk
2.4 WA E | RN SN SN MY HEYSIN SN SN
E A
(b E R A TR, 2004)
2.5 BEDOHENEICIIT B ERED
EHX 54 LN
(b E P R PR ys | 5B — iR e b e ~ RO DAY
THBh 165 [ 25— FE A [ AR W~ B A
fE BRI 55— JE R EANE K BB
o5 1 H I E ~ RO DAY
T e AR R EEE Y ~ A ROEOLEY,
(772 L, MR~ > B & BR<)
LM EEBAT RELBRD LD | v~ T ROZEDOEEILAEY
HEY
EPRYEEE © 1 mg Mn/m? ~ A RO DAY,
(772 L, HEMERb~ B 5 BR<)
SERES /KL FH4E © 0.05 mg Mn/L
KB KB FLYE © 10 mg Mn/L ~ U R OFE DKL S Y
A Ak R (L ME ) B W~ ) TN
H SR % KM E ~ U e R Al
ARG (RN W~ H Y T A
B SR K MEE ~ U e R Al
HEHIE [ RELIL= W~ A
B R% KM ~ Wk Lo A R AR
G AR KB Y 0.05 mg Mn/L

EL1IETERY EFEwE IO WAL,




3. WEALFRER

B4 <~ W R OFDOILEY)
h it | UER L = | Ak vy | BRBRvvbT Y | RERYVET Y | Bevh VR
HH v ny hy B
S8 JK €58 {4 2 BaEA D | BEEE D | pEEE D | A2 | s EE D | s
R | o BED KL | EARRY | EARRY | ZHRRY | BERRY | ATRR? | BFRR Y
ﬁjiElE'El;l{\ 7) 7) 7) 7) = Eﬁla;é !
B AIED . 57 5
ElaEl;Tf\\\
y LD
SEH R
§ FUED - K0
S ST R )
A (CC) | 1,2467 535 (/> fig) | 1,5677 6502 7007 200 LA b2y | 43R 2, 240
) ) 2, LT (0
100 AFT | fig)d
CO, & F/E
L MnO %4
e ®
B E(C) | 2,0617 5% F a7 L 1,190 850 (77 fR) | iZN%ET AR
2)
®m pE | 7.39. 5.08? 4.84? 2.977? 3.259 3.709 3.618?
(glcm®) | o :
7.47(20°C).
B
7.26(20°C).
oA
6.37(1,100C),
vy
6.28(1,143°C)?
Ve | Kk oMY |k REED | K RIE?D |k 773g |k :637g | K:8mglkg | K :5.1lg
7L, El kg (25°C) | /kg (25°C) | (20C)?, /kg (25°C)
FEh AL 2 2 65mg/L(25 | 2
i IR S
) 1.9X10° &
%%&1)
(15°C)?
Fole: TER D, | HAWE - WTEA | HEEE : WIER | UYL Tk |2 - w | AER RIS | OKWERE - W)
KEEIRE |0, ? AR NI RCE NS SN 1 N R L)
L Mn* %4 | TEfE © R sFv=Fiv s | v R Y| L AL | BRER TR
e ? ? 2 pedk « T |
zﬂ‘/ DR 4 A=, TEb
) Tha=l: REE | AT
6)
i 4y # | 1.000 0.632 0.720 0.437 0.364 0.478 0.348
B =




g
1,079-1,143C
4 ZEHE
I
1,143-1,244°C

CO, 47 )£ 50
Pa

B4 ~ U H O DALE Y

n Y TR ke | R L = v | ARy | BRERehT Y | RERIVY Y | mh ViR

HAE v By By D94

FOfL | T-AREFE PUAKF | —KkFnd | pK=10.63(1 | 5 /) 7k
5.09, 5[k ®» Cas No: | @ CasNo: | 8~25C)¥ | fp#i. o
/5 450°C., 13446-34-9 | 10034-96-5 BRI
JERE RS (B . . RE ik
CA): R 27 | UK A WE &K
125mg/L®, @ Cas No: ST s e
ZKZJE 133 10101-68-5 kS RoNE
Pa (1,392°C). O kR
1.33 kPa N5 9,
(1,505°C)?

e W1 BEMHE 71 fFR
1 0 710°CLLF i 100g
2 ZEME FIZEEN
1%:710-1,079°C DB DB
E3: ZEMHE KE &Y.

IS MBELER = (v A DRTFREX S T AbEmh O~ o B D)~ v H ALEW D5 T i

SCHk 1) b E R A SR AE, 2004
2) Lide, 2003
3) Merck, 2001
4) ATSDR, 2000
5) L% - A A4, 1993
6) PEHEE : %ED, 1994
7) AL FEEM - ALR S, 1987
8) Dean, 1999
9) IPCS, 2003

4. FHAPRE#R
41 #E - WARE
~ VA

U H R REDICBYDFE L R D~ AT REMATH V(S BILEFEH,
2001), 1998 4F7/ 5 2002 - FE T 5 R O A R Z R 4-1 12T (MBHE, 2004), F£7-. 2001
I~ U U (B EETe) ROG#E i~ Uih (Bihidathebnl L, v~ Hr0ah
BNEREBICB O TEERD 20%LL L0 b DICIRD) Ot 2922 FrdboT- (UBEHA,

2004).

% 41 ~UHUVEROMAER (FY)

fn 1998 1999 2000 2001 2002
Tt~ oW Y 4,840 1,474 1,888 3,260 1,463
S s
. R 896,660 952,889 927,018 1,018,823 897,990
(CBib~ T 2EL)
~ AP 83,132 66,898 90,909 82,776 89,389
Gk~ Y 220,235 205,803 128,225 122,045 125,896

4




(M #5548, 2004)

1) BHE2zELb0L L, vV TV OGRENEREREICBVWTAEERED 39%EZ B2 5 b0,
2) RUHUDOERENEEREICEVWTRERD 39%LULTDOH D,

3) BHEELbLOLL, v~ T OEAENLIEREICB O TCEERD 20%LL Lo b0,

~ U HURBERk

~ U R, BRITEEERTRE R ERR A R E A 52 570D b D TH Y | SRS IZIEA AT
KRTdhDH, v W REBERD 1998 475 2002 4£E TO 5 £ OB « A BES 423K 4-2 (2
AT (WEA, 2004, 7 v 7 ALAER— K, 2004), v A UREEEIL. TIICEENDIRFELY
Jaromilky, @kFE7 vy (REOFAENPEEED 2%EZ B2 5HD), F -
KKFZ7zu~vr By (REOGEABNEEED 2L FTOHLD), K7y )avrHyv
IZHEEh TV,

£ 42 wUHUREEBORE - MARE (Fy)

i H Xy 1998 1999 2000 2001 2002
P vk 385,298 333,810 355,964 381,902 373,392
?Z’;_?yﬁy b | AR 105,106 79,321 53,503 41,199 43,874
(Mn & fit: 78%) i HH B 142 544 10,609 2,979 1,564

Mk E | 490,262 412,587 398,858 420,122 415,702

5 il 132,610 103,792 91,956 102,102 101,236
i;&f%w/ y | AR 4,780 10,248 16,180 13,350 14,179
(Mn & £:: 81%) i H 26,673 18,853 33,639 25,039 13,291
LG 110,717 95,187 74,497 90,413 102,124

SR Sy 88,606 76,799 83,018 79,272 87,445
e LIPS 201,240 227,219 223,747 218,405 254,269
(Mn 2 & 61%) i H 217 3,103 4,928 431 478
LS B 289,629 300,915 301,837 297,246 341,236

(g E: 7 v 7 AL R— |, 2004; 6@ A& 54, 2004)
1) REOEFAERNVEERED 2%9E2BA5HD
2) REOEFENEEFEED 2L TFOLD

R~V H VRO~ HALED

U H U ROZEORE K TE2ED)., b~ ATy, ~ o B oiiely (Zib~ > Ty
ZR), M~ AUV A e T, v o VBE RN~ T R R~ v
AV 7 AEERLS) O 1998 4-~2002 F O A &% %K 4-3 17T (UHE, 2004), 728,
YA RO (K FEET) ITE, EMER~ T DEN, THAIEE&EMAIOT
N =T5%~ U H U BELEEN TS (7L AL, 2003),

# 43 <A UROEDONEMOEHAR (FY)

i B X5y 1998 1999 2000 2001 2002
< U H RO DR [PN 39,197 39,936 43,270 52,748 45,779
(KT xEELe) iy H 390 35 44 48 29
. R A 1,462 702 2,340 1,765 2,289
b~ ' , , ,
K i HA 26,007 32,205 27,743 20,400 23,855




i H £ 1998 1999 2000 2001 2002
< OB i A 1,724 738 606 391 309
CRb~ v H o 2L i 4 1,154 2,036 2,370 2,358 2,391
. o i A 1,576 1,531 1,744 1,556 1,395
W~ o ! I
Tt gl Y R e > 2 5 5 5
v U, v | A 133 183 445 477 458
KOS~ > A W
G~ Homh Uy Az | Wil 68 126 194 129 76

(M #5458, 2004)

4.2 RatEa

< B R OE DGO FER R OE OFREIGIER 44 LB THD (5 AL
AXFEHE, 2004).

AARICEA Sz~ TrD9H 0% Lk, &F~r by (FicT7=a~vr by, v
av AU ROEEER) L LT, S ICHWO R TWD, Y avw s Tudekhic, EEeR

< U ANIT NI EE, BEBNOYERE T I v 7 A CHEHINTWD, £/, v~ v
{bEWIISREAREZ L > TS, b~ Aok, wEl, Y7 b7 =T 4 b, BLH

~ TR O 7 A TEEIZHNGNTEY, Y7 87274 MZE, Mfb=~> T %
EHSNTWD, i~ Tk, BRI ERE Sk, Fom Mk OEEMEREICER ST
WD, W~ AU U AT, B EAL EARIKROREFEL LT, FRBY T T B
Bh FEH OBERHE I ST b (b5 126 B AL, 2004, S5 FEAM £ 97 AR A%, 2004),

# 4-4 < H U RREDILEYDRE

g e Ao B INYAE E| 5 (%)
BiRFET o~ By AT 4T
e RRET e~ EEE
vVawrHy Sl 1 42 90.8
SEek eS|
ERE B~ N PE MR
— NN N ~ A UBEMm, TAhYER, VT U LB,
akahtd R BRALAL. ~ v FkL 7T A T 45
LR~ A TIVIEE Bk i 21
Wl =~ > v . _ e A1
W~ W VTRT=TAM S e sog 15
viavwray | g LS~ A ER
il ~ > 77 > k) BAIEEL AR 0.8
Rt~ A i
W~ HBH ) v A fefbAl, BEEAL, R
b~ oM B, WA, RS 03
TSR~ 7 AR
AR
& gt 100

(At A H il FEAR B A, 2004)

E 413 1999 AEN— 2




43 PEHIRIE R
431 fLFYEHEHIEEE BREEICE D < SRR

{22 HE AR A BRARME YRS 265 < TR 14 48 B i Uk H B % OV B Bl ONS s AR
HEOEFRER ] (RFEEEE, BREA, 2004a) (LU T, 2002 4% PRTR 7 —#) Tix, v Kk
CZ DA OPEHBER OBEIRIL, ~ U TS IClmBE L CmtE 355228 ko
TWb, v T ROZEDILEMIE~ o H oMo e LT LREMICEEAGR TR FEET MO
~30 Ry ASEAKIER~ 1,085 b, TBE 362 kg, HENT~ 3,387 BRI S AL, BEFEW &
LT24,690 b, F/KEICT FBEILTWD, 72, mASMEHE L L OIS ERFO)E H
SNEFEHND 363 h R S AL, FERGER, FHEXLOBEAD S OPH EITHERF S LTV
U,

a. EHEMIREENLOHHELBHE

2002 £ PRTR 7 — X 2 HE D& | w2 B2 L OE DAL &Y O Ja Xt G 3mE 0 o HE H & & B @)
AR A5 IR LT (RFIEFEY, BREEE, 2004a,b),

JR R RER DD D~ T K OZEOAOPEHED 5 b TRKEE (LK) KO
TS ORI RIRD 66% % LD TV D, £/o  BIKIICERE~OHHE LV |
L LAEEME L TOBEEDIE O NE,

#£ 45 <AV ROZEOILEYMOBEHMRERBN O HER BEIRE

(20024F BE E4E) (b v 14F)

EREA, %ﬁiﬂ B B | | e
KRR ,£ﬁ T | BEZEH | FUKE (HEFT) " (%)

A SEES 0 536 0 14 0 — 537 36
{13 2 444 0 4,254 1 4 450 30
%:: %ﬁ BemEs ] 5 <05 | 537 5 102 117 8
A B s 2 1 <05 0 244 0 109 109 7
%éfiggﬁiggﬁi 2 0 0 171 <05 53 55 4
;i‘ﬁm%g <05 | <05 0 839 <05 41 41 3
LB 9 30 0 16,855 0 2 40 3
& B G 0 39 0 0 0 - 39 3
Z D fth, o> v % <0.5 0 0 27 <0.5 29 29 2
Zofh Y 8 31 <05 | 1,750 <0.5 24 62 4
£E? 30 1,085 | <05 | 24,690 7 363 1,479 100

(RRIEFEZEAE, BRI, 2004a,b)



1) TZ2oft) 1ZiX, RSO EREROAFHFHEELZ R LT,
2) WEFADTD, Ri b, GFHDBETHRWEERH 5,

3) ST LD HEHEITE ATV RN,

05 M RHOPEHER BB EITT T <05 XL LL,

— HEEF SR TV,

BEHER BB ET~ M ICBE L72ETH 5,

432 ZDoBEHIE
a. HRBAER
< B R OEDOLEWE, BRe ., B, REBER OV A L LA i LT 5,
M5 R DY) E A f1E 1,000 mg/kg TH Y | FRCERILAHITIEZ <. £ DE A &% 50~350 g/kg
Thod, v HAHMEABEHZOEENTEY , AREXOAFTOEHAEITZZNAE 6~100
mg/kg K& T* 0.001~0.15 mg/kg Tod %, MEHDOEAITRI~DERFEETH D | £ DAl
WO LSE, IWAE, HEOKEEIC L > Thb R~ SN 5, ~ > B 38 o mfL
LD AR e D T L, IR OMERICBE) L€, IEOAWFEEICHET 2, 2o
AR LB o~ > H & &% 150~500 mg/kg ((F¥J%) 200 mg/kg) Tdh 0 EHED
R 2B\ TIEAY 1,000 mglkg D~ o &2 E ATV D, TEANIRED O O, W)
LR, WEE, B odElt, MYSSEORRBEIC LD v U nEESLS (IPCS, 1981,
1999, 2004),

b. AN&FAWR

AN OIEENZ LD BREF~O~ o H o O TRPEHIRIL, MHodKIZ L 28, TAKEDE
Je. &ﬁ&oﬁ%wﬂﬁ(ﬁ_w/&w)Aﬂ 8 OBk DA FED D OHEH, ALA BB O BRIE
KO, F &I 720D RHEFE T ORI OB b OPEH 2 5 (IPCS, 2004),

Flo, v H AR, TG, WEM, B RIE R EEEEORIEOE A v b
A, BBEMEICDE EN TV D (5 R H T E A HE A, 2004).,

4
AR OSMEDRERIRET AT /P~ AV EEEN TS, ZJoua~vw
BERFCR AT DREHAT T OV~ Do EABIL 8% T~ H & 18,000 h &2 & AT
B0, v HUHEDVEREE LT RIS TS, SEERRLERICRAET D8R T 7D
vyﬁV@ﬁ%iOZ%m%vaﬁ%%%mmFy%éhfﬁb AR, 2T U—h
B, BEEAM R OB VIR E L CIRIERBHEH S TS, o, SRRETICRAET D
ﬁﬁ27&i\V/ﬁ/aﬁE%%TV/ﬁ/E&LTSNﬂmF/%ahfﬁw\iﬂﬁgi
FEROEAHIHHEN TS, 2NHDOT—2TW0TNnd 1999 FE0L D TH S (EILESF
3[4, 2001),

2R T RN~ atEs
~ U AMEMTH ALY R T RN~ a3 EEE LCEHASNTEY .. (b EHE
R E PR EIE OB WE Th 5, 2002 FEF PRTR T —Z I LD~ R 7 N~ a7 ok
8



MELOBEIEL K 4-6 IO (BREFEESE, BREA, 2004ab), v > 27 KO~ 2 BT O
EREADOPEHEAFHI. ~ o Ulisy & L T402 b Th o7 (B RGBT AR EEAE, 2005),

£ 46 <~ RXRTROB~raPTOHEROBEIE

(20024 FESEHE) (b v /I5FR)
W4, Je H i A e B (HERHE) Eu”j&@ﬂjﬂ‘
- PEHE | BEE | IS | IENS¥ERE | FiE | BEE | O ESS

s W <05 11 <05 538 - — 538
Mni#tisr | <05 2 <05 111 - - 111
e wE <05 | <05 <05 2,864 — — 2,864
Mn#l7 | <05 | <05 <05 291 - - 291
s mO Wy <05 12 1 3401 — — 3,402
Mn 7(@/]3\ <0.5 2 <0.5 402 _ _ 402

(RIS FEZEAE, BREEA, 2004a,b; B 5L ETAM £ 717 AR HEAE, 2005)
1) WEHADESD, Xk, GFDBRES T RWEAERD D,
05 PR OPEHER OB EIXT T 1<05) LERIL L,

—: HEEF STV,
c. FOfh
BEMEROEE R

v AT, BT SAFET HLE T, PEICIIMIVZEENLD. B FRED
BWRIZITDOT A LrEERRY, TOH, v W ATEMER T e < MRS
MUEIETR & 72 D (fERE - RBHEWMAIICE, 1999), BT ORMEEN~ o T EH BEOHHZ R
4TI (BHEE P& IR A2, 2000), A RMFEOMEIT, RADFEENASIM LR E TEEA
TWb, kB, BMEIEICOVWTIE, ERREMA MRS I o7 (BEEE - SR R
Je42s, 2004),

F£ 47 A VORMENEREE

B AR ~ > # v Y (mgMn/100g)
EEE 0.04 - 6.14
ALY 0.01-1.31
ONE - HUREHEH Tr-2.01
TA 0.13 - 4.50
TSR3 0.25-9.78
[ ] 0-25.00
REH Tr-1.58
DM 0.04 - 6.18
WA 0.01-17.00
fa A Tr-6.19
IS 0-1.21
B Tr-0.08
SLIA Tr-0.09
L EES! 0-0.01
T Tr-1.34
W& L BICRHE 0-71.00




A ~ > % Y (mgMn/100g)
FRMEL - F¥ERE 0-93.00
(B H 0 7 & IR A <, 2000)
1) AIEHHY
Tr:

4.4 BESABISEHEOHE

FHEHIRIZB T D~ o B KO OLE M O BREBRBIPEH B2 % 4-8 (TP L7 (5ET
filh B2 ol FL A B A%, 2005),

Z DFE, 2002 4 PRTR 7 — Z (2K S R REROEHANEEE L OPHEIZOWNT
I, BT 2B M T L DORK, K, HIEA~OPEHEIG 2 HWT, £ OBREBAR]
DOHEHEZHEE LTz,

TR RO a BT OH HEICHOWT, HEAOPEITREAR O B B R
EEEL, TRTRHSMEHETH 2D, EHEOZ NEEICHMShMET I EZE 26N
HZEmh, EHEOEENEEAEHEND O L LTHEEH Lz, 70, KRLUUKIE~D
PEHIZRHEEZEORN L DPHTH 5,

Utz ent, v~ ROREOEMT, ~ o H iy e LT LERIEET, K&~
300 ko, ANHEHUKIEA 1,176 h o, BHEA~ 405 R UoHEH SN EHEE LT,

2k, IR A OPEH BT N KBRS & OVBESEW) AL B fiti 5% CALBE X 4172 % DO HE Y 3
GFEhTVD,

F 4-8 < U HUROFEDIEHOBREEARIPEH B (2002485 &) (- v /4E)

HEH X 5y K& N PR K38 + 4
G R 30 1,085 <0.5
St S SRS HA Y 270 91 2
v URT RO ates <05 <05 402
At 300 1,176 405

(R 5 P A 2 907 A B A, 2005)

1) K&, Kk, EHEOEHET, XL oREHEEHEOH HEIE LR CEKEL, HE L,
ek, BT ~N3294 R LHEE L=,

05 b RiEOHEHEILT T [<05] LKL L.
PEHBELOBEEII~ L VMR ELIZETH S,

F7o, KEA~HEHEN S JEHEEE & 1,085 Fr D 9B, HEKOKEES I LRI ST
WAHHEHIT 707 R Th o2 (RRFFEEA, 2004), JEH LA DO KIE~DHEHIZOWTIZTRT
I A~OHEH EAREST D &, WII~OPEHEIT 798 o &b,

45 HHTF VA

~ U RO DA OBRE~OPHIEE L Tix, BRERE ABBERICL200H
Ay

ANZFEER L LTO~ T RO~ o AL O E2PEHTRIE. HEFHRKL O 2002 4

10



PRTR 7 —Z % G4 LT, KRR~ I3 sk s s BALESE X OB R RE R 6. Ak
MR TLENS, 2L T, BEANTI X7 RO~ a BT 2@ E LT T 2B
WCHEH SN D EHEE SN D, 7RI, TKEREDND OKRIA~OPEH BT TR TR S h
BROPHENR G I TN D,

Fo, BARBERE LT, RKENFHEBEROIZZ VWO LEZ OB E BIFE, Kig~T~
> PR B ARIBACAE I K0 AT & 2 0 IS T T 2 LR E A BN D, &
T, EBEATRKD D ORESCEEY OIFBI 72 E3BE L b D,

5. BEHEMm

A FARRICGFET SR THY, 77— 78 (F 16 km £ TOEAREIZKE &K
B A N 2 7= #H IS BT DR OIFEE) 12 0.09% TH Y 2 xFEF 12K H TH DS (R, 1986),

~ A E BRFUTIE 341 LTV 5 05, lERED & J8 TITAFEE T, 13 & A L3, B,
Wifbd . BeERHE. EERRHE & L CAEEL T\ 5 (IPCS, 1981),

~ VA B OEACREE (M, Mn® . Mn*t. Mt M Mn®tL M) 28055, 2
OHFT, BEFTIE Mn®*, Mn*, Mn* B I R SR, KT M AR L RETH
D Mn* RO M AEABIZKICREEETH D, Mn®" RO Mn* (LS A#mIC L e S
VCKIEMED Mn®* & 72 % (Merian et al., 2004),

G CTO~ B AEITANLgMn/kg THY . ZOEITED 150 5, => 7LD 5 (%, 6
D10 FFICHYE T 5 (FnH - fd%E, 1977), £/, KEEOHIEE TIX 716 mgMn/kg, ViR O His Tl
1,200 mgMn/kg ThH -7 & OWEH H 5 (Merian et al., 2004), ~ > B o THEROHERE A, Kk
AROEREIIE A L, EBRICB T2 EFERERILEDO DO ThHDL, HADT Y ATV
A E1E. 325 mgMn/kg (LA %) ~1,390 mgMn/kg (ZiE) TH -7 O#®ES H D (Merian et al.,
2004), HAA[ED 3,024 O JIHEREWIZE D~ v T OFHfEIX 1.26 g MnO/kg TH Y |
AARD EHRIcE TN~ B OFEHEIT 1.1gMnO/Kg & OHENRH D (5H 5, 2004; &
15, 2001),

723, 1990 AT OB 2~ U OBRBEA~OYPEHEIX, BRER (HEH TAL. K
fEEh 72 &) A% 317,000 b > Mn/AET, PESIEBIHE R ((baEr o EE, B8k 7 ©) 25 11,000 F
Y MNAETH Y | FEEEISENCAE D ~ o F v OPFH BT B R ER O 3%ICHH Y4 95 (Pacyna and
Pacyna, 2001), ~ > > O—HITHH~ v T ALEW (v 27 v a7 e &) IhkT 5,

51 tHEPhToOHR

HHOKRIE T TlE~ o A E BA A & LT  Mn®*, MnOH', MnCI*, MnHCOs" & L T,
& A2 & LTiE MnOy. HMnO; . Mn(OH)s', Mn(OH),” L TEET 5, Z® 95, Mn(OH),”
IE pH PR LR ST AL MG 72 S5 T T O BAAFET D (Merian et al., 2004),

TRIZEENDI Y o T, EICHBOREZZ T TEAECHEL A S S, HEBEY
LM DI AR L > THRBED LA 52T 5 (IPCS, 1981), /KIATED Mn®* 137k 1 K D8+
maBEl L, T R OEEY &3 ITHEG LanefiEs D, £, v A4y
K OREME D~ o T AL EWIIKE M N - 72 HEEER R SIX REAF I S v S HEE
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S 45 (Merian et al., 2004),

O LEN S~ T HRINT 280X, BEFO~ U T OFEIZEKGFLTEBY, &~
A UCEABITEETIE R, —MRIZ, B ST ¢ﬁ&0ﬁﬁﬁi%&%@LT i)
KRR ENRLT Ve T Th D |v|n2+ %< BT, SRITTERICEICHFEL TV D Mn® £
721E Mn* & Mn?t IR T O BIRIC S 0 | BRIE E 721308 TR R TIRER ISR S e
W MR SR RMEL 720 Th D, LR T, v HAIMEMOMETE TH DM, B+
BTEFRA-Fau) - Vo FEOLL OEMITBREIENE O 55 (Merian et al., 2004)

F-. U AU, TIVWEBERRO T = ) — bW ERBILES L CEEDE
C. H5HOERIE GEHAN) 2bES - BbofEd 2 L omdsbdH o (B, 2001),

TEO~ T ERERERIZOWTIE, KEOHMEMRAENOFAIZ X 5 560 mg Mn/kg (#iFH X 1
mg Mn/kg LA F~7 g Mn/kg) (Shacklette, 1971) X°, JLKKEEIZI 1T 2K 7Z2fE L L T 850 mg
Mn/kg #zJ8 B & (%P 1% 100~4,000 mg Mn/kg) (Bowen, 1966a) & OW&ENH 5, LD~ H
G BEOERERN 72 EE I, Wk 3Tk 270 mg Mn/kg, LT £3EC v — A 3 Cid 525 mg
Mn/kg & DAL D 135 TiX 470 mg Mn/kg & D5 S & 5 (Merian et al., 2004),

52 RKXHFToOBRE

~ U R, R, R ELE, IR EOBRICRAET D~ U e & LT (IPCS, 1981),
Flo. KNFEEATR EOALAREFORBEZ X > TREFITHH &5 (ATSDR, 2000),
KEF & ILHPFICBENT AR F 0K 80%ITEHEAEN Sum K ThHY ., Z ORI TIZME
WIZ X VRASND EOHES H D (ATSDR, 2000).

~ AU, WARRFIZLEENTE Y, BEFRILH (ELZEEABA) T8I 5 KkOEH
B1% 1996 FF- OFHME T 3.2 p gMn/L, AR A ILHIC IS 1T 2SO E A &(X 2.1 ugMn/L T
Y., FBKFO T AREIINV T DA A RELEEHNMHEEZRL, =72y nb0
%m’;é%mk%z%nékmﬁi%&é(ﬁﬁ%2m®

RRF O~ T EHREICOWTIE, HIERSEKREZ L7256, 572 £ Tl 0.01~16.7 ng
Mmm\%@@@%ﬁfi&%&QmMmm\%m%?ﬁJJN%OmMMnT%otk®ﬁ%
233 % (Schroeder et al., 1987), F7=. 2000~2003 4 E D HITH DO KK FICBIT 5~ H o DI
IR 1T, XEOD 8 2T T 28~46 ng Mn/im®, ZEEERD 4 73 T 21~33 ng Mn/m®,
MEA (N 27 27572 F) T9~15ng Mn/m® & DHE S & 5 (RETEREREE )5, 2005),

53 KHTOHR

~ AR, BROBMREES & D52 ENTE, BEPTIE M, Mn®, Mn®™ RIS
RH &S, AKPTIE M B bLEETHDH, Mn® O Mn* (LA IR RIEIETH 528,
ﬁ%%’i@gﬁénfm%@®M¥+&@é(Kw1%@

a%m¢®v/w/m Fiz ZHIRT D03, TIEIELBEK - T¥EPKRDOBAIZ S H
k75 (BAFESZ, 1990), mmimv/w/%ﬁi @@fj@m”#zﬁ%wmoy@m
ugMN@JUW@ﬁ@%EmTi1~wmwNWLf&D;%ﬂmTi5~%ugMNLf%éo
HBRKF O~ ok, @, $hedFL, TOEESEO VI0BRETH S, FAEOH T KD
YT AATONTIE, 055 mg/ll & EWIRE TRIBSNZHET N H 5 &L OHE (Merian et al.,
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2004) CAKEDJFEAK T 0.12 mg Mn/L & @S WRE TR S & v S #ids (LS, 1999) 738 5,

P, EHF CKREMEO~ U RNERE THRZ <M IND K5Ik 7-oix, b7k
K DO R & OGRS 5 (A AREF S, 1990), H 70 bRH S5 KEMED
AT M e EZ BN D, Mn® IZERNED D T EDBREE K (pH 4~7) T TIX L E L TIRAE
T o0, WAEMOREK (pH8~9) 1 TIIf{k S o3 W (US.EPA., 1984), M HME D B i /K
TlE~ U BT S TKRICREENED MnO, 72 E D~ U H U BEMIC e D &2 bd,

F o, WA RKML CEREA T & | KIS (EEHAREBE D EP) 2T
HAZTEEIC~ v DIEHN S L 72D & OWA (FHE < /N, 1985) 0t Tk A iRk
RFEZ L B WAABBENDIRWGEITIE, ~ o T AXEREEE [Mn(HCOs),] & L CIAFT
D & O (HARREEE B2, 2004) 23d 5,

B, WA UEEH Y T NIRARBRIEFITHY (3 ESM), ~ W U ORI
HCIE Mn? e 22 ) | HEMEHE T T MnO, & 72 5 (Heslop and Jones, 1976), = D Z & il
v AT ) T SRR EK TR S A RMEDERE DS E IR FEME T H D 3,
HEDN RN DG A TIIKICRIEE L D B BND,

5.4 BREFTOEHRK N

~ U AATEGRI NI, B DHFEOMEMII~ v R BRb & L TIRNIZELD AT,

Mn** Z Mn®, Mn** (ICEH#H L, Bk~ > U R TRRT AN AR OAEmE LT, 8k s T Y
TORRERE ., DA, 7T AU, FRE . BORE 7 £V E STV S (Ghiorse, 1984),

Leptothrix discophora (37K b~ T LE & L THON TR Y | v T oA A4 OWE
WI~DELY AL, TRAMIRL O INTIZ & 2SI EOAICHE LI ERERICL D &
L C\W5% (Adams and Ghiorse, 1985, 1987), #AEMWIC XL 5~ v U ERLEEIZIE pH IRTFEDR B
(%% 5, 2002), Leptothrix discophora @ 2 i pH % 7.3 (Adams and Ghiorse, 1987) & 7.5 (Boogerd
and De Vrind, 1987) A5 ST\ 5,

¥ 7=, Corynebacterium ® X 9 72 4if < I # <> Cladosporium @ X 5 72 &% 1L Mn® % Mn*" (22
LT, A=Y AT 4+ T A NMEOKIIREED G KB & LR T D, KT
WERAR R TIE, SRR ES L 720 MY R MR LT KIS ATIAME D & 4
T 5 & ot &% (Ehrlich, 1971),

55 TKAEKROEALEIZ X 5BRE

% < O TIKLEY; T, WEREDBACHDIENIZ LD~ T A I v DAREMERR{EY O 4
PRSI VG IR BRI D~ o B oA F v OED ~OI DV IAFIZ LY, TARFO~ T &R
ELTWD (LEWE M ICHERE, 2004), Lo L., IEMEIBIRAEIC L 5~ v OERERR
RN E OHERH D (G, 1999), HTEBIZ 20 23FTH 5 F ALY O FAMBL O WKL B4
LHEND O KEfRIE~ > AT T2 T, 2001~2003 A FE T, i AKX B R T 0.2 mg Mn/L
(24 BEEEME) T, ALK TR E T 0.1 mg Mn/L (24 BEREE) Th - 7= GREE FAER,
2004),

$N TV TEFIH LT AKEKEAD DD~ HUBRENRERLINTEY . FAKFTOER
< A EAEMENICERYAEE T, BRABICEVMAY & HITBOBRNTWD (N,
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1963,1972), FUERNFIREG T D5 =¥ KGO 56 KB~ > 7 OREIX, JR/K T 0.12mg
Mn/L To 50, 837 7 V7 ZFIH L7 AW AiiEIZ X 5 ALBK TliE 0.005 mg Mn/L i & 72
STEEORERDH D (HHID,1999), £/, ~ > H LB E OFAKTE (BRI L DB <
EAMIZ LV BRESND L OWE S H D (A ARREE LY, 2004),

B TIX. 2B, Sl dLENO 3 DOWIIKZ/NMEEAKS (AT, ZREKS (K
X)), @R Ky (BAfiX) O 3 DDOEKE THKHIZEUK LT\ 5, 2004 4 4 A ~2005 4 3
HETO LHEMIZBIT D~ T REE, IMEEKGO AR T 6~21pg Mn/L, —=[FEHKS
DANHTIE 96~110 g Mn/L, &8I /KEO AN H TiX 30~170u g Mn/L TH Y . /IMEFE KD
A (LK) CldER FIRIE (1ugMn/L) Kiifi~1pgMn/L Tho7zhy, D D 2 DDHEKY;
O H T CILE & T IRIEAR CTd > 72 (B AER/KIE R, 2005),

5.6 AWEMEE

{CEWEFEARHNECEDS RMEMHRBR CIX, B~ T8I Y v A 2O T, A% Hn
72 28 A OWRMEMERBR 21T > TR0 L AKFERED 0.1 mgMn/L & T 0.01 mgMn/L IZ8B1F 5~ >
Tl LTORMERIZITNZEN 8.0 R LN 8L Ri TH V. milfEE CldantHESh T
W5, ERRKEBIZBTL2v T LTORMERIZFECTHoTE LTWND (REFEES,
2002), 72k, RBRET TO~ U H  OFEFREIL, BRIERE S Tk Mn™, SRR Tk
Mn* L E 2 50 (5.3 M), AKICIVIAENS~ o DOFRII M L3R % LHEESH
5

—J7. VR (EEME. 1BEE. ALEE. B K OVEEMBEO~ U U OEA B&ITENE 3~52
mg Mn/kg JB EE & & TN 0.2 mg Mn/kg IB R TH 5 & ORENH D (HER FZREMEGEERERR
£, 1973), KO~ BG4 8% 2ug Mn/lL (5.3 5R) L35 L. ~ B OAEMENERE
(BCF) 1%, #fE#4H Tld 1,500~26,000, fEPEfEE TIE 100 & 722 5,

£/, v~ B O BCFIX, ¥~ 77 k2 TiE2,500~6,300, ¥R Tl 300~5,500, H
¥HClX 800~830, T TIL 35~930 & OHEE (Folsom et al., 1963) <CUEFEAEY) - KK FEREY)
T1% 10,000~20,000, HEAFHEE)Y) Tik 10,000~40,000, FaHH Tl 100~600 & OHEE (Thompson
etal, 1972) & 5,

R S VBIZ T D~ H D BCF X, EBE LTV DAREKT O~ B U REICHEL
F oD, —EBITIE, BESHBEO X O R TEAYO BCRIIRE L, R EO&EEEY T
IXBCFIT/hEWVWEHEEIND,

6. BEFDEY~DE
6.1 KEAMIIXHT D

KAEAEWZRT 2mHERRIT. 1 BOREFRLOLE L~ T, Mg~ T, W~y
W) 7 NZOWTHE L, WTNLbKEEO~ TG (b~ T2, Wmlg~
YH, BT L) EEHL TS, ZAGIEEKPCHBET A7, KFIREIT
FTRCw A ELTOETHY, HLEZ mgMn/L TRRT 5,
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6.1.1 PRAEMICHT 5 EHME

~ T R OE DG OIS D m R R 2 & 6-1 IR,

A~ > 7 O B JE (Spirostomum ambiguum) (2% B R AL EZ RIS & L= 48 HERE
ECso 1% 109 mg Mn/L CT& - 7= (Nalecz-Jawecki and Sawicki, 1998),

K 6-1 <A ROZDLEMOWMAEITH T L BHERBRKE R

AW TE R T RARA 2k R B SCHR
(C) (mg Mn/L)

Mnclz
A ENY ND | 3 ifi ECgq Y5 FH 5 152 Sauvant et al.,
Tet(ahyrqena 6 F[E] ECs 117 1995
pyriformis 9 W[ ECsp 106
(F%=E o 4H) n)
Spirostomum 25 | 48 HEfE ECsy FABHE 109 Nalecz-Jawecki
ambiguum 48 FEfH] LCs e 146 & Sawicki,
(H%=E ) (n) 1998

ND: 5—#72 L., (n): X THEE

6.1.2 BEROKEEMD KT 2EME

< W O OALA W) O EEFE N QUK AR T 2 FERBR S R 2 % 6-2 12~ T,

Wi~ > 7 & DV~ T OEERICKT D AR IEFEIC OV T, K TITRED &=
TALAR R v LT KEWYO 2y X 7 Y75 E WKTEHERBORBRRENH D, X
T ALADERLERNER T 12 HH ECs 2% 4.98 mg Mn/L (ZER#FE), 1.91 mgMn/L (&7 rn a7
4 V&) To > 7 (Fargasova et al., 1999), £72. = U Fx 7 % ® 96 Iffl] ECso 1 31 mg Mn/L T&H
- 7= (Wang, 1986), NOEC %>\ ik, 7 1 L 7 TD 3~4 7> i NOEC 7% 4.5 mg Mn/L T&
ST EOREND D, BRSNS A 5 2vTlixZev (Den Dooren, 1965),

WK COR/MEIX, BEEOT 47 4 VA% 3 5 5 HIE ECso @ 1.5 mg Mn/lL ToH - 7=
(Canterford and Canterford, 1980),

W~ T T LOERT 7 7 = /%//*ﬂﬁégﬁﬂm%hﬁkbtzzﬁﬁqu
1%0.063 mg Mn/L TH o720, ZORBRTHOON TS RARA » MIEHFOLO & TR
72> T\ % (Peterson et al., 1995),

£ 62 U HUVROEDIEYMOBER OKEMED IZRT 5 BHERABER

A=W RERE | RE TV RARA v b TR SCHR
e (‘) (mg Mn/L)
K MnSO,
Scenedesmus 17K 25 ARMEE Fargasova et
quadricauda +1 | 12 HI# ECs A Rl 498 | al., 1999
(BkBE. 47 2hR) ey 1.91
Jru74l a 2.28
Juu7 4l b 2.15
(n)
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T RERVE | IBSE TV RARA Vb T BE Sk
EY (‘C) (mg Mn/L)
Chlorella vulgaris ND ND |34 720 A M | AEHRSE Den Dooren,
(Fk#E. JnL7) LOEC 11 1965
34 7 A M
NOEC 4.5
(n)
%ﬁZk MnSO4
Phaeodactylum bk 15.5 | 96 F§f] ECsy | A RPAE 25.7 | Rosko &
tricornutum (n) Rachilin,
(g&\ /""f\}f/fyry) 1975
¥k MnCl,
Lemna minor 17K 27 96 HF[#] ECyy | AERLE 31 Wang, 1986
(HFZEED. 17%) (n)
)
¥k MnCl,
Asterionella 17k 23 72 R[S ECyo | AERPRE 4.86 Fisher &
Japonica PSR (n) Jones, 1981
(BE#E, w0 1 4)0)
Ditylum brightwellii 17k ND |5 HF ECsy |ZAEME 1.5 Canterford &
(EE#E, 7 474Wb) (n) Canterford,
1980
¥k KMnO,
Aphanizomenon 1K ND EREE Peterson et
flos-aquae 15 R ECsy | EH L 1.749 | al., 1995
(BEW, 777=) AV, 22 I [ ECso 0.063Y
%y 2t H) (n)

ND: ¥—%7: L. (n): iXEHRE
1) LAY S HE L2 H

6.1.3 EFHEBYICHT5EMS

~ U RO DG O BERREENII )T D w2 R 6-3 12T,

Wilig~ > 2 2 & B\ 3L~ > 2 O EEFHEEY 6 5 B 13, POK TIEHIEOE, B
W, BEHE, HREETZIAONTEY, 209 BHEIED I T a0 48 ] ECso D
H#iPH X 8.28~40 mg Mn/L (Biesinger and Christensen, 1972; Bowmer et al, 1998; Khangarot and Ray,
1989; Pawlaczyk-Szpilowa et al., 1972), 48 Kffi] LCso O HiPH % 15.2~42.2 mg Mn/L (Cabejszek and
Stasiak, 1960; Kimball, 1978) Toh ~7=, Z D ) bix bEFEEOE W H O KEAREEH S
(APHA) 7 A M A RI A CHERLL | ~ > 7 > ORIERE TR L7z 48 FEfH] ECso @ 9.8 mg
Mn/L T& - 7= (Biesinger and Christensen, 1972),

RV LA O FBFRIT KT D 48~96 K] LCso D HIPHIZ, 0.15~51mg Mn/L ThH v |
WX TEIMND D, f/MEIZY 23> 20 —Ff (Canthocamptus sp.) (Z%f3 % 0.15 mg Mn/L
Thon, ZORBRTITHMEICEEGT 2 KEEORBREELHA OIS TE LT, [FEEN
FFAHC & 72\ (Rao and Nath, 1983),

WPERECIZ BB TH LT A U A HFOKEH LR LN O IR % 48 IFfH] LCso 7% 16 mg
Mn/L CT& - 7= (Calabrese et al., 1973),

B OWT, APHA T A MHA R4 o CEMSNIoA A IV a8 Tco 21
H ] NOEC %% 5.2 mg Mn/L C& ~ 7= (Biesinger and Christensen, 1972), AEE T2 WA, A4
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IV ad 10 HERRARD S 28 H M £ L 72 B3R C LOEC 28 1.1mg Mn/L Th o7z L9
WA HDHH (Kimball, 1978), JRENAFTE WD, FEMAERTE R, £, FU T
=Fto—%E (Austropotamobius pallipes) &7 2 U U 7 =F>—FE (Orconectes limosus) D%
T x4 5 30 HIE LCso iEZFNE4 17~18 mg Mn/L., 34~36 mg Mn/L T& -~ 7= (Boutet and
Chaisemartin, 1973),

W~ WY T LOBAFHEBIMIC KT 23RBS L, WK TITHEBE, AEHE,. BT
BonTnd, A4 IV a3k D 48 Kl ECso 28 0.084 mg Mn/L Tho7= Lt OELH D
L RFENAFTERWZDFEMIZ OV TIEMERE T & 72\ (Office of Pesticide Program, 2000),
Ui H o> —7F# (Crangonyx pseudogracilis) (259 % 96 I¢fH] ECso 2% 0.50 mg Mn/L T 0 | [AIFEIZ
T DML~ T (M) & WO fE (96 FER ECso: 694 mg Mn/L) & Hilzd 2% & K& <
BRLFERTH72, ZOBHBE LTERA A VITEMDERNTH 04 4 Bifhd 50
LB SN DIFICEHIENIRE D Z L b ZERMBIGIRE (Mn?) L0 AL ERBCIRE (f
~UAVEAY T A M) OIFES B LD EEIEMR /2D E LTS (Martin and Holdich,
1986), =BT, B A T UHED—FE (Diaptomus forbesi), =7 I I X|Zk[3 D 96 HF[E] LCso 23
21 0.077 mg Mn/L, 0.01 mg Mn/L THo7= LW o dES H 2508, RBRIEIZ OV TOFRN
B & Cld7Zevy (Das and Kaviraj, 1994), #/KFECTOR/MEIX, =7 FH = EITxtd % 24
fi] LCso @ 0.397 mg Mn/L T - 7= (Liao and Guo, 1990),

WPERE ClI 7 Vv~ B RO A 2 Fv 7 24 IREfE] LCso O #iiPH 2 0.59~3.34 mg Mn/L & #tE &
LT % (Liao and Guo, 1990),

W~ TS Y U LORMFMEICET R E TGS TV AR,

XK 6-3 A UROEDILEYDEFHEBMICH§ 5 FHERBE R

A K&/ | RBiE | BE i Jig pH | = F#A b R ik
kR BE R 5= (°C) | (mgCaCO; /L) (mgMn/L)
K MnSO,
Daphnia magna ND 1Bk 11.5 ND 7.2- | 48 I#fi] ECq 8.28 | Khangarot &
(1 B3, -14.5 7.8 | WKL (n) Ray, 1989
LNARE)| 1% 1k 20.3 160-180 8.3 | 48 [ LCx 15.2 | Kimball,
12 R 96 KFfH LCs 12.6 1978
(n)
Hi- dksk | 19.9 160-180 8.36 | 7 A LCso 21
DALN 7 H i LOEC 7.7
7 A NOEC 3.9
3 (n)
DALN Meqksk | 20.6 160-180 8.51 | 7 H T LCs 8.99
10 H fim 28 Hf# LOEC 1.1
28 H# NOEC | <1.1
3 (n)
ND ND 20 170-210 7.4- | 48 W#E LCs 42.2 | Cabejszek &
-22 8.0 | 120 M LCx 21 Stasiak, 1960
(n)
Daphnia obtuse 1% 1K 20 250 7.8 | 48 IR#f# ECsg 37.4 Rossini &
(FA#%H. 24 IR¢fH] Wk B (n) Ronco, 1996
W va)g o —Fl) LN
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A K& & | RBRE | RE i 7 pH | => FHEA b TR ik
kR BE R F= (°C) | (mgCaCO; /L) (mgMn/L)
Canthocamptus Wk 1k K ND ND ND | 48 [ LCs 0.15 | Rao & Nath,
sp. (n) 1983
Gk NPENAVE
D —Ff)
Chironomus 25mm ASTMY | 20 ND 7.72 | 96 FRERi] LCsy 4 Fargasova,
plumosus S 1Bk 0.055 | 1997
(BB, traxlh) (n)
Tubifex tubifex ND APHA? | 30 245 7.6 | 96 F[H ECs 170.6 | Khangarot,
(BEE. AW kK WV B (n) 1991
B> —Fif)
#K  MnSO,
Mytilus edulis R ASTMY | 19 W5y 8.4 | 48 IKfiH] ECsp 30 Morgan et
(F, A79A0°4) | gt 1k +1 26%o +0.2 | FAERH m) |al,
1986
&7}( MnCIz
Daphnia magna ND OECD ND ND ND | 48 B[] ECs 40 Bowmer et
(F g, 202, 48 IKffH] NOEC 28 al., 1998
1AV v3) EPA WEVK B (m)
GLP
17K
At APHA? | 18 45.3 7.74 | 48 IR ECs 9.8 Biesinger &
24 TR¢f#] 17k *1 Wk PR (m) Christensen,
LN PHE R 1972
At APHA? | 18 45.3 7.74 | 21 AR ECs 5.7
24 K5 fH ek ok *1 BUiazNEke=
LI FH 84 21 H# NOEC 5.2
3 (m)
Austropotamobius 19-32 1Rk 16 ND 7 | 96 FfH LCso 28 Boutet &
pallipes ) mm 30 H R LCs 17-18 | Chaisemartin
(. 0= (m) 1973
o —7f)
Orconectes 19-32 17K 16 ND 7 | 96 IRfE LCs 51
limosus ) mm 30 A LCso 34-36
(FREE. THIY (m)
)b =Rt o —FE)
Asellus aquaticus 7mm kK 13 50 6.75 | 96 HfE] ECs 333 Martin &
(P, 27 Ay 159 W vk PR (n) Holdich,
B> —Fi) AR 1986
Crangonyx 4mm RSN 13 50 6.75 | 96 H#R ECs 694
pseudogracilis 0.2g Wk PE.2E (n)
(FFA%HE. S E Rk
D —FE)
Brachionus bolest 1Bk 20 36.2 7.3 | 24 B[ LCs 38.7 | Couillard et
calyciflorus (n) al., 1989
(i A, VIR T
)
Caenorhabditis DS k7K 20 ND ND | 24 Wfi LCs 42 Tatara et al.,
elegans B A R A (m) 1997
(BRI, 7777 F | o m
AR D — )
#E/A&K  MnCl,
Artemia sp. )=7" 9% k7K 28 HAYIREE: | 7.5- | 48 IR LCso 51.8 | Gajbhiye &
(FF 208 A 32.9-33.5% | 8.4 (n) Hirota, 1990

VAVEVZANIAD)
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A Rex/ | ABE | RE i B pH | = F#HEA b R BE SCik
kR BE R F= (‘C) | (mgCaCO; /L) (mgMn/L)
Nitocra spinipes R [IVN 20 W 8.0 | 96 [ LCs 70 Bengtsson,
(REE, Vv £0.5 7%o (n) 1978
2> — i)
Crassostrea =L 1Rk 26 WO IREE: | 7.0- | 48 IffH] LCso 16 Calabrese et
virginica ) 1 R +] 25%o 8.5 (n) al., 1973
(B, 7A00°8) | o
R
#wAK KMnO,
Daphnia magna Ak 1Bk ND ND ND | 48 ¢ ECsq 0.084 | Office of
(B 24 I Wk B (n) Pesticide
KR INAE)| LN Program,
2000
ND 1K ND ND ND | 24 FEf#] 3.48"Y | Pawlaczyk-
P R (n) Szpilowa et
e al., 1972
Crangonyx 4mm BN 13 50 6.75 | 96 KR ECs 050 | Martin &
pseudogracilis 0.2g WK L2 (n) Holdich,
Gk <N A 1986
D — i)
Macrobrachium #% 1 17K 25.2- ND 7.2- | 24 BF[# LCs 0.397% | Liao & Guo,
rosenbergii Wk 295 7.4 (n) 1990
(R, =710
It7)
Diaptomus forbesi ND ND ND 195 ND | 96 B LCs 0.077Y | Das &
(FHRHH. MATVER (n) Kaviraj,
O —FE) 1994
Branchiura ND ND ND 195 ND | 96 ] LCs 0.01%
sowerbyi (n
(BEH, 17317)
Dreissena 5-8mm 17K 17 40 7.7 | 48 B[] LCs >13.9% | Waller et al.,
polymorpha (n) 1993
(B, —“H#H.
v7TIN )
Obliquaria reflexa |  30-50 17k 17 40 7.7 | 48 HEf] LCs >34.8Y
(Ei’/ﬁ\ :ﬂZE\\ mm (n)
27 FFRUE V)
Corbicula 1.0-2.7g Tk 16 16-26 ND | 96 H#R LCs 38.99 | Chandler &
manilensis 15-20 +1 (n) Markiig,
(HE, KA, mm 1979
vy B — )
Corbicula <lmm VS 16.7 ND 7.6 | 8.6 HI# LCs 479" | Cameron et
manilensis Wik (m) al., 1989
(B, —“HHA,
vy B o —Fi)
#EK KMnO,
Penaeus 2.54g 17K 27 R ND | 96 #f LCs® | 62.6% | Hanks, 1976
californiensis ) 6 A i +0.5 24%0 (n)
(H38dd, vzt
Bl oo —7FE)
Penaeus 12-17mm | 1k 22 R4y W 8- | 96 I LCso 2.1% | Johnson,
duorarum 1% -23 25%o 8.4 (n) | 1974
(R, - vt YA
Vya)v7")
Metapenaeus % 1K | 25.2- | HESyIREE: | 7.7- | 24 WEE) LCs 0.59" | Liao & Guo,
ensis ) Ik 29.5 26-34%o 8.3 (n) 1990
(R, avat’)
Penaeus japonicus %10 1B/ 25.2- | HEAYUREE: | 7.7- | 24 H§[E LCs 3.34%
(P, Ivt’) | g 29.5 26-34%0 8.3 (n)
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AR K& &) | RABRE | BE i i pH | =» F&HEA b TR ik

% B it 772 (°C) | (mg CaCO;/L) (mgMn/L)

Penaeus monodon % 1Bk 25.2- | HEAPEEE: | 7.7- | 24 B§R LCs 1.67%

(R, vee) A 29.5 26-34%0 8.3 (n)

Penaeus %A 1Bk 25.2- | MEAYVERE: | 7.7- | 24 B LCs 1.36%

penicillatus i 295 26-34%o 8.3 (n)

(R, Thizt”)

Penaeus %1 1Rk 25.2- | MEOYURFE: | 7.7- | 24 W] LCs 1.81%

semisulcatus i 295 26-34%o 8.3 (n)

(B, Jvzt’)

ND: 5—% 7 L. (m): HIERE. (n): HERE
1) K[EA KM AT S (American Public Health Association) = A bW A KT 4 >, 2) KEMERBRHS
(American Society for Testing and Materials) 7 A N 4 KT A > 3) 1 Wpfd] @@tk 15172 KICKE L 96 WFfE1#
BLizxofti, 4) LAEMRE»LHE L

6.1.4 FBEIIKTHHEME

< U H 2 RO DA ORI T 2 BB R 2 £ 6-4 [T,

Wile~ o 0 D W3 b~ o v ORI T D AR DV T, K RITK 5 96
R[] LCso D &APH2Y 30.6~1,176 mg Mn/L TH V| FH/MEIZT 7 v b~y KX 2 —{Zx9 5 30.6
mg Mn/L T& - 7 (Kimball, 1978),

WK ORBRBEIIF N TR,

EHIFEMEICOWTIE, 77 v b~y B —O W HIATE B #HMERBR CREA2IEE L L7 28
H [ NOEC 7% 1.27 mg Mn/L, =¥~ AHEf DB % F54E & L 7= 100 H [i] NOEC 7% 0.77 mg Mn/L,
=V~ AAEIN A T2 28 HIE LCso 723 2.91 mg Mn/L, 77 7 >~ ADFIRIIN D 62 H [
LR OBIECME 2 RIE L L= NOEC 7% 2.78~8.81 mg Mn/L 72 EO#ENH % (Birge,
1978; Goettl and Davies, 1978; Kimball, 1978; Stubblefield et al., 1997), Z D > H 7 7 7 >~ ADFKR
B CIIAE %2 3 B¢ (30, 150, 450 mg CaCOs/L) T4 %2 TR A0, MEC L 53D
A E N = 4 /AR

W~ H T Y U AORBUKET 2 AMERIEIZ DWW T, KRS DOV TIE 96 FEE] LCso
OFiPHIX, 0.123~4.2 mg Mn/L, #E/K# Ti% 0.513~1.01 mgMn/L ThH - 7=, it~ T H 5
W b~ o TR W RER & T S & RIBICEMEDNRE MmN 5, £/, W~
YAV T LED=T T AROT A Y S KT D EME pH BEWVIEERE S HmTH o
7z (Marking and Bills., 1975), EER B TOKE (B O pH) 2B E L 7o/ MEIZT A U 5
~ R\Z%9 % 96 [ LCso @ 0.161 mg Mn/L T - 7= (Marking and Bills., 1975),

W~ BT T AOEHFEEICOWTORBRBEITE SN TR,
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£ 64 < HUVROCEDIEYOREICKT IHERBRER

Tl K&/ | REE | IRE il pH | = F&A v b 353 STk
iR B 5= (°C) | (mg CaCOs/L) (mgMniL)

K MnSO,

Pimephales 12-16 mm | ¥k 24.9 160-180 8.1 | 96 M LCs 30.6 Kimball,

promelas AR 192 F#f#l LCs | 306 | 1978

79y 1)-) 8 i )

yp WK 25.2 160-180 8.22 | 28 H fiif NOEC 9.99

16-40 5t
IRF i 28 F [# NOEC 1.27
iR (n)

Oncorhynchus 40 mm K 14 34 6.9- | 100 H¥ LOEC | 1.53 | Goettl &

mykiss s 7.6 | 100 AINOEC | 077 | Davies,

(=777%) HOE (m | 1978

Agosia 43cm | APHAY | 19 224 7.6 | 96 E[H LCs 130 Lewis,

chrysogaster 0.64 g e 1k gk (m) | 1978

(Jfﬁﬁ@**ﬁ) Fefa

Colisa fasciata 593cm | APHAY | 24.33 165.33 7.59 | 96 HEfE LCs 1,176Y | Nath &

(MF BV 5749 1k7k (n) Kumar,

ANAVAY A 1987
5629 | APHAY | 25 120 7.3 | 96 M LCs 1,037Y | Agrawal &
D% 1Bk *1 (n) Srivastava,

i3 1980

#wAK  MnCl,

Oncorhynchus RN SN 13 104 7.4 | 28 B LCs 2.91 Birge, 1978

myKiss (m)

(=V"7%)

Carassius auratus | =558 Hikk | 22 195 7.4 |7 HH LCs 8.22 Birge, 1978

(7% 3) (m)

Salmo trutta ARG | ASTM? | 12.0 30.9 7.6 | 62 H[# NOEC Stubblefield

(7" 79777 E1241 e 4 3.94 |etal., 1997

-92 R 7.38
LK (m)
11.8 151.8 7.9 | 62 H# NOEC

5t 8.81
iR 2.78
(m)
12.1 449.6 7.8 | 62 H[# NOEC
IE 8.68
iR 4.55
(m)

#»wAK KMnO,

Cyprinus carpio 3cm ND ND 195 7.7 | 96 I LCs 1.069 | Das &

(1) 03g (n) Kaviraj,
HEf2 1994
2-5¢cm 17K 12 44 7.5 | 96 RFfiH] LCs 1.209 Marking &
HE £ Bh ¥ (n) Bills, 1975

Lepomis 2-5cm 17K 12 44 7.5 | 96 [ LCs 0.827%

m@croc\\hirus Hefa B (n)

7= 7cm Bk | 20 101 83 | 48 I LCsy | 1.367 | Turnbull et

5¢9 (n) al., 1954

Oncorhynchus 0.8-1.2g 17k 17 40 7.7 | 48 F§H] LCso 1.86" | Waller et

mykiss () |al, 1993

= 3%) 2-5cm k| 12 40-48 6.5 | 96 15[ LCs | 05999 | Marking &
Fefa EaFR (n) Bills, 1975

75 0.609%
(n
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stz Ke sl | RBRE | HE i B pH | =v F#EAS b TR ik
iR B 5= (°C) | (mg CaCOs/L) (mgMniL)
9.5 0.480%
(n)
160-180 8.1 0.596%
(n)
280-320 0.363%
(n)
Carassius auratus 2-5cm 17K 12 44 7.5 | 96 i LCs 1.25%
(xv%" 9) Hefh BhF 3) (n)
Gambusia affinis A 17K 21- ND 8.3- | 96 HFE] LCsp 4.29 Wallen et
(1Y) i 24 8.5 (n) al., 1957
Anguilla rostrata | Glasseel | 1k7k 20 40-48 7.2- | 96 [ LCs | 1.06" | Hilton &
(TAVHTTET) 55 mm 7.6 (n) Eversole,
1980
Black eel 17K 22 40-48 7.2- | 96 IFRE LCs 1.69%
97.2 mm 7.6 (n)
Yellow eel | 17K 22 40-48 7.2- | 96 KM LCq 7.52%
114-340 g 7.6 (n)
Heteropneustes 19.5cm 1k ND 195 ND | 24 R LCq 5.57 Das &
fossilis 36.3 g n) Kaviraj,
(vh Fex7) 1994
Ictalurus 2-5¢cm 17k 12 40-48 6.5 | 96 [ LCs 0.215" | Marking &
punctatus HE £ g7 ¥ (n) Bills, 1975
TAVHFYRT) 85 01619
(n)
9.5 0.123%
(n)
160-180 7.8 0.216%
(n)
280-320 8.2 0.124%
()
Catostomus 2-5¢cm 1K 12 44 7.5 | 96 ] LCs 0.827%
commersoni Fefa B (n)
(FVA M=)
Ameiurus melas 2-5¢m 1k 12 44 7.5 | 96 Ff LCs 0.831%
77977 vy b) Hefa Bh#&| (n)
Lepomis cyanellus | 2-5cm 17K 12 44 7.5 | 96 W[ LCs 0.852%
V=47 49V ) Hefa IR (n)
Notemigonus 2-5cm 17k 12 44 7.5 | 96 ] LCs 1.01%
crysoleucas Hefh B (n)
& =7 v Ars)
Perca f!avescens 2-5¢cm 17K 12 44 7.5 | 96 [ LCs 0.984%
(fzo-1"—F) HE IR (n)
Lepomis cyanellus | 1-15¢ 1E7K 12 40-48 7.5 | 96 B[ LCs 1.059 | Marking &
(77 ) =4v7 497 2) (n) Bills, 1976
8.5 0.49%
(n)
9.5 1.07Y
_ (n)
Morone saxatilis 1g k7K 12 40 ND | 96 MR LCso 0559 | Billsetal.,
(Ah7477 b7 2) Fie (n) 1993
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At K& &/ | RBRE | BE i Jig pH | =» F#Af v b =313 SCik
iR B 5= (°C) | (mg CaCOs/L) (mgMniL)
754 SN 21.1 ND ND | 96 K¢ LCsp 0.348% | Hughes,
(n) 1973
HEfa 1Bk 21.1 ND ND | 96 IR LCs 1.39%
(n)
6cm 1Bk 21 35 8.2 | 96 M LCs 0.879 | Wellborn,
279 (n) 1969
Tilapia niloticaa 13-20 mm 1B ND ND ND | 96 £ LCs 19 Dureza,
(V747 T) 7 (n) 1989
40-52 mm | 1kJk ND ND ND | 96 K¢ LCs 1.1
HEf (n)
#¥EK KMnO,
Chanos chanos 35¢g APHA® | 27 AR 8.4 | 96 M LCs 05139 | Cruz &
(IW)749¥2) Hef 17K #1 30%o (n) Tamse,
1989
Trachinotus 25 mm 1K | 20-25 | HEAy ND | 96 HEfi LCs 1.019 | Birdsong &
carolinus 0.25g 10%o n) Avault,
CARE Hefa 1971
B IR 0.557%
20%o (n)
By IR 0.557%
30%o (n)
ND: ¥—%7: L. (m): RIERE. (n): RCHEE

1) KEA LA 42 (American Public Health Association) 5 2 h H A KT A >, 2) KEMERBREH S
(American Society for Testing and Materials) = 2 N A KT A > 3) Tk b, 4) {LAWIRENOHE L-E

6.1.5 ZDMOKEAYICHKT BB
< W R OEDACE YD E DM O KAELEMIZKTT 5 FEREBGE R 2K 6-5 12T,
WAk~ B ZHWET AV A AT~ W VOZRE 4 A#OINCEFE L7 7 HRE LCs X
1.42 mg Mn/L T& » 7= (Birge, 1978),

#* 6-5 ML~ W2 DX DOMALELEYIIT B BIERBRER
Tl REx/ HERE | IRE i pH | =¥ KFA > b T BE ik
R B = (‘C) | (mg CaCO4/L) (mg Mn/L)
MnCl,
Gastrophryne | Zk54 H | fik/k 22 195 7.4 | 7 HR LCs 1.42 Birge, 1978
carolinensis % oFp (m)
(TAVHEATY =
")

(m): B

6.2 FRELEMIIXNT HEE

6.2.1 fRAEWIIIT B EM

A LCH#PHN T, v T R OZDe&moWEY (EET OME-CREES) (BT 5
BRI IR S LTV R,
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6.2.2 HEMIIHT B HEME

RUXFERAOFEFICHEE~ 0, 1.4, 14.0, 140 mg Mn/kg % THED pH %2 2 C 14
HEALEE L7238 T, pH4.0~6.0 TIZFHIT OV TIZW T AL OEEE KT & 5N 205 1273,
BOR S K OEREIZOUVT 140 mg/kg TH ERBD 23585 5 4172 (Wilkinson and Duncan, 1993),

6.2.3 BT D E M

~ U R OEDALE Y OB T D EE M ERERRE R A K 6-6 12T,

v IIAD 28 HABEIHRABR T, BIHAfEIE L L7z ECs 1T 192 mg Mn/kg ¥+ Th o7
(Kuperman et al., 2002), £7-. BHREO=t 7 4/ Y A I LT OEFERBR Tl 28 HH ECy
1% 1,663 mg Mn/kg ¥z T& - 7= (Philip et al., 2002),

K 6-6 AU ROEDIEYMOEWIIT 5 BHERBRMER

AWt L& N e A R GV R STk
Eisenia fetida KMnO, Ak | 48 HERT LCsy 600 Diaz-Lopez &
(BRI, vv1r) 300-500 mg « g Mn/cm? | Mancha, 1994

MnSO, 0.3-0.6 g 14 HIH LCs 1,970 Simini et al.,
21 H ] ECs 927 2002
£ mg Mn/kg
Enchytraeus MnSO, s B 28 HI# ECs 192 Kuperman et
crypticus KR THE (AR | 2o mg Mn/kg | al., 2002
(BEH. vvix) ¥ 1.2%). iz
pH 4.56-5.29
Folsomia candida MnSO, t R 28 H M ECso 1,663 Philip et al.,
(BB, =t74v)h R THE (A | Bon mg Mn/kg | 2002
beT by, VFRET AYRR ) 1.2%). W+
pH 4.56-5.29
K4y 88%

6.3 BREFOEYP~DOHEE (L)

~ U R ORE DB DOBRET OAMIT T 2RI OV TI 2L DT =20 H 1,
Bae, WEKILE, AR (RE) BF. R A EEICRRIN TN TV D, KAEEYTIE,
Wi~ bbb~ o2 BRIV~ U Br U U LEAVRlBRolx
WM E DEE A D B,

AT LT, JRABMO®mE &V | #E R 51 (Spirostomum ambiguum) (23 5 84
BHLE Z FEA & L 7= 48 B ECso 1d 109 mg Mn/L Td - 7=,

Wilg~ > oD Wk b~ v T 2 DT B R QUKD O A RIAERR TIX, BT
A A DA RPLERER T 12 H B ECso 3 4.98 mgMn/L (A EHEE), 191 mgMn/L (&7 nna 7 «
NVE) Thotz, £7-. aUx 7 %0 96 K] ECso X 31 mg Mn/L TH - 7=, He/MllX, HErEFRE
DEEFEDT 4T 4 VX T 55 HE ECs0 D 1.5 mgMn/L TH - 7=,

W~ H BRI T A DT R OUK AR D TR B2 51 C & 2 Rl 1315
HAILTNRY,
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MEHBWIZT DB~ D WIdE b~ v o2MEENT, FREOI Y
~O 48 [KEfH] ECso 7% 8.28~40.0 mg Mn/L, 48 IEf#] LCso 23 15.2~42.2 mgMn/L O#iH THh - 7=,
O BERLEEEOE VL DIXAPHA T A A RT A4 R L, ~ > H U ORIERE T
BH U7- 48 BEM ECs0 0 9.8 mg Mn/L TH o7z, MM CIZEIEOT A U B WX DINHT 5
48 5[] LCso 2% 16 mg Mn/L TH > 7=,

EWIEMEICOWT, IV aZhEABRO 21 HW NOEC 7852 mg Mn/L Th o7z, £7=,
U H=Fo—FE (Austropotamobius pallipes) &7 A U Z# VU H=F@D—F (Orconectes limosus)
DK 5 30 B LCso iXZNZH 17~18 mgMn/L, 34~36 mgMn/L T > 7=,

W~ T mA Y v LD E ©—Ff (Crangonyx pseudogracilis) (Zxf3 5 96 EERE] LCso 1
050 mg Mn/L TH v | [AFEICx T D b~ > B o & HWTZREOME (96 FEfE] ECso : 694 mg Mn/L)
CHET D ERESEARY  ZOHBIZHWE~ U H O3 DE (Mn* & Mn™) 12k 5 &
EnTWb, BEOR/MEX, =7 FH eI d % 24 B LCso 23 0.397 mg Mn/L T -
7o BEHIEMICOWVTORBRREIIELNL TR,

BT DR~ v W b DV R b~ o T D RAMEBIEIC O W TE, KRS KTT 5 96
IR#[#] LCso D HAPH S 30.6~1,176 mg Mn/L TH V| I/MEIZT 7 v b~y KX/ —I2k4 % 30.6
mg Mn/L T&H - 7=, HEKAORBRIMEITHE LA TH2R,

FEMEMEICOWTIER, 77 v b~y R —OWHIAE B EERBR CREZHFE S LT- 28
H [ NOEC 7% 1.27 mg Mn/L, = ¥~ AHEF DO ESE % FEHE & L 7= 100 H [l NOEC 73 0.77 mg Mn/L.,
TI Y ARG 62 HEREE L -ROBIESCRERE Z18E & L7z NOEC 7Y 2.78~8.81
mg Mn/L 72 EOHERH 5,

I D~ T ) 7 LORAMEMIZ OV T, HKHED 96 K] LCs 7% 0.123
~4.2 mg Mn/L, #E/KfTi% 0.513~1.01 mg Mn/L O#iH TH - 7=, Wi~ > T > H DV L
~ A ERACERR L LTS L RIEICEESRE ZEAA DD, RAMEETT AV HF <X
\Z X% 96 HF# LCso @ 0.161 mg Mn/L T&H -~ 7=,

W~ AT ) T LORIEIHT DR EMEIC OV TORBERS ITEF L TV,

WAFICONWTIE, 7AV B AT~ T )VOZRE 4 At OINC 7 HEE b~ > T > % 7
L72FD LCso 23 1.42 mg Mn/L TH » 7=,

FEAAMICBE LTI, AU FERr VO A2 HWTHEO pH 24 2 ThHilg~ v 7 > % 14
HEALEE L7238 T, pH4.0~6.0 TIZFHIT OV TIZW T AL OMEEE KT & 5N 205 1273,
ROE S K OEEIZOW T 140 mg Mn/kg THEZRBADRED bz, v~ I X0 28 HIH
BIHABR T, BIE RIS & L72 ECsl3 192 mg Mn/kg ¥z +CTh -7, £7-. BRHEHO=%t 7+
JV Y ALY OBGEGER TIE 28 H I ECs 1& 1,663 mg Mn/kg iz - Tdh - 7=,

PLbEnG, =~ B RO~ v ALEMOKAELEMIKT 2 2T SR, ABRICHW=1bs
ML > TEEBNH Y, Wi~ b0k~ o 2HWERBRE Vi~ T D
Vo L HWERBROIZ D PEMEIIRELMANSH 5, @~ T a ) v LE R ERIC
BT, ABEICHT 2 AR EEII A IRE L L OR LSS GHS AttdmEa FHX S |
WHY L, M THROAERZ R, ERFEMEICOWTO NOEC IX, Wik~ > H v 5\ T
fb~rHorZzMnzgGe, BEETIE52mgMn/L, AETIZ077mgMn/L TH Y, i~ 4

25



/@zﬁ U0 Lz RO BRSSO ThRu,

BoONTZEBET — 2 O 5 BKAEAYITKRT 2 5/MEIX, 1) g~ b b WIdEi~ o
YERAWESAIL, fETHDH =T~ ATxT D5 100 HE LCse @ 0.77 mg Mn/L, 2) i~ W
VBV ULERWESGAEIE, ETHLT AV B~ Xk 5 96 KEfH] LCsp @ 0.161 mg
Mn/L ToH %,

7. b MEE~DF
7.1 EENEMS

~ U iEe b BRI T AMEAMETLRE THY | Hax REZOFMKN O T B S
teEREE L L COREZH D,

AN TIEEFENOGERT 5~ o OBIEBRIZRIGRA IR WRY | ~ 0 BN T—
@%E%%O;Q:$%ﬁ1&yx®%ﬁ:xAﬁ@wTD5(USHMJ%@Ov/ﬁﬂ
FANTIX L AHT72 0K 12~20 mg /242 L, AP, PENR, BIREICB D TEWRE TR ST
W5 (Summo et al., 1975; Tipton and Cook 1963), L2 1T 5~ W Do AiiL, RimEKF I
65.9%, IMAEHIC 4.4%, M/ 6.6%, [HIMERIC 23.2% & D#ENH S (Miln et al., 1990), I
FCIE, 7/ﬁ/ifﬁ%$%@f»74j/@ REFEA L THERANTEER T 5 (Inoue and
Makita, 1996),

a) WX - A
(1) RO REE

b N EEREBMICKT DHEEN SO~ T OWINEIZIIIEN & 503, HLAA 70 I & 1%
BHBEDOR 3~5% £E 2 5T 5 (Davidsson et al., 1989; Mena et al., 1969; Tanaka, 1994), ~
VI ESRITTHALE ICB W TR Uik R TR Z @i L, WIS DH72d, v T ORI
X, BOBEREICHEIND, BRZHEELOE N TIZHEENS O~ B IR HN L7
(Mena et al., 1969),

K> SD 7 v b (3 Hiw) (b~ W o E X T b~ T 243 mg Mn/kg % 1 H/

WOMET4BEMAERE O HRE L-ERT, Hlb~r o2& E LRSS, v~ Dok
FEIE, A, KRR T%L<%M(ﬁ%ﬁ’ﬁbfﬁ%%;ﬁw%%m)ﬁémyﬂb
ZBb~ oW R LIS A Iy A REIRM P TOREIML, ~ T AL E W OFEER
IZ X o THAIC ﬁﬁ%iﬁ%?)w@%hé_ & %Rk L7 (Roelsetal., 1997),

3HED SD 7 v bz —Hfb~ > H > 150 mg/kg (65.5 mgMn/kg HH24 &) % 44 H s £ TR
OH LI EBR T, MO~ 8 8T 15~22 Al Tl EE DK 20~40 fi5 & 72 o 7203,
43 HImTIEA 35 &, A O T2 A b AL7e (Kristensson et al., 1986),

(2) W5
~ U R~ T AW AR LT BB GEIARE) T, #EE D 24~48 K% Tl

ik & N D~ > AT G Bl X BRI L LT 20~60% 4 00 L 7= (Adkins et al., 1980).
HEDICR~ 7 %2 (37 i) 1« ZFefb~ v # > 77.7~135 mg/m® (49.1~85.3 mg Mn/m> 424 &)
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7 7 WEM/H . 5 H MO T 32 MR A ZEEE L2 SRR T, Mk~ 0 IR R R )

TIXHEINS 225 BINTITEFEAEE L, WO LHM O X D fEHE MR A 4 A %
VA (BIR) DAB=XLBRERA LD EEZ 5T\ 5 (Morganti et al., 1985),

PN Mt~ W DT |1 Y L 20~40 mg/m® (8.7~17.5 mg Mn/m® AH4 &) % B/ B
T 3~5 7 A M5 Lo ER T, ORI (BIRE., AR, BE) 2T ORI
REMPBEOLIL, ZOFERB~ U H v ORI R RFER O RK O —D2 & hie iz
(Newland et al., 1989),

KD SD 7w MMk~ Ty duglkg Z7ENEAL, BHA— T VT T 7 4 —IC
LV BESRE DD 3 A 2 T EBR T, MR TiRbEIREO~ AR S, ok
WD ILJERTMNE, RIMEE ., R T, MEEICBWTHE S/ (Tjalve et al., 1996),

Hed SD 7 v b (3 1 HER) [ b~ EE T i b~ > 1.22 mg Mn/kg % 1 H/

OB T 4HFKENKE LTEERT, 5oL T~ oo REZ, ZBb~ T
H-OE I BRI x U T 41% 0¥ | Zfb~ o 0 o5 O5E 1213 68% DHINA - &
iz, B, ME L IS~ U T REIT/NN, R, BB Tx BRI L TR RIS L,
BRERERTIIRFFICEREDO~ AU PR S HBBEICR LT @b~ > @ 48%, MMk
~ Uy 2 205%), v AR E AEEOLFEIERERE AT 2IEEMITB W T LD B IR
i, AT HZ L& LT (Roelsetal., 1997),

(3) ZRERIEHE D Lk

D SD T v b (3N I b~ A2 1 HAE, 4 BEREREE O T 24.3 mg Mn/kg.
FEFEN T 1.22 mg Mn/kg, &K&W T 1.22 mg Mn/kg Zc:h%rh%k’%u L7=FEBRT, ~ 2 H IR AT
B CIEH G-RIRIC K DT o 7D, WEEIZBIT D~ v a3 ' ORI B IC KT L
T, BAKRE 22%, BEPENEE 36%, [ENEKE 48% TH Y . JENEK G T bBHE oMM
%z~ L7- (Roelsetal., 1997)

Hed SD 7 v Mz ZHifb~ v H > 4ug Mnlkg % JEENE G- £ 72 13K ENEAN LT FEBR T
JEERN G- L0 RENIEADIE D BIMOMRERD ~ > AR & oo, ~ 7 /ﬁ:m{fﬁzﬂuﬁﬁ
9 2 88 TR A~B L S LD BRI, RIS LD Z L3RSz (Tjalve et al.,
1996).

b) R

v~ AU e b BEMICKT D MEMETCRE TH Y B b, TR, ¥ v
RIEealb AT a— VAREICHEOHMIN L LTHEE L. X hay R 7T osBRb#ESR (A
—N—ﬁ%VPyxA%~ﬂ\%ﬁ%%%(ﬁw@y@ﬁwﬁ%y?~m\HW?»%%—

. FREREFE OREROTHE & U TAEKRNITFEET 5 (NRC, 1989; Wedler, 1994),

v IR, REHEEIT T bR, Lo L, BERB T U T2 BIT HBRICIX. B2
{EARAEIZ Mn (1), E721F Mn (IV) TH L DIk L T, WL D0OEERIC ﬁﬁﬁév/ﬁx4ﬁ
YOBALKRER Mn () THDHZ &b, KNTw Y B OBILIRENREILT HEEZ BT
% (Leach and Lilburn, 1978; Utter, 1976),
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c) Bt
(1) &N &

<A 213~243mg Mn/ H B L 72D e D~ o T PRI S — o B iR TR, 3
fEHZ 1.66~2.23 mg Mn/H 23, JRH1IZ 0.01~0.02 mg Mn/ H 23 Btk < 4u7= (Price et al., 1970),

t NSO RIAAR CRERR L 72 b~ T 2R OB L 725610, WlEhie~ o T
13 13~37 B OFREMI T, F& LT H THEP~Jhtlt S 5 L #EE S/ (Davidsson et al.,
1989; Mena et al., 1969; Sandstrom et al., 1986),

DL, =o o oF PR EIL, HH&EBTH D, R, B, TF~ofttd H 5 2 &2
HHATWS (US. EPA, 1993),

(2) W AR

t R~ T RO b~ T 2R AT B e BAUNTH~NEE LTe~ 2 T DR
60% 7% 4 A LA HRi S 7u72 (Mena et al., 1969),

FEER RN L < 2T, MM TR LT TR b~ o T IRONTE O Ak O =
fEFERE FTIIRLINH TH LN, ~ W BFEDOHLFR TIIA 2 HH Td - 72 (Schroeder et al.,
1966).

Ty M b~ T ROk~ Ao O=T7n LV ELKENEALEZERT, HED
50% 2% 3.7 B LAWNIZZEE A Pt S 4172 (Drown et al., 1986),

Vi i~ 0T v YL R AR LT3R T, 0.2~0.36 H O - TR O
~ RS 7= (Newland et al., 1987),

(3) HARM 5

b NE, B ERALAR THERR U7 3k~ v T kNG LR T, &5 Lz~
D 30%A 4 B O OO RE (fast pathway) THEME S D23, £V O 70%13F#) 39 H
O OBV (slow pathway) THEME X 417- (Tanaka, 1994),

M D~ 2 B ORI OMEMRHE LV ZELIEVWEEZ LN TV (Inoue and Makita,
1996).

7 v MZ, BEHERN AR CHRE#R L7~ > 72 0.01, 0.1 mg & EIENE S L, 48 RERILIN O E
HZEEWLZERT, £4xOHED 27.1, 371.3% O~ H U Rt & vz (Greemberg et al.,
1943).

7 v MM~ 7703, 1, 3. 10 mg Mn/kg & BRIV G- L2 SRBRCL IR~ D R 1
T E 5 BUNTESED 01%LUT) Thol-, BMHtT o~ B g TmiEho~ 5
VIRE LD G 150 f5E . A OEWEERE T E7213H D EOMIEHME (trapping
mechanism) DFENRIE S 47z (Klaasen, 1974),

b NMIEE# L7~ Ty MM ZER RN G- U723 T, e B M ICRES B AR R
HNE.375 HCThoTe, o~ U HNLCTERIBICIESE LI AFEBITKT 2 M) R0 T
fREREREEETIT Y 15 B, BN~ W o EEZ B T/EEETITEY 28R E, <~ 0
CHBRORE L EZEORICBEN S D Z L B3SRBS L7- (Cotzias et al., 1968),

20~45 FOLMZME 7 = U F UREOEWER (EFFHO LR 10%., FEIE 68~69 1
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g/L) SRV (E&#H O FIR 10%, SEHME 8.7~8.9u g/L) ([Z/91), ~ > I o Hift~o g%
DEWAEFIRIZERT, ~ 0 D BEODRVWEFREZEBRLIZGEIC, KWy FUREOE
N OFLEE R INL, MW T 2 U FUREDOE MIHERT 2 EUETH- 72 (RIRED
M5 :36.6 H, ®IREDHER 170 H), —FH., vV I &OZVNEFELZEBRLEE Tl

RIS T = ) FUREORBERR SN > (REEOHEM :13.0 B, @mHEEOHEM : 11.8
H), mm7lj%/%ﬁimmwﬁ®%’mmbfwé*k#% BRZIRBIZHD B M3,
Brlo~ v W BODRVWEREEZBRLIZGAICY U T OERNREEERNELS 252 2R L
7z (Finly, 1999),

Ub, ~vsHoide b, BEWICH T 2 0HAMEILETH Y | bkx REEROHIRK o~ oA
VERERE L TOREEH S TND, RATIIREENLEIRT 5~ F v OB 7228
WIRWRY | = T PN T —EDIREZ RO K VIR AT AZ T AD A T = X L0ME
TWb, b RNEEBRBMICBITAMEENS D~ H o OWIEIZIZIER & 55, FBH 7k
INEITE S EDOR 3~5% L Z2 6N TW5A, v~ HUEATIERHEIZ 1 AHT-VE 12~20
mg 7A7E L. P&, B, BRSSO TEWIRE THRHIN TS, v~ HuidEs LT
O, MAICE ORI END, WIS~ T AT, Mg, FFlig, fm. & O %

IREEFICS AT 5, Ty Moo b~ v Ay i b~ o v AR 0. EEN
BENEE LIZFEZRT, ~ U T REITFICMEBEICB W TR GRIKICK 220135 B, ﬁ V\i
BHETROBEERDME R LI, v~ od, AR TNV, BERB T~y
VAR BIT D BRI, B EIREED Mn(ll), 721 Mn(IV)TH D DIZxt LT, WL D0 OFERIC
B9 25~ ToA 4 OBIBIREED Mn(lll) THDHZ b, KN T~ V2 OBRLIRREAN
kT HEBZLNTNWD, v PO 288X, BH&EHTH D08, DETITIR,
L, I~k B 5,

72 BEEREROEY

~ U O DAL B DA K O 2 R T7-1 IR,

WHO TN, 1 BHT-0 OBFENLDO~ 2 T LEEREAK 2~3mg & L. 8~9 mg fEH
LTCHERETHDELTWD (WHO, 1973), F7=, /e MIxtd 2EIC LuX, oA,
1BV ORFENGERT D~ I 0.7~109 mg/H &£ ODHENH 5 (Freeland-Graves,
1994; Gibson, 1994) ,

ERETIH, HOXRKE HAADORERERE] ORFENOLOBRIEEICLNT, v
FTEEZRABMETA40mg/H, AT 3.0~35mg/H. & LIRERE% 10 mg/H 2R E
LTW5a (BA51E4, 1999),

a) %‘@a;

TR W~ WY T A 174 mglkg B RRER L 7o FEI T, RHMEOREITA LN
e, A, BB, H ORI X 28R A Hiu7e (Southwood et al., 1987),

6% D~ N EFLEIROBREREZR O TAEEZ RS T-HH T, RPICEHEREDO~ TR
e X 7= (Laitung and Mercer, 1983),

29



BM¥ERBT, ~0H DT 2—LBBETT7 2 —L2BORENRRBD SN TS (US. EPA,
1984),

b) 1BMFE

(1) ~>v B RZITL DB

~ U R, B ERY Y Rk, BRI, X RV E - a L AT o — VA REICEEE O
W& LTHEL, 2 hay NI T ORISR (A—"—4F2 FPRALY =), BIRER
F(ENEVBALVRX VT —B), FIRT AT —B% BEMIZEOMMICE L L ToRE %
HoTW5,

CUHURZICEDEBEERARDL-H, B b QB I~ RZEZE (o ER 034
mg Mn/H) % 35 A 527238 T, 1 HICBEZORE DRk, —@EOBERLER, &
EDK= VAT v —/ViffE, RERD D Gz (Doisy, 1973),

BUERTZ T 47T N~ o RZE (011 mg Mn/H Z&Te) % 39 HIf 5 2 7-#HET, 6
N —IBPED R ER K MK = L 25 1 — )VIENR 2 & #u7- (Friedman et al., 1987),

MiEHF~ o T DIREZ R LT~ o T RZOFEFTIE, TAMA, FEBIN AR E, 258
PEREALIE, BHLL X 20E, fUEIEE (7 o=A 7 b URIE, A= va y TIRIE) BB 5
AU7z (Freeland-Graves, 1994),

(2) HhfEFR~DEE

v UHUMRZTDHER NTILEER, BEZOA, KalATa—)VllfER ENEE 25—
JiC, BOEIIRARE T~ U 0 AR EICGERICREBE SN D & BITHEE, SEEER
ENR=F Y AR LT~ U R ROIERD A B D, v o I XD REROHE
BlX, BEZ 200N T L2 LN TE S, PIFERIT, HEEL.L, AIREZITEIR, PEAK
JBOR, B, REEREE. BERFET, ZORT I~ ABTH D, BRESMEET D &
WMDAT =T ~Lfpe ITHET L, $ERSNEROREITINZ ., Rk, MHfE, BIERE, LBEK
HHREE 72 © ORI 2 ER 2N 55 (Inoue and Makita, 1996; Tanaka, 1994),

7RI N =T Y VIEGERICEET D S Wbt TV DR, v HETIEEICR
FERIZEIRECDDICHR L, N—F 0 Y UREGERECIXERE, HH, XREMREHNZICAET D
ZEMD, MATENICRRD EINTWDER, v TR HETITRE~OZE b RE ST
W% (ATSDR, 2000),

(a) BHER

AARD 6 FiHE (25 N\) DEIREO~ U o2 ZH P KE2B IR L EFHICB W T, RERE
i, FHEEE, EE, M OREMREER S~ o AR RBICBERA AL, DB 5 A (TR
TREEE) IXTEE T2 ANELT L, BIZ2 NCTHREREOREN 8 N TREDENL LI,
D10 N (FIEE EAFIRE) TR EEBRA DN ST, HTFRK~O~ T 5513,
FHEOELIZHD 5NNy T UNLBH L~ WU NERTH D LR S, &Y DIEH]
NENTZ 7THEMBICHW LR, P KD~ T IR 14 mg/L (MnsO4 & L TC) TH o
7208 1 AR 50%E Lz, ~ v T ~ORBHMIT 2~3 2020 Th D LHEH Sz,
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FRFEIZED , L ANDOWPDRIREEL Y 2~3 5@ WIREDO~ U U RN i, WEFT R & LT
Fbt R 0D 98 BRA RIS 25006 S IR A STz, BREOSIEIHFKOERST DL~ H ok
EHICHN L ERBE TR SN Z EERE L, BRI ER EREAT R S N T
EIXBMRMA AR LSRR LTV D (Kawamura et al., 1941),

v UHUVREOES WIS ER A — 2 T Y T OFRERICY B R ESER (B8, BT
B EBNVGH, ERIEE) PR LN, FEHEOLIX, vV CBIRBARORE (B8, K,
1) E00 TiEZe, vV HUBREENLIMEAZRATDHZ EIZL > TID DIERB A
ToHELIENn, v HoDRERLT TR, BEERF, AV U LRZIE, 7V —/L O
B EbMREE~D—NTHDH LBELL TW5D (Cawte and Florence, 1989),

XU T AL T~ A AT SN BB A BRI L 7o R RISk 5 5 i A
fToiic, BEPKN ORI SNTe~ T RE XY 3 Hidll (A Hulski T 3.6~14.6 . g Mn/L, B Ht
18 C 81.6~252.6 1 g Mn/L, C Hhisi T 1,800~2,300 2 g Mn/L) 2%&(E 72, 50 bl L7210 % b4
L, EARORKE XX, A, B, CHAT62, 49, 77 A Th oz, MBEENLEDNTZT
TAmn, BE, RO~ B UOREZE LEER, BETO~ U OTERET A,
B, C# %351, 449, 10.99 ug/g fz/@E & T, CHilk: A IO THERENA LN (p<
0.001) 78, &M F DO~ H U PEEICR L TIE 3 kM CHERZIZA LN - 7o, FREN
BRA T, B, BTN, R, CRES OMEROAHE & HEE 2 314 L7-, 33 OIER O
FLHEEZRAML TR LA T OFHEIZ, A T27 (A= 7#PM:0~21), BT39(0
~43),C T5.2(0~29) THY . .A L COFEHEIZHFFHIAE RN Bz (Mann-Whitney
Test, z=3.16, p=0.002), FH H 1T, BEIKICEIRE TEEN L~ T Nl Ko THEREEICY
A PBERIER DS WIRAERTHELND EBE LT 5 (Kondakis et al., 1989), L/»L., A%
WD I AABRRKK[T O~ A K DWAREE, OBEIRL ORKICL D~
Y OREBRUDBF LI TWRWTZDIZER L OEROEFEME LRI TE 20,

b R THFKT D 0.300~2.160 mg Mn/L D~ > H N B ST ERITR L CREWTAIRF
e TN T, BBRITKRIK 10 4[], 0.300~2.160 mg Mn/L O~ > B v & 2 - 7=
AL EOFERE OERE L, $BEIT~ > B 0.050 mg Mn/L il D H: 5 7K % fOBHK
ELTWEEER & L, BB, 41 A (B 20 A, &tk 20 A, EH4EE : 57.5 F), xIH
BRI, 74 N CEBFHR 0569 F) Tholo, /N—F 0 Y EGEREOEE DA M L &I TE 21
RAEZAToRER, BREHLGRELOMICAEREZAONLT, FELIT, vV T UVRED
B WK OB R & AR E & o R BIE 2 22 &I LTS (Vieregge et al., 1995),

<~ Ay (LA OREIZA) 2.2 mg & T iR (Total parenteral nutrition, TPN)
23/ HRERERLE 2o BicksnTamp~ 2 B RBED BR L~ hEER
WA B (Ejimaetal, 1992), ARG TR SNAAEIZ, BFOAFENLEBR LGS, &
FEREOHEANTH LN, HIRNEGICE - TEEREEL2F T E2TR LT,

Z O, IR BEOREEDZDIZ, v~ T OPMERICE 2~ o T hEEEOHE
BIRHE SN TWD,

Hauser & (1994) IZAFALHBE T, ~2 AU HHmDOANLF UM MRI 2% v > OZELN B BN
7o Z L A L7- (Hauser etal., 1994), H# (n=3) %, B MRI Fa# (T1 s8R Wi {5) THRAKS
BRICEEERALIL, v T ORMFRED EHRBONTEN, v U ICRRIEZ L
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RIEIZ 72 hoTe, EHEDIX, BEORBENGERL TWADICH20bLT, < T Okt
WZREEN D > 7272, v/ﬁ/ﬁaﬂﬁ%hh%ﬁ&%mbfwé

Devenyi & (1994) 1%, /NEDIEI 5 > WHHEED 1 > Th 5 Alagille JEMERE (G Ye oS EME
BIGHER) NALIND 8D LT DOFEF ZHAE L T2 (Devenyi et al., 1994), B X RA AR
EEZRL, 2 NHOM, BE, YA F=—%KE. FOROMENZONT, v T DA
MAERED EF 27pg/ll EWHPH : 4~144g/L), ¥ MRI R (T1 SRFHE ) THEFEROH
IRTEICEEZRALI, v T OFEMEICELDIER LRS-, T, $%®v/ﬁ
VIREIZIERIZRY . LT OMBIERIZEE L. MRI OFERIZIEFIZ o7, FH LI, #T
@wﬁ%%%%K;ofvyﬁymwﬁwﬁﬁ+%ﬁbnf\v/ﬁ/ﬁg&ﬂwﬁﬂﬁkb
THNTZEHER L TV D, FFBHEIC X o THEITHRIEDS IEF 2T D K 5127 b | SERITHE
STz,

(b) WA

EIREDO~ U ALAEY (R :@mvyﬁy) D W N\ 5% 8 1R B2 7 PO o 98 S B 5 2 i
7. EREITHEARNRROBRERE T, BEIEL 2~3 FLULELORMEZRTAEL L3, 1~3
MWHORFZETELDZ EHHDH (IPCS, 1999),

Txaw o HEETHET2EU L~ 28 0H LA (RERER 28 mg Mn/m®) (2%
#E LB~ o o ER R 6 AR, BE, WETO~ U T REOHEM, N—Fr Y
JEWEREELL OJER N B S, LR F—s% (L-dopa) O #51C L 0 BAE 72 [A1fH %27~ L7 (Huang
et al., 1989),

~ U H B, < A UOEREETHICRB W T, Tk~ Ay, Mgk =~ by, v
UM (R, REEHE . HEEHE) O U AICEEE S 141 A0 BHAIEERIZX L, 104 AD
BYEAER B 2t e & L7 e T o7z, B U ARLE M I B3 2 itz vy, ML
S AT L PR XA TSR (TWA) & LT 0.07~8.61 mg Mn/m® (71 54§ : 0.97 mg Mn/m?®,
e[ SEH) : 0.94 mg Mn/m®) TH Y | %%ﬁ#V/ﬁ/:%%émt%W 1~194 (E¥ 7.1
) Thole, vV T BRBIZLDHMEEELTMT D720, RFHIRE, MRITEIFH
%%@E(%%ﬁm%%\@%%ﬁ%ﬁ\wiﬁﬁﬁﬁ\imﬁﬁmﬁﬁxmmﬁoﬁﬁﬁ
B ORZEXNEMIES T O, £ORR, SROSKRR, IRFHHES, FOLEE, Sk
FEROBMFIE I OFE A a7l sHREEHCHE R TRBRHECTARICKL . FFICIR T HHES
RLTFOREMICET IREDO R a7~ o OmpigE L HREFEZR L, BHRED
DAATET~ VT ~DFBFFH EBEN A LT, B ORI BAYE T B RER I B
T2 2HHEDOOH 20 HH CRBHDIZ I ITIERDBALNDEEN L, 4 HE (5. B
v, FEoE ., @) B L T, ﬁ#kﬁifﬁot(mmHMJ%ﬂ AHFIEClL, 25
FEIZH L CL MRRATEN PRI RE~ DR BN ARICRD DTV D R, v T AL EmOFEE N
BESNTELT., £ UCARESCHE L RHTH -7,

;&mv/ﬁ/mﬁﬁ’aﬁéntmw% DT NF ) HLEM TGO BHEEREE 92 N2t

VRSN TV 101 AD BB Z 6t EE S LICiENMT v, EEEL, 7% 5.3
Eﬁ«m~n7¢ﬁ)4&m7/ﬁ/’5$éntoﬂ—/%w%/77 Lo TE=H
VI UTAER B AT~ T PR OBTAEEEE, WAER U AT 0.215 mg Mn/im®, k)

32



LA T 0.948 mg Mn/m® T~ 7=, KK ORI ICET 57 —Z I3RS Tunian, < iy
DS DIEEB DT ETERBBRREIT. HUAT U T BE L IEEBEORBEFEK L DT
BHEhic, PHEERBREORAMEN CAT~ U H U RE (IRD) O%TF-EEIX, 0.793 mg
Mn/m® X 4E (0.040~4.433 mg Mn/m®X4E), #¥ U AT~ U JEE (ITD) %M E¥EiT,
3.505 mg Mn/m®X4E (0.191~27.465 mg Mn/m*X4E) ThH o7, ~ o H o DML EE (MnB)
(0.81  g/dL) M OVRHHEEE (MnU) (0.84uglg 7 L7 F =) OMa LG REE L v B
W TELS@mrole, £HEAN—ZATIE, MAER CAKLTRB CAT~ T U RER
MnU O 2 7T S & A B 72 B3 S 72 (r=0.83, p<0.05), HCEEXERKEICHT S
[ CIE, 2 DOEMBICABEREZTA LN o T2, MRATEIZOME (5T OB
B, SR OBEMKSRER, FOME, RFHITEE) (BT 2MA TIix. HE O MG RE
M CRBEHECAHBEIZEVEI 2 2 5 4L, S BOGRE R O R EE Gt fEED 95 R—k - Z A L &
DREVETZIFHFLWVWEERINT) bRBHTLVZI AN, IRFHHESD CTIX, 2%
FEICRWT, BEBEMICEN TSR AR, TETROREEEZRTRETDH
BBRHCIRE N Oz, AFZETlX. EBICIRDfEZ 3 >D 7 L—F (<0.6, 0.6~1.2, >1.2
mg Mn/m* X 4E) 1T/ 8 L. RS, FoEt., IRFHFES o3 2 8 E 2 it L
7oy, FEHICH E TlEZen > 72 (Roels et al., 1992),

LUk, ARFZE CIERBEREC S L CHRITEI AR RE~DEENBD O N TEBY . Z0R%E%
fEIE & L C LOAEL %R %, IRD JJE DM FHIME (0.793 mg Mn/m® X 4F) & —fgfb~ v 7 v
~OFEBHIMOFLE (5.34) THEISHZ LI2L Y. LOAEL (Z 0.15 mg Mn/m® & 72 0 | AGTAHf 2
TIX[AfEZ LOAEL & L CHHT %,

NFE, IRy JEERO 7 cu<w i rov ) av ey EeiliE TR Ty v
(&R S V72 115 A D BIEEE BT 2 BAWAIBE 2R 23T o417 (Mergler et al., 1994), T35
B AU AT~ AL, 0.014~11.48 mg Mn/m® (/7] SE24 : 0.225 mg Mn/m?®, H1 sfi
0.151 mg Mn/m®, “F¥JfE : 1.186 mg Mn/m®) T, WA U A (PMy) i~ > % i EE X 0.001
~1.27 mg Mn/m® (S&(a 4 : 0.035 mg Mn/m® 1 3Rfi : 0.032 mg Mn/m®, FHME : 0.122 mg
Mn/m®) Th v, FHRBHMIZ167TEThH-7Tm, ~vF K- X7 HABREM S, 74 HO1E
B LRI, BE L r, MR, Ao, FROREIICEL Ty yF TS
Nic, ZORER, M~ o T AREOKFTFHMEIT, BREHTELIESD TR, Rf~w W
VIBEEX, BRERELABHOM TAREREIA LN Do, BRERNSE CRRAEMETRA
LC, *HBEERHRE LAaho7mHEN 46 HE O S B, i, HHORE, &, HE. £99
ORI, EE, HRER), YEEREEE, BUW. BER. BBV R EBHEA L o7z, BB
L CH#ATHEDO~ o ohmEofEik (Bl 2, FogEk, F549) ImEshknror,

& BT BRI BRI e~ C AT B 220 R O iR DB ) e S RE IR T3 A B iz,
FriCaliEB ORI 2B X 2 LB L T 5RES., FOREM., FITMESI<HES. SUFHIEY
BE SN mLFE RO HTRETE LWME IR LN, TOf, HMKEISRER, 580
FeiRtE, HEVREEOMAE CTRBE L OMICAEREN A ORI, LD Lnb | RIFIED
LOAEL i%, W AMER) UA PR~ o A VPR DT £ 0 0.035 mg Mn/m® & 722 0 | AGTAfE
TIX[AfEZ LOAEL & L CHHT %,

A 2 —F D 2NFT O T T~ 2 1~35 BT S 72 30 Ao BHEEE B ICH
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I LA TR (Iregren, 1990),

BT 1~35 4E/ (71 9.9 4F). Mk U A~ > 7 i 13 0.02~1.40 mg Mn/m® (CEHfE -
0.25 mg Mn/m®, H15fE : 0.14 mg Mn/im®) TH ¥ | ihE 18 R T IC BB IR E %
BIRH SN2 o Te, Hm, JEEHU, BRE, SEEER T~ v F 7 S8z 60 AOIERE 2%t
FRHE L L7z, —MXAURERRIRRE . JRIEICEE L CIT BB & S IREE & ORI 21T o 7o, MRAT
B EHEREIL, 8 DDA Ea—HIZK DAL 2 DOFEROHEM S 2 H LA L - THHA
B, RG], BB A . finger tapping 7 A b T, XREEL V BBEREOIE O ITHREIK T2
BT,

AFHANZ 3 LT MRATEN 8 B AR B 2B N O R 231 T o472 (Wennberg et al., 1991,
1992), W NOFERICB W T LA ENE (p=0.05) XA LR 720, BIBERETMIE O
HE | BEMEINERE R EMN O LA T v — () OIER ., SR EISME NES) (diadochokinesometric)
DK TRH BT,

fiti 5 Sl &2 VBT B0z, W~ T Eh U 7L (1.8 mglkg) Z i CHABERBR L -5
BT, BAREBEZBEDOETRALNT, 4 BEZICEREZ EDES, K9 MA%KIC/ S—F
VU E SRR U TR BEREDS 21 B ATz (Holzgraefe et al., 1986).,

SEFRREZE (Total parenteral nutrition, TPN) & L C, ~> A% 5/ H~11 4/ (¥ 5.3
) BEL7Z 9 ADBAE (51~74 F . P 589 F, B2 A, &7 N) 2k LTER LT,
FRATEN RO BE~ DR EIC B 23 A T, ¥4y 6.1 FEHEH L 7= 5 ATk d im0 M1 %
BERF BT R 42 F MBI L 72 4 N TIEEEBIIA LN > 7= (Mirowitz et al., 1991)

(3) FEREBR~DE

~ U R OEDILE M DORFRZR~OFE L LT, K, K[E XKL D
FAAR (o6 B BEE L@ L TRV, IS o~ BT
., #R#EL, MSENAET D Z ER3H 5 (ATSDR, 2000),

W~ B oA ) v ABEER TH CATO~ B (41~66%0 kb~ ) w4k
AN B ilE S VT AE3EE (40~124 N) (ZxFT 2 & MThiL 7, A 8 FMfThiL, MU
A~ v PEEEIE 9.6~83.4 mgim® Th o7z, iR OBEIL 1,000 F1dH7-0 15~63 T,
& D 1,000 FldH72 v 0.73 il & R TE L @<, EREEMEMIRE B OREROHEMEFE D bl
(Lloyd-Davis, 1946),

AR Roels & (1987) IC L2 CAFO b~ By, Mglh=~r W, v~ TUMHE
(WREee ., RERYE. AHEAHR) ([CRE SN UL NOBHEERICKH L, v~ B UAbAMICRES
TR WEBMEERER 104 A% XERREE S L2 BITBFoE Tl PRS2~ DR B LA I LT
%, BOEETRAXNEBAE T, ZBORHICEN NS, EEFICFERREIC RS, BERE
XRELZLRLTWREOHBIZBWT, ZEHTIVZIOEZENR GO, £T2A( 1
777 4 —HEICL > THLNTME T XA —% (KKK E, B OMEMER (FVC). 1
& (FEV-1) ) 1. BEHETEONALN TN, BEZIZBWTOATH -7 (Roels et al.,
1987),

L7 L. Roels & (1992) @ XV Fili W7 Tld, MEREHERICET 27 7 — Mz
T, b~ T BB INTREE RS OMICHERZIZA LD > 7= (Roels et al.,
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1992), F7A M 0l T 7 4 — BBV THEEOB TARRETADNR N7,
Nogawa & (1973) 1L, v > W o Z Epks & 3258 U AN X DR ERIZ RIE T EIZ DWW TH
TR RIBIACHA L7 (Nogawa et al., 1973), IR, &, MEIIERD A LN D00E HNITHEHR LTz
T — N L SRR, T2 u~ B AT NS 100 m B 2R (LT, 75
Pekg) &L 7T kmBEN R (BAF, IR 1@ 9 AEDK 97~99%IZ K% L Tfrbiviz, Bl
W ASLOBEBIC K o THE SN fERIC KR, L8575 300 m iz KA~y D5
AR EE X, 0.0067 mg Mn/m® Tl o7z, BRGERME TiE, 1% 5 £/ T, Midk,
IROBER, moOFE D GBS, WEDOIENFEAEORBEER, RRICE I ALV <A BN
oo SHICLHITHR GITWEBIEDAREIL, ETEDAEEL D, A0, kOB
N0 To, MBSRERT T, VHYARICHE O EE T, AR E, B HMMIEE (FVC),
& (FEV-1) [ZABERBA N LT, B DIXG RIS 5 A A DIV MR RIS KT
WRBITHHO~ W U RELBE L TWD &S L T2 (Nogawa et al., 1973),
Kagamimori & (1973) (2 X DHe Cld, ®HR L L7 = m~ 2 A THIZHE U AEEN
WO B, v~ TR BIR L., THRALORENE L &HFEINTZOITHEY, BT
HONTZEBENED X I L= ERE LR, IGREICE Y Ao BRIER, KO,
RS RE M A G BRI C B DA N A B iz LA LTV b (Kagamimori et al., 1973),

(4) MERZ~DE

MARITKE 28 L LT, Bl LY C @t~ o U 58 L7z 92 ADOEZER T, kFHEE

T, RIMERER, ~F 7w B R E N OUTE PR E DA BRI R A B, $RRZ ML
ﬁvmﬁéhXW\é(Rmhaahlwao

0.21~0.89 mg Mn/m® DFEx D~ o H ALE W) 14.5 FE BT ER T U2 E¥ B Pk
& U RERDOEEIN AR B Av72 (Lucchini et al., 1997),

(5) AFEMERE~DE

1~21 Fl~ o H AN BRBLEEBHEER CTHEMBEREOER TAALNTE DRENRD D
(Emara et al., 1971; Mena et al., 1967; Rodier, 1955; Schuler et al., 1957),

7. Bl Roels 5 (1987) I X2 CAF O b~ rHy, Wglb=~rHr, ~vH
VML (WREAYE. PREBME. fHIRIR) [CEEE SN 141 NOBHAEERICR L, ~ T ALEWIZ
B SITORWEMEFEEE 104 N2 3HREEE LBzt —5 & LT, A CEZERE R
B XD BYEEER (n=85) OATEMKE~DORENHES N TWD, FEH DR LEMR (16
~25 F, 26~35 ¥, 36~45 F) TR &I D HAERE xREEOMEHE B OEFERBRIZ ST
FHE L7, 16~25 ., 26~35 ¥ T~ 2 By U ISR H S EEE THA RS OB 23
B, bMWD ERITA G o 72 (Lauwerys et al., 1985),

L72L. Roels & (1992) @ XV Fii WS Tldk, ZEEM & TREE L O THAERIZZE
TR ONT, ETEREREICEMR L= H DR DM EE (FSH, LH, v 7 F ) 1%, 92
NDZEFEREE 102 NOXHREE L O TEILALNRD -T2 (Gennart et al., 1992),

b, =3 MO L TRAMBLR THY, v~ HBRZTH L, & FTIEREE
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K, BEORMA, Kal AT o —ViJERENRE DL, TO—FTROEZIIWMARE T~
HABRNCRBESND &, BHEREL L QIiEREE, BaERR2 ENHR LN, 1BERE
ELTCIIBITHESE, SEREERE - Y URICHLU L~ T EHEOIERR AL
Do BRI ABRBIIBWTCHEHEREENLLND,

OB CIEEBREO~ U T 2B FKREBER L 2R, ~ o 0 BREO & O Hikic
JEET D HERICKT 2 FREICRS O T, KBRS, MEE, KRR, M OREHEER &~
A FBICPIIERPFE SN T WD, 72720, BENLOY U TR KAT O~
IZE DM ARBES, MoOBRFELORKICLA~Y Ly Ty ORBERRBE LI TR NTEDIZE
BERHIINEECTH D,

EEREROBETNSERT 5~ T &ICBT 2/8FFHENS, WHO ITEA 1 Abiz
DO1IBOREEFER O LEEREZH2~3mg & L.8~ImgERL CHLEETHDLE L,
FTAETIE, FORSE THAANORERER] OFKFEIEEICENT, v W UEEL
A BT 4.0mg/H R AT 3.0~3.5mg/H FFA LIREREZ 10 mg/HIZERE L T\ 5,

We N\ CIXBIERY 7 A RfE CA BT B E RIX, MR, MR SR, AR TH 5,

MRBEDRIGICB T A~ T BBEHEL TS Z L 2R TREDRIORHE LV /RS
NTWDHR, BREHFECEEENRBENT-~ T OREBICBWT, BEOREEENLDR
2%, FUVIBRWRECTRENALNTHENIEE LTIX, 2k~ T ZRBESNDH T A
M~ AT ST VA ) EM LG OFEEER 92 N2 T A TH LT MR ~D
WA RIS L L7 LOAEL © 0.15mgMn/m* 0, 7 =u~ > v« v U a~ B o Safils T8
ICBWC~ BN RBE SN BYEIEEE 115 NSk 2 B e O AVER C AR~ v A
VR EE L L C @ LOAEL @ 0.035 mg Mn/m* 723 &% %,

b NOAEFHE~OREL L UL, v~ U LA 1~19 FHEE L BIEEER A
WH OO NBLEI N, RIEOHEMN A LN EDOREND DN, AEEFEFELATY
AN

£ 71 VTV ROZEDILEYDEFZRER VEH

Fihsaet RERILRE R T ok

it WA UL | A BiE BIEERALNT Southwood et
(174 mg/kg) % Ak al., 1987

ND 7 2 — AT 7 a2 — LENDFRIE U.S. EPA, 1984

SN 6D~ H U EELE | RPICERED Y VT &R Laitung &
B ORI 21 VT K Mercer, 1983
Era-oi-

t k YU RZRBRELE 2 | BROBREOREA, —mMEOBEE IR &%, | Doisy, 1973

2 15 7= KR FEOKa L AT o — VIE, (KEFD

B <~ U HURZE (0116 AMZ—iBMEORER K OYE = L 27 v —/L | Friedman et al.,

RIvT47T mg Mn/H % &T) % 39 | M 1987

7N H M5 z 72 96k

ND MiGH~ > T OEE | TADA, KIS WAL, SR, | Freeland-Graves,
BRLlev o By RZ | BHLEE, REFEE (Zx=17 F R | 1994
DIE JE, A= n v FHRIE)
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*F RAE M

VERI -+ A K By R NITNE- S5y WmOR X Wk
HA®D 6 FiE | RIREO~ T o8 | IRMERES, HE, Rk, BEEZe o | Kawamura et al.,
(% 25 N) ToFf K & ~ 2 R EERRIE R 1941

(FHFAk~D~=2 T

HRIT, FHFFoELIT 1 ~ |11~ |31~ |51~ | &

N R P IO N I T S P P

B Lz~ T Un | s 0 1 2 2 5

JRIATH 5 & HEE fRE |0 1 0 1 2
(235 0 3 4 1 8
B |e 4 0 0 10
L
EV@%%%BHLMﬂZA%t
WRAEIZE V., 1 ANDORH~ > A7 3 B 1k R
LY. %GP VR TR, MR oo

B ER AR AR OO ZERE e O 26

v~ B
DEWVEREIZ

R (B8, K, 1)
Ehy TiEel, v

~ U AR (58, AT R, EH)

K, HEREE)

Cawte &
Florence, 1989

ot —2 | HoBEENDIH LA
707 OFEAE| ZRA v UH U DORBET TR, BERT. HL
K VYU LRZIE., T )LOBRBEERL EE
MRREE~DO RN ThHDH LB
XV o7l | GEEO~ VT E2E | BETO~ T U OEHEE Kondakis et al.,
PO EFEH | LB K ZRERICE | (pglg WEREE) 1989
(CEHER 67 F) | B A M - 351, B Hif : 4.49. C Hudsk : 10.99
S~ R
~UHURELY 3| SHURM CAEEERL
A RE, PR AR
A M : 3.6-14.6 u g | 33 DIERDOMEE L HEEOREFEE LT
Mn/L,B i :81.6-252.6 | I N7 A 27 OFHIMHE
©g Mn/L, A Mgk 5 2.7 (A =2 THEEH : 0~21)

C Ml : 1,800-2,300 2 ¢
Mn/L

50 FLLE&Extgee L,

BEADRKE S, Al B,
C#&~%~T62, 49, 77 A

B Huigk ; 3.9 (0~43)
C Hul% ; 5.2 (0~29)

N—F Vv
Jpi R

A AT )V
B

ND

EEH LT o IC B W TEREBIK PO T L
ZUA, B U UVBEREVD L, vX
T RTa— R EOBRERMEA SN TWD
TENL, —RBRENSERNTHD EB X0,
BERINEERIY o FHORIER
LW THA ) iR

Goldsmith et al.,
1990

I rkay T
FoAKEF D<=
H N
i 41 A

T HRRE 74 N (4R
Wiv, M, RKED
”Exiﬂﬁ@
L Tw oy
%yﬂ

HFEKF~ B RE
0.300-2.160 mg/L

MRER A~ DRI I\ TREEM & R &
D THEZERL

Vieregge et al.,,
1995
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*F RAE M

PRI -\t TR I TR R P S 3wk
B ~ o Hy (ko | afth~r B rEED LS, <~ hEE | Ejima et al,
62 & BT AH) 22mg & & 7N 1992

ek (Total
parenteral nutrition, RKEI G INZHBIZETORENGE
TPN)Z 2372 AMmHE | L7256, LEEREOHEANTH 203,
Jifd FIRNZE G I L > TEEREEN L LN
e v U ICEEIREE L | MMRIURA (TLEFAE ) CHRBERSCEEIC | Hauser et al.,
3A TR e L RS, v v AroemhiEEo LR 1994

EELSIT, BHEORBENSERLTWHDLDOIC
L nb b, v T DOBREICEEND -
Toleh, ~ U RN H O L HEE

IR D E A S
o i M B o
1 >Td >
Alagille i o f¥
(% Y o (R (B
BMIRER)EZH
AR

8F

ND

RAYFREEEZ R L, 2 H O/, JE&E ¥
A b= —KFE, FOBOMEE N DI
~ OB IEED EF

(27 pg/lL IEHEHFE : 4~14pug/L)

A MRI R (T SR EI2)

WREHRSUEUR TREICRESN AL, w0
COFMEIC X DIER &K

FRtts, BE D~ o PR O MRI O
RIZEFICRY . MRER T SE

EEHOIL, ETHOFHEREICL > Tv
HrOEAFHEERN T T, v o
BN S L TR & s

Devenyi et al.,
1994

J a2 H

VHERET Y

Bk~ T
B

6 A

< H O L AGS
LK 28 mg Mn/mP)
2L E

Mg - G852 - ol o~ o H R EOHIN,
PR Y SRR REIZ SRR O SE R

7272 L, LR F—o% (L-dopa) O 512K 0 B
ERE LR L

Huang et al,
1989

~ AL
W, v H U
fIE T
BHAEEE
141 A

SEHREE - 104 A

A~ H UL A~
DX < TIE DT AN
¥ U A T 0.215 mg/m®
T, #8 L A 0.94 mg/m?
~ B LA (ZE
b=, MEgfk=
~ U HYy, RESH
VR e dV e IV -
fe~ > 77 ) 1-19 4E (3
%) 7.1 4F)
BRKFP~wToBHmL
A TWA 1 0.07~8.61
mg/m®. 4K O i
% 1 1.33 mg/m®, i
& : 0.97 mg/m®, ]
¥ :0.94 mg/im® T&H -
770 B U A ORI E N
EIEmERL

- LR SOS R, IR F W aREE) . oL ENE,
ST OBEBEE S OFEE R a T ER, it
MHEIC R TRBHTHEITEN,
BICIRFHHES TR EMEICET o RE
DA aTEIT~ VU H O EE L HEKE
MER L, SHEEIORa T EE~ b
~DRBFEEORBREDH Y

HomBZ TG I aRERICET %
B HEDSH 20 HE WK LT, LY
BEHIIBNT, LVERRAOND LT 5
BIENL AHHE (FEH. BB BOoEZ,
WE) LTI, SR EEE

Roels et al,
1987
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*F RAE M

VERI -+ A K BTN TR fEOR BN
NAF =T | ZEb~r B RE | v DM yRE (MnB) (0.81xg/dL ) X | Roels et al.,
VY T T | ¥ 53 4R (0.2-17.7 | URFIRE (MnU) (0.84uglg 7 L7 F=1) | 1992
% ) DR T RBRHICB N TELI AW
BHAEEE KEF~ T RED | WAMER U A Mn By CAREX, &AF
92 A AT EIE ¥) MnU & B E7HHBE (r=0.83, p<0.05)

sEHREE 101 A

W APERY U A :0.215 mg
Mn/m?

¥ U A 1 0.948 mg
Mn/m?

TR AERE S
We AVER U AIRE
(IRD) DA FHIfHE -
0.793 mg Mn/m® X 4
(0.040-4.433 mg Mn/m?®
X 4F)

ST VR 22 : 2.907 mg
Mn/m? X 4

TR AERE S
Mk CARENTD) D%
Al SE #5511 : 3.505 mg
Mn/m? X 4
(0.191-27.465 mg Mn/m®
X 4F)

B a2 AU RIAA IS X9 2 [|1& T,
DEMBICAH B RZEZA DN > T

2 D

EREETIEH 5, KRBk, ~E/vt
VIREE ., METOSRIREIT, v I RE
SN ECBNT—ELT, AEICE,

-7z

MIRITEVFEHIERE (BB R OB E .
AR OHEMISIGREE ., FoOME, BT iHE
B) (BT AR TIX, AR O B ES R
TREHICABICBEVMVAR AL, K
ISR O BEE (HRBED 95—k v Z A L
LV REVELFFELVWEERSING) L&
BERETE VL Ao, IRTFHEERCIL,
BB W T, FEEEMIcE N TR
BORELNT, FEFROBEMEEZRT
R CH BRBERCIREA A BTz

LOAEL : 0.15 mg Mn/m® (A ZEA 22 0> 4] )

A =Ry
RV aw
N A
& T

115 A
BHAEEE
By
VAT R

SHIREE - 74 N

THICB T L~
BT AOKKERER
E
0.014-11.48 mg/m® (Z&{r
A4 0.225 mg/m®,
Hff 0.151 mg/m®, S
1.186 mg/m®)

W AR T A (PMy)
DU HPEE
0.001-1.27 mg/m® (%&{d
A4 0.035 mg/m®,
S 0.032 mg/m®, EH
0.122 mg/m?®)

T RFERIM ¢ 16.7 4

~vF KT EHFEAD
B H

74 FLOIEEE &k RREE
IER . BE L
BLERRE . Tt %K,
FREORESICELT

HBE

i~ o A PR EE DA fE I, REERET
FELLS@mholeh, R~ U RER, #
RO THERERL

FRBEMDECRAEMECRAL T, xHREE
MERA LR HEN 46 HED S B, ¥
o, BEhoRRE, RilE, IR, £ ok,
g HRIER, MERERERETEE, M. BIMINE.
Hugn 728 33HEH Y

BRI LT T E D~ o v hE 0 ER
Bz X, FoRE, E7H%) 2L

BRI BB I T MRATEN R RO
FRRE D BLEEAY 2R B RE MG R L RIS T A I B
BB & 2 LE LT OMAES, FOREME,
FATH A DI Be ), CFHN LV FRE S o
XrE RO T RAETEHELWVET

HRIROSIREE GBRk O i, fEERRIE DR
A CxHREE L ORI E 2%

LOAEL : 0.035 mg Mn/m® (A< 2 Afi 2 > ] I7)

Mergler et al.,
1994
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*F RAE M

PRI -\t BRI E R iR 3wk
B L85 1-35 £ (EY = 99 |8 oD arEa—FICLimEL 2 DOFSE | Iregren, 1990
BHEEE ) iR DI & % 70 A THRATEN A0S RE 2 3R
A =—F T UHDORKPRE | 7R, KISFEM ., K87 A b, finger
2 D R U AL L T | tapping T A T, MBREL D BRBEHOIZOIN
30 A 0.02-1.40 mg/m® CE¥IME | 45> Tuiz

=0.25 mg/m®, PR =
0.14 mg/m°)
WE I8 EREHL HDT
BTHLRERBREICKX
2Bk L
POl R o N T E
W, ftHEofEE, S5
R~y F T EE
60 ADIEER
B T.5% 1-35 4ERI () = 9.9 | Wb p=0.05 DFEHEAEMIZA S | Wennberg et al.,
BHEEE GRE 3 Mo Toh, BRBHECRE O R, BEMEMEEE | 1991, 1992
A z—F v | U HDORKHPRE | BEMNO LA T — DR, ZukEISME N
2 DT 1T U AL LT 0.02 | 3#ESE) (diadochokinesometric) DI T3 & 51
30 A ~1.40 mg/m® CE¥IME = | 7=
0.25 mg/m®, HRfE =
0.14 mg/m°)
WE I8 EREHL HDT
BTHLRERBREICKX
2Bk L
MERATEI RN, BRAE
B2 E) 72BN O FEAR
B o - ZIEET 27 | B, BERNDOKT Holzgraefe et al.,
DIz, #FOEM., 2 Uk | 4 BRZBICERZPIE LR, RX—F1 Y | 1986
AV T AORDYITHE | K &L LEERRESK 9 AR ICEH Db
~ AT A
(1.8 mg/kg ) %A > T
B SE A IR 2 2% (Total | 38 4.2 EfR G - &R L Mirowitz et al.,
51~74 &F parenteral nutrition, | 14 6.1 IG5 - AR R ESER ORI HIEE | 1991

(#4589 F) | TPN) L LT, w>Hv
B2 A % 5 MA~11 FERH (F
T N #%) 5.3 fE[#]) I
(=== W= Aol U U s | OB 1,000 #1&H7- 0 15~63 # T, FE | Lloyd-Davis,
40-124 A TIERHR TH C AR D | &i#E0D 1,000 #ldH7-=0 0.73 il & R THE L | 1946

~ T (41-66% 73
it~ > ) BHIC
Do THEE

A 8 EEH]
MLAHR~ TR
J¥ : 9.6-83.4 mg/m®

e <y R T R A 0D i R R S HE N
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PSE S S5l
PERI - A%

S RIS R

rﬁgm

B N

T xzu~vw i H
VR TE L
5 100 m B 7=
R (BAF,
HRE) &L 7
km B 75
® (LT, kT
) 12 5 Bk

~ VA EERSET
6*53\12/\/ X % FEIR =
FAETHREBIZONT
EE\ B MEITHE R A 22
BNDHME D CHEH
LT v r— & e
i RE R A

THH 5 300 m B/~
K~ Ao 5 H
[ S 2% B 1X . 0.0067
mg Mn/m®

B R A

TBYARICIE 9 EfE T, Mk, IROKER, &5
F 0 RIS, MEO AL B L D BEE A,
SHERICE Y ALV AN, B
THICHR bW EBICET AL, = IoE
DAEEID ., WEAORE MROBEENZ D
STz

JifiFs HE 1 AE

VY IE 9 E /T, KRR, B
itifE & (FVC), —#& (FEV-1) I[CAE e
N NSV Wi

%%‘% VXI5 YR D AR RIS A D AL T R 25
RIETEBIIEEO~ s & B L
Tb\é LR

Nogawa et al.,
1973

Jxua~w 2N
A E Y
5 100 m B 7=
R (LU,
HYR) &7

TJxua~x N UEET

W T ATEE NI
o, v~ H ok
HASE L. T80
®ﬁ%ﬁ%b<&§é

TG D e D B RAEIR, i RERR A S
AT UGE OB

Kagamimori et
al., 1973

km B 7= | -0V, JilR T
B (AT, R | AR ER LD X
W) WY ERE | DB L ERAE
EE 210-890 v g Mnim® @ | iFERE U SRR I Lucchini et al.,
flix O~ AALED 1997
(233 14.5 AF R R
(== ~ U H UM UA (CEE | BRI OBMN Lauwerys et al.,
Bk 970 1 g/m®) 1T 1-19 4ERH 1985
FeiE
(== BB 071 mg/m?, | SRR KIT TSR L Gennart et al.,

BRI ) 6.2 F)

1992

ND: ¥—# 7L

7.3 EBREW

WX S EME

731 AftEME

~ U R OVE DALE ) ORI D atkE M RBRE R A K 7-2 12T,

v~ AAREmE LT, Wlkv o Ty o TR UL, RilE~ T Zigbv v
T g~ T ORMEEE TR, BEREMITHT 5~ T R OZEDALEW O A #&
HAZ L B 2MEFMED LDso 1%, ~ 7 A Tl 275~750 mg Mn/Kkg (Shigan and Vitvickaja, 1971), 7 v
Tl 250~2,197 mg Mn/kg (Hazaradze, 1961; Holbrook et al., 1975; Kostial et al., 1978; Shigan
and Vitvickaja, 1971), E/LE v bk CTl% 400~810 mg Mn/kg (Shigan and Vitvickaja, 1971) T - 7=,
RN 512 & % LDso 1%, ~ 7 A Tl 16 mg Mn/kg (Larsen and Grant, 1997) T& v . JEHeN#
HAZ XD LDso ld. ¥ 7 A Tld 44~64 mg Mn/kg (Bienvenu et al., 1963; Franz, 1962; Holbrook et al.,
1975; Yamamoto and Suzuki, 1969), 7 ~ I 38 mg Mn/kg (Franz, 1962; Holbrook et al., 1975) T& -
7o

Wb~ o2k N &G Lol T, Hlnl & Zint

2, AL D BOEER LT
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(Kostial et al., 1978),

A BRAIEAKIZVE D LTctiifb~ > #  5~150 mg Mn/kg % 7 ~ b (fRE 100~5509) (ZFZ £ 5
L7-3kBR T, 150 mg Mn /kg %8 SN7-~ T AT, ~EZ by, ~< b7 Uy b, EHHRINER
BHEOABEZRBEMA LS, 5 OEIE 170 mg Mn /kg 2 FTERE T, #& 5 12 B #% IR KME %
L. 18 FEMR I I D BEFE 3 22 5407 (Baxter et al., 1965),

7 v M~ B ALEY 40 mg Mn/kg & BEEN G L 723 BR©. I A > 2 U EOED
MAE 7N a—A FAd) 3 PREO RN A Hivlz (Baly et al., 1985),

£ 72 <V HVROZEDILEYDOAMEREERBRER

<7 A Z vk ELEY b
&0 LDsy (mg Mn/kg) 275-750 250-2,197 400-810
750 (KMnOy,) 2,197 (MnO,) 810 (KMnO,)
275 -450 (MnCl,) 782 (MnSO,) 400-810 (MnCl,)

379/750 (KMnO,)
250-275/410-475/804

(MnCl,)
A\ LCs (mg Mn/m®) ND ND ND
R LDs, (mg Mn/kg) ND ND ND
kN LDso (Mg Mn/kg) 16 (MnCl,) ND ND
2T LDsy (mg Mn/kg) ND ND ND
JEIPEN LDsy (mg Mn/kg) 44-64 38 (MnCly) ND
56 (MnCly)
44 (MnSO,)

64 (MnSO4 . 3H20)
56 (Mn(NOs),)

ND: 7 —#72 L

7.3.2 R R OVE &M
TE LZH#HEN T, v~ ROZ DAY O EBREM 69 2 Bl & OVE &I B4
HRBRE SIS L LTV RN,

7.3.3 REAEME
BET LA —E DAY ) —= 0 TR T, ~ U Ui, ~ 7 A0 U o Ei i s s
ZRER SRS EOWMENDH DA (Ikarashi et al., 1992), FEAMITIARHTH 5,

734 REHELGFENE
< U H R ORZEDALE Y D EBRENM 6T B ARG AR E R A R 7-3 1T,

a. EO¥kE
al MRR~DEE
<A

~ U A GREAH) OFAERICHE b~ T o aEmeKE 6 PAMBUKKRE Lz, ~ To#&
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&I 60 A2 30ug/H, 90 HE TN 36ug/H, 120 HE TR 75ug/H, 7Y D60 H
M2 0uglH Tholz, MEEKRD R— 33 800 (120 B2 L), AT RLF U 80
(150 HAEZ L), REA=Y VEBBEOHEI, BREB O (90 H#EZRER L) NALRT
(Chandra et al., 1979),

HED ddY ~ 7 A2 b~ > H > 0, 0.2%Mn (0,275 mg Mn /kg/ H #H%; ARFEAGEHR) 25T
B C 12 20 A FHREE & 5- L 7238k T 0.2%Mn £ 58 TIKIZ F— X VB MDA E N
=V RO, BREB) ORI N5 (Komura and Sakamoto, 1992 a,b),

HeD ddY ~ 7 2 fgfb~ > A 0. 0.2% Mn (0. 261 mg Mn/kg/ B #H2Y4; AFEhEHRE) %
G EET 12 20 A FHRAE G- L 723BRT.0.2% Mn EG5HETHO K= 7 RLF U ro
W, 7T RLF U o, MOKEANA=Y UEEOBMAMAA S L7 (Komura and Sakamoto,
1992 a,h),

7 v b

HElED SD 7 v MHifb~ > > 4 KFu¥ 0, 25, 50 mg/kg/H (0, 11, 22 mg Mn /kg/H) %
GBLKREBAT v N R OFHAERICHA 1~21 H B £ CTREIEOES LR T, 37 > T
25 mg/kg/ H DL B GRS L D AR EEE N, ARESINENH] 234 5 4v, 50 mg/kg/ H #ECTRAKD
AR L OV NM T~ o T IREOBMMA A ST, HEW TiX, 25 mg/kg/ H LA E O TEE
FHz X D URMBEEM, KMOWES ., SR L OO~ > F RN A 5 v, 50 mg/kg/ B
BECIREMINE . KMOBIR TES. MO~ o PEEERAIN, BRERD R — 33 & &
WA DHILTZ, L L —MOIRRE AR R O 9 BAL AL 7 ) 72 e 3BT A H 72 v > 72 (Dorman et al.,
2000).

SD 7 v MZHifb~ > 4 KF ¥ 0, 10, 15, 20 mg/kg/H (0. 2.8, 4.2, 5.6 mg Mn/kg/H)
ZRTAE RIS AR, 24 HIEBREIRE 085 L723 BT, 20 mg/kg/ HEECHUR Tiotr =&
DM, MEEOTEFL Y AT T —BIGMEOK T A4 B4 (Deskin et al., 1981),

B SD 7 » F OFARIZHE (L~ > 4 KFu¥ 0, 1. 10, 20 mg/kg/H (0. 0.28, 2.8, 5.6 mg
Mn/kg/ B) % & ek % A% 24 B RIFROKE 5 U738k <. 10 mg/kg/ B #E THUE T D F—33
YEDWA, MEEEBRTEH O~ T RN A B, 20 mg/kg/ HEE TR T 0T 1
UV IKFEAL IR IE M DD 3 A STz (Deskin et al., 1980),

HAEWRT v b (IKE 40~50 g) ([2Hifb~ > B> 4 KFad % 50 1w g/t (0. 0.31 mg Mn/kg/ B A
WORFEAM EHLE) 60 ARG DG LB T, &G CMOBERIEMEOHEM, KNR'E &
BIRED =2 —u VEMRA LRI 1TH), (KE, IMEEICEITA BN ) > 72 (Chandra
and Shukla, 1978),

HeDF v MzHifb~ > H v 5K 0.0.54 mg/mL (0,23 mg Mn/kg/ H #H2; AFEAGEHE) %
ETe/Kk T 90 HMHKE L LB <, # 5 CMO BT 72 K— 33 VB /MM & KK
FETE T I UBCBERTE O T2 A 54172 (Subhash and Padmashree, 1991),

B SD T v Mt b~ > A > 0, 0.1, 1.0 mg Mn/mL (0. 19. 190 mg Mn/kg/ H FH 24 ; A FFAff 5
BR) ZE&teKk%E 8 0 AMUKE S Lo BT, 0.1 mg Mn/mL #:C, MK/ 7 KLY
VIRE . AREA=Y RO 0.1 mg Mn/mL LLEDORETIED 2 4T R LY R E DR
MEHEBDOS5S e Raf-of v R—/LEEE (BHIAA) O, AR EREFEH T Fux
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7 = = )VEERR DY, 1.0 mg Mn/mL BEC, FIM TR B R = RE DR A iz (Bonillaand
Prasad, 1984), AFFMHE TiL, MEED /LT R+ U U RBE, REA=Y VEEORD ., NG
DINT T U CREDORDE, MR R A~ D Z FRIEIC LT, LOAEL % 0.1 mg Mn/mL (19
mg Mn/kg/ H) &k L7z,

HED ITRC 7 v McHifb~ > > 4 KFn¥ 0. 1 mg/mL (0, 240 mg/kg/ B #H24; ASEEAlL E#a )
ek % 360 A MHOKEEE L2 BR <, 1 mg/mL # Cid, #IHICITRSEROAHEEYE TH
HR=NRI, JATRLF Uy REAZY VBEOYTF ey OWnT LR D #EmL
7o, BEHIRORKR EIZIE R—s3I> (240 HER)., /A7 KLU > (300 HiZ), R"EANZY
VB2 (300 HZR), L ONF v (240 HZ) OWTIOE & 3 EE & T L7 (Chandra
and Shukla, 1981),

Z DAL DOEY)

HED ITRC E/LE v b (4% 20 VL/EF) (2Hifb~ > 4 > 0.4.4 mg Mn/kg % & Tefial k< 30 HFIR
fEfE - Lol T, 4.4 mg Mn/kg BECH ROV OXEIE EROBEREESE, 77 7 > MU AR A
Ty A—8, NI —R6-T AT 7 X —EDOWLNH 5T (Chandra and Imam, 1973),

a.2 MmEHR~DF

YU DOREE, AMREOT v FE@EFEDOT y FTHRLIEERE S 5,

HE® Long-Evans 7 » MIZIUER{L =~ > 74 > 50, 400, 1,100, 3,500 ppm Mn (5. 40. 110, 355
mg Mn/kg/ B #14) Z & el EH, #% 20 mg/kg (BEE) &M% T 224 AR O &G L7k 217
72, 50 ppm Mn LL EORET, 24~100 HIZ/NERPER A H 4L, 100 H % OFI R IZ XMy L
DH (FLEAMiAKFEREFE) M OALP (T B VMHER AT 7 2 —8) M, 77 ) Kk OT L
TIVORYINRH LT, 224 BEOFRFEZIX GOT (VN I VA XV afiig h7 v A7
IS —8) O, Fra—2EOIK TR BT, 400, 1,100 ppm Mn T, 100 H # (T 1
HER 27 L7 F=UE, MG LR CBREORD A BT, FaR O ER &R TSk
T, #43% 20 mg/kg 7> 5 240 mg/kg IZHEE L TIT o 28 BREECIX. Mn GBI Db LT A
i T4, 400, 1,100 ppm Mn #£ T, 100 HE QMG 7 VT F=1ME, Ay U LK &
EEDOWRD DHRBHBNT, ZIDDFRERNG, BERRELTWDLEAIEL, BEOT v ek
LT, ~ o HrZ2I0ELWMViAL, ZOMBMER~DEENL LN EHE I
(Carter et al., 1980),

a3 HEMEAMB~DRE

~ 7 ATHig~ A2 0, 102.5, 205, 610 mg/kg (0. 37. 74. 222 mg Mn/kg/ H AH 4 ; A< ST
B 25tk A 3 MENRAE G U723 BT, 102.5 mg/kg BA EOREIZRE T O RE R A A &
#U7z (Joardar and Sharma, 1990),

< A~ S Y 7 A0, 65, 130, 380 mg/kg (0. 23, 45, 132 m g Mn/kg/ H #H4;
RFLEHR) 2 EteKkE 3 EMEUKE S L7z BT, 65 mg/kg UL EOREICHK DO TERE R
M 57 (Joardar and Sharma, 1990),

HED ICR ~ 7 A Z Rk =~ > 7> 0, 1,050 ppm Mn (0. 160 mg Mn/kg/ H #H 24 ; AGTAfh =4
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HW) &k A 3 EIAE, 90 B RIS LB TR 5REIC B RS EBNAD . R, B0 o,
TR EREOBADNH LT (Gray and Laskey, 1980),

a4 Do

Mk > BBC3F, ~ ™7 AICHiE~ > 4> 0, 1,500, 5,000, 15,000 ppm (: 0. 94, 312, 937 mg Mn
/kg/ HFHY . M 0. 94, 315, 944 mg Mn/kg/ H #HY; ARkl E#HLE) % & ikl & 2 4 MR &
B U723 BT, 1,500 ppm LA O FECHMEZ AR T HINNH 23 7~ 5 41, 15,000 ppm B T MEREICH O
Al E B O AL FRAR A BB R 23 & B 472 (U.S. NTP, 1993),

FrAR ddY <= v 2 b~ > T 4 K Fn¥ 0, 200 mg/L (0, 18 mg Mn/kg/ H #H 24 ; ASETAM 4t
) #&teKkE 3 HRICOEVBKES LRABR T, G CTCARLEERBITHRBE I
(Ishizuka et al., 1991),

ERZ7 vy MEBRZ Ty Mk~ T 4 KFn4 0, 10 mg/kg (Fak}) (0. 2.8 mg Mn/kg/ H
FHY) % 15 AMARGIREAKRE L7 BT, REHEOIER 7 v MECREIIA SN0 o T2,
BRZ T v MEETIEL, IFBA OVEIRD 5 - i, JFlie o280 & A 7 67z (Chandra and
Tandon, 1973),

Long-Evans 7 » hizHE{k~ 770, 0.025, 0.050 mg/g/H (0. 6.9, 13.8mg Mn/kg/H) % #r
ARV AR 21 H I GRERE 05 L7238k, 0.025 mg/g/HLL EDORET, D~ > T RED
AN A 5 #u7= (Kontur and Fechter, 1988),

K> Wistar 7~ MMZWEE{L =~ > 77> 0, 200, 2,000, 20,000, 200,000 ppm (0. 6, 70, 750,
4,800 mg Mn /kg/ H FH; ARFHEHE) % & Tefiklt 2 28 0 MIRAF# 5 L 7238k <, 200, 2,000,
20,000 ppm CHEHMPHI A2 S 4L, BAFEOE(LITA S iv7ei - 72, 200,000 ppm # TR E
Je OBl 8 OWb A3 %4 5 7= (Exon and Koller, 1975),

Ty M~ AU A0, 1, 10mg/kg/H %2 9 s A M O 5 L-ikBr ¢, & 58T
SN DA I3 2 B AT (Shigan and Vitvickaja, 1971).

HeD T T3 7 i b~ > B 2 4 Kk 0, 25 mglkg/ B (0. 7 mg Mn/kg/ B AHS) % &Te/K %
18 /H MEIOKIE - LI ©, B GHICB W THIROESS, TROBEE, Ko BE o aFEN kL
DA 57 (Gupta et al., 1980),

b. WMARE
b.1 #ER~DEE

KD w2 gk~ > 0, 400 mg (CEEIRIR Sum) AR AEEK 1.5 mL IZEE S,
W ANFREE LT T, 24 DA%, BERECHMANDO R—="I U RO VT RLuF U RO
D Zma—a ER RGN EE IR, B, BE 0N A BT (Mustafa and
Chandra, 1971),

HED ICR =7 22 b~ Ay (LA Kifk 1.5, m) & 0~12 # % T 49.1 mg Mn/m®,
13~32 ¥ E T 85.3 mg Mn/m® (0. ) 72 mg Mn/m3 FH 24 AFEAHEHAEL) % 7 BRI/ A .5 A/,
16~32 WA AZFE L7-3BR T, 72 mg Mn /m® BETHLHE « BT « il « RBM « /N4 - it - 5B
YA REDHENR A SN T, BEHIF ORI L & BIZTFEFSE L TEOMmSRE D~
ToWEITRAD Le, 70, ~ U B BBERECIHEAEREM, A—70 7 4 — )V RTHLRICR
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WATENOHIN & | WIRFERIOIE R DNBIE S 722, WEMRFIOMRAE CIIEB I A Lo
7= (Morganti et al., 1985),

b.2 MKFZ~DE

WMERED Z » Mgk =~ H > (BT A : K8 011, m) 0, 0.012, 0.11, 1.2 mg Mn/m® %
970 A W A £ L 72385k T, 0.11 mg Mn/m®B¥ T HEIZ MR AR M ER L D I8 b K OV i Bk Ak o 80
MElZ~~ b7 Uy ME, ~E 7 1 B URE CSEYRMERANE 7 m B o, EEIR M ERERE O
NG BT, 1.2 mg Mn/m® BETIZR MLIZERD ST, HEC~F 7 o B U, RimEkE, ¥
RMER~E 7 2 B, SEYRMERANE 7 v B REORIN, FEARMERAEOWD, KY
FRfE, MEIC~E 7 m B RE, ARMEKE. EHIRMERA~T 7 v U REOHM, SEYIR M ER
KEOWA, HIEEEO DT R MMN A 57 (Ulrichetal., 1979 a,b), LA LD X 5 Zefr A
HHILTWDEDN, FHIT TR TOMBFIEARN AT N 7aX 2=y~ NI h
VAR =V DOBRBEIZ Ko T M0y 3 A S ELBRICHE END —BILRFBIZL D EZZTWDH, it
ST, ReHBEILZ OF —% 035 NOAEL 3% 7E L7\,

WERED Y gL =~ > H > (B U A : Kif% 011 m) 0, 0.012, 0.11, 1.2 mg Mn/m® % 9
P H R (AR WA SEEE L 7-3RBR T, 0.11 mg Mn /m® BE TR AR MR B DI . SR FR ML Bk~
ey EOHM, 1.2mg Mn/m® BETAE 7 m B VRE, PERMER~T 7 0 e PR
MER~E 7' v B REOHEMMNA L (Ulrichetal, 1979 a,b), LA ED X 5 22T R34 54T
WAHNR, RHlETT v N EAWZRER & RO —BLIRFEIC L HRBEREETE RN D,
ZDOFT —% 5 NOAEL 3% E L72Wy,

b.3 FERER R~ D

WMERED SD T v M b~ H > (B U A : R 27~3.1um) 0, 68, 130, 219 mg/m® (0.
43, 82, 138 mg Mn/m®) % 6 ¢/ H ., 10 H Wk A% L7-#B <. 68 mg Mn/m® }f C i fiu & 5
BT R JR U 7= RV MEG 2 28 2 S 40, 130, 219 mg Mn/m® T O RV REEA B L, ik 4E T
7= (Shiotsuka, 1984),

WeDT 7 7 b~ v (B U A) 0, 0.7, 3mg Mn/m® & 22 iR/ H . 10 2 B A
BB 21T 2B T, 3mg Mn/m® BEIC 4 A BICIICHER O B R Bl S, 5 A
12 0.7 mg Mn/m® BEIZ & [FIRE D S e B MBI ER S LTz, IR BALAR 2 A IS I R IS B ORI U o o3
KAk OWIZ R, MO RE ~DORB W EILS . B < ORRE MO HE, K& XA
R OWR, IR, SE, XA BE S, T OEEKEIT 3mg Mnim® & 5RED )
MR EMoT (Suzukietal., 1978), ARFEAME Tk, PR ~DOREZIEME & LT, LOAEL %
0.7 mg Mn/m® & i L 7=,

c. FDMDBEERK
ITRC 7 v NMIHiEE~ > H > 4 KFu¥) 0. 6 mg Mn/kg % 25 H RIREFEN# 5 L 72k T, Tl
THULFEAROEFE D 5 o 1, FFNR O BOREEIE KB DA 7z (Singh et al., 1974, 1975),
KD ITRC 7 v McHifb~ 2772 0, 6 mg Mn/kg % 28 H FIERENIE G- L 7= 3B <, FlE & O
MoansfgEsre Fasrr—8, ¥ b7 ABREEEOIK T2 54v72 (Khandelwal et al.,
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1984),

A LT X g b~ > (R 5 m BAT) 0, 250 mg/kg & RUE NG L 723 T,
s oM, BBRTOT7T /v hUKRAT 7 X —F (ATPase) K Na s @Es e R/
—E (SDH) DOIEMEAL T2 A 47 (Sethetal., 1973),

e W\t b~ > A v 4 K FI# 0. 3.5 mg/kg (0. 0.98 mg Mn/kg) % 30 H REIFIRIN X 5- L
TeRBR T, 5 H BITHME a7 i KFZHEROME L SN, 15 H H CTHEOZEMER 2
bivic, MO~ T wERIIRBME MO = XL X -GN EIND Z LICL 0 EROA
FEMSREZ K T ¥ 5 Z Li2H D (Imam and Chandra, 1975),

Cebus /v 3 CIZHE b~ H > 4 KF0¥) 5 £7-1% 10 mg Mn/kg % 450 HEIOH T, 6 £721% 7
BRI G (57t 50~60 mg Mn/kg) L 723BR T, 3 IEILICOMRBER, BE DO~ 0 o RE
O LN, IRER 2 7 5 7= (Newland and Weiss, 1992),

DT =27 A4 Pz b~ > > 0, 0.4 g MnO,/[E] 4-5 kg (56 mgMn /kg/lal) % 4 »HHT
NEETFHREGL, Z0dE 12 0 ARICHER TG LB T, 4 2 H O% 5 N i E
DIATIN I B AVT= (Eriksson et al., 1992b),

HeDH =27 A4 PN b~ H > 0, 200 mg Mn/[E] % 26 2> A BT 13 [l F&RE L, F—
NIV LT E—HEOEAZBE LTWBR T, KIMORIRE & D F— 33 RS E OB
VR BT, ZHUE R =3 AR ORI~ o BREBICREAZZ TR T W & &
~ L TW% (Eriksson et al., 1992a),

Ukt v W AbEMOKERSHEHICE LT, A& ik, Hlk~ry o, bk~
v, Mgk =~ T, R~ Tt~ o o2 HBE L TERABRHRE R H 5, i
O EEHIZRE AINCRIGET 5 & MR R~DREL LT MNO F—"I VAT R v
REN=Y CBOHIE, S —F Y IEBERERE R O TEI ~D R L LT, B ET ORD
SR DOEDR LN T WD, MIRHR~DOFEL LT, NEREAMA, AR ~DEEL L
T, HETHBEER LN,

W AZREE T, b~y Mgk =~ >, Bk~ 278 LERBRHRENH
e MUADRBIZL>T, MRBA~OEEL LT, F=NI VKR AT RLF U VRBED
W, W~ 2 77 APRE DN A Hdv, ITE~DOREL L, s2b B3 0ATE O 4
T D, Fio, MERERRA~ORE L LC, M5, fifi itk ¢ RE ML o858, MRR A b,

MEENE G, KBNS, BIRNEES. B TR T, BOSBRATAH LD EERMEWA
BTHLNTWVD, $HETOMOEEL LT, at, IFROBELERLLN TS,

INHOHREOH T, HERDZ v F THOBRIEEON, KIKEE L ERED=2—n
VEMEN, FUL Ty NTHRUEKEOER, THFY IV THREORES, TROBE, BEoD
BRI EFRHER~ORERRHETA DN, RAFHMEETIX, 7> Mok~ o
Vi 8 A MBUKE L LB T, MEERD /LT KLU RE REANA=Y VRO,
D 2 VT R LG U CPREE DR 7o 8RR R ~D 2 A 0.1 mg Mn/mL (19 mg Mn/kg/ H)
BERECTAH LN, #0 LOAEL (X 0.1 mg Mn/mL (19 mg Mn/kg/ H) & ¥4 5,

W AFFE L, v E VT2 10 A OB AGRER T, ORI Y > kORI, Mo ME
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DI W E LG 5 DOk

K 7-3 U HUROEDEYMOREREFERBKE R

PERITHE N B, NOAEL 1% 0.7 mg Mn/m® & HIlr9- 5%,

BpFELS | B G| B B b & il ES BN
k&4
BOgs
~U A |Ro&S |14 HE 0. 3,130, 6,250, (25,000 ppm U.S. NTP,1993
B6C3F, |(IRAH) 12,500, 25,000, | M FET(L/5 E)
EHE MnSO, 50,000 ppm
5 JL/RE (107-2,746 mg/kg/
A #H24)
<~y A oL |3 0. 102.5, 205, 610|102.5 mg/kg LA Joardar &
(IREH) ma/kg K1 DR R Sharma, 1990
MnSO, (0, 37, 75, 222 m
g Mn /kg/ B AH%;
AL E )
~UA |RHE |3 EM 0. 65, 130, 380|65 mg/kg LL I Joardar &
(&K) mg/kg BT oOWEe Rg Sharma, 1990
KMnO, (0. 23, 45, 132m
gMn /kg/ B AH % ;
AR FAIG A 5
~U A |RROo&S |90 HIE 0. 1,050 ppm Mn|1,050 ppm Mn Gray & Laskey,
ICR (IREH) 3 [8]/3E (0. 160 mg Mn/kg/| H FEIEB 1980
i3 Mn;0, HOAE Y A FEAG 2| KR, K50 9 | R IR E R
HH)
~U A |ROo&S |13 8 0. 3,130, 6,250, |/ U.S. NTP, 1993
B6C3F, |(RfH) 12,500, 25,000, |3,130 ppm LA L
i MnSO, or 50,000 ppm VN ER ey |
10 DT/ (107-2,746 mg/kg/(50,000 ppm
FAR ) I E fid, ~~ h7 Uy MEK
OANE 7 B EUREEOWA, H
T OB AL & F4 B HE A
i3
50,000 ppm
RESMAME, ~~ r27 Uy MEK
OE 7 B R EH OB
~UA |05 |100 AR 0. 0.2% Mn 0.2% Mn Komura &
ddy (IRAH) (0. 286 ARILERSE K OF A i BR AL 0 ) Sakamoto, 1991
i3 MnCl, - mg Mn/kg/ B F8| A EE SN0
8 IL/HE  [4H,0 R )
MnCO; 0. 0.2%Mn 0.2% Mn
(0. 264 ~< b7 Uy MESI, BIEEER
mg Mn/kg/ B 8|4
AR R A 4R
MnO, 0. 0.2%Mn 0.2% Mn
(0, 271 [ 1 Bk > I8
mg Mn/kg/ B #H
Y AR R A R
~U A |ROELS |6 A/ 0. 60 HF»% 30[30 H# Chandra et al.,
BAER (k) pglH,90 HET| MEHD F—rS3 80 (120 H1%|1979
MnCl; 28 36ug/H., 120 EERL)

HETH 75ug/
H. %Yo 60 H
M72390u g/ H)

VT KLU 80 (150 A%
i L)

RENR=Y UEREO M
H 3 EE O (90 A #

B L)
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BipFES | B G HE| B 5 B b ik ES SCHR
L& W4
~U A RO#ES |1222A8 [0, 02 % Mn [0.2% Mn Komura &
ddy (TREH) (0. 275 oD F—83 > Ol . o & £ -3 |Sakamoto, 1992
i MnCl, mgMn/kg/ H FH| =V CEREOHI, HIEES O (a0
5 PL/#E ATl A )
MnO; 0, 0.2%Mn 0.2% Mn
(0. 261 D K= od, 7 RLF U
mg Mnikg/ B 8| DR AT RLF U oo,
WoOKFHERE) | MORE A=Y CERE OB
<~y A RO |2 4/ 0. 1,500, 5,000, |1,500 ppm 2L L U.S. NTP, 1993
I I (IRAH) 15,000 ppm W A B HE N
B6C3F; |MnSO, (#:  0,94,312.(15,000 ppm
937 mg Mn/kg/ H .| MERE: H ORTEBOBRE.
e 0,94, 315, FURREROD A R T2 Rk
944 mg Mn/kg/H
FH 245 A B Al 5 4
)
~U A |REOEE |3 it & (0. 200mg/L 200 ppm Ishizuka et al.,
BAER (k) LTH#E  |ppm L TE TR AT 1991
ddy MnCl,- IR 18-19 g
4H,0 JRAY 0.006 L/H
(18 mg Mn/kg/ A
FH 25 A B Al 25 42
)
Fv bk  |RO&EE |14 HE 0. 3,130, 6,250, |50,000 ppm U.S. NTP, 1993
F344/N  |(IRfH) 12,500, 25,000, | WEKE: I AREEIIEG
i MnSO, 50,000 ppm
5 DL/ (K
32-542 mg/kg/ H |
I
37-621 mg/kg/ A
1H4)
Zw b iR A |15 H 0. 10mg/kg/H |10 mg/kg/H Chandra &
(IE#) B b (0. 2.8 mgMn/kg/| E# T v b @ Ba1E74 57 h - 7= [Tandon, 1973
7 v b MnCl,- H) BRZZ > b FBRE OB D 5 -
(#BkxZ) |4H0 i, AR OZEM:, AT
Zw b |HEHIFE D |H4A%% 21 A0, 0.025, 0.050 mg(0.025 mg /g/ A LA E Kontur &
Long- Eiteca ] gl A B4 o>~ o A7 L EE B A Fechter, 1988
Evans MnCl, (0. 6.9, 13.8mg
Bl Mn/kg/ H)
v b |RO&E |21 A 0. 21, 71, 214 mg|21 mg Mn/kg/ A Rehnberg et al.,
long- (#K) Mn/kg/ H PREEHE AN, 561 SREGIN AR M ER S, ~[1980
Evans Mn;O, ~ R~ Uy ME, ~EZ BRI
s
7w b |FEEIRED [T~ M0, 25, 50 mo/kg/ |k T > b Dorman et al,
SD g5 B OB ARIA 25 mg/kg/ A LA E 2000
93 MnCl,* (4% 1-21{(0, 11, 22 mg Mn TEE RS X 5 R4 s
4H,0 H) /kg/ B) A FE NPl
Bz 50 mg/kg/ A
GGG ALY KIMOBRGR, I~ T B
Zix~A1 7 Hm
o ey k
i LT AN
) 25 mg/kg/ H LA

BB BN X D R 2808 N

KMOWFEE ., BEIEK, MO~
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RS | # 5G| 50 b & i xR SCHk
L& 4
A BE SN
50 mg/kg/ B
IREIEINENS . R OER THE,
INWED~ T PR EEHEIN, BRERAA
D R—=RIEBEOHM
—RRAE AR e OV % 5% 0D 3 BRAH A 5 HY
ZibZz L
Zw b | O #4840, 10, 15, 20 |20 mg/kg/ H Deskin et al.,
SD #5 %24 A | mg/kg/H BRFEHMOE T = BRI, #1981
MnCl,+ (0.2.8.42.56mg| EO7EFLAY 2T T —PiE
4H,0 Mn/kg/ H) PEDOIRT
v~ |Rofs #4440, 1. 10, 20 mg/kg/|10 mg/kg/ H Deskin et al.,
Sb (#ok) (%24 PR A HIR T D F— 82 oy, #5[1980
i MnCl,- (0. 0.28, 2.8, | HRIKLBURTE D~ > 7 2 LN
4H,0 5.6 mgMn /kg/H) [20 mg/kg/ H
BUR T D F v o v kiR LB TE M
D
Sy b |[Rogs (28 AR 0. 200, 2,000, 200, 2,000, 20,000, 200,000 ppm Exon & Koller,
Wistar  [(JE£H) 20,000 . 200,000| (RGP, AT RA LA HH|1975
1k Mn3O, ppm ot
(0. 6. 70, 750. |200,000 ppm
4,800 mgMn /kg/| {KE Kk OMEAE & DD
H AR 2 AR Al
)
v b |[Roks5 (30 A 0. 1mg/mL 1 mg/mL Chandra , 1983
ITRC (k) (0. 140 mg/kg/B| ZEATBIOITHE, MEAK F—I
MnCl, KA AR | ORHIEIETTHE, F e o BN,
) AEANA=ZY CEEOHEN
subcronic  ( wistar
rat)
A 32mL
{8 200-250g
v b |RO&E |44 B 0. 150 mg Mn/kg/|150 mg Mn/kg/ Kristensson
SD (#K) A MAMR L RIE T ok = U fig| etal., 1986
MnCl, DA O~ > A PRI, &
BhRFH, BEE L7 R E 7R R B
Zw b |RRO#5 |4 49 A (0. 20, 50 mg/kg/|{50 mg/kg/ H Brenneman et
SD (FRK) H(. 11, 22 mg| HREITEIO¥EM al., 1999
MnCl, Mn/kg/ H)
Z v b iR A |60 H 0. 50 g/Pt 50 1 g/PC Chandra &
B R 21| {4 H 40-50g Ik o0 P 3 T 1 0> 86 Shukla, 1978
H MnCl,+ (0. 031 mg Mn| KRINEEELRRED=2—1 2%
4H,0 kgl BAR Y ARFEAG | ATED, fRE, MEREICE(LARL
)
vk mOoss [228M 0. 10 mg/mL 10 mg/mL Bonilla, 1978b
SD (R AK) (0. 595 AR D GABA(y 72/ b BR)D
MnCl, mg Mn/kg/ H 48| B0
2 A AL T )
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RS | He 5515 | F 5 B it PS SCEk
{b&4
vk wos [222H 0. 1., 10. 20 10 mg /mL Leung et al.,
Wistar — |(#k7k) mg/mL 2 A . REREEIC H TN N {1982
i MnCl,- (0. 280. 2,800, | twu h=rOED»
4H,0 5,600 mg Mn /L)
7 vk FO®E |10 8@ 0. 200 mg/L 200 mg/L Wassermann &
(#KK) (0. 88mgMn/L)| FET-BAMEIC L5 & IFIRANIL <% | Wassermann,
MnCl, TR IZ 25 L, /NEE RO T /| 1977
RO, BE O DL CEEMm, £
i RELEBETEEXATHI b
VR U T oM
7 vk BOgs |90 A 0., 0.54 0.54mg /mL Subhash &
albino (B K) mg/m L D R i 28 K —23 X & /) [Padmashree,
i3 MnCl, (0.23mg Mn/kg/| B & KEdRE T /7 3 W et |1991
5H,0 A MY ARG | EHOKTY
D)
7 v bk BOogs |13 HEH 0. 1,600, 3,130, |k U.S. NTP, 1993
F344/N  |(JRAK) 6,250 . 12,500 . (3,130 ppm
MnSO, 25,000 ppm IR B B A ERE oo s
(K: 0. 110-1,700(6,250 ppm LA
mg/kg. ~~ b7 Uy MESSIN, FRMERE D
W 0. 115-2,000(40
mg/kg FH4) U BRSO
i
3,130 ppm LA |
A HRERE O HE N
6,250 ppm LA
RESEMIEH, A ek
U BRI
25,000 ppm LA |
JF ik 2 B ko)
7 v bk mags 920 A 0. 1. 10 mg/kg/[1, 10 mg/kg/H Shigan &
KMnO, H AR 5 D ZEAL Vitvickaja, 1971
Fv b |BAES 224 HH 50, 400, 1,100, (50 ppm Mn LL L Carter et al.,
Long- (IRAH) 3,500 ppm Mn 24~100 H 1980
Evans Mn3O, (5. 40, 110, 355 JINBR M I
e mgMn /kg/ ) 100 F #%
*JE’“’?%*‘ 7 20 e Felk % LDH (FLERLAK %BER) ROk
mg Fe/kg L U MR 2 —
e 1) ALPfE (T H UMERAT 7 4

) o, se7 U U ROT IV
7O

224 H %
(NERPER M1 [E118)
GOT(Z/ V4 2 VA Y v Kk
k7 2T I F—B)EOEM
T a— 2 fEDET

400, 1100 ppmMn

100 H 4
MG 7 L7 F = EOHD
MiFH N T DR ERAE D

/}\

51




RS | He 5515 | F 5 e s it PS BN
/e
50, 400, 1100, |400, 1100 ppm Mn
3500 ppm Mn 100 H#
(5. 40, 110, 355| [MiE 2 L7 F = L EO WD
mg Mn/kg/ H) Mg V> T KR ONTE U o RE O
Wy
240 mg Fe /kg
(38 fE)
Zv b |BROES |82 AR 0. 10 mg/mL Bonilla, 1980
SD (oK) 10 mg/mL 1A%
MnCl, 30.6 mL BISs, HN, RO Fr v K
K 150-2509 | Fe{LmESRIGTEO#N
(0. 670 mg Mn|8 A #%
kgl B R 4 AR TR S 4R 1R o 2 b
Al )
Z > b Oofs |18 AM 0. 0.1, 1.0 0.1 mg Mn /mL Bonilla &
SD (BK) mg Mn/mL MGIRD 7 VT R L)Y g 7k [Prasad, 1984
i3 MnCl, KR 37 mL ENR=Y UEEORD
{K# 150-250g |0.1 mg Mn/mL BL |
(0, 19, 190 RAED 2 VT R LF U o E DR
mg Mn/kg/ B #H| S5 & #&D SHIAA(5-hydroxy
MOARFEMGERLTL) | -indolacetic acid) o> g/
MEREBRTH T RrXo >
= = )L FEfE DA
1.0 mg Mn/mL
FRMCE R R = EE O
LOAEL: 0.1 mg Mn /mL
(19 mg Mn/kg/ B ) (A< A 3 D 1)
7 vk Ofs |265 A 0, 10g/L 10g/L Eriksson et al.,
i3 () KT 0.523 kg 60 H [#] 1987
MnCl, BAEE 62 ML/E |[REEO~ o H o RERN
(0. 330 60,165 A [
mg Mn/kg/ B #H RO F— 33
WK 2T 2 #a| 100,265 H
=9 BIREED R— 33 s g
7wk FRoh 1360 H 0. 1 mg/mL 1 mg/mL Chandra &
ITRC (f k) (0. 240 mglkgl| FIHNCIE. MGk o 4 BEIE 49 <|Shukla, 1981
i MnCl,- BAR Y ARFEM & D F—XI 0 S AT Rl
4H,0 ) REAN=Y VR ROTF a s AN
(32mL/H 30 B | L7223, EHROZHITIT F—33
43mL/H 60 AR | (240 HZ), /AT FL-F U /(300
55mL/ H 270 H| B#). ST =V UEE(300 HE), K&
i) F 1 2 (240 H %)
v |[Bph (65 0. 1 mg/mL 1 mg/mL Nachtman et al.,
SD (k) (0. 52 mg/kg/ HAH| 5-7 BE T, HREEBIOHM 1986
T MnCl, WOREGEMRE) | 8IEM T, HE
14-29 JHR] o - Hhiee BLEE 4 D 52
78R
41-65 A [H TEIE
Zv b |ROEE |2 R 0. 1,500, 5,000, |15,000 ppm U.S. NTP, 1993
F3444/N  |(IRAH) 15,000 ppm TP PR L BB RN
i MnSO,

(€:0, 43, 144 |
431 mg Mn/kg/ H |
Mt 0, 50, 167,

501 mg Mn/kg/ A
FH 24 A F AT 2 4L
)
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B RS | B G5k 5 58 #E PS SCiik
L&
Z v b BORS |2 4/ 0. 1mg/mL 1 mg /mL Lai etal., 1984
Wistar (B K) (0. 34 mg/kg/ B FH| MO F—s3 3 R
I MnCl,- YR FT AT )
4H,0
EE v|ROES |30 AR 0.4.4 mg Mn/kg/|4.4 mg Mn/kg/ A Chandra &
b (IRAHT) A R OV O R I iz 0> BE 5.4k 4| Imam, 1973
ITRC MnCl, W, 77 /2 N TH AT 7 H—
i3 Y, SN aA—R6-T AT 7 H—F
(% 20 T/ DR
)
P SR 0 |18 22 A [0, 25 mg/kg/ A |25 mg/kg/ A Gupta et al.,
VR e (0. 7 mg Mn/kg/| FHPIOETS, TR OB, o BE (1980
b MnCl,- H) RIEESES
Vi3 4H,0
(4 Pt
Xt HAHE 4
Ve
PN
AV W A ZZ |1 [8] o $¢ 510, 400 mg/1.5mL |400 mg/1.5mL Mustafa &
Ji3 MnO, % CEFEREHAKICE (24 1A% Chandra, 1971
24 A 1% 0 ) WNOD R—RI R LT LT
JEREIEE |{KE 1.5 kg VREOWRAD, =2 —1 Hk,
CEXRIBE 5um) | RIMBE. NMRE, BRI, #.
(0, 170 mg Mn/kg)| BEDZENE
<7 2 Wy AR RS A LA 07y m |69 mg Mn/m® Maigetter et al.,
ICR MnO, v 70, 69mgMn/md | FELC ORI, AEFREOWBA . fio|1976
i B4R EEEOMMER~ 7 a7 7 — YK
PERE 1% 3-4 oY V- 3/ XY = WAL OY s )
H [
3 R/ H
15 43/
~ A WARTE [16-3238 [BMUA:15um [72mgMn/m® Morganti et al.,
ICR MnO, 5 H/E 0. MR« HF « il - RAM - /K - ke 12 (1985
i3 7 B[R 05 12 | OREPO~ T BEDRN, IF
< 491 mg| BoO~rHUREIZEMBICDEZY
Mn/m3, 1338726 | BB AR, BSHMoRE L &
32 ¥ T85.3mg| BITHFZAISE L TEOMAIRE D
Mn/m® ~ PR
(CF¥y 0, 72 mg| JRERMRRFERRZE LA L
Mn/m® FR 2 AEE|  RTERN . REITEN OB, BRI
il 4R M OIEHE
v b |RARFE |10 A ¥ U A 2.7-3.1 4 |68 mg Mn/m® Shiotsuka, 1984
SD MnO, 6 HEREl/ H m fii e A8 RIS C oo R R MR A A%
e 0. 68. 130, 219 mg|130. 219 mg Mn/m®
Im? Jiti > FVEBEE AS B0, it %
(0. 43, 82, 138 mg
Mn/m°)
Z > b W NEFE |19 A ¥yUA:011u m [0.11 mg Mn/m® Ulrich et al.,
i Mn30, (ELf5E) 0. 0.012. 0.11. |#E: MR MERE O A EkED|1979 a,b
1.2mg Mn/m® |80
M~~~ Uy M, ~EZBE S

A, EERMERA~T o v,
SRR 1 R A AE 0 8L

1.2 mg Mn/m®

B ~F 7w v RmERE, F

WARMER~E 7 10 o &, Wik
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RS | &5 k| 50 e & b PS SCEk
L&
Bt r o REOHEM, SEHR
MERBAEOWA . ALY B2 iz
M ~E 7w B URE, RmEE, F
PR MER~F 7 o © B ORI,
ERRIMERAFE OB, IFlREED
pok aViRYAS: L)) I
UEDXS>RBpiARHZLATVDS
N, EHITT RN TOMBFNEET
E LTS, ARFEMEIE Mn04 128 F
N5 CO Ik BMiRFMNENES X,
ZOT—H D5 NOAEL IF3E L722 W
X [RARE [4-6EE U A08um [3.9mgMn/m® Camner et al.,
NS MnCl, 5 A/ 0. 1.1, 39 mg| fMild~2rw>77 =YK 1985
1t 6 WrfHl/H |Mn/m’
L N AL ¥y U A 011, m |0.11 mg Mn/m?® Ulrich et al.,
M Mn;O, (ELf?) 0. 0.012, 0.11, | MRFRMEREL OB, FHEFRME~|1979 a,b
1.2 mg Mn /m® Era RO
1.2 mg Mn/m®
~NEZ O EURE, SEERMERA~E
Juavrg, EHRMER~NE oy
1 EE DN
LEDOESBRFTANRAZLINL TS
N, FFIT TR TOMIKFRIELE S
ELTWD, AFEIEIL MngO, 125 E
N5 CO L DMEFMENES X
ZOTFT —H 5 NOAEL IH52E L7\
v WAREZ 102028 [BLA 0.7 mg Mn /m* L) I Suzuki et al.,
7 7 7 (MnO, 22 BEf/H {0, 0.7 . 3 Jifi L MR 0 B R LRk |1978
v mg Mn /m® MO Y SRR OB, il
i DORVE~DOREBEWEILE. 2D
BHRERELMEO BB, KREXAND
RHROME ., MiREEIRE, <iE, &
it
LOAEL: 0.7mg Mn/m*
(A A 2 ] 97)
L W AR |2 4R U A 30 mg Mn /m® Bird et al., 1984
7 17 MO, 5 H/i#H 0. 30mgMn/m® | BB WITERT, F— I fED
L 6 ¢/ H 2%
i3
(4
Xt HAHE 4
V)
Dt
i e P9 ¢ 5
7 vk I8 I PN k|25 B HE 0. 6 mgMn/kg |6 mg Mn/kg Singh et al,
ITRC A g C L EIROERE D 9 o1, fif[1974, 1975
MnSO,- fige D BLIREEFE, KB DM
4H,0
7 vk i e PN |28 A 0. 6 mgMn/kg |6 mg Mn/kg Khandelwal et
ITRC =3 JENR R QMM D =~ 7 85 & R e 45 |al., 1984
1 MnCl, —¥, ¥ ABEREEEOKT
Z v b Jig fze PN #%(30 H [ 0. 6 mgMn/kg |6 mg Mn/kg Chandra et al.,
i3 5 B RIS 25k 1975
MnSO,+
4H,0
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RS | He 5515 | F 5 e s it PS SCHk
b&Ews
Z v b JIE 1 PN 8|30 A 0. 3.0 mg Mn/kg |3.0 mg Mn/kg Scheuhammer &
SD 5 Cherian, 1983
MnCl,-
4H,0
KENE G
THX K E WL Blo# 5|0, 250 mg/kg 250 mg/kg Seth et al., 1973
() 5. % (0. 110 mg Mn| FEAIE DM,
24 /B |IMnO; 2. 4. 6, 8|/kg) 1R &. AT,
pogiyiss 2 A 1% O WHEOTF ) FURAT 72—
24 JU/RE BN € (ATPase) K 'a 7 g7 b R
7 F—+¥ (SDH) DGO
FrRN & 5
4 X R N B4 R/ R 0. 16 mg /kg Khan et al,,
v—2s |5 4 AR 16 mg /kg WEM, TR RS, RIGME, EAEE (1997
HE MnCl, (0. 7 mg Mn/kg ) [J8i/0 BCEHAESERE LA D if)E o
(F58 3 JHEH e o> 5
"R
PR 3
VL/HE)
TR [ R Y $(30 A 0. 3.5mg/kg 3.5 mg/kg Imam &
1t 5 5, 10, 15, [(0. 0.98 5AH Chandra, 1975
MnCl,- |30 A E4 %5 | mg Mn/kg ) FERE =2~ 7 BRI K SR R 3 D[R
4H,0 15 HE%
K D2 M
WD~ 7 T, R A
DI NVX—ERPIEIND Z &
IRV IBROAEEREEZR T2
b5
g B R PN 8|7 B 10-14 mg /kg/#  [10-14 mg /kg/iH Olanow et al.,
3t 5. (4.4 -6.2mg| @IEREE, HE 1996
(RHHERE IMNnCl, Mn/kg/i#)
L)
Fov Ik PN %450 H[H 5 F7201% 10 mg| 3 PLHLIZMOMEER, BE D~ |Newland &
Cebus 5. Mn/kg % 450 A f| > BEEORIMN, Rk Weiss, 1992
3t MnCl,- OHT, 6 F721Z
4H,0 7 B EERN & 5
A& 50~60 mg
Mn/kg)
BET#E
i s |9 EM 0, 0.25, 0.5, 1.0g[0.25g L4 | Suzuki et al.,
71 = 27 A |MnO, 1 [=]/38 A5 3.5-4.5kg SRS BE R I (SR . BB MR, P|1975
UIZ (0. 40, 79, 160 mg| = DIH k)
Mn/kg/i#)
g E gL |[40AM 0. 0.4 g MnO,/[a] |0.4 g MnO,/[x] Eriksson et al.,
B =7 A [MnO, 11 [A] 4-5 kg 47 A O 5 HIRENICEE L7517 (19920
L Z 0¥ & 12|(56 mgMn /kg/El)
1t ARDEI: Nteh 72
% o5
i BTG |26 A 0. 200 mg Mn /=] (200 mg Mn/[&] Eriksson et al.,
B =7 A [MnO, 13 [m] KI D FRREE & ikE D R —s3 3 (19928
T EEOWA (K= 33 ERAMEOMR
i3 B~ BB B EZ T
2 V5, xR NI & EIRIR)
i 1P
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7.35 ZEWE - RAEFMH
< UV RO DAL A O FEBREN 6 DG - AR R A R T4 1T,

BOgs

it Long-Evans 7 v MM b~ 7 & &Te7k 0, 5, 10, 20 mg/mL (0, 290, 580, 1,200 mg
Mn /kg/ B AR ; ARFEMERR) CHERIF P ok # 5 L7k ¢, REMWICIE 10 mg/mL LI L
DOFHEKRBEOWAD . REHINIFEIA, 20 mg/mL FEIITH AR ITEREORMENA A B, 10
mg/mL L EDOFETITAERZ L HBIZBWT, RIlHBICEB T 5~ W &OHIMA A BT R, K

DFEE K O R () ~OFEBIIA N7, ZOBMEE LT, v U3 EsERH
WZ XD IRIRBATHEDR Doz L BEEE T\ % (Kontur and Fechter, 1985),

HE#E D Long-Evans 7 » MZIUER{L =~ > 4> 0, 350, 1,050, 3,500 mg Mn/kg % & Te kT
£k 20 mg/kg X 1% 240 mg/kg =R L T, 48 2 H B 6 HpE% 224 H B £ CIREER 5 L 725
N5, EEkE EARE (20 mg/kg) TiE., ~ > H > 3,500 mg Mn/kg R ClIMErED EE I3+
NTHE Lz, METIE, 350 mg Mn/kg L EOREIC AR BB INANH], 350, 1,050 mg Mn/kg DHEIC
MigE7 A AT v U EEORD ., M TiX 350 mg Mn/kg LA EORE R EHINANHI, 350, 1,050 mg
Mn/kg DFEIZ MG T O IR A VT o (LfE FSH) O A A bivlc, 7o, @i es =il
BECIX, LT 350,1,050 mg Mn/kg B THLIET A N A7 1 URE O, 1,050 mg Mn/kg LL o
HECHEEZORD ., M 350,1,050 mg Mn/kg #f TIfiLiE FSH (JRIHIE AR VE ) Db 53
bz, REWORZ L LT, 3,500mg Mn/kg Bt TIEZIEROIL T34 572 (Laskey et al.,
1982).

WA RE
> Swiss ICR = 7 2|2 " fgfb~ o 8 U A% 0 mg Mn/m®, 0~12 3 % T 49.1 mg Mn/m°,
13~32 8 E T 85 mg Mn/m® (0. ¥ 61 mg Mn/m> 402 ; AGEAfiE#E) 4 7 BR/H. 5 E/Lﬁ
FEC, MENRAT 16 B2 HIENR 17 B H £ TR AZRER U7 AbE - Fe AR T, BEmic
DOIMEAVE LITE) 0 B AEIRE [ 0 B a) S OV AR D o0 B 38 BB O Jlid 23 2 B VT2 3 E%’Tﬁﬁ'@
WIS N> 7= (Lown et al., 1984),

FHARA 5

Mg SD 7 v Mk~ # > 0, 0.8, 3.8mg/kg (0. 0.3, 1.6 mg Mn/kg/H) % T4z 6~17 H
HIZERIRN B 5 L 72308k C, 0.8 mg/kg # CTHe R E O, 3.8 mg Mn/kg #E CH IR E D
i, ERRE (BhE. BE. RE. BRE. 85, IKE. ) BAaohiz, BEmos
FEREICITR BT e o T, :Wﬁiﬁ‘%ﬁi&%f‘ X, 7y bomEHRAKRGORBRER b RS TY
%o 7 v MKt~ > 7> 50 mg/kg (22 mg Mn/kg/ H) Z4THE 6~17 H B2 G D& 5 L7
BRAEAT o 7o, BRIBICERE BT ITA B/ - 72 (Grant et al., 1997),

Mg SD 7 » MHifb~ > #H> 0, 0.6, 2.5, 5.0 mg/kg (0. 0.26. 1.1, 2.2 mg Mn/kg/ H ¥134;
ARG ERE) 2 4R 6~17 B BICEFIRNEE S L i8R 20 A B2 £ L7 c, iy
(213 5.0 mg/kg #F THFEIG NS L OE KRB DB 3 BTz, BRYIZ1% 0.6 mg/kg BELLE T,
R, fbEEE, 2.5 mg/kg BELL BT, RERME, BRAE . WEEM, S8 T,
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BHE, ERE. BEE. RE. e, PEE). 5.0 mo/kg BE CTHIUIRIENN (44%, %FFR 6%) 737
bivlz, AFHREIZ DWW TIL 5.0 mo/kg B THIRE DD N DTN, £ OMOEEIT A LI
7273 7= (Treinen et al., 1995),

Z DA DFERE

gD~ 7 A ZHifE~ > A7 0, 12,5, 25, 50 mg Mn/kg Z4F4z 8, 9, 10 HOWT D HIC
MEEN G- L, fE0% 18 BIZH EUIB L72iBRICk W T, BIEME&EZIT o7, 5% LA LIk
YO MA~ T o PRET, 1RFHBZICREICED L, 24 FFEZICIISIEEREL KT S v
JEFE 100 ng/mL F T L7z, GEMR 8, 9. 10 HIZH 5 L 7= 50 mg Mn/kg &, #T4E 10 HIZ# 5
L7225 mg Mn/kg #E CIX T R CICREKR TH o=, RS HIZHKE LD T, 125 mg
Mn/kg FELL b CAMIMIE & ORI U3 F B AU 72 B8R 9 BB G L 7= BED IR CTiX.12.5 mg Mn /kg
FEIC T B B L ORI S P2 DAV, 48R 10 BIZEE L2 BEO IR TiX. 12.5 mg Mn/kg #£1Z
B ELEN ORI N SNz, FE LI, ZORBRTELNMEL, EFICKED~ A
CEMEENEE T2 E WO RBRRFMETICEDbDE L, E h~OBEHIIRETH 5 Ll L
TW2% (Webster and Valois, 1987),

> Swiss ~ 7 A IZHiAb~ 2 A v 4 KR 0, 2, 4, 8, 16 mg/kg/H (0. 056, 1.1, 2.2,
4.4 mg Mn/kg/ H FH*4) Z4EHR 6~15 H HIZE TG L. 18 A B2 EUIBH L 72#lBR T, BB
(21 8 mg/kg/ H Tﬁi“’%bﬂh@ﬁ CARE NN K OB EE &0 3 A Hav, 16 mglkg/ H D1 5-F£1C
IZFETEH] (6/19 PT) £3589 H v, MRIIZiX, 4 mg/kg/ B LL_E ORI BV AR O HE AN, 8 mg/kg/
Euimﬁﬂiﬁiiﬁﬂﬁ\ B A, BORIE . g, BHTEE K O EEE OF LR LE ) A
Hiv7- (Sanchez et al., 1993),

Lk, =TT XDAMEMERBRCIE, b~ > T O AR TR~ R
I H BN DN, AETERE~DEEIT A LN T, FAEFERBR It~ o, iRk
=~y g o DR A T UREMW AR FE NS B REOKT . B IEE) O
MO fET O T Xk 2T m R ] {%@T/v%/imwﬁ“i%ﬂf%nﬂ\é HERZE N $ 5-
FRIRAN B G- ClE, AR O WD IR OB, I8 RIS SMMIE, BRI R B BIE /e & D AL FE -
WAEBHEORENRL LN TND, v H /{té\trb‘)@%iiié_oté%ﬁi“@%ﬁ ERZNSY (WA I
INHORBRT —Z bk, v T OAGH - FAERMD NOAEL 13#EE TX 220,
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R 7-4 T ROEDILEMDLETE - FAEFHERBKE R

PR somis | eam | gamm | gk R ik
T kb | ofks | MnCly | 4z 81 | 0, 5. 10, 20 | B4 Kontur &
Long- | (Bk7K) ai mg/mL 10 mg/mL YL E Fechter, 1985
Evans (0, 290, 580, EAK O
iid 1,200 mg Mn IRE M
/kg/ B #H 4 ;
A GT AT | RS
B 20 mg/mL LL k-
O & 46 H AR RF I R EE AR E
mL/H . PR R (BTN HH 72 L
K 0.35 g)
(0. 68, 136,
232 mg/kg/ H
EPA #5)
v b | oL | MO, | 4EIR 2 A | $kEARICK ARk 5 o I UL (A ) Laskey et al.,
Long- | (IRfH) KOV E 2 5| v 2 @Eo 3,500 mg Mn/kg 1982
Evans MnSOq4 | 224 H 7 {7 AR BETE
i 3 I8k & & fH V()
(8% 20 mg/kg 350 Mn/kg B4 I
“H) {RE N
ek A 350, 1,050 mg Mn/kg
(&% 240 mg/kg MiE7 A NATa >
“A) PR DR
Mn &% 2 f& UL ()
e bHEL, 350 mg Mn/kg LA |
MnSO, & L {RE N
T50 mg Mn 350, 1,050 mg Mn/kg
kg 3% FSH B
MnzO4 & L T
0. 350, 1,050, | i % & F Al
3,500 mg | V()
Mn/kg 350, 1,050 mg Mn/kg
Mig7F A AT w
TR E DR
1,050 mg Mn/kg UL E
FERE RO
UL ()
350, 1,050 mg Mn/kg
3% FSH 8/
ISEL7)
3,500 mg Mn/kg
ZHREOKT
~ A | W AZHE |MnO; | 7HEE/H | BUA (ER | BEORENLE LITEIB G O MHE | Lown et al,
Swiss 5 H/E 15 pm) g1 1) 1984
ICR ER5 HAE IR B 38 EE) O s
i EHRRT 16 | 12 3 -
WL TE | 49.1 mgMn EFERBIC KT T DB L
% 1-17 A | Im3,
BEET T D%
19 H Bz | 85 mg Mn/m?
HPE (0. ¥ 61
mg Mn/m®
EE I N T
HH)
SRR S D
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PR somis | eam | gamm | gk R ik
~y A | JEWENE | MnSO, | #E#R 8, 9. | 0. 125, 25, | RFEMD : M~ W RIS 1 | Webster &
i 5. 10 H§* | 50 mg Mn /kg ] C RIS L 24 BE[I#% | Valois, 1987
o 121X 100 ng/mL 2, R
5 8., 9. 10 H ™ 50 mg Mn/kg £
(18 H B 5. 4E4% 10 H 25 mgMn/kg #
T HIE) BERETIXT RN TRER
IR 8 B 5B« 12.5 mg Mn/kg BELL
b CHME S ORI
ILUR 9 H B G-RERR VT : 12.5 mgMn /kg 7
LA B B E B ORI
MR 10 A 5-HERIR - 12.5 mg Mn/kg
FEF BRI B O U
S b | Uk | MnCl, | #24E 6-17 | 0. 0.6, 2.5, | F&EW Treinen et al.,
SD 5 H 5.0 mg/kg 5.0 mg/kg: 1995
iii3 (20 HHIZ | (0. 0.26, 1.1, PR BN
15 pC/ i EYIBA) | 22 mg Mn EIRE D WL
s kgl B AH Y ;A T OMOAEFHREIZ FH 72 L
PR L) | e
0.6 mg/kg LA E: SETCREIE,
b I At
2.5 mg/kg LA L
TR AR, WD L DU R i i
BRRE BHE. FRE. Lhig.
BEE. RE. KE. B
5.0 mg/kg:
LSS BN (44%., %F PR 6%)
Sw k| #IRANE | MnCl, | 414 6-17 |0, 08. 3.8 | H&EW Grant et al.,
SD 5.} OV A mg/kg ETHREIC B L 1997
il 3 il % A & (0,0.3.1.6 mg | i&IR
5. Mn/kg/ B (& 0.8 mg/kg : RE DO EEAN
AR5 3.8 mg/kg : KE DKM, B EE (L
50 mg/kg (22 s, BE. RE. ERE.
mg Mn /kg/ BiE. KRB, BEE)
A) (R N
#h) 50 mg/kg (FEO%5) BRAEE 2L
<~ 2 | ETF&RE | MnCl, | 4T 6-15| 0, 2, 4. 8. | F&EW Sanchez et al.,
Swiss *4H0 | H 16 mg/kg/ H 8 mg/kg/ H LA AREIGANMA, FEAT | 1993
e (18 HHIZ | (0. 056, 1.1, i
WEYIB) | 2.2, 4.4mg 16 mg/kg/B: FET- (6/19 JL)
Mn/kg/ H) B
4 mg/kg/H DL E
% WU R > 180
8 mg/kg/ H LA E
RERME, BERAL, BRI,
JgE oy B, BETHEEACEAE, 140
B bR
736 E=EMHE

~ 2 R OE DAY OB n M RERGE R 2 K 7-5 17T,

in vitro

FAIF T A (S. tiphimrium) TA97 Z W\ 7= Filig~ o 7 > ORI ZER A BB Cix, S9 O
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AN TR (Pagano and Zeiger, 1992) Tdh - 72723, Wik~ > A v — k¥ o TA98, TA100.
TA1535, TA1537 Z HW 723l TliE SO oo A #EIZ B & 32 (Mortelmans et al., 1986) T
bofe, Flz Hb~ o T ORI F 7 AE TAIT.TAL02 & O TALS37 % W\ 7o 18 )7 28 IR 48 B
RBR T, SO BRI O — O EED R THMEN A DT Mix, BEETH -7 (De Meo et al., 1991;
Wong, 1988), = DL, F&t#liE (Photobacterium fischeri) (Ulitzur and Barak, 1988). K A%
(Escherichia coli) (Zakour and Glickman, 1984), H{ZfEERE (Singh, 1984) K&t~ 7 R U/ EAl Az
(Oberley et al., 1982) % FV 7B As 282828 MR CI1d S9 IR CTHitECTH - 72,

it~ o O~ R A HKOMAL FM3A % i\ 7o Yeta (R B5 38R ¢, S9 RN
ZMETH o7~ (Umeda and Nishiyama, 1979). e~ > H > D F ¥ A =— A/ b A X —JIELHE
FHE (CHO Mif) 4 A 7o YR B 3BR TIX S9 ORI TN, BRI THBME (U.S. NTP,
1993) T o7z, 7=, CHO Al % F v 7o fifilk Y 6 03 R 22 a3k BR T SO DRI O A I )b
5B (US.NTP, 1993) Th 7223, S9 ORI TREME, MR T (Galloway et al., 1987)
EORELDH D A~ TV U LD T AR AHROKANE FM3A % v 7o Yo iR 5
TR Tl SO IR THMETH - 7= (Umeda and Nishiyama,1979) 23, > U 7 U NA AKX —D
RFIAR B MR 2 A T2 e o IR B 38R T U, SO SRR TRt T - 7= (Tsuda and Kato, 1977)

DNA ##5ER T, b~ oo MU U 8ERTIE SO OIS & v Rk, R LY B
P (DeMeo et al., 1991) T - 7=, K E F (Bacillus subtilis) (2 & % Rec-Assay Tl S9 1Tk
P& (Nishioka, 1975; Zakour and Glickman, 1984) X |Xfz4% (Kanematsu et al., 1980) T& - 7=, fi
fge L WD T4 TVF 77—V % V7= DNA HERBR ClX. S9 ORI T (Orgel
and Orgel, 1965) T > 7=,

A= VT NN AL — Oz Ao E AR TR B RARE STV D
(Casto et al., 1979),

in vivo

avuYa UNTIIEEEY T v AR 5 OIS UAEE S B EE A R e s VWi d
et Cdh -7 (U.S. NTP, 1993; Valencia et al., 1985).

Z v MHi{b~ > 7 50 mg Mn/kg % @i #% 0 G- U7 sl T, B fiA e o et iR B w2
30.9% % A (kMR o Ye o (K B R AR 85%) L. Btk T®H o 7= (Mandzgaladze, 1966;
Mandzgaladze and Vasakidze, 1966), — 7, 7 » MZHi{k~ > %> 0.014 mg Mn/kg % 180 H [H#%
M5 U72akBr T, /B BEH0 I & OV RO AR 2 e A R B F 13 22 v 7e 2> > 7= (Dikshith and
Chandra, 1978).

~ U ACHiEE~ > AT 37, 75, 222 mg Mn/kg E 72T~ AU EEA Y w23, 45, 132 mg
Mn/kg (37, 75. 222 mg Mn/kg) % 3 BRI A # 5 L7 alBr <, B BEMIu O g @R 825 & OV
K DFRAIIBETH - 7= (Joardar and Sharma, 1990), v 3 7 ¥ a Uy =R Z b~ v T iz
IR L, (KA R 2R~ 2% Todh 72 (Rasmuson, 1985),

~ U DBLGREMHICONWTIL, EIcE b~ o, B~ B~ A UEED ) U A
ZHAWTE L ORBRPITHIT WS, in vitro REBROMEZHAWZRR I X XIF 7 AH %
FAW =1 IR 22k A BBR T, £7- DNABEHRBR Tl LB RENH D, 72, FOLHME.
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KIGH ., HERERE K O~ 7 A U » BRI &2 O 7238 - 28R 28 AR BR C IR B o0 s B S it 4
SN TW5b, CHOMifld, & b U 2 RERZ H W72 Yefa (R B 3Bk C1d S9 D IR T TH -
72 FEELE & 2 DNA HHERER TIX. Bt EEoERENRE S TS, T—LF
LA L — Ol 2 W7o B E R R Tk, BBMEOR RS STV 2, in vivo Bk oYL
BERRERBR T, 7y FEHOWEHB~ o o RO~ o T ) U A TOE BN T
REFEOFERMNBRENTZ, L L, oS Clidilb~ o v & Hu 7o Jeth i 55 3R

Tt mE S TnD, va v ya v E DT EESEBSERER CIIEMER RIS 5
i,

PLE. b~ oo, ik~ . i~ H o h ) o L% in vitro 35k Tk %@ﬁiﬁ
HHIVD N, EIHTEIRAE R, R 2SR BB, Yo R 535k, DNA {E{5RBR%
SORBRTHMEZ R L, £z invivo i BR T, g~ T, W~ EaY W.AO)/M:ZﬁiEﬁ
THMEZ RS ERESNTVDLZEND, v H U ROZEOLAWIL., Eiadta AT 5L E
ZHN5D,

# 75 <V HUVROREDIEYDELEEERBRER

AR L& B A EH AL SR M ek Sk
—S9 +S9
in vitro & Jw 22 | MnCl, F X 2 F | TA98 20-120 — — Wong, 1988
SRS B P TA102 ppm — —
TA1535 — —
TA1537 + —
MnSO, - H,O | * X I F | TA97 ND (+) — Mortelmans
7 AW TA98 — — et al., 1986
TA100 — —
TA1535 — —
TA1537 — —
MnSO, F X 2 F | TA97 ND + ND | Pagano and
7 AW Zeiger,
1992
MnCl, > A X F | TA100 ND - ND | De Meo et
7 A TA102 + ND al., 1991
& 1z F | MnCl, FEHIE | Photobacterium | ND + ND Ulitzur &
7 KB fischeri Barak,
i Pf-13 1988
MnCl, N AL Escherichia coli | ND + ND | Zakour &
KMBL3835 Glickman,
1984
MnSO, HZEE#HRE | Saccharomyces ND + ND | Singh, 1984
cereviciae D7
BT
18 728 sRI0
MnCl, ~ 7 A U | L5178YTK™" 40-100 + ND Oberley et
VAT u g/mL al., 1982
Jia
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AR LAY ARBTG5 A& Sk
—S9 +S9
Y 4 (K | MnCl, ~ v A 3. | FM3A g ND — ND |Umeda &
L 3 AU HE SR Nishiyama,
1979
MnSQO, F ¥ 4 = | CHO #fija ND U.S. NTP,
— RN A | PR + - 1993
AL — Btk Y 8,53 1 22 + +
#i
MnSO, F ¥ A4 = | CHO #fija ND Galloway et
— AN b | eEREE + — al., 1987
A M —
MnSO, F ¥ A4 = | CHO #fija ND Galloway et
— AN A | GRS R RS + + al., 1987
A Y — #
KMnO, - FLyE H ok ND + ND |Umeda &
FM3A Hilfia Nishiyama,
1979
KMnO, U T | BEIREEEME | ND — ND | Tsuda &
NI A K Kato, 1977
DNA #H | MnCl, =S NS ND + — DeMeo et
& IER al., 1991
MnCl, ik FL S Bacillus subtilis | ND + - Zakour &
M45(Rec’) Glickman,
rec-assay 1984
MnCl, ] Bacillus subtilis | ND + ND Nishioka,
Mn(NOs), M45(Rec’) + 1975
MnSO, rec-assay +
KMnO, —
MnCl, b B Bacillus subtilis | ND — ND | Kanematsu
Mn(NO3), M45(Rec’) — etal., 1980
rec-assay (EPA)
MnSO, N T U | T4 ND + ND Orgel &
F 77— Orgel, 1965
¥ & 45 | MnCl, 2 — L7 | SAT ND + ND | Casto et al.,
i VoN AR 1979
2 —
i
in vivo £ % 45 | MnSO, voa vy Y| RS ND U.S. NTP,
B IE g U | S 1993
MnSO, voa v Y| RS ND Valencia et
a AT | EH al., 1985
Y« @ K | MnCl, T v b(HE) | B BEE A 50 1 g /g Dikshith &
How 4H,0 T Chandra,
(0.014mgM 1978
SRR A n/kg)
180 H [
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B R L& B A EH AL SR M ek Sk
—S9 +S9
/N B # | MnCl, AN g 50mg/kg + Mandzgala
B mos ~ v H v dze, 1966;
s Mandzgala
dze &
Vasakidze,
1966
MnSO, * H,O | v X B 33. 67, 200 + Joardar &
Swiss O #5338 | mgMn /kg Sharma,
1990
23. 45, 132
KMnO, mgMn /kg +
AR
O i g
MnSO,>KMn
O,
MnSO, * H,0 | ¥ 7 & B A 33,67, 200 + Joardar and
Swiss O #5338 | mgMn /kg Sharma,
1990
KMnO, 37. 75, +
222mgMn
kg
& #0 M1 | MnCl, va v Y| RoOHREER ND — Rasmuson,
il g U | PR 1985

o BEE; — BEME; (1) BHWVBEME;ND: T—& 7 L
CHO Il F ¢ A =— Ko~ I A X — PP B HE SR HT M

737 FEHAE

< VU H v RO DA O EBREMW KT DI AR R A K 7-6 IR T,

MERED B6C3F, ~ U ATHiilE~ o A > 1 KFu# 4 0, 1,500, 5,000, 15,000 ppm & & efi % 2
R OG- U7 3BR T ko> 15,000 ppm #E & OME 1,500 ppm & 15,000 ppm “C HERAR A i
N DFE LR OF E I HMA B DT’ EERAERIIERT — X L bT0RZEThH 572, NTP
ZZ ORBRFEREZ HVE WG E FEFm LTV D (US. NTP, 1993),

A/Strong ¥ 7 A (fKHE: 18~20q) (ZFifg~ > # > 0, 6. 15, 30 mg/kg /PL (0. 2.0, 4.9, 9.8 mg
Mn/kg/[El) % 22 [0, 30 M ERERE NG L7238k . 30 mg/kg (9.8 mg Mn/kg/[al) # C i i 155 %%
R OEEINMN I S A0, i ORISR A AR TG VRN AMEN S 5 L EE 5135 2 T 5 (Stoner
etal., 1976),

HEMED F344 7 > NTHiEE~ > 4 > 1/KFad % 0. 1,500, 5,000, 15,000 ppm & tefilkl & 2 4
MO G Lo C, 5O AEROEMITR D bt/ -7 (U.S. NTP, 1993),

MEHED F344 5 » b (KE: 60~709) (2~ > H ¥ U A DREHE 0,10 mg Mn/PL/[E (0,150 mg
Mn/kg/lEl) % 2 [El/H | 12 2 HE#E O (GREl) #5 L7238 T, 10 mg Mn/PC/[EIRE CIEEE O %6
AEROIINTR D bR > 7= (Furst, 1978),

MErED F344 7 > & (IKHE: 60~70g) ([Z~ > H ¥ CADKER, it~ > 4 0, 10 mg
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Mn/PC/[E] (0,150 mg Mn /kg/[EIAH Y ; AFEMEHLE) 2 1B/ A 9 22 H MR E S L 723 Bk <,
10 mg Mn/PL/[EI#E TS O AR OHINEIFR D b/ ds- 7= (Furst, 1978),

F344 7 v & (K12 0 HER) [~ o U A (20mg/lt), fiifb = 7L (2.5mg/lt) XL
W % T Z I HBIFRNAER S LR T, 5% 100 £ T2, &GN T 2 AEERK
VR REE &~ o 7 8 U A BB 57 Tl 0724 1 Bk = » & L BB 5.8 T I 23/24 1,
VB H-RECIE 14023 BICAET, ~ o W BB SRICEREEIZA N5 T

(Sunderman and McCully, 1983),

PLEDFERNES, =T 1E US. NTP (1993) O~ 7 & & W T2 5 A3 A ek BR T R A
J AR IE DR AR OF EREMEZR L TWDHN, NTPIZERDLWEEBLZLTEY, 7 FTIE

JEIZ T AL DREHLIT 72,

AREVEDS B A, BAREICEIWT TS Z LT TE AR,
~ DAL E Y O E BRI EE T ORI AMERME A2 3R 7-7 \2R T,
IARC TlI~ W &Z DAY DI A%l L TR0,

£ 7-6 < TV ROEDILEY DRI AMERERRE R

LMo T, BEESTIE~ A OFEREMICTT DINAMEIT 20N

Y FESE | 55 | ke | &5 HI & & B STk
~U A |[BAEE |MnSO,-H,O[2 4f# |0, 1,500, 5,000, |/ 15,000 ppm U.S. NTP, 1993
B6C3F, |[(ZfH) 15,000 ppm it 1,500 ppm LA L
I e R AR 2 N F e I oD 2 AR 3R D
70 PC/EE I
~v A I8 A #|MnSO, 30 3R [0, 6. 15,30 mg/kg/|x} FRAE Stoner et al.,
AJStrong |5 22 [a] 5| Jiti e 355 0> 3 AR 1976
10 P& 3MEIA |k 0, 132, 330. |6mg/kg: 37%
660 mg/kg/lt, 15mg/kg: 35%
30 i B IZ [fKE: 18-209. 30mg/kg: 67% (P<0.05)
B # 0. 2.0, 49, 98
mgMn /kg/[a])
v b OS5 [ MnSO, - |24Ef [0, 1,500, 5,000, (EEEOFEAFKOHEMAR L U.S. NTP, 1993
F344 (1REH) H,0 15,000 ppm
T
Z > b R B (M CA [Mn By UIMn A Mn 3 T A MnO, 32 O Furst, 1978
F344 £t a2 DIREIR, |~ 0. 10 mg/VC/[a]  |ZEAE DM L
At MnO, 12 A 1 |(0, 150 mgMn /kg/
25 Jt 21=1/A) |I=)
Zoyh |HARNEMBCA [Mn ¥ UM CAREBRK | CA : BRHEAE (&) 23|Furst, 1978
F344 5. DIFEIE | A 0. 10 mg Mn/lL/| R4 LT ZF DRAERICAEE
i3 9/mARM ([H ZEiE Ay (oD EEE D3 A 1T
25 Jt MnO, (0. 150 mg 20N)
9MmH Mn /kg/ H 8% ;7
(1EVA) |FRAm ) MnO, : FEBE DA RIZH B =
MnO, MnO, ARAA
0. 10 mL/kg/[=]
(0, 150 mg
Mn/kg/ H #8 %4 ; A
ST A L)
Zy b [HEEFHEMECA, |EEES | Mn B U A[#E% 100 E T Sunderman &
F344 N#& 5 MnO,, (2.0mg/PL) | BRAb | G- P S S VAR I 6 BB [McCully, 1983
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RS | GGk | kB | REGHIH #h& i A SCHR

Mn,05. MnS = v b (NigSy| & = > H ¥ U A B 55
2.5mg/ JE) 1% & | TiX 0/24 fi, Bifb = 7 L E
W (~ > R R ST 23724 B, i
U A K OWi b = |E& 58 TiX 14123 i TH -
v L) 2o WG RS RILER
O HILTUVN R

£ 71 TV ROREONEYOEEEMESE TORI AT

B BA/ H 8 7 N
IARC (2004) — FED AT DUV TREl 4L TV 2R,
ACGIH (2004) — FEDAMEIZOW TRl S TVR Y,
HARFE M4 22 (2004) — FED ANEIZ D W Tl STV 7220,
U.S. EPA (2004) D b RENAMEICE L COETE 2 VWE,
U.S. NTP (2002) — FEN A O W TRl STV R0,

74 b MER~OEE (LL¥)

AR REOCEWITE b BT 2 MEME TR TH D | Bk 2REER O MR T
Rv U EBREEFRE L TORRHEZHSs TS, RATEEFLVERT O~ T OEICHE
FIZRBER R 72 VRO . v U D EBN T EORELZR O L IICHEAFTAZ T ADA =R
LABENTWND, b hEEREIWICEIT DHEENS D~ OWINEIZITEN H 575,
BRI 72N BTG B ORI 3~5% B2 6N TS, v B UIRATIEEHICL ALK
12~20 mg f#7E L. AFl&. BN, B cB W TEWEBRE TR S TWS, v Iuiite
LTRAVAICEVRINSIND, 7> M@k~ o H o X3 i b~ o B o 258l o,
REREN, RENEG LI2EBR T, ~ v TV BEIIMEEICB O TRGREIZCE D2 EZD R LI,
SENEE TR BBEERWINEZR LZ, WINESNZ~r T AT, Mk, ik He. M
M OFMEEDIRHHIZ M T D, v~ AL, oED ~REHEE I T by, LavL,
BB T~ o WU 2T ABICIE., ~ o T oA 42 OFALREEN Mn (1), XIiE Mn (IV) T
HHDITH LT, W ONDEERICHEEGET 5~ H oA F 2 ORRLIREER Mn (II) Th D Z &
M, KNTY U T OBLIRENELT 2B 20N TW5E, ~ 2 H U HEkD 788K 1%
BB TH DM, DETIEHDMRIR, FF, F~0Hs H 5,

v AT M L TRABEILRERTHY , vV WU BnRZTHE e PTIEEBE, B%
DIEE, KaLAT7a— )VER ENRE 5, £O—F TROXIIWMARKE T~ o H i@
CRBEIND L, AERE L L CTREREE. BMERRENRALH, BB L LT
WAThEE, SHBEER =% Y URICHEU L~ H P EOIERDN SN D, FrT
WABRBEIZBWCEHEREERNLOLND,

RO CIEEBEO~ U T 2 F I FKREBERL 2R, ~ 0 REO SO Hiskic
JEET DAERICH T 2 FREIC VT, REREF., HE, R, MOKHEE R S~
A HRICPIERPHRE SN T WD, 7220, BENPLOS U T U EBRRKRRF O~ T
IC L DMARES, MoOBERIAL ORBICEL 2~ T OBFRABHF LN TORNWTEDICE
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BERHIINEECTH D,

EERERLOBETNSERT 5~ A &ICBT2/8FHENS, WHO ITEA 1 Abiz
DO1IBOEEFER T LEEREEZ2~3mg & L.8~ImgERL CHLZEETHDLE L,
FRETIE, FORSBE THAANDRENEE] ORFEPULEICENT, v T UoTEREL
N EMET 4.0mg/ B R A& MET 3.0~35mg/H ., FAE LIREREZ 10 mg/HIZHE L TW5,

W N e % CIXIB MR 2 N TR CTAH DI Ee 8B R I, MR, MR ER, AEHER R TH D,

MRBEDIGICB T A~ T BZBEHEL TS Z L2 R THREDRIORHEL VRS
NTWDHR, BBEHHSCHBENBRBZE SN~ T ORREEICE T, BEOREREE NS DR
5, LORWIRECEENRLLNICREMEL LTX, ZBb~ > T IZREEINDIH LA
M~ HAZRBINTT VI ) B LSO 5% 92 N3+ 2MA TH bR ~D
W AZEIE L L7 LOAEL ® 0.15mgMn/m* 0, 7 =u~ > v« v U a~ B o Safild T8
B WC~ W NSRBI B @ 115 NSk 2 B R e Ol AVER C A~ v
VRS L LT o LOAEL, 0.035 mg Mn/m®* 238> %,

v ~DEBYER R AREIZL D POEFHAGRE ~DOREL L TUX v T B LA I
1~19 FRIEEE L BT @E I HARBORBA PBE SV, NEEDOHEMMA A BT & DR
LR DR, HERAEIE S THR,

FEREM RS D BMEENMED LDs & L Tk, MAK G TiX, ~ 7 A% 275~750 mg/kg, 7 v
R~ 1E 250~2,197 mg/kg, E/LE > b 400~810 mg/lkg TH 5, WA RTE CORAMEEEMITIE LN
TR,

< AR OEOREWIE, B N, FEEREMIC KT LRI H 2 VI EME 2 o8 S e,

< B ACEMOREE G EET, O TE, v ki LT, Hlkv
Wi~ Mgl =~ o Rig~o o, b~ T a2ikh LIcBmEN & 5,
ZNO EEASREINCRIET D &, MRR~OFBEL LT, MNO R—1I>, J AT KLF
Uy, RENZY UEEOBRL, /S —F 2 IEERERR AL L O TEI~ DB L LT, HIEED)
DWW T DOEMDRH LN T WD, MIRHR~DFEL L CTNRMER A, AR ~DR
WL L CHECRHEEMENRA DN, BMARZETIE, ~ v bdme LT, b~ e, W
it =~oHy, Zfb~r T o 25BEZ LRABRRER S5, LA~ T ALEME RS
LRSS, MR ~DFBEL LT, R—R"IUVKQR /AT KLU VREORD, MO~ 7
VIRE DM B, ATEI~OEEEL LT, b ERVITEIOHEMAE L TS, HETH
BN, b~ o a2Rnikb LB cAh b, MOAEFEIR~DRENL LT &
WO IR, ETo. ERERRAORE L LT, MRIE, M R CRIE OB, ik
Hoilc, TOMOERENKRE, KENKE., FIRNEES. TR E T BALRATHRDL
NOZEENMRNHETALNTWS, E-Z2OMOREL LT, EHt, FFIROBEENR A SN
TWo, KEEGHRERBR T, HIAERDOT v N CTIROBERIEEORN, KIMEE & RBRED =
2= VEWN, B Ty STRUFOERD, TPV THROET., TROBEE,
BEOGREMK I EFRMRER~ORENMEHE TALDRZ, RFHEETIX, 7> Mok
~ a8 A MBUKE L LI BRT, MRIKD VT R ) VRE, REA=Y UEED
WA WiiED 2 w7 RuvF U CREORD I 8RR R~ D %5 0.1 mg Mn/mL (19 mg
Mn/kg/ B) # 58 CTH L7272, LOAEL % 0.1 mg Mn/mL (19 mg Mn/kg/ H) & I3 2, A
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TR T, P E AW 10 22 A OB AGER T, ORI Y > kORI, Mo ME~D
W8 (0 B I A5 S DI S R A 72 40, LOAEL 13 0.7 mg Mn/m® & HIlr3 %,

< U H N K D ATEBMERBR CIL, b~ v O AR TR~ B I B
HILDN, BRSO E T L LN TV, Fio, BAEHFERICOWTE, Bk~ H o, T
b =~ A Filg~ > B o OO #E T REIEEE M, BEEOMK T, B8R ED
OMFIOM, MIFBFOT A S AT 7 R ALV E CEREASORERL LT WD, &1
BETIE, WTHhORBR THLHBORETRD LN TWRNDS, TOMOE G (EIENEE
B BTG, #IkNEE) CRIBICOMNNE. BRIE . BEEBLER L ORAEFMED BN
HENTWVDD, BRARGELUNADOEGIEZ L L2FGFEOFRAIT, B MMFT L Z LT TERNnE
ERD, v AMAEMOREIZ L DR BEOETIH ORI oTe, ZNHDRBRT — 206,
~ I DGR - FEAEENED NOAEL I3 HEE TE 720y,

< H R OZE DAY OBEEREREICOWTIX, BiIcHlb~r o, Filg~r o, <
) 7 LEHNTEL ORBEPITHON TS, invitro RERO N7 7V 7 2 =il ¢
T AR ITF 7A@ E AV EIRERE RGBT, £7- DNA BERER CHME L BEEOHE N H
Do Flo, FBICHE., KBE. HEFEFEE O~ T R Bl ES 72282 B8R Tl
DFERPHE SN TS, CHO ME, & MR Y 7 B2 7o B R 5 53R T3 S9 o
HERINCBIETH -T2, FHEFEZ AV 7z DNA BERBR CIX, B BEORESRE I T
W5, T—T N AX =D E AW SRR T, BEORERRE STy
%o invivo EBROY AR RFERBR T, 7y WM~ T RO~ Al ) 7 A
TOHE M CREERRERTOFRERBMA RSz, LirL, hows i3k~ v o2 M
W AR R R IR L ME SN TV D, v a vy a unT i AV SO AR
TR RGO, L EOERER NG, b~ T g~ Ty, M~ T
710 T LSO in vitro FER TREMEDO G 3 B AU DH MY 1T 28RS FERER | 5 1 2R A AR
Yea (R BBk, DNA HERBREDZ < ORBCTHEL R L, £72 in vivo BT, Fifg~
T, @B~ BB H) T LONERBR T HE SN TnDE 20D, v~ T ROZED
bEMTBEFREEAETHEEZILNLD,

M ANEICEE Uik, MERED B6C3F, ~ 7 ATHifE~ > B v 1 KFni & & ekt 2 2 A RIR
A#5 L 7-3BR <. I 15,000 ppm K& O 1,500 ppm & 15,000 ppm T FER AR A Fa 0 o i o 1
MABFHHILTWDD, MREORAERIIERT —F LT RETHD | NTP X Z OB R
EHOVEWRIFILE LTWD, ZOM, Mo F344 T v b OFEN AR TV Y IEE
DIAROEMIBO GNTWRNZ LD, v T DFPAMEDHEIZ DOV TITHI#HEIZ
W92 Z LixTEARwn, 2B, IARC TIE~ B K OEDILEMDIEN A% 58 L T
VY,
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