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Z 2T, BIEMEDO~ T RO DALE W ORI
R BIZONTD Y 27§l #1T > 72,

BB, —EICITEIEDOEAT 2 EITHE D B~ o A O RGA~DHPEH B E 2 BN DM, N&HK
D~ T DS ITEBIEEMTH IR~ H D TRAFITHH SN EEZLNTNDH I L
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1. MEICEYT SEXRNER

YA RUEDEENOYELFHEE

<AL, SRICEBI LK ARDOERTH DA, $L 0 b THE< .
IZEEMETH D (Clayton & Clayton 1981-1982 ; {b5% T3¢ H #ith 2012) .
i%ﬁﬁ@ﬂb%xjfiCk*%im%)oa@\ﬁﬂ\yﬂ\

Brp% (RARG 1989)

~ U UBERITZKIFEOFEIZ L VIBROLERERH U K E T IIAKERE G L TKREEAET S,
TNAI=T LB CAEBL S BUS L TRERBERE AL & 72 6T AN & 5 (b5 13 B it 2012),
T~ Ak Ew E LT, ik~ (1) (Manganesechloride, MnCly) . g~ > 4> (1)

1—1

ﬁhm X, kLB &
IR <, 22X T
8@@40@H$Wﬂ%w\m%%%ﬁﬁ

(Manganese sulfate, M nSO4)
(Manganese dioxide, MnO,) .

CoH7MNO3)

WEs{r =~ > 4> (Manganese oxide, MnzO,) .
W~ e U A (Potasium permanganate, KMnO,) .
> (8KFn¥) (Manganese borate, MnB,O; * 8H,0) .
MnCO3) |
tricarbonyl (MMT) .

[CHeNSIMNIX(ZN)y, x:y=10:1) RH 5,

~ T RO D EIALE M OME LRI

SR~ v
& VW~

kg~ > 7> (1) (Manganese carbonate,

BiIR10EEY THD,

AFNT a2 =)y~ J Y J1VR =V (Methylcyclopentadienyl manganese

<37 (Maneb., CHeNSMn)., <~ =¥ 7 (Mancozeb,

£ 1 IVAVERUZOIEEYMOMELZMMEE

WE 4 <~ ik~ A ) fiifie~ > H > () Mgl =~ 4
pa Manganese Manganese chloride Manganese sulfate Manganese oxide
==~ Mn MnCl, MnSO, MnzO,

CAS %5 | 7439-96-5 7773-01-5 7785-87-7 1317-35-7
TR 54.94 125.85 151.00 228.81

FilS 1,244°C 650°C 700°C 1,564°C

bR 1,962°C 1,190°C 850°C —

REUE 1 mmHg (1,292°C) 10 mmHg (778°C) — —

IR BN 723g/lL (25°C) 520¢g/L (5C) A

SR | — — — —




R 1 IVAVRUVEZDEENOYELZHMEE (BE)

WE 4 /| aV NS W~ A T | Rl @ AT | kR~ (1)
o Potasi
R Manganese dioxide perr??a?w?anate Manganese borate Manganese carbonate
'ﬂﬁ%fﬁ MnO, KMnO, MnB4O; - 8H,0 MnCO;
CAS %5 | 1313-13-9 7722-64-7 12228-91-0 598-62-9
IR 86.94 158.04 354.33 114.95
= 535°C CHAFER 1% 14
i | IR <240C (53) - St
‘@;Bllnii - - - -
REE — — — —
TRIEME — 63.8¢g/L (20C) ARV ARV
rEARE | — — — —
AT TR T =) .. NN
= . . ~ X7 < av¥y
KESe ~ R IR =)L g
- Methylcyclopentadienyl
S manganese tricarbonyl (MMT) Maneb Mancozeh
. C4HeNL,S,Mn]x(Z
'ﬂﬁ?iﬁ CgH7M n03 C4H6N284Mn [ . 4_ 6 _2 4 n]X( n)y
x:y=10:1
CAS#* 5 | 12108-13-3 12427-38-2 8018-01-7
301-03-1
& 218.1 265.31 541
Tl 1.5C 200°C Ty fi 172°C CHyfi
%/lﬁ; 4490C - -
HREE | 47x10°mmHg  (20°C) 7.5x10° mmHg  (257C) 1.32x10™° mmHg (25°C)
KM A 6.0mg/L (25C) 6.2mg/L (pH 7.5, 257C)
ERE | — 0.62 (HEE1H) 1.33

1—2 IVAVRUZFDILEMORE - EHAERE

ARIZ, v v HoeiE, v~V A, ~V TV Re88k (Tem vy, vVa-<wuoi
V) | EBRER~ I CFEORETEALTWS (7 2010) , 1999~201120084 Ol A £33 2 |2
ALIZEBY ThHDH_(F 2010, AHKRT R - BRIY G 2012)

~ A DFEERIRIT, AT VA R ONEE K ORI, TV =0 A #il7e EOIFEHRE
B DU e AR OTBEM A TH 0 | (LT ERO5%H#% Th 5 (b3 T A @i 2012) |

Sk~ () &, Qe T - RIS, B G ROMIE, SRHEZEAIE g~ (D
X, RS GRERCEIRIM A 9) | ZBEMEEN &R, IEEE (v e | RS URE
fbt=~rH%, wE, VFULALF B, 7= 4 b b~ T L, il VF UL
A A UEM, LR (GWERRE) | 724 T ATHE GEOROW6) % W~ T
AV ULIE, v T - i EDORER, B - AR OBREA, Wk - BIE - IR & OFE A FISE,
UM~ I AT, U=, Mg EORIRH, KiE~ 7 (1) 13~ o A IR RN




BEL ~r Ay, 7274 MEORGEIEH S TWD (BT ¥ B 2012 ; AMRERT A - &
RIS RS 2012)

kB, AFAvraXv Yoy MY AR =r (MMT) 1, KE, D FETEY Y
VoA sz Afm e UTOMHNH 7225, BARTIE, MMTRAZ P U NTREBEL 72 & Z 124
UL~ RN I HERE LB 2 RT3 L ORE R STl 0 (NEE 2008) |
i S iz & OFERZ R THEIT R 0,

TURT v ra B TIRM, B, B FORE RER) L LTTEHSATERY (b TER
Wit 2012 5 7 I T A AL T EERAS AW ZEB T SR R - BB b TR A R B i 2 o
4 — 1993 ; HAEAMLZ THEMRASHBRES 1991) | #ifiZe E OB R RE~BIRALTVD
EBZOLNDN, IFEAENRTHIIMEL TN D EB 2D (RIFFEES - REA 2012b) |

R 2 TUHAVOBAE
(FEXNBABMBEOEEH— (B v oA VBE )

J&4F 1999 2000 2001 2002 2003 2004 2005
g (1) 795,133 | 755,461 | 790,140 | 753,074 | 857,537 | 888,518 | 893,158
J& 4 2006 2007 2008
AR (1) 866,123 | 947,253 | 949,690

b - F (20100 KW 1EER

RBIMAEDEET (B T UHUBME Ft)

A

[ 2002 2003 2004 2005 2006 2007 2008
AR (T1) 791.1 887.7 928.9 933.4 898.1 972.9 971.2
A 2009 2010 2011

A (T 619.5 878.6 784.2

L KRR R - GJRHYE IR (2012) LY {ERR

I : P (2010) ROMAMRRT A - @RIy Elitéts (2012) I3 b MEAE IS <L
SHChH. B (2010) 1HEE GG, Jxu<w AU OB THLOICH L, AHEKT A -
& BSR Y E A (2012) (3 REE Oz i (FEER A §2000.3~1.6%) FHEieZ L KUY
BYEND~ L B ~OBEBMRERNER D Z LI LY, B HEEe>TW 5,

1—3 RERUVENERE

~ B NE, NOVEBETLRE T, BEREHROE L E VB LRF T —E R OVEEREFR DO A
RV X —=THDHA—/N—=FF% Y T A LH—F(SOD)DHERKELY T DIED, WL DD DEEFED
EEZ RO DAE L LTI T D, v~ T BNRZT D&, BIRA, MREEE R, BECH R
TEPVERRFRIC L DIEER ENRETDAHEMENDH D & SN THDN, EERNTO~ U OBREIZE
SERIITMRH STy GR)IT 2004) . 7238, fEFER AT, BEORAEETY T RZITk



IhhneEEZSRTWS (EA5E4E 2011) .

AT EE LTI W ARREEIZ X0 RNIZED A F v, BESBALLAS O R UL 720
EENTWD, £, BTERKICL T, KN TOWIN, 0. JEIHSGEWNRH D Z EnmbTn
%,

(1) BRINE S

—EBRBERR P O~ WL, WBE, A RRE SO THH, MAINTHICEE LTz~
VHATEBE MR S D 0y, KBRS L > CiEiEEN T TS hD (WY 7 4=
7 JNEPA 2008 ; 4> % U A JIIMOE 2011 ; Roth 2006 ; WHO 1981) ., fifinsS I S-~ 2 T D
—#iE, mFo'ELra T AIY (ToadF—18) IZXoT3MDOBA A B S, KD
ThI7o27x2) v (Tf) EREGTHZENTE D, Tfkft/\btv,/j]/:t fFlgc B TR
IO TEE ZMEER L (Gibbons® 1976) . £ O —ENIMMIZEIXIL S,

< T DN ~DHTRIZHOWTIE, 0, 006, 0.3, 15 mg/m*Dfilt~ 2 (1) (MnSOy)
Z 130 (6 Wi/, 5 HAE) WA W7 L Ok & RS i (MRI) fi# T L7285 (Dorman
5 2006b) 12k B L REERL OMRERICB W TMRIOTI G E G TERRERE AR OND & &
BT, WAL DN & BT D MEIIC B W T T O~ U T CIREDNAEIC ER LT
B, TURREBROE SHRE S FBE L T e, AT, FEERE CRERICY o TR ER L.
MRITEIE 5279 & OHEH (Dorman® 2006b) | FREARKEIC L > TEIBEDO~ H 2 28
L7 B CHRIEEE (REERZ BN ISEE T 2RO mEF Rl 2004) Rd b, F-.
TREMIRRIC LD~ o EEE TR, BRI T REBEL TV ZERMLATND
(U.SDHHS 20002012)

ZOXHRERENG, AKROEREY (FL) Tk, FIMOEERRIC~ N0 - ERET D
EEZLNTND,

T UHEHLDLEMTPITAFEL, BHEATLHETHDH I NG, B b OEBRUCEE L CTIIES
PEFHE 23 72 S, AD BB > & OWRILERIT ) 3 ~ 5 % (Davidsson > 1988, 1989; Mena® 1969)
Thd, ROBIRTIX, v B AIBEN SRS -% (LT 2MMo~rTr) | K80% 03 i
HOBL-Zm 7Y v TAT I EREE L, 20 OEAKRITAFIR CIRT & DG &R T I HRIE
END0, —EIIBIFIEER T D LB BTV (Davish 1993; Foradori & 1967 ; Malecki & 1996)
G2 NTHELL LTV D 7 ZI2*Mnz 05 L2 BR Tk, IR 514 1 ~ 6 BT
5%, Beh#% 6 ~120[T7 %, F51%12~24F5[ T3.8% CTh~7= (Finley 1997)

Jifi e R 9~ D R Tl ORI & e L€, K0 BElIcI S i, I~OBITH KEWZ
EREIN TS (Roesh 1997)

Roelsb (1997) 1%, T v MIAKEMEOH (L~ (1) (MnCly) F7IIREMED gk~ v
T (MnOy) Z5ENEE (MABREZEORELE LT) ROMHER ARG LZEa0ThEnico
WC, MR, R (BRI, KIMBE., /MK ho~ U T REZ L TS (F3) .



x&3 Bl AL (1) EZBIETUAVICETHIBEOBRELEIENESIZELES
R~ A VIREDOEME

. B b FRE R~ T REOHIME (%)

(Lo 5k ) e e

(mg/kgx[=1%%) Mg | BREIE | KIS /NI

) BN 1.2x4 68 205 48 27
ik~ A ()

B 24.3x4 68 0 22 0

) BN 1.2x4 41 48 34 31

b~
wn 24.3%x4 0 0 0 0

F7-. Rodsh (1997) 1%, #4ITRTLHIZ, 7w MIEfb~> > (1) (MnCly) . gk
<~y (MnOy) ZHAl, KENEGEZIFEGR NG LT, My o~ T REOHES L #E]
2L TW5,

x4 Ble<woAY (1) EZBIERVAVOERBREICEITHMATHOD
RANIREEERTE

&) b3 | B5E (mg/kg) BRIRE (ug/L) IR (hr)
ke 1.2 705 <05
ik~ A () <
e qn| 24.3 16.6 1
B . KEN 12 17.6 168
b~
B 24.3 9 144
T Xz, BENES WABRZEOREE) OFNRAOKGOHEE LT, WIGEENEL

i PRI D~ T PRE R E < e D T & WIS NTo~ A DPRISEN T L 3FR0 T,
T bbb, KM~ 0 OWARREE T PR O B2 R TRl A RBIRMkGES 2 2 L b,
BRI AU O~ T ARER LD G <R TVWD EERIDBND,

< U H IR RBLIREE CTEET A Z L BN TE D0, RN HERLIREEDZLIZBI T 2 40
FUITR OGN TWD, <O~ HAFBEREF 25, Mn (1) £7213Mn (1IV) & L TERE DD,
EERNDONWL DNOEERETMn (1) & U THEET D AREMEA RIE S LTS Z D (Leachd
Lilburn 1978 ; Utter 1976) . (AN T~ A ORRLIREEN LT D Z L AR ST WD, in vitro
RERTIE, Ao FI Ay (ZzaxyF—F) AMn (D) ZMn (1) ZEET D Z &N
BlE2 SN THY (Gibbonss 1976) | il THO~ 2 H o DRV OREF & L TORIREMED RIL S iz,
£ inviroiBR T, < W DRALICHED, 02-7 7 n=A2mru7 ) EoOfiE (216) b
FT7 AT 2 ) EDfES (3fi) ~¥ 7 bT5Z L, UiDinvivoitBR T, Mn(ll)-02-~ 7 11 ==+
22 7a 7V 7 VT UARMN () -F T AT 2V D7 VT T ALY BRETH D Z
ENREN TS (Gibbonsh 1976)

7 v by VI K DWABRGRER TIE, b OWIXOMIZ, WA SITo~ 2 A 2 D KL D



WRAHRRE R = AR 0D & F 7" AR O ARG 2 B LT, IRl R ~ B S S 4 2 ATREME DS R
ENTW5 (Elder® 2006 ; Roth 2006 ; U.S.DHHS 20122008) ., Elder® (2006) 2 XAuiE, R
3~8mmDO~ A WA T v F OO RIS EIENIZI2A R T (6 FF#E/H . 5 H/E)
L7oifi iR, WERD~ 2 IR EEIIHRRE O 3B5ITHIN L, #REAR, RIMBVE, /NK TS~ o T
FEDHEMMN A BTz, £z, HRIORILETENT, LERIOSL» S RIENT T LR TIE, A0
DMERIZ~ U T NERE LTz, ZORERIND, ~ 2 T ORI D3R E D BRI B T ~E T
TWDZ ENRERENT-, £72. Dorman® (2006b) (= L, P vichife~ > A2 (1) (MnSO,)
0.06~15 mg/m*Z 13 (6 M/ H. 5 HAH) WA SEFER, BERNO~ 2 H RN KR
2 b FLERIZNT TR L T e D el 2o Tl e (W B2 > IRER > IR T K > IR
) Z b, BENOLMA~DO~ T DEEN R I N E LTS,

ML ZRREH D~ > DWIUZHOWT, BURTIEATOMERNELNTE LT, TOEEZE
BCITMERR TE T ey, Nongh (2009) (12X - TR ENTZT v b &I axtget L7-PBPK
£7 /L (Physiologicaly-Based Pharmacokinetic model, A=HE 223y BhiEE T L) & H\ W\ - WRED K
NERED L 6 . AZOWTORNEIIEICOW TS E L 25 MANS S5 TS, Nongd (2009)
DPBPKE 7 /WL, SR D6 D~ o B AR LD R AF A Z AR BRE L, v~
T2 % i B OV E OB SR B R R THLV AT SHA O Mk, M. FFIRS O~ > B B GiERERE
LOSEGHRE LT~ TY) 2HET L2050 THD (K1) , MkO&ECTCO~ T ROk
O THIZIX., Multiple—Path Particle Dosimetry Model (MPPD version 2.0 : CIIT, Raleigh, NC)23H
WHNTWD, 7y BRIV OET TEW T, BRI O~ > 5 o OBITHER EO¥
EOETHRRHE SN TV LR TRV, et oo fiifkh & SPERE OWIEZ D &
KERGy DR C, SEERBIT DR EMEIN WD, SERBORINEIZONTT v MLz
s e, 7y FTEWALIE A D 8 %R ERICIEET 2 D1I2x L, Y/ Tix0.5% Dk
?%9: SNTNDHN, ZORKE LT, WHFOR EROEBIZIZ206EDER O D (T F>PL)
7o, REIRRA CHIRICBITT 2~ W BRERD LI TWD, Z0Z b, P TIET
/Fik@%mwm®7/W/®%Wﬁi%Tiﬁm&éhfwé Fo, BB A~ T
@%&ﬂ\7yhfiﬁx%f%é@;ﬁb\%wfimﬁ%f%éo;ﬂ%@%%#E\%w®
FWADETNLELTEYERNEEINTND

a. [REEBICDONT
~ W PR @I D ATREME DN E AT TER I BRI BRI S TV D,
Takser 5 (2003) I, %mm¢®7/w/ﬁf&3@%@?yw—vpeuﬁ%%%ﬁﬁ®ﬁ
A2 a7 & ORREMED G~ H v DR O REME A RIE LT\ 5, Ericsonn  (2007) 1&, fRE
@®7Vﬁ7~®%@(Ew@iffwf;%%Lkvyﬁyﬁﬁﬂgﬁi)k?%%®ﬁ@&
FHELOBEND, [FEROATREMEZ R LTV D, ﬁk)TWw%(mm)fiﬁmﬁ@lﬁ@
<~ U~ DR {J?ﬁ\’%méﬂf%b# Ericson 5 (2007) TEHHARICEEFN DI~ T %

@J%%%ﬁfi Dorman® (2005b) 73, ﬁiﬁ)&%ﬁf‘ﬁ¢®7/l\ Zhiifg~ Ay (1) (MnSO,)
0.05~ 1 mgMn/m*% 1 H 6 Rk A SH7-#BR T, 0.5mgMn/m*Ll EOREDRES v R TR D~



v PR ORI, 0.05mg MNmPLL EDRED R IR Tt AR VB RO~ v H RO A E R
EADBRBOLNTNVDD, RGO~ o T R, R Clde < HERZ O FLIREEIC
LVEZICERE LTV,

b. ARODE LRI E DRE M

~ A ORI - AR BT HER & LT, ~ W O RVETEIRENE O (LRI RE IR LR e
LISMZ, RNOEEOERZF T HNb, T7hbb, NEOMR ERIZB W TEROWIIZEEE-4 2 2 il
@ T AR=Z—=DMTYIEL, ¥~ B ORI HREET 2D Z Lnb, v T ORI EITEE
DOEREICEEIND EEX BTN,

PR Z DIRRE T, IMFEIL D~ > H U REENEIINT 5 Z & BRI XL Tu% (Aschner & Dorman
2006) 1F7>. SRR ZHEIMOWERE (13~445%) K OTEH 22 BRE (18~354%) (Z>Mn& *Fed
WREROBERSE T, 54— I VA4 777 4 —CHEHEEZE LA, ~ HrOff
BT I OBEERE TIE7.5% TH 0 | RIIREE (3.0%) 12 TE o 72 & LI H H 5 (Mena
5 1969) .

KREMW TIE, VR LRI SHTERRZRIEL 2o 72T v MTP*MnE RE NG L2 fE 5,
SHBRERCT O ORTR 252 - BE L Il LT, i, B, BN O>MniEEAS & 22> 7= (Brain
5 2006) ., miEIE (10,000 ppm) DEkE Gk E 5 2 72T v MMz E NG LB T
X, RHEREE (8523210 ppmdfikl) LT, Mo D~ T OWIAK T L, NS0~
VDR EN T, KE LR EZFD ) L oSERE TODMTIOMRNAFE BT Tl $kE
JERETIX Y SRR CORBIN A BIZIE T L7z (Thompsons 2006) , 7=, #kRZ OfAEL (8 20
ppm) #EZ 5N TWAET v OB EREODMTLY V37 H &I BEED15~25(F L 72 0 | $kK
ZARPUT TITENED D OPMABILASEEIN L, $EE TIIMARIL B 45 2 & bR ST
% (Thompson® 2007) , #RZ k25 SN2 T v b TiE, P*MnOKE R 52 X > TIRER,
LKL, R, MRS OMMRE ORI G 4 Bz (Thompsons 2007)

(2) HfELIVT7S2R

~ A OFERPEIRRE T, Bk ( (1) BIRESA) O LB, JFRIC T & oA E# T
FEPCHE SN A RETH Y (Davish 1993 ; Foradori > 1967 ; Malecki > 1996) . JRH ~DHEif:
13720y (USEPA 19930) , ~ U H O LAY = — L OB % 51T T % BIEIH i <k,
R D~ 2 77 ARFEDKIHREE (0.15 pg Mn/g cre) D 2 ~9fFTh o7& OHiE (Roelsh 1992) 23
»Hb,

HBUNRE TR L7~ o o 2R OB L7 AOWFIETIE, 2506 Ol 1313~37H & o
23 % (Davidsson’ 1989 ; Mena® 1969 ; Sandstrom® 1986) . F7-. #AFERUC X D HEMIL 248
PEZR L, & LA ORI 2 B AN, 55 2 O HI7310~30H & o (Finley 2003) & &
Do

WABRTE DOLA1T, ASCEREIWIZEB T 2 FiEZ R T & OBFZERERITA DI TV ZRn s, F8k
BN TL, B#C > TIZ VT T RAOMENRRR D Z ENRINTWD, ok, Zhbo
AR TIE, WMABRBRZICE ISRt Sz~ o095, WIS TR THEl S &
KaBE D> B RGBS RS CHIGE ISEXN TR SN RIFAHTH B,



AT, Menab (1969) 12k 5 &, Hifb~> B> (1) (*MnCly) F£72138{k~ > 7 (*Mn0,)
EWMASHT, RRCHEF OMMnE JIIE L2/, MUtk Lz*Mno 5 55 T60% (b
40~70%) 734 HELINIZERICHRES - L ST b,

LRI ORI D1, ~ v H L OPEIZ DWW T FOAARHE LTV D,

Drown® (1986) (= LU, 7 v ok~ 7 (1) (*MNnCly) £ 7213 MHE L =~ > # > (*MngO,)

KERNBEG LB, b~y () X3 H, MEiME =~ TlE 7 B THEEDK
50% A FH I HEE S s, 2 @B Ik~ Ay (1) TIHEREGEDT0%, W k=~> 5
TIEEEREO0% PIEFICYEE Sz, b0 V77 o 23, b~y () T
7T RRRE, WM b=~ Tl 2 MR TN Lic~ o ot s e, —J7. e
SO VT T AFREET, kv Ay () KON b=~ Tid, 5% 1~3 KW
2 EMBITHIHEDO E— 7 RNV | B GEBORMITBRE L~ @ o T,

Newland® (1987) 1. Hicifb~> > (1) (*MnCl) %3055 RIWA S8, D% 1 4R
PLEIZH720 | B, B AR OSSR ORGSR Z TIE Lz, M0 O ReD 7 V77 o A% 3 4
PET, SAHORIIL, 5 105 R KNG, 5 2MH2312~27H, 5 3FH2394~187H Th -7z, B
NS OHBSRRO 7 VT 7 AL VAT, 3223~ 267H Th o7z, 72k, B TIX. Hik
~v Ay () OBGHAOBITHIHEDO Y~ 3B, TOHRO7 VT T ANEEBTH -2, #
HZ PR S 72 O RE DI 1T 2 MITECL 5 1A T 1 B AR, 5 2 A o0 4k 1X50~60 H
ThoT=,

Oz, PCHg~ o H > (1) (MnSO,) 1.5 mgMn/mPZ 138 (6 BR/H, 5 AAE) W
ASHTHOMELZBIR LR BT, AR, HRcB T 5~ o v OB 215~16 0 & O#H
£ (Dorman® 2006a) & 5,



& WA Eht=Mn

3 @
& fifi B U ik
QC
2
BHHEE
B+Mn;:‘1“ My
kd
e Ly QBm
fiid 0> i % <
k|_nl Tkml k:_nl fkﬂ k'u\l Tko\n
i W& - W N L L)
pg B+Mn ¥ Ma B+Muy g2 Mn, B+ M g2 M, E,E
it it i
o,
=]
o < Qbone
B+ Mn; o= Mn,
kd
EriE 2R iafﬁ*ﬂ#) Qbody
B+ Mn, 5= Mn, i
kd
FrF Ak ;
i F QLiv
B+ Mn, T2 Mn,
kd
1770 S T
B
WA Ehi=Mn ; 1 i
H H 4
SEOERET F=ed i O
i v
* i #EL 48t
LBk KRR B+ M 3% M,
el

E1 (A) PBPKETILOfEE (FHEZ v FOB#EEPOMNOEEE)
BYBAZNE=MNORERURMOEE~DRELEEALZRR, BEICSEELEZMNOXES T2 mCRREh, LEIFEE,
RIERABEMT 5, Hod HHBICHEEE Buw HMdY. 6 - BEEEEH (KK I2X-2T. HHENARESRS.
mo oML, FERDEBHL, SHBTHESLEEMNE LTERSA S, HARUVKEOHEEEE RS (Kin, Kout) X,
BELEBCETAMNLAILOBSEEZ S, Qp: HRSR. QeilataE. QtissueffmiE
(Nong & 2009k Y)



1—4 BREZE - BHFEICDONT

(1) #EME

BtE~ > oA b —H—ifEic L5 & Ty b, PAKRDCANZBTL27 VT TR
I3 2 FAPE DR B OB FE R R (Z 1 2 IR ER O AHIE 7 EITHER 2223 2 H AL TV 720 (Schroeter &
2011), ~ > W v OWAREFE I T DI ERFEH TORIUZOWTIE, 7 v b L THBZO S
HZENRINTNS (Nong H 2009), 7 v FCl, SERmED 50% 3R LR THL0,
TIEI%, ATIES%E, 7y FOBR EROEEAKRE WD, BEIHREH TRININLL~
T DENRZNE SNTND, LNLRNE, R ERRBO~ I TG EOFfli~D5)
N e STV 5 (Schroeter & 2011),

(2) EHEE

EAEECOWTILLFOMFEI A2 SN TEY . TORE, FLRELOVNE, milmd, BIETRE
ROFFHEGEREE OB R A REIENE . SR ZHAMBE | BREGRMERT S—3 0 EREED
AN, = T ~OBRFEIT L TREZER @V E B R DT,

a. LRRU/NR
FLIRTIX, ~ o F O FEFER YRR EE T 2 I PESR 3 2 RITITHE L TN 2 &3,
~ U OIENAREICET SRR H S (Lonnerdal 1994), 7=, FHK/NETIEL K
HYZ ) OMRENPHEALY 2o, BN SR CIREDIREE CTh > THENARTEN K E
<720 IR TIERRAD 35 NRTIIHRAD 2512725 L S TWD (I FZ ki@ 2010),
B, BMER (7> ) 2BV TH, IEEEPRAERL YD bAEBIZZEDO~Y VT %
IHEWULT 5 Z & &35 A (Lonnerdal & 1987) . I ig-IMREFT 2 @i 5 ~ o 4 > DN,
PN 18 BEATN CIIRIMEARD 45 TH D Z L 2-d A (Mena 1974) b5, Fi-.
%O~ ADT v Maifb~r Ay (1) (MnCly) ZHEIREENE L U-fE R, A%E b 72
WD I 1T 2~ o T DIERBRHB RS, v~V HREbEN-T2Z L b, Bk
WRTIRIME» b~ o Gl EL D AT Z L R0R A F A2 U AT O RN~ S iz
(Valois & Webster 1989) ,
ZOEH e EnD, HLIRS/NETIIRA L AT, v T 2RI LS W—T7C, HEiftn
Z L, BNARTERE L RD TN E X BiLD,

b. BEE
i ORSZYECBIE L Cix, B> H U METIHOEBROERD 9 b, O~ o 7 L RJE
NEOEEOL T b Gl E T, BIROWHIRME, FE R OEOR BRI, L0 BEERIER TR
SR (Mergler s 1999) | ~ > B U A& THO Bk E#E <, FOZEN (hand steadiness,
tremor) Sz OB N R8-S0 R AR O MR B TH B O U IZ W 1R 7 L 72K T 34 B v 72 0 AL
(Bouchard® 2005) 73&% 5, F£7=, EBREMW Tli~ > B o ~DOBRER OMROES X 5 S0k
A KU ADRBENEEIARATT 2 AT RIE ST % (Desoles 2000 ; Fornstedt® 1990 ;
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Lipe® 1999)
INHLDZ LMD, BBEDOTPERELID G, v W ~OREERIZ L DB Z TR0
T ENTRBEI T,

c. BEEBCHHEREDNHESE. FEAXREERE
PEMENTER BT REE E (TFREZE, MIIRISTEBR /S 72 &) DBFE | FER QBB IE 2OV
T, BN T~ o DOIR IR A+ Th 2 2 L0, ~ T U BT E BRI
BIEERIZAD Z &b, MIEFCMO~ > B ARENEL 720 | @R~ 2 IO FEE D
fEik (BREEZ, FRICRABEERE BE) ICEET LA LR RENTWD (I #1RHE4 2010 ;
U.S.DHHS 20122008),

d. RZHEEMEE
2 A OWINEIFEROBIEICHEIND Z LR RBEINTEY (Aschner & Dorman
2006 ; Brain © 2006 ; Thompson & 2006, 2007) (I 1 -3\t OMANEIRE] DOIEAZSMR) | &
KZ (i) OREBIZHD L, ~ T ORINERML ., xSk OREN R 725
AREMER B D,

e. HEIEFEMRAT/NA—F Y VIEGEH
WL, @S LIGBERZ MR & U Zriian o | BEERMRT S —% 0 VREGERE (5
RATFIZA S0y, R—= NI V2B L T DIREE) O AR~ T CggET 5 &, 3
— XY IEEREAFIE LT W RRBM AN RIR ST\ D, mIRED~ U TR LT vasE
LTI, RN=F Y VIEEREOIIEFR DS, HFEELON—F Y VIEEREEE LY b5 17
FENEREIN TS (Racette » 2001), F7-, v 2PN T 2868 THELOFER
TIEAN—=F Y VREGEROFWENMIE (R) REOFERELY bEroTLEOMANS S
(Lucchini & 2007), @Eh3EERIZHBWVTH, 6-hydroxydopamin (6-OHDA) THLE L CTHijZ/S—F
VYRR ORIEIC LT T v N EED T v N~ U IR SRR T, RN —
x Y VIEBEREIRED T v S DT REIRD y -7 3 Bl (GABA) NAEICHIN L., ##AT
TR REREE L A B ICE L L2 (Gwiazda B 2002 ; Witholt & 2000)

EROBEAOMIZ, v H ~OBRFEIIKIT D OMZEIC OV T HRF 1T o 72, EFIRE
DFERTIE, RAS/NET, BHO TRt X0 RATEERAEMESEN L O®RE (Mergler
5 1999 ; Takser® 2003) MAHAVDH, AhJ5, Lucchinis (2007) (2 XD~ H o ~DgkiE L
R=F Y PREROIEE & OBEOFRAE TIiX, ZHEOFRBEMEL Y BRAWER (CPR) 28 EIZH
Mole, TNHDZ Linh, v ~OREEITKTT 2SOV DWW TR, FEEH (=
FARA L B 1Ko TERR D LEMREPI B LN TN D,
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2. HEMEFM
2—-1 EIFMAVMRVEEGFESE (ZERRD

(1) RRiEF

a. BHRAKE
~ B RO DOAEE IO T, EEENS AIFZERE (IARC) TR S TR 5T,
EPA (1996) TiZD (ADFENBAMEIZHOWTHETET 2VWWE) L &hTn5b

@ HMNAICEET HEFEHE
AARIZEBWTIL, V/ﬁ/ﬁMﬁWijﬁ#h®%$4&%t4@ﬁm V7 = —TlE
~ T BRRAEEE T RE - BIRIVEDS . WENEDS A B OWMEERDS A AR RIS R EE (SIR) D1
INAEE SN TWDH D, w?ﬂwﬁnf%V/w/u%A®ﬁ DL EBIL, D
BRI N AR, ~ o H G L R AT OV T ORBE I [ TIEAV, KE O Hs -
RIZB T 2B A RTAEIKRP~ o T LITHEEREOHEN AL NN, RAP~ oy
IHERADHMENRALNLTVD
bozZent, NOFRENA ‘rﬁé_ob\fi RAG3 IRFEL LINMEAE L 722V I S D,
£ 512, ENANMEIZET 5 FERE PR L R LT,

K5 ADEFICHTIME

Nekatah (1995) 1%, FEEIRICISIT DAL AFEAEIZ RIS 2 5 il 2 S hi L 7=, 1985~19924(
B AZHINIAR N A & W S 72 BB 1,41140 & 1981~ 19924E I Z RN MR 28 A CHETS L 726564 &, Mk, 4F
W OVEARIZ L 0 03 LT, TR & /M CO R CTIX, RINZIRDS A DRAER SERICHERZEIT
IRINSTED, = TR D & o Toidik & Z VLS O Ml TELEE U 7o R Tl v T il & o7z
HIIZ I 1T AR AR LR TERMOMIBK L U @i oTe, —JF, HEILILDO & - - UK Tl 2Lt o
Mgk 0 HIAEE HEERNE o7, B, vy, B~ OBREREE TGRS TRLT, &
B ORI AD ) A7 R+ & LT, BEMEF. &F @EWEIEN - 2 o7 EoBRR L) O X
) IREREEIN T, HRIK T, W RI T LA~DIBRELE LD E LTS,

Hobbesland® (1999) 1%, /AU x—0D 7 xw « v AU RN Y 3« = H oo 4 8ETEO Bk
FEENZ BT DN AT 2 2k — M A2 S0 L7-, 1933~ 19914 DMICHID THEL, D7pl &
t, 6 4 H R SN2 9781#°6,36344 & %412 LT, 1953~ 19914E (2B DN A DRIEH & / VT = —
ABERIZ L0 R U7z, JE I o S BV E5. 74 BRI o0 i1 324.28- T d 1 | 153,565 N4 A
TeRIRE T2 o7z, FAEORER, 5754 TEOTHIO RN ANFKIE L TRV | EAELREEL (SIR) 131.02 (95%
Confidence Interval (Cl) : 0.94~1.10) Th -7z, 1953F-LARNICEEZE L7z 7B D203 A DSIRIZ1.14 (95%
Cl : 1.03~1.26) L HREICE o Tz, WHFIEEZICB O TIL, Sl - BlRPER A L ZOMD D ADSIR
NZENEN4A23 (95%Cl : 1.15~10.8), 1.85(95%Cl : 1.13~2.85) & A &I LH LT\ iz, BILIFELIALD
TEREF TRV TR, NS A K OMESADS A DSIRIZZ41LE411.91 (95%Cl : 1.07~3.15) , 2.60 (95%CI :
112~513) L FEIC EFH- L TWe, v T o ~OREIREIL, 197T4ELIFNZ OV THIAHATH D25, 1
THIZFR N TI979~ 19V (23 1T 2 3394 DIEFLFE (R O NIREFEE1SHE S, ZO/RRNb~
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YRS CRIBRIZ DWW CUE Rl L) 13 =ar i o990 pg/m® (Ffil) LHEE STz, L LARNG,
EBEOIX, WU OEER CREAMMPORRAVOREROFERIKTRALND Z & FEFER
FRRCZ TR BIRENARATH D Z LT ENMOMEORELZ T Wl ehb, v e
TR & OBIEPEIC OWTIXHE R AN LEE L LT 5,

Spangler & Reid (2010) %, KE/ —Zx v 7 A FMOER (K 49,000 N) 1ZF1T 5 AERBFAINGEIC
E 0 FETEED ABE R & PR U T R S O Rk~ o 7 v & o BEsEL & FERIR /38T CTREHT L
7o REH~ 2 H 2 OFHEIL 2.4 ng/m® (#PH : 0.01~15.1 ng/m®) . H#t Tk T~ > 5 o O % 78.23
ug/L (EPH : 3.00~346 pg/lL) Tho7-, RRHF~r A i, 2RA. AR ONEINA DL T
HEIRADFHEEAN - HALTZD, irmT7J<EF'<7‘/7f‘/J:i BB, KB, RO TRIZEBNTH
EREOHBEANRALILTND DFERDIENT, KKP~ o T AR ITRWRE S Th o7
D3, HUR KRR EEIIIEH ’ﬁ()i%f“f&;ott&)k%%% IHELZ LTV 5,

Q ENRAEICET HEIRER

N AT 2B EROBEITE 6 D LD Th D,

B ERICB T, MARBEERITR L7520 o720, Filfg~ o H v (D) oR A5k
?ykﬂ%ﬁ@@ﬁ%h?\v?%@iﬁ%@iﬁw#%%%ﬁ@%@@%i@%#&%hfm
Do U AUMROEHIROEELGTH, 7 v MIUERBOBAROHEIMIA LN TN, v
VIR R O~ A DN G T, Ty PRO T ADWTIUS b B O AR O
IEAH BTV R,

PLEDZ s, EBREWOREN ANMEOTHLIA TS TH D LB SN 5,

x6 HYMRRICEHITIHME
ROK5RER

NTP (1993) (Z Xk 55 AR TIZ, F344/IN 7 v kKON B6C3F, v 7 A DMERER 70 /L4 1L LT,
i~ A (1) (1KF#) (MnSO, - HO) % 0. 1,500, 5,000, 15,000 ppm O C 103 ¥ B
TG LIfR, 7 v b CTIRRGICEE U785 O R AEROEINIL R0 > 72, 7235, 15,000 ppm FEDHEZ
v N TCIEBIEDORARENE . EITLEBIEIC L2 TROENNB AL, ~ 7 A TiE, 15000 ppm
D MEEC FUIR BRI A AR AR O R 7 _ERGRIE R DR AR O B 7 INANER D D=3, HURARIE I RAE D
FEAERIIHTIBE & bR CTHERBEINIRD e hotz, LnLaRnRD, iEDRRKEO~ 7 AZBIT
L FIRIREIIME DR AER (ETO0~4%, METO~9%) LT L, DM ERE->TWe, 2
IHOREFR G, NTP (1993) X, 7 v MZOWTIEEDBAMEDOFHLA 72 & L, <~ T A2 DWW TR
BR72FFHL (equivocal evidence) 7385 & L7=,

AARNR S5 KR

Furst (1978) (Z XiuiX, F3447 v NERER2BCA 1HEE LT, v~ AR, 10mg/lEl% 9 » H i
(1EVA) . ZEb~>H 0, 10mg/lalz 9 » AR (1EVA) fRNEE LR, L OWED X 1 X
<~ RBPLAE 1L LT, o A BRI0mg/El %2 HEl, @b~ A2 3mglEl, 5mg/El% 6 4 A
(1IE/H) PN ES LB C, OB ERORERBNTRO bR o, LINLRRL, =
I () TEFATERS— T (Manganese (I1) acetylacetonate (MAA)) 50 mg/[el% 6 » AfH (1 [=l/
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A) HRNEE L7cT > M TIE, HESE CRERIEOIINMN 2 bivle, ZO%RIZFEm Iz, F3447
v MMEER25IEA 1 REE LT~ AU R0, 10mg/ElZ124 HRE (2[8/7) @il n#& 54 558r T
IE. 2HFRICEBNT S, BEOBAEREOR BERMEINE o7,

RN 5 RER

Stoner 5 (1976) 1%, A/Strong’\?‘?x&kﬁfﬁ%lollﬁ%lﬂié: L., METO, 132, 330, 660 mg/kgDfiifk
~ Ay () % 3[E OB T2 5T THEENS G- L, #llal$ G- 0301 4 ( FE#% L C il 2 81
L LT, TORER, 132 mg/kglh EORE TG ORAEROF BRI > 7223, 1 IEH 7= OMiflES
DH13660 mg/kght TH EZR¥ENINNFEO Hiviz,

b. BEFEEME (ERRM)
BAAFREERICEAT O ERMmAERT-1, BABHERO—EERERT-212F LT,
in vivo BERTIX, WEETBIE OV L SERICY AR R E S OF B2 EIMA A 5T D03,
%@%ﬂﬁ%%%@:?:kﬁﬁ%hfwé:y#w%m®éﬁm®%§%%okkw i
TR E ENTWD, WEEMW I, b~y () TR, Fg~rre (), #E~
T U LG THEORRBALNTEY, vavya =ik Cl3E b~ T
(0. e~ 77 () OG- TREDOR K TH -7z,
invitro RERTIL, Hb~> T2 () | W~y () b~ T ) v Lz T,
T FLEN ARG CoENE L 73R Tl MRENEME LR ORI - BIRINEO LN A Th D08, Btk
KOBEHEORERR G LN TS, kv Ty () | Wi~y (1) | i~ v 7 EOM
EHEORBCIL, RENEELROEI « BIRIMCERE O SN2 TH DM, BER OO
FERIE STV D,
PLED X512, invivo iER K N in vitro 3R CTHME X ORRIEDFER N A BINLD Z L b | BB
FREEMICOWTORMITHE RV EE 2B,

& 7-1 ECFEEFHICETLIBE
in vivoiE&
A

Elias & (1989) (X, ~> A, =vF v, 7 a L EOE8ROEE Y 10~24 FM5Z1T TV DT
DO LRI Y o RERZ AR U, YRR H HE 2R, v 7 %# (metd active gas
welding) 17> TW\W5 7/ —7T, YRR HEOFEREMB AN EHMEL TS, Ll
RGBT OERERFE 2SR T ENMONTWD =y FVORE S RIFICZ T TR Y,
DBEDOBREE =T TN Z Ehb, v T OgER & OBEII 0 Tlidw, ek, v Ty
DI PR EEIE 239 pg/L, JRFIREEIT 4.47 pg/g cre Th o7z,

HELEN

Dikshith & Chandra (1978) (%, D7 v/ 7 v Mt~ # > (1) (MnCly) 0.050 mg/kg/day
%1maﬁﬁm&ﬁbto%@%%\%%w@\%ﬁW@f%@wgﬁ®%%@@woko

Joardar & Sharma (1990) 1%, D Swissabino~ 7 2 |ZHife~ 2 # > (1) (MnSO,) % 10.25, 20.25.
61 mg/100 g-bw, F7-i V/ﬁ/mﬁ)?A(KWDDGS 13, 38 mg/100 g-bw# . 3 @ fHsR IR
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ARG LR, EH6DMEWI oV T, BB O YL IR R K OV INE O FEAEBE DN, H
THRARE R OB b7 & Lfb\éo ¥, YRR O FEIEITMEE~ o ()
DI~ I BN 75K N T,

HELEMILSNDEY (3o P 3H/AI)

Rasmuson (1985) (Z Jiuix, b~ (1) (MnCly) 1%, IREAAR Y b7 AN Trayyay
INT DRI IR E R A FHR Lo T2,

Vaencia® (1985) (2 XX, Hilg~ A2 (1) (MnSO,) 1% a vy a v = TS MEESESS
RIS THIE Lip oz, 728, NTP (1993) (2B T b Vaenciabh (1985) ORERFE A2 5 L T
ZDO

in vitrostE&
THEL AR

Umeda & Nishimura (1979) | LiuE., @~ o @Eh Y 7 (KMnO,) 1. FM3A #ikl (C3H
7 ZFLEAR) b\ﬂﬁ&iﬁf@fﬂéﬁiﬂ%%ﬁ%ﬁb ik~ H > (1) (MnCly) Tl i~
R ?Ai))%@ﬁia@\% R T HIRE THIIREES A B,

Oberly & (1982) %, Hift~>H > (1) (MnCly 7%, L5178TK* il (=7 2V v _Effa) %
Az~ 20 7 3 —<RBRICB W T, REHE LR OTIND 72 WA THROBEE RS &2 R LTz &
HELTWD,

DeMéo & (1991) (. W~ H el U 7L (KMnO,y) (FEMESET) KOME/L~ > (11) (MnCly)
X, B R //\ﬁz%ﬁﬁu\tnx v kB (DNA 55 128\ T, DNA BELZHEB L L Hs L
/Cl/\éo

Lima® (2008) (2 LiuX. Hfk~> > (1) (MnCly) 1%, B R U /SERT, G2z W\ Tt
KB ZFHE LT, £, axy FRBR (DNABEERER) CTHLEMEORETH -7,

Galoway > (1987) 2 &LiuZ, Wi~ (1) (MnSO, L, SOmixDAHMIZLR 5T, CHOME
(Fx A =—ANLRAZ—JRBMIAE) Ok asrR2cH (SCE) Z#k%E L, CHOMAE D YL (4R Bk
1. SOMIXDIELE L2 WA IZITFER S, FETAHEAICIIFER SN o1,

NTP (1993) (= LAz, Wit~ Hr (1) (1KFf1%) (MnSO, -+ H,0) 1%, CHOMMI T, S9mix
DA AR & PRI B/ RS W A 3558 U T- 728 Qe R B 2 DWW TIISOD TN A & 5 Sl I ek,
WIS 22 WA i%fﬁ@n‘*%f%oto

Tsudal Kato (1977) 1. A~ Ao h U 72 (KMnOy) 1X, U 7 oA RAX—RIROFEE
FHpE CY IR B H ’E%@%‘é Lfcﬁ?ﬁ)o 7mEHELTWS,

ey

NTP (1993) |z X #Z, fitig~ > H > (1) (1KF#) (MnSO,+ H0) X, A F 7 A Salmonella
typhimurium TA97, TA98, TA100, TA1535, TA1537 % H\ 7= 18 IM22sR 28 BRIz B8 T, SOmix ¥RN
DHEIRLTIREOR R TH o7,

Wong (1988) DI KAvid, b~ (1) (MnCly) 1%, R A I F 7 AW S. typhimurium TA98,
TA102, TA1535 % F7-18 IR 2SR kR CTld. SOmix OF IR STt Th - 7-78, TA1S37 T
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I SOmix D USHIREIZ IFFa M, MERMNEF I ETH - 72,

DeMéo & (1991) D#ETIX, Hlb~>H > (1) (MnCly Efifg~> 7> (1) (MnSO,) 1X& b
2, RARIT 7 AE S. typhimurium TA102 |23\ T, SQmix??%%jJDH#@J%OD?ﬁEﬁT“&;‘E%%)?ﬁ\ (AES RS
ERLTCNWD, b~ HUiEh ) va (KMnOy) (X, TA97, TA98 (Zxf L CiE, SOmix OF /RS
TRt Th o723, TAL100, TAL102 (ZxF L CiL, SOmix IRINEEIC e, MRINREIZEECTh - 72,

Mortelmans & (1986) = LT, Wi~ > (1) (MnSO,) (%, SOmix DFEEIZEE DL &, % X
R F T AH S typhimurium TA97, TA98, TA100, TA1535, TA1537 % i\ 7= 18722582 Bk Clak
ThHoT,

Pagano & Zeiger (1992) (%, fiilt~ A (1) (MnSO,) 1%, FXIF 7 AE S. typhimurium TA97
Z T8 )5 %m;"}‘j‘r;@\niﬁﬁfl%fﬁikiﬁibfb\é B2, 2fiA A OFL—F—%EMT D &
fiie~ 7> (1) (MnSO,) | TR OBEEN TN D Z ERBIE I,

Singh (1984) (T JAuiX, ﬁﬁﬁ&“’? >y () (MnSO,) 1%, FERE Saccaromyces cerevisiae strain D7 %
RIS A WE i SRR AR © | AR F ALK OB R SR EE DO WTIUTIB N T S 550 BtRs
RERLiz,

Nishioka (1975) |2 LA, K ELE Bacillus subtillis % Fv 7= rec-assay C. b~ > 4> (1I) (MnCl,) .
b~ A (Mn(NOs),) . i~ H (Mn(CHsCOO),) 1EBtEZ R L=, W~ H @il v
L (KMnOy) X Th -7z,

Kanematsu © (1980) (2 L AviE, F5ELE B. subtillis % F\ 7= rec-assay C. #ifb~ > 4> (11) (MnCly) .
b~ A (MN(NOg),) . EEfiE~ > 4> (Mn(CHsCOO),) 1Xfatt:Tdh ~7=,

R7-2 TUAVICHEIHREFEERCERIABRERO—E
BT oA (1) (MnCly)

R 7 1E BERE - ARuEk - B it SCHR
in vivo /J‘*Zﬁﬁ% T Ty b ('Jﬁﬂ"[ﬁﬂﬁﬁ/%ﬂm@\ Dikshith & Chandra (1978)
FoIUHERE)

B 50715 - s —
M MM : 180 A
5.5 : 0.050 mg/kg bw/day

KO BELRTE | v avda unx Rasmuson (1985)
IR HLEAER (IR R | #5575 Sk 2 9B s
Ry b7 A R) HTES LT Rk T | —
Hz%azo W R IRF AT A B,
BREEIEFE © 140 mM

invitro | EIRZEARERFER | X X I F 7 A HE TAL2 ; DeMéo & (1991)
SOmix (—) +
EIHRIRE BB | x X3 F 7 A4 TA98, TA102, Wong (1988)
TA1535; SOmix (+/—) -
HIRERERHER | * AT 7 A4 TAL537 ; Wong (1988)
SOmix (—) +
SOmix (+) —
DNA (& 18 & B | 55 H17Rec’. M45Rec ; Nishioka (1975)
; AN -
(rec-assay) SOmix HEDEE 7 L
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DNA f{& i 3 Bt | #6%F H17Rec’. M45Rec ; | | Kanematsu & (1980)
(rec-assay) SOmix AEEDFLHE 72 L
Geto (R SRR FM3A (C3H ~v w7 AFL¥EEE) | | Umeda & Nishimura (1979)
; SOmiX FEDFE 7 L
~ 7 A 7 4 — |L5178Y TK™ (v 2 ) L /3 . | Oberly & (1982)
~ R HRE) 5 S9mix (—)
2 A v b BB MY RER; SOmix FHEOFD n DeMéo & (1991)
(DNA #15) ERAN D
PSSR N b Y RER; SOmix A EDED 4 Lima » (2008)
#H7e L
o A v b3 BB MY NER; SOmix A O n Lima & (2008)
(DNA #15) ERAN D
BmEs< A (1) (MnSO,)
BRI AR - MRk - EhfE s SCHR
invivo | /DEERRER Swissalbino ~ 7 % + Joardar & Sharma (1990)
PGk RO S (10.25 mg/
BRTE IR - 33ER 100 g-bw LA |)
# 5 & : 1025, 20.25. 61
mg/100 g-bw
PEEM B R | a3 vy g T Vaencia © (1985)
Beh Ik L & B NTP (1993)
4 0. 1,000 ppm
10 0. 12,500 ppm
invitro | EHIRFERERFER | X X I F 7 A H TA97. Mortelmans © (1986)
TA98. TA100, TA1535, —
TA1537 ; SOmix (+/—)
IFGRERTBR | X X IF 7 AE TA97 n Pagano & Zeiger (1992)
; SOmix BEDFHE L
BIRTRERRER | 2 XA I F 7 A H TA97, NTP (1993)
TA98. TA100, TA1535, —
TA1537 ; SOmix (+/—)
BAR T HIE IR 22 | BERE D7; SOmix A o Sk n Singh (1984)
SRR BBk L
DNA & 18 3 Bt | #5556 H17Rec’, M45Rec ; n Nishioka (1975)
(rec-assay) SOmix HEEDFLHE 72 L
DNA & 18 & Bt | fhEE ; S9(—) B Kanematsu & (1980)
(rec-assay)
Tk Ye o /3 IR 28 # | CHO A (T A =— A Galloway © (1987)
B LA L —PREHR) +
SOmix (+/—)
Bili ok G 00,43 R A2 # | CHO MR 5 SOmix(+/—) L NTP (1993)
YL R HL H AR CHO #ifa ; Galloway © (1987)
S9mix (—) +
SOmix (+) -
LR Y CHO i ; NTP (1993)
S9mix (+) -
SOmix (—) +
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ZOMDT A ALED

ARSI

BRI b&W FAE - MR - B | RER SCiHk
invivo | /MEEER KMnO, Swissabino 7 % + Joardar & Sharma
eE Ik Rnks (6.5 (1990)
NEEE A 3 mg/100
5 .65, 13, 38| gbw U
mg/100 g-bw F)
YefR R EFER | Mn BT ORMIMLY 23 + Elias » (1989)
ﬁ{ =
MREEHAM] : 10~24 4R | 7~
iR EE : 2.39 pg/L DR
JRAFJERE : 447 pg/gere | V)
invitro | DNA {EE 5 | Mn(NOs), ks H17Rec’ . Nishioka (1975)
(rec-assay) M45Rec ; SOmix A 4 D +
FLflZe L
DNA & 18 35k | Mn(NOs); it HE H17Rec’ . Kanematsu © (1980)
(rec-assay) M45Rec ; SOmix A D —
FLlZe L
DNA & 1E 55k | KMnO,4 it F H17Rec’ . Nishioka (1975)
(rec-assay) M45Rec ; SOmix A D —
FLflZe L
DNA &1 Bk | Mn(CHCOO), | ff & H17Rec’ . Nishioka (1975)
(rec-assay) M45Rec ; SOmix A 4 D +
FLflZe L
DNA &1 Bk | Mn(CH3COO), | £ # H17Rec’ . Kanematsu © (1980)
(rec-assay) M45Rec ; SOmix A 4 D —
Rl L
2 Ay kR B | KMnO, ANV Bk Bt SRt DeMéo & (1991)
(DNA #15) T, SOmix A DG +
2L
Yuto (R RBR | KMNO,4 FM3A (C3H ~ v %%, Umeda & Nishimura
FEHIRE) ; SOmix A D + (1979)
FLflZe L
Ye (R ERER | KMnO, U T UNBAL—NR Tsuda & Kato (1977)

(2) &M@

EIBEHERE S KD RN AT AT IR D
~ B R OREDAEMTHONTIE, JARCIZBW T HEHMNEm SN TB 67, e, £

TE B A O FER B L DR Do T,

BRENM) O TEEREIZRB N TS, FIAREDAMENR SN TWRWZD, ERHiE TE 220,
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2—2 ENARUSNDODEEHE

(1) FEEFEE
a. 2EEH
arEErE EHIRE O A ET) IZET 2 EHERMRERSITR LT,
A@f%-\ﬁf&r (BT 2 RIE RN b o, el I T O CHiERED B NZE{L A
$§¢éﬂ1b\ (Akbar—Khanzadeh 1993) A%, ZAuiE HEHL ’v‘/ﬁ‘/%émﬁﬁwl—m’
H2 STV DEZER ISR Uitk b%{ﬂlmw_ﬁ*%m%@ HEIRERIC L DB A R b DT

iiﬁb\ k 75% )\@éliﬂif @?7% kﬂ“ ifﬁék%z%ﬂé

T TR TP FOEHMA G 6N T\ D, B ERCE T >WEH~OHE S L < IZEHMO
W AR (2.8~43mgim®, ZEgfb~ oy Mgk =~ WSOk T) T, MORIEDBIE &
LTV 5 (Adkinsh 1980 ; Bergstrom 1977 ; Maigetter & 1976) , L72>L. ZiuH ORIEMERIG T
W APERL IR E CHBICE Z 2MEEO L DO ThH > T, ~ U T EHRLTICRRN 2 O Ttz
eI Tnsd (USEPA 1985

Z v MCHERROKE L7235 A DOLDsl, ik~ A (II) Tid275~804 mg/kg (Holbrook
5 1975; Kostia & 1989 ; Singh& Junnarkar 1991) . Fifig~ > 4> (II) TiL782 mgkg (Smyth
5 1969) . WEfE~ 4 TiE1,082 mglkgTdH -7~ (Singhd Junnarkar 1991)

£8 RAUFMICETIBE

T
2 =]

=X

BYERT—42
% ABREERER

Bergstrom (1977) 1%, E/AE v NI, )b~ > (MnO,) 22 mg/mid 2R EE (M) . ii)MNnO,
WREZ D 1 HENZHE (Enterobacter cloacae) DIRAELT-T7 1Y )VIZIEFE (Ex+M) | iii) MNOIgER DIE
ANCHIEOIRE L= 7 1 YV IVIZRETE (EgtM) | iV)MNOMEEE O B ICHIE OIRIE L7z 7 1 v LTk
#% (M+Ep) 7o EDFMTER L, M~0EM72 22 (MnOJRFE%., THLUWN) 27, EORER,
Jitin s OMNOD 7 U T 7 0 ADEE X, ExtM TMNO,D DA & L _RTHEICIE T Lz (MnOMEE
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D1, 3 %) B, EgtM, M+E;Tlix, 7 U 7T 7 2 ADHEEIIMNO,D H DIEFE DA L RRE TH -7,
MO, IR EE 1% DIFVEF IR T D~ 7 v 7 7 — V%, AIMEREIZ OV TIE, EitM, EgtM, M+E; T, MnO;
DIHDEGE & LR THIMM I B, EgtM, M+E)ZIWV T, MNOMRFED 1 ~ 3 B OBIMAEFHTH -
7o F£7o. KEEEE MNOMRBREACHE ORI L7227 2 Y L E R ASE T, HinbofMEd 7 V7 o
VA BT EBR T, MnOJBRERE Tl IREE L LR THIE D7 UV 7 7 v ADEE DK TN A LT,
INHDOZ LD, FEH DIIMNO~DIRTE DI ER O SIS GYE~OEPILOK F &2 5| L 25
AEEMERH D E LT D,

Adkins® (1980) (Z XX, ~ v R AEO=T 1 V)L (HEL4 pm) OMERL =~ > H > (MnzO,)
7 2 RFR A SET2AE IR, BRERE 24T D720 . ~ U ADFNTIEE Lo~ > A DR TIZ 72U
FENBIER SN, IREE~OEE (BR) #Tr RABEA L k& L7ZNOAELIZ29 mgm*Cd - 7=,

Maigetter 5 (1976) (= kiiE, ik~ H> (MnO,) 69mgMn/m’% 1 H 3§, 1~ 4 HERHE
L7~ U AT RICRT 2 BEY R BTz,

b. EMSE
NICTHT DM 2 Wi ik att, kR BEEICE T2 b 0RZ < BoITVD,
PR VR, EIREREIC L D =% Y B O~ T R EN D IRRE RIREIC L D
FRRRATEN FAOREREIR T % C. WEEMEIREE . BREEIREE M O QIRER TR W\ THE 4 OB HRE S
TWD, MRS~ OREIT, BEEHEREIZBNTAHALNLTWND,
Y FEBR TIX, P~ O ABREE TR~ OISV TN RN PR R~ 8
HHNTEY, 7y MR T X TIIFERER~OFENRE I TWND,

@ mEsH
BMERED D b, MRREMEICET 2 EERMELZ R IICE LD, ZNOOHMAOMEIILLT
DEBYTHD,

<ANZETET—2>

~ R BCEMERTR) IOV T

U TATARRRENE A L, BREIRBRRIC L > T U MR EERIESE D, v U HRERIE
DIERIFZAS—=F 2V IR E BRI TV D2, JERICHER DS 0 | JREFICATHRR D,
- PSR (B T ORI & LT, 47,1440 [)) 1272 % 2 ~22 mgimP D ABERE T
I~ W U RBROIERNBIE SN (Racettel 2001 ; B APEREfA R4S 2008) | (i V%)
T0.13~0.30 mg/m*DAEES TEIW TWEIRE T TR, S—F 0 Y U2 G RES okEE
DFAERITIHIML THRNEW S I|RENRDH D (Foredd 2006) .

PERRATED S - AP LB A 2R e (R EVENRER)

- L DS (Bouchard > 2005, 2008 ; Bowler & 2007 ; Chia® 1993, 1995; Gibbs 1999 ; Iregren
1990 ; Lucchini & 1995, 1997, 1999 ; Mergler > 1994 ; Park > 2006b, 2009 ; Roelst 1987,
1992, 1999 ; Sinczuk-Walezak 52001 Wennbergh 1991) Z £ L w5 L, B~ T EEL L
THI7T~1,590 pg/m > DUEHEE CEALHIIT 238 DAL/ S O OESERET I 2 4 Od ihiRITH)
FHRAE R ST X o TR SN D RATEN 2RO RE ~ OB (iHiES), TorEr (had
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steadiness, tremor) . ZEAOZEM (postura sway) | FEHARCIE S O AR TS0 B RE R O #E
R%) BHRLNTWD, B, ZNE O LITERICIKTE L, EilE O~ v H IRt
LCEEEMETHL Z 2R T A b0 T\ 5, £7-,Roesh (1992) & Gibbsh (1999)
DT =00 RERBEBENF L TH, MRE CENMREO S NEELZTOTVWEEILR
720 Bt BRI CHRATEN R RE ~ DR BN B D N EE, Aaskild T 057 E# % 3
frxfge & LizLucchini > (1999) LD Th D, FEH DX, ~ 2 T ~OIREFEFEN K1)
T11.514E, BREIREEIEE (CEI) 2358 U A (total dust) T1,113 pg/m>- 48 (SRR T96.7 pg/m®)
T, MIRATEVEAIMSEREE (- BT RS (symbol digit) | #%7%E (digitspan) . 7 «
YH—H B TEOBRAERBEOIET) BRArbid & Lz,

- TCEMEIRER 1T X D b SR IEIRIT. BURIFT R 2RO DRV S O OELERCIE B 528, #f
RO L U CTHRATEN FHIMR A S TR S DR ITEI SRR~ DB TH D, Th
HIZOWTOBZED 5 65 EEEHERE % OFE &N S TV 2 2 RIX, Roesh (1992)
(WHORKMI, U.SEPADIRIS, U.SDHHS% T M) K OLucchinit> (1999) () ¥ {RfEE T
BH) Tho,

BREEN O OWRTRIC & 5 W8 GRRCEVERTR) (oW T

5 (PD) D2l (NI W odmny s g L yHESEME 2 AN L - G B Ay sy 7 L P
rJ \T 7 H F/T 1773 AY ~ M AR IR T I 70 VT CTTTH SN =TT 247 J VNI =

(FSPYthgp =z s H > “&%};\*F—@—l&ng#ms% Mz ek 4 PDEZS Wrnl gy N2 1+ 20/ (A= o, 27151 034

AL} T A ~ 1 H7JH Y T T I T 1779 H77F 1T (o~ 70079 P =y E =R A o

DISEHLS 2 5k Ik D /3 — % o IR ERIE G O A IR R & O BIE & 43 A L 72 FSE (Lucchini &
2007) T, MRHIRTONR—F 2 RERERI O A HRHRITRECAMROMEE Y bE <, #
AETHEDCE FOHE TIL, AREASLICHEWVERICH T EHEIhTWD, £,
T ERAZDOUVNT, PEEED D QPR H BN PR T AR D~ o ~DOWREE DS & i~

HF A OEZZE (Finkelstein& Jerrett 2007) T, BB m kL EZX O EETO~ U H
BEL =%V 6 (PD) OBl (BFHE. NIV fioT—4%) EoOREMEZRE L

-

E, B~ DOWFEFERER Em oI LHEE SN D EDOREN A TH Y | Finkelstein&

Jerrett (2007) T, FABERBRHIZOWVTDOS U H U ~ORERBOB RN ESNTE LT,
W EORERENRERSOL O L B D AR S 5 B, FAENGHIZONWT, v Ho~
ORENRTE . BRI, OKEORORETO~ U H U EBREOBEHENELNATELT,. i
DI LD ASEDPRET STV RWEDORR G FET 5, Zoft, B~ RETIRED O
FROMAETIE, M~ T BENTS ng/LEBOER THIERE~DREN L S iz & O
(Mergler> 1999) HF LI TWVAN, KKF DO~ U T UREIZOWTTHRE St T,
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RO NRERIC K 58 (NEAEET)

cEHEO~ A (A CRERELI0 g ZRFAEILIZAT, 97 HERIINN—F Y IR
FEDIER DI HLT- & DA (Holzgraefeds 1986) 73db 5, £7-. miREDO~ H o2&t
FRZIRH U, M T 2R BN A b Tz & OMENH S A (Kawamurad 1941 ; Kondakis
5 1989) . ZALIZOWTITREREDOHEN R+ & SnTWD, ek, HFKDIREN3
~216 mg/L DA Tl HES) (fine motor coordinate) DA TEEN A LTV
(Vieregge> 1995) .

NREHRE L BRI O~ A IR & AR %@Bﬁ%k@%@%nﬂ’\f_%ﬁd}imr%ﬁ
BRENTVD, TR o L H Ly 5 : :

%@—W%MMH%%@%%%%WOOHE (2002) DIEHIAF

nf@\%%®M*\W%&U%%¢®V/ﬁ/ﬁEﬂE%tk%AfﬁBNNPk%ﬁrT
HY . HEATENFHIREDIERA a T3 AH BTz, BEEOIE, ZOFERMLT L~ o~
DOIRFIER T HONE I DIEHALNTIEARVDS, <~ B oEEEBETI DL LT
%, MenezesFilhot (2009) i, Fkd~ > B ~DIEFE (BCEDKFEHZR L) LR RO
(2 B9 % 1977~20074F & TITARK S 7212098 (Woolf & (2002) % &de) Ll bE=a—1L,
VU ~DIRETE L EEE MPRITE R EOEA ST L OFIZEENR A b E LTV D,
Fio, 1205 B, IIENEEMAIIE TH D . BAIBIZE CTld, 2R — SR & B TR
DWW TOFHLOFEFEMEIMENZ & T AEDS DI 2 & LY OBFSE TIEASHE R O Fi
DA THLZ a2 L OO . ACEIKERH OWREE 2 - 7 it OWFSE % & T K5y O
JECHEARERIREE, A, MO 2 E T 2 BN 2SN TWDHELTVD, &6
(2, O TIE, Khant (2011) 723, HEKF O~ B ARE L IREOSRHEE FHEN
OITE) L OBEAFRA L, HFKT O R, MR, RSB O BE K UEE O ASHE K - 2 G
L“ﬂ‘ﬁﬁﬂ‘bfﬁt% W OB EEN A Sz L LW\, F7-. Bouchard® (2011)

. AER T (FEBOZEKEE, HETATSSE) 20 L7 28 &7 /L CffiT L7- /%, A
7kn’a:EE(D<7/7U VHEIE S 1IQL ORICE W BEMES A B EHE LTS,

<BYMEERIETET—4>
- R ABRFEFEBRIC BN T, H21l mg MM E TOREET 9 & H MR L 7= E5 Tk, #fR

DEEIH ST (Ulrich® 1979ab) . 1.5 mgMn/m®E TO#E T H Mk A S 7= F2BR T
b, BRRFT I3 72~ 7~ (Dorman® 2006a) , 7 h TiE. 0.03~ 3mgMn/m*DjE ¢
1M [FNEEE L7 F28R C, MIRAE(L T/ T A —F ~DEE MR~ (RS ORD, %@
FFR OILR) NALNTZ TR/ ENH L —FHT (Tapinh 2006 ; iz~ > A (1) )
PRERSDEBN L BN o T LT 585 S H o 72 (Normandind 2002; U i~ ),
- RO G5BT, Y25 mg Mn/kglday 218 A [# 5 L7245 5. 5 0D, TR E<
HRCTRED=a—ua U EERALNZEOMA (Guptad 1980) . #Hh~ »~ h 12150 mg
Mn/kg/day % 44 H B3 5- L 72/ R, — B TIEH D N R LB EBITEORENL LN & OWRE
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(Kristensson> 1986) 7\& 5.

®9 EMHEM (HESMH BT LHIHEE
AICETE5T—42
IUHUhE

U.SDHHS (2000) 1T LAUE, v i3tz b, MRz 1 K > TEITHEOMRIEIR &
RIEERE 2 IE SE 5, TOIEROFBO—o1, N—F Y UREEPLTWLZ L THY, <
VHUHEE X=X Uk R [ _J:of%ﬁﬁbf:/v—ﬂ?///ﬁj ERERZ ENRDH D,
LinL, v~ B hHEFEICALNDIKETNE (hypokinesa) & HREkIL, S—F v YV URBEDOEN
TR D, WHEMICH, v R E =K U Y UIRITRE RS TRBY, v~ A U HhEFEO TR
—F Y PRI AR TRV REDER - TE Y, EITREER - BIREE - #0 S SR £ Tk
DRED, R=F Y IR TIIRE L AROH HMIICRESNTND, I HIT/—F Y R TIE
BHICVE—/MERIZEAEFIZAMINGD, v TP BETIEZEDOL D R LITEN, v~
IR T, AL (MRl) THREER~O~ T BB R LND M, /—F Y R
TIEE 9 T2,

AR 112, Feldman (1998) ([ZX D~ T odame =% Y VIROFE Ot 2R LTz,

Wolters® (1989) L UKim»S (1998) (L, Ry bhmrxzIvvar hESZ T 70— (PET)
ZHWT 741 K=/ (FDOPA) OELY AR Z TN L7-35612, v~ T HEBFILIER Th 575,
N—F Y RRBEIIRET Tho T,

A AREEMAAE TS (2008) D&V ELEDICIIUL, ~ U T UHFHEOERITRO LB TH D,

~ A oPEORERIL, BRI S (B ORI A7, 14455#) W AREE (R
LTI, 2~22mgim® (2,000~22,000 pg/m®) O~ HUBUA) TBEXNS (Racette’ 2001 ;
A AEZEM A 2008)

~ U REBEOYORERIL, EERCIEFF RS OREIE, HWOEVVE LRV LIZEV - 8)
D UEROER U (stiffness) |\ BEAR, AR, ME. SlEE, 8RS Th b, 2o OMiEx
LIFUIR, I\ T) - 125304 VAR T 7 HERBOEZ S, %ME;WKT FRIZHE RO AT,
HEMHNG, BET 2D LB G 2 WITBEERN 2ATECE B O RLE, A 72mbil e fE > 2
bbb D,

vyﬁy¢%®&®ﬁ%®F%kbfi JHILIERZ T 31T D R B 7R ER DS BSE D K 9 1272 %, Al
ZIE, B THWRR CTHFZ Lo )7, BIEOmFEE, B TREHAZ 9 RN OB & 81T,
ﬂﬂw%ﬁ&k#&%ﬂéio_ﬁéo

S IR EITT 5 & FFEEIZRBATIC Ko THRITANEEIC 72 5, 2 OB T "cock walk" & FEIE
. ITREORFRIE (WX 72k 912) oFENBIZe, OULZMT CTHERITESTLELDOT
b5, MEEBENET, BEFROBE DM WVIRKRZ > THTL 5, FFIZIE, vy - vw=7
(manganese mania) . ~ > A KEMYE  (manganese psychosis) kﬂ?ihé*ﬁf@ YNNI & (S ORA T L
Ihbbild, TNHOERIKIFZEAERE LZZNVWEZZ LN, BREOF ILTHIET 2 HHE—

Fryzek > (2005) 1%, v ~—7 O&RaLE% (79th) @ BIE5##27,8394 & %f5 L LT, /3—*
VY PR B TR A M I K B FEEIZ OV T, 1977~20024 F TO# IR & 28— MFFEE M L
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“o DAEASOBEEY R OVEERSRIZ LY, 27,8304 D 5 5| 98I7TA MM T, ~> W%
BUREE 2 —MIBE LT REERH D & S, ZD98L7TAIC DN T, IRHEIEEICYID THREFR L
7ol R OREE (B, A7 2 LA | AEES ORISR ORI, NEE T oW OB,
USRI BT A (EREE) #2170, 8,1904 0 b [RIA 2 1537- (6,1634 A 1., 2,02714 1348
T) o BHTBEICBIT 5/ 3—F Y U ROZOFEUSEE (ICD-101238V ) TG20~25) kUt~ 7~
HEOBAEX, T~ —77 OEE XS (Danish National Register of Patients) 7> 5 5% 7= #)[a] D ARt & 7=
TIOSRIRIC L > TREE LTz, BIRBIZOWT, BWPEICBIT 2 84EHET v ~—27 DREAN
(ZF 1T D FEAE R D B IEUE(L PR BRI AR =R Lt Standardized disease-specific hospitalization rate ratio (SHR)
(IR OIS & WIFFEO ) 23R LR, S—F v Y VIR OSHRE 5% X %, &8s
KO BETHERMAT09 (95%Cl : 0.7~1.2) | EHEEF O BT ##H TLO (95%Cl : 0.7~15) | &
$ET.C09 (95%CI : 0.4~15) . &8 T.T09 (95%CI : 0.4~1.8) TH VY, HELRBINI -7, £
To. BT N—TRITORIEFERMOZE S e h o T, MO DRSS (FeRtE/ S—F Y e
B, DA =T IZOWTIRAEN D2 IFHEZEZ 56 DR o7z, /N—F Y RIS
LT, FEFER. FRRORAERS, s, WEEEICESE LM, BEEEOREDEWNI LD
SHRO A EeNEZe <. BUFEE C~ o HoREfbhholz, B, v WU HE~DORERE
IS ST,

Fored® (2006) 1%, AV = —7 » OEE TR OT AW TIZHONWT, v~ Ttk b/ 8—F v
J7 2 B o FE AL 5 DR D VERR E K ONEEIFEE O U X 7 EINAZ D 72D 3R — e a7
o712, 19604 K ONM970E D [EZAFHA (Swedish National Census Register) OfEHEN D, 8T, H A Y]
Wy T.0> B 49,4884 K O IREE & U C4Eln, JEEMR, HEKET~ v F o 7/ SBTARMELEDS
P£489,5724, Z- filiit L. 19644 7> & 20034 D [H] O ABE e ék, FE L FLERE 1> & R J ONEB) O
(ICD-10TG20~26) DFEAEREZBIHIFIA L1z, G20~26D3AEHR (105 NMEX) 13, IWHET RO A
I T.C28.1, *HREEC3L2TH v | A (adjusted rate ratio, aRR) (£0.91 (95%Cl : 0.81~1.01)
T, ML FBRETH T, /N—F2 Vi (G20) DFAEHR (107 NER) 1X, T IROH A
I T.C24.6, X[ BEEC27.8TH ¥ | aRRIT0.89 (95%ClI : 0.79~0.99) | & E/ \— o vV R (G21)
OFAZR (107 NEXRD 13X, T RO AGIM T.¢3.1, ®HREET25TH Y, aRRIF1.19 (95%Cl :
0.85~165) Th o7z, ZOMDERTIL, BEZOEME (G23) . YA =7 (G24) . HEKI K
FEROEEBEE (G25) IO\ ThH, BEROFEREMIIA LN -T2 (BRRIZ, £NFN0.77,
142, 0.95) , 72k, v U H UHBIERNIRD o To, /N—F Y ROV T, Fln, BB I,
SR, BE LUV E R BE L CRAEREZFAIZAN, aRROAERBMITA SN hoT, SHIT,
VA~ DOIRTEORREN L 0 @ OEINARE TICOWTOTFT —Z 50, N—F 2V K & B4 5 7]
REMED B 2 FESEA~DIRTE DO b 5 REWEFH ZBR\ T — Z T BT h, R K ONEB) DR E

IN=F Y ARDO Y A7 DN o T2, 7B, ®BT — 7 WA I NV T ARBEEESIZRB T 5
1974~19754E D~ > A 1L, 1) T130~300 pg/m®, B KIEE1E770~1,800 ug/m>Td - 7=,

Park & (20062) 1%, ##[E 0 2 v tEo Bk 578 # 24,9634 . it HREE & L C Bk B 1%k 5718 # 13,597
KB E LT, 1992~20034E £ TIZ/8—F 2 YV U9k (PD) 2 3JIELT-HEEICHOVWT, v H o~
DR & ORIEA <72, PDIIEE ORMRITIL, ABL - SORBF OFek, ERBERRR O SFA R
T —H_X—=2 % | ICD-100G20~G26IZi% 4T 5 BE A ML, S HICh AT E2 L E 2 — L T2l
DY) S Z Rl Lz, 1EESZO~ Y B RET —2 L LT, 1965 IEAN Y77 —THRILZ b
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D&z, FAEORER., PDORIER T, BEHET6 4., MIBBET3IATHY , BAERIIZNEN2.36
(105 N4Ext) | 2.68 (105 NAER) Thho7m, ~ 2 W o ~DIRFEEIEE 1T, sHEYE TR/ F-1880 pg/m®
(#iPH10~7,530 pg/m®) | YIHI, WFEE. 7 ¢ v T 4 > 270 EOVEETEM 100 pg/m®  (FPH10~
950 pg/m®) . FOMDOIEETND~10 pg/m’*DOHiPH T >7-, PDIIE L ~ o H o OIRGEIEE 4k &
O B 2 Cox[al ) /3 M L 7. PDFSIE TP & OBIEMED & b m < (FERHERRE (RR) 1.136, 95%
Cl : 1.057~1.221) |, ~ > A Mg & OBEMEIIK -T2, ~ U W U REIETE LIZRROEEIN G 722
ST, ERRERE (BEEEE) ORRIT1.961 (95%CI : 0.307~12512) | EIRFERE (ZOMOEE) @
RRI%3.647 (95%Cl : 0.717~18561) T® ~7=,

AE1 IVHAVBRBEICKEZIVAVHFEENA—FOY VRO
b E | ~ R R=F Y 95
FENE A fhn & B P D Ffin L) 50 R LA E
FEIE fafk, Stk I T
~ U NGEE IREEEH D (PR, e, ~U B | oL
Ny T U — AbFEIEE, REAL SR
ED~ T aH/K)
(e SE] SMEAIT e, BELSRMICR D & | EE IS T
HREEN ENY | BENT D, 1FEA
EDYe, BENMMFILT D LT LR
U,
PRER AIREME IR, M TR IR R
RPN, EhEIRER
i R VA =7 BMERECev, AERGR | ARORII, R 3 ER [
Wy (NT h=—), HHEKT
BT AR, GAE, VA h=T (oA | EERE, O30 BRT
= (cock walk) )
A EL T AL EARBRIEIR, FRANIE FEARRIER T E 4, RAEEIIZIC
D HHEIE
~ N PR EFELIEES, L — NEETER | @5 X EFRE AR
TR L-dopa {69 CRIRIE., Z LD~ | #7513 L-dopa {BiE Rl B4t
P ERPT AL WRER, PR T, %%\%%&\% JRERERR IS F I BE . HEIEE, K
B, fE. FURICHRE ; L E—/ | EMROEEZ ; L E—/IMRIZEE A FE
INEEF
MRI it &, IR L~L 0 T1 58S AR | BUETITER oM, wask, £E
W2 TS VIREE QBN R TR | MRS, AREE. dIREE TR
PET FT A MEEDO 7 VA R—ROR Y IARIT | BEEDO 7 V4 r R—/SOR D AL
Ew, ZvtasrtRe 7 a—ao | FEd
B0 GARIHET

il ; Feldman (1998) L 0§ - B

MRETHTE - AR OEFMNLTTE BERMEERSR)

Iregren (1990) IZ, AV =—T D2 00 RETHIZ 1 ~3FEM TG THE L, v~ TR
% L7- B @304 CERERA6.45%) K OYFEHD, HUlk, B&FEC~ v 7 2 7 L7 IREE604: D ik
ITEV PRI E Z1T78 o 7o, T ORER. J73& T, Bk (smple reaction test) | %078 (digit span) .
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T4 =By TDOENAEIME TH 7oy, ~ o T ~DOIREEEFE & A Ok & o B
RSN oT-, BB, 6D THOETIT~I8EDK T~ o 1320 pg/m®~1,400 pg/m’
OFPH (250 pg/m®, FRAE140 pg/m®) TH o7z,

Wennberg® (1991) 1%, 2 S DOEKEREERATIC 1 ~ASERENE L~ o U TR L7 B4 304
CE¥ERR46.45%) ZIRERE L L, KBTS LIS S 808 L =978 &E 0 DA, B AR T
~yF U7 L6004 A xHREEL LT, MEMRA, MRITEIFIMRESE AT/ o 7o, T ORE, BB
T, AEEF RS2 b OO, R KEEGHEDHE O T, F5:BH BN P00 RO IE R 1374 5
Nilee £l 74 A—=2 vy r7 G (digit span) DORFEAA BRI > 72, IR, s
FRAEICOWTIL, BB SR CTHEEEI R -T2, BB, 2EHFTNO~ v U RE BT
A (total dust) ) DT %180 pg/m®, 410 pgm®TH V| EITI7~18HE TE(IZ R ) > T,

Roels & (1987) %, ~ v A Uikt (Tffb~o o, Wigb =~ T 2) . ~o 0o (B,

IREAYE., fHERME) ORLE THICE W T, ¥~ T AMAEAEWOR U AN 1 S EL EgEE S vz B
B 1414 CEE4FH 34.35%) M OWERRFE IR C~ v I 7 ST kHEE 104 44 CE%)4F D 38.4
W) Exigrl LT-MEWTIFgE A e LTz, RO~ U B UIRE Gl UA  (total dust) ) 1R 8
T 70~8,610 ng/m® (&7 —Z O P IAE 970 pg/m®, A 940 pg/m®) TH V| BREEREOURFZ
X1 ~194F (CF¥714) Tholo, 72721, B CAKRSOMEIZRET 58T, ~ v gk
X BB A 7201, BRIZEIC L A2F3E (ACEER) . MG, %Elﬂ%%ﬁ@ﬁ%%%ﬁ%*ﬁﬁ
(Bl A RER] (simple reaction time) . ZEIRFRIGEIE ). WhaliE®), FoOZENE (hand steadiness) ).
R ORI Tz, T OFE R, ERME I, BRIERE LTS, HIBY | FH0EZ (trembllng
fingers) . M AIRBERE CHEICS o 7o, MRRATENEAOMAER A CId, RS EE CHMBOGIF M OIER |
D HEEC T O EM & OV B O R E /) ODEJZfa@ﬁ%fMEET#M&) HAL. T, WhaEE) &
OFOREEOBRE I~ T O (<10, 10~15, > 15 pg/L) (CHEKRFEEZ /R L, SiEH
ORI ORBREIT~ v T ~OgEEFHS (< 3. 3~9, > 94) LBEERALNT,

Roels & (1992) X, 7 /v U @M T8 C gt~ o 0 8y U AUICIREE S - 978 9240 (CFH
G 313 7%, PHMREMIN 5.34F) L. B TS L E UHKICH 0 . SRR, BRSSO
LU 72K Y ~— N L T30 EE ) HAFER T~ v T2 7 SETRA TR REE 101 4 CEEI4FEE 29.3 7%)
AR L LT, MBI PR, MRTEN AR, I RER AL, FPREER DA, iR - (b
R (PO B LT AL 8 B (LAALEY (LH). IR ALE Y (FSH), 7rJ 7 F
DWE) FExEFEM LTz, G LHO~ T OKRPIREZEANY 77 =2 L0 JIE L2RER. WA
PR U A (respirable dust) 7238&faf ¥ 215 pg/m® (A 21~1,317 pg/m°) . n"ﬁ\*ﬁj\ U A (total dust) #3%%
{al V-5 948 ug/m® (#iiPH 46~10,840 pgim°) T otz, Fiz, M~ 2 H L RE (MnB) OB F-¥ME
%, XHEREED 6.8 g/l (HPH 25~13.1 pg/L) (ZEb~ BRFERECIE 8.1 ug/L (#EPH 2.1~21 pg/lL) & A EIC
m < (p<0.001) ., JRHI~ 77 P BE(MnU) O S (n 25 13, Skt BEE D 0.09 pg/g cre (R 0.01~0.49 pglg
cre) Zkb, BRFERETIX 0.84 po/g cre (#iPH 0.15~7.33 pg/g cre) & HEIZE -T2 (p <0.001), &
NDVEZENE (TEHENE & GEFFH) %558 L7 SRR & OHEEMIL, WAPER U A TR 793 pg
Mn/m-4E (P 40~4,433 pg Mn/m-4E) | #2K) U A T F45 3,503 ug Mn/m*- 48 (i 191~27,465
ug Mn/m®-4E) Th o7, lHlx DF—ZIZHENTIE, MU & MnB (2RI, BUEDK TR K OE

BEEHTHEOWTNE A BRI -T2, BB 2 BEOBRRIEEI S T6 Z—7
_éa\ FT, =T R=2AThHDH L, MU RITFE) & BAEOWAMER U A KO U A DK R
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G oA ERBFRARLNT (=083, p<0.05), BT T, MRITEIZIRAE O
RS, BhilER), Fo%k @(mmgwaﬂmmm#ﬁ%ﬁib%ﬁ< IhbOBRAEICE

D B EORAERITBRBERE CTHEICE <, MnB LT MnU O RS EHEEMEICKFE L TR o
7o Fio. BURLUSEER, WiRED), FOLEMORERFEORAERLER T O~ B O RIERE
BHEEE & OBRE R VAT 0w 7 EUFSHT LTERER TIE. FOREEICOWTA v O H E ek
INZZD, 5 %DRERAERITKHIST 2 RIEREREOHEEM (95%CI @ EFR) X, #k CA T 3575
ng/m®- 4 WEAMERY U AT 730 pgim> 4ETh o 72, 2B, T 3ME O &l & ORTIC B X
RN T, FFRZRRBOREAR, MEERERAR RIC OV T, BT L AR CTHEREIT R o T,
Flo, MK - FALFREORER, Fix DT A —F TRz ﬁ&oﬁ%ﬁfm%ﬁ@ BHHNIZ 3 > 7278,
BREEEE CIIARMERECO~E 7 m B R, MiEH OSOMREDRVWVEMICSH > 72,

Roelst (1999) %, Roelst (1992) THFZERIGRE Lic 7 /v U i T80 558 # 924 (1987412
%E%%)%mw~w%¢i¢ﬁ%b g&mv/w/«@@ ESREBIZIRD E T35 L 72 o
T2BET, WIHEIR T® 2 A TE 2R e BRI E S F P E T H D E I MOV TR L7z, 72,
|%$5(m%)@ﬁ%ﬁ@o%wﬁ_owf%\mwﬁm%%ﬁ%i%@ﬁ%%%ttoﬁ%ﬁﬁm
SEE LR, fRIE. BENC L o THEK TR E TICR24 05344 12D LT, Ziboiis (%
B T, EEY D) ICXk > TIRE L~V e 0 | K, P, SRERSE OB/ T 5 & 1987
FEORK CA (totd dust) DT FHITZ 2149400, 600, 2,000 ug/m*Th v, 19924ELUKEIC~ >
HUPEMETF L2 2 &5, 19956 ICITZ N EHI130, 181, 744 ngm> Th o7z, K, . iR
VREEIEIZ 31T £ 1987~19954F £ TO W aiiEEN O plfg X, K, . EIREBRERIEDNAIC A DR > T2,
FREL LIRFRIRE O T IO BiEB O N 2 S, [RIBERICOWCITHERK TR E TIc
CRHFHRBE DRI & FIFREE) L leo7z, H. SREBRERIZOWTL, ERALNTZbDOD, xHHREE
@Wmi@%ﬁ#okoik FOEM (hand steadiness) . T SRR O BAE O RRAFEZEIZ DU
IREHERRTH DL L — B LB SFBERENITA DN o703, P, mREREC OV

i%@ﬁ”@r HET U, SREREREIC OV T, BEREO &SV (1987~1992(F) (231 T
MR RS OIER RS2 S 7=, BEERED 5 5| 1988~19924F 12 BB 722 X1 & » THRA RS S 44,
< T~ DREBH T L7 5B 244 12O\ T 19964 I R TEN LR A & 50 L 72 5. A
RN DUV TIE244 204 OFGEDSHIRIE L W BIR o7 b DD, 9 H 164 TITRE AL I TR
IV AR UE L T e, FOREM, SURRISRRIZOWTIX, B IREEL D IR, g
W b EGROUEN B DR o T,

Crump & Rousseau (1999) (%, Roels® (1987, 1992) MHF7ExfGe & Uiz~ v 4 V(b e OV D
DORLE TH O T8 (2B T, 1985~19964F D, EMIHIZHIRATEN AU A L O, IR~ o
VIREE O A FEM LT, AAXIRE L, Rodsh (1987) DOFRAXIRE 1404 D 5 H 1144 & 515213
4 Thole, BEUFHIOME, ~ ool & Fo%LEr: (hand steadiness) X OV REfE D
BRI A B 7R BENE DGR O AL, ~ U T DRI & afiEE) & O & A E (7272 Lmarginally)
RBAENERD b, FEERE. WiRER)., FOLEMOREIL. EICKE LA ERET L3R
bivlz, £7-. Roelsh (1987) 23HRATEN FROMIA 2 S5 L 7= 97 @ 1o 2\ T %XH%EEI"J&E%E DEAL,
BN LTRER, WaliES) (19914E % TOT— 4 T) | FOLREEOKE CHERIK T 25807203,
ERR e D HEL E CITdER L T o 72,

Chia & (1993) 3. S U HR—IND 25D~ H U HEARA T CREEDIEEL D EE 17 4 (E
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fin 36.6£12.2 1%) &, 4Flin, HEFLE ~ v T SET A ORBEOVERS OEEE1T 0 FWEEF O
5. Flp 3578121 5%) AR E LT, MRATEIFROMA L EE LTz, SEEEOEED T BE LY
74 (1~14) O~ B ~OREBRZF G, L5~ o H PR IR8 ) T 25.3 pg/L (#iPH 15~
92.5ug/L) | IfiLiFE H OO FE I T4 C 4.5 pg/l (§iPH 2.0~32.8 pg/L) | JR IR EE 1T 8- C 6.1 pg/L

(#iPH 1.7~179pglL) Th o7, 2 THOEREEOIEHEGOKHP IR, 1985 FLLATIZIL ACGIH Dk
[ RS TLV-TWA Th 5 5mgm® (1991 4E2415) A2 % & fEigdE & & - 7-7%, 1981
~1991 4EDFHITIE 1.59 mg/m® (95%Cl : 1.19~1.99 mg/m®) Th-7-, xtMEfT~ o H o ~DiRiE
JEIZ 22 < i~ oo PR RS S 23.3 pg/l (#PH 17.3~30.1 pg/L) | IfiLiE O XA
T39pg/L (HiPH 1.5~6.4 pg/ll) . JRHPIREITRMEE T 39 pg/l (FiPH 0.7~9.6 pglL) Th o7z, #
PERICEE 2 37 DAEIRD 5 B 20 SEIRDSBREERE TR ICHRE SN2, ARICEHE THo7=D
EARREZFICEE L2 DO Thofz, EFRMRRE REMROME, EERREHE ISV T,
BREERE & TR & CHEZEITRED bR 2y, MR TE SR Tl IR T Santa Ana 7 A
N OERIEFR), 74 H—F v BT RS NT A N BFE-REREA T A (symbol digit) .
e A EE & 7 A R (pursult aming test), R AYEARA (trail making test) D AR A IR T L Tz,
L LD, IS OMRITEIZAMRA G & M, Mgk OR T~ B RE L oMBIxWTh
HLARB TR T-,

Chiab (1995) 1%, 19934, S U HR—NAD 2 OD~ o H AT IBNT, v Uk
O ENEREIC TR LS U, PR OSSR ARR IR RS E A7 B D 720 0 77 B 32
& L RIREES34 (RBeEs &, FRFT OB ES) 1o\ T, BB OZENE (postural sway) % H.LEf
fhat (static posturography) z HWNTil~7z, J7f1&E O~ o H o ~OBEEBIM 1T V-6.66F (#iPH1.14
~15.7%) Th ., FEFRFORT~ T AREIL, T T6.0 ug/g cre (#ilH0.6~53.3 pglgcre) Th -
Too BEADRTFEVED/NT A —2 1%, BHIREF CIEm#EO M CHEZIT Do 7208, PAIRKRE CIIE.OEE
WUREERE (L) ROEOEMEOEEHE (Vel) ICHEZEZRD, WTIL0/RT7 2 —2 LIEERO A
SHREE L U S BERS K E D o7, Ve, LEXOSNAERE (Ao) Dm v 73 (PAIR - BRAREL) 4 WReE
BEL SHRBE TR L AR TIE, WTNORT A—=ZIZOWTHEEENRA LI, BER TIXESO
TEWNENZ L RENT, FEE DX, ZORBIIRMEER RAEK) (S5~ T o
HRETHEDEEZ T, R~ T PR LIREIR, BBOREMRDNT A= L OMICITAE
RBEEIXA LN o T, Aok, 2 THOMAEESIZIBW T, 1980FERATEOK T~ o U A REEE,
ACGIHOTLV-TWA (19914E) @ 5 mg/m* % i 2 TU M= A8, 19814E 7> & 19914E D B 13:1.59 mg/m? (95%
Cl : 1.19~1.99mg/m®) T -7=,

Mergler > (1994) 1%, 7=t « <> A ROV Y a - v~ B U AE&THO5E#E 144 (Fhd3.445.4
. BBHFA11.0£1.86F, Ul COJR(ERE3E+114) &, L L THE L5057 @E & R—uskic
Er, M5 COMBEYIC X DREENR 72 < Filn, BHEFR, BEEE, Fo Ty Frrs
W274% (FE#NA3.245.60%, #HEH5510.9+2.046E, Mtk T EEMEI3E134E) AxH L LT, v~ v
O FHINETE & R R~ BRI L ORBEMIC SOW T OREL EM LT, ~ o T a4 THoy @
D~ v H o ~DEBAERIT ) TI6.TE (MR H17.74E) Thotz, v T ae&THICB T s~ 0
YO (K U A (total dust) ) iF, SR Y TR e L L T14~11,480 pg/m® (%%
{A[3F-45T889 ug/m®) TH Y . WAV U A (respirabledust) (1 ~1,273 pg/m® G52 T35 pg/m°)
Th ot M~ R, BB CRINES11.2 ug/l ¥ 10.3 ug/L, F9fE 10.7 pg/L)

_28_




st BREE TR 7.2 ugll. (T F-36.8 pg/lL, H9fE7.1ugll) TH Y | M THEENRD iz (p
<0.001) o JRH~ A ARRPENE, MEEERE R 107 gig cre (D < pglg ore)  GEATF-2 0.73g/g cre
(55 <uglgere) )\ IHHBECRNY1.05 gig core (5 <pg/gcre) G- 0.62 glg cre (¥
Th<pggcre) ) T, HEATRN T, RERETIE, HIER GRS | RLE R O REE,
EEgRE (ERVEIE, FoOLENE (hand steadiness and tremor) 28) | K& OREEN ) K OV BRI 3 %F
FRBEICH S THEICE D o 7203, JIROKAE (SRR S, AN, Fh. BEEN) Ton T
ERB NI To, B, R~ BEOHAIL, FETITgg o Tholoid, b 4 {5k
4 (2010) TIglg ore TR X4 IR E LTE Y, FHF Thuglg creak” DAL THIL LTS,
TR, T HREE ORFITHE S T,

Lucchini & (1995) 1%, ~ ¥ H U IIEEE S o &askild TH O 5 @5 584 (CFHFE#39.66%) % xt
LL LT, AT 1 ~48H [, FRHIAI W%%¢iéﬁf%%ﬁ@?%@§%£mbko%@%
~ A OUETEE 1 ~28F M (FHLER) = CTRY ., REROEITI0FEOBREIRE X, B LA
(B2 DVEES ORMIE)) T700~1,590 pug/m®7» 527~270 pg/m i LTz, 97fi# 5844 134k
¥GC LD~ GEOREIE U T, K, L SIRERICOE IR, SHEOFER, v
~OBRBAER, HEFEK, B, REEE, 7 a—VEBRIIERRE Th o7, F5EE O RHER
EFERE (CEl : fEZERI DWW AR U A (respirabledust) DFEE (FESEH) ITE(ERAETR LB D) 1

1 ~2,130 pg/m*- AEDOHEIPATdH o 7=, CEIEMF, JRFED~ 2 H U RE, i~ 2 H R &R~ v
TR L ORNZIZZENENA B ARBEBRA A LTz, MR TEN AR O Rl 2 KR SR R & g
BRECHT 5 & fELE A (additions) | #P-XIEEEST T A (symbol digit) . 7 ¢ > H—
2y s HE (digit span) TEMBEHEOMEPA BN, ZNOOREDMNE GERIO
FCRE CREE) 13T~ o T RE & b A BERMBBRA A b, o, IR~ 0 URE LR
PRRAL, CEl & - T A & OMIC b A ERMEABRGRA A O, S 6IT, F7B#E OE
EEC, RIS ) ~ U WV IEBE ORI 2 EE L T, M R OURF -~ R, CEl & MiRAT
PRI A O & OBEL ST L2, 2O DORITITAEERIZA N> T,

Lucchini & (1997) (X, ~ > W ~DOIREIZ X DR EE O OIIMEEZ T 572010, A4skil
ﬁi%fvyﬁyﬁm%ﬁ@ﬁéﬂk%@%#%3&%%ﬁ¢%%ML\@%ﬁn%ﬁoko%@ﬁ@
AR 39.448.4 1%, MBRERAEHUT 145577 (5~29) 4ETH V. MIRELITR D & DL WE
BREE N2 < IO T OO IR T T~ v F S BEREEO SR 37 4 (4Eih 43.247.3
%) Thol, EEREROKT~ 0 e BB U A (tota dust)) 1%, & FEH T 193 ug/m® (4
P 26~750 pgim®) Th -7z, MR ORI~ 2 T BT, BT TENTHEM TEEI2 9.84 ug/l
(#PH 4.6~23.4ug/L) . 3.04 ug/L (#iPH 0.5~23 ug/L) . xIIREECZIE I EEIN 6.78 ug/l (i PH
48~109ug/lL), 043 ug/ll (&iPH 0.1~ 2pg/L) THV, BEHETHRICE -T2, BEETIE. &9
BE OVEERBICHESWCHEE Sh - BEREE CEF ((FEBICBT D~ v v OER A B it
R[RELMEEFRHER LB O) Lilh~ 2 W REOMICEEZRMBRKR (r=052, p=0.002) 734
B, B O~ T RE L LCBIPER U A (inhdabledust) & 0 &AM U A (r%pirabledust)
DT =X EHWTGEIC, BOVAEBRESE ST, RIERE & CEL L R~ U VR L o
R BT h 0Tz, M~ YRR LR~ Vo R L ORI ﬁ%ﬁm%%%(wdmzp:
0.0001) MF4BHiv7c, MFATENIFRIMA (aiming pursuit test) (22Tl géﬁi‘@ﬁﬂiﬁ%z’)ﬁq“ﬁ@ﬁi 0
HIRWERIR A LN H DD, ﬁﬁ#i@woto%ﬁ%mbomf% FERE & REE TR E AT
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inole, ~ U UEBHORTP~ T PR R EE L OfIIZAOHBEBEKR (r = —031,
p=0.06) NAHiLTz, MH~ 2 T PRE L MEATEN EHIRA (@iming pursuit test) DR%AE & ORIICH A
HRFHBE (=037, p=0.04) AL, MIRRA TIE, BREREO D MERES SRR bAERICE
<L THUTAFHREREL, U U NEREOBINC L5 b D ThH o7,

Lucchini & (1999) X, ~  H v OB 2} - A48fE TG0 5@3# 614 (CE¥84FER 42.157%)
AUEEBEREL L. FBTOEEE - MM ORkE 87 4 CEYFHn 42.6 %) ZxHEEE LT, M TEN
PRI E 2 04 LT, MRERRE & RTIREE L CIE. Flh, T a—Aa—b — - ALAOEE &, BT
HIE, FHROBIZOWTIIRBE Cho7oh, BEFR. KEEE. (EETOBEICO W TUIFEZE
Wootz, HERO THBRO~ 2T PREOKMTEEIE, BB A (totd dust) T 54.25 ugm® (i
l5~1490 po/m®) . W AMERY U A (respirable dust) T 17.18 pg/m® (#ifff 1 ~670 ug/m®) TH 7=,

BEAECIE, BIRIERIZIW T, HIREEL V& ZITrE, P ORI OW TR R E R E Do
7‘:75\ PN Y AEERED FTRENED & DIEFNL 2 o T2, BRERE DO/ NDOIEEBIEIZ S\ CE

(TEERIO#F U A (total dust) OFEFEIZVESEF S A T UCHIH, Lucchini © (1995) & [FAIEEOFEH
) 1E, TP T 1,204.87 pg/m® 4R, CEHMEBBIN (B(TFH) 13 1517 ETH Y, CElIZHESK
W % ﬁ@%ﬁﬁﬁ@ﬁia@/ﬁﬁimw ng/m® Th o7, BRERETIE, M L ORI O~ o 7 L B 73 5 B
LIV LAEICEL, BB CATDO~ B UARE L~ 2 T RE L ORIZIZIEOMB (r=0.36,
p = 0.0068) 75‘5«7%%%7:73»\ CEl b, R~ R & OMITITBEEIT e o 7o, MRATEN 7/
i Tl%., SPES (additions, digit span). Luria Nebraska #fATENIZRIRRA /X v T U — D AR RS S ) ik 2
BECHBEEL D S HEITED -T2, BSR4 CEl OFREEICS U T, & CEl BE (< 500 pg/m-4E) .
CEl B (500~1,800 pg/m?-4E) . & CEI B (> 1,800 pg/m*-4E) 120 TR L& 2 A, bR
B CHIRATEN AR (BB B A T e d (symbol digit) . 2578 (digitspan). 7 4 > T —& v &
V) DEFBICHBEENBO LI, £/2. IROOBREORKE L log CEl & ORICIEDHBEREHR G
DO, LLARR G, MK ORF~ R E & APRATEY PRI A O R & O I B A &
Niedotz, FHHE DX, T CE B2 LOAEL LB b5 Z Enh, FREERE X, CEl O%M ]
¥ (§k U A(total dust) 1,113 pg/m’-4F % B 401 o0 86 (P 11.51 45 TR L T H 417 96.71 pg/m’
I HIELSFTRETHDHELTVNDE

l—ﬂjmﬁ_ﬁﬂ: (1 Luechini !) 1000) 7 F3 N FE
OCCHrir TIITI ]IV N H

o

Gibbs & (1999) %, XKE D4 B T CEMeE~ W o OfE b - -9 754 (Bt
¥B 634, IBRIRF 124) OBEREE, v~ U HURE TR TIEE L Z EoWnWim@Einn, MR,

NHE, i, oG5k, 1EERE, BEHERE T~ v F o 7 SERBREEIC OV T, **fmac%%rzt%f
M2EIC K 5 A K O R TEN PRI A 2 550 L 7=, BREEHE M O IRBE O S I, 24 39.68
k. 39.69 ik, FEEIBEEMIMIX 1272 2, 1244 FThH O | TAa— A0 7 = A OERE, B
B, AEAEAIOMER, FR-CRMEZN RO H 5 NOLEIZOWTHE R ifmwﬁ:o <~ A
vHE TR CAR TV TV 7B 63 4 O FHRERIRE (R FH+SD) 1X, WMAMR LA

M 13 NOAEL I2F 24 9 A EIC DUV CUIaR =T 220y . Lucchini FAE (2012) 1235< . LOAEL
Mo NOAEL #HEET 2 - DI A IR 10 2 WD Z Lid, MRkEEZ NS,
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(respirable dust) T 66+59 pg/m®, K U A (total dust) T 1804210 pg/m® & B S 7=, KEHhESR
REMEA~ORIZ, FRATEENRA (FO%REN (hand steadiness) . HafiES), FpRISRERH, 7
A H—=Z B T) OEFECHOWTIE, BREBERHELRIEE THEZETRP o7, LALRNE, #f
RATEY PRI A DO B & e, ~ > CIgEEE GRART30 B, 14MH. AEOREREH TR, 5
FEEED) (T OWTHEENF T L7k, o & WaliER), ISR, 7 4 v =2 v B T DR
B ORICAZ R FENED L. FRAEVIE S RENME T A EEN3EO S, LavL, <>
77 W% (respirable dust, total dust) & DEFELITA B AL o 7o, BHERERITIZIIFRE TH 2 Rods
5 (1992) DfEH L RATOFERIT/2 > T=DI%, Roels & D773 il i TRV BRELIR (F1 5.34) T
Dol Z LIZXD EHEL WD, 2k, BEREREIL. BEOBEAY 77 —DF —2ITHEo%,
12 38E UTAR3E 2 L ORI L 5978 OIFEBIEZ W THEE SN b D TH D,

Bowler > (2007) X, > 7T v Aap_A 7Y v UV TEET 2 BMHEE 14341250, v
T2 DRy T A~ DUREE & R PRI A R O REIR A & OB A A L7z, SHRBRHIERE S hkdo
7o RBET.OVERITABEHE TH Y, A 7V v P TEET L LN EY14.24E/], XA 7Y v T
V5165 A, L E LCHBILIZBREA AT 2, 4840955, 264 13IFHERE | 104 (T
F T SAELL_ AN AR U7, 1EEE D H ARG CRIRIC OV T O L) 13210 pg/m® (2
HEfFFE 80 pe/m®) | IREEHIRIC L DIREEIEIE OE VBB E L CRH L /- REEIRE B3P T2,560

BN
7S

—(PEL) 02 mghm’— G B AT SHRRIGFEI) 2% Tas W B T DA3% i th=e se i L HE
Bt LT EHEUFSPTOFER, ~ B o omPEEICx LT, bRk (1Q) . Bk
e, FEITHERE. 1EERE. R, RBEoMmEHEANAERBEEA R L, BEEE FCEHNIX LT
X, SREMEIQ. fEERIE. B, SHENEORBHEAVSHERBEEZ R L, Wb EIRREIZAD
ETHoT, KK IEBORE TIE, 19>, NEOEENEEETH 2D 5+ 2 R~ E4
TN TEY, BECKIEENRRINT, WETORTERICEO L, IRER, v, 597,
MERR RS, MEAOBSREAR RS LA DN, /S—F 0 Y IEGERHICRAA D/ T A — X (BT DA T,
FORHE: (hand tremor) M EEHEET.0038.6~61.5%. LHDZEM (postural sway) 7351.4%. JEBIEHE
(R &, HE) OMATIE524~97.7% CIR FRA LI, Fo, W T.088% CRE DK FNRA L
niz,

2210 pyo
v 8

s

A

-

oo
ey

f

¢

[

il

Myers® (2003a) X, FI7 7V D 2 oD~ H LI D484 Dy (L, INTAE¥EE . Fi5
B%) IZOWT OB T, ~ U W CARE., i~ o T RE, S, HEL~L, T
a— YR, BB MREEE O B D WE ~DIRERE. IR EEoGE ., MIRREES L ET)
FOEMEICL DA, WRATEIYRMA., EEERERA L M L, 7B O F 1 139.3+8.7
k. LI TOREEFREITL0.845.565 (1 ~414F), BIEHEICDOIE D~ U T OREERE (CF¥2SD) 13k
By U A (total dust) T210+140 pg/m® (0 ~990 pg/m®) | i~ 4 g ((F+SD) 138.5+2.8 pg/L(2.2
~24.1ug/L), CEl (CF¥J+SD) 132,200+2,200 pg/m>- 4 (0 ~20,800 pg/m*-4E) Th o7z, M~
VIBEIZOWTIE, EE#HEO ERTH 5126 pgll i B Z 785 5038910% ThHh o 7=, CEIZF#in, #
BHEE., WMEOHBOEE, MREEOH 2ME~DOBRE, 7V a— Vb, BEEIES TR L
729 2T, MRATEPIIMREORHE (- K BEEAT T, LuriaNebraska?D1R) & ORI # A7z & =
AL, THEFHCEE 2D ORKEICITAEZRBEEIIED bk dolo, HF-KEREEM T,
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Luria-Nebraska?® IRD g L4 (A OBEM) | BEFS (EoRENE) SEERH Y | K57
BEMHFIZOWTIET 7 U HOREREE O THADOBEENR A LN, ZOREORS, BMZEIZX
LA, MEMSER, BRITAOWT N OIRRIEIE L OBER AL NN 2 Enh, FEEDIT, ~
VT DY U AP SACGIHOTLY-TWA (19964F) 0.2 mg/m L/ O Th L, HkraT &
ERED DIV I e S8 MRATEN AR S TR SN D X 5 ek R ~D BT A5
NN ERELTWD, 2B, CENISTEE DIEEREIZESWTEY | HIERICBIT D~ T~
DRI L SAEEDWEF R R LT DDOMETTH D,

Myers® (2003b) (%, BREEREL LT~ o U RGBT O 77 B #5094, 4. i HREE L L Tl A BN T
LD HE6TA Xt L LT (FihEOFmomse L) | v OB ARERE, P X ORY
~ U AVRE, METROTa T s FUREERE L, ~ 0 v O AR R TSP C A

(inhalabledust) K ON7 = — L& EREL L, MREEHE (ug/ms) IS U TS REZAE LT (x<100, 100<
X< 200, 200< x <1,000, 1,000<x <2,000, x>2,000) . . BIEEICONT, CEl (ug/m®-4E)
ZEMHL, SNOBEOREIS U THRICOE L (0<x§1,300\ 1,300 < x < 5,400, 5400 < x <
10,600, 10,600 <x <22,400, x >22,400) , ~ > W U HEHIEE OB EEICHOVWTHD L, BN (&
i PH2SD) 1317.248. 14F, FRA MO RIBHIEEICI1T HCEl (FiflF£SD) 1312,700421,300 pg/m® E
ETOMEEREICE T HCEl (B F+SD) 1316,000422,400 pg/m>- 45, i (5 ftﬁifj+SD)
11.745.6 pg/L, JRIEE (BT F#+SD) 139.2419.1 ug/L T - 7o, BEIFOMNT OFE R, MBRIFELE (ﬂﬁlA
WRFEIRIE T L2 5 H) DI R ORP~ 7 PREX, & OREL _Ob\f%ﬁ%ﬁii@%ﬁi i
Moz, Fio, EARGERE D BT E MRS & < R AEARA DN, FHEFEOMEBT —
THD & RO ANVEFE R L IR & FHBERAMR (r=057) BAGTA, JRHPRE L OfHE
BRI > 72 (r=016~0.26) , £/, BRI H2,000 ng/m> & 48 % 5 & I P A gafnd 5
TR S LT, MAIREE &R IREE & ORI b A ERMEBEARRA A b (r=043, p<0.0001) .
Mg~ w77 F U REE, EARERESCCE, MR ORFREDONTIE S BEMEN R0 > T2,
E 512, ACGIHOTLV-TWADO0.2 mgim® (19964F) %% HIE~DIREEICEHTH AL V) —= 7 F
Bl LT, mHiRE (BEZ210 pg/l GRHBEEOIMFIREDIS% & A V) L Liz) | FHgEERE (CEl
PAEEEHTHR LB D) | RBPIEEOZFNENO5 M 2 ROCHHTIZ K - THET L7k 8, i
EOT—ZIZAT V—=2 70 LT D &5 2B, YRR T R L 0 bl I EL
PR 10 X 2 & ézm‘:o

Sinczuk-Walczak > (2001) (. Ml VBRI IR W T~ U H o OUgEE % 5T 72 57835 OhRke
RE~DEBEZ TN LTz, BFZ2IE. T R OVRIE 16244, EEmBLEH 134 7> 5k 5 754 0 B 155 {8
F CEEFER39.1749.79%, 20~565%) & . MEAI. Filin, 1FES 7 My C~ v F o 7 SE xRz
SHEIC U CHEM Sz, BEROREAHIMIL 1 ~414F (F417.5£10.814F) Th 7o, BB OFHAN
SO H O MEFEREFE IR, 1080 F~2,670 pugm PO Td - 7= (BLfiF £ T400 pg/m®, (i) T150
ng/m’) , PR T624 OF AMRFEIR T 4 ~2,670 pg/m® (BT T399 ng/m®, 0 ¥ T154 pg/m®)
T, 2095 H304IE, R—F K @ﬁ%/&%rg (MAC) D300 pg/m’ % 2 TV /-, HEMELEH 134 0
~ U PEREIE86~1,164 ng/m DFEIPHIZH 0 | BT TIE338 pg/m®, BT TIE261 pg/m®, FEHE
75292 ugm®T, D55 6 413, WEF‘V U H PEERMACIE & 2 Tz, IREREIC T 5 BAER
T, 8 ~35520 pg/mAETH 0 | BN I T8,045 pgim® AETh o 7o, IBBRE TR, BRER
& UCAREERIENE ., Pollir:, folgks, b xmbEs, MRS DU R RS AN R L Y
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HE L BT, FeHRFHIEEIIRENL ORA TIX, BBHOREE (28%) PMEEFHRLS
A XTREE (17%) KV bEFERE N, HE ia#otoﬁﬁ FBNARE CITOHER,
FERR D FI TP100-N2RIE DR F 2358 H vtz F 7= HEEREERALPI00 L OINEREN 1-P100HEIE & 2
TR 5 A s EOMIZADOFBEN I BT, ZedsMkaiit JRfii ol e R ST
wr RS RER R A S L BT R BT, AR ORERD G, muT~mmu@m( AT
400 pg/m®, BT FHIT150 pg/m®) OFEFAN D~ o H R TIE, B EMMEE S SR o — 8
— & ZWiT 572D ORI AR T X 5 K 5 iR R O EINREE T4 5 e a3, W%%%@@éf
BHTED L5 R ARBEEOFENF | SR SNDE Lz, B, SIRFRBLMBE TIEIN 1KY
REDNELAE LT, v~ WU RBIC L DA mie B EZE2 b b,

ek

=

Bouchard® (2005) 1%, Mergler®s (1994) 3~ > &4 TIHO RIS EE 744 2OV CENi L7z
PRRRATEN PRI ARG R 2 TR L, Pl & 2B L OBE A ~7o, RTHREHE. Fils (£34) | HEK
Y (£24) | BRI, FHEOE T~ v T U 7 LTMREEO H 2 WRICIREE LT 2 & D7\ 1444,
DI & Uiz, BREREO i O A EFABIEIT19.34 (1 ~274) T, 714122V TR0 B
DEATH Tz, AV T T —EIZL D~ B 8 REff B IR 13 U A T14~11,480
ng/m® (8225 pg/m®) . WAMER U A (respirabledust) T 1 ~1,273 pg/m® (4&/3 8935 pg/m®)
Thotz, M~ T JREE, BRERETI1.9553 ng/L (%P 4.4~259 pg/L) . XFHRRET7.2+0.3 pg/L
(HiPH 2.8~154 ug/l) Tholo, MREMHEKO OMEHA OS> H 1 HE (FOZEM (hand steadiness
andtremor) ) . FRAEIGEHIKOL2MEHH O 5 H 3THHE, KEERKO 4REHBE OS> H 1 HHE T, Fic
{RAF U CIRBRE L IR L OEDNHBICHN LTz, ZOREND, EH LI, MRITEZAKAE
BT mEAO—HICBE LT, BEROSTEE O DPEFROEHELY b, KLV D~ o H
DIFFET, DTN THLIN, HEINT WAL H D & LT,

Bouchard® (2008) %, ~ > H v A&/EETHROBIE#IE GREICHESRIEREDOIIZEICSN) |
DWT, LIGPASH% 14T B BIAE L FEii LTz, ~ o H U Gai@ETis & SREET14 12OV T,

HRIER &~ 2~ SRR FCEL (28 U A (total dust) JEEICESEHH) & OBEZRT-,
BRMEN SR A L, MEZ R L ik Lz, ~ v o o BREEE BCEr o i1, 19,000
gm»ﬁfkb 300~100,200 pg/m*- 4EDHFAIZ > > 7o, kG %~ o A o O FFHRETE FCEND 3 43F
ZEVRXSG LIS 2T, Flin, B, 7Va— WHEETIHEL, GLM (—BEEILET V) ZHn
ﬁﬁbtﬁ%\%ﬁ\@%2/kﬂ~wmow1ﬁ@@%§&@ﬁ%%§®ﬁﬁ?\ﬁ%kﬁﬁ@
FERIZOWNTIE, WIEFRA TORER OBE DM N bz, £z, & RARIRE SCEHED Jr @2
T, WIE R ONBBRRA O W 5123\ T, SRR B U 7ok OBEEE DS E o 7223 R OMR
THIREE SCEWETIX. RHREEE ENR o Tz, MEIRFEE I~ o T g & IXBRIIA D 2o Tz,
fh 5, ARSI RO A AR T 1o BRI B T o © L 0 SIS Sy, SRR EE SECELE O
R Z2BRIZ A DN olz, 2O XD RN G, BEREHR L. v T EE&7mEIC X HIE
WOFFZ DL Z EBRB ST,

Park® (2006b) 1%, ~ v B v ~DgFE L WiRATEI~ DB L OBEEZR <5720, KEY 7T
A ATEUNT, 2003~ 20044E AT ONTZNA T v VIR FETEM SNIEELO 5 b Hki
EHMEM SN T\ B2 b 5484 (Bass, &tE34) x5t L T4 20RB (ReyD
MR A, TEEGLIE. Stroop7 A b, WHFE FF A4 7T L7 A ) HE L7z (20054E 9815
M) o ARRRATENFAY 722 (Working Memory Index : WMI) (22T, FEIRBRED 2 37 OS54,
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27 OENTDE%ZANED A a7 MEWGEEZ R (GERE) LRELL, T0%E, 20~
50 png/m>0> 2 AEFINEEE TIIARRR A~ DO RO BRI AR 2 ~ 5%, 200 ugim® (8 [y 5 i 82
%)) TR AERIS~32% & FHIS Iz, LLARRS, fEEGNER, BRETh-7mZ LIk
%%%&5&%x%hto@% RFET — % ((FELHOKFTRES) 132004F£5 HETOHLDOTH
o BRERIREE (IR O LIS o T IR O SEEDS IV B AT (20044 7 A ~128 OUEBEREIXZ O
m@#ﬁ%@Iﬂ%&#ﬁﬁéht)oit\E@%@itmx?4y7ﬁﬁﬁ®@wﬁ@7yﬁy
PR IE, 8 U A (total particulate) T30~670 ug/m> D#EIH T, %4140 pg/m® (GSD 2,330 pg/m®) |
BATEI190 ng/m®, A4 RAEEFES,370 pg/m®s A (P fiE3,450 pg/m®- ) ThH o7,

Park®> (2009) (. 20064F(Z#iE L7zPark® (2006b) DIEHE T~ 2 4 o ~OIRGRIRE | {EEEO
TE#HSE (Park © 2006b) Z BT - S L C, 8 LOMRITENZAOMRERRE & ~ o 7 LV IgER & OB
ZFRNT L7-, Park® (2006b) CTiAxIG &7 o7-484 D 5 B, 4 41320054 WIBE D [ iR A CIE
F@%%#T+ YTHoTT=D, ST BERW T, EELGOBREREIC OV TIE, Parks (20060) T

IFHN TV 572200446 A~12H OF — X ZiBM LTz, EHE TOEERIZ OV TIEL, 20064 5
ﬂm%%®%%IK4V&EJ~L\¢¥ﬁﬁ®%M(ﬁ%%ﬁ\%%iﬁ%)%ﬁ@bf%%m\
H&HoTe, v T REX, FEGORFPORET —% LEANY 77 =07 =2 BRI NI,
< U BEBEOE L LT, BEREE (ugm® A) RO R EISET V& AT AR AR
AL, RERIC X225 T L CHBITEN FIURERE & OB Z 30T L 7o 51, IREEFEAE & DO
EEGRO HN T DX, WML, SEEFIGEfE . SEEEMFE2L. design fluency, sroop7 A F@Eﬂi%f“éﬁ;
70 WMHZOWTIE, BREIREE 251,000 pg/m® HHIN4 5 & BN 36 R 5 & #EE S,
YF~v—27 R—Z (BMD) EIZ X 2MEtORER, 2 b5 ORI TEIFZAUERE I DWW T, MR
%kﬂ%#é%%(ﬁ@)%Eﬁ%ﬂ@%ﬁ“ﬁ@l% 5%, 10%% A L& Liza,. 2E/o~<
VI~ DUEFEIT K o THIRATE FRIBEREIREE 23 5 Yol IFE A3 DIREEIRE (BMDgs) 1. # U A
%ﬁ#ﬁ¥(mdmmmmﬂf\mim~ml4&%82%4&@&?%@ BUT OVEEBRBE DA
MEE02mg/m® (A~ By L L) IC24EMIRET 5 L. 1/3LL EOIBHEICHEENE LS 2 LIVR
W STz, 7Rd, BRI T43% ORI E L O 23150 pg/m®, E‘A%%waﬁﬁﬁnAmugm&
HThY ., BIEES CTOBRBIEEIL, Fr o —HN (I— h~F v 7B TEH340 pg/m®, 731 /L
N (F— b~F v 7)) T8 ugm® | SA AN (v==2 7V T3 ugml HEE ST 5,
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RIEANLCDREICKDFE GFRHEMERE)

Mergler & (1999) %, [H~ o U RIETHOBEOER) b EERI®ITN T 273 4 (1 122
4. ME1514) HxtGé LT, MRRIEREZFHM L, ML~ > YREE & OB EMEZTRA Lz, i
e L U RENEVEE (>7.5ug/L) TiE. BRE O, FEEOBEOETAR S, LML Y
b EMECEEMES Em Ao T (et p =004, B p=0002), Fiz, M~ H REN SO SIS
T, IV TFARBEETH o7z, TID OMBIEREIS T ITCERZE 2B 2 M ARE (103 pg/l) X
DHIRWVRE (75ugll) THLNZHLDOTHDZ LD, FEH LT~ B AT L DR KR
LAV TORYOWIS 7B BT, BETHLND EBRE LUV COEE MRS F Tl
LTHERLTWS LR LT, B, RKERTO~ U H U BEIZOWTITEHRE SN TWVARL,

Lucchini 5 (2007) (X, A % U 74LE~7 Lo 7 R D206THiBTA 255 & LT, A4k THICERT 5
RO~ T ~OUREE & R—% Y UIREROREE & OREEZTRA Lo, AR I3 S a8k
77 M 4fiEk (A~D) » V., Al1973~19874 % T, BIF1921~20014 % T, CI:1902~ 1995 &
TO#EZE, DIZI970ELIKE, AR LET THo7, BEFTO~ VU RBE L LT, 200447 A~
12712206l FH I  EEHOZED 1 BEHRS O KA DEE D DEI L 72 T C AR O E % 4
HrL,Cax) 77 L RELT, v HVDERFRIZEL>TZ7A1 (Mn/Cas20) . 77 A2 (20<
Mn/Ca = 40) . 77 A3 (40<Mn/Ca<80) . 77 A4 (Mn/Ca = 80) (Z/¥H L7z, XfGHitgo <
—X Y R IL, 20014F 1 A 1 H~12H31HIC 7 Lo T IRIZEE L TV ER (903,99744) @
B (1) HAGRPECHRR M ED & OERIKFLER, 2R SV o mlRiisk (ICD-9T332.0,
333.0, 3331DJERF]) KT (2) L-Dopa (/S—3F Y IR DIREER) DL ERE S LTH
W, 26774 (BPEL1644, MELB134) DRFE STo, N —F Y VAR E O F X 75.7£10.8
i (WRAET7:%) CTholo, N—F 2V UHREROMHAE (CPR) 15296/1077 (95%CI : 284.80~
307.20) T, ZMIEFE ML D FEICE D> 1o, IEELAE (SPR) 13407/1075 (95%Cl : 393.87~420.12)
Thole, INHLORFHEFRIL, 2EKOCEMRAOAHELY bEd o, BT CA O~ TR
X THOED R OB T CHEICE L . ZOMEDOITHITA OSPRE OE#E(LIET . (SMR) 1%, %
NZE1492/1077 (95%CI : 442.80~541.20) . 1.46 (95%CI : 1.45~1.47) & D169 AT D% 5 (321/10
75 (95%CI : 308.80~333.20) . 0.95 (95%CI : 0.91~0.99) ) LV HAFEICE . SPREUSMRDOW S
NHBETHEUATO~ T MBEEAZEICEEL TV, BE&5 51, A Z Y 7 TlEL-Dopahi/S—F
Y URRIEIR OISO AER Siv, P e REBERIITE bR e D, /=% Y RN O FF
EBIZANTHD E LTS, £i2, HIREORKEMEN TEME D H 2 pre-Alpsthisk o BASHEE T4 IC 8152 S
Nz, 5%, BIEER L OME/EAOAEHICOWTHRETT A2 BERHH L LTS, B, —
BRI RE T O~ o PR EIX, 20014712 THBOJED THRIE L7ofE R, 2 kmN TIE&&( ¥ C0.69
ng/m® (#iPH0.2~1.8 pg/m®) . SOKkmE T TIEF440.08 pg/m® (#iPFH0.05~0.30 pg/m®) Th -7, LTHA
~CAB#H L7220044E121F, 7 L T IR O~ > 1 2 #FE130.03 pg/m® (#EPH0.00~0.11 pg/m®) (23
LTWe, LLARRS, RTOTERBE L T~ v VU BERE - T- L RSN 5 BEOEEIX
RATH D,

Finkelstein& Jerrett (2007) (%, & D bry M, ~IL b Uil dsi) £110,348% O#kERE (7
TASY - TT RO ERREEZ )V =y 7 DEF EHRRIND D) PHRED AR — MIOWNWT, /X
—X VW (PD) O H<im# Fledi s (1992~ 19994F 0 Wi [t} | Z PDIR AL DAL S5 |
FRERNIC L VPDRZWI e SRR b~ W U IRE (AEEERT A, FEENDL OHE) ©dE
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o OBEA A L, 2R — MR o gE SR MERE BERp . M. DR BAEEhTn
Do 72¥, T FTITI976~2004EE T, H YV U VICMMTRATMENTEBY , v A UBREDO—K &
ZZ T, NIV MU L o TREAHFICY U TR ST D, v OgER
ELT, hay MHOHEBREIZOWTIEL, ZBIZL > TEUERAELR (TGAP) OFfEAE =,
T bbb, SRRER 2 550 mEAN F 72 EEE R 2> 5100 AN OEEE 9 2y, D WIHERT (E
FT) MHYTILOTNOMREE (20024 9 ~11A HIE) F Wz, /~Ib T OREBREIZ OV T,
KRG~ T PRE (BFEMRLFOMGy ) 7 — & (1992~ 19944 17E) Z A7z, EORER. b
a2 NTCI, PDR2IMEI_(CH 92 PDIRIE SR 5O il id S U= B 2 5 de) & TGAPDIRFESRIE (NO,
728) L OMICEEMEE RS o7c, ~NIL b Uil IR RRER T IRYE  (total suspended
particulate : TSP) H D~ > 7 L D10 ng/mPHI NN g% R K 2 PO (A=) DA v
X (OR) 1. 1.034 (95%Cl : 1.00~1.07) Th o7, B, NIV FrHOTF—% Tlix, TSPHOD
< A PEE O IEIF0.07 ug/m > TH Y . TSPHD~ o P L NOJEE & ORICEREN > 7= (r
=069, p<0001) , 2B, ELOHIFZ. NIN P UTORKFO~ T PRI HOWTE, ITEOHEN
HHIZEIZ L0 BRERE S BEAS S 721992 DAET L W HIREIME T L- rlaetEn e b = & HA DR
B3 ATEN N — . R RBEIE. RSB DMK EDE B A% T 50 KK TR HME
ANDURFR 2 IEMEICER L QDR WAREMER H D 2 & 19924Ei11: THEJEDNE D o o N FIET 5 A]

BEMERH Y | MEOREREDPHER SO D LB D AN SH D Z L2 IBITVD, SHIZ,
VR~ DRREGRTE BYEEEEOENERANE SN TE 5T, ok WD%ET@v/ﬁ/ﬁ

BUZOWTOERbEEFHEN TN E0nb . T HIC X AAHEDORIRENEIFI S E TE 7V, AR
DG T e e DERSEIR TR D s 2B 4 Sr e 2 nl gl AN B Z I3 B lR ozl c e
AR X T

BORTKICLS2E (MRZED)

Kawamura® (1941) 1%, AATEREED~H L (5L 28mglLiE) KOHEH &2 ETeHAKIC X
DIEFNZDONWTHE L TWD, v W ORAITHFF O ITH D b ERIZH KT 5 LHfEE S
7o HFKEBELT2254 0D 5 B4 ITHER, fHEEE, Rk, FE0RE %“@rm#ﬁ%n b EER
T ERE RO DL, R ORI LV EProT, £ 1~6mD/NR E"i“ﬁ%t#of:o
LrL7223 6, WHO (2004) (X, Z O Tld~ 0 OREREDE M#T+ FTHH L,
IREEDHEMNT HIREE L T D 2 & EROFEL L #EATAEE T, HFKOELH —%@%%#E@L
22 b, JEROFEEOERK & LTI E~DIRE b REIND L LTS,

Vieregge® (1995) (X, FA YVALEHOMAMTIEE L, HEKICEEND < H 2 &M (40FERILL
F) U 7R B R M O BRI DUV TR I e s B A TR U 7, WRERIE 12414 (CHYAFE#RST7.50%)
THFAKO~ T EEIZ03mgLLL L (0.3~216mg/lL) . xtREEI744 CEYERRS6.95%) THFK
D~ I PEIT0.05 mylL AR T o 70, REDORER, MO~ > I PRI, MEZERE T8.5+2.3 ng/L,
KTHERETT.702.0 ug/LTH Y . WA ICHEZE TR~ T2, £7=. WiHiES) (fine motor coordinate) DiRA:

DFRERIZBNT Y, BTEEE R O IREECE R o7, 2B, EE DIX, BT L O REEO £, 1,
REFHEE, EYOBREIIFRE TH-TE LTS,

Holzgraefe®> (1986) X, mHAEDO~ L H U 2R OB L -FH 25 L T\d, FEDI R X
V. BERDRELRDOBEIC, IUEEITY 7L (IKOy) LHEEZ CGE~ B Y 75 (KMNO,) %

_36_




AT UTRER (REBEEL0g) . EOREROBFE OMIGH K OEEZ ~ o U REIX, ZhEh,
K150 gL L6 g/gTHh Y, IEFE (L, 48420 g/L K% 1N0.35+0.27 g/g) LV bLEn-oT=, =D
#%, XUT MBIV T LAZF R U U A (CaDTPA) IZX DALY, ~ 2 W OMmERETKTL
oD 9y HIRIC A —=F 0V R OHER  (ZH R, UK OREE, NAARBTRE) BRArbh
776

Kondakis® (1989) 1%, ¥V o7 dO~XmARx Y 2L O 3tk (A, B, C) THE/EAMM L 7-50i%
PLEDS 4 (MlAT624, BT494,, CTTI4) ZxI% e LT, BREWKEI Lz~ B ABEL & iy
RSB OB Z A Lo, 3Huk (A, B, C) OHFKFO~ T REIZ, £NEi3.6~14.6 ng/L,
81~253 pg/L. 1,800~2,300 ug/LCToh o7z, HERNREDEEZR DO~ T AREIFARIE (3.51 pg/g) <
Btk (4.49 pg/g) <CHu (10.99 pg/g) DIHTHE <, MREFERIMRED 2 = 7 I FAHUA K b <. Cit
WA RbIERNoT, ZHHLORERND, FEHEOIX, BEIKFP O~ U REOHINE | B~ AT
B DAFRRFHIE 2 - 3 m i B O OFEZR O~ o T PR E ORI BEENH D & LTz,

FEROMENSEOBER RO~ B BRSOV LB AT O TE Y | BEOEIEN
2\ EOEH T, YL 10~15 mg Mn/day & HEE L TW e, £D%k, 5~ 6 mg/day ITIEE S,
723, WHO (2004) 1. BN OEEIKINS O~ v EBIRENEER 27D, ROBRT L~
DRENRHEETEX NI LD, ZNUDDOHIENL ANDO~ U T o EmEO H&-FOGEREZ RO 5 2 L ix
W#EEL LT\ 5,

Woolf & (2002) (X, KERZ b il T, v W AREOEWHFKE 5 FMIZHz > TEIL
L7z 16 1% M OV 10 5% D BB DFEBNC OV TG LT D, P KD~ 2 U EEIT 1.2 ppm TH 0 | %
DOIREE S 15.7 ppm & @mo7c, o (105%) OMFIREIL, FIERARIC 38.2 pg/L (IEFEII< 14 pg/L)
THY ., REVKEREED OKICHRZ % WAL 1 » A#%) OBRAETH, 174pg/ll ThHho7, £
7oy ZORFOJRFIREL 8.5 ng/L (IEFEIX< 1.07 pg/L) . BEH O~ > AT 3,091 ppb (IEF X
<260ppb) ELEoTlz, S (16%) (X, MHREIXER Tho7oh, BEFIRED 1,988 ppb & Hho
7o HBIE. REIREESCHEII R TRRDIKEES B S ho 7223, il b MEY f81 & fRRICHE D
RN D D Z LA fRF STz, FHELERFRIRA ORI R, o OB NITIER Th - 1253,
ol LR DIEORBEANME . RIS 13% % A /b, SiElElE 19% 42 A L, HREE
X 1A% Z A, FEA T v 7 AT 19%Z A L Th-71-, HHEAE L T2 0 8T 2 SO,
TIEHELLFT05~153D Tho7m (1SDIL16% X A V), Lirlisihs EH DI, AL
B HRLIE~OEENLT L L~ T ~OBRBEICERNT 2 L ONE 5 N EH L TIEAN
B, CNOOFRIE~ A OFEEBEATHE LTS, o, v U B ~DRGE L /NE O
PATEN A L OBEIZB L CIEHE R DR ETHDH & LTS,

o

O
|}

o T [
=118
il

RN

all
O
I

paill

Khan® (2011) (X, /X7 T 5 4 ¥ 2 D Araihazar D 8 ~115% D /NERR# 20144 12O\ T, HEFKH
DV H B BORE L WHEOBENOIMERITE) (EH OB, WRHITE, FEOES)
MOWNTERIATE) (RZ2, #1119 D, MffE. Bk, D604 & ORRICE L <. B4 35 L7z,
WREOITENX, HElC L 2 RETETF = v 27 U A~ (CBCL-TRF) ZHWTHAT, HFEKFO~
VROV B ONESDIT, £ 41889.24783.7 ug/L., 43.7£67.0 pg/L T, MDD~ B v e FiE
JEDEHESDIE, NI, 151839 pg/L, 5.1£3.3 ug/L, SR b REE O FHE+SDIE, 81.2£752 pg/L T
boTlz (WTHL S BMPEE DN RTEENIAH) o 7eds, R~ T REITRE S TH Ry, v
T v ~DUgFE L BENOITE) & OBEME O TIX, R KT O BIRE, Lot h 205 £
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BOBEKYE, RED L) E &K OBMIZED G K 1 2cfifk L2 i, KT o~ o0 RE
ENTERATEID 2 =27 (HEXEP = 0.82, 95%CI : 0.08~1.56, p = 0.03) . FMERFTEID 2 =7 (HEEP = 2.59,
95%CI : 0.81~4.37, p=0.004) . K OWA A a7 (#Ep = 3.35, 95%Cl : 0.86~0.83, p =0.008) & DI
BERIEOHBENALNT, £To, HFKDO~ T PRE S A BRI T TS E, v~ T RE L
AERATEI R 27 RORE A 27 OIS, HE-RISBERA AR BT, PR, PR ORFP O b HF
JREE, M~ T PR L HENOITE E ORI B MBRRIIA SN o T, ek, WEITH)
F v 7BV, BEROHAMOFMEZHVD Z Ltk o> T FHIfERDO NS T AN FHEN TV D
25, ZOHIECTIEL, A & FHERIRE L ORI O Z 23R < @G‘ﬁlﬁ’]&)éb\ iiﬁf%ﬁ%‘é%) TD LN
O LRI OV THEEAINTWVS, & E PRt
—_

Bouchard® (2011) 1%, HFZ D47~y 7 MEE O # T AKZ M LT 5 Hll T, 6 ~135 D5 %362
DB E LT, BBKING O~ 7 AR HUE & 1QE DOBIR AR~ 5 7o O AT FE 2 F2 i L 7=, B0kt
KD~ 2 B PREE T YA T30.8 pg/L (#PH0.1~2,700 pg/L) TH V. HEWKRH OBEE GRS
HWZEK S &S T) X RAE T 8 ugkg/ H ThH -7z,

AHD OFEEE L RAE T2,335 pgkg/ H Tho7o, BET~ U H U BE I, BEbkRBO~ T
BEIREOMANKE L T L2, BERAO~ o F U BERE L IZBEMENR - 12, OB F
. WEFTSS OGN 2 T L= S A BT 7L T LTS8, BBk o~ o s b 4k
EIQL OMICA E/ARBIH 270D, K DO~ 2 B U RENIOMFHEINT 5 & IQA 2 T 824K T (95%
Cl: —39~—-09) U7, SEKFDO~ T AREIZEY 5596 LTeBEOF/ N & S REECIE, B
IQIZ6.20 N b o7, £, SiatEIQX V LEMEIEIQ L BEIK I D~ o 7 AR HEE & O B D Fo
Too TNHDOFRERNG | FH DIL B TR~ 7 R O O MRS ~ DN RIE S
el L, (FE:RRB, 77277 b, A, RITHEHOBUEIENDH Y | ERLOMEITRT OMEE
AVTWng, )

Menezes-Filho® (2009) 1%, FHtD~ v H o ~DUEE & iR 7 0 2282 7 B3 2 BF 92 i Sr 121
(39971977~20074FITAFK) DL Ea—& 7oz, THUIR D&, ~ U T ~OFFERITAEIK (L
DOWoolf & (2002) Z e 5HF9E) | BREEIHYLE 72138 EDBEREY) (2 0198) | ALIROFHER (14F%8) |
BREEIIIAA TH D203k B o (24198_(ak o T A gmde /Bt ] CRI% 4R Takser & (2003)
Ericson® (2007) ) ) KOWEZERNA ARG L ATMER Wb O (28198 Thote, v T VgD
EWFRRIRE S LT, BET O~ U T REN RS2 < (100F78/120F%8) | BREERE DI 130.18~1.25
pg/g T olz, FCEPKZMEFER L Lz 5W9E A 5% < OMFE T, BERO U W T, v U TR
BE & FEEE, MRATEIFAIMRADOK R 27, KOWIEE 2 L & OMICREEN A bl EieHnid

5= 2 Nl | 7{14‘-7‘87‘1+ Hﬁrﬁrm -z E‘*r“l»m/ﬂ:m (ané‘c\ m%%%%%_@%

T I VoSN T

ZadN B ABEAE Oy A L O QEZR R IR e sy s P L B IN I L

I/AH 4

120520 J*mﬁaﬁ>rW(Wme(zma) JEBI-t FRBIFZE 23 1 1], ARWTAIFE %3 O 1 (Ericson
%(mm)%ﬁ@)\:$~bmn#1ﬁJﬁww%(mm))f%oto%ﬂm&mmﬁ Yo ey
5 WFSEIE, JSEBIIISE F 7 1B e T v | O IE, BRI 2 A — MFRIC AT, %@aom
TOFDOFEFENEIMENZ & 2 TIVEM DI\ 2 & oW ORFFE TIEAHE IR T OIS A5

DEORAZERL T D, L LR, Mo s & T K5 OREMITF5E T\ﬁi&ﬁ%%\
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i, MR T~ v F 7 SELMBEARET 570 8, R TF 2T D2R_ BN RENTWDH L LT
W5,

BYERT—4
R A BREE RER

Ulrich & (1979b) |2 JAuiX, #EED U 290 (MERESS 4 B4 1 R#EE LO)IZ, 0, 11.6, 1125, 1,152
pg Mo/m® DU L =~ > > (MngOy) D7 1Y L% 9 » AR (24 FRI/IH) WA SE -/ R T,
W FE (OB 72 DU ORI FERE. AR~ R E RS~ DR BII o T, £z,
] U ekl /4 C Spurague-Dawley 527 /L €/ Z v b (MERER 15084 1 BEE LC) ICRASHETFERT
b, BRI LR~ O BT A b e h o Tz,

Normandin o (2002) (Z X4uiX, #dD Sprague-Dawley 7~ & (I50E% 1 /L L C) 12V v~ W
v (7a—%i 2 LT (hureadlite ; Mng(PO,);[POs(OH)], * 4H,0)) 0. 003, 0.3, 3mgm® (0. 0.01.
011, 1.1 mg Mn/m*#824) % 133#[ (6 Mef/H. 5 H/AH) WA S/ H, PRI CBEE L7 [ 5sE
gy, IRERA~ O, AR, R, B ORI OZE ML R0 o T2,

Dorman & (2006a) |~ L AUE HED T AW (4 ~6L%x 1L LO) IS g~ > > (1) (MnSO,)
0. 006, 03, 1L.5mgMn/m®% 90 A (6HRI/H, 5 HAH) WASHEHERE, 1.5 mgMn/m® BTl
kAR B RO 238728, Z OMIZIiE 0.06 mg Mn/m® BL_EORET, BREEICEIE 5 BRRAT R, i
AL FRAERSER., MESEERS ORI o7,

Tapin® (2006) 1= XX, HEDSprague-Dawley” »~ & (30VC% 1#£ & LC) 12, g~ ()
(MnSO,) 0. 0.03, 03, 3 mgm® (0. 0.009., 0.09. 0.9 mgMn/m*H4) %13EM (6 KEE/H, 5
HAR) WA SE-EE, 0.03mgm Ll EORET, EfTHEEOBN, BB OWBD, WK CERA
RO (ALT, 7AB YV 7 AT7 57X —8, T N T AOEMN, 7V 7 LOWDRE) 28D,
0.3 mg/m’LL EDORETIE, REERO MM ORI | L OERE 2580 7=, £7-. 3 mg/m® (0.9
mgMn/m®) BT, e, B, TN, AL ORSER L OUMOOMRER, MREER. RUIREE. Wos. RTEEEE O
~ VA AR OEINERBD T,

BO5XRE

Gupta & (1980) (Z LA, DT 74 L% 18 L LT, Bk~ 4> () (4 KF%) (MnCly -
4H,0) 0., 25 mg Mn/kg/day % 18 » H IRk # 5 L7=fE%. 25 mg Mn/kg/day #EC. #5718, T
DREENA LIV, TR CIEREOARMAE D =a—n VE%EZRD T,

Kristensson™ (1986) 2 X auiX, HiDSprague-Dawley” ~ h 4 L% 1 /L LT, b~ H> (1)
(MnCl,) 0. 150 mg Mn/kg/day % Hi4E % 7> 544 H K 5- L7245 %, 150 mg Mn/kg/dayREC, # 5
2 ~ 3R ENED RN LZEIRBIT N A HAVIEA, 7% E TITITEE L7z, 150 mg Mn/kg/day#f T
13, 150 FICHREE R OEIR TEOR N = CEORENMET L7223y, 608 AIZIXEE L7z,

@ MFREEE
BMETIED 9 b, FERESEIEICBI 2 TR A R0 E L D7, b O R OBEE L
TR THAD,

<AZBETET—452>
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c FRREEA~OEE L LTE, UM N~ VW AEOREETY T, ~ v B o~ P35k
FBIRI7.04E . BB U A (total dust) O AT 4 T40 ng/m> DR FE % % 1 7= F B & T FEWV
D%, EB T OGNS, AMERETREZEZ LT WA SO HRERS A S, BEE T
JHEREDIR T b 2 b 417z (Roelst 1987) , AtEDIRE, ~ o U i (8 U A (total dust) )
60 mo/m> %A % % WREE 2 5 T Tk B I, MR Hige, SUE SR, WRIE AR OO I SR H
DOENIMR A H T\ D (Boojar & Goodarzi 2002)

NATY y VRBRICEF LB HELORETIE, FEESORKTO~ T DOFERE BT
A DRIFZHDO\WT DL L) 73210 pg/m> T v . VEEBIRE1£20.94 H £ TOHIRI iikhe
BA T Ui R, B D33%IHEERE OIK T A Hiie (Bowler 2007) , #RfECH<—4

MZTIA

- ¢
=X
17 ZWRSE A iT |t G gt s E e o g

SR T2 (Boojark Goodarzi 2002 L7 LA S . AR OB LNRSA 7 v DHR
DLRID HIEEEEEICEE CEH14.24E) LTWAZ Enn, URINLD~ U H o ~DIRFTEIC L
2RO FREME R STV D, Z OfhiC, Jafari & Assari (2004) 73, ¥ L O PPN,
MitAE~ DR BE HE L CND B, ~ v I PNDE B~ OGRS Y, BHINC &5 HE
LRSI TV 5D,

<HMERICETEIT—5>

- W ANBREEFBRIZ IV T, L TIE 3 mg M/m®E TOREE T104 H RIIREE L7~ F25r ©. ok
DN LT E OWA (Suzuki b 1978) AESN TS A, 1.5mgMn/m*E TORE T
90 H fHigiEE L 7= 325 Tl Mo EEOZEITA bi/e -7 (Dormant 20068) , 7 » b TiL,
0.5 mg Mn/m® £ T T13H FIIREE L 72 25k TEIEOME EAEOJIENE L TH Y (Dorman
5 2004) . 43~138 mg Mn/kg/day!Z 2 i [FINEER L 7= B Tl IREICIKT LR DI EED
BEISPHAEAL 2 DTz (Shiotsukal984) . w7 ¥ Tix, 3.9mgMn/m’E TORE T4 ~ 6 i
[FWREE L7225 C, ififln~ 27 v 7 7 — U~ BRR O bz (Canner s 1985)

=10 EBMEH (MFRHBFE) 1CEIT IHME

ANIZBETE5T—%4

Roes & (1987) X, ~ > WUk (b~ o, Wb =~r W), ~ T M (R,
IREAYE, fHERME) ORLETHICEW T, ¥~ T AMAEAEWOR U AIZ 1 FHEL EgEE S vz BE57
B 1414 CEEFHE 34.35%) M OMEERFEIRIE T~ v F o 7 SE 7o EE 104 40 (R4 38.4
k) AR E LT BEWIIEA i LTe, KR D~ T REE Gy U A (total dust) ) IR B2
)T 70~8,610 ng/m® (&7 — % OHFJAE 970 pg/m®, AT 940 pg/m®) T 0 | BEFERE DR T2 1
I$1~194 (CE¥714) Tholo, FELERICEIT 2 B CRIEVE RZE K OMFERER A ORE R, EM
ECIFBARERE LT, BOFEHICKA NS, EEHPICHERREEC RS, AERE IR EREZ LT
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W7 EOTHH BIRERE CHBIZS o 1o, TiSREMRA Cld, IREREOBEE T FVC, FEV1. KRR
WA (PEFR) DO 23807,

Boojar & Goodarzi (2002) (. ~ > 4 VLD BT B 1454, O i EE & R SEIRICBE 95
AR — FHEIZ OV THE L T\ D, AR, AfE44ER, 7THEB O IFRIZBN T U OKH
B, WOKFREE, i, JRA. BERORE, [HFFREERE. FFREIER 2 WU o A 81255 1 TR A
L7ze SEREBEICIZRI—Hsi T B U, AFl-or SR iR ~ o T o 97@E TR0 . By U AR

BT, U RN 2.89 gL AT DOEOK E W TV 5654 23 A TS, (EERET O~ I
W (k) U A (total dust Mn) ) O F-EJ(£SD)I%, AfhlRE, AfL44FEE, 74 HICBW T, JIAIZ62 (£41) |
94 (£52) . 114 (+66) mg/m’, W AL~ W e (respiratory Mn) D ¥ (2SD) 1327.6 (x21.4) .
%1&%@\AB3&mﬂn@ﬁi%m$®vyﬁyﬁﬁ®¥ﬂ(ﬁD)im3ﬁm) 311 (+39) .
268 (+34) pg/L T, WTHOEHE b AR, AtL44FEH, 7THEB O IFRFRIZBWTHERETZA LI
IRinoTn, WREEREM OSHHREE & b I m¢\ﬁ¢®7yw/%g_owf T, BRI X D AEEIE A S
Niginole, IEMEFIZONWTH D & AFRFOE I~ o 77 L RE (+SD) | MJ3WQ)%m?
bV, KIREED18.9 (#4.1) pg/L&ZENeho7T2h, A4 4ERIT13137.2 (322.12) pg/l, 74ERIC
1&2@&%)%&k%ﬁﬁﬁ%ﬂiﬁb\ﬁ$\%%¢%E_wa%ﬁﬁ®@ﬁf%otolﬁ4
ER L TAEE OIMEERERED /T A —4 (FVC, FEV1, 1M (FEV1%)) 1%, AR OSHIREEIC b
REBICETLTRY, BUEE I IIERRER X THRITED o 72, ISRERATRE R Clx, AtLRRIC
BWTIIBER K &5 2 N HREOWFNEREE (8%) NALNIRETH TN, Ath4HH,
THEBICIE, PEELOEENEZ, FEERE S ARICHM LI, MREERE LTx, B&EHO
AL 4R H CIEN R, i, KB XKL BN XV OARBNG IR AAFEICE < . BlE Tk
Wi S LIS DTSR D EIREN LV Eovole, AFE7HH TS bICFfetEok, B, ML S, b
WOEFELAEICE LS RoTe, FHEOIX, BBEREOMRIROIERIT, 1EERTE T O~ 77 & B
DOFFEHRIZE DL O TIIARVNEHEE L TV D,

Jafari & Assari (2004) 1%, A T2 DN X ATBNT, B T.634 (CEHREBRER 13.764) KUt

HRBET8AL I DWW TR R A I RE 2 A Lo, W LITEBOEEDOE 2 — LA KT X (NO,
NO,, A V) 7R EOBEBEZIT T, SHREHIIABEIC L DBE, U b, 7 AR b, BHI OB
R T Z e RUVMERER L U e, AT, MRS, ML L PO U o IR AR AR ESRRER (M)
) FZBT 2EMERRDT o — MV i U7z, BEEIEIT, 1024441634, xHIREETC
18484 T oTc, Fiz, FBEOHRIE (EHE~ A7 ONMD) OB 7 2 —L52BHEL T, KK
W TEIBEDHT LT, ~ o B DIEFEIT360 pg/m®> T, Z O, $2331,100 pg/m®, = v 7 /L7323
ng/m®, $A7321 pg/m®, 7 1 L73240 pg/m> T o7, k.~ A L OB TR (f/*\“C‘SOmg/m3
~ HrT02mgm®) LV bEoT, Wi BRI R OBKAT IR T O 8% <. REXK
6ﬂ@§f@ﬂ%%\#%%I?Z%%?%oto%&I®@@%&%®A7%~?@(VQFwa\
FEF25-75%) 1%, A TOMEI Y b AEEICE»-7- (£EHE Tp <0001) , 7o, WET, IERE
TOELLIZBNTY, BYEH O ) PIEMUIZ TR T, iliRREASRED /X T A — X ER A EIK D>
oo TRHOZ EMNG, FH DL, WHETICHIT 2BE & BEOMBERNB RISz E LT
D

Bowler 5 (2007) 1%, XA 7V » DR CEHET 2 B 1434 CFEEEN43.85%) 12D\ T,
TE¥EBRIART%1.57 A, 1087 H., 2094 A ® 3BIOEEEME Z i L., ~ > I ~DlgiE - Ol %
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AT, WETIIANA TV v DEER VAN P IA2FE DEBEERBR DN H D . XA TV v THEEERITIT
V4165, ATEHE Uiz, 1EEHO~ L B O FHREE (RifICOWTogHEZR L) 13210 pe/m® (FE4E
(F7% 80 ug/m>) | BFENREEE B3 T2560 ug/m® - H (EH#E(RE 1,200 ug/m°) i 5 B 0 F-2)139.6
wm(@ﬁﬁizswm)f@oto3@@%%%@§@%% MEH 5 3[EH E TIZFEVIE 7 %,

FVCIZ 2 %, FEV;: FVCHIF21.2% D& F 258, #=—FEV; : FVCIIZ oW\ Tk, 3[EE Ot £ T
(2558 D 33.3% H3 g f%TLto_ﬂb@%%f@ﬁT¢ L WS ATy DR VAT
DRSS, A7) v VERT O~ H o ~DRE (BEREE, b~ T BE) Lol
$%ﬂﬁbﬂtﬁ ﬁi@%®fi@ﬁotoﬁk EHD 7 2 — M3k, HEOEBHEENT
e W s 3

)55 AN 7 o sl S g . ° A1 AT BRI A

;i ;:O

FYERT -2 (RAREZEER)

Suzuki & (1978) I kAUE, MEDT B AP AT, 0, 0.7, 3mgMm® O fgfk~ A (MnOy)
DKy CAZ 10 7 A (2F5#/H) WA SEIZRER, 3mgMm BT, 1 7 A% SRLROERE R
JlCBER S, B TSRO CRRENRBICHML T, MROBRE L 2>, 57 A#%IZIE 0.7 mg
M/m® BT b AR O B IR ABIE S Lo, R EARR AT, ommmmmuhmﬁf Jifi D R Bt
)/AﬁwwL%m D FE~DORSEWEILE ., BREFEAMNO B, [ESXNORTIRO

B IRUBERRIE AU, MRS SIS éh/3ngMMnﬁTiD&F#§ﬂoto

%Mwm(wm):iﬂi\7ybk0\%\& 138 mg Mn/m* ® —fg{t.~ > 4> (MnO,) % 2
A (6 FEE/A, 5 HAE) WA IETfER, RIS LIk O3 EROEIN K O FEAE(L, ffiE &
ORI ST, 138mgMn/mEETIE, WHEL A ST,

Camner & (1985) (ZLiuX, HEU VX 8ILAE 1L LT, ik~ (1) (MnCly) O=7 m>/
L0, 11, 39mgMnm® & 4 ~ 6 R (6 BFE/H. 5 HAR) WA SHE7-4EH, 3.9 mg Mn/m® # Tl
i~ a7 57— OELBOEMZZRD TN, BEERIZEE U 7200 B &R~ DR BT A bR o
77

Dorman & (2004) (2 ZAuX, HED Sprague-Dawley 7~ K 8Lz 1 #:& LT, 0, 0.01, 0.1, 0.5mg

Mn/m® OfffE~ > A (1) (MnSO,) F721%. 0. 01mgMn/m*d U v g~ H (Tua—FHe LT
(hureaulite ; Mns(POy4),[POs(OH)], * 4H,0)) % 90 HIH (6 WffE/H, 5 BH/AE) WA IE7-AER, filk
<~ A () WA LT 05 mg MmEEED 8D IE 1R IZ RAENSZRD =A%, BIEHIR% 2T
oI oTe, VU~ T O XD BPEDORR~DEEI T2~ T,

Dorman & (2006a) (2 K AUE EDT B 79 (4~ 6% 1 EEE L) I, filk~ > B > (1) (MnSO,)
0. 006, 03, 1L.5mgMn/m®>% 90 Hff] (6H§fI/H, 5 HAH) WMASHHEE, 1.5 mgMn/m’® EE Tl
TEFA R B RO 23D T2, = OMIZIE 0.06 mg Mn/m® BLEDORET, fitiz & Tofl 4 Ol 800
B, MR B AR R~ DOREIL R o T,

c. £ERLESH
~ W DOAEER AT A AR A RINCE LD, TS OHMAOMEIILLTD
By Tho,
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NZBT DA BEORE X, BEREZLZZ T EBHOLMEEICET 2034 <, 940
ng/m® (K U A (total dust) D(FHPeNE) THAIEREDE T (Lauwerys & 1985) 738tk &
NTW DA, 301 pg/m® (W5I1PEK U A (inhaable dust) D) TigT oS5 7 5o
P DB Z BT & DA (Ellingsen & 2003) 2365, —77 T 710 pg/m® (A U A (total
dust) . fi) THARICEENALNR) -7 (Gennart © 1992) L OHiELH 5,

BV D 1= NIREE OB DOV, AR OREBLO~ VB ~OIRFEF S FRE ST
53, WAIREE L OBIEMIIAH CTH D2, MO~ YRR & PO mae s (%
97 H, 3k, 6%) LOBEAFHAL, 3HERFICHREAEHBDO I TRAaT DK TFRALIL
L O (Takser & 2003) B b, Fio. THOKTHEICEFNDLE~ L T RENTHN
TOR o ~DOEBEREELE#EL WA Z EEIEHL, ARO~ U RE & HkofTEhkE
=L OB AT R, MR 20 M0~ A R 36 . 54 H i, 851 SAAE. S 3SR
OITENE, AR Ty A~ T RE L 14, F 3 FHEOITE & OMIZBEEN A b
L oA (Ericson H 2007) 35, WTNOHREICBWNTEH, FROIT, 2D OBIIERER
IZDOWT, RO ENTO~ U ~OIREEN B O MEEFHEIT L KT L TS AHE
WRHHZLERBTHELTCWD, v A PRILDOH 5 EORERD IR & O AR 235
ELERETIE, U OREFHHROGEIT VD, BOREROILERN B 5 kR
FEREERTEWZ EAvREN (Kilburn 1987) . 4R 0 e R F o F- Lo #2002 54
oW, BREDOH D FHITHER SN TS, ABEEOT — % Ot 7o < . #atZiie
AEMECOWTEHAHTHo7, Tz, FEHOIT. REMNGAEN Do, B ORAER
WMOAENEZBHT D 2 ERREEE LT 5, 0.94-mghm™ R L Ao4s

BN 1 ) M (RIS P i L B e b et gy
=N ~ g AN KIShy) 7 e ey g ST 71
A4 (U .SPHHS2008) 301 “gzﬁf i 2% AT N7 A 3 (dnr s B oy sledar
o~ N TS AT
S S Y 45 =+ EIR==]

B EFRTIX, WARE L2V VICB W OB RER~ORE T A LTV 20y (Dorman
5 2006a), 7 v b Tk, HAEROKMEEOKIE (Dorman & 2005b) . ML A kL APRIE T
A =X DFEIREAN BT S (Erikson 5 2005, 2006; HaMai & 2006) , 77 3~ Hi[a] |
SEWEG T, RMEOENE, KT EROMEE, FENOEMEDOEERTEMEDIR T R4 54T
W5 (Chandra > 1973 ; Seth & 1973), 7 v | OfE 1 & 538 Cl3BlE O ks B Ok g2 5

EOWD . WAL DO (Bataineh & 1998) . VAR OREDKEHE &, 1 H D) (Laskey
5 1982), x UV ADOR NG HEEBR TIIEEY O T OB R T O#E#E =R DK T
(Ponnapakkam & 2003) 234 5 4L, Z O & ALFR YA ER D 70 & D 2% (Elbetieha © 2001)
PHEIN TS, k=2 Kol  F7- RTIHRSGICLAERIIBNTH,
BE L IREM) ~D 4G A B (RO E e, (IR, AFRIET, HAROBIRS
FEW TR DIRIE 72 &) A H AL TV 2 (Bata ; ‘ 82 P M :
Sanchez © 1993 ; Torrente & 2002).,
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B, BEEMAOHEMART240 AE T~ U ORELZ /T v b TR
EN DA fiﬁ»TU*“éirLTb\ 2 (Laskey © 1982) . HEDOFHr=Z ~ ~ (15 Hifin) (255 HilinE
T W85 LESAEIZIE, AETieRr o R b2 g3 545 R (Lee H 2006) H155
NTWAH,

R EERESEICET IBE
AIZEE I 6T —%

Lauwerys & (1985) (X, ~ > W U HEOAFE TG OBEMSEH O BYETB# 85 4. *THHE (4% 81 4)
ERBL LT, v U H o ~DOE & BRI E ORRA A Lz, IR ATREFI & A5 MR & Ay &
ToIEEN B EIFETE L, SHF IOV THERR (16~25 7%, 26~35 %, 36~455%) ([ZEEh7-
TR A AR TR R, 16~25 5 M O 26~35 RSBV T~ U W U~ DBEEN S o I IS A B
(Dl notz, KO~ B O U A (total dust) #EEEIE, 1EESFTIC L W B> 7223, 70~8,610
ng/m® T v | BT 1,330 pg/m®, i FH TiE 940 pg/m® Thb o 7=, ML T, BREERE T 12.945.3
pg/L (P 1.0~33.0 pug/L) , Xk f#E T 5.742.6 pg/L (G 0.4~13.1 pg/L) | bR HiR BE 1 E W #2 i C 4.37+15.65
pg/g cre (#iPH 0.09~140.6 pg/g cre) . XHHEHET 0.2740.31 png/g cre (4PH 0.1~2.00 ug/g cre) ThH o7,

Gennart & (1992) 1%, 7 /L0 U B T3¢, “igfb~ > H > (]88 U A (total dust) , 9 710 pug/m®)
() 6.2 (FOIRE L Z T e B Tk, HAEF~ORBIIA Nl LTS,

USDMB(%R%%) CED L, PEEETCIIAEMEEICEET 2UTO 2HmOMENH 5,

HEREL U CHRRE I3 LA LA 63 4 HEBEDBRIAER: L 384 G ¥EDERIEHE L 110 4 % |
ﬁ%ﬁkbf JrfEE & Rk, [Rl T O AE T, ~ v AR D B D W ~DBRTE DR
FHOHERNGEL LTEREN TSN TWD, KIEFE O~ T OREHRIT 1ELLET, v d
VB CA (T~ Al LT) OREAE 140 pg/m® GRIEOHEE) ~5,500 pg/m® (= H 8
DRE) Thote b &b, v~ T 7 a— L ~OIRBIRIEIT, HEE OB LI T.CiE 250 pgm® (4%
{A[3E45) | YEANZE O BAIAEE LTI O & BET T 6,500~82,300 pg/m® (&fifFty) L@ ShTnb
AFEADOFBIZ DN TIE, JERTIE, 14.3%ICHEIRIAMRFEM OIE R, 34.9% %%ﬁ@ﬁw\%ﬂ%_
EAFATREZRIE TR OWD (RIS T 2RO R) RO L, EMEOBREE L CIIE oA F L
VDR TRFED BT & SN TWD, 7o I EEOEBXEE L CIIRBIRP O~ > 7 RSN L
HEME N ONERRE O BRI HE LORKK TIE, ., =v 7 v, 7u b SEORED ERAALNIZE S
Do LNLER G, BEIEOTBEIIMOSIE B, => 7, Z7a s, $%) ICHIREL T\l
~ T ~DUERE LT~ OREE L OFEMEIII S TIT W E STV 5,

Flo, v AT (6 1T35) ORMIEIF 3144 & | Fillin, BUEEE, A7EE1E, ﬁiﬂk & (personal
hygiene) ., HEKMEE T~ v F U 7 SHTRRBEICOWTORE TIX, BEREX, &M 35 FHICH-
oT%@%%ﬁﬁ%ﬁ%%ﬁW\vyﬁy@%¢%ﬁ%%%thﬁméhé)@&W?ﬁmhﬁ%m3
(ZEfb~r T L LQ) Tholob ENTND, EJE~DOFBITONTIE, RERE L XHIREEE ORIC
HEEZA LGNS To EIIREEE R EIZ OV T, BBEERE CIIREEL D A VAT > A OB
DRIMDEIG B E N> T EESN TN D,

Ellingsen & (2003) 1%, ~ > W A@&4ELLHOBMEITMEF 1004 & 1% 1 xths & 72 2 RIS &
LB O THENHFE T~ v F 7 LTz 100 4 &t e & U Mgt 4 Elii L7z, 7B&E o~ 7
VMREFRAEE T T 200 4 (#PH 2.1~41.04F) Tholz, AV 77 —THIR LN S &
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VEESEDOWBI MR U A D~ 7 e (inhalrable dust, 24/ %)) 1% 301 pg/m® (FEFH 9 ~11,457 pg/m°)
T%OKOR¢7VﬁV%E(%W$W) . BRZEREC 0.9 nmol/mmol cre, xtfR#ET 0.4 nmol/mmol cre,
M7 77 7 FUPRE GEE) 1L, BEEEET 229 mIU/L, XHERET 197 mIU/L Th o 7o, (EESE
D~ v H U PREOIRTE %ﬁ%%%tiﬁ SHT TR, MIET v T 7 F Uy, Bl R T O REE Ok
SRR CAD~ 2 H L (solubleinhalable manganese) -~ Mgk, W2 A K OV S & O B2 7
AU R WINGEE 2 52 1 o B E OB R CRIRERE A T TV A EE ClE T R T 2 FURENAE
[ZE < BEE CIRIERYEE L0 b iE T v T o F U RE MR o T, SEICBIE S S8 A — T D
LAYUVIIIRERE L IR CRIBETH Y . ~ U U ~OIREGE & O & EEg o8 Lz RIcB WV T
b, v PRE L OB EII A LR o T,

Ellingsen® (2007) i%, BiREO T 0 Z 7 F o LIFERD oA VAT VA L OBEN RSB I ND Z L
Flo. AV EEVBERETIRE L ORICIEOMBENRBINE Z D, vy 7OV T hR_TALRT
V7 D1 IEMET RO R EROE T C 1AL B T A2 LTS Bt Iz >\ igho 77 7
FUoROA e B UBA e B BRI n o 2 P L, B U LTHENOXREE (MR, FiT~
o F 7)) LR TR SE A i LT, AR LD~ o RS (KTEE— (BB LA) =
H<) 1, 7~Kﬁh@m®%lf %ﬁiﬁful%m%&mt T e LAl B O L

tmm¢@7m77%/£f(%ﬁ1ﬁ) F. BREAEC193 mIU/L, ®HEEETI166 mMIU/LTH Y | BRER

CTHEICE»-TE (p=0047) . Lo LZend D, BEHEZSH~ W RIEICESWTR, 1, EReE
BEICIX nb(%ﬁ®kﬁiﬂﬁf) FIRERECKIS T DX (s T~ v F 7)) Liligfo7a
T2 F PR a R LT e TiE, ARIREERE S KIIREE L Y A EICEE (p = 0.03) | EEREERE CiIkf
%ﬁ&ﬁ&£<b:oa)?%0 ﬁ¢7/w/ﬁfkmm¢7m77%/ﬁf&®ﬁ ZA OB
Hohde, —F, BERE P~ T ARSI SWTR, § mﬁ%ﬁ o3 L AR g
LREERE i C~ vy F oY) LiETOTa T s FUREE R LA IZiE, (K, PRREERE TR
HLOREEIALNR SN, ERERE CHEIS %ﬁf%oﬁ.@—o%) R~ HURE L
MEF 7T 07 7 F U PRE L OBEMENE ThH o2 Z LIZOW T EE DIFAEY AT U RIT D
AIREMED B 0 | W ARBIBIR AN R W ATEEMER B D & LTV D, mM#F{/EE/B%F‘UMh¥ﬁ)
IZHOWTE, TV — W B CHRE% . BREEEC151 ng/L, xHIREET123 ng/L ThH b | BREERED T
ﬁﬂ%“%%?%ok(pﬁmm)om@¢4/Et/B%Ei\i*V/ﬁ/%E\m¢7/ﬁ/
EEEOLTORE~—I—& O TR —CBRER S DR o Te, £, SRR LE#E T T
LTy~ TR EE BRI SN 230 OB HBREICONWT, RO T T 7 F o4 re B
MR T I I F RO e EVBERIE LICERTIE, 7297 F REIZOW IS OEE T
(EFD) M ORI HRHE & Bl U TN D oo, ZORBICOWVT, FEFHELHIE, WMTEEICBTLE~ T
VDD WRIROPF IR K o CTRLFRYIZIES T 5 ATREMES mE S e L LTV, 70, A BB
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Bik LI I DI TR O IREE L Y S AR Z O RiF A~ <BOJHERN —HL DT

(=) b PR L H/éi*l TEZIZTIEANAS T — 9 B DEEHE AL o/ N £l e A e A2 DA RE 72
[ By o | B A/~ NI AN VRV o Eg =S > g eS¢ [=N7Y T—0o oD TNV 9~ A = =3 R A A W ARG T
N g ’. - = = %%

DOENL U HBOMEEREZRL TWAAEERH D  IBEOL 2 — MG ENIWME (v T %28
Tp) COIEERBEHERIC L > T EBZENZAREMNH D Z R ENTZLE LTV D,

Kilburn (1987) 1, A=A +Z VT O~ T FILOH DT N— 1 « TA T2 REOFERD
JE R O AE T DWW T, v o 1 iR & 38 & OB E A A Ulc, o A A IC Lhuid, 1975
~19BAMED F D FERIZI T DFEPESR (L,000AR) (342TH Y, A—A 7 U 7L EMN DA RO
29.5 (1982~19834-, 1984~1985F- DT FEDL) LR THEN -7z, Fo, 1975~1984FE D Hi/E R
2034 D H b, EREEN8AITH LI, 1975FLIREIC A £ N7 I OV T ORI FH) i & <
X TS, BT, WIEER K QIREKES OBEN A LN L Shie, Lo LR, FiERofkR
B OIS AR BIC O W TIE, RO T — 2 )V SN TE LT FaHZ2 R0 b A7
ENTELP, EE D HIERRD NI D22 F A DS R R DR AR OA B2 B
THZEBRERETHD E LTS, 2B, M~ RESOBREEHROTLIIT 2o T,

Takserb (2003) 1, 77 A2 (NU) @ 1FEREFEIZ DD T2 24TRE O 7 il S UM 22 & D3
AW A xt g b LT, RSN O S RIS ORRR T D~ o PR & kO MBEsE (%9 o B, 3.
6 i) & OREZ A Lz, ZHENF UNEOMR], REROZFKYE) 2iifE LT, Wirmh~ 2
VIREE L PO~ v 1 — U —GCIFIRE R EMRAE & O BB A FIRTAER, SR CIE~ Y W RED
Iz, BIR - ZIRoEES), HEENLRE. BROFEORaTORTRA LN, Z Ok
F. BT S AEIRE OFES T b L o Tn, AR 9 » H R D6 ST, i~ v
T RSE LA & OBIHIT A DR D o7, Fio, RIS - OERE, iR, BiEHo
~ U PR & TR OREE & ORICBIEIZA DR o Tn, KGR T (MR ERER], N OMER,
AR OBRE) A FHHE L C, RO R O M~ o T R E L o mgEE 2 T I R (R
— I ORFHTHHHEEA=V VR (HVA) . B bar=0REMTH L5 Fedi (2 F—
VEEEE (5-HIAA) ) L OB#ZFHRTRER, MEFICAOBMGERA LN, ZOZ b, EHGIE,
U UADREBIZE S TR Va2 ETeE ) T I HORMPI B L Z T - i feEr’H D L L2
B T IR FE DR e, i e Lo LR L A L D BIRIS IRV | i s e

SlEZ A B ORI TFENTO~ U H o ~OBREGE S B OMRER BT A MIE T et s
L LERBETEHELTND, B, Bl (he) O~ B ~OBBFITRFE SN TE L3, AR
#E & O EMEII A Th -T2,

A

i
i

y

Ericson® (2007) (X, 1,364% DIEH 72BN x5 & Lo Pl (19910 B BRMR) DT — & h
15724004 OITENECER & | 11~ 13 RFICHRIT 72 Fdi &2 - T, 40044726 7 o MTHli L72274 (B
R114 . & IR164) 12O\ T NEDOER O = F A VEIZILAE LTc~ 2 A IREE (FEUR2008 , 62~641F (“E
%7 HFY) ) L/NROITEN L ORSEAZFRA Lo, HIX, EIR200 T D im ek S v, 10~11
BCHIT A 2 LD FAROSEITIR20 O~ o H U EBRIEEE & | AR O =T A VEES TR RED O
#9631 (1R 7y AFHY) O~ A UBRIREZTER L TWDZ EEZEALIE LD TH D, ORI,
YEUR200E D~ o H BRI T N O TENBLNH] (36 i COEEIEBLE TOlED, B4A R TO/RNEA b
=TT AN RER O 3 FEOH LB X H/NRTEN T = v 7 U A N OFHf, # 3 FEDS
K RATEEE OFHM) & ABEREE (RaTRnEn) Bbole, HOTT ANVEDO~ I ARE (b
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Ir62~B4E TIER S D) 1X, & 174 - 5 3 FFEO/NRATEF = » 7 U X FOFHE (FEHC k%) &
DHFABE LT\, Fio, WICEEND U T2, . SROREZ 58T Lo R, AR KO AR O
~ Bl EOMITHBIRRIZ R o Ton, HAERTO~ o Lk s ORMIIZFEREBEMR (=074, p
<0.00) AL (HAE®KIZIZRL, r= —006) ., 72720, ZOREICIE, HIcEFENLI~ T
LEOEREOREITFE S THRN,

BYERT—4
R A BRFERER

Lown & (1984) (%, D Swiss~ 7 2 (ICRR) 12, —f#ft~>F> (MnO,) 0. 61 mgim® (1%
IR OGP RE) %, SZMAE1 16380 (7RE/B. 5 BAR) [Zbiz> TRASE, ZIA%IZ, ZHBETO
RECRIUCEE D 59, 0 £721% 61 mgim® % 17 AR A S8 7, HAERIE, ZHa% T B~ hr
~OWEFERMO R DR~ T X (ZIRATER OBEERIUIC K > T4@Y « iR — IR, B —IFRE,. IF
%“—Hz%ﬁz FENGREE — FEIRER) ICH CIE, A% 7 BICKELROAZED), 4% 456 BITATEIRT A —

. FEBGE AT, ;®F§T% ST E T2 ITZ R BRI b~ v T OgFEEZ T o~ U AW
i’ﬂﬂﬂﬁb‘%a}ki xﬂ‘ﬁgﬁiiD %@z)xoto TR b~ o W TR E L, B RICIIIERE CH -7
(S dy St QoY (') ZHEHT « R CIHBEOR~ U RIZHETOHNIR LR LT, A% 7 HOD
IRE TR - 7228, ﬁ%@x:?@m#otoit FEATERE~ T AL B I~ U ADZ RO
i~ > 0 o ~OBREGERIUT L 5 A% 45 B OVERRC I AHIEE) O S O WA L e - 7,

Dorman & (2005a) %, MEHEDZ ~ FiZ 0. 0.05, 0.5, 1mg Mn/m® Dfiifg~ > %> (1) (MnSO,)
Z . AZBLATO 28 AR (MECIXAECHI &£ ©. MEICITAEIR 20 B £ C) WA (6 FREf/H) SH T, HEED
FEVE DR D~ > PR A AT, EORE R, METIZ, 0.05 mg Mm® UL EOBETiD~ > i
JE DN E 7R, 0.5 mg Mn/m® LL D RE TG QMR D~ o A L ORI Z 38 7=, BB T, 0.5mg
M/m® LL_EDOBETHTIR D~ o 4 R O 2 38 7228, g, MK, i, SEEE T~ A REDA
BRI A bR oTc, FE DI, MIREOREE~ T (1) ~DIREICE > T, RIEDOAHIZ
YU UNERBEINT RN DH D EBELTWD, ol MEOKRE, lfasEE, R WL,
~ AT DRI EE LT IR b o Tz,

5

Dorman & (2005b) &1, Sprague-Dawley 7 > hMfRER 10 PE% 1 EE LT, 0, 0.05, 0.5, 1 mgMn/m’
Offilig~ 77> (1) (MnSO,) %, ZEIHT 28 BN OIE 18 HE TR A (6 K/, 7 BAE) SH7z,
o v FNOKE, HEERICEEIL LN, HAERTIE, 1 mgMm® BT, 4214 19 BTk
HIEMOH], £ 14 A5 45 AICMERDOIKR T 2R 072,

Dorman & (2006a) |2 LAUE DT B A7/ (4 ~6C% 1BEE L) 2, it~ > > (11) (MnSO,)
0. 006, 03, 1.5mgMn/m*% 90 Hi# (6HEfE/H, 5 HAH) WA SE7ZH#E%E, 0.06 mg Mn/m® 2L o
BT, BREE~OREBII /o7,

Erikson & (2005, 2006) (%, CD 7 v hMMES 100E4 18 & LT, 0, 005, 05, 1mgMn/m’Dfifi
fe~> 77 () (MnSO,) % ZZFdAlT 28 A2 HATIRMI /& C/fiE 18 H £ CWASH, AR AT
19 H (Erikson & 2006) 7= XMgEE MK T1% 3 (Erikson & 2005) THIfE L. 5 > DOfMfEE (MK,
WER . R THB, MRER, MREM) IOV TEMEA b L RAICBET 5 AL RT A —% (Filg{b'E <
HDHINE I UREEERGY) X VX E, Fu v KB R (TH), A X uF4xA1r (MT), Zv
ZF A (GSH), BB 52 F 4 (GSSG) %) %ii~7-, WHE 19 HDOFf (Erikson & 2006)
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TiE. 0.05 mg M/m®LLEDRET/INIM, BRER, SREIKRD~ o B RS RIRRED 2 ~ 35S L T
. 0.05mgMn/m?® L EDRED/INIKT GS & o /37 B L~V DI, #4ET GSMRNA L1 Db
HREAART THMRNA L-L DA, 0.5 mg M/m® BL_EDREDHFESAET MTMRNA L~L D, #Eeik
T GSH LUV, 1 mg MmEEED /N T GSSG L~ L o #Ef, 0.05 mg Mn/m® 2 T8 0.5 mg Mn/m®
FETIRERD TH mRNA L~UL D, 05 mg Mn/m® B TIRERD GSH L~V Db 238 1=, —77, 1§

B T1% 3 OB (Erikson B 2005) TiE, 0.05mgMn/m® Ll EOFED 5 S DiMFEK T GS # /%
T LIV DWD . BRERIET GSMRNA L~Ub, MT mRNA LUV Db /INIM M OMRER T GSH L~
O AT, F7-. 0.05mg Mn/m® T8 0.5 mg Mn/m® BEDOILER T GS mRNA Db, Wi M OWRIE
THIT MTmMRNA LNV O 2RO Tz, FHE DL, ZbOFERIL, FEARSHAERN O~ 7
ORI J > T, IMEE TR LA b U AZEE T 5 (LT T A =2 D LU RET 5 2 & &R
%?é%®kbto

HaMai & (2006) %, FEWNCHEHICIS T B~ 2 H L IRER & INGEI CRE A b L ACRAEIZ B
B8 fn 3B & ORI M 2 G5 7260 |2, Sprague-Dawley 7 ~ k& W= AGRER & 1T~ 72, 0.0.71mg
Mn/m® Dffiis~ > 7> (1) (MnSO,) %, i) f:F v MR AR ON10 Ao 2 AR (2 EER/H) A
SRR, i) AL 37 HOFMT v M4 37~47 Ho- 10 A (2 FEf/A) A SH 723 8R, iii)
Ty MR 9 H, 10 Ho 2 HE (2KH/H) WMASE, HFoh - REICE% 37~47-HH> 5410
A (2FEf/E) WMASHELHEBRO 30 2% L, MAEREZITERT v NOMIZBIT58EA ML
ARPRIENZEE T 5 Z /X7 E D mRNA LV ZllE LT, BRI TIX, 7 I v A FRilAZ R 7 g

(APP), 7 uAx 7 —E-2 (COX-2), Mk~ b =R GHEER (NNOS) KN Y 7 Be i
EHE (GFAP) @ mMRNA L L~ L2zl U7z, @Bk i) <k, 3Bk i) & [FEkIC APP, COX-2, nNOS,
GFAP @ mRNA 8L L~ b L7223, B ORREIFERR )LV b RED-T, Tz, HEIRHEGE
KB (TGF-B) @ mMRNA FHL L~V DK T bR iz, &R iii)icks T, COX-2, nNOS, TGFB
® MRNA FEHL L~V OB RO ST, B OREITRR i) L0 b/ hEhotz, BEEDLIX, &
W~ > AT R 30 RIEBIHIE R TR BN IH SN 720, B (RR) CIIgiE o 228355
LTCWeEBELTWD, 228, Bk )~il)OHER E72I135586 7 » N O~ > 7 R FE 1ok FREE &
FIFEE CTH o1,

SERESXRER

Chandra & (1973) (2 kiU, #7412 250 mglkg D ik~ A2 (MnO,) % Hilal, SX/& M5
L. 47 A%RICHR LIS, RROMEMBORE, B B OB, B 15ombnsa s,
8 » A4 OFIRRTIZ, FiME LR OB AREE, W R & O 1 OB 72 80 K T2 DB 3 4 B,
HEALE O & ARl S B2 RER. R CTho T,

Seth & (1973) (2 XAuX, HET Y FIZ _f{b~> > (MnO,, FifE5um LLF) 0. 110 mg Mn/kg %
LA NG L7235 T, 110 mg Mnvkg B TR OZEVE . KSR A, B TOTF /) v R U R A
774 —E€ (ATPase) ka7 b Kus)—E (SDH) OEMEK R4 LT,

EORE - 200 5EBOER

Bataineh™> (1998) (%, Kt Sprague-Dawley” » h 8 ~10/L% 1 L LT, Hilig~> A2 (1) (2K
Fi¥)  (MnSO,-2H,0) % 0, 1,000 ppmD ¥ CL2MMH KL L, £ 0%, MALE DM & 23/ S H -,
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WEZ v b OUEITE), MEATE), SRR OREE 2 ~TORR, 1,000 ppmiE THREEINOME], K&
CHTHFEEOE RO . ATEIOIH] FEASLHRERH OER) | HBEEOIK A2 57z, 1,000 ppm
FEDORE & AZBL U 7 M CUIARE AN AN L7223 . RO T IZA bR o Tz,

Ponnapakkam® (2003) %, HEDCD-1~ 7 A |ZEilE~ > # 0, 7.5, 15, 30 mg/kg/day%43ElF’a%§%'J
G L7z, 7.5 mo/kg/day Ll B O RE CTREE K OB EARZ T ORE 15D &K AE L7z,
mg/kg/day LA b DRETHE 7 OIEBNR O T, 30 mg/kg/daylE TR A E B O %7807, **%Ei&
OHFRNZ DWW TITER 2o 72, £72. 0. 30 mg/kg/dayit & HEALE DM & AL S 7= FER T
F51330 mglkg/dayBE D ET81% . KHHARE (0 mg/kg/dayRE) DOHETIA% Thho7-78, Z OO EFI T
A—XZRBETHH- T,

Laskey > (1982) %, 4T L7zLong-Evans” v k 8 L% 1 fE L L C, #:% 20 ppm= 7213240 ppm% & T»
SN, UBRL =~ > > (MngO,) % 0. 350, 1,050, 3,500 ppm®iEE TEHRIM L, k2 Hvb
I A LR G U, RIS S [FERO R 2 240 A i £ CIREEHE G- L7z, ZofER, AR
OAREREREE (8520 ppm) D 7 L— 7 Tik, WL =~ > 5 733,500 ppmiE D fERE T, 50H #ih % Tl290%
#2SET L, 350 ppmil EDOFEDMERE CTAREIEIN O 238D 72, HMETIE, 1,050 ppmik EOHE (40, 100
Hifin) CHREBEEZEORA, 350 ppmll EORETREIKFE L 7ZIGETHOT A M AT 1 AREOKT (60,
100H fip) . FEE BROKE 50 (100H #) 234 bivlc, BEfFOW9ET —% (60H fin & 100H find
MIEFOLH, FSH, 7 A A7 1 O, KR EEOK 850 12525 HBIEEZ W T, ARIF5E o
F U72100H s DREZ /3B U755, ARERATEE (820 ppm) D 7 /L — 7 DI L =~ > 77 3350 ppm®D
FEC 7/12P5, 1,050 ppmHET12/12PEA360 HiinAH Y & HIE SN2 Z & D, v o ~DOIREEIZ K> THE
FEAD BT LB X LT, 7, 90~100H #n T, [ UIREREO AR 2 AR S E 72458, 3,500 ppm
BEOMECZIERDIK T 25807,

Elbetichad> (2001) i%. Swissv 7 Z DRI, b~ A (1) (4 4KF148) (MnCly-4H,0) % 1,000,
2,000, 4,000, 8,000 mg/L DYEFEET, AIELATLI2H MK EE G- L (fET48, 76, 154, 309 mg Mn/kg/day. M
T44, 83, 158, 277 mgMn/kg/day) . % 5-HE DMEREZ Z i EVEALE OMERE & Al S B R. MECIX
1,000 mg/LLL EO#E T EHEOWEI, 4,000 mg/LLL EOFECTHIFRER O, 8,000 mg/LEE THIKZE &
OAEFRIBB O ERBD 2801, £7-. HETIE8,000 my/LEE CORZREROAEREF 2D, #
HREORE & AZH LT METlE, BIR, BRI, WA~ O T e h o 7z,

Leet (2006) %, 15H i Sprague-DawleyZ ~ hZ, Hifk~ A ()  (MnCl,) 0. 10. 25
ma/ka/day %48 H it £ 72 1355 H s £ CHRbRE D&% 5 L, i o ORI A VT R E . PRI
WTHA T, ZORER, MnCl,% 15 H i)~ 555 H it & "¢25 mg/kg/day$ 5- L 7-#E T, ii{E S Ok b1
Ty (LH) | YA E Y (FSH) RO R b AT o v OREOHEAREIN, — A TEAS (1
ROV OpEAK (DSPHEE) R OMERFEOHEHE (9 H7-Y OFEAE (DSPlg) ) DOF EZHE
MBRDHNTZ, D END, FEH LI, ~ U H o OGP Al EERFIRT (prepubertal) @ A1k
BIVECHUHALES (LHRH) O A5 & EZ L, LH, FSH, 7A MAT e OREZED T,
TR AEINEE 570 &, SHHEEEL Y & AGE aTRERF ] (pubertal) DBiAGZ Fo0 5 ATREMEZ "B T 5 & L
T3, 73, 10 mo/kg/dayRE Tk, 15H#AH48H i E CTOFe -, 15AHin» HE5H i E TOHEL- DV
TNDOHEIZBWTHIMIEHOLH, FSHIEE D28 kid7e <. 25 mo/kg/dayffD15H > 548 H fin F TH
HLEBAECOWTE, MEFDOLH, FSH, T A AT vy RO T EROBEINNA LNZN, BE
LD TIE R o1,
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Torrenten> (2002) 1%, Swissv 7 A%, #H 2K, KEZEELTA NV RAE 5257 V—7 k%
EE LW =200 ) EnEho 7 v—7T, fifb~Ar () (4KF#)  (MnCly-4H,0)
0. 1. 2mgkg/day (MnCl,& L) %, iHiz6 H/H18H TR FEG- Lz, TORE, #B~v AT
. A MLV AOFEIEL T, KRE, HIRNIE., —EH720 OBREE CREICEE LRI o
7eBs. 2mgkgldayfE Tlk, IBIROAFEOET, HAROBIRCHEE FTREORBLELFE O, HAEKLTS
~80H Tl%. motor resistance, HFHIER), SEhAENE B3 2 B 51 B L 72 5 BT 70 o 7,

Sénchez © (1993) %, Mt Swiss abino ~ 7 2 20 L% 1 #EE LC, Hifb~r A () (4 KkFa)
(MnCl,-4H,0) 0, 2., 4, 8, 16 mgkg/day %, #Ti6 A5 16 HE TR TG L7z, ZDOREE,
R~ 7 2 Cld, 16 mg/kg/day #D 32% (6/19 L ; M¥HJL 20 T, 1VCARE) 23361 L, 8 mglkg/day LA
L oORECERERIMOME], IO & E 72 133 E & O 16 mglkg/day £ T B RO K& OFH
K EEOHINEZ BT, FERE, BHORIIR, FBYLOFR T, H~DOFBIT /e 7243, 4 mg/kg/day
PLEORECH IR DN %388 7=, F7=. 4 mglkglday DL EORETHEIE O g 458 O BB
8 mglkg/day UL EDORE TR DIRIRE, BATAE & OMLEEE OfLEIEAE DN FEO v,

d. RESH
~ W OREFEICET A EE MR A RIICE LTz,
ANTiE, BEELIZE T 2Tk OB O, M F DIgENK UFRE-= B~ RGO
b (Boshnakova® 1989) . M OEHIRHEFEIHICH T2 MG 0T 7 F U REO LA (Ellingsen
5 2003) MEE SN TWDHD, MOBR~DEREENH D Z L0, HEICEET 531 A~ —7
DUYUIZEER 2N Z L L REN TV D,
R T — X XY T 5o Tz,

K12 ZESHEOME

Boshnakova & (1989) 1%, ~ > H L \CHEEE (RFEILE 290~640 pg/m®, BRFBEHIRIIARH) L, K6,
BRE ORELZ T D BIAEE T ¢, THIELO B flgomil, Mg+ o IgE L 0% E-u ¥ v MEK
MR DB 238D T=, LLARRS, WHELIZa L b, b EZ 2 5 0EROWEIC HIEZE L TV
ol U A OFBIIA LTI R oTo, . IO ORENGE REEEORELBEE L
DONE I ML LTI o7z,

Ellingsen & (2003) 1%, ~ v W U A@ArE TGO BEI@iE 1004 &, 15 1 kb & 722 2[RI HEkiC &
LERO TGN BFEM T~ v F 7 L 100 4 & 5B L LT, Bl se 2 £ L7z, FBEHEo~ 0
COBEBRELIT YT 200 4 (#iPH 21~41.04F) Thotz, A7 T —TERILIZEIL D |
VEEBOW SR U A D~ > 7 % (inhalabledust, (i %)) 13 301 pg/m® (#6PH 9 ~11,457 pg/m®)
Thotz, RE~UHURE GRAPEYE)) (3RZFERE T 0.9 nmol/mmol cre, xfAET 0.4 nmol/mmol cre,
TS AN A~ =T DI LMD A b Tz FURIR- VA o X —PHiRORE (FEiF T
¥)) 1 ZMEFEREC 318 U/mL, XMEEET 298 U/mL TH Y., MET0 T 7 F U BE (SBMFEYE) 1IRER
T 229 mU/L, xRREET 197 mIUIL T o 7o, (EEESTF D~ A7 L eSO W[ 22 V7 B AR S0 AT
Tk, HFURIRSA AR X —PHUROREIIEEG SO~ U B RE L ORI A b ieh o7z, Mk
TaT I FUREICOV T, RERRORFS TORIREOR S| MER CA D~ H 2 (soluble inhalable

manganese) ~ODIREE, PREE WA L OWE R & BREVERS 2 S, RIIRER 252 727 @A i ARy o
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A, RIS

FEAR TR 2% U OO IS CHRICH < | B IS LY b7 0 7 7 F g
W& T (T 7T 7 F AR, Gt T BB 5D 2 ENFRESNTHY . HER
BHPET Y F v b—F A & OB RR SN TS, 7B, REICHET 53
|| 4 A~—h (FRBAL A2 o 57—Vl PR bR et s D BlRE) D LTI
HEHE & KT CRIBRE CTh o 7,

(2) &M@

EBERR S LD A R T A MESEOR TR E TRIR L, T 0 DOEEHMOIOME %3 13

IZE &7,

KBIIRLEELBY, [FER% Tld, MRATEIZAIBRRE~ DR (HIRATEINERIR A E D K

i) ATV RARA v b E LM Tl CE Y, Rods © (1992) X Lucchini & (1999) @

HAOWTNOPHOONTWD, FEITIE, WTHOBE S . WAMER U A (respirable dust)

DRAPRET —F 2 L T\ 2D,

728, RoesH (1992) & Lucchini H (1999) T, #8 U A (total dust) 125 B AMER L

A (respirabledust) OEIENE/L>TEY . Rods & (1992) TP 25%. Lucchini & (1999)

T 40~60% T o7z,

TR L EHEHEED S 5, X REE (2010) 12OV TiE, Lucchini & (1999) 123

SLHAMER U A (respirable dust) 7 — % 7 5 5% iE L 7= Reference Concentration (RefCon) 0.05

pg/m® DAIZ Lucchini & (1999) D 1T S 4K U A (total dust) J2 £ % FHV 723554 0 LOAEL

96.7 ug/m* 725 . FH UA D 40~60% B AR LA TH D Z L 2 EZE L TR D RefCon

& LT 0.03~0.04 ug/m® 7% L, = OffilE RefCon 0.05 ug/m® L 1FIE—F3 5 L LT 5,

gl B EAE A RTA Al E
o A KT A M (FEFHMHE)
WHO R =555 J) 2000 0.15 pg/m® e Roels b (1992) (2 FE3 < W APERY U A (respirable
dus) 7 —X &
@ _Integrated Risk Information System (IRIS)?® RfC
U.S. EPA 1993 0.05 ug/m® e Roels & (1992) (2 FE3 < W APERY U A (respirable
dust) &—X Z{EH
20122008 ° iA\é)\'ﬁ (reﬁplraplg) v‘/_ﬁ v (JEpE~ Ak
g 3 &) o1EME Minimal Risk Level (MRL)
U.S. DHHS i”# 0.3 ug/m o Roels & (1992) (2 35 < WAL U A (respirable
dus) 7 —X &
o WAVE (respirable) &~ > H 2 (PMgs ¥ @
s 3 Reference Concentration (RefCon) & L Tk E
BT SR 2010 0.05 pg/m e Lucchini ©» (1999) (2 S W AMER LA
(respirabledust) 7 — 4 % fifi
o 2/} Reference Exposure Level (REL)
71V 7 =TI EPA | 2008 0.09 pg/m® ® Roels & (1992) (235 < W AN U A (respirable
dus) &¥—X &
HARPE R P 2008 0.2 mg/m® ® FRIRIE (v B RO~ ACEY - AR
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(200 pg/m®) ~ VI ALEITERL)
0.1 mg/m® O-TLV-TWA (v v GrEMROERE~ B 1L
(100pg/m®) 62| &) , WEIPERIFIRYWE (inhalable particulate
mglm’ matter)
ACGIH *?2 20132001 | (200 pgim®)— -
0,02 ma/ts ® TLV-TWA (= W (E%&Uﬁfi&&év/ﬁ Ak
' 3 a)) , WML T IR'E (respirable particulate
_(20pg/m’) matter)
% 1 : Reference Concentration 5% & DR H#L & 72~ 7= Lucchini & (1999) O~ > H U JRIET— X%, W
APk (respirable) &~ b LT, i —2 2 PMgs 2l 5 28 2 {1 LT%‘;&E&L

LD THD,
2 @z%l MBIk 'E (inhalable particulate matter) (F[E (A, & (droplets) % & A, 22X 1)
% 100 pum DR 723 50% 5 b 7T —THESNL LD TH D,
Wiﬂliﬁ?#% (respirable particulate matter) 1% 4 um OFi+2 50% 6507 T —

f%%éht%@f%é

# 13 EERE#EFOEHEOME

WHO BN F# R (2000) X, Roels & (1992) 23#if5 LT\ 5 gk~ H > (MnOy) #y UAIZHE

W L7298 TH DA ATEN 2RO RE ~ D (MRATEV 2RO EF ORGER) 2= FaRA v h &
LT, Slob » (1996) M2 F~—2 K—2A (BMD) {EIZL W HH L7z BMDLy % (¥ BMDLgs (BMDyg
J% O BMDgs @ 95% 5 #EX O FIRMHE) &6 LI HA KT A4 MEEMFHL 72, BMDLy % 08 BMDLs (%,
FERWAYER U A (respirable dust) % C 74 pg/m®, 30 ug/m TohoTD, Z4aMI T L T BMDLgs
30 pg/m® & MR (NOAEL) & & X 7=, ORERENEIZ X %S BMDLes b K& < B s & DTl
o 7- (Mergler 5 1994), Z @ NOAEL & &% b5 30 ug/m® (2% LT, HFIRE ~DOMIE 42 (8/24
REfx 5717 H) 21TV, F£72, B2 0N AAHEMEE LT, ADEEAEIIxHT 2 R dibEtREk 10, $hIE
DIEFED KT D A EMARE S & LI A EMREOGE 50 Z#HA LT, A4 FTA L
L CHEME 015 ug/m® 2% E L7z, S DOFEE~D BT 5 R FRIEREUT., ~ > T v ok
BWE (andlogy) & L. MAOEOMENEAD 115 THIEOMBRITEN AR ENREBD bz Z &1
EXHbDTHY, BMERIZCLE > THEREBINTND E LTS,

U.S.EPA (1993a) (%, Rodsh (1992) 235 L C\5 b~ A (MnO,) #3 UAIZIERE L7=5
B ThH LN ARRATEN FRIBERE~ DB (FRATEV FAIMR A S OAE) O/ haEtEfE (LOAEL) 150
ug/m® (W APER U A (respirabledust) /5, SARERETE 793 ugim’- 4 % V- HINR R AR 45534 TFR L 72f)
b LI, ERHEE~OMIE (10/20m**5/7 H) %47 72LOAEL(HEC) 50 pg/m*% sk 7=, & 512
%z%hémﬁ%ékbf\mﬁiﬁwk_ﬁbfm\mmam%ﬁﬁ#%ﬁ%:&mﬂbfmu@@
R L LTI+ oRBBELMTHL & ~ v T DI EEREDE N L D HIEOEWNERIL T
TN & ROFEAFEOERB KA L TN D Z L lox LT10, A SRS o 45+1,000% 5@ L

. Wi A\Reference Concentration (RfC) 0.05 pg/m*% %€ L7,
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U.SDHHS (2012) i%. Roels & (1992) M#HEL T\ D gk~ H Y (MnO,) 5 CAIZIRER L7-

i EVE TH O N ARATEWREE~ DB (FHRATEN PRI ORli) O & —FUGBIFRE . FEDD

AFELET—X %%ﬁﬁb\“( BMD /ﬁ%ﬂ%u\fﬁﬂﬁ L7 %9%@9@@4@—%%@99294@%

q;z;g_%;@m—r_ﬁmfrﬁn ATa) lZseh 10 \'ﬁ

[HHH 7 T Jiva vl
N =\ PAYA] o~ EE 7Y o T =] o
e == a s e f%iﬁklf*(rzb 5Ll N AW, N 3 58 Vi VAN %iﬁklfﬂrm/\:+ 00 ZepgHH 1 — M A HIE
J TN J 7 o H JE S Vg Y A= S G N U T T HE IALA/\U AT —H AT Youyu LD LS I N I ey I

(1992) ODjFEfﬂw’*Xﬁ@J%EI’J*ﬁE@O% %pﬂibfﬁﬁE@z:?%ﬁﬁ%L it A\ gz 7 — &Hﬁﬁﬁf BMD
FIET BMDLy (0.1426 mg/m®) ZBiH L, REERRTIC X A HIE (8/24 x5 HAE) #1T-7-9 2 T\
. FLI N OBENE, YRR, BEIMREREIRGE . IR O AN R & E R
T 5 TR FARE A 10, TEHOMRENE, RSN (FAMEOLRTIRIC L 2 B W, /LMD 5%

DR ATHRAFBEDORERORNE, RHW AR I X284 E OB ONT O+ 072l 720
T LITHRT B ARHEFEAR S A 10, AR 100 O RFEFEMAE A M LT, MRL 0.3 ug/m® (0.0003 mg/m®) %
BELLETNE,

T3 Z RS (2010) 1, Lucchini & (1999) OEIZHES & FH DO ATF LW AR U A (respirable
dust) OF =& & ANT, o T THRER L7z J7 B OMRBATEN AU A & O O #5 RIZ DWW T
O E— G BEF% %, BMDYE (Crumpd Van Landingham 1996) Tt L7-, BT — % & LTI, 1E%
JEIZEIT 2B ANE (respirable) ~ > 1 o ONFEJIRE K QMR AL AT O 5 IS 31T 2 W A (respirable)
VA DB A Tz, ks AR TEN FRUM A AT O 5 AR ORIV 5 o — RO T,

M LT~ T DI VT 7 U ABRBFELUNTH DL Z L E2BE LI D Th D, € DOFER, BMClLgs
if’ﬁ%ﬁ—* BT % PR TR L - 358121350.5~58.8 ug/m®, MATRTD 5 4RI 31T 2 E s <&
HLEBAITI319.2~353 pgm3 L 72572, TS DBMCLeslZ % LT, BEEIEIREE ) & — I RKERBE T
DUFEFE~DOFHIE (8/24F#x5/7 H) Z#{T->729 2T, EAEEDTODAHIAREKI0 (EiE, FLIA
ANRL RIS Y EGRERE . BRI IBESNREEIE . KR OSSR EE A EBRE) .
HEDBARLTND Z S XD RNHEFEIREL0 (AR FIERE~OIREE D v Rtk I ~DFAT D AlHE
PE. HZAERTOREEC X 58870 EOREHROARRE) ZM L, 557 5/IME0.05 ng/m® (/N DOBMCLs
19.2 pg/m32#-5<, Luria Nebraskafff A TEN2ROMA N v 7 U — Ok T — % 2 W23 R, ) %
W AME (respirable) O~ 747 (PM3s) ®Reference Concentration (RefCon) & i%7E L7z,

Sz, AFHREE (2010) 1%, EFEO BMD EIZ K DG & IEANZ, Lucchini & (1999) (ZFCHL
@&;é?“v—&@mﬁ%ﬁ I2#3< RefCon H25 L L TORLTCWA, AIH, Lucchini & (1999) 1d~ 74

(ZHREE L7207 E o SRR EERAE (CED) 226, MRATEN FRUBERE~ DB (MR TEN PR A S O
Ekn’:a) ?» LOAEL % 96.7 ug/m® (¥ U A (total dust)) & LTWAA, BT ZHREE (2010) Tid, #
By U AD 40~60% WA CATH D Z L0 e, WAMKE U A® LOAEL % 38.7~58.0 ug/m® &5t
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L. &0 ) Z THEEMERGED D — R KKERBE T OBREE~OMIE (8/24 FrfiIx 5 H/HE), RHEFEMAEE L
TAAERZEDTZHD 10, MR OREIC X D 10, LOAEL 7>5 NOAEL ~DANED -0 D e FfZ5 L LT

HEBOBEMENMENZ EE2EE L-J10 53) #mAH L., R0 RefCon (W A U A (respirable dust) )

% 0.03~0.04 pg/m® & U7=, BT Z1EEE (2010) 1F. Z OfEAS RefCon 0.05 pg/m® & FIF -+ 5L L
T3,

71V 7 =7 MEPA (2008) (%, Roelsfa (1992) OMEITIHIT 2 @t~ 7 8 C AR LT
B CTRLEE S T AR TENRRRE R O ] & — FUGBItR 2. BMDIE (U.S. EPAD Y 7 7 = 7 BMDS
version 1.4.1b) % FHVNCTREAT L | 5%%5@“/%f§ (BMCqgs) D5%IEHEK M FERE (BMCLes) & L CTHIH
Enz72pgm® (W APER U A (respirable dust) #%) (2HS& | iR ~OFHIE (10/20m°x5/7 A)
%1T->7-BMClgs 26 ug/m’z k=, 512, Ex o5 RiEFEMEE LT, HIBMERETHD 2 LIkt
LTV10 (=3) . AOEKRED I H hF T axxT 47 ATk LTI0 (FH TR L i coiks
DEDVZ) | MRy a7 ATk LTI0 (MR EMEICS LT HHEDBZ N LD KEW) 23
L. FHEEMEAREOAF300% M LT, WA DM Reference Exposure Level (REL)  0.09 ug/m’% #%
E L7,

HAPESEMTE 4 (2008) T, MHRFEMEICHOWTIE, A~ o B U A 0.25~0.95 mg/m® T
BT 51573 (Iregren 1990 ; Roels 5 1992 ; Wennberg 5 1991) . 0.2 mg/m® (Myers & 2003a) ., 0.18+0.21
mg/m® (Gibbs & 1999) TIZHENRHA LRV L, A= H B LA 03 mgm® TF a5 7 F o
OIS LEY (LH) O EFR3HR55 2 & (Ellingsen 5 2003). 0.97 mg/m® T B DA FERE DI
THRHZELNDZE (Lauwerys & 1985) Al E x|, (KIRE CHED L LN DM D NOAEL 73 0.2
mg/m® Th 5 Z Lnb, FFEE 02 mgm® (v H o RO~ T ALEY - Ak~ o B AW
<) ZREL TS,

ACGIH (2013) 1%, <~ W U 3ilifgi bt oW biga S s & L, Rods & (1992) . Mergler &
(1994) . Lucchini & (1999) ZEDWFIZIBVT, WAMER U A (respirabledust) @ LOAEL 7% 0.03~0.04
ma/m® D#IPHIC—E L7 2 L 06 R~ D S A B 5 72 81 TLV-TWA 0.02 mg/m® (% A k7 7-
R'E  (respirable particulate matter) ) Za%E L7-, 52, ACGIH (2013) Tid, W AR IRY'EIC

*F 32 W 5 MR- IR4'E (inhalable particul ate matter) @/ﬁ*—;f“ th% 51 & L oWs MR E O TLV-TWA
kLTOlmq/m ot ﬁbt . A - 5
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3. BRFFHE

(1) XKKRHPO7UHUDER

~ AR, BB CIIREY . Bk, IRERHE. AR, VU VERE. KU Y. Bk
B¢, 100FEE L. EOFEMICE N THEET S (NASNRC1973) , Mgkt oo~ o 4 o ORERL L I3
01%T (NASNRC1973) . EA&BEDOH TIIEITIRWTE L #4679 % (Cotton & Wilkinson 1972)

KEAHFITIIE L REFEP D~ TN STV AR, KAF O~ 0o 23 13 HRERIC
LB LoHELHD (Stokess 1988) , HEH DE AN KG~D EARHEHIFETH Y | Bk 7. 11
KE, 0 KIEEN S~ o ORI & 72> T D (Schoerder & 1987 ; Stokes?™ 1988) , Fd
MR CHE S U Te RRUFERL - O~ o I A3E A DR S 5 WIRMER R & S Tingd  (Zoller
5 1974)

ANBEIETIX, FICSBHES, ia0iE. 8. SBEE - R SI2 X > TREAPITH &
1% (WHO 1981) , 1990FFEAHITIC AR CREFICHE N Sl ~ o T 13, BRETRDK 3 %
\CFIYS 92 EHEE STV D (Pacynad Pacyna2001) . DAED A &ERIRDO~ > B v DO RE~DHE
HIZOWTIE, BEL R E OBREE~OPEH B ORS K OVEHE OMEE 1B+ 5158 (PRTRIE)
TOWRE « HEFHT LT, 201120104F 213461547 t D~ > T DRE~DOHEH B EIT B (B
PESEAR - BREEAS 20132012a) | 7 JEHISAA ORI TIEARKNEEFTNHLL DO~ 2 H N
REFICHH Shiz LB SN TV D (RIEEZES - BREEE 20132012b) , A FEs B s 3,
PReiE, ISR RRLEE, SRR EER Y BB ER D SRR EREN D RKA~DO~ U H v OHE
HARTHORTWD, BRHEOR S KEVoiL, mdsiimes LRE¥ T1214 o~ H o &K
KPR L THRY | 7GR0 BIESE (10t | —ixies BRERE (98
t) . B (W75t . ARRGRLEE (W54t (bFETE (2 . ZhboEETEN
FRIEBR D~ T REA~EE LT D (F14, BRIFFEEY - BIEEE 20132012a)

B~ HoMAbEME LT, w27 kN~ a7t W BI L LTRSS, PRTR
ETOHERHZ LUE, 201120100 121361 24132481 tO s~ o T AL & h Br B2 FP I HE
ENFEHE SN TR (BRFEFEES - BREEA 20130) v H AR T2 L B8 1230012725,
FEAENTIBIME L TVD EEZLNDD (REFEES - BREEE 20132012b) | HUfi 72 & OFE
W HIIRIAANDBRALTWD EEXLND, T2, TV VR EOFMFAE LT A~ T
fE&H (MMT) REIGITWDY, FETIEER S & OFEEZ R THEIL R0,

NBHKD~ U H DL F@Rb~ v B O TRAFITHE S, REFCIEEICK R 5
WIEVFEERL IS LB CIEET 5 ¢ B2 bivd (WHO 1981) . KRR S~y
DHI80% 1% 5 umLL T, #950% 1% 2 umLL F ORI & L THIEL (Leed 1972) . KB/ IEMENLIZ X
DIRVIAE N DHIHICH D (WHO1981) & TV 523, 10 umPLl EAY18%iT< 2 HH TV D & D
WELH D (Espinosas 2001) .
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K14 DHAEOEREHNDODAIADIY VARV EDLEDOBHE (201120105 F) (kg/4F)

b7 T rsA e e i L il e 1,526—60
¥ - Ta R RE e _ 24211639
ShREMELEE - il hlg 71873171
PR G i T S B 9,9995,108
4 JB B B S B R s _4,891.9,978
X p b B S S i s 9,1754,244
AU e B S — ek L __ 878319
i 08 B bk ek L S SRR S L 12,497— 114
s bkt EL U3 e s b HL A _ 114253
Y SNIIE S 1

PSP s b o L _460—1
% FE S AL S R e P _1—79%0
SR LB —1

(2) R&E=AZ)VYT

KL D~ T ATDNTIE, 1998F L) b iE R&IG Y IEIEIC D & | #F AJEFIRIZ K D
AERKGIEMEDORGREE =4V 703G Sh, ZOHR T U0 KOEDILEY O RZE
FEDE=X ) U TRTFDILTND, B4, £190~300H15 T, #92,300~ 3,600 (K23 54T S 41T
5 (BREEAK - KRERER 20132012) , AHE S OFER P ELRE O 2 EEEIL, #5135 25
~37ngmPDORICH Y | FAENTIARERZGIZA BTV ARWA, BOlIE FEmICH Y (£15) |
WA A D=2V U IFEREZ D TH REIXREDD LK FMEmN AL (XK2),

HERKIGREMEET =4V V 7fE TR, RS Z —REREE, BAREL (FD KOVNED
3O L TWD, 201120006 DA IC LAuE, —ERBE TIX 4 T20 ng/m® (165172H1 5
1.74.3~59100 ng/m®) . F&AUEE T ©3837 ng/m® (5565H 5 ¢ 5.03.7~160280 ng/m®) | A

[T T29 ng/m® (3233415 : 102.5~90150 ng/m®) Th ¥ . EEE TIEFATE LA i b & <

2o TS (FR16) , IRERIOM S OBE S % H 5 & BADRE D OREHRITREE LTHE
BEEMNC A LCR Y . INEOFHARS S —IRBREE & D E@mW s 2y (K3) o FAERE
WD 1 -2 M1 S ED L ML T IR 43140 ng/m® A 2 T 5

(E1) HEMEWEOWT N Z S - %S L T D LY - FEGORN TIThbn-t=42Y 7

fERTHD, T LY, v T ROZEONEME RS - %L 0D T - S50
VIR S 220,
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#1565 IVAVERUVEDLEME=S2 ) VIRERROBE

(BfZ : ng/m3)

AR JE S KK FRAREL NS5 %/ AN
1998 A 191 2,301 37 7.3 270
1999 216 2,604 30 57 190
2000 4 & 222 2,676 35 7.0 180
2001 £ & 221 2,665 35 0.90 240
2002 £ & 244 2,940 33 3.7 180
2003 4E & 270 3,252 32 3.3 260
2004 A& 268 3,228 34 4.4 210
2005 4 & 302 3,634 33 2.9 170
2006 F & 291 3,492 35 2.2 230
2007 & 292 3,504 28 0.55 390
2008 4F & 282 3,384 30 0.33 230
2009 4F & 275 3,300 27 0.92 390
2010 & 270 3,240 25 1.1 280
2011 4E ) 252 3,024 25 17 160

= 40

BT —

£ 30 >

i 25 -4\\\¢~/~4

B 20

I

K 15

D10

R s

P 0 1 1 1 1 1 1

2002

2003

2004

2005

2006 2007

2008

2009

2010 2011

| K2 AERSEEMEET=4 Y VI ATORGREDHA (142105 OTUAYRUZDEENOD
FTHREDHER

| & 16 HABRAOTLH U RUZOLANOEERTFENEE=F U LT BERR (20102011 5

)
S o PR B/ N KR
JHI =] 4 Alnj_f';
X 252270 25 1732 160280
— R ERBE 165172 20 1711 59100
78 AR 5565 3837 5.03.7 160280
ASLE] 3233 29 1025 90150
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. 40
X 35
4 30 i
125 O—fRIEEE
) — B RLEERED
= 20 S\
S OnE

15
@
1

5 1

0 1 1 1 1 I_ri 1 1 . | 1 .

=10 10~20 20~30 30~40 40~50 50~70 70~100 100Kl L

| B3 20112010 FEOT LAV IRAEEATELNET S U VI RERROREN T

(3) REIRED

201120104 E O ERKIERWE T =4 V) o 7 FAEE G ClE, S ATRE D O J E HS D41
T D fe KAEIE 160280 ng/m® Thh 7= (3% 16, BRBEH /K - KKERBER 20132012), Z O HiSIT8k
W L. ~ v B R OEDILEDE > T D HRESOFLIICALE T HHERSTH D,
T 140 Rgl-m° Tl D e e e e IR D Lo Ze b o TN 2 R R M S S s £

20112010 FEFEDOFERTIEYWET =4V v 7 RE_EREEA K - KEERFER 2013) & 20112010
RO PRTR FR7E_ (L5572 54 - B8 20130) OFSRA ERADE S & PR 140 ng/m?
w2 D HUSDMFEIET D320l T ikg~trt D~ o T v ROV DAY & KK IR
LTCWAEESENGFEL WD, 2F - 2B TORKIA~OPEHRHEORELRLEALD & 4F
ff] 30~5544 t D CTHY Z 8 0 K L T 7o A3, 20112010 4 13 4655 t O KEA~OFEH 2 @m T H 5
NTWD (RIFFEFES - BEEA 20132012a),

7Rk, BREEA M O 5 2 JEF A3 20032004~2009 4F (2 i L 7= il Afis AR L& 25,
FERELHIN (£ 2) DORKTIEEIL, 53 HS DM T 150 ng/m® Th VY . HERKIEL
HE=2 1 v ZHBEORAERED L N, EVEEZ R LTV, & <12, &AMEIE 22,000 ng/m®
L. BERKIGEMET=42 Y THEORAEREL L LR L, 2HimVMEZ R LTS,

(E2) v~ W R OZEOIbEWZ LG - FH% LT D LYy - FEESHG AN OB U5 T
TERHERRTH D, FVETIE <, B3R THFH82RIHIIE & A 72 24 [ - E D K fa 21
HETH D,

(4) T oHOBREFTM

KERF DO~ T OREGEIL, FEAENRFRICE-TRIAEEZ NS, AERKIGEDEE
=X TRBERBRICESNT, R EARALLM, Fitem’e LT, RKROMWRIZEE S WA RE
FETHE, —KEBREECTONVEIZHR LT A300 ng/day, -£120 ng/day, F&ETEE0 % &0 7- 5
KAEZ R U TR AN2.44:2 png/day, F£1.057 ng/day & 3t &5, (KEZKAS0kg, Ff#t 10kge
e, KEHZY ORFEREIT, — KR TOWVEMEIT LT 6 ngkg/day, ¥t 12 ng/kg/day.
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FEATR R CVE % 8 D T e KA & L TRl A 4884 nglkg/day. 1-11£96168 ng/kg/day & #tH S5 (&
17) .

1T REHLHADIUHUDODRAEDNDETE (ng/kg/day)
[DIN Tt
LA PN P fiE e KA
— BRI 6.0 1830 12 3560
AN 75 4884 15 96168

< B ATTRTOBHPICHFEELTEY (WHO 1981) | BfhiE~ Tk OZFofbEmoE
HAREBERE L EZ LN TS, —fRICIZ 5 mgkgbl FOMEETH 55, B, I, B3,
NER L, —HORLTIHIVEVRELZTTSALH L, DAETHHIALEMLIZONTD
FEHERY 70 AT 2 IR U 7 B AR SRR s % CUERMEA BN - i B A s Bl
2010) (2 ZAuE, F @ CTRH100 gbh 7= » B CTIE6.14 mg, FEIZEE CI39.78 mg, BF 4 Tl 25.0 mg,
O TIX6.18 Mg, HFETIX17.0mg, ANMETIH6.19 Mg~ U AU EHEREWVHDO LB D,
BAERED U FE LR 2 EOFIZIE, SbICEW~S Y T 2887500 0HA 5615, AR
ANORFEEFLEE (20104F/R) TiE, BARAADHRAICEIT S~ o o EBREORFKE L LT37
mg/dayZEH L TH Y . DAREICBWNTIE, b0~ U B0 B & & LTl & PRI
£ 0 0.01~4.5 mg/day. M7 _EIRERE & L CT11 mg/day2 iy ST b (18, JEA 5@ 2011)

DNETIIAE KT O~ T DKEIEAEN0.05 mg/LL EDHNTEY , FEKDOEREA 2
Lidayt RFES 5 & BEDKRRH O~ > 7 OB EIZ100 pg/daylh T & 72 %, FKEIZ DWW T
W BRI D~ W 2 ET/KERPEE SND Z L1320, #E FRICOW TIIKEEENTTH
WTICEEK & L TR SN D AIBEEDR B 5, M T KT O~ 2 7 3BT B IS E S, #6hE
RSN KEOREEIT> TV D, TOFERIZ LT, 201120104 O 4 T1314.1126% D H 7
TRV A AREPEEMED02 myLx 2 TS Tk BREEEK - KRR KBRS
20132012) . TN HOHFKREMATSL L, &~ B TA00 pg/days B2 5~ v 7 IR S
NDAHERS D,

W Z K B~ > T ~DgEFEIZ O\ TIL, Boojar & Goodarzi (2002) 2k 2% &, W D234 D
M~ RIS B2 5 3 [EOHEIZI U TL.89+0.41 pg/dL, 2.19+0.58 pg/dL, 1.62+0.31
ug/dL T 2 DIxt LC, FERUEFZ 424, ORI F 1T 5 132.03+0.51 pg/dL, 1.96+0.48 pg/dL .
1.48+0.36 pg/dL & (FIEFR U CTh o7, RPRE S BERE S RRICWEO G IEIZ L5202 b T
WRNWZ D, BEIZ X D~ T ~DOBRFIIEF I NSNWEEZLND,

ZIH DRI B AT, BRI ) OB T, MY KRR DO~ U U RO
DAL EW OV TR N NS NVH D EF X HID,
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& 18 FRAIBERANDIUAVOBEEREE

~ 7> (mg/day)
AF i Pegics M
H % & M _EBR & HZ% & M _EBR &
0~5 (H) 0.01 — 0.01 —
6~11 (H) 0.5 — 0.5 —
1~2 (%) 15 — 15 —
3~5 (%) 15 — 1.5 —
6~7 (%) 2.0 — 2.0 —
8~9 (%) 25 — 25 —
10~11 (%) 3.0 — 3.0 —
12~14 (%) 4.0 — 35 —
15~17 (%) 45 — 35 —
18~29 (j%) 4.0 11 35 1
30~49 (%) 4.0 11 35 11
50~69 (%) 4.0 11 35 11
70 Lk (A%) 4.0 11 35 1
it (RPN — — +0 —
R (RHng) — — +0 —
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4. HREFE

VA, BREE A OVE Y E O E M OERER BB D EDOHERITE L, < OMANERS
NTWDED, BRBARERE ZALH D SBOAMERFOXEZFREN D2 e, HREBERHRS
|%'%%%@ﬁ%ﬁ%@%927%égmiééfﬁ\:@:k%+%%ﬁboo\ﬁ&%®vyﬁy
KO DG ORERER BT 25 /L 6 | BRI 5 A~OREFEEEIZ B3 2 HIESMIZ OV
T, UFOFM 24T > 7=,

B, —IBICIXEIEOEA 2 EITHE D B~ L T ALEMOREA~OPEH BB X B D, A&HEK
D= H DS NTTILEM TH DL~ T D TREAFICHH SR EEZ BN TNDHZ b
MH ., RFHEE (R) Tk, v~ o ROEE~ T A OREIC LAY 2 7 5l 24T - 7=,

(1) RERUVERBEIZOWNT

<IN NDOEAN, BIEMIZE TV D MEMEICHE T, RN TIEE A D% DRERAL
FTHY, W ONPDOEEFEOfEEL LTofEbdh b,

—RRFREF O~ AL, B, BB REIORTTHY , WAIHTHICIEE LIz~
T ATEHE, MR S, ZO—EITMERICE TN S, ~ o T o HREERE T, RERICY
YHUNERETHZEBRMONTEY, YILOWMABRBEFFRTEH, NLFRERICHEBIER T T R
EREL 2D EDRINTND, izl 2 ABEREK ClX, ROBERK &L T,
AR RO REIZRINE A, I~OBITH RENZ EREWER (7> F) TRINTWD, 72
B, KEVEOLFEREO~ T WA LTZGEIS, NEED~ T WA LTS 6 & T
MAPRED ERNRRL @mRENRRRGET 2 2 b8ER (7 b)) TRINLTWS,

~ U O - SARIIIEN OO E LG L TR Y | $kRZOIRRETIZ, ~ o H v ORI E
WA Z. WEEI D~ AR SIINT 5 2 L AVRIE STV D,

L D= AT, BERND 2 E 2 4io~ 2 L U TERE D M, in vitros R Tlx,
ANDEARTFZAI Y (TxaX X —E8) R2MD~r oz 3fliiciibd 578, (KN TR L
RENZALT D Z LRSI TN D,

T v b, PVEEIZ L DR ARTEER TIE, S ORI OMIZ, SRS OB = XAk D >
T 7 AHTEB OB A I 2 R L CIMARRR R~ B S S AL D FTREME R STV S A, PBPKE
TINZE DT, BT T v b EARTIR EEOHEREA/NS W20, Z OREE TOWILEND
mnEEh TIN5,

DI, N TIPSO~ > RREE &/ NRORBERERERE RO TB S & o BEi:, F25k
g (7 v b)) TIEFENREZZTTREOEET O~ o T AREOEIMA A6 TEY . Zi
O ENDENICE VY IAENT-~ v o 3 aiEEE T 5 ATREMEA R S LTV D,

~ VA OERRPEMRR X, FFBICIB W T & DG AR TEPICHRE SN D RETH D | IR
FA~OPRIT D2, A TR, BEEBRUC L 58RIT 2 82 R U, 5 1T AHOEI 2 A K,
55 2 FH O 2310~30H L DWRER H D, WARTEOL A, 2 FMEOYE A = & Om RIS
BTNV, v~ T WA LTZANT, B0, s Lic~w oo b, Fe0%0s 4 H
PIANIZ 3 H I PR S v iz, HL OW AR EE FE5R Tl Moo OFERED 7 U 7 T o A1 3 #HI% T,
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BRI, 55 1 AH2N05 0 A, 2 F2312~27H . & 3HHNA~187H TH Y . FHEH D
~ Ay (EE) o7 U7 2 AL AT, J-Eil1%223~267H TH - 7=,

(2) 1BREIE - BAEIZDOINVT

Wt~ o Em W b ——fgEic kb e, Ty b, PALKDTANICBITA7 VT T A
IZDOWTIE, 2 MO K OMREERRIK T K D WIER D& e EICHER ZED - HAL TV RV, <
VI DR AREFEIZ BT, IREERRH TORIBUZSWTIEL, Ty P TIEH A EA_TR EEO
HREAKE N0, BEISRRE TRINEIND Y U T DENRSZNE SN TND, LNLRNRD,
WL RGRRH D~ o I TR EDOFEA~D AR L e & SN TN D,

EAZICOWTIIL FOBREA R INTEY . ZOfER, JLIRLONE, Sild. EETFEE
SONFHEREREE O BE | IER N RBEIGE . SRZHEE MBS, EEEMERTN—F% Y VREEREO
AW, =B ~OREEIC L TUEZEREWEZ 2 b7,

OAS K OV
I TIE~ > T OFER YRR Td 2 PR N ERUTITFZE L TR & LI
E/NETIE, REN 0 O ERKE WD, mkkﬂbﬁﬁ®% Tho THERNARN &
MRELRDZEFOMAN D D, £, EBEY (T v b)) TR ME-MEM Z2@m4 2~
YA DD HERSLCHE R TIIRAMERD A5 TH D L OMAFENFLNTVWD, 2
NHOHENG | FLIRS/NRETERA &R T = H 2RI LS WW—F T, JRlt A Z L <,
RRNAMEN E < 2D AIREMERE 2 b,
O =5
~ W ANTHER LIRS IZ BT ISR L ISR TEN PR EN A B,
BREN) Tl ~ o o ~DWgEESR ORG-S E 5 SR LA N L ZADREPFIIKFET S
AREMESRIB SN, THHDOMBMND, = B ~DOBRFEICH LT, miliE DR O
WZ ENTRB I N,
OB MR ECNTHE BT D BT FERR N BB
TEVEFTR BT REFE = D B3 . IR DRBEEE 2 oW TR, AW T~ DR
AR+ TH D Z Lo, v~ TP Z BT TITERIEERICAD 2 L b M=
M~ T ARENE L 720 | BRI~ 2 IO REE OfEI BRI, FRC ARk BE)
WCEBETHZEDRRINTWND
@O R Z 2 1B
~ U ORISR OBIREICHEIND Z NI T (1(1) RFHEOIRNE)
BBIZHOWT) OHEZZM), #RkZ (Bl ORBIZHD L, v T ORINEREML, FHa
AR OWREN R 72D AT B 5
O MIEFEERT S— 3 2 REERE
BT, @S THBEREZ MR E LIEFaiae, Ai/s—F Y VEGERED T » b
D FEERAE R & EIEBMERT N — 3 2 HEMERE (BRIRPT LN Z B AV WA R — 3 R348 1)
DN U T AGEFBET D & "—F 0 Y VIEGEREE RIE LT WA RIB SN TN D,

F
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FROEE OMIZ, < T ~DOBEBEIT T DRSO EIZOW T B IRE 21T o 7o, P
FROFERTIE, BHEOFNLHEL Y HHRITEI~ORE L OBEMENE W EOWE &, KEDF
MBELY & R—=F Y UHEDOREEMARE (CPR) BWAEILEWEDORERHY, ZnbHD
ZEDDEZEOMZEIZOWTH Lk o zn o7,

(3) HHBAHEICDONT

a. ERAMDOEREIZONT

< U RO~ A ORI OW T, LFOFHIZ LY . A~DIEN AN DA
O RFELAEE STV,

O IARC TIFiMli& L THE 57, USEPA (1996) TIED (ADFEBAMEICONTHETE 20
WE) LasnTnbnZ E,

O JEFMIIZHOWTIR, v T HRILHUSCRINA RS A DTSR LR TROEM, V= -~
VB RE T OB Xt & LToEFE CIE, Hx OB A OERELREL (SR) ©
BN E SN TWVBER, WTFROEICBW T, v T LS OWE~DRFENRH 5 &
EHIT, YU UDBERBENARHTHY , BRALEOBEEIIAHTH L Z &, 2. KE
J—A1a 7 A FMOFERE RS E LT ARBFIE CIE, RRFP O~ v TP & B
CREDOHICHEBERADHBENRA LN EORELH D &,

O @%%%_wai ARG ER T, ~ U A TITAETIRZR S O 0O FUR g Ui o H
IMARFBINT=ZD, T B TEHBEPADRRD NPT L, Fio, HRNAHREERTIX
~ AT v B TOWTIICEH ., BDADREROGELREINNHE L2122 &,

O BETEEMEICOWTIE, BREERE LT 77 @E ORMIM Y o SERCY ek R HEOf
BN A SN0, 1Z0O&RICHIBEE L CRBY ., BB W TIARHTHL Z L, &
W FEER KON in vitro FRERIZIN T, BPE & BBMEO M T OFERPSERN/ELNTEBY . —EEN
PANAL SN

b. FEDHM=DULT

< U RO~ T A AT O T, EEEDO LBV IRENAMEDOIH SR EFHLAE S
TWARWED, BRAMEICESS Y R VN TE R o722 L s, BEOFEIZOWTITMH
FEITORNo T,

(4) EHAABUNDEEEIZDOLNT
AMEEHEICOWTIE, AR ARIZRME -5 o T,

IRBE T D IHAELLI N B ) S L Ny M A5 (D LR 23T
A

FEEBREW) TIX, T o W TIMORIERRE SN TWD D, il SIEMRS TR AR IR
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WBIZEZ2MEO D& I, v U T ERRFICRRN R b O TN E I Tn5,

BPEFNEIC DWW TR, AT, mifEtE, PRk st BT 2 AN Z <GB o TV 5,

PR EEEIT, EIREIREE (2 ~22mg/m’) (2L B 8= Y URER O~ o D DR
FWIRER 2 X 5 MRATENV FAOMEREIRN T £ C, TREMERER . BREIREE M O D IRER I\ T~ D52
ERHE SN TN, RKPORBERE L 2L OREMEIC OV TOFRIT, EICHEEERZ O
RO/ DIT, MRRITENERMRE~DOFE (HRMNIT AR b b OOEERTIESL S
AR A~OFEL LT, MRTHHMIRES TRHEIND HO) 1T, BEMREICI 28D
IBL R b DEBEZX LN LN BBOMIERE L E LD L F~ T PRE & LTRI97~1,590
ng/m> DI 23\ T FES), F o2 M (hand steadiness, tremor) | 484 42 & 1 (postural sway) .
FIHIREIE )55 O RS0 BB R IRERE] O JIE R 2 DRI TEN I RE~ DR BN . b T, 7o, Mk
TV FAIRSRE DI T ISR L, @& O ~ v W Bk L CEREEZETH H 2 L &R
g 5MmAHHEON TS, £72, Roesh(1992) & Gibbsh (1999) D7 — & H» & R FENRTE B3 [F U C
b, EIRECHEMREO FNEERLEZITOTWEB X Dz, & OIKRE TN LT
1%, BeRE TIEoSEE 2 a4 & LizLucchini & (1999) IC L 2HETH D, EH LI,
U~ OUEFEHIFI KT TILELE, BERERE (CE) 2#fH LA (total dust) T1,113
ng/m*- 4 (SR T96.7 ng/m®) T, FFATEI2AEREDFEEN A DD & L, 96.7 ng/m*% LOAEL
L L7,

2B, INEOHOKRE D~ v H U ~DIREBEICHOWTE, FHto~ o H o ~DIgE EBKE B 72
L) LR DOREIIEHT A D L Ea —IZBW T, DL < BBt TH Y . A — M
e L AR TREIZ OV T OGO REIEMEPMERN Z & | FIHI O TIIARAER T OFFE DB A +-453 Th
L2 EREMESNTWD, L LR s, HCBIKER B OMREE 2 - 72 Falt O WF 98 % 5 de K 43 O
78T, R FOIREE, P, MERIEOSKEIN T AT oL NI Twd s s, v o~
DR & FEEE, MRITHFAORECEA T LOMICEENA AN SR TS, EHIT,
SOROFSE (BERTREZE) Tl SR (BOBIKH O b SRIRE . REBLOBE K, PERI%) 2 i
U CHEMT LTS BB O~ U T R L/ NR O TE O 38 (FEEE, 10%) L OfIc
BEMEN A OGN E D 2 HENHE LN TV D,

e gR I DWW TR, = o U B EORGE T C, ftfy U A (total dust) (1) CT940
naIMPOIREEE % 52 - 9 CEXIREIIRT7.14F) T, ISR [ RERS A S, WA T i
BREDK T A b, $-. Bk LA (total dust) T60 ma/m’% it 2 2 Mgz 42\ 78 L B
TUiEmE R, g, KE R, THEE QMR EEBOEMA AN TWD, EETOFHAE (2094 A
OYEEMICHOWVWT) T, w o AUl B LADRRIZOWTORHMAR L) DOFEH23210 pg/m®
DG A HERE DK TR 5N TV 508, FHALIENC bIEEIEREIC Lo TV T AZREL TV D
e CFE1424E) | DRI OBREOREBO RGN RSN TWD, w209+ HoO

'ﬁ:—%@ﬁ@%ﬁ\ I /N s I V%‘ ﬂ‘é‘:ﬁ%‘;ﬁ%ﬁ%%\ I T041~0.46 mg[ms (0.2 mglm3§:_‘g% = Z 7;& ﬂE
7 = N e 1 O 0 v

%)5‘550% ?? E) éZ)%E'A" ﬁ"‘q;@.é‘ﬁbmlm‘ﬁ%i L B N —z > e A /5] = Rl A D 5 71 IR 1 243

LE =7 =N AU v Y] VoSN ST 7

i = = o fifih 22 A s HH BH & S NI B R A it =2
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MTP&W# WR s (SRIE, %®ﬁﬁ)ﬁ®%@iﬁiéhfw

3 s \
T5HDNE, <H901~1.5 mglm DI REE P GRKs L A= 7= 13U 5
3 SR =0y N X N 0- m N

BB LB b AR AR SV CIE. ACILRSEE & T T AL B
L
<

T PEAGHERE DS P

=7

G R A R  A2 LAY A AN/ %Lm%.uﬁyo%mmﬁ(@&bh(mwmﬂ)@%ﬁ?
B ) TARSREDIR F2AVHE STV A1, 301 pg/m® (511K U A (inhaable dust) o %fif 3
B) TR O 71 T 7 F U PEEORNARE S TVW5, 77 T.710 pg/m® ¥ U A (total dust) .
¢%1)Tm$4_w@#a%h&ﬂotk®ﬁi%%éoit A

SR XN TN

T AT

ﬁ%@%amﬁ DEAL LT, IHERORRO~ T ~DRBENEESNLTEL T, K
ABREE L OBBLEMEII AR CH B M. I D~ o A Ve L ko aEeRE (B 9 » H . 3.
6ik) & DOEEZ A L7AER, 3FICHREHE DO TAaT DR TFRA LN E OWEDRH
5o Flo, THOHRICEENL <V T ARENTENTOY U T ~OIBRFERE L BHE L TV 5
ZED, FAlEO~ B URE L Tt (36AHN. S4A M. 1A, B 3HAE) OfTEkEE L O

EIRAS, TENTO~S T ~OIRFENFH O MAER I 2 KT A REEDN B S b & D

%Z%%LkﬁL#%é

FEREM) TIE, WA L7-7 v h T, HAEROMEROKME, BILA N L ASLRKIE T A —
&@ﬁEQQMﬂ&%M Z o h R 2R OK%E T, 7 v OB EREHA, <
2 DB TR, BT ~OFENRLLNTEY, vV A TIEAEGFR OB 72 EORES #
HENTVWD, YTV AD—R TFEEGIZEDERIZBN TS, B AOIREY) ~ DA
R R ok e, R E, AFRE T, AR OBIROREE FREOIEIE &) BALRTND
I FIEICOWTIL, B TICB T 2 TR L OB O], g H OIgEAR UHRE-= € » MNP
AN DN . R ONRHIEE S BE BT 2 ME T 1T 7 FURED EHRHRE I TS,
DEJBE~OWFEEN DD Z L0, HBRICHET N A~ — T D LU EBLRN N2 EEFE RS
TWa,

B

(5) ARE—RIE7EA AV FZD2WWT

~ B RO~ v ACBE AR D FE N AMEIZ DWW T, IARC IZBW CRHE S TR D
?‘usaﬁ(m%)’%mf%D<A@%% PEIZOWTHFETERVWWE) LTt
L EFERE T, ~ U VRIL ORI ER ORI RS A 8RE4A T O 55 iE O S
%%#hé_owf®ﬁnmﬂkéﬁ\w¢n®ﬁ%%% ¥ﬁ@?+\&tw\%g—ﬁm7
BAA M EITH) ZEEBRETH D, FEREM DOFEN AGRBRIC OV T, WABREE BRGS0 5
LbNTELT, YU A, T v FOREGHERNS 1 i E#HH 508, EORRITONVTEHH 52
72 E—ROSBRIFAE G TV,
— 5 BB OFEEFEMIZOWTIEL, FEEEZ RS L L% < O R OPE ¥R H
WDERZRG & LT PRIV T, AIRERIC K > THRRSR~DOEE (v i, ik
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ITEFRIRSRE~ D) | TIPS RE~ DB FFHRE~ DB ERRESNLTVWD, ZDIH b,
PRRATEN FAIBERE ~ DB DWW TR EE IC B W T H BN A LI, o, adh— MF
72, JEBIRHRAF RS IC B W CHE - ISR E RT T2 B35 2 L, ADEBNT —XIC
HAOWTEHE-ISTBAA L FNEITH Z ENAIEETH D,

BAREITIZ, 7V ) sE S T8 0 57 B ~ O 58 2 71l L 72 Roels & (1992) . K UVG4
BT D5 @h#H ~D % M L72 Lucchini & (1999) %, 7R E&MNT —X 26925 & Hllr
L7zid, 20956, 55 OggHE s L0 &<, 207 2RI TE FROBRE O A B 28
FEE S, K DR TRENO R 57 Lucchini B (1999) O 4 &b &l L, M45%
MAEHNCHE-IGT BAA L "NE2fTHo> 2 LT,

k. WERBLSMNCONWTIE, $G4 TIHE OEEMBTFHE A RICBIT 50\ 200
EAFIE T, ARCROBEEO Y A7 OEMBRBEINTWEN, HE-KET'EA XY MTHWS
AL LTEWTRE Ao Thotz,

(6) MROFEMBROFEREMEICDONT

~ W O~ T ACE AR DI D AMEDSNDOH EHEIZON T, (5) THRR/-& B
U, Lucchini & (1999) D# M N DOMBRATEN FARERE~ D EIZ OW T+ RERNT — 4 &
AL, BEEDOZAER I OWT LY AT TN T D 2 Enh, HE-RIET A AV
FOERIZHTZY | B bE YR &R Sz, £ OWRE ORISRV O M EMEIZ OV TR,
FYE OREELRBIZ G T 5 A FEOME L HWT 5, LaLRAL, febid) & Lz
Lucchini & (1999) O AHFFET S, MEEMREEM TH L Z &, WEDOERERIEIC X 2
DBIE LT B AREMEZHERR TE 72 2 &0 NOAEL ME b e no7=2 & (LOAEL ORRE) .
WZOWTOREFMENTFET D, 7B, I A EREEE I, 2010 4512 Lucchini ©_(1999) DJH T —
Z2EHNTRTF~v—7 R—REBMCLe)IZ LD, WAME (respirable) O~ > (PMas) @
Reference Concentration(RefCon) Z 5X i L TWN 5 208, B S 4L72 3CGEIT K 5 MG Cid, LOAEL 225
DL LTo RefCon fERICIRE &5,

ZOZENL, MRORERILOMEENEIZ OV TIIF Y OREFERIRILEZ AT HEFMATH
HHDD, W ONDORMEFEENTFIEL, S ORIOIBVENIMALORELET L Lnb, [5HD
HERCIERWE O 27 5o & 0 FIconWT (B 2425 O OB SE) | (2B 5F
LR R OMEENE NalZi% 45 &l Lz,

(7) BREBFEMICDOWLT

NZBT D~ T ROEE~ I ACEW OB, BESPHEIKIZE D DR KES Th
Do LU G FBEFEOR R TIX, WAREIZ L 5MER~DRERHLLNTWND, £z,
W AN #Z ClIfFlg 2 B BTl F AT T D 72 DIl 2RI & 72 0 | hORREERRES & T
MA~DBATINRENZ EDRENTND, EREY O TIX, BN LM~BITT RS
RENTWD, ZNHDOZ LD, WAREIZ XD ER@ERZEBIC OV THEEEMMZ1T) 2 &
DRELEZ HND,

— BRI O KK I T HIBE IS OV TiE, 20102011 O HFRKIGYWEE=4 1
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J PHARE RO BRI OB EDIT I, 24 BFRBRBER K Z R Lt 7o e D~ o 77 v OIg#zE
(X, 6.0ngkg/day, -t 12 ng/kg/day & RAED S5,

5. IBHEDREICOLT

~ VI NDOMABRETLETH Y, BRI~ A 0E, BECHEPKOROEBRIZE D H O
WRESTHD, LInLRRG, FEESICE T DM TIX, WMAREIZ L M R~DRE
EH BN EREO LTV D

%A%@Tiﬁw%&mﬁﬁ_m¢_%ﬁﬁékbmﬂﬁﬁﬁmkﬁw L OIRFEAREE & Lb TN
NOBATIIRE NI LAVRENT WD, FEIE LSO LY | BRI E 2BV T H AT
BRI RE ~ OB (BERMFT AR bW S O OEHERR B L2, MR ~DFE L LT,
PR TEY AR AT 5 T@méné%@)ﬁﬁané LD, AERKIGRDE O X 7 21K
TOEEND, EFMRAIZ L VRO B D WAREIC L D MEATEI PR~ O BOR L = K
T4/hkbfhﬂﬁ%&d¢é e éf&é&%ﬁbto

B, AR OEBEUZ L D~ v H o ~DOIREEIC X DR R OO BRI Th vk E
FHE (BAZIIRDOMERRICH T 2 BN ORE) BDREINTEY ., BEFENOLOBREIZONTY
A A NOEFERIERE I TR T\ 5, v~ OBRBFELESNIT, 5%, 250
ZHE X TR ARGl ORFT b BE T RE A D,

(1) #HVAEICRIFEEDORHICONT

< W RO~ T BRI DN TIE, ASDIED ANED A & RGNS H AL TV R,
F7=, k4. (3) OB, ARUEMIERT —X L HICHE—MIGT B AR R ATRERE
BT =X B2\, 2O, BRAMEIRLFHMEMEIZEH L nwD & & L,

(2) ZPAMLUSNOEEHEICHRS Y X IFHEIS DT

v U RO~ T ARG IOV T, FTEEEOEFIIC BN T, BB AN DOF
FEVEZOWT—EDOHMANTG LN TNWD Z LD, ADT—FZ NOINBAMLSDOFEMHITIRDFE
flifi =BT 52 & &F 5,

MHEMEOR I Y 72> TE, F7EE ORFBEFED R < MR TENFAOMERE O 5282 B L 72 JRHi
RERRN DD Z L Enb, BetiLE TH O EF O A R (Lucchini > 1999) 23k b1E
HMEOHDTERNT —F THDL LML, ZOMRAEZHAWDZ L35, BRIICIE, BMEYT
FILLAE IR R & 52 1T T2 97 B 2B W THEITEN AR A A O A BRI T 25 i 2 3 iR A
T 596.7 ug Mn/m®> (a8 UA) ZLOAELE L. FZEIRTE) O —WERBEI~DIRFEOMIE (8 Hiii/24
WEfIx240H /365H) %475 &, 21 pgMn/m>& 72 %, LOAEL > 5 NOAEL~AMFi % 7= 8 O Afife 4%

AEN %%ﬁ%@%%(WmMﬂMD@m@)L@%HM&%%&%%%ié%@@$%$@&é
S <K O e
Wﬁﬁ@?%%%A@%%%ﬁfwé k%% LTHEL, h¥vaxxT g7 2 (KNEHRE)
B RFvagdsFIrx (i) #8E 2 -lkzE GLacmmEssai, ) 258 L
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FHEFAREZ108 LT, Ait0B0& SRR o 2 bl E BEx 5, £72. PWIHEOL
B BE~ D SO UV o0 -5 NI FE A /1N o0 B 00 BB K S | S EE  ME 9 RTREME D3RI ST
WD Z & ROEBREMIZIESNTHREOAETERE~ DR BRI ~OFBENL LN TVWDL I L,
(2, FOKBRTE Cidd 508, NEOMIRITEN O REIT B S KAF T Al REtE 2 R8T AN HH Z &
HEBL, EEY 27 OEBOBLEL D, BEBEOBERNM A OMOIEE~ DR g e Se
DIl L TN g ) BEE UIREE LT3 2T 2B Ll ai L L
150 FMED ST HWS Z LY & B % B,

PlEXv, B tetl LT150& vy, ~ v By RO~ o T AL B O 5D ANELIS O
A EVEITAR 5 M4 130.14 pg MimP L EHI SN D,

(3) fREHEDEEICDOWT

LBz k 0, = o B R OEE~ T AL B OFEEHE 2 4 P14 ug MmMPLL R & 975 2 &
ERET D, 127 L, WESHT OBEMEEBE L, AREEHMESR & O IFHHIZ Y 72 > T, Y,
B CATDO~ T (BT y) ORKPREEMEMBEZ S > TRHT L2 ETELIZRN,

HERKIGEWEE=42V LV THBIC UL, vy (B~ iy ) ORKIRREE LR E14
AR CHREZR 2T A BTV WS, Falt 4 FREIFAR MEEICH D | ke At aoE=4% 1
I RE TS, Bl 3REE O TS A b D, = OFREHEZEE % 201144 & O FH AR 5 & b4

B & BRI CIREHEE 2 82 TV 2 HUS A | ML B %, NG EE =2 st
TN A e A e R DA DR S B O S 1B e 2 2 -

B, ZORMERIZ OV T, BIRFACIE FIRE R A L 2 BRI L2 R. 127250
Pas
L

DTHY . 5%
AR

OEAZ L D8 LW R OERIZHEV, LERLE LMTb 2 TgniEes
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