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BHLIAND invivoildBr D% < ThthZ Lz Z &b, N7 v AidEsErE
AT LHEBZ NN, BOUKEEGRMETOBEEMEIZHSITH 522 TIER WD
EEZ BN,

KHIEHETAHALNTZ~ T AD/NGIEZEOR N /AT =X LIZONTIE, &
BEORMZ v MZEMBIZ<EIND Z & T, ANMli7 v an3/Mg BRI
FHtICH G2 5 2. RS COMBARNE Z 0 | F OFERIEEE R MEE S D
bOLEZON, £ "I AV =8 (U AKRDRT v b)) ZHN
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b M T, —RERE XIS & LT IEREME L < BRI T 25 FAFZEIBV T
T IEKBEEDARAERLOMEIC B LEEHANIA LN TE LT, BEEMEIT
ERIZEET 2 EFMRICB W T, iSO ENRH LTV DLED RANLD
L BEOBEHTETILZENRRETH -2, Lo T, HEMESSLE LI
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WEBROFERZ HWTHAE— BERE (TDI) 2% ET 52 E0NmiTh b &H
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TDI #ZEICOW T, 2 FEMBOKEE GBI F~—27 F—X (BMD) %
WH L THRa LR R, M~ o 20+ "B O0E A ERBER TR bR
BMD1o i % O BMDLio BN H X iz, AfEFR L OB G281 281 7 &
LDFENIATZALDELZRNG, v 7 AT /NGO O E A EEGEE
AT/ NGIEE DORINAIRE TH D EEZEZ LN, IERNATEERENAE
BL 2T EZ T ) 28 & L,

PLENG | 2 FERISOKEEGHERICB W CTA LI~ T 2RO+ "I OVE AN
FREE R EE S & B L7 BMDL1ofE 0.11 mg/kg REH/H 2 EHES & L, A~
e 425 100 23 LT, Affiz w0 TDI % 1.1 pglkg R&E/H & L=,

BRFO7 e I EM7 2 AORETHEL TND EBEXLNDTZD, I X
TGN F—H— R UUKBEKE A 2 AOBEIJRLIE L, BARMIEBIT DA
fili7 v 50— ABREAHEE L7oRER, PR RAEY T3k 0.04 pg/kg RH/
H., SfEREDRED TiX 0.290 pgkg KE/H Th o7z, 6 DEITWTH
t, TDI 1.1 pg/kg KE/H LD & o722 2000, BUROI XTIV T 4 —H —
AOVISEVINDL FivE22aViteb SIANQ L35 35; @ﬂébé)x&iﬁwk%ZEﬂ
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I. FHBEFEOZRE

200347 A 1 H, ®MMEAE (BF 22 B4 233 5) F75FE 1HED
HEIZEDE | HERIEVK OB EYEZ KIET D Z L1 oW T, BAES#EE )
5B B O BRE M T bz,

A7 v AoV TIE, 2009 4 8 A 17 BOE 5 [BULFME - 15 Y)E &
PR STE R K S B W THAREMTON IS AP AR+ TH D
ZEmbikpiEET O L &S,

2015 49 H 29 H O 578 MR MEERERITBWT, LEWE - 154
HHEMAAS ] o4 WEEmEEEMHES) Cdwond e ebic, £
U7 \Z 472 2 Rl R O ik & & 0 @ oI T H 72, 2N E T
LW - 15 E RIS N TE L C & i i S O k12 oW
T, JRALL MRS E DL IV —F v SN T E RN EEEESD TIC
WE L THERSEZITY 2 &L ahi,

ZOkH, 20076 A1 H, BREEEZEEZEESOTIC TR/fizely—F
T ITN—T ) PKE S, RN ZEZEESIIB T RN EEMRRATRASIC
XV HFT-ICINEE L= 2009 FELBOM A2 F 2, YV —F 77 —7
ICBWCHAR#ELZITY> 2L & &, 2018 4F 9 H 18 HIZAMIEZ 1 A D%
— HEIES 1iugke KE/H LRE L, MR ZEASBE IS @A L -,

2019 FF 7 H 29 H, ZOME -HEREICESE, AKEKOKEIELAESL K
ET25Z LicownT, BARBE) O AMEEMEN MO TSN T,

I. BREEEEE

70 NMIREPIZIAS DML TWAERTHY ., AA, T, KUK KO
AHFUZHFEL TWD, 7 8 ATIIEA 2B LIREER H 0 . ZAli7 v & OO
7 a AN GZE LTALFIERETH 58, AMli7 v MXERITIZIE & A E1FE
9, FICABIRERIZ L > THAET D,

E NI OFRER 7505 S0, EIREHE RS OFMMBEE A L L, BNERE, &
PR ME, SRR, BRI L O A, ZEFA - A TR NS B RN
O FEABREAE ., AR R, AR ORI K6 OIX< BICBET 57—
A28 e O TR R R BB 2 S L 7
B, FHMICH =0 B LT A A2 <BIR> 1R T,

1. ARERE (KHAF>ST. 1. S8)
eI TS N7 1 LOWIRERITR S, BIZEPICHM S NG, A7 &
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LE, 27 v 550 L HEENP ORI EIND N, JRY 7 1 AHRkE)N G
HERI U725t 7 & 2D ER X, B b TR OERED 1~6.9%. 7 v Tl
FEOBERED 2% & HE SN TS, BROXEINTAMYZ v A%, Ewm
RIZE ST, EMENTIED D PBMERICL - T, =iy 7 ATEITL S,
:&KiofﬁﬁﬁmA@%k%W%@&WﬁmﬁéMboa@®LEbiﬁ
Al (& pH) LY &% (& pH) TE., A7 7 LTEFTOHEED S X
DEMINEND, WINENT=7 o ik, FIZRPICHEES L, B2 0 LD
U AVDOKROIEL EREO 7 v AR R e N TIH 40 FEfE
CHEESNTWS, ZROINTY 2 20K TN e SN Tnb,

ANAt 27 v AF, FSITHIRE Z i U, I S 722 ITIE R T ORIy
i 5, Ko, Bg. AL OYE o7 o AEREFESEY, £72. ANtz
2 A, BFEBRICEBW TRIBEBITRRO b TV 5,

HIA 2 i U TIPS BAT LT A2 o A, 7 AL e Vg, Z L4
F A, yx%%V“@#Mm%T’iofﬂﬁﬁuA DUl 7 & A% H%C
BASHNC =AMl 7 = JMTEITL SN D, =7 v L OFEEmMEITAR < | Mk 2 @
WTHIENTERWNED _ﬁ7DAiﬁ@Wuﬁ%éhé

m$fi\Aﬁ&mAiﬁm%W;@D VIETE I, N E L
a1 %,

725, PBPK 7 V&2 W= FHICIE, B0/~ RM7 v 5AOBAT
DWT R EIX ERRIT iv?X®ﬁ#t%&U7/%iD%iﬁémﬁ_
A7 v ADOFEEBITTHEENE NN EmARIE BERHICIIE F AU
TADHNT v b X0 HBITT2EENREL . ~TALE FEDORITOZEITK
XL o lz, ZTOZ ENG, BB /G~ORMZ 0 AOBITICHZDR H D
EINTWS, LinL, RET VL, BIFEOEVNC X D507 v 20/NMgH
5 DOFUARZENZOWTORF N A 0 ThH D EBEZ LT,

2. ERBMFICEITHEE (KAF>M. 2. &8)
ANAME 7 7 JZOWTHE, BB O HILE ~DEE UM TOUE
ANE BRI, DGR ONAETORNA), &I, &HETOEFEKREOED
ENRHBLNTWD, BlawEEIZ < OB THETH -7,
ANt 7 v LA OW TR x OAMM 7 v b ERO#EE LT
HERCEHB T, LDso X7 v kTlE 13~811 mg Cr(VD/kg (KE T - 7=,
MERGFEMEIZOWTIE, v~ VAR T v hEfAnERBRICB T, + 18
N D OVE ANE BRI, + 1B R OGN U o5 O FR R ERIZ I i
DRIE., Bl O WM EZENE, BilLEOZEN LI, + 155K O H]
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B ) NS ORLRRERIRTE . AR IIE NSO i ol e B 25 5 oD i Sl U
R EETHY BEFHNERIIFTALEE XN, £, AFEO MY
H7e B, #5046 22 H 3R T, 12 A BIZITEMThH - 72,

AR FEAETMEIZOW T, v~ U AKRDYT v hEHAWERBRIZHE T, FR
B ORI DR REMW O FLEBIEEDREN B LN, Zib D
FTRIIEHEDATHALN TV, £72. TNXVIERWHE TAHALN-FTRIT
b DN, HHEORER K OVAETE - FAEFMEOFMIZ W2 OIXEY) Tlid e ik
BRCH LN ThoT,

FRANEZOWNTIR, T ol E W8k 5L 5 2 FREMEENE
N AMERER (NTP (2008)) IZBWTC, T ATII/MET, 7 b TlTapE
HEIE R OVE C LR ABE O B 2R A BTV (B8 1 (NTP 2008)).
INLORERMNS, A7 a MIRNBAME THD EEZ BT,

BAREMEIC DWW T, In vitro DFRBRCRICE WL, MEZ AV 7218 IR228K
ERABREZEZDL L ORBRIZEBWTHMEZ/R LTz, in vivo DRERRIZEWNT
%, BREMIZSBENZE DV oSERE WY R B BRI R
X R O 2R LT, ~ 0 ZZHOKE G- Lo/ MERBRITIZIZ 2 CTh - 7o
2, REIRE OB G L7 DNA HIERABRIIGECTh -7, v~V ARDOT v M
PERNEE G U 7o B 722 Bkl et R B, /MRS 1T E 2~ L
oo ZTNHOFRERNG, RMi7 a AMIBELEEEZFE T EEZX LN DM, Sk
B G OB ERERIZHIICHL M TIERNEEZ BT,

3. ENAAN=ZXL (KHF>MW. 2. (7) B8)

A7 7 D DI A T = X LBIZHOW T, DNA ICERERY, B /ER
T HBIEFNEA I = XL R ORI FENR S L WIEE R A 1= X A0
WE SN TWD, IFELEEMEA T =X LZHONTIEL, A =X LOfFRER %
IToTMANRE SN TS,

BAREENES L WIEBMmEMEA 1 =X L LT, Thompson & (2013)
X, FolEzE AW gokE 52k 5 2 FEMEMER BN AMERE (NTP

(2008)) IZBEWTHRGBEMETHAONT~ T ZAD/NEBIBFIZOWT, A=
AR ORSREZBEE 2. 1) /DFEENDORMZ 2 A0, 2)
MEICH T 2MaEM. 3) BE TOFANE (regenerative) DAL, 4)
FamEr i O HFEIC X A E RN D 7 v — L MEBEEN D OIRERAE, LD 4
DOHELRNG, FEBRFMIEAKF (MOA) IZX-oTHAETHLEELL T
% (M 2 (Thompson et al. 2013) ),
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RKU—F o T I N—FL LTUE, UEEL, Bl S mi Sz E
2 OKEEICB T D57 2 AOFEPRIA =X ONTLETFO L HICE
27,

1) /NNEERENS O A7 7 2 ORI

N7 7 A, FICHRICK > TE7 v MBS NDD, £ DR
IXHOWEE (pH, B ONEWE) ([TKFT D,

NTP (2008) (2 TIL, MR K OWEEFAE D % < M3+ 4515 THIN
L. ZIBTHENTHA LN, BBELK KRB TIEEM L7 2 & (&
1 (NTP2008)) M, A7 v ANRHEIRIC L D& a2k, MEE cH
EL, WNENT=Z ENBILN5,

2) /MGHEERMEOEE, KU3) BE TORAEMLEOIEEK
~ U RICEY v AET MU U A ZKI(VDZ 90 H MK G L 723k
IZBWT, + oM EICRT 2 HlaEE (HREZERE) 25, MEDOE
Ha M Oz ComEmk L D HIKHETE Z » Tz Z & (2 3 (Thompson
etal. 2011)) 5, A7 v ABMEICHEG 2 5 %, 1815 Ui/ MR Z &
/BT D010, BRETOFEMEOBEREZSIERITENIAD=X
AINEBEZHIND, ZDOAT=ALNL, /NNFHIZE T DIESRE A I = X LD
HZ B E LT, RRBRICAHRE L CEESN7ZLLFOMmEND HEAT B
HEEBEZOLND,
O ~VATOHPKEGIZLDEBEOAMZ o 2EBETBNT, B
BB DORENH BN o107 T, MEBETIIHARKENRRBAE
MLV (B 4 (O'Brienetal. 2013)), Ziuix. /N7 v HI3HE
’ﬂ#é%%%i%ﬁ#éﬁ (£35S e WY K ORA = Cae: 2 B A e ) )
FIZH L TCWRNZ EERELTWND,

@) f\{ﬂﬁ&mA . vV AN TOERETR VA2 T4 (GSH) Lk
B2 T4 (GSSG) Dbt (GSH/GSSG k) % FRrfE] f ONA &K A
(RN S E7272, DNA LG OEIE L 02 8-t FrX o TFAF o/
7 7 v (8-0HAG) DT A LN~ T- (B 3 (Thompson et
al. 2011)), —4 T, /NMp LR OB FREVEBEITICIB VT, BB A &
L R NEBEFREO LA R BT (B 5,6 (Kopec et al. 2012a,
2012b)), i nik, BEH) DNA HESKRE ST TH, #E
TOMRIEA P VAPERREIXISBENDOR Z > TWDH I EZREBL T
Do

@ 7ZweAREEZ, BEIVEECE, v-H2AX @ERAES W
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DNA 1815 (DNA ARSI 1ZR2E TIEALNTHEOA THLNT
N, MECIEERL R TEFTRIILAONL o (3] T, 8

(Thompson et al. 2015a. 2015b))o THIE, B e EIRE O Sl
7 AXSFEICBN T, BEIC7 v AFEETS T, REimiiaicsn
TZ m A3 DNA IZ1/EH L/7L£75>O T2 L ERRBL TN,

@ METHEKREOIMERZ BN Z & (B 4(0'Brien et al. 2013))
6 MBI T DHIREEICIIHERGFENH D EE 2 b, B~
OAMRFEME DA T, P2 CRIRREE S NE Z 5 Z L 2R LT\ 5D,
— 7 PR TGN A E?]“Lfoﬁ NoT-Z & (=M 4, 8(O'Brien et al. 2013,
Thompson et al. 2015b)) (X, P& OIS S22 i Rifg ~ D
BB EcL 50T ifotb\T BEMENHLZ 2R LTS,

4) PRI DIEFE 72 A EFE I K 2 M58 AR AR D HE N
T RN BRI AT 7 v A D 5 BE L 72 K-Ras = K2 12 GAT
EROWEIMIA NPT & (B4 (O'Brienetal. 2013)) X, NTP
(2008) (2B W THEEFAED R, I K O TR AN LN T
Z & (ZH 1 (NTP2008)). 90 HRFBRICEWTRINAMRE (RFEMHOIME
) M ORISR E N A 72> 2 & (B 3 (Thompson et al.
2011)) . W NTRzE THIREIR AR IBER ROk hoTo 2 8 (B 4
(O’'Brienetal. 2013)) & —EH L TW5, £7=, NMliZ v AT L->THES
N+ B OBEFRBL N Y — 3, BRFMHEFRENSAEYE LD HIEE
FLFMERTFIE N AMEE D /R % — N HERL L Tz (B 9 (Thompson et al.
2012a)), ZHOZ b, BinmttOEGIIR@ I T, BE A UEE
FRAC K> THEBEERMEE S NS D EHE X LV,

F72, NTP (2008) IZEWT/NMNEGEGENAONT-HEDOE Y v AR, NV
v L(VD %1 gptdelta ~ 7 2 (C57BL/6) 12 28 } (90 H MK L L7-#k
B, NGO gpt BIRTFZHRE R EOREIMIA LN o7 (B 10 (F
A 2014)),

Lf:ﬁ§OT\ NTP (2008) BWnWT= ]77\ \—mu@%hf.d‘ﬂﬁﬂir@%\éﬁzf
H=ANE, BIREONEZ v MCEHMIXIKESND Z & T, ANMliZ 2 258
/NG BRI R I E 2 5 2. B CORBENE Z Y | 2 Ok RIEE
R IMEE S ND LD EEZ LD,

F72. NTP (2008) (ZEW\WTT v MIRDO LN ABEEEOREA =X
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DIARBETH D0 EFFRICB N CTAMEZ v 2 & DS & OBE 2 7R3
ENRRWZ L KOYT v bCTOEEESALL-HE (B 5.9 mg Cr(VD/kg
RE/H ., M 7.0 mg Cr(VD/kg {KE/H) 13827 7 20HE— HEIE (5%
o BAED T 0.290 ug Cr(VD/kg RHEH/H) IZHA_TIESMICE <, B B2
(X< BN DECEK R O I MERIC L 0 A7 a2 A3 =7 v AIZET
INHEZBEZLNAZ DL E P TIHEABEGIZEZDIZ<WZI ENBEZLD
N5, 512, NTP (2008) T7 v MIAREEENA LN -HEOEY 1 A
fe b U o A ZoKFn(VD) % /g Big Blue® TgF344 7 v hiZ 28 H MK
U725, PSR M OV 3605 D eIl &1 225K 28 B FE OBEINIT A S 7
Mol Z & (B 11, 12 (Thompson et al. 2015¢, 2017b)) 735, FEMRAIT
BIREMENE S LTV D &3 2,

IO ERATN W LA R N7 v AxEBEHEEE AT 5B 261
LB, NI AV =y 78 (U A KRNT v ) ZHWZERERIZIB W TH
D AAERIRARRIC B 1T D BB FRREEDEEMMP A LIV TNIRNT EEND |
NTP (2008) (IZHBWWTRH bATEEREIX, Bemticlsbo L iIBx
gy &l L7z,

4. EFZBEITEHEE (KHF>M 3. S8)

b R TIEL, —RERZ RS & U7 IEREMEIE < BB A OEMRIX S BICBET 5.
N7 7 I & DS ARCE OO FEFEIE & OBRE A S LTV D,

A DFEAEFR L OEIEIZ DWW T, — M Z x5 & L7 FERREEME T < 212
T HEFIEUTIN T, 7 1 AEE TIG)E L TRM 2 v AITVE G S 7z Hilsk
OERICHE, BESEICLACENFGEIC LA LT 2R ERH L3, B
WX Pl LTV 2HE b | —B L7EHmIIA LI TV RV, TREENE
X< TTBET EFHRIZB W TL, i & OBEIIHBETH Y | B ToNn
Al OREZRTHRE LS D,

FDOMDEBNZ DN T, AN 7 7 2TTEYR ST BB K OB EU B I M OV
JEA~O BRI N MR D B LN H 5 T oMEDRH D, £,
FREEMEIE< B Em B L OBENRE SN TV D,

VSR TN NSVIEVAS -7 1= NSy sWAG/EIoY it

TR A G & LT IHIBSENEIT < BRIC BT D ANITEIC BV TR Ml
DA 7 7 MGG ST T, BRENA LN TV D HEDR H 525,
I BEREZWMETDILODERT —FNPARELTND Z b EENHI 21T
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5 LIINEETH D, o, MRRBEONN Y 7 ATIG Y S TR OERICR
TP, FiREIC LA TEPNAGEIC LR/ LT oHMENH D05, A
7 v MREORIERFINIRERN TH Y | RFRIESEREN AR Z & IR
RN TH D FEROEHEER 2N EEND | EEHMIICHND 2
EIXNEETH D,

FEEMEIX < BICBE T 2 EFAMRIC O W T, EEHMIZ1T 2 12X T L H

7N B 5,

O FREMZKBTEHMEAOCEB TORNA L OBEZ RTREND D —
J5 T, B & AW T BOKE 5 RBR IS B WO TEELE O A TRB AR I BI
TW5, BREMHEIT B TITEEOIX S TBRE (A, BEEORED) b
HZENEBEZLN, 2O BRAOIFIKBZL>THEBTORNANAZLI
T-RBEMENR B Z NN, RANL DI BEO L EHETET D 2 L I1X K
Thb,

@ WEMIEBEIOWTUI L CRICESE KA AM 2 2 A0 Unit
risk factor Z B M L72#EN & 2205, WAIZIIT DAt & BRI 1T 5 1H
B & TlIRIE BENT=AM 2 v L 0EFHEE, =7 a0 L ~DFEITLREL N
FENIATZALDRIDZENBELONLTH, it THRICES<
Unit risk factor % HWTEEK S DXL FBIZHOWTE RO AT Z
TG TR,

LIz oTC AR =X 77— L UL, —REMESRE LI-IERE
PRI BROBREMEIT S FICET 2B FZEORE R EZ AW THRM 7 v LDk
BRSO DXL FEICOWTOEEMIZITH Z L IXREETH D & |l LT,

5. —HEREDHTE (<HFK>IT. &)

KT —F 2 T N—TIBWNWT, <BIR>T. 1. IZFF =l T —% % H
W, BARANCEBT DEEIK (R 2T 00 4+ — 2 —SE N OUKIEK) 226 OS2
o AO—HEREEZHTE LT,

el L, ANl v AZIRINLTZA LK, AR ON—TT 4 —) DOIRHHK
MHENRZ v AT SNz & T 5HE (2 13 (Novotnik et al.
2013)) MOVKHFIZKREOEEPAFAET 25513857 & 27006 =Afi 7 v A
(RTINS E VO (B 14 IPCS2013)) BNHHZ b, T xT /0
U — X —FE K OUKIEKRZE WD TE S U2 80BK GRZE) 113N 2 v 237
FELRWAREMERH D, L, S X TN T+ —F —HH N OUKiEKE W TE
SIT-EBIK Z R BKET —Z NN & ROA S0 iR Iz Al 2
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O MIFELRNETAETFT—EZ RN D, BREZREY Tldd s, 2
FTNT F— =R OUKIE K Z I THES LT 8Bk 28 0 - BBk (2 %
TN —X—FE K OUKIEK) HIZA 7 0 ARFET D EIRE L, #EEZAT

-7,

B, BFHROBRIZOWTIL, U TOHBNLRMF O 1 LT =AY
OLDRETHFEL TS EEZLNDT2O  BMPFIZANMZ a ATE i
WERE L, ARG L LirhoTz,

O B O] B FOARMZ o 22 BE L D HEITH L0, R
IR TEIC LD 6O THY | FEEMENEZ X DL, Bdf
R B ABFET D2 & 2R TRILE T YT LNEB XD
b,

@ Novotnik & (2013) 1%, N7 v A& EEMICOBEET D Hikx H
WT, ANfliz e 2ZERMULIRER O, K5 FoRM7 e sz01EL
ToRES. BRI 7 a NI SN erole Z EaHEL WD (B
f% 13 (Novotnik et al. 2013)), Z DOFERIT, I LAl Z o 201F L
AWEPBTLESNTZIEEZEHAL TV EHE L TND I b, BT
A7 v MIFELRNEEZ NS,

© HEMMERM TIE Y OB ITTWEIZ L - TR 7 1 L3 =i 7 7 A|Z
BILINDEEZLNDZ EnD ., ANli7 v bl ULTIFEET D A[REM IR
WeEBZ NS, £z, BMERML TR, KANEIEOMRAEZ D &
BROESEINTLAMZ 2 AOLIIMENT=MM7 v AZE LTINS &
EZONDIENL Az L LTUTEAEHFELRWEEZ BN D,

(1) Rfiv 0 LDHE—BERE (FHAMEREY)

SAXTNT F—F =P ORMZ v LRFEEIZ OV TIE, BNt LT
LEPEXRUONEEI X TNVT 4 — X —FETORMI v LREOHIRAETH
% 0.0003 mg/L (0.3 pg/L) (M 15 (Jfl 5 2017)) ZHW -, £/, I3
TN = —FHOEKEIZOWTIL, BAKEFEICE T 5K ko EH
BARBEOFRETHD OL KUOHEMTEHETH S 0.142L (B 16 (a6
2013)) ZHW 7z,

KB ARNZ DWW TIE, AEARFORA 7 v APREZJIE LI IEd 555,
BRI N D 2Tz, B AT TIEd 508, 2EOKIEK FEKKRK)
HOK 7 v AREOREMREEZRMI a ARE LT 2L & Lz, ke
KEORR 7 v AOBHREIXIFEE A EOHIER ST 0.005 mg/L (5 pg/L) LL
T (425,780 HIEH A 5,777 i (B 17,18 (HAKIERS FAk 27 4
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FERARE . JEA 4 2017b))) Th D03,

ZDOREFMIRHATH Y |

PHEE R T e odz, Lan L, [EN 3 2 FT CHIE S L7 AKEK F DR
i = AJREEAS 0.077~0.37 ug/L Th -7 2 & (ZH19-21 (51 5 2011,

Sumida et al. 2005,

A D 2007)) .

K OUKTEKR T O 7 LEE &7

0 ABEEDLN 0.56~0.74 TH D EDOHE (B 19 (5% 5 2011)) 235
HKEIKHF DA 7 7 APRFEES ARG K OR 7 1 LPRJE
0.005 mg/L (5 pg/L) @ 1/2 LLFIZfi-> T\ 5 EHEE SN D72, R
AGEARFORAN Y v MR Z Rk RK P ORR 7 a AR 0.005 mg/L (5 pg/L)

5T EMb,

D 1/2 EE L, 0.0025 mg/L (2.5ug/L) & L=, F7=.

SN, BAEREICBIT 2 /KEKOEHEKEDOTRETH D 0.870 L

IKIEKDFEKEIZ

K OENEETH S 0966 L (/16 (IafE S 2013)) & HW\ -,
SERTNT g —H—FH R OIKEKRN D DA 7 7 LOHEE—H

LG,
B DO PR 72 JARY
FUKEICEMPEZ V25

EVAEN

AHEERE R AR 1 IR,

DX EAREICHIMEE W8

A1%0.0396 pg/kg &
1% 0.0447 png/kg KHE/H Th o7,

&1 NV DLOHE—BERE (FHMLEREY)
N7 v A | —HEKE — ANH 70 DONR | KEL1kg S D
IR BB Pl fili 7 7 AOHEE | RNAli7 72 L DOHEE
[T Bt TPHfE J — HBHE — HBHEE
(ug/ A/ H) (ug/kg 1RE/H) 4
IRT T+ — | 0.3 pg/LY 0L2 0 0
X —3 0.142 L 0.0426 0.000773
VISTEIN 2.5 pg/L? 0.870 L2 2.18 0.0396
0.966 L2 2.42 0.0439
At —RH#EKkE 2.18 0.0396
(Hh Jeff)
— HEKE 2.4626 0.044673
QB

1) 15 (FiH5 2017a)

2) 16 (A5 2013)

3) 217,18 (HAKEWS Tk 27 AR R, JEAEFEE 2017b) #HKIHE 5
ng/L (7 v AJREE) @ 1/2),

4) REITHARANDERNY 55.1 kg L E,

(2)
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ANfiv 0 LOHE—BERE (GERMEDODREY)
RRTNT =X —FHPONRM I 0 DEEIZOWTIE, ENITE

BLTW




LHEERLUONEEI R TNVT 4 —F —FBHORMZ v AREOKREETH
% 0.0019mg/L (1.9pg/L) (M 15 (5 2017) MW=, £z, I %
TV F— 2 —FHDOFEKEIZHOW T, BAREFEICBIT R FLkoEH
BKED 95 R— L XA NVETHD 0.8 L (B 16 (A5 2013)) = H
Wiz,

KB AKRNZDWTIE, AKBEARFONRAN 7 v APREZRIE L2 #E1Ed 555,
BRI DI nTe . BREIOKIEK (REKIEK) o7 v LR ORERS
REHTEIZHND Z L L L KEKFONMZ 0 ZPEE LR 0o LEEDL
2N 0.56~0.74 TH D EDOWME (W19 (55 2011)) B"HDHZ b,
fakRRAKFPOR 7 o AOKREERED > LiEE TH 2 0.009 mg/L (9 pg/L)

(B 17, 18 (AARKEWHS YAk 27 FERHER R, EA9HE 2017))
D T4 %A v A THD EEL, 0.00666 mg/L (6.66 pg/l) & L7z,
F 72, KEKDEKEIZOWTIL, BKEFAEICEKIT 5 /KEKDOEHEKE
D5 NN—k L X AIETHD 2.1TL (B 16 (Iaths 2013)) V-,

PLENS R v a2 < BRLTWLERELESGAEDI XTIV T +
— X —HA R OVKTEAKR DB DAl 7 v 2 OHEE— BERE (GEREO 7ED)
1% 0.290 pg/kg KEH/H Th o7,

AHEERERZ R 2127,

£2 NE/OLOHEE-BERE (EERENREY)

A7 v LR | —HEBKE | — A4S0 DR | KE 1 kg 47200
(95 5—t> | fli7 v LOHEE | ANl 27 7 L OHEE
5 A AR) — BB — HiEIUE
(ng/ NTH) (nglkg KE/H) ¢
SAXTNT F—F | 1.9 pg/LY 0.8 12 1.52 0.0276
—H
KIE K 6.66 pg/Ly 2.17 L2 14.5 0.262
&l 16.02 0.2896

1) 15 (FiH5 2017a)

2) 16 (A5 2013)

3) 217,18 (HAKEWS Wik 27 FEEFRARE R, EAEE 2017b) #HEICRE (K
B 9 ug/L (a7 1 MR D T4 %),

4) REIZAAANOEERYY 55.1 kg & AUE,
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6. A= -RIGEHE (BMD" iEZD@ER)

A7 v DO S DIEL BIZHOWTE, v~ T AR OT v & W=k
BERBRICB W TA LN EREORAE A I = X AT REETEE L TR
B BBAMIITBENFET S B2 6NA 2 b, fFHlIC Y 7= - TiX
TDI 5% ET 5 Z LN AIEETH D &I L7,

TDI 5% EDEMERIZ OV TIL, RPN BB T NOAEL 2155 Z &
MTERNZ L, KO BMD BITHE-MOGIBERAT 52T, #ESL
FHEOMZME L, T—Z OEFEEOE Z Nk T& 572 &, 1tk NOAEL
ERHWD HIECEDVELFMETETHD Z L2 BiE 2, BMD #E42#A LT
eI EITH) 2 &L L,

O BMD V£ %@ H 3 5 m el 03 4R

BMD % i 9 2 PR BRI oW CiE, EBREN) OFEIE N e, 5
FEW NG EORENEI TH Y . HE-FUSBEIR AL LT % il
a7 N D

ARl T, o i E W TCHOKE G X 5 2 BN 5D AN
AR (1 (NTP 2008)) #fi#froxtges L,

7ok, AEE - BABMERBRICOWTIE, BOLNEHAAEHE (81 mg
Cr(VD/kg KE/HLLE) THDHZ &, £/, (KHE (1.7mg Cr(VD/kg (K&
[H) THLNZATRIZH 208, BHEORBRCASE - FAFMEORHEIZ W
5O THY) T2 WREBR CTH LN L ThH - 72 2 &b HE-BUSHHMm
IZITHAWRWZ &Lz, &512, PBPK 7 /L{ZHOWTIE, KRETMIZE
F AR 7 AO/NGDE DI IARFEDRF N AT THDHEBEZ BN
el b HE-POSFHIZIZIHN RN & & Lz,

© HEEFEOER
ARFAMCIX, NTP (2008) O RRA v hOHFIL, Nl 7 A% 5IC
B L7258 L B 2 bivTo~ U AD/NGIEE, /IMEOVE AVE ERGETZE R O
7 v O OPEEE ) 55 BV A (Dichotomous) 7 —# Z FHVNTHEAT L

U BMD (v F~—2 F—X) Benchmark Dose : BMDL (Benchmark Dose Lower
Confidence Limit) =% 7 % Hik, BMER»LHELNDL THEKGLV~LV] OTF
ZIZBWT, AEREENDD EEINDH L~ (BMR : Benchmark Response,
HWHERAEFET 5%, BT 10%) bbb THEEZNVF~v—2 R—X

(BMD) &5, Z® 95%EfEHX MO FIREZY BMDL (Benchmark Dose Lower
Confidence Limit) T#» %, BMR % 10% & L7234 @ BMDL X BMDL1o & 3 &4
%, BMDL |Z#E & (NOAEL) (YT 5L and, (B2 (BRWEZEEER
2015))
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776

B vUAKROT vy MZHALAT-, + BB AOGRE D » NHiSE O/
RERIZ M, IO RIE, B O M EAEZE SO LIL, B ThH
., FHEFHERNPAHTH 722 0, WL BMD KOV F~v—
7 R— X 95%IEEIX M O FRME (BMDL) BHOx&RE Lo, £7-.
~ T ARNT v MO LN EMEDMEF 23, #5128 8IC
TR CTH o722 Es, BMD X OBMDL HHOxfg L Lighoiz,

@ BMR D& iE
EFSA (2016) hiﬁmMDLmﬁ>NOAEL TN EHEINTWD Z L%
NE . BERICBIT S ET —ZI2oWTiE, BMR & LT 10%% {# 3
HIZ & aHELE Lﬂ\é (% 23 (EFSA2016)), F£7-. TRk 22~24 R R
%@E@%ﬁ’iﬂnﬂﬁﬂ}zmﬁ [ ESOSERHIIZ BT 5 X F~v—0 R—RED
BT A HF%E] 2BV T, fET—#® BMDL & HT 5O BMR
&LT m%@@@f%é&ﬁ%bfwé(%%24@%&mm»o$ﬁﬁ
IZBW T, FHFICHRHETEE/R L~ L2 EE L, BMR & LT 10%% £
HT+nrZ ke L,

@ BMD BHEHREE D E H

BMD i:iZ & %5 BMD & BMDL O HiiZ, EPA @ BMDS ver 2.7 % {#
H L. Gamma, Logistic, Log-Logistic, Multistage? . Probit, Log-Probit,
Quantal- Linear & OY Weibull O 47 /L& N THEHT L 7=,

Gamma, Log-Logistic, Multistage, Log-Probit & Y Weibull O
LTI, HiIFRE (Restriction) ORIV AJGETH H Z & 75 Restriction % &
KT 5E7 /L (LLF [Restriction ONJ &9 ,) KON Restriction Z 3R L
2N ET IV (LLF [Restriction OFF ) £0v9,) OZFNEFHICOWT, BMD
K OBMDL # & H L7,

® EF7NLVO@EEMEORHM
KT RIBRA 2 MZHOWT, BMAEETVERINT 572012, 8iERTE
ST — 2 NET N HBFEICHRN L TV RN & %mLtBMDGF

2 BMDS ver 2.7 (Z1%, Multistage &7 /L(Z Multistage2 €5/ (two-stage model) &
Y Multistage3 €7 /L (three-stage model) 3% %573, EFSA (2016) Tl
Multistage3 €7 /WVIET —ZIZ7 4 v b T L2 LW TH D Z &5 BMD 7’7°r:~3ﬁ
ERHODBEOHRET L E L TWRWI EE2HEX, RY—F 7 7 V—7TIX,
Multistage €7 /L' & L C Multistage2 €7 /L D&% HW TN 21T - 72,
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X2 S Z & BMDL 23 E# 32BR ORI B2V 2 L FE DR %
7= LA T OREEER A LT,
1) @& ERE PE>0.1

2) BMDL/BMD >0.1
3) BMDL/4%55R O il & >0.1

©® FEHEROWRIE
KV BMD1ofiEi fx O BMDL1o 235G B vz RARA & MZOW TG %
7V, BMDio fi K OF BMDLuo fE2 i ARV = > RARA > 2@ R L, ¥
TV TN RHEFEMEEZ B RE L CEEXME O TIRETH 5 BMDLi fE%
BUERELTHZ e LT,
K BMD1o fE& O BMDLio fEN S Hiic = RARA » h &R 3 IZRT,

&3 {ELNBMD fER U BWDL EATONIZI Y FRA U b

v K | #fE | £7 /L | Restriction | P | BMDiw | BMDL1w | BMDL1wo | BMDLuo
AN | M mg/kg mg/kg /BMD1o | /s H &
{K#E/A | {KE/A

+ZF6BO | v U A | Multi OFF 0.12 0.14 0.11 0.80 0.29

FAME LR | SHE | stage

I8

/NGRRIE, |~ D A | Multi OFF 0.10 1.08 0.70 0.64 1.83

S /I stage

/NGMREE | ~ T A | Multi OFF 0.14 1.25 0.80 0.64 2.10
/1 stage

+ZHEAR | ~ U A | Multi OFF 0.12 1.54 0.94 0.61 2.48

i /i stage

% B 1KV BMDoo fE 2 O BMDLio fE2M &G Hivic =2 KR A > NI, B~
A+ ZFBOOE AN LR TH - T,
e MIXF 28RN A Y 27T 5 Fol & GEIREEIK 2 X15)
(ERk 20 £ 9 H 2 B LFWE - (G E S RESIRE) | TIEIEHED A
FBE L REN U EBOFHIIMSI L CTEMT H & LTWDHR, EIRORER LD
N A T =R BDELRNDS, ~ T AR LT/ IMEOOE AN L RE L
I NBIESDORINATRE TH D EBZLNTZT2D, RN AL BN
BLZ2STTICEHMET 2 Z EN@EYITHD &L, i~ v 20+ —faim0
O FE AME ERGRERRICEE D X HH L7 BMDL1o & 0.11 mg/kg {KE/H %%

22




e b L GEE LT,

BELEETAEZK 1ICTRT,

k. H~ U ADO+ IO O EAM ERGRIEAMIZONWT, £2TOET L
123517 5 BMDLio % DR MHFERE2 3K 4 1277,

Multistage Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL

[
Multistage

08 [

0.6 [

0.4

02 [

t BMPL‘ BMD

0 1 2 3 4 5 6

dose

K1 HYHORODTZHREOUVEAMELEEBRED
Multistage &FJLBHEE

K4 EIXVADTZEBOUVEALELRBRK

BMDLio

BMD1o | BMDL1o . .

o BMDLio | /HiEHE

Model Name | Restriction | AIC PfE | mgkg | mglkeg
KE/E | ks /BMD1o | 0.38 mg/kg
{RHE/H

Gamma ON 270.99 0 0.31 0.25 0.81 0.65
Logistic 296.25 0 0.90 0.74 0.83 1.95
LogLogistic ON 247.93 | 0.0008 0.15 0.12 0.77 0.31
LogLogistic OFF 248.90 | 0.0008 0.10 0.03 0.29 0.08
LogProbit ON 274.38 0 0.48 0.36 0.75 0.95
LogProbit OFF 249.19 | 0.0008 0.11 0.03 0.32 0.09
Multistage ON 270.99 0 0.31 0.25 0.81 0.65
Multistage OFF 237.59 0.12 0.14 0.11 0.80 0.29
Probit 296.18 0 0.90 0.76 0.84 1.99
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Weibull ON 270.99 0 0.31 0.25 0.81 0.65
Weibull OFF 251.40 | 0.0003 0.04 0.01 0.18 0.02
Quantal-Linear 270.99 0 0.31 0.25 0.81 0.65

¢ Logistic, Probit, Quantal-Linear ®%E 7 /LiL, Restriction DA MEMNFRE LTV
WETILTH D,

7. FHMbEDEH
N7 & AOEERK B DI BIT,R DHFHIIZ BV TIEL, TDI 2% ET 5
ZLMMARETH D LI Lo, HE-RISFHEIC BMD #E2EH L, Bk 5
2K D 2 RN R AMERER (21 (NTP2008)) 2815, i~
U AD+ RO E A ERGE RO BMDLio i 0.11 mg/kg {AE/H % TDI
REOKMES LT HZ L L L, 20 BMDLyo fEIC, AHEFEMEEK 100 % 5 H
L. Az o L2082+ % TDI % 1.1 pg/kg K&/ &% E Lz,

@ i 7 1 LD 5 TDI
TDI 1.1 pg/kg {AE/H

(TDI B%EARHML) P& EEEF D3 AR
(EhWyfd) ~ A
(MR 24 [H
(5J7E) oK $ G-
(R EAR AL ) +ZFEIB O OVE A RGBT A
(BMDL1ofiE) 0.11 mg/kg 1K/ H
ENiESESY 100

8. F&H

B O7 v LAIZN7 2 LAORETHFIEL TWD EZEZLNDTZD, I X
G f— B — R OUKIBEKREZ AN Z v AOBEIIR EEE L. HRAZBIT AR
iz v Ao—RERELHEE LR, B2 AEY TIEK 0.04 pgkg &
H/H, SEREOREY Tl 0.290 ugkg (KE/H TH -7, T HOEIFEWD
F4H TDI 1.1 pglkg KE/AH LD iR -72Z &b, BUROI X T LT
— X — R OKEKDOBEH LB W TR ENE T D U A7 3K &
Ezohb,
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1.

. P RMEOBE

A SR E IR 7 v A TH DL BRE T T2 2 AMZETLT I NDHEIF
MDA S ENLTHZ D RMli7 v bxEgie s v MZEET 5 H AL
£ L7,

iR - A&

78 AIBREFIZAS AL TWDHERTHY , Ha, B, KUK EOA
AZAHUZAHFTEL TV D, 7 B ATIT A e LIREDN H D | =i 7 v A UK
7 LRRGEE LTALFIRETH D (B 25 (EFSA2014)),

A7 v AFERITIRIE & A EFEE T, BICABRERIC X - TRAET
% (&0 26 (ATSDR 2012)),

Nt 7 7 % B T AR TEHEE AR S OVEZERE K A . HIFRK IR ST D,
AT 7 7 AE, —RRISERO - N K IS E T D SIS N R ONE TS T
T, BUHIZETEINT M7 v 22725 (B 14 (IPCS 2013)),

KHEO =Ml v Ak, BRICHIET HIRE T pH AHHOLATH-TH,
KEECER I S 2R RIERECE~ o Ui h ) 7 D EDTR )
IRBRAEANC Ko TR 7 v A2t S5 AREMER H 5 (B 25 (EFSA
2014)),

N2 v A, BN Jekh, SUREOH, KMBEA], &REmlsE, 7 a
LHoE, RO LFEIHEHIN TS (227 (TARC 2012)),

—IC, B B AOERBEIRTH Y . Zfli7 7 MIEL RERICE E
nTns (225 (EFSA2014)), 7=, “MliZ v AIMERERTHD &
ENTW5D (2830 (WHO 2011, 2017)),

2. AME

4 N7 v b
Ju4, . Hexavalent chromium
CAS B &3F 7= : 18540-29-9 (HM 31, 32 (EPA 1998a. 1998b))

<sE>
ms . 7 ah
g4, : Chromium
CAS 3= : 7740-47-3 (1 33 (ICSC))
Tt : Cr
Jif& : 52.0 (/33 (ICSC))
i3 24
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[RINCASKERY @ 52Cr (83.7895%) . 53Cr (9.5006%). 50Cr (4.3452%). 54Cr
(2.3467%) (M 34 ({bFKEEHL 1989))

4 =7 a i
g4, Trivalent chromium
CAS B 4% 5 - 16065-83-1 (M 25 (EFSA 2014))

3. YEAFHMER
A7 v M3 2 TR B 5,
70 L JONM 7 v MMEEMOBEERER 2K 1-112, =7 v 2 bE
Y OB FRIMEIR 2 R 1-2 15T

R1-1 20LERUKEY O LIEEYOMIBILZRITER
/A= N 73 EP/A=N
44 FR VA= Va=PN FTrUT LA VAWN . VRN
TR T A (Z7 o Lfig VYRRV (Z7 o Lpe
FhU L) 7Y L)
CAS 7440-47-3 7775°11-3 10588-01-9 7789-00-6 7778-50-9
Bk €5/ R7) € ¥7))
10034-82-9* 7789-12-0*
(UK Fn#m) (ZKFn#m)
[acz=zv Cr Na2CrOa4 NazCr207 K2CrOs4 K2Cr207
€77 (2K )
Na2CrOy * Naz2Cr207 -
4H0O* 2H.0*
(UK Fn#m) (ZKFn#m)
ANy 52.0 162 262 194.2 294.2
(FRT5) €77 (2K )
234.03* 297.99%
(UK Fn#m) (ZKFn#m)
x| IRk HE RE~E Mo 1B~
W T o W T M e i o
(K )) (%K)
i) IR ~FE
T PR TR A
(PUKFrndm) (—KFnt)
s (°C) | 1,900 762 igg ik 968 398
jf‘f\m%) (1K) 500 ThyfiE
L R )
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b (°C) | 2,642 — — 1,000 —
biodics 7.15 2.7 2.5 2.73 2.7
(g/cms3) (k) (fE7K ) (18°C)
—* 2.348 (25°C) *
(PUAKFn4) (Z7kFn#m)
Wit ENA 53 g/100 mL | 236 g/100 mL 62.9 g/100 mL | 12 g/100 mL
() (20°C) (20°C) (20°C) (20°C)
(L<wF5) | GERIzEL (LT D) (T %)
(7 4) BT D)
G- €7/ L7))
(UK Fndm) Al
(—/KFn#m)
VA fRE ™ TR « S& | — — Tha-y R [
(Zoft) | BilE : KIS (#EK4)
Tha—y -
ENIZ AR
(PH7K Fn#m)

¢ IEF] : 2B 33 (ICSC). * : &8 35 (Merck Index 2013)

£1-1 20LRUNMEY OLLEYMOYEILEMMEIR (BE)
2B [/ =N Va=WN. /=N VA=¥N " R/ =N
(ZEfb7 v ) HIL T BT RF | TS NT VAV =0y N
CAS 1333-82-0 13765-19-0 14307-33-6 | 7788-98-9 7789-09-5
i €737
k=K CrOs CaCrOq4 CaCr207 (NH4)2CrO4 (NH4)2Cr207
(22 x %)
oy 100.0 156.1 256.06 152.07 252.1
(fok¥)
I MR ERE gy - A F& L ~IReE
TR B FEEE. R (fEKW)) FARYN T i i
A, BERLIRE it e
FE RO HE
(ZKFn#)
s (°C) | 197 1,020 THif - 185 DL ECorfiE | 180 ThHyfif
250 LA _ETHR (4K ¥)
100 LA ETo
i
(ZKFn®)
W (°C) | — — — — —
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B 2.7 3.12 - 1.8 2.15
(g/ems3) €.:7/7))
2.370 (30°C)
(Z/KFn)
VA 61.7 g/100 mL 22.3g/100 mL | — w5 36 /100 mL
(7k) (LT D) (LB T D) €7 7)) (20°C)
XTI (LT D)
(=7KFnm)
YL * S . TV SR - VR - WART /27 B
=70 AR TEh L R
PUMEALERTE © | pp)-w
T AN TTYAR

BRALIKRFE - N

H )= s RYE

Tiva=y : AT
b AT
(ZKFnt)

% MEH] : 2P 33 (ICSC). * : 2 35 (Merck Index 2013)

x1-1 20LRUOKMEY OLELEYMOYMEBILFZRMER (EE)
£ FrR Va=¥N 7a=¥N Va=PN 7 v LEEER
2 = SN AU RIEN HEn
CAS %8k | 7789-06-2 10294-40-3 13530-65-9 7758-97-6
&
=5 SrCrOq4 BaCrOq4 7ZnCrO4 PbCrOq4
1B 203.6 253.3 181.4 323.2
s gy IO T O~ A
Fr e /i N AEARMER R AE SRR
el (°C) | fiET D 1,380 316 844
440 LA b THiE SR GREEARHR)
s (°C) | — - — -
B 3.9 4.5 3.4 6.3
(g/cm3)
T gt 0.12 g/100 mL 0.00026 g YR EN
(7J<) (15°C) /100 mL (2500)
(EFIT< W) (20°C)
GRITF 720
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ey A
(Z Dth)

FtEE - IR
TEE - AT
WElE « FTY

HiHEEE  RA
7 a L ARR
NI/

IKERAL TV AT - AR

FREEE AR
[N

% HEF . 2 33 (ICSC). * : &8 35 (Merck Index 2013)

x1-2 =Y O LLEMOYELZHIMEIR
4 (AP . - SENAL
Sty n sy | BE7EA 2 v s b
CAS 1308-38-9 10025-73-7 13548-38-4* 14639-25-9
ek (7K 7)) (7K 4)
10060-12-5 7789-02-8
(N7KFn#) (JukFns)
N Crs03 CrCls Cr(NOs)s* C1sH12CrN3Os
(fEk%) (7K 4)
CrCls - 6H20 Cr(NOs)s - 9H20
RAKFn#n) (JukFns)
R 152 158.4 238.01% 418.31
(fEk) (7K 4))
266.5 400.2
RAKFn#n) (JuKFni)
S8 B~ Rk ESEy Wk R | —
R €.i7L7)) (7K 4))
okt R PR R RN
RAKRFn) (JuKFni)
Bl (°C) | 2,435 1,152 60 LAk (4fiF) * -
€.i7L7)) (7K 4)
83~95** 66
(RAKRFn) (JuKFni)
W (°C) | 4,000 1,300 (/3fi#) - —
(fE7K4) (fE /K 4)
- SRS
(S/KFn#) JukFne)
(i)l 5.22 2.87 — -
(glem3) (7K 47) (7K )
2.76 1.8
(7K Fn#) (JukFni)
WARE | R A RicH I
(%) (7K 47) (7K 42) (pH7.0 :
59 g/100 mL FEFIZEILBET D 0.6 mM)
(20°C) (JuKkFn#)
(N7KFn#)
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VR AR
(Z Dfth)

Tha-y 1 AN

T L R

[l YN A
TVHY A RTEA

e, AHRAA
EFIZDP L VERIT S
(7K ¥)
Tha-y : AV
TYh o NS A
Y)W RER
(/K Fndy)

Weli— F L« WY

DMSO : #Jix

N R

HEALIRTE - A

VALYV INER S~
(fE7Kk )

Thva- ;B
(ukFndm)

< MR 2R 33 (ICSC). * : 208 35 (Merck Index 2013)

XX RERITEREEIC L o TRAR S,
x1-2 =@y 0LEEYOYEBIELFHEIR &ESE)
P L T ity w0 i U 7 2 HEAEHERGRE 7 1t
7 hF
CAS 1066-30-4 10101-53-8 10141-00-1 12336-95-7
ey €%/ &7) €77 (4K ¥)
7788-99-0
(= KFn#)
fe# | Cr(CH:C00)s Cra(SOs KCr(SO.): Cr(OH)S04
() (i ) (K 4)
Cr(CH:C00); - % ““7
H0 Cra(SO4)s + 10H20 KCr(SOy4): + 12H20
(— A Fn) (+&kFn) (+ K Fn)
STE | 22013 392.16 283.21 165.1
(7K ) (7K 4) (k%)
499.39
(++ 7k F)
b5 - B fa [E R - RO R
(&K M) (7K %) (4K ¥p)
JR~FFOR R S SIENAFN IRER~H
(—KFn¥) (+KFn4¥) I\ TS G
H~T B (|-~ FiH)
SRS S
(FSKFn)
g (°C) | — - - 900 LA E
(2K M)
89
(+ =k Fn)
s (eC) | — — — —
. — 3.012 -~ 1.95
(g/ems3) (€:5i7)) (47K )
- 1.83
(+&kFn) (+ =K Fnm)
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TRt - A — 200 g/100 mL
(k) (k%) (K P)) (fEE7K ) (20°C)
AN TR AR AR
(—KFn4m) (+KFn4m) (-++—KFn)
AT
(RIKF#n)
ey A - [N —
(Fofh) | (K (MK ) (MK ) B
Tha-y : R Tha-=l . R Tha—-y . AR
(—KFn4m) (-+KFn4m) (+ = KFnm)

< MR 2R 33 (ICSC). * : 28 35 (Merck Index 2013)

4. WITIRHIE
(1) BEA
KL KEHEUMEE (B 36 (EA5@4 2015a))

N7 v 2t EY S 0 AOEICEI LT, 0.05 mg/L LLF
AR EL VR N OVE R AL (2 IR03T (2R 771 2014a))

A7 v LAY - ANz v A 0EIZE LT, 0.005 mg/L LLF
KIS E LE (B 38 (B {4 2014b))

ANiti7 v 2MEAEY M7 v AOEIZEI LT, 0.005 mg/L LA (K
Ko DG KEEE ORISR E STV D HK
MEDR MK, )

A7 v 2 MbEY N7 v ADOEICE LT, 0.05mg/L LT (1
KEEE DO ARIHUIMI R E STV DFRKHED
2R S TAR K8 DR R, )

BT IGWRECBIK O Ry BiE (B39 (B4 578174 2014c¢))
(IRTNT+—&—4 GEHE - BREA))
A7 7 2o 0.05 mg/L LA R
(IRTNT+—&—F GEHE - BREE))
A7 v A 0.05 mg/L LR

(2) ERFHEEE

WHO : f#lEbKIZOWT, #7271 4 0.05 mg/L (B &)
(%84 28-30 (WHO 2011, 2017))

EPA : flBbKIZ oW, #2717 A 0.1 mg/LL (Maximum Contaminant Level)
(2 40 (EPA 2017))

Codex : T F 2T N IRXTNT 4 —F—IZONT, #7222 0.05 mg/L
(208 41 (Codex 2011))

EU: 7F 290 IXTN T4 —Z—ICONT, #7125 0.05 mg/L
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(2HE 42 (EU 2003))

B (FF 2T VIR TNT 4 —F—%FR<,) 12O T, &7k
0.05 mg/L

(20 43 (EU 1998))

5. SDHAE
NA 27 & LD HFIEIZ DN T, BB W TIERESITEN 72 < IKIZ
BWTIELS- Y7 = =)V /NY ROFERE R OV FHREIC IS < Sy
Mriz (IS023913:2006, IS018412:2006) MNIFFEL T\ 5, IHAFEIEmE IR
yua~ W77 7 FHEEET T A~E &5k (HPLC-ICP-MS) @ X 9 724y
Wi R L B RNAR 2 W= T EN L 0 B R 2 L7263 L LT 5,
(2M25 (EFSA 2014))

W7 v L0 EE LT, DKEEEICET2ATOREICESEE
EFBREDED D HE] IZBNT, 7 —A L AR EFHIC LD —
FONE, 7 b— NN ERHC L D —F s, BEEE 77 X~ 5
HHITHEBIZ LD —FONER OHEREEG T 7 A~ EE&oEEICL D
—HONEDRHESNTWD, (344 (B4 2017a))

(1) STz ZIANND RIZE BRAREDHTE
Nz v L (7w Lfg, B2 v ABESE) 2 pH0.8~1.3 1B \WTY 7 =
=V HNANY R ERE L TEL DEMAOLEY 2 WS E ST iEIC &
D P 540 nm (U CTWSEEZBEE L, ASiliZ 0 L0REEZRD S5, (B
45 ((FKEERTTIE 2011))

(2) FEHEETIXAIHEADDIHE (ICP-AES)

FRIC LT 2 @i 7T X< GRS S, Bl S vz 7038 &
DRV R L X —IREEICER T 5 & & B0 5 B E A O R A
7 MV ZE Sy s THBE L BOIRE 2 oR Z L ICHE L CEML OE R
1T MiETH 5, 1K 267.716 nm 1T 206.149 nm DI 58 % 1T L .
7 a LDPREZRD D, A RIREHPIL, @FEOXT 74 P —2Hiz
e 0.02~2 mg/L, BEK X7 74V —2H\72541% 0.0008~0.08
mg/L THh V| E& FREICE T 2HEREITZERE (CV) 10%LL FTh
Do

N7 0 ADOEEEITHOEIE, TUoE=T-TIAHIUMETEMMY v ik
b v UCKB b 8k pb B L ChRrEL IR O 7 v 2%
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ET D,

ARIEOFFIE, HIRAITE Y DD 72 W RIRKRLAKITEAKIZ DWW T, 50k Resk
IRRTWEE AT 5 Z L7 < Zonk & i) @R o BRI £ ¢, R
BRI FREIR Z & T D, — T ot T R OB 30k T 40,
L DHEMEA~DOEBIIAE LD, Z07, BEEIZ TR E LT
BERERE 2 350 L TV 22 AU, JEME T IERE S I2R T, BEEO VWL o &
2%, BRHIKEAKT OL R EIIMENTH 5 728, T 5 ILH E iE O ERE
SEFERTDH ETHETHD, (M 45 (KRB FE 2011))

(3) FEHEETSXATHENHTE (ICP-MS)

RS T T X~ (ICP) A A JRE LT, k2 EIETA A1 L,
A AN ENTZ B R EEESPFHCLVIEE - EET D 00ETH D,
s LAOBEER 52 XL 53 A4 EEL LTHIEL, 7 ulDREEEK
b %, — XA 72 IR EEFLPHIX 0.0002~0.02 mg/L & L. & & FIRME 0.0002 mg/L
BT DHEERE X CVIO%LL FTH 5,

M7 a0 AOEBEEITHORIT., ToE=7-TAH VT EMl7 o LxK
faft7 v A e U COKEBEE 8RR L ChlRrE L IR O 7 = 2% 3
ET D,

B O BTALVER N 72 b SRS G, ZonR R RREOHT TE 5, (B
M45 (BKERERFTE 2011))

AIEOFRFE LT, 30 O— 172 oirE L i L, O FIRE
23 100~1,000 KV, @AY ML EL CEME DT M OB BTN
5. QENLARORED "TRE, @ZIuRFEIRFIE RS AIRE, F0Z T b b, A
BFRIALEL U 7= 1%, WEEEME 202, BRERE AT A L CRERse 7 7 X
~HIZMEFE L, B LN ONEEYE O NENOEE/FERIZB T 5 A 4
Y OEEWE L, JLHRA A OEG & NEEME O A 4 O&ER & D%
KoE®ET D, (B 46 EREEE 2002))

(4) RFBRALEDTE (AAS)

JAF- ORI Z @il S5 & EERIRREICH DI DR 1 EHH O
WD ZWINT H2BGAEFH Lot Thd 5, B2 kT 5 HiEI,
fEFRIZE D 7 L—2ELMEFER ZH W R OVERINEE (71— LX)
ERH 5,

ARIEOFFE LT, —MRICEENIEF I B < 777058 O BN i)
INEL L BN AE IR THLETHY . BROEEDHTITIA S W
S5ITWS, UL, BRI EICHW D RN R D DT, ZxED[H
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KM IE T 720,

Flo, /7 LB ETDHEE. TR VLRIV T DT VY L
HEeROWELZTH, ZTHb OB, WM~ 7R U LT V=
U LD MU w7 AMEGAITHRETE 208, BAiAZTM L TH RN 7
WIGAITIAEERINEIC K O IET 20BN’ H 5, (B 45 (EKRER L
2011))

D TL—L-RFRIEILEDHE (FAAS)

k% 10 f5iERE L. HE 357.9 nm CWOGEARIE L, 7 1o LDEE%
Kb, —MEHI7R R IL, 2 2 & LT 0.006~0.05 mg/L & L. FE&
TBEAE 0.005 mg/L (Z351F 2 HERSE X CVI0%LL FTH 5,

N7 a0 AOEBEERITORNIL., 7T oE=T7 -7 A VET=Mr o bk
fefbr v e LTRSS 8RBl L ChrE L, iR o 7 v A% 1
ET 5, (B 45 (EAKRBRGE 2011))

Q@ TBIMBERFRNALEDHE (ETAAS) (7 L—LLRARFRIELEDHT
i)

IRFBHE . A XV — REOBEBSIBIFICKEREK L, BELTLY 2—v
BT AZ®SIEIZT D Z 2L » TR ZAT 9 HIE T, BRUNEYF N IR FE
BETHLGAIXT T 7 74 MARTAGIE (77 7 7 A4 NMERFRIEEE 8T
% (GFAAS)). MEAGBEREURTH HLGAIEIA X VIFRFIEE VS, HE
357.9nm TWOLEZMIE L., 7 0 LADJEE 2R 5, — R 72 E &I,
71 E LT 0.001~0.03 mg/lL & L., && FIRIE 0.001 mg/L (ZF1F % H
EREEIT CV10%LA FTH 5,

M7 B ADEEEITHIRIL., ToE=T-TA D IUMET M7 2 A% K
el v e UCKB B SR Ib B L ChRE L WiRHP o7 v 2% J]
T 5, (B 45 (KRBT E 2011))

(5) 4F>oRA< 357k (IC)

AF o~ 7T 7EE BAEAF U B SRR ABER L L, KA
AR B DA A AR B EMR & LT, B oA A2 & i 7e A
I RN K > THlfE &S 2 mdikiEcs v~ 77 71k (HPLC) @
—MTh5, (W45 (LARERTE 2011))

35



D 442983 TS5 T-RRAMASLE(C-PC) /EE®REKIOAT LTS
7-1RRX b H S Lk (HPLC-PC)

AFvrua~ NI 7HEORETIEE LT A AU T A T{bFE %
OyBlE LTt IRHIRICE AR ARG U CAUE S, AR IR HgR-<0m
BRHEBEHWTERTHRA NI T LERD D, (B 45 (KRB A
2011))

EPAILZ, A 4> 7 a~ 7T 7EERWTANNY a 2% 08T 5 Hik%E
BELTWD,

EPA Method 218.6Rev.3.31%, A 4> 7 v~ K7 T 7ik%ZHCACE
AR, HITFRROBEEIKRFONM 2 a 22 ET D HETH D, RNEE
(2D <R TIRME (MDL : method detection limit) (30.3 ug/LCTo 5,
AEHIIERFIZ A L, AiEKOpHZERIEE T > E=7 L/ KEE{LT &=
¥ LARER 2 VN TI9~9.56ICFHT 5 Z ENNETHDH, ZOpH FTiE,
Ntz v i v bEgT7T =42 (Cr042) & LTFEET DO, 7T=4v
R T1 T DT Ko TR ET DD A A FEN G5BT D, S
WRa1,6-7 7 ==V N AT RERIGESHE, 530 nmDFE R CTHNHIEIC KL
Dot %5, (247 (EPA Method 218.6Rev.3.3))

S 512, EPAIL, B KFDIRIRE DAL 7 v L&+ 5 hiEE L
T, A Fvrrua~ 77 7-RA N7 LUV Z AV 7ZEPA
Method 218. 7% L T\ 5, Z D JHiEIL. EPA Method 218.6% kB L
LT, WHER (iR 7 v e=v A KBLT v E=7 LR OREET b
U L/IRWEKFET NV DO L) BRI D2OO4F > rra~ NI T 7 4 —%
W= 5iETh 5, MDLIE0.0044~0.015 pg/L., LCMRLs (Lowest
Concentration Minimum Reporting Levels) [3{#17F 715 & IR OFEEIC
K17 1.0.012~0.036 ng/LCTH 5, —fli7 0 LK ONM7 o ik, KEE
BRx IR (B LA DU TR TLAD) OIFTEIC K > THAZEEA FEETH
L=, [E L7 e o 7 v 2RO Y 2R AT EME7R 3BT O 72 DI
T 5, WEHIRBEA, MEEANC L - T, AEopHAZ8LL L& LT
B b, F0%. A3 T LT Lo TR DOCrO2 2 1E D DORERL
BERMOGEEL, RA M T ASEBEIZHEET S, 1,67 ==LV
NP RTEFHEMRL LA 2 2 A %530 nmDEE THOHIEIC X > THOMH
35, (ZMH48 (EPA Method 218.7))

@ IC-ICP-MS /HPLC-ICP-MS;i&
IC-ICP-MSikiL, LRI O HEN AR A A 7 u~ 7T 7
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(IC) &. WMREREDOHIEN FIRERFHEM S Y 7 AvE &N (ICP-
MS) %%ﬁéﬁf:ﬁ%f‘% %o M7 v %, pHAGLL FIZ/2 5 }:Cr04 -
ﬁ%m% . BLIESTENL D @SV 7 v LA A4 (Cre072) |

IC*B@ féﬁﬁ T AREET L RREMESAHRE SN TWND D /%E@Wr
m 7 UE=T KIS i@ﬁﬂ@ﬂM%Uikﬁéiﬁﬂﬁbfwé S
7o, PIERFIZIZ, ICP-MSENIZEWR T DR, BEE R OB Iz E £
HHV T L, F N LFEOHEIENICP- MSéBO)*)L/7)/7 a— N THT
HLUEEMNEL 228NN H L0, 7Ly i@l cnbo
HHAZREL TS, £z, ICP-MSH TiL, 32CrDlfE & 72 540Ar12C,
6AYI6QE D+ T WA T U ZbrET L7200, 2 Va AL L T8%Hs-
He T AZEH LTS, (49 (54H 5 2013))

6. HERUVBHEAE
Rk 19 /R b ol - g A9 2 ERERE ) 1B T 2 8Mm 2
v MeEoshE (Hef) LOMa A&lX, BRb2 v 2 10,000~100,000 t/4FEA
i, B o AfEH U A 100~1,000 t/ERECTH -T2, (B8 50 (FRFEE
4 2008))

BB 5 22 20 7 v A (= b7 v L) O EIlT 2,840
t. BAEIL 945 t TH o7z, F/o. 7S MU 7 AOfmEEIX 94 t.
i AL 19,757t Th o7z, (B 51 (FREEA 2012))

7. REDDOHH - BEE
(1) K- |EE - #1TK

RIS 7 v Ao E b EIL, HCrOs K OY CrO2 TH Y . T DEIE
L pH IZHKAFT %, I_J/)Er (0 4¢ Cr/L #) TiZ, —&K (B 21X, HCr207
R Cre072) ZHT 5, BREEHI ffﬁ‘é/%ﬁﬁlﬂ.&@ﬂﬁ?@&i\ =i
=N S e inﬁw‘?ﬁ\ NY T AA T DAFET D EFRTANZIEITIZ<
WY O BEEAERRT D, 2O XD REOAERMIL, BERICEIT DA 7
LDV 2 HIRT 5,

A7 2 LD =4h7 a A~OEIEIE, REKTIEXHLBERLZ Y | K2R
FPRZ LTEBRETTEZ %, FeDRXRAEMMN L WEREE F Tk, EixIh
T,

=7 v A, EEORESMETIL, BHICTE BTN 2 L~k
I, =7 HAODE&{K %, Bt T iﬁ?@i‘%@f\? FUWEL
T2l 7 v 2 KD IR S A, FENS TV UEOEIE T Tt Cr(OH);
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DB AT D720 ’ﬁ@émé

A2 v A%, BEESCIKE O EICHE Ly~ ET 5, A7 v b
DO AETL, ﬁlﬂm<ﬁ@%%$@&4ﬁ/&ﬁ T 5 LTS,
HIF7KTIE, Nl 7 v A OIEICIHKER R IR E ORIECE TOIRIEIZ B W T
5, KB OWb~ T 1, _ﬁ&uA%%%i@mWAﬁ&uAm
b9 D05, Bt~ o T RER+3TROWEEIZTIE, KIEMED =7 v A
i 3 A SAAR

BB OAMZ v LT, FICFF YT = & UTHE L, iRm0 75k
TTIxBEmEIIRE W, Atz 2 20 =47 2 A~OiE eI, BER 7250
FTTRZ5, (BH51 (B854 2012 (EU RAR 2005)))

KREOHEM DK PIIEET DHEIE, N2 v M3 =7 0 L8 TE S
. TR FIREBEDIC L > CEMMi7 v 23RBS D, WESRR -T2
ST v AE, RERSESEEREER L CREEE 2D, 2 ok =
2 A NEEEERPIZIRE L, TOFE FWEICBEIT 500, XXk L., {#)llo
KEO—IZb EEZ LN, (B2 14 (IPCS 2013))

HITFKPTZ a AR ED XS Ifb PR CHIET 0%, £ DR KE DR
BICEN L O pH I EA S D, @B EMESRE TIION 7 v ADMESAC
HHMN, BICHESRMFTIEI M 2 AMERTH D, — RIS, BEMESRIRIX
EWHKE T, EuTEREITRBE O T /K TALND, BAROH FKIT %
IIZ pH 6~8 TH V|, N7 v LADE(LIKAE L LTI CrO42 725, =i/ =
LOBLIREE L L Tix Cr(OH)2 3 7 v ADMEEFEIZ 7 5, BEVERE DS B\

A1 Cr(OH)2H L DNEND Al 7 1 AFEDNMEETH AN, KO T /VH Y EEN
BWEAIEL Cr(OH)s XY Cr(OH)s 2MEZERTH D, (R 14 (IPCS 2013
(Calder 1988)))

(2) K=
ANz a 2Meaix, AMERETH Y RAF TIE= 7 v vy L TRk
W CIET 5, RETOAMZ o ik, LR oHINEET 5 & =iy
0 AZBILIND, R RWESS= T v Y VICEET D 7 1 AE, BHis
MR EIC LY HEABITT 5, (B 51 (BREYS 2012))

KEHFOAMZ 7 A, 2372 OFEIGT, NFT 0L (V2 Ve VO |
Fe2t, HSO3* (X A3 Lo CEMMi7 m AIZEILSND EBZ LD, Kxf
12, REHIZEM 2 72 A58 CroOs AN DI & L CHIEL ., BBk~ H UMK
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RPIT 1%L EOIRE THEET 2856, =7 v L3507 v A2k S
HAREMEN D D, 7275 L, 13 & A EDOREESRMETIE, ZORIGE Z % A6
PRI, REHFIZBIT DM 7 0 25 24l 7 1 L~O& 5 - O HEE
fElX, 16 Reffl~f 5 AL s T b, (2 14 (IPCS 2013))

(3) L&

TEEFRIZEBIT A ARM 7 v A0ZFENL, JREH EEEL WD, T~ Y
o 7 ASNOWEN BN < e B EHIN 28, BT T v Y BT,
N7 v AOBEWEIIRE < 725, TEOEREFE~BE) L7 Mh7 v A%,
=7 v MTEITL S ND, RS o BT, Nl v AT FEICE
EERICRAET D,
FHEADOWEECIEITTRE I A 2 257 v XX, BEE a5, S
iz v 2%, AEMICLVELIZ= M7 2 ATEITL I, GAEMEN D0
CESTCHEE IR T T 5, M7 v 20N M7 v a~ofibix, b~ m
VINEERTEIZRONS, (B 51 (BREE 2012))

TEEF O v NE, FICAEERIEE LTHEEL, BEIEITE < 20,
ANz v A, S v MFEIEEEIRE I N W EEZBND, HiET
DOREEMEZ7 v AOBENIEIX, TEOWEFEICAEEINS, £X TV D EE
id, 7 v AL 0RO v A RIS 2 08, W X7z Rl
B ATEITIN T, LV ZERRETH S liic/2 5, (B2 14(IPCS 2013))

TEEFOHEEMIT, FEEO 7 a AETH D NMY v Lk, REEEORE L
71 A(ID) (Cre0s) (CE#T 5 L TPHREND, HEFO v LF, =710
VoLl L TREHICBET 2 RN S 5, BEEmNLOHICE - T,
71 LD AR OB B O W3 b B KIS BN 2 540
5, HEPOFRMENORWEAE DA 7 0 LGSR K Al 7 v LEEARI,
KR T 2 aeEN H 5, THEO pH 3&E < 25120 C, HiEEf
DR v LAOWHMELEL 25, (B 14 (IPCS 2013))

8. JKEKHFILMEIZ K HER
RBP4 v K5 DKL EmFE  (BEERILIE . Ay U S Al
A AR CRDIRIEMER (GAC : granular activated carbon) ZLER K& OV HE
WEET N U AKX AR (2B 5107 v AR, SUED AT
WD U723, A VB K O SR AVER CHE N L 72 G /KR 0.06 pg/L) .
Al v AERERR 10 pg Cr(ID/L K ORISR MU v A& IRINLT-
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GAC LBk (ki 20°C, pH6.9, AL A A IR 17.56 mg/L) Z@8lE LT
FEAL, 48 BRI 7 1 HREEDS 7.79 ng/L 1272 o7, ZAfi7 o LEYE
% 10 pg Cr(ID/L B ONWKHEEHEHERE T b U w7 AN L 72ROk (kiE 20°C,
pH5.8) ZHWTIRBED EER AT > oK. 48 WM IZITN 7 v A YR EE N
1.75 ng/L (272> 7=,

Al v AEHERE 10 pg Cr(IID/L % I L7z 20 Ak (KR 21°C,
pH6.9) (24 LB (4 U EAE (0.25 mg-0s/(L/min)) % 15 4347572
FER L Sl 7 v A FEHERR 10 pg Cr(IID/L & 3N L 7= k8l /k (kiR 21°C.pH5.8)
(C[RER D IR ZAT - 725 e & bhile L TR 7 1 L DA R MR S 72 Ok
) 3 pg/L, I AiE/KA) 8 pg/l),

GAC Au¥k (pH6.8) % 6.5°C. 20.3°C XiE 30.3°C T 1 AR LR,
AKIRANE < 72 51% EEHEE SRR TR L oSl 7 v AREILE L toTe, (B
f2 52 (Imanaka and Hayashi 2013))

iz 7 v A(I1D100 pM Z#IN L7 FEUK (n=6) Xid==—3—7ifioK
K (n=14) (&A6#x=% (total organic carbon) 1.7 mg/L., WHHEEZEIRE 0.5
mg/L, pH7.0) 25 mL (2, &k#iEZHEEET U v A (0~100 mg Clo/L) Z N0
L 7o, SRR OB > TNl 7 v A~ LR Lz, [F U
FIRE DORERIK L 7KEK & & T 5 & AKERDF BRI 7 v L~Dfg b
NEMhoT-, B 100 mg Clo/L ORERUK TILMHEEE 7 0 M5B EI Nt 7
2 LI LS oTeny ONMli7 v AR 73.8 uM) | HESEIREE 50 mg Cly/L
PLEDOKEAKTIE 8 BRREILINIZSERIC /Nl Z v Mg b Sz ONli 7 v A
B 97.3 uM), (=8 53 (Lindsay et al. 2012))

I. (E<ERR
1. BREANSDIELE
(1) KEKIZETHEEKRE Rfiv 0L, RU=E@I B LXITHERS OL)
R PAGARHRE 7 HSCEREL L 72 KEK R ORI 27 1 LARE % 1C-1CP-

MS Ik > T, #7270 AJEEEA ICP-MS 12 & » CTHIE L7 fE 5. Ay 2
O HEIFHIL 0.077~0.104 pg/L, #2710 AORHEFHIX 0.114~0.157 pg/L
Thotz Oz v OB HEERE 0.020 ug/l), F7-. A7 v LgE )/
W7 v LEEIX, 0.56~0.74 TH-oT=, (E19 (55 2011))

T CEE L 72 KGEAK R O 7 v ARE RO =47 v AEE % 1CP-
AES THIE L72AE R, A7 o 203 0.37+0.02 pg/L. =ffi7 & 403 0.43+
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0.03pug/L T o7 (n=3) ERHRFYAE : A7 v 0.15 pg/l, =fhi7 =
2 0.08 pg/L), (&M 20 (Sumida et al. 2005))

RRIE T NAG7KAR 22 23T CEREL L 7o KB O 7 v MREE V7 = =
WANSNY REFOGKE Lz ICPCIZ X - T, #7717 ARE% ICP-MS (2
Lo CHIE L7 (EETHR0.02 ng/l). #iAk 22 235H70 KTEAK th o 4
2 DDOWIRG OB SRR TR L7 FE R, ANl 7 7 ARE TV 0.11
ug/L, #7270 APREIZEN 21 0.18 ug/L, 0.23 pg/L Th o7z, £z, B2
o AHORMZ B AEELR T0%T. 2 TO7 a ARAranss LTE
ELTWARWT LA RIBET 2L LTS, (BB 21 (B S 2007))

KE D 35 #HH (23 DIN) 1TBWT, FEELAILHERR 2> 5 L 7= /KE K
FONMM 7 1 LJEE %, EPA Method 218.6 D434 5% (IC-PC) 12k - T
HIE Uiz, 4285 5k 31 50EE (89%) (2B W T, ANffiz v A0 S,
At 2w Aok HEIPHIZ 0.08~12.9 pg/L Td - 7=, (B 54 (Sutton 2010))

A5 YT D19 1FT (THHE 9 HFT, Z OO HE 10 1) TR L
TeAEKRHF DR 7 v APREE KON =4l 7 v A§RE % HPLC-ICP-MS (2L -
THE L7z (BRHBRSME 0.1 pg/L) .

THEHUE CER R L 7o KB K 9 BB 2 IE L7265, XAl 7 & A o HH i
1% 0.19~10.88 pg/L (1 3UBHIM BRI AR) . =i = 2 ORI 0.1
~0.33 pg/Ll (3 #EHIMHIRA K ) Tho7o,

T FEHI LIS O Hds CERE L 72 KB /K 10 5REHA HIIE LGS, M7 =
LORHIRE L 13 (2.8 ng/L) ZBRNT<1.0 pg/L (2 3UBHIMR HBR S A
if) . =Af7 v AORHIRET 8 BB TRIHRARM TH -7, (BH 55

(Catalani et al. 2015))

XU v ORESRELEY (7 4474 MNEZE) BDELEENLHEOM
I8 600 2T HUNEE LT KEKF DA 7 7 MREZ T = =V VN
RIEIC L » T, 7 o LEEA GFAAS I2 X » THIE L7z (RHRAVE 1.4
ng/L) .

ZOFER . N7 v AR, 2RO 3% DO T 50 pg/L BLE., 6% D
ST 30~50 png/L, 14% D4 T 10~30 pg/L. 13%DHIA T 5~10 pg/L,
FEOMOMFT 5 pg/l RiFiTh o772, £7o. 2 TOREHIRBW T, ANMili2
0 AREITR Y 0 ARED 95%LL EE DTV, AMiiz e AnEL EF
NDRRIL, 7 4474 MEFIZEEND =M v AL, AICLARICE
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ENTWD b~ T A Lo Tk, AN v Ax AT 25 & Sh
TN ZEND KRN T 4 AT A MNEFLEMT L2 LITERT D &
LTW5, (&M 56 (Kapraraetal. 2015))

(2) KEKIZEITDHEEKRE (oyDoL)
ek 27 FEFE O AKEREHT I T DA 7 v MY (R v sk U THIE
3 ) ORI TORERNL (2 2) 1, 45,780 JIEH A F, 5,777 iR
T0.005 mg/LU T CThHolz, (B 17, 18 (AAKEWS Ak 27 FHEH
AR (RaKfRK - mmfE) . BATEE 2017b))

&2 KK TOXRMEY OLIEEY BYDOLY) OEERKR

R LH R AT
T 0.005 | 0.010|0.015(0.020{0.025|0.030|0.035|0.040(0.045| 0.050 | (mg/L)
@ (mg/L) | (mg/L) |(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)| (mg/L) ~
ESXCN 5,780 5,777 3% 0 o0 o oO 0 0 0| 0% 0
Rt K 1,092| 1,090 2 0 0 0 0 0 0 0 0 0
X I 267 267 0 0 0 0 0 0 0 0 0 0
Hh Tk 2,979 2,978 1 0 0 0 0 0 0 0 02 0
Z DAt 1,441 1,441 0 0 0 0 0 0 0 0 0 0

OFF, OREH FEL
¥1  FEfE 0.009 mg/L
2 RIS [~0.050 mg/L) (2B WT, HAKEWHS Rk 27 FEE AR (FaK
ek REE) TR 2HSRE SN EBE STV D, SN 2 #isicon
TITRARETH Y. [~0.006 mg/LL] THDHZLENHERSINTND, (B 18 (4
FfEE 2017b))

(3) TRINIA—F—FBITHEITHHEERR Ry oL)
2016 4 11 A~12 AlIZ2EO/NREXIA 2 —F%y M a2 B U THEAL
7= EPE 110 85 K OSMERE 40 D I 2T 00 —F —HHh ORM 7 7 A
12JE % . EPA Method 218.6 } U EPA Method 218.7 % £:4# & L 7= IC-PC
IZ Lo THIE L GEE TR 0.0001 mg/L), ZOfEH. 150 &5t 65 3k
(MR 43%) TR S, RHEREOFRAEIE 0.0003 mg/L (B H#iHH
0.0001~0.0019 mg/L) Th -7z, (B 15 (K5 2017a))

3 EAREEZRSAKENSKEEHEEMEZESIE, KEAKT CIHERERIC X 0N
iz ase UTHET D EEXLNDIED, RIZEMOLORFETHIZLTEH, KE
RAEIZ Y 72> TE, BERANSSL > THER B2 v 22 J1E] L LTWD (B 58

(EAT78E 2003a)),
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FRIETAGERIZIB W T, RO I R TV 7 +— & —FNEFE 4 308 OVE pE
6 WhtE, V7 2= AT RERIGEE Lz IC-PC 12k - TRIE L

(EHR TR 0.02 pg/l) . ZOREHE, SMNEE % T 04— —HO A2
o NPT 0.10~0.42 pg/L, HEI XTI AT 4+ — 2 —hOAM 7 1 AkE
1£0.02~0.39 ug/L T o7, (ZH 21 (AR 2007))

A= RTHEBELTNDEA MVAD I X TN T 4 —F —43 B O XAl
7 1 Lg% HPLC/ICP-DRC-MS T L » CTHIE L7=F 8. 1 RO TH
&, BT 0.196+0.004 pg/L T - 7= (BHBRAE 0.098 pg/L) .

(=M 58 (Marcinkowska et al. 2016))

AZVTTHELTWDIRXZTNY 4 —F—14 i REHFOKRAGZ v LR
K O=EAR 2 v A %2 HPLC-ICP-MS 2k » THIE L (BHEIRAE 0.1
ng/L) . T OREHR, N7 v AofH#EDHIE 0.25~3.4 pg/L (7 #0BHIH: H
PRI A) « =AM o AR HHEPHIE 0.11~0.80 pg/L (8 #ABHIHM H IR
Kiiti) THo7-, (=P 55 (Catalani et al. 2015))

(4) TRIWLIA—F—HIIBTHHEHKRE (o OL)

2013 KN 2014 FEITIAFERE DO H 28-S H.O0ICA v F—F > B
MG E B CTEALLCEELNMAI R TINV Y+ —2—8H A X2 VT, 7
T U AL BAR, KES 15 E) O s o LEEZ ICP-MS (2L - CTHlE L
ToAER. 2013 4R 1L 115 84 (115 58k 97 3k (MR 84%) TRy
SAv, BRHIRE OFEIEIT 0.45 pg/L, F9fETE 0.19 peg/L (K %P 0.0080
~4.0pug/L) Tholz, F7-, 2014 FEIL 110 #4417 (110 U H 102 308

(M3 93%) TR S, MHEEE OEHIEIL 0.38 pg/L, H9E X 0.20
ng/L (BH#PE 0.0066~2.9 ng/l) THh-o7=, (B 59 (F 5 2017b))

(5) EKERE
B LA O HARANDEBAREIZOWT, 2012 FI0A ¥ —% v M#E
WX VSEH2H, KH 1 HOEKET 77— FMENFE STV 5D, A
B4 1,278 4 OF-H 1 HHOFAEDOFER, KiBEKHKOBAKEZ, FHHET
2 1,159 mL, % 1,124 mL, H9ETE 1,055 mL, % 1,020 mL, 95 /3—
B A IETHE 2,400 mL, % 2,200 mL THh 7=,
fRER IR T, (16 (XIHDH 2013))
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x3 BEHRUZHADEKERERR
(FB 1 BEOREHRICED HEHE)

ki X 95 /X—t & A LK
4 H H (mL) | 4 (mL) | #/4%4 | & (mL) | & (mL) | £/4% | & (mL) | & (mL) | &/ %
GEMEY AEAK 390 100 | 390% 542 256 | 213% 1,676 950 | 176%
Chngh) 7KK 300 500 60% 424 606 70% 1,500 1,500 | 100%
AKIEIK NEE 870 800 | 109% 966 860 | 112% 2,170 1,800 | 121%
2= I 200 200 | 100% 193 264 73% 500 600 83%

AKIEIR B,/ /NG 1,055 1,020 | 103% 1,159 1,124 | 103% 2,400 2,200 | 109%

NI 0 0 - 142 77| 186% 800 500 | 160%
R 540 350 | 154% 635 437 | 145% 2,500 1,200 | 208%
INDER Y/ 1,798 1,530 | 118% 1,936 1,638 | 118% 3,570 2,900 | 123%

2. BRMLDIECE
(1) BRMASDIEKE RiEvOL)

Sykula-Zajac and Pawlak (2012) 1. BAEERHIEBET 2 &5 H O
7 u LARELENR o AREICEET2HEEZ L Ea—L T 5,

Soares 5 (2010) 23, R/ R H LD RE 20 [EENSREA LT3
152 3B (KEEA/x> 76 3B, 2Rk /N> 76 3kl HoORREE YD O
A7 v LJEEEZ T V) HiH %I ETAAS 12X - THIE L72R5 8. A
SNUHO NN 7 v AEE ONYYEIL 5.65+5.44 pg/kg (R HH#iIPH <5.60~
18.80 ug/kg) . AR/ H O N7 v AYREOFEIEIL 6.82+4.88 ug/kg
(M &P < 5.60~19.70 nglkg) Toh o7z, Fiz, NURBH O EEE
WM O 7 1o AR A ETAAS I X - THIE L7-fE R, A S hok
77 LPEEEDOSEEIE 47.8+120.0 pg/kg (M #PH 5.0~111.0 pg/kg) . &
Kok S Dk 7 b LPREEOSEYEIT 50.8£22.2 nglkg (MHi#ipH 15.1~
126 uglkg) Th-o7-, TNHDFERNL ., RUHORMZ v Mk v LA
D10% % HHDHELTWVD,

Ambushe © (2009) 1%, 7 7V I THEA L7z S O E S+ D
A7 v BPREE KON 7 1 AEFE A ICP-MS I X » CHIE L7z, 8 FlHD
I TR 7 7 APEEEIL 0.6110.03. —FEW M 7 AR
1.44+0.07 pg/L (827 1 LD 1.31~3.28%) Th-o7-, £7=. 8 FEHD
LR 7 1 LAY 33.220.90, &m0 AEEIL 57.1£1.8
ng/L T -7z,

Lameiras & (1998) 1%, RN/ hHLrdO~—4 > FThHEA LT- 60 FiFHD
HAE IR ALEE (ultra high treatment) ZFFLFONRAN 7 & APRFE KL R 7 &7 A
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BEZ ETAAS ([2X > THIE L=, ANz v 2% 009 572012, BijLEL
LT, Btz oI EERESE, 7ua~vARy RNHe 77 A%
TN v 2% fEEE ClalE S W7, A2 v AR (B &P <0.15~1.20
ng/L) 13#e 7 o KPR (BH#IPH <0.63~5.70 pg/L) O 2~4 {H#E»»-
72, (M 60 (Sykula-Zajac and Pawlak 2012))

TR DAL, R ON—T T 4 —DFHEIZ 0.1M DT U 7 A%
Z. IEAL . BB O 2Z v AR %2 GFAAS 12X - THIE L7-#E R, AL
KON 7 v APEEOFEHMIL 1.0711.14 pg/g (K& 0.03~3.15
uglg) . A O NN 27 v AREE O IE 0.0920.034 pg/g (R H#EF 0.03
~0.14 pglg) . N—77 4 —FONN 7 v NPT RS (0.020 pglg) &
W CTHoT,

F 72, HROFZS, $E R ON—T T ¢ — ORI IR K ONaIR Lk E %
Mz, ~A 27 R TUHE L%, 150°C TMA L ZiE o 7 o A%
GFAAS (1T X o THIE LR, ALET O 1 LR OFHEIL 4.38+
4.23 pglg (RHEEFH 0.28~14.0 pglg) . FASF O 7 v AREE O ML
0.70+0.29 pg/g (FH#PH 0.22~0.95 pglg) . /N—7T 4 —H D7 11 L
FEDOFYIMEIL 0.95+0.27 pglg (FRHiEEPH 0.68~1.24 nglg) Th o7, (&M
61 (Mandiwana et al. 2011))

INEB OV D = Al 7 v ASINEGEFR THRAT 7 = LT LT 2 Do
BT D720, BOITNER RO AATIREEE L OB L KEZ Nz, ~ A 7
o CHLEE L 728212, 7 v ARE A2 GFAAS (C Lo THIE L., 7 v AN[FEEE
EEFNTWNWDZ 2R LTZ, RIZ, 727 L/NEMICEAN 7 v WK%
Mz, 20X AL, 30 5342 50°C T2 900 CIZ72 b F TMEA L 7%, #
fiKkZMA, ~A 7 vt —7 212 5 AL, £ DK %Z GFAAS IZX -
THIE L7oAESR. Nl 7 v MIEFREN &S WHEE 2 S 00, Wi IR S
Nierolc, FEFIX. NEPICEHEEND =M7 v NI 7 v MIEL L7
Mol LTW5, (262 (Kovacs et al. 2007))

Novotnik & (2013) 1%, Mandiwana © (2011) Z5IZ X2 KON H
DA v LAOMHEFEREZRFET 5720, A&, AL ON—TT 4 —DX
ENOHHE L2 E O o7 v h U %) O 4% 50EHZ [50Cr(VD] 2 Y
[53Cr(ITD] & 2 124 10 pg/L F5 1 % . HPLC-ICP-MS i2 & - CHIE L7,
ZOREHR, BB 7 v AT S e s o Tz,

Novotnik © (2013) X, Z OfEFIX, WL 72 [BCr(IID] A DI HK &
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O o7 vH YR TSN ho7o 2 & WU L 72
BOCr(VDIDIF & A ENKORBIEF TR TSN EEZFEAL TS E L
TWb, X7 vH VNS H—E O [0Cr (VD] D T M 52 X
Nz eEnb, XU ICEWETERXHD E LTS, iz,
Mandiwana 5 (2011) %%, A~y x—3 g Vo2 E9 1 ETAAS
WL THIELTWAZ EMG, ol 2EIHLZE L TWS, (&
f 13 (Novotnik et al. 2013))

(2) BRALDIECE (ByoLl)
HARANDOBIT 25 %1 (B : 28~40 5% (CF¥ 34 5%) . 1t : 3~65% (°F
%) 5 mk)) HRBRIT, 7T A OREMREN T, BFHROKR I 2 A—H
HEERIRENRE SN TWD, AT 46.6 pg/ BLLUT, 15X 32.3 ng/H LA
TeHEESIN TS, (63 (Aung 2006))

3. REEMLDIECE
(1) K=
Rk 28 FEERERRIGRDE T =4 )V TREICBWT, —RERERA
23T 57 1 LR OF DB O T, 195 Hifk, 2,353 Ffk CTHIE S 4.
ZORER, EHREIL 8.7 ng/m3, H AR 50 ng/m3 L HE I TV D,
(ZH 64 (BB 2016))

(2) Kigf - 11
MR KON 7 7 L DOFEEJPEEICHOWNT, 3 pg/l LR EHME ST
Do M7 B AORENZ ORE XD BWIEAIT. NARERIENBR L T
WD RIBEMED B V) | BEESEFEKIZERIT D17 0 ADOPREEIL, feid T 648 pg/L
LHESIN TS, (14 (IPCS 2013))

— BN R O 7 v AR RV KSR H L0 B 13D TR,
WK OR 7 1 L OEEJPEFEIL 0.3 pug/L, #iHiX 0.2~50 pg/L TH 5,
AKIBDREEYVE K NEE O 7 v AREEIE. 1~500 mgkg Th b, 1
RO 7 v AREIX, O THAREOMRIC L > TRES B2 5, Ik
KOPFAETIL, HEZOMOMEMEIZZENTWDHR 7 v LD, 1
~2000 mg/kg OFPHIZH YV . BT FEITA) 40 mgkg THo7c, I—r >
NTIZVRE LT O v AREOHRAEIL, 7 (LK FEREF L T 60 mg/kg
(3 mg/kg Kimi~6230 mg/kg) . fHEEAIHITET 22 mg/kg (1 mg/kg A~
2340 mg/kg) ThoTo, HHRINTGFTTIE, 2 X0 SWRENHE S

46



TW5, (P14 (IPCS2013))

(3) E2fF
EFSA IZBW T, Z3afokks o AL 0.39 mgkg &SN T
W5 (ZPE 25 (EFSA 2014 (Schroeder et al. 1962)) ).

(4) BELDIXE

GRS 5~20 O EE NIEL T a2 T TV TZEEO— /R 72 5718
BRIRICB T AR RN 7 v AR, 7 v AERE/EFE T 100~500 pg/ms3,
AT v L APERE T 50~400 pg/m3, 7 11 Lo X T 5~25 ug/md, 7 1 A

A4 T 10~140 ug/m3, 7 7 AZEEHLET 60~600 pg/m3 ThH -7,

(28 14 (IPCS 2013 (Stern 1982)))

RAY DRAT v AEEE LOFHEEREIZRE T 28 b7 v AR, &S

fEAY 80 ug/m3 TH Y, HFIHRAEN 4~10 pg/m3 TH-7-, (M 14 (IPCS
2013 (Angerer et al.1987)))

A7 v KA EFEH LB OBERFRICB VT, 7 v ABERLE ORI
Ve LT B3 W NS R OB & L ONR A~ D2 NITHES LT
DOHEEREZIL FEREIZ, 1 BY 72D, ZNZEi 0~0.1 mg/em2 KT 0.1~1
mg/em2 Th 5, (B 14 (IPCS 2013))

WEIL 7 v AEEOEFEITHERE L TV @& 13, BUEEFE L TV 595718
FLOBIEADICE WL LTIEL & éhf%@ %< DFEFIZBWNT, 1
EEL-UVIEEE pg/m? ThoTo, BUEDOHERRICK W TIL, —KHIIC 20
ng/m3 RKHCTh b5, (B 14 (IPCS 2013))

M. Y2%ITFZLHMEDOHE
1. KRNENRE
(1) B4R
N7 v L, %< OAEPRERSMTEIZ CrO2 & LTHIET 5, CrO.2
IR (SO42) KONY EgfE (PO42) ITHERIZEEL L TWD 7z, 7
=XV R TUAR=Z = LTAMZ 2 AOWYIAHZBEZ D, (B 2
(Thompson et al. 2013))

Rz v APEEE GHERIT S &L B B TIEIANME Y b AR D ERED 1~
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6.9%. 7 v FTIIAMZ v AR OFEED 2% 03N D & A S Tn
5o M7 v AOWEALERINZ, BIROBEGICX > THflShb & LTV,
(%M 25 (EFSA2014))

=ffi7 v AOVELE DD OWIERITELS . 7 v MR OE FTIiE 0.4~2.8%
EHEEINTNWD, 2L OBFEMER TN ZAh7 0 LOWIUC L 525 &
v, HlE 7T AV E U, AEIREIT M v A0ORINERE ERSES
LHEIN TS, (B 25 (EFSA2014))

7 v AR OUSNME 7 v AE, WAL EAREE LV A REEIC BV T
BN L VWRINEND EHESRTWS, (B 25 (EFSA2014))

N7 v AOFELRMIIMNETCIIE G AR TE Z 5, BEIL, N7 2 A%
e N NHIRIC K > T2 v ATETE S, FICHBHIE IS L - Tt =
b, (B 65 (Sunetal 2015))

44D NICEZ v LAY 7 AVDIER (b mg Cr 25Tr) XILE/ =
L) O LNVDEA L VYV 2 —ATRECE T LZEHR (bmgCr 25
tp) ZHEMERSEMEERE, BE7eaBl ) v AVDIEROEBIUTIX, R
PRAPEM B HE O T2 v AOWRIHEIT 6.9 (1.2~17.5) %. % 39
(36~43) Bl CThH o7z, Fio, /e BEA Y T LANVDEA L VY 2 —
ATHERITEIT LW OEBITIE, RERFHEENSELNTZ 7 2 L0
W13 0.60 (0.31~0.82) %. FEdIX 156 (10~19) R ThHh o7, (&
2 66 (Kerger et al. 1996))

i 2apk N (B 6 4. kME24) OfRF (—BuffiRk) KOeE (BA
D 1.5 Kflt:) OB/RAHI L, KD pH KON 7 v b (E7 v AfET
MU T A ZIKEIY) - 6 ug/100 ul) @ =Afi7 v A~OEITTREZHIE LTz, BRI
® pH 1L 1.6~2.5, B% D pH X 1.9~3.5 ThH-o7-, BHDOFIRIILROE
RED BRI AM 7 o L %&ETT L, ETEOFHEIT, BRI T 10.2+
2.39 pg Cr(VD/mL Hik (CF¥EEAHEFRE) ., B% TIE 20.4+2.61 pg
Cr(VD/mL BiR (CE¥)EERERZE) CThote, o, 7=V LIEBEBOBHIR
(pH2.0) Z AW TEITRER 1 FFFHIE L72RE R, BRDIZETO 72.1%703 4]
DD 1 LINITEE Z V| 98.83%7% 30 WLUIN TR Z o7, 512, HiKD pH
DEFEVNZ K HIBITCREDEWZJIE LI2FER. pH4 K Cix pH @ _EHICf
WEIRIETTREPME T L7722, pH4 #8225 & pH LEFIZHE D EITREDK
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T2 o 7=, (=M 67 (De Flora et al. 2016))

BIGIZFREN 722 < | IR OB FRIEIC X DIREO T2 XX A NEEO T H
SEETH7-DICAPBE L TWDEHE 64 (21~68 1) (2, [P1Cr] 7 1 AfET
U 7 ANVD  (NagplCrO4) Xi[PCrlHa k7 v A(IID) (51CrCls) % #afté
ISR B S 7o fE R, P~ ORIl 7 7 AT 89.4%, —Afir
25T 99.6% T oTz, IREASOFLHPEIRITONE 7 v AT 2.1%, =7
2ATO05%THY, N7 v LEEO ST BENTRINED Do T2,

F7o, FRRDESE 4 42K MM7 a 2%+ 4RI ER G LR, b~
FEIHEMEERIX 56.6% Th 0 | Kol S vz,

X5\, FEEDEBE 5 4ICpH14 D FOHIK T30 A v Fa— |
L7227 v A2 22N ES LR, A ORM 7 v L2 &5 LG E
&bl U CRIGRITE T L7,

D Z > N 6 ILIZAMM 7 v b % —BiiERZICHENER G LR, R~
ERPRIEER T 97.7%, IR\ ~OFEHEM=RIT 0.8% Th o7, F7z, 2
B U745, 3R~ P RIT 76.4%., JR P~ RIT 16.5% &
720 FEFRAOPEMIIID U, R~ OHEHEIIEIN L 72, (2 68 (Donaldson
and Barreras 1966))

54 (W AN14., +HBEEEEE 34 (Db 24ITFENETNYBHEX
IR RNCPURR R 7 7 & F O U8EL) . BBEE & O BRI X
STHEURLIZEER 14) OFEO pH KOHIKRIZ X 575027 v 20 =fff
7 v A~DERILEER 24 FFRBIZE LI-/RER., Wit BIROEITLREN E— 2
IZEE LT=DITR% 2~3 I TH Y . 2D L X DNl 7 v LT EIX 40~60
ug/mL ThoTo, £, BROEITLENHIKIZR D DIFRE LK TH -
7=, (M 69 (DeFlora et al. 1987))

b F ORI (MER R OB . B, ik, JTiE&k ONitisk % in vitro
THAMliZ B A EOEEED T EICE D, ANli7 72 A0 =i 7 2 A~DEITHE
DHEESI N TV D,

MEHR DIRTCHEIC DV TIE, 540 HEREL L 72 MER DRl 7 & AiE ot & (1.4
+0.2 pg Cr(VD/mL WER) K ONWEROE (500~1,500 mL/H) 75, 0.7~
2.1 mg Cr(VD)/H L HEE S iz,

BIRDEITLEEIZOWTIX, 17T A0 OB L2 HIRO A7 v Ao (22
fERF 8.3+4.7 pg Cr(VD/mL B iR, ERKF 31.4%16.7 pg Cr(VD/mL HiR) K&
OEikO&E (Z2iEH 1000~1,500 mL/H ., &K 3,400~3,900 mL/H) 7>
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5. ZEfEIRFT 8.3~12.5 mg Cr(VD/H ., BRI T 84~88 mg Cr(VI)/HLL E
EHEE ST,

I PNARE O3 TTREIC O\ TIE, 340 HERI L 723 O IFNAIE 12 X 5N
iz @ A0t E (8.8£1.7 ug Cr(VD/10° N7 7 U T) KOFEH DT T
U7 & (29~6.3g/H) b, 102X T UTOEIN1gRilEiTHDHZ &
BEETDHE. 11~24 mg Cr(VD/B 23S BPNHIEE I HPE S v, FE P &
b EHEE S,

MR DIEICREIZ DOV T, 3 AN HERIL 22O IcrBiL, Mk
K BT O R 7 7 AiE e (52.1+5.9 ug Cr(VD/mL) K& OMiLiE
(B 4,490 mL & OVt 3,600 mL) 75, B 234 mg Cr(VD X O
P 187 mg Cr(VD L HEE Sfz, F£72. U 340 HEI L 7R MER DT
REIL. RIMEREAEY (S9mix fF/ET) OAfli7 v AErE (63.4+8.1 pg
Cr(VD/mL) }KORIMERE (B4 2,030 mL KOt 1,470 mL) 725, Bk
128 mg Cr(VD) K& O 93 mg Cr(VD) & #HEE S iz,

R DI TLREIZ DWW TUE L AVE Rl &2 5210 72 8 A0 BRIl 3 € 2 *
— bk (S9mix fF1ET) ORM7 o siEcE GHROBERE Y79 2.2+0.9
mg Cr(VD/g) KOWFER (1,5600g) 75, MiEfEE (400~800g) % E)E
L7724, 3,300 mg Cr(VD) & HEE Sz,

ffi DIRICREIC DWW TIE, i BRI (ELF : epithelial lining fluid) @
BITHEIL. 15 4 0 D RAE RS L - CTEHEL L 72 ELF O Afli7 o 258
st (23.7£15.9 pg Cr(VD/mL) & O ELF & (37.5~75mL) 72°6, 0.9~
1.8 mg Cr(VD & H#EE Sz, £72, fifild~2 v~ 7 — (PAM : pulmonary
alveolar macrophages) DIZEJCHEIL. 23 4705 AR ICEE Mz &
STEI L7 PAM OKREY X —bF (S9mix FET) ONMli7 v LiETE

(4.4+3.9 ug/106 PAM) } O PAM £ (23X 109 PAM) 7>5., 136 mg Cr(VI)
CHEE SNTZ, EHIC, RMMFEEOZETREIX. AEFRE2%Z 0072 71 40
SERE L 72 RIS O FRE Y 3 — b (S9mix 77E F) ORAM 7 v L8t &

kO EE Y7~V 0.24+0.07 mg Cr(VD/g) K OKRMWHZEE & (1,300
g) /5. 260 mg Cr(VD) & #HEE S iz,

FEF LI, HEEIZBWTHRIKR (MR, BIR%E) IZX o TR o A0 08
TLENDZ L. HOGBNMEIC L - CARMMZ o 208t S s 2 &1d, ANl
70 ADBHALE TR ENICS W2 EERLTWA E LTWAS, 72, M
L& TOBETTE RN A7 7 LE, FRR L ORI CEICSND Z &b,
RELS BB DAM 7 2 2OFMHEITENE LTS, (B 70 (De
Flora et al. 1997))
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D Sprague-Dawley 7 > K (SD 7 v ) 26, KB I MladeidE 217 -
THEREL U 72 M40 o0 U8 SR BEYR i K M L TR B2 — b L72ifil
ANtz v (20uM) ZEMML, L-7 A 3L eV NIV E F 4 DA
7 v AOBETHEEZFE LT, £72.SD 7 v MIAMEZ 7 4 (1.2 pmol Cr(VI))

PRENEAL, 18 0BZBICHE L CHREYR— M LEMiO L-7 A a1 v
fe R O IV B F DR v A OEITRE 2 A L7,

L-7 AV BRI T NVEF A L0 &R v AOIEITEEDS 10~300
D> T, KB ZIIRYEFR L O OB €Y % — NIV A7 v A
ZIEIC LT, ANz v 20T in vivo TAAMZ v A ZKENTEA LT
DTN ENSToN, ZHUTETCOBRICE N T L7 A 2 /LB AR
L2 ERRREZZBND,

FFige e OV i oo 7 v AREE IR D 7 v DREED 10%fEE Th 72, 2
Db, BHEOIL, M ASTZRMMZ v MIFRETLIN, =i =
LELTUET D0 A M7 o a s LT O~ EId 5 &iX 10%
K ThdrELTWD, £, 7y FOMIZBWT, -7 A3/ EVBRIX S
NWETFAH LR abziE@e L2 8, M ERgEEto L-7
A A E CEEPNTANIE S IS E DA 7 v SMEE Y & SR PIE T 5 4 E
ZRIZLTWAHELTWD, (B T71 (Suzuki and Fukuda 1990))

<AV OLDEEETODETICOVTEENTONA TSR >

b MZBIT 2 B OETHENL 84~88 mg Cr(VD/H S HEE SN TEY (De
Floraetal. 1997). & N X ONF > DR ITTRENFETH D ETHE, <~ v
ADIETCHEITH 0.4 mg Cr(VD/H (8 8 mg Cr(VD/kg {KE/H) & 72%)0 -l
DEIZT > 2 W28k GIC K 5 2 FERBMEEME RS A e R
mﬂ?@m&)@ﬁ%%%i@%k%w:&#6\d%;@%ﬂ&%ht
HAEII~ TV ADORTTCREEZBZ TCWEhootEZXHND, (B 72 (Stout
et al. 2009))

NTP (2008, 2010) ®—EE L CEMINT, EZa LB M) UL
AKF(VD T =Y U igr a A—KnpAID % 25 FHERE D& 5 L7k
IZBWT, val vy a hA—KimIIDoO#EGEOHNT ~ R T 1.8 fi%,
VU AT 28 (BEE Mo L b LT, BREx ek O 7 v AR
EEC/Z= VN 7 3 al UV N m%%WD%&QLtﬁ#7/FT14~m7P
~ AT 2.1~38.6 f5mmn-oT=,

DT END, FEHEIT, LB ICBWTHEE SN DEITREICK LT
DAiD%Aﬁﬁnbkbfwﬂémfmékbfwéo
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/NG IS & AR U 2 i WK F S 7 1 KJREEDS, ~ 7 A DL TORE
TLREA B L T2 Le b, A7 o sl LTI ATHE & 72 2 B B A3
B, FORER, Bkx MRS T 57 a AOFEREENENTHEE2H
b, BEELVIRWRETIE, v~V ZADIHLE TORITREIC L - T, #1722
=i v ADOHOWINAFIRE L 72 V) | BIE 28 2 7R T, fOKIREEZS
U CHRRT 7 o AREOHMEIENRELI BRI EEZEILND,

L2>L, NTP (2008) CTHALNT-HE-MIGT —Z X2 TOHEIZBWT
B Rl Z R L2 Z L2256, NTP (2008) ORERHEN~ 7 A DMLE
TOBRILEZHEZL TWEEWIHIRFEZIFLTELT, 2 ToORFETY Y
AP+ _F5lp COE ANE EROETERS A b 2 & & —E LT,

~ U ADFHNEPEHOFEENILI<5~9 0 THHZ NGS5
Z L. F7=. NTP (2008) T¥UANRKEINT-HIEHEDH 18%TH K
HFICERED 6.9% N EIX St 2 & (Kerger ©H 1996) 5. ANy & L
DOBEWNBICHEDNBESHE 2 1AM ERl> TV LTYH, F7-. (KA
DOFEHEETH->TH, FHYREONMZ v 203 F &L Z kL, /M ~EIL
NTLEIZLARELTWS, (B 73 (Stern 2010))

(2) o
B R REONT oA Tk, W S 728l 7 v 23IEIFE 2 TO/MBRIZ o L.,
BEIZ BRI T A OV 7 1 AR EE X LR R v (B 0E 27 (TARC 2012) ),

N7 1 BB S I A @i 5, Nl 1 A EIRIMER & 1 o 5
ICIFET D, Atz v AR OIE<<BEESND & FRCATIR. Mg, BiE. 5
(E#) FOMBET 7 o MRENENT 5, (B2 25 (EFSA2014))

OG- L =7 v A%, N7 v AGICE > THomT 28 CTH 5
Ik, RoLligt fe OV CIRIE & A ER Sy, BIRTCIIRE S 525, R
iz v hZ2gk5 LEGa k0 bR ERNETHD ERESNTND,

=7 v A%, in vitro KON In vivo RBRIZEB W CRIMERIZIZIZ E A EF
FEL7e\, SHETITIRMEKICIRVIAEND E VI RELH LD, TOEIL
ANz v L &85 L-gE L0 bRy, (B3 25 (EFSA2014))

t FROZDOMOFIAOMIAIE, A7 v A2 HERT L2 LT, f#

2 3 R TR 27 v A OHIIa NI E Z s EE O 10~20 fFI8n S+
%, (BB 74 (Salnikow and Zhitkovich 2008))
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NTP (2008) (25T, HELOEERIKFANCRIMER, MAE%E TR o A
EENHEINL, ZOREFImER L0 bRMERF O T RNE N>, £, Hi
BOWRIZ o MREIL, 7y PV b~ ROGTRF LML, (/27
(IARC 2012))

Stout & (2009) L, NTP (2008) %, AfiZ v Az A&kE Lz~ T A
KOT v M B RFENAMEDN RSN & L, MRS, RS K OERR Sy
M7 —HE, N7 v LA~ AR T v SOERYIZH0H LTZREUZ 72 5 &
LTW5b, (72 (Stout et al. 2009))

NTP (2008, 2010) O—Br & LT, HET v b (%HE 40 L) KO~ 7 A
(BRE40P0) ICHEHZ v AT MU o AT KF#VD (0, 14.3, 57.3, 172 X
X516 mg/L (EZ ~ b 0. 0.299, 1.18. 3.11 /I 8.95 mg Cr(VD)/kg {KHE
/B, M~ 20, 0.517, 2.09, 5.56 X% 13.2 mg Cr(VD)/kg {K&E/H)) %Ak
KEE, IHEZ > b (BHES0 L) ROMfE~D 2 (FEE30L) Icv= Y v
fe 7 v L—KFIID (0. 2,000, 10,000 Xi% 50,000 ppm (KEZ >~ b 0,
15.18, 78.60 X% 409.15 mg Cr(IID)/kg {&AE/H | M~ 2 0, 36.73. 189.49
X% 945.66 mg Cr(IID/kg K/ H)) ZIREEE L, MET O v ARE S
HIE L7,

182 HE#& G- L= 2 Uit 7 v A —/KFnd (112,000 ppm K58 (=
v b 15.18 mg Cr(IID/kg KE/H ., Hf~ 7 * 36.73 mg Cr(IID)/kg IKE/H :
HEMEF N ENEZ o A M) oA KIMVDO 1.7.2.8 %) & g L T,
182 HEH G- LcE Y a Afg) MU w A KF#(VD516 mg/L & 5-8% (M
Z v k 8.95mg Cr(VD)/kg (KTE/H . M~ 7 2 13.2 mg Cr(VD/kg K&/ H) 12
B oM D7 0 MEEIX. T v OB TSR OBIE TS ETH Y |
~ U ZDO[ET 39 5, BT 225 Th o7,

AGRERIZ DWW T, Collins 5 (2010) 1, AMiiZ v A< ESI N~ Y
ARORT v NOFBMREF 7 v ARENED -T2 E0D, —HONRM I 7
AMMIFNEBETLEZENEFITHOMLIZE LTS, (B 75 (Collins et al.
2010))

F7-. Witt 5 (2013) &, —Mli7 o AZREFER G L7oalbi & el L C
AN 27 v L EFOKEE L-RBRICB DTN O 7 o MEENE -T2
EMB, —ERONMM 7 v MTERNE L EENEF oA LIZE LTS, (B
FR 76 (Witt et al. 2013))

Wistar 7 > b (., FEE7VC) (CEZ L@ U 7 ANVD (Cr(VD &L
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T 0, 25, 50 XIE 75 ppm) % ZALHT 3 2> A MEKEE S L, R USMHTEY

v ALl Uy AVDEGKEES LT ~ N ERE LTz, T~ MERE .,
AEARII B O A LI B A U e 52k L, BEALZ O F1IET v MZ

HE RT3 ARG 2t Lz, FO X F1 T v bR TOHE
BEICRBWWTC, Ay CREBR M OB BIR) R OEIEFEIR (F52E, miscfR. IR

EERR) hoor o MEENRENL, 2L TOHRECFLET v FOGTRY

0 LARENEN-T-, (B 77 (Rankov et al. 2010))

58 WD BN 30 g/ DEZ v LS V) 7 ANVD (7 v AOHEEEIEIX
) 3 g) AHEMAVTRR OB LR, g, Rl EX RO 7 v AR
ITENFh 2,088, 631 K 1X3,512 ng/L L 720  iB¥E#O 79 B BIZIZZEH
Zh 5, 129 KON 10 pg/L A Lz,

RIERF O 7 v A& g UCTiVER o 7 v MR R L RE S, Er o
7 0 LAOERENIIRMERF D 7 v ALl U CIHEFICERIM Th 72720,
7 v AOMBINFESRIMERICBWTREES /22 L 2REB LTS (IfEF o
IR —FE 5.6 WA, &5 T AH 191 R, ARifnER oo R 440 B

(%P4 78 (Goulle et al. 2012))

N7 v A EREICR %G LRI IR~ 7 a L ORBEBATN
FOOHNTWS, (B 14 (IPCS 2013 (Saxena et al. 1990)))

<~ AOREMICE Y v A N U ANVDEFHIRNES LizE 2 A,
b7 v sIDX Y RGICHEEEZBBRBT L2 ERMEINT-, (R 79
(Danielsson et al. 1982))

7 NI ZBECTARICBIT T2 Z ERMmE SN TEY , ALY D&
M 45 L ORI T O 7 v AEEIL, FH LT 0.3 pg/ll THoT=, (B 80
(Casey and Hembridge 1984))

ZOREE. KEPBEFICL > TESBEIND 70 LDy 7 TT TR
BEZZLTVNDEINTNDS, (2R 31 (EPA1998a))

7y hew U AORAECHL T, vV AOMTIREDOT RNm<, Th

FBZELL~Y TRV LTy FORMERO TV 0 AOHIBE N &1
kartEZHN%, (814 (IPCS 2013 (Kargacin et al. 1993)))
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(3) K&

N7 v NMIFEFF R T =4 0 F v x Ll THIRIZIR AL, 72 aL
CUBE, TINETFH L VAT A @#Mﬁ%g’iofﬂﬁ&mA\m
iz v L&fTC, REMIZ=M7 v A& LS LD, (B8 81 (Nickens et
al. 2010))

EHED DL W ERVEBRBE TIZ AN Z 1 L2035 =4l 7 1 A ~Dig T HMETE S
N5, invivo ClE, TALVE VI, FAEF AL VAT A v OBEEEN
IZE 5 TL95%LL LD v AWETT S D, (B 82 (Zhitkovich 2011))

ANAMZ & AT 7 7 A~RIE S LA BRITIE, BER T 2N IR bk R ITE
TEEINTT = bHKGEEN L CHMZ o b-=aF o T I K7 5=
X7 vAF N U (NADPH) $8AEISL, B ReXi v Uit
K45, (B 14 (IPCS2013 (Shiand Dalal 1990a, 1990b. Leonard et
al. 2000)))

71 AR OERITTICETHHETIL, 7 AV E UBIEIETNME 2 v A0 F
RAERETTHITH Y . HIRNO NI 2 AGEHO 90% 2> T\ 5, (B8R
74 (Salnikow and Zhitkovich 2008))

A7 v AOEGHEMAEIIIE L RN TS 2 20E I Lo TELTE
A7 v MR S D, (208 81 (Nickens et al. 2010))

AN TIZ, ANMEZ 2 208 =7 7 AIE TSN D WEIZB VT DNA &
(M?//\& TR ZTERR T 5, M Tl M7 v 23R MmERNIZELY
AFEIL, BISh., XUV BEEREET S, (27 (IARC 2012))

In vitro Cl¥, 7 A2 E°Vﬁ§iﬁ75§ff§?)i%rfik FiAffi 7 v ORI A F]
IS, K0 EWRETIE, BIGETT SN BRLIRRED =7 7 2 DORRIC
AR <, (14 (IPCS 2013 (Liu et al. 1995)))

AWFERERE I, M7 v JXEEAENMG 7 g AL IV, =
Tﬁ?DAﬂE/\ﬁ?BAA@ﬁMK TR N R R VECTH D, (B 25

(EFSA 2014))

FIRL TWARWT UIBfAIET T, 0.10 mM @7 v A0ID 7 v v 4 g
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“HEEIR ([CrsO(OCOE)s(OH2)s]Y) & 1.0 mM Diifigl /K5 % i S H 7=
LA, BTCOSEMET, 1 RFHILINICAZ 2 A2 ER LT W) iR H
%, (P83 (Vincent 2007))

(4) Heitt
LB BIZ7 B MEAPITIEE A RISV, BHIE B S
e/ v LAIFEICEFICHMEND, (B 27 (IARC 2012))

WX = 7e 7 v A, FEIZRPICHEf SN S, B NMZEIZ e 2B U v A

(VD 2RO S S -4E . 7 1 AR PO 13 39 K Th - 7~
2oL 7 o ADOERPFIRE TIIRWnE SR TWnb, (B 14 (IPCS
2013))

(5) PBPK ETIL

EPA (1998a) ([T TO#HENRH D, (HH 31 (EPA1998a))

70 LD DOEFERRILZES BT AN SN, Z2iE, &8
IZOT= D M7 v B KON =AM 7 v A ORI OBLE (disposition) 0 A F—
LDPMAIAEN TN D, (B 84 (O’'Flaherty 1996))

ZDETNE, Ty MERAWTEMMEARMZ 2 AL 7 v A& 0 K&
ODKENFG L2 T 4 v 78RO R 22RO FIESH TR, A
I LDEl7 v A~ORTHE O Y 1 ABRED EER RO Ky %
B L TWB,

A7 B AR li7 v M3 EDL LG fli NS BE D HHE LI S
e, WANEBEOLA . 7 v MIEIEER TIWIL S5 0>, LR E
hZ & o THLE I SN D 0, UIHNICHHE T2 000nTFhnt b,
A7 | AL, ROV EE 2 & e BN T Sl 7 v AET SN D, N
iz o AL =M7 a 3866 HEARE LV ERIREICE W THEIE
NH I ESWINES, £, A7 v AEOWINGERIE, =47 v 2%
VEDEA A OMIRTET T <, O REBIREICKE <IEKFT5H, ZDFE
TOVE, Rl 7 v AOBETIXMAERN TIRE X e & LT 5, Rfliz v A,
U VBB R OB O 7 = A L A3 v U 7R 238 U CHilgNIC A D, =
fliz ek, EE LT, 7V BEOAKEXIZZ7 07 ) O k) s
YR EFEE L TCR EBENT S, iy v A%, RS FEORN T ERS
L7-88R & U CRlfalfE 2 mi 3= 5 rTeetEn i & @V, (S8 85 (Mertz 1969) )

W ENTe 7 v LOZ ATFICEMBT 5, 7 = LTI, Bl & OO
HFENIC B ERET D, TOET VL, 7 0 LAOWRINRIRICK T 5310 4T 7
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BB T 4B, FFED T a ARORIN L BEE AL T D, &b HEERER
ThbdrZ Lz LTW5S, (B84 (OFlaherty 1996))

T v MR~ 2OHENEWE R\ ex vivo iFE T, BN TONRNZ &
LDIRITEHEEZRE L, PBPK OXF7 A —X 2R H LI-FER, ~ 7 AD/N
FECHRADG & Z SNDIRE (BUKRE 20 mgCr(VD/L) TIXHENEICHE
A TND I ENRBINT,

FH DIV A ZFHMBIC B W TERE 2 OIX BEIHMTT 25
AlE, ASMEZ 0 A5 ZAf 7 1 A~ODEITTREN OV DR % & A7 B Re
%, PBPK 7 VICEV IADLMERHDH & LTW5H, (B 86 (Proctor et
al. 2012))

ANz v AL R= 7 v bz2EMREOREG LT~ AL T v MIBIT
%70 LOIRNZEE & T 5 72012, X E PBPK £5 /L& B% Lo,
ex vivo TONRZ v LADIBTMIEDOT — X HFEH L, BE LT >HED
BT ONM 7 v LDETLE pH KFE7TrERE LTET VTR IAALTL,
ETNDI/NT A—2ZIZHVZ Thompson © (2011, 2012b) ZFEORERIZIB W
T, RHROELE T Y A TOARBIEINT/NEIEGEAR E — LT, E
AR UNB) ~D 7 1 MEESICHOWTH S RN bz, ok
IZBWCIRIBEDONRMZ v A% 5-Tld 7 v AOFRIMER /M SEHFRIZ 1 LT
ThHHD, EIREONM Y v 585 (BOKF A7 2 LAJREEDY 60 mg/L LA
) TIEZoENRLIUETHDLZ G, N7 o AR ICA - 72
L ETREBLTWD, FMAEDIFEEIL. 7 10 A0 BIgLA T v Lo~
TJACENSTZ ENDHLREINTVND,

BERIIZ, AFmXD PBPK ET VX7 B LD NX v axRT 47 ADT
R WTENLTEY . §HiL72ED 80%LL LT, EF /L T HME I SEHME
D 3HEUNTH -7z, ffkT — % L PBPK =7 V- Flllix, /MEIZEHBWT
BEAR (+ 4B >0 >0 RHHZLE2/RL, v~ T AN THIES
LD NEESE & BT DR E AR EZ T 2BRICAHTH 5, A7 v AT
%45 F PBPKET AT A LIk, Zoif>tifE PBPK £5
AT IRHEORMM 7 7 MES BT & FOBIER Y 27 23T 5720
D rFTaxRT 7 ZARFITEBT DREIZDONT LY GR[E 2R R A 1R ik
95, (= 87 (Kirman et al. 2012))

B MIBITLARMZ 0 AR =Ali7 v LAOZEEEENTT 572012, ZXE
PBPK E7 V& B%E L7z, ~ U ZZEHEDOANM 7 v b2 fokEb3 2 &/
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G THRABRHENDZ et T olEL e FO_ESELE T 2 N0
JaLDNXTAXRT 47 AT A ENEBRTHD, ex vivo TD
N7 v AOETIEOT — X ZHEH L, & FOBHRFORMZ 2 LADiET
ZpHKF7 ot 2L LTETIVTEYIAALT,

BRI, PBPK ET/UE7 B8 LD hF v ax 7 4 7 AOTHNZEBWNT
BNTEY, M7 a2 KO l7 g AZiZ<@EEI N FOR T v LT —
Z L= LT\ FIHERERT — 2 DK 86% T, TF /L T HME L EHME
D 3ELUNTH-72), FTolEKL e b PBPK £F /L1, BEEAMEE,
¥ a7 4 7 AZBWCafitE s 5 2 5 BH |, RS E2HT 5
ZETORETICBITABIENBEICII<EI N NMEMOREY X7
REM 2 CE L, RS TH L /MBICBIT D FX v a X xT 4 7 ADFHEE
et sZ x5, (288 (Kirman et al. 2013))

Kirman © (2012, 2013) I Lo TR INTZ~T A, 7> BTk MIZ
BIFLAMMZ 7w a0 PBPK 7 V&, #RAOIX<EICLDHEIETO R
AXRT 47 ADEMOR EENMESE SO E Lic, B L7z,
OZEERE K OB REFFOHELEICBIT 2 pH KT L2l 7 1 L7056 =Af
70 A~DETTE T ET L, @QNTP (2008) DakBiseft: T - i Dk /k
NRE—=2 DI ab—ray KOOEZMEREmWAgEEEDOH 5 b MEM %
KETHEODET VORI A—=5{k, Thb, & FOFEY X7 3o
T, HERME, FRIE b axd 32T 4 7 AOFIK K OME AN ZE0N R E &Y
BRI,

- 7 AT 0.1 mg/kg RE/H OARMZ7 v A2 8EK E LT, BFHIZ
3 AR OERIC 3 [BIOF 6 FNZ/3 T TEIREEL VI 2 b—r 3 Uik
T, Az g AOBNREET, ZERIXE (K pH) OFBERERHIE
(mpH) XvovbEmnwZ EnrTHlEL,

B MBI D EBRR LK OZEEREO NN 7 v 2O OB &I XIERIE
XU aAXRT 4 7 AN TR I 4L, R OEIE 0.01 mg/kg AR/ H AR CIIE
BRFOREIED T AENTE <. 0.1 mgkg KE/H LA TIZZ2ERE O FRE)
BEOHNEWZ LR HEE ST, 72, KEE (BX% 1 mgke KE/HR
i) TiX. 6 [N CHEIRSE S L0 L HEEICERE S5 TN mENEN &
WZ ERHEE IR, ZOETERE (BXZ 1mgkg KE/HLLE) T
XA 6N 7eolz, SHIZ, ROEEE 0.01 mg/kg (K5E/H A& Tlx, #r
ARMITIENOFER LY, BN pH 8E <. HNERRFAEWO T, H
HOWMENENZ N, —F, 0.1 mgkg FE/HLL ETIE, EOFMETLEN
DR 7 2 LOBITITENTH Y, BN pH OFETIT L A Eav, BiER
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HNTIEDOFHS L 0 MR (RENE DR L 72 2) /MG A KX VWO T,
B D OIREIEN DR, ZOEFTIVTIE, FICE 0 RAD-M 7 v A0
FEN D, IS DA 27 0 Aol iEEIE (LADD : lifetime
average daily dose) Z#H G5 EDOEHE L THET 52 ENAEETH D,

BN /NG~ORMZ a0 AOBATIZIIHBE R axxT 0 7 AN T
S, B FTO0.01 mgkg RE/HLUE, ~ 7 AKDT v FT0.1 mgkg K
#H/H uJ: BWTIERIE DEEINA A H 372, 0.01 mg/kg (RE/ B A O H
BT BLSNTICARMZ v 2OFEEFNS/NG~BITT2EENR~ T A
@ﬁﬂtL&U7y%i@%ﬁﬂotﬂ\NHWm%) ORERIZHE T 25
HETIEZ, E MR T ROEFR Ty D bm, v U ALE MZBNT
BATT 2EIGOEITREL o Tz,

FEDIX, ZOIFRE R axxT 07 A, KOEAZE, BNEHE) &L
< BRSO~ ERSZOMAE 2L T, BN TONRMZ o Lo
TEMRKEL LT HZEE, B FO U RV FHMEICAMETREZHWS Z & (F
SHEO MR A (PODY) #Hice M EZHENTLZ L) #REICT S
ELTWD, ZOX) RHERAEPEMES DD, v oY X7 F il PBPK
ETNVORFAEDOH TRV ZENKEETHLELTND, (B 89
(Kirman et al. 2017))

2. ERFPFIZEITELIEE
(1) 2nEH
N7 v A E =7 v MEEWITIE<ESI N T v OO LDso 13,
LB OFEFE L OEY ORI L Y #7225 (B 26 (ATSDR 2012) ).,
Z v MM v 2MbEY 2 mslE 0BG LUz athEmalBr ot R a2 £ 4
IZRT,

x4 N7 OLEEMOROREHRICE TS Dy (T )

SRR RERmE LDso E=EN
(mg Cr(VD/kg {KH) | 174
Fischer 344 7 v b | =f#{k7 v A HE 29, M- 25 American
_ Chrome and
(F344 7 v 1) Chemicals 1989

4 POD (%) Point of Departure : ElBRCt h OEFEFELE) S5 57 H&-
FOSFHIOFER N BN DE, BEOH 5 EEWEIZEE LT, 1: bf@ﬁﬁ@ﬁﬁ&
& X< BEERICE T D @RS AFHI A HEE (ADIS° TDI) %54 i%E T HBR D 3
ELTHWD, @%. NOAEL XX BMDL © Z & #4579, (B 22 (R ZeZTAS
2015))
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F344 7 v k B/ AT UL | B 21, M 14 Gad et al. 1986
IKFn

F344 7 v & R/ =N 5 al N Ry Mk 26, M 17

F344 7 v & B/7oAlp7Toev=0 s | e 22, M 19

F344 7 v b+ VA=TN >l NDRVIN e - 28, M : 13

S A N . Shubochki

" 7 EARA BT | 811 i P

1980
SD 7 v k 7 a MRS LT A 1 : 249, M : 108 Ygl;got et al.
(% 26 (ATSDR 2012))
<=@m7oL>
F v MZEM7 v M2 0G5 L-atEmE R o 42 %K 5

(2T,

x5 =7 OLMEEMOROREHRICEITLS Dy, (T )

F B E LDso EEA,
(mg Cr(VD/kg {KH#H) | FEIT4E

] BERE 7 o 1 =AKF 2,365 (HfEHEAH) fglﬁy;h et al.

SD 7 > b WlE 7 v AFUKFI M : 200, JfE 183 Ygl;réot et al.

(%P4 26 (ATSDR 2012))

(2) BRMEMN
® I EFFEIESHRER (TVX, BEERS)

BALB/c v 7 A (M, #5#F 24 U5, M, 4580 48 L) ([CHZ 1 AR U ¥ L
(VD (0. 15, 50, 100 X% 400 ppm (% 0, 1.1, 8.5, 7.4 X% 32 mg Cr(VD/kg
{KE/H, MO0, 1.8, 5.6, 12 X% 48 mg Cr(VD)/kg IKHE/HY)) % 9 HHIE
fH 53 2B T,

B GHETH OB RS 2% 6 I27RT,

B 5B U7 BRIR T XA B e o 7z,

FFMIAE O ZE fa by, sHBRRECIE 1/12 61 () . 50 ppm £ 5-8E Tl
1/6 B (k) KO8 3/12 41 (M), 100 ppm % 5-8E T 2/5 1 (k) KO 2/12
5l (#E) . 400 ppm HGRETIE 2/6 B (HE) O 4/12 B (Hf) 25RO i

5 ATSDR 2012 |Z L % #EiE,
6 FEICBWNT, AEZEOTHOS LT RIIETICTHH L. AEEORHOZRWAT A
ARICHIZFEHE LT,
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Too ZERUI/NE LS BHT, HERPB CTH D Z 0D, RENRERBEINTWD
ZENIREBENT,

R OB ROV B Y BIZ OV COMBFIRE R O X 130
55 XTI WO FEE N O/ ATHTRE RS, N7 a~F U aHric >0 T
B L0, BEICEE L BT bnginoiz,

51, 15ppm & Z ORERO NOAEL & LT\ 5, (/90,91 (NTP
1996a. 1996b))

ATSDR (2012) (%, W37z & KO A7 & SOSBIFR Y 72
Mol Z D ZOFTRICEN TR EIRD & 2 IOV CTHEERI 22K 7
IFHEZRNWE LTS (226 (ATSDR 2012)),

x6 JBEMBIMEMERER (YIR)

BeH#E ppm i i3
(mg Cr(VD/kg {KE/H)

400 MCV KO MCH D MCV & O MCH DjE/
(I 32, Mt 48)

100 2L E oK 2D oK S
(I 7.4, i 12)

50 Ll - fFfa o>
(H 3.5, I 5.6)

S

e B 22 b JT e o>

S

e B 22 b

15 UL E (MR L) (FMEFTR7Ze L)
(1.1, i 1.8)

@ 14 AMESEHESERR (TR, thkks)
B6C3F1 ~ 7 & (Ml ##F 10 JC) (ZHE 7 v AfEF U o7 A ZKF# (V)
(0. 62.5, 125, 250, 500 XI% 1,000 mg/L (0. 3.1. 5.2, 9.1, 15.7 XiZ
27.9 mg Cr(VD/kg (KE/H)) % 14 BAEFOKE G 2R BN 1T,
KRG THAONTEEFT LY 2R 7TI10R7,
B G B U 72 BRIR T ST L2 o 7,
B 5B U 7=/ NRIMERIE N A Hivi=, (B8 92 (NTP 2007))

x1 4 EFEI[ESERER (TVRX)

BeHRE mg/L Tk ki3
(mg Cr(VD/kg {KEE/H)

1,000 — —
(27.9)
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500 LA |-
(15.7)
250 UL |
(9.1)
125 UL I + ARG K OB Y > | REERE IS, MCV 38, +
(5.2) 2 Ef DR BRI AR R QMBI U > o jEfi D
FARRERIZ M
62.5 UL L REIEINPIH, MCV &OY | MCH J8. + —F6h5 LR
(3.1) MCH 4, + #6015 LR | oAk
By 3519

® 20 AEESMSEHAR (v k. BHREOKRE)

TR Ty~ (S AREL0R) 27 e afigh U v AVD (0 XX 0.05
g/kg RE/H (0 3% 13.5 mg Cr(VD/kg (RE/H 3)) % 20 H &SR O
3 5 BB Thh T,

BERECHAONTBIEFTR 9 2% 8 1rT, (& 93, 94 (Kumar and
Rana 1982, Kumar et al. 1985))

&8 20 HMEIMEMEHER (v b)

BH58E g/kg (AE/H I
(mg Cr(VD/kg {KE/H)
0.05 RERAD . L OB IRO I E OFEREM, g (7
(13.5) NHVRAT 7 24— BERAT 74 —8, JLa—2x
6 HRAT 7 X —B RN AT T —F) KT

@ 28 BMIESMEMEHER (v k. fRKkEE)

Wistar 7 v b (I, &BE5P0) (27 v Az R Y oA (VD (0, 0.07 Xix
0.7¢g/L (0, 4.8 Xi% 48 mg Cr(VD/kg (KE/H7)) % 28 HMEKAEZ 5T 5
RER T LT,

KRG THAONTEER 2 2% 9 1257, (2 95 (Diaz-Mayans

et al. 1986))

7 EFSA 2014 = X A #a % {H,
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&9 28 HEEI[MSEHER (Sv b)

BeHRE g/L i
(mg Cr(VD)/kg A&/ H)

0.7 PREJEAD . TEBREDIR T
(48)

0.07 GEMERT 72 L)

(4.8)

® 30 HEEZMSHRER (v b, #KEE)

Wistar 7~ b (f, &8 15 00) ([ZEZ v 2A@EHs U v AVD (0 XX 500
ppm (0 ¥ 73 mg Cr(VD/kg {KE/H 3)) % 30 H K& G327
b,

BERCTHALNT-FMHITR 9 2% 10 (2”7, (B 96 (Quinteros et
al.2007))

& 10 30 BREIBEIAMESESAR (S H)

&5# ppm i3
(mg Cr(VD/kg /K =E/H)

500 Mg 7w 7 7 F b
(73)

® 9 EMEIEHEEAR (Tv b, RBEERS)

SD 7 v b (K. AHE24 VT, M, ARE48IL) ([ZHZ v Afeh Y v A (V)
(0. 15, 50, 100 X% 400 ppm (£ 100 ppm=2.1, 400 ppm=8.4 mg Cr(VI)/kg
{KEE/H . M 100 ppm=2.5. 400 ppm=9.8 mg Cr(VD)/kg {AFE/H 3)) % 9
MREEEE 59 2 BR M T iz,

BEGRETAHA LN EHIEIT R Y 28 11 125R7,

PGB U 72 (R, fROK B O eR B B D28 b, BB LA 134 B
AN

ZH 01X, ARBRICBIT AT v FTO MCV O MCH OZLDOFEE TR
X< < FOMEMIT BALBle ~ 7 A E WO R LR U B,
IRIMEREOS D FREMEZ RIBT 5 H O L3l L T\ 5,

EHOIX, 100 ppm 3 Z ORERD NOAEL Th b & LTW5, (B 97
(NTP 1996¢))
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11 I EARESHSMERER (v k)
58  ppm Jiia i
(mg Cr(VD/kg {KE/H)
400 MCV O MCH Db MCV O MCH Db
(8.4, ME9.8)
100 LLF (FEMEFT A2 L) (FEMEAT R L)
(Kt 2.1, M 2.5)

50

15

@ 10 EFRESMSHERER (v b, #RKEE)
Wistar 7 & (B, #5819 JC, XHREEE 9 PL) (27 1 A (0 XX 20 ppm
(0 X% 8.7 mg Cr(VD/kg fKEH/H ¥)) % 10 WEMEAKE 5T 5 BR» 170
e,
BHBECAHA LN mMEIT LY 2K 12 12587,
RO T R b — AnH bz, (B 98 (Rafael et al. 2007))

F12 10 BARBRESESAR (S )

58 ppm 1
(mg Cr(VD/kg /K =E/H)

20 ALT 0, 1y 27 /v = — 2 Hn
(3.7)

14 ERERESERER (v b SKEES)

F344/N 7 v ~ (MR, A8 10 J8) ([ZEZ v AFEF U o A K%V

(0. 62.5. 125, 250, 500 X% 1,000 mg/L. (# 0, 1.7. 3.1, 5.9, 11.1 X
I% 20.9 mg Cr(VD/kg {KHE/H, Hf 0, 1.7. 3.5, 6.3, 11.5 X|¥ 21.3 mg
Cr(VD/kg {KE/H 9)) % 14 BRPOKE G328 B3 Thbi,

B GRECTH LN BHMEFT R Y 2K 13 1277,

B 5B U7 BRIR T XA B e o 72,

5 B U 7=/ NRIMERIE B O I 3 2 B4 7=, B IER &5 23 H A
DIERBEETHY, TOBUE L, (92 (NTP 2007))
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#13 14 AMEZEESEHR (Sy M)
BE5# mg/L i ik
(mg Cr(VD/kg {KE/H)
1,000 WEN U > /R ER O YRR KON | REEEEINEN S, iR Y

(I 20.9, M 21.3)

WIEARL, E ORI, W
Jl e OB A

RIE. WElg Y >/ EiDILE,
TR M OARRERIR T, IR
DIES. WL OMEE, &
Bl T Ak

500 LA | Ny BN —
(111, # 11.5)
250 UL I MCHC B i, fjg 7 v | ARiLEkD 1, gz v 7 &

(K 5.9, i 6.3)

7 IR — P R
2, BN D > ETHLER R IR
1

RS PR LR

125 LIk
(ke 3.1, 1 3.5)

FRIMER D1 R IR L ER
wahEL e Ok ER
12

AN 7Yy b NEZRE
¥ KON MCV @ /b *1
MCHC } QML MR D HE AL
N S O —Fa i O AH Ak ER =
i

62.5 UL I
(1.7, #fE1.7)

~NT 7 Uy b ~NESE
v KR ONMCV Djb*1,
/AR

MCH /b2

x1 %523 HH
#2 &5 14 58MHE

<=@vBL>

Q@ IHhAMEAMESHEHER (YHX, RBEHRES)
B6C3F1 ~ 7 A (MErk, £8F 10 JT) 1= Y U7 v o—kFnIID (0.

80. 240, 2,000, 10,000 X% 50,000 mg/kg ikl (I : 0. 2. 6.2, 54, 273
X% 1,419 mg Cr(IID/kg A FE/H . M : 0, 1.7, 4.9, 44, 212 X% 1,090 mg

Cr(IID/kg AH/R 9)) % 3 /> A MR 5 2B Thh 7,

PG B U 72 BRIR P RIT A S L iein o T2,
BERHE 0D A= G 2 E B M ONBRE DR -/ 3 T A — ZIZRABIT A bR v o 72, NTP

%, D 212 mg Cr(IID/kg R E/ H B GRS O FER 23 F 3L 72 53,
IV TV o TRAA T AL DBREREEZEZ N2 Enn, BEFMICE
HOBLLFTREIZBIRE o2 LTS, (B 99 (NTP 2010))
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SHhAMBEIMEERAR (v~ RERE)

F344/N 7 > & (M, 8L 10 00) i) Vg7 v A—/KFn#(IID (0,
80. 240, 2,000, 10,000 X% 50,000 mg/kg £kl (F : 0. 0.8, 2.4, 19.1,
95.4 X% 506 mg Cr(IlD/kg fA=FE/H, Hf: 0, 0.7, 2.4, 19.1, 93 Xi% 507
mg Cr(IID/kg (KE/R 5)) % 3 AR 53 2B Thohiz,

G B U T2 BRIR AT R A B g o 72,

IR0 B OVEAL 2 72 AL DN BB AIZ 2 B VT A3, &2 C OB RIZAE LAY
7R IEFHEPRICI E - Tz,

MERED LRSS B, HEDRE /3T A — 2 J OMEDMEE I BAIZ A S 7
oiz, (B 99 (NTP 2010))

(3) BESHERUEILAMN
® 210 HFEEMHSMHREE (TOR, SKES)
BDF1 ~ v A (Wi, #8% 5 P8) IZE 27 v A b U o A —KF# (VD (0,
5. 50 X% 500 mg Cr(VD/L (0, 1.65, 16.5 X 165 mg Cr(VD)/kg K
/H. MO, 1.4, 14 Xi¥ 140 mg Cr(VD/kg IKE/H)) % 210 H KIS
T HREBRNI T,
BEGHETHA OB Y 2K 14 127,
2 Ye R I ER 0 /)NEE M OVIE Y AR I BRIV 56h 4~ 2 2 YetE R L BR D be 12 5 288
XA N7 hoTz, (28 100 (De Flora et al. 2006))

h

F 14 210 BfEEMSHRER (TVR)
BERE mg/L yii iiia
(mg Cr(VD/kg {KE/H)
500 (ENEREEYINENE —
(1 165, M 140)
50 DL | (), 50 LAF () (FMEFTRZ2 L) (R E N
(Kt 16.5 | I 14)
5 (FMEFTRZ2 L)
(Kt 1.65 | Hff 1.4)

@ 2 EREMSEEEHLAMRER (TDOX. SKEE)
B6C3F1 v o A& (MR, &8 50 VL) ICE 7 v AFET N U ¥ A ZJKF(VD)
(4 0, 14.3, 28.6. 85.7 X% 257.4 mg/L. WM 0, 14.3, 57.3. 172 Xi% 516
mg/L (£ 0. 5. 10, 30 X 90 mg Cr(VD/L, #t 0. 5. 20. 60 XX 180
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mg Cr(VD/L (/0. 0.38, 0.91. 2.4 X% 5.9 mg Cr(VD)/kg &=/ H ., MO,
0.38, 1.4, 3.1 Xi% 8.7 mg Cr(VD/kg (KHE/H 9))) % 2 HFMEAFKET 5
AR MT T,

BERGRETHONIZBMET R Y 2K 15 1277,

F G5B U7 BRIR P XA b e o 7z,

D 257.4 mg/L #E5REK QWD 172 me/L UL B 5Bk E DR IC
£ 5 REH NG 23 2 ST,

M~ 7 ZADIIAT O MEARAS 2BV T, &5 22 HEH® 14.3 mg/L
YL E#ERIZ, MCV KO MCH O/ ONZ BfLER & VY 27 ER OIS
BTz, MCV X O*MCH 1%, 12 7»H KT 57.3 mg/L UL T G-HEIZEB W
TITHENHE LN 2o T2, F2, AMERKL TN /RERIE, 12 20 H
TIEHWTNOHEGEICBWTHRENRA LN 2o Tz, (B 1 (NTP
2008))

&x15 2 FRERBUESE  RNAMER (TOX)

BH5EE mg/L 1 i3
(mg Cr(VD)/kg &8/ H)
516 ZER D ONE A ERGBZRK .,
(i 8.7) 22 5 DR RRERIZE |
BN, EIGIRE, NG
(+ 4605, Z2Ms Sl Ag)
257.4 + ZFRGARE, MG (+
(1% 5.9) FERG . 2205 XA 5) IR,
N (- ZFEM . 22 X
[E185)
172 YLk + A K OV RN Y > N
(Hf 3.1) DREARER IR
ARG RRIE, NG (4
M. 225 XAXERE) i, /s
5 (805, Z2R5 SUXIEI)
JRRE 8
85.7 LA | + RIS B OB U o8
(1 2.4) HiOFLRR BRI, R o IR

8 MIKRAE DT — 2 1XRBRBAAA 12 A B ETLAVES LTV,
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P B A
AN A Gt =1 Nl B
[EI05) R,

57.3 UL I —
(M4t 1.4)

28.6 LI I —
(1% 0.91)

14.3 ULk + OO FE AME B | + OO E AME R
(4 0.38. 1 0.38) WAL, BBREIEY v XEio | TERL, & ORI Y > 3

FE BRI Hi OAARRERIZE . Il D
R 2

@ 880 HEIFMAMMRER (TVR. SKES)

NMRI ~ 7 227 aAfgh V) o7 ANVD (0 Xid 1 mg/H (0 Xi% 9 mg
Cr(VD/kg RE/H ¥)) & FmEiEHEAl (3%) & & Hiz 3 #HfRizH7=v 880 H
MK G- 53N T,

FEREOME 66 DT 2 PLIZHTEE2S, M 66 PLr 9 JT & OV 35 DL 1 Ll
RERE (Fi7'E FLEAE) 2N v, B SUIEMEL OGEF 12 80 5 6|
9P 1 R H OEEWIZ A bz, RElEEA O E LTXTRETH
AT FLEAE S A 7oy (W 79 Purf 2 DL, #E 47 Pirfp 3 P8) | RIH XA D
e o 7o, B H-REOHTE S O AT L R L THE TR o7,
[FkD 7w hancraiiEi Vv AV KD 3,4-benzopyrene D i )7 % [F]
Rt G- L7 & 2 A, 7 iligzh Vv A(VDIX 3,4-benzopyrene DFEN A%
R LU 72 h o7z, (M 101 (Borneff et al. 1968))

ATSDR (2012) %, Borneff & (1968) |33 ANMEDFEHUI AN TH 5
ELTEN, 74 vy —DEZEHEEMRE (Fisher's exact test) Z W T I
SOT —Z ZRuat M LIZRER, AilE FLEEE, (p=0.0067) K UM H FLIH
fE (p=0.027) OFAEBEOFERBMAALNIZE LTS (B3R 26
(ATSDR 2012)).

@ 22 BEMEEEERER (v b SKES)

Wistar 7 » & (I, &8 5~6 L) [CEZ v izl Vv AVD (0 Xix 25
ppm (0 X% 0.8 mg Cr(VD/kg {KHE/H %)) % 22 MMHMOKE 53 558k
1Tz,

BHRECAHAONT-mMIT R Y 2K 16 1277,

FF R S OV Mk Z 93 BRARL A 7 22 Ak CFPIRR « JIT /N2 el oD A0 2 el 28 e
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BEAE K OSERE O PRk, Bk : SRERIR D ZEfufl, RN—~ B O RN K&
O RAIE LR DZENE) A bz, (3H102 (Acharya et al. 2001))

& 16 22 EMEHEMER (Sv M)

# 58 ppm e
(mg Cr(VD/kg {KE/H)

25 ALT X TOYAST o¥Em
(0.8)

® 1 EHEESERR (v b, gRKkEE)

SD 7 b (e, ABEGHES VL, XL 10 08) (27 v Al U W A (VD)
(0, 0.45, 2.2, 4.5, 7.7 Xi¥ 11 ppm) % 1 FMKE 5T 2B T
oo £7o. SD 7> & (M, &HE 12 PC, M, AHE9ID) (ZZEK, 7 1 Al
7Y% AV (25 ppm (3.6 mg Cr(VD/kg AR/ A ) XidHifk 7 v A
(25 ppm (3.6 mg Cr(IID/kg RE/H 3)) % 1 FMEAEKR G T 5 B H1TH
iz,

1 DHORBRICE N T, WTHhORERETH, (REHINEK CEE &I
WREII AL, F7o, MEAT L B =T R & 512 E R -5 W
SR EAIT A B2 o T2, 5ppm LA EDOEEFET, MHkN 7 1 LR N
ZESRIIM L 72, 2 OB ORBRICENT, Ay 2 A% 58O 7 v AOMEN
WX, A7 v 2RO 9 EHIN LT, WTORETH, BT
I BT,

FEHF DI, O REE LR RAET DRI, MERIZR Y 0RO v
INEBSNDAREMENDH D L EE L TV 5, (B 103 (MacKenzie et al.
1958))

® 2EMIEHSEE ENAMER (v b, gKERE)
F344/N 7 v ~ (MR, BFE50 L) ([CHEZ 1 AFET R Y 7L Kk (VI)
(0, 14.3, 57.3, 172 Xi¥ 516 mg/L (0, 5. 20, 60 X% 180 mg Cr(VI)/L
(0. 0.21, 0.77. 2.1 XIZ 5.9mg Cr(VD/kg {&5E/H ., Mt 0. 0.24, 0.94.
2.4 ¥ 7.0 mg Cr(VD/kg fKE/H 5))) % 2 FRIPOKE G T 53 BR031T0
iz,
BEGRECH DN BT R Y 2R 1712587,
B 5B U7 BRIR T XA B e o7z,
e HEOMEREZ » MK BN 5 REIE 23 % iz,
HEZ ~ b ORIATOINIZIMIERTE & 128\ T, #4522 HH O 57.3 mg/L
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PLERGRHC~E ey, MCV KUY MCH O/ A, 172 mg/L LA E#E
BRI~~~ N2 U v M RO/ IMREEIN A 2 Baviz, 12 A KT,
MCH (% 14.3 mg/L $¢ 58, MCV % 57.3 mg/L L F#5/E, ROWET 1
BT 172 mg/L UL TR ERETRENA LN o T\, £, ~~< |
7 Uy M. 12 DA TIIWTORERETHEERL LN 7o TW
72, (ZH 1 (NTP 2008))

x®17 2EMEBUESE ELAEER (v )

Be58E mg/L e il
(mg Cr(VD/kg {KE/H)
516 JHF N D AL R BRI | R TR D HA I, 11 e MR A
(5.9, M 7.0) DGRBS - R, AP | BREE. DRk, SR B
M E R LR, P | R RLEENE
R, 5 - b R FLIAIE
¥
172 DLk — + A0 K ONGRIE U o /i
(2.1, M 2.4) FEL AR ERIZ T
57.3 LIk + A K OB REIE U oo | FFRR OO R AR ER IR K& OB L
(I 0.77, 1 0.94) i DA ERIZE . BRI D
HH ifn.
14.3 LIk (FMEFT R L) RO J I
(K 0.21, Mt 0.24)

<&E>
N2 7 2THN A ERINERFRES OB D FE 3 AV % e - U T ek O R

Z LN FITRT,

Costa and Klein (2006) 23T, Davidson & (2004) 2WIEF~ 17 A
(X— K~ AL B0 GiEBREIXES,) 127 v A U v (VD) (0, 0.50,
2.50 X% 5.00 ppm) ZOKEEG L, SRR RO KRR A A L 72
ERFTEHINTNWD, ZORE, 7anfh Vo ANVDOEGOHIZEBNT
JEET < R ST, SBAMVROBE O B W TH IS ITIF & A RS
IR Do 728, Tl 5 D RIFEE < SR\ T H BARTENINC K f& s O LB E D
A A BT,

EZ2HOIE. ZORBROREFIINMEG 7 v A3 ELERN DR A S, BT
MM CHOIEEETRHELEZZLEZRLTWVWDLELTWNDS, (2] 104
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(Costa and Klein 2006) )

C57BL/6J ~ 7 A (MEMEARIA, KHES L) (2, 7Y ¥ A X & Ha|gE
NG L, 7% A RNTUREET NY U A% 7 HIMBOKES L-#%IZ, EZ 1
AT R U oA ZKF(VD (167 mg/L) % 20 BBk T 5~ 2D
KIGRFFRIGEEE T V2 N T, N7 v L OGBSV RICE 2 D5
B2t LTz,

TYHRIRAZ RO THRARNT EET N U ARG, A7 7 L
EROKBES LEREL. 7YXV AZ U ROT XA N T URET MY U LD
O HRE L E LT, KBS ORAER, B (multiplicity) . JEE YA
AR OERFEEOTEE OETIZOWTREERARH D Z 2R LT, B-IT
=K U7 a—F A RilESR T —E (phospho-GSK) D¥Hi
%, ANl 2 v A 0BETHEEIC ER LT, NADPH 4% 4 —+ 1 (NOX1)
DRBUIAMZ 0 LOTETHREICER L, A—/—FF L RV RALH—F
(SOD) W& 7 —BEDOHELEEFE ORI LTz,

DT ARBFIERE R S 2 A DFED AEIZONTHFZET B 700
FLWEET LV ERIET D & L bic, Ny v MIRBEEOR K Z ., D
72K EBEARINCITIEMRESZETE (ROS) 2/ L= Wnt/B-hT =2 - > 7F
IRk Z B U CTRESE DL Z A2 RETHE LTS, (2 105 (Wang et
al. 2012))

<=y aL>
@ 2EMENAMRR (v b, BEHRE)
BD 7 v  (ffRE, &8 60 8) IC=f(k—7 = 0D (0, 1. 2 XiE5%
(0. 293. 586 X% 1,466 mg Cr(IID/kg (AHE/H 5)) Z 24E[/] (B 5 B (Gf
600 H)) EfEHRG-9 5BRIM TN,
D ANEDFEIUT A B TR Do T,
Fo. RO G2 T 60 HFIREKREG LIcMHET v MRl s, A F
NicZ v b 600 HEBIZE LSRR, & 5ICBE LG IR S e
72, (M 106 (Ivankovic and Preussmann 1975))

2 ERIEMSE  BNAMER (TOX, BEHRE)

B6C3F1 ~ 7 & (M, &8E 50 VL) o= U gy v A—AfIID (0.
2,000, 10,000 X i% 50,000 mg/kg firl (7 : 0, 30, 143, 783 mg Cr(I1I)/kg
(REE/H ., M0, 29, 143 XL 728 mg Cr(IID/kg {KE/H 5)) % 2 4EMIRET
53 53 BB T,
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Pe 5B U 7= BRI AT A B L2 o 7z,

> 728 mg Cr(I1D)/kg (AR EE/ H £ 5-HE T 1 FRRBIFORES X REEL 0
10%J800 L7273, [FEEDOFET 2 GBI ORI BRHC b A b, £/, #
HAZEHE L2 2 DIENO BB I A LR - T2, (B 99 (NTP 2010))

© 2EREMSE  EHLAMER (Tv b, BEERES)

F344/N 7 > & (M, £8E 50 P0) v Vg7 v A—/KFn#(IID (0,
2,000, 10,000 1% 50,000 mg/kg falfh (#E:0,10.7,55, X 1% 86 mg Cr(IID)/kg
{REE/H ., M : 0, 12, 61 X% 314 mg Cr(ID/kg KE/H 9)) % 2 4EMIRAT
5T 5 BB IThinT,

PG B U 72 BRIR T I A B v ig o 72,

D 55 mg Cr(IID/kg R/ B £ 5-HED A TR NREDO R ABEDOF B2
BEINNASN, EARNY vay ha— /LOFEEZB 2 T\, oAk
IR K OV D FEEZ AR IR R L OB AT A Do T, (B8 99 (NTP
2010))

EFSA (2014) 1%, HEDOTRENR KL OMED FERZRR BB OB AU D3 5 4
TWRWZ NS, JET » MTHA DI /al B2 IRIE O FAEBEFE O % % 512
KB LB LT, (225 (EFSA2014))

(4) 458 - BESH
O HEHMHRAER (TOX. kkE)

Swiss v 7 A (ffE, &HE9~20 VL) [ZHEZ v A0 U v ANVD (0, 1,000,
2,000, 4,000 X% 5,000 mg/L (0, 53, 106, 212 Xi% 265 mg Cr(VD/kg /&
H/AY)) & 12 BWHEBOKE S L, KFEG O & 28 S 23813 7o,

FRHBTHAONT-FIEATR Y 23 181 1T7° 7,

F7-. Swiss v 7 A (M, £EE11~18V0) ICEZ O AU T L7 10 A
(VD (0. 2,000 i 5,000 mg/L (0. 106 X% 265 mg Cr(VD)/kg {KH/H 9))
12 BEIROKEE L L, KRGO/ & 2/ S 5 R BB T hnT,

BRERECHAONTZEMEATR 2 2% 182 17, (M 107 (Elbetieha
and Al-Hamood 1997))

x18-1 HESMHAR (YVR)

BH#E mg/L Vs
(mg Cr(VD)/kg A 5E/H)

5,000 T8 R OVl B i oo A et B Bl
(265)
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4,000 LA I —
(212)
2,000 L4 | PRERDR/D 1, R B DA o E B i
(106)
<ABE L 7o~ 22 >
FHRE OVETFIR AR D)2
1,000 (AT 72 L)
(53)

1 4,000 mg/L HGREORE RITFTE STV,
X2 EHERCIARRETIA LN -T2,

*&18-2 HEESFMEHER (YUXR)

HE#E mg/L i
(mg Cr(VD/kg {KE/H)

5,000 BIF B D kf L B
(265)

2,000 LA E HEIRE I OAEAFIG A DT IR D HE N
(106)

% 2,000 mg/L B GREOFE RITFRHE STV 7L,

@ 4%E - RESHRER (YOX, SKk#EE)

Swiss 7V B/~ A (M, &8 15 8) ([CEHZ v il ) v AVD (0,
250, 500 XX 750 ppm (0. 52. 98 X% 169 mg Cr(VI)/kg {K&E/H »)) %
20 HFEOKEE- L, REEGORE L Rl S 5 B Thh i,

KRG TAHA LN EmIER Y 2% 19 1R 7,

BEMICATE K OV IR BE D BEE 72 AT A DR Do T2,

750 ppm & GHETIX, ARAMELRILZ 100% TH > 7o, FHEHOIBIEIC
TR K OBRE AR DB IL A B vy - 72, (B 108 (Junaid et al. 1996a) )

ATSDR (2012) 1%, #5IIXLEFMBRENIAT O, 2B #% OMEIZ TR
L TCWERND 7 b A BIXZIREMICE > TEERH Y | TNRRE~DA

= E

B EEZ LIAREERNH D E LTV D, (B 26 (ATSDR 2012))

&x19 4% - FAESMHHEER (YUX)

5 ppm BlEhY) IR E)
(mg Cr(VD)/kg {KEE/H)
750 SRRSO —
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(169)

500 LA E BHIRE I OCAAFIRIRE O | B2 T i BE e OV 2, B D1
(98) W IR R OERAT | N, R, SETEE K OBHTE M E o
PRI, BT | BLRiE
7 v LR EE
250 LA |k Jeis I, ARG | IR RIRERD . SR OB
(52) BB, M &,
TR 27 & 2y BN
@ 4GB - HESHRER (TOR, SKkES)

ITBC-bred 7 /vt /)~ A (M, £H# 10~13C) ([CEHIZ o AEH U T A
(VD (0, 250, 500 /% 1,000 ppm (0, 48, 99 XiZ 239 mg Cr(VD/kg &
H/H ) ZHHE 1 H~19 H £ THUKE ST 5 R0 Tz,

BB CHAONTEMEFTR 9 25 20 127, (B 109 (Trivedi et al.

1989))
=20 A5E - RESMHHER (YOX)
#5# ppm BEhw B
(mg Cr(VD)/kg {KHE/H)
1,000 - —
(239)
(REHINIG], BRATR | B2 & OF T HY i BE o> Y
500 L - KO, PET-H (litter size) | M. Bk, %, Mg, W
(99) B R ORIEF 7 v A | HEAOVRHED T LIEIE, B
TREEHN (Ee Y0
950 L WU RSR O¥EIN, EREMR | Ia VKRR | SR O
(48) KO, e 7 o LR | fE, BHIEE OBLIEE

FEHEN

@ 45 - RESBHHE (YOR, #KRE)
Swiss 7Lt/ ~7 A (M. &8 10 PU) ICEZ a2 AfEh VU v AVID (0,
250. 500 X% 750 ppm (0. 53. 101 X% 152 mg Cr(VD/kg {K&/H 5))

ZYER 6~14 HRPOKE G4 28 BRI,
HHREHETHONIZEmIERTR ¥ 2% 21 17T,
BBV TATEY R ONEBNVERE D BHE R A LIT A bR o T,

(Junaid et al. 1996b))
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F=21 & - RESMHHR (TOUX)
58 ppm BlENMW EEh
(mg Cr(VD/kg {KE/H)
— TH#T (drooping wrist) . f%
750 THMBEOHEAN, FE . AiTEE
(152) B, SHTEE . SHTEEME. 2R
D EALEIE
500 UL E IREIEININH] 25 R 1% MHR ﬂﬁ'ﬁ'%ﬁ{ﬂw\ B OEAGIE
(101) RO JiE
. N IRE OB, A, Be | GEMRTRZ2 L)
250 LA I .
B ORI 7 v AR
(53)
FEHEN
©® 4% - FESHRER (TOR, SKkES)

BALB/c ~ 7 % (i, 48 25 JC)

AR G- OMERE & 22hd S E 7,

BEFTHONT T

x22 HhE-REE

WCEZ v LAY ANV (0 Xi 1,000
ppm (0 X% 79 mg Cr(VD/kg (KEE/H 9)) %44 12 B2 H%FL 20 HE T
KB G T DR TN, 72, WD F1 ~7 A% 60 HEs TENLE
MEET R Y23 22 1279, (B2 111 (Al-Hamood 1998) )

PEEER (Y R)

#5#  ppm BENW IRE
(mg Cr(VD/kg {KE/H) i3 i3
1,000 (MR | GEMATRZR L) | BB P OBIE, EIREY
(79) 72L) B AERE OVELIR R
DI
® 45E - HESHRER (TOX, SKkEES)

Swiss 7B/~ 2 (M, KEES5 VD) |
(VD (5 Xi% 10 mg Cr(VD/L (10 mg/L=4.8 mg Cr(VD)/kg A&E/H 3)) K

CHIZu AT NI UL

B\ @EA Y 7 ANVD (10 mg Ce(VD/L (2.4 mg Cr(VD)/kg {KE/H 9))

2R 18 H £ THUKRET 5%
HBIIH NPT,

75

AER TN,
(2P 100 (DeFlora et al. 2006))
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@ AR - BEFHRER (TOX, BERS)

BALB/c ~ 7 A (M, &FE 20 P0) (Z&E 7 v ARl U 7 A(VD (0, 100,
200 Xi% 400 ppm (0, 6.9, 13.6 Xi% 30.3 mg Cr(VD/kg {KE/H ?)) % 7
HERERE L, BEZ &1 20 X7 % 85 HIWEHE L Tl S ¥/, 23Rl
IZEA LT F1 ~ U A%, A% 21 HOBELE CHEWICHE S B 7-1%&1C
fREEL. & 74 HRIAEBE L, EZ7 e h YV v ANVDE FO ~ U R L [ERE
(0., 100, 200 XI% 400 ppm (0. 7.9, 16.1 Xi% 37 mg Cr(VD/kg {K&E/H
9)) THEG Lz, ZOHFET 20 X7 23l S8, F2 a2 EA L, F2
~ U A%, A% 21 HOBEILE CREMWINEE L7,

BRGRECTAHA LN Y 25K 23 1277,

FO ~ U ATIL, ~7 47 0 EHEIE RBGE N — 8472V DA RE K
OPERIEE, HARKEICE O THEKRFEMEOZLIZA B> 7o, FFlEEL
S OlFZREEIZEIT R T, RO FEEBR~OZEIA NS,
TEREL BT OB DO G 72 o T, GBI UK AT T 5
igino Tz, AIRRIRRA I QN IFIE R OB s O BMETR A 2\ T, 5T
BEE U 72 9W 21T v o 72,

F1 ~9U A Tix, —MEY470 0 OA(FREL MBI, HAVKRE, EIRMIH S
IZZE XA DN T, RS EEICEIL R o> T, K HU O FEBREIC
WEIIALNT, WEFENRE O DB TOWME 2oz, &5 IZBE L
TeREIRPT RAE A & 72 o 7o PIRRAIARR AT ONT s M OV ik D B SR AR A
IZBWTC, IR LR E T A DL o 7o, RISV T H R8T
A Y WA Y

FEH B, 100 ppm & GHEDO F1 HROMET MCV BN A BT,
Z ORERTIE NOAEL g E CE 2 & LTW5, (B 112 (NTP 1997))

& 23 AR - RESFMEHR (YUR)

BeHHE ppm Fo F1
(mg Cr(VD/kg 1K E/H)
400 BACREIE () . BF | MCH 38> (), ~EZ/ ey
(FO : 30.3, F1:37) gk oD e scf B Rl b By ()
200 LA I (FMEFTRZ2 L) MCV 4 (#)
(FO : 13.6, F1:16.1)
100 L MCV b (1)
(F0:6.9, F1:7.9)
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HEEMHEER (v b, SKERE)
SD 7 v b (g, &8 12~13 JC) |ZEZ a A/ U v AV (0 XX 1,000
ppm (0 X% 32mg Cr(VD/kg (KHE/H 9)) % 12 BMAKE 59 5B 01T

O,

BHERTHONT-FMITR 9 2% 24 127,
KBGO LR ST 2 A, SHRICEBREILIZA LN~ T,
(%M 113 (Bataineh et al. 1997))

®24 EEHMHHR (S h)

58 ppm V(2
(mg Cr(VD)/kg (K 8/H)

1,000 RERD | R, FEFEL OV IR O B &R HTE) (v
(32) 72 MEFR O RSO SRR L OGHk% 1 o #

—/VVDMER) RO ELTHE) (JIEAMZ (lateralization) @D[F]
B AIDWOHET v VORI TR OT 7 A Malgk, BRAE

[ DIEA) ~D

© 4% - REFUHSRR (Sv b fkig5)

Swiss 7L E /7
250. 500 XX 750
20 HMIfOKEE L,

> b (M, &FE 10 P8 (ICEZ v A0 U v ANVD (0,
ppm (0, 31, 60 X% 75mg Cr(VD/kg {AHE/H »)) %
RGO & Al S 5B Thb,

FREGHETH LN TR R ¥ 23 25 1R,

IR A IC BT

. NI XA L N2 o T2, (B2 114 (Kanojia et

al. 1996))
=25 H5E - RESHHER (Y )

#5# ppm B REhY

(mg Cr(VD/kg {KEE/H)
750 PR OIE R SETEE & OBETA R OB b

(75) FE. FaER K OIS oD B H 1.

BEEEIN, R K& OVE R BN

500 LA E FIREOEAD . AR, | BE OE LR

(60) FIRAIRR R OB, ia

Rz o SPREEHEIN

250 LA I (REHINENE] . WD | (FEMEFTRZ2 L)

(31) HIN, B IR M SRR O
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i, ARG REG A | i
OB 7 v b A
hn

4% - RESHRER (v k. SKERE)

Druckrey 7 v b (Mff, 48 10 JC) |[ZEZ o A8 Y v ANVD (0. 250,
500 X% 750 ppm (0. 45. 89 XiZ 124 mg Cr(VD/kg {KHE/H »)) % 3ZHC
Al 8 ORI G- L, RG5O & R S8 5B Tz,

KRG THA LN EmIEL Y 23 26 ITR7,

SMEREDS HEAKAFAIICIR T L7, REIRBRAEIZI W T, WIRICEZIZ AL
2o iz, (B 115 (Kanojia et al. 1998))

F26 4NE - RESMUHR (S h)

5% ppm BENWY IREh

(mg Cr(VD/kg {KHE/H)

750 - -

(124)

500 L - IREIEININE], B AREAR | B2 R OV R O8N, SHTEE
(89) i, Mg s Sy WU | K OSETE M E OB LiEE, 58

oM, —E4720 04 | BR ORI
e Rk S N Y 9S40

HIRB O
250 UL E PEEIOIE R . FIRATLOY | B AR\ A . T #'F
(45) ERBIWEIZFE O, ML | (drooping wrist) . i OY

e Befg . RS TN | IEEO R T HILEE, B OF
TR OB 7 v LR | LEIE

i, 7 v LAOFEWH 5
Mg ~DBAT (Ml il
IREEL) RO BRI
~ORBAT RITaikie
) o8

A 45 - RESHRER (Tv b SKES)
SD 7 v b (M, FRE15PC) ([CEZ v Afgh VU o ANVD (0 XX 25 ppm)
ZIEHR 9.56~14.5 H £ THUKE G- L7z, 14 20 A BIZ—# (n=5) ®Z » |k
MO EBRILL, IBRICEEN k7 e rmz2lE L, Bl Z v b (n=5)
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IZIXF1 7y bEHESE FIMET v b O HER 1 H B TINEZER L,

BT 21T oT2, BV DT v b (n=5) ITIX F1 7 v FHE#E, @ OK

BEEZFEBEL, F2 7 v hEHESET, TOB. F1 7 v FOERRE N
PE W 2 HIE LT,

RO N7 2 AOBRGIIREICEEND 7 o AREZRINS -, £
72. F1 7 v b D pb3, p27. Bax KON AN—E-3 X XV BEET v
L¥alb— 3L, pb3-SOD-2 HJfE{k (colocalization) ZIEINIH 5
Z ek, AT AR b= AEEINE YT, AEMRER (germ
cell cyst) Doz EtE &, FapINOEE K O—RIP OB 2 (Bt S
B, # X7 E p-AKT, p-ERK KU XIAP Z# ¥ DU L F¥alb—rar L
7=

ANz v %, F1 T v MW T, B ARG R E L OPERE D
VERE LT, (B 116 (Sivakumar et al. 2014))

@ 45 - RESHRER (Tv . SKEE)

SD 7 v b (M, £EE250) (CEHIZ7 v U vA (0 Xk 25 ppm) #
WEHR 9.56~14.56 H £ THIOKK G L, #7218 C TR EICECESED
RERM Tz, 5l (ED : embryonic day) 15.5 H XN 17.5 H DGR,
WAL 1 B, 4 RO 25 HOLED I YR ZfH L, fRkx ik
ERT AT > 72,

A7 v AOEIRBI O G1X, F1 #7 v FMZBW T, TUNEL &I K-
THMEZ R LT AR GERE, INREAR 7 A8 b — v A 28NS, A i 3

(GCN : germ cell nest) Zfifz{Et S H7=, ED15.5 H XN ED17.56 HD
FEY ik, GON IF & 0 /NS MBI AR S AL, FRICASHIRRLC & 2 ARG
DRI ~DOFH RN, LV HEEF AL, £7-. & ORI (premature
ovarian failure) ~— % —TC& % Xpnpep2 73 . GCN 73R D BEIZHEAN L7223,
MR T B OBIZITRA LT,

N7 7 A% F1 T v M2 W T, Xpnpep2 Z1EF) &35 Z & TGCN
iz e X, PASRYNIE AN S 72, (B 117 (Banuet al. 2015))

<BE>
RO AGETEMERBROIE ) 4G - FEAETRMEICBE S 50 B2 LU IORT,

@ ME~AOEEICETIHER (¥R, #kiks)
Swiss 7/t~ A (M, %8 30 JC) ICEZ v ,Lfigh U 7 A(NVD (0,
250, 500 X% 750 ppm (0. 60, 120 X% 180 mg Cr(VD)/kg {KT/H ?))
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% 20 HEEOKE G- 28BN fThbnT,

KRG THA LN EmIERT Y 23 27 IR 7,

Flo, v R (M, FRE100D) ICEZ vy Y v A(VD (0, 0.05, 0.5
XX 5ppm) % 90 HIEKE G T 23 ERICH VT, INEMERROE BB
AN Tz, 5.0ppm (1.2 mg Cr(VD/kg (AE/H 3) #5-HE TR &
DAL (@b U= IN A o MBI O fr s, ISR 2E b
> KU T OEME, BBIHREOBASE) NE&ELT,

FEFOIL, MEMRTALNTEZLIIREAREEDK FIZHEK L, 2
AT A RARNVEVEADKTZHRERH DL E LTS, (B 118
(Murthy et al. 1996))

ATSDR (2012) 1%, B PSSIMRAE CTH LI 2D OELDOEEFN
BERIIFHLEETHLLELTVD (1 26 (ATSDR 2012)),

&21 ME~DOZEICEHY HHEB (YUR)

B5# ppm i3

(mg Cr(VD)/kg &8/ H)

750 PASHINIaE DN, MIE D 5 > i, HEH DR
(180)

500 UL 1 B2 7= © OIRF-EL DD

(120)

250 UL 1 il 2 D RLRABEREZ & 2 IRk DD

(60)

BEADEEICHT SR (voX, RERE)

BALB/c ~ 7 A (f, & 708) (ZE 27 o AfES U v ANVD (0, 100, 200
1% 400 ppm (0, 16, 28 XX 63 mg Cr(VD/kg {KE/H )) % 7 M (35
ARIE< 8R) IREEE G- 23R T,

B GRETH LI BT R Y 2K 28 |27,

FEREENOWE EREE~OZE IR ON D> T2, (R 119 (Zahid
et al. 1990))

*x28 BE~AOTEICEHY HHER (XVX)

F5#F  ppm L
(mg Cr(VD)/kg {KEE/H)

400 -
(63)
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200 LAk R RO OWA ., ORI RE
(28)

100 2Lk FERE DM KA 24 7= 0 ORI DR CLUIXK
(16) ) . IRIEFSREHINE (resting spermatocyte) x> HENN

® BE~AOEZICHETLHER (Tv b, BHAEORS)

Charles Foster 7 v b (I, #%#£ 10 ) [ZE 7 v A5 b U 7 A(VD) (0,
20, 40 X% 60 mg Cr(VD/kg fRE/H)) % 90 H [MIFRHIRE A 457 2 3R
T,

KGR TH LN BB Y 23 29 IR,

RIS T 5l K B A= T e T2, (120 (Chowdhury and
Mitra 1995))

F29 BREADZEICEHTHHR (Syb)

57 i3

mg Cr(VD)/kg A5/ H

60 IRIEKRERERIAD (resting spermatocyte) 2B, RN L 2T
o — /LN, KN T A 2L BRI

40 UL I (REBEINIM G K O AR E R, RS ERE, 747 1>k

MU OHSHIIAE ORI | K3 DNA X' RNA KT, /%7
> HIRE BB OV 7 WIS -ilaasi, a7 7 e o
I =B OREANTEMERT

20 LIt K X BRNT A o)L UEEEEINF, 3B-A5-E
n¥vATaA KTk K h—8EkNET A AT a0
N

MmN ERECITARITED L,

BRI EEHEER (T v M #KES)

Wistar 7~ b (Hf, #8F 18 L) OREMWICE Y o Afgh ) v ANV (0
X% 200 mg/L (0 X% 24 mg Cr(VD/kg (KHE/H 9)) ZHEILNHAKE G
L., MEOREIZAESL 1 BHD 21 HE CRIFFLIZC B ST 2B T
oo Elo. BRI LT T v MEREMREE (SIGC) Z5:# L. 125
umol/L DE 7 v A h U w7 A(VD %Mz, mRNA B &2 ~7-,

BHRECHA LN MR 4 25 30 12T,

MMtz v LD ARG X, BB OVERLRGEIE N NN 2T 1 A RFE
EREELZ L6 L, (2121 (Banu et al. 2008))
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&30 RIHMREEEHER (S H)

Be5REE mg/L HEh
(mg Cr(VD/kg {KE/H)
200 A7 aA RKRVELBD, RERVESROT 0T 7T
(24) A SRR AR V| BN, RERIE, MHERIEE
12.5 umol/L AT aA REARBESR Y /37 O mRNA 58U
(in vitro)

O IRIABTESESHRER (Tv b SKES)

Wistar 7 » b (Hf, &8 12 J0) OREICE Y v LS Y 7 AV (0,
50 X1 200 ppm (0. 6 X% 24 mg Cr(VD/kg (AHE/H 9)) Z =LK
Feh L, HEOIREMIZARL 1 B D 21 B £ TRIFFLIE S 8 S8 53 BRMT
b,

KGR THA LN EET Y 23 31 1ITRT,

N7 v ARG 1L, REW 7= OB L REERTEEL T, BBk
AV RAEFHFHE L, HERGEIE, A7 7 A R R ORISR VT EO L E)
ZHi=H Lz, (B 122 (Samuel et al. 2011))

&3 REAYBRESESAR (S h)

58 ppm IREW)
(mg Cr(VD/kg IKE/H)
200 F B E A
(24)
50 UL RERD, EROTFE O 7 v LAREN, FEEEIE,
(6) JAMIIER | 75 O bR 0 B | 15 O LAY H30,
AT aA REEs DD

R EEHRER (Tv b SKES)
SD 7 v b~ (#ff, ## 500 OREMICE Y vl ) v ANVD (0, 50,
100 X% 200 ppm) ZEILMWNCHOKE G L, MO WWEMWIZAEZ 1 B D 21
A& CRBFAILIES B2 BE0NMTHILE, £i% 25, 45 X165 HE D F1

9 FRAIRATHRY, TANT VAR TOF AT E S

10 SOD, W& T7—X¥, INEZFF LI X H—Y, IANEZFF L VE T E—F KN
TNRFF ST 27 =F5—F (GST)

1D S@ERflk R K OSBRI LR
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MEZ > R D MR L YRR AR L, ST 21T o7, £, A% 23~
26 HH®D F1MEZ ~ R s i‘oﬁﬂ%%ﬁéﬁﬂ L. FERIfEMIEE (granulosa cell) . I
fafssiife (theca cell) K OF SIGC (281 2 MilE K ' h = R T Hifg
{bE%5E > mRNA F8L4 T L=,

KRG TAHA LN EIER Y 23 32 1TR7,

N7 v AORAMTE 1L, F1 T v MW TIPS 2 2E S+,
AT uA NEAZBD S, (2123 (Stanley et al. 2013))

=32 IR SEHHER (v k)

58 ppm IR &)

200 —

100 KL I

50 L1 I PASHIRRREL O, FERIBHIAE D 7 AR N — A i & O

DY bEEE 2 W IMAE R OWRE O GST K OFR{LAl 9 HEn,
2T aA RFRNEL DR,
(in vitro) FRE KON k2 R U 7 HiER L% O mRNA B

TOMOEESHRER (S b RAEORE)

Wistar 7 » b (HERIAH], £BESPD) ICEZ a AfEH U v AV (0, 6.25
it 125 melkg (KE/H (0. 2.2 LT 4.4 mg Cr(VD/kg (KE/H 5)) % 4%
4 HE”?S 10 ARG D57 28 B3MTbhz, 2 To7 v MIE#
15 HEICEFR LT,

B GRECH DN AT R 4 23 33 12”7,

ANz v A0F5T, RE L2 TOHEBICEELY 52, TOREBIIHE
KIFH) T 7=, (B 124 (De Lucca et al. 2009))

& 33 TOMDETESMEHAR (SvH)

P58 mglke RE/H R0
(mg Cr(VD/kg A=/H)

12.5 (REHININH], BRI RANE, THBAEE, 5 1 KHEED
(4.4) A H R AL

6.25 L I AR EIRAE, BRI, 25 2 REM OB HEE (Zo
(2.2) B 5-HED )

2 INpFE oSN FR AR TAVET A LE S F—E, SOD KU ¥ T —E
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@ ZOMmOEFEHERER (VHF, REEOERS)
New Zealand 7 %% (I, &#E6IC) ([ZHEZ v A A U 7 ANVD (0 X
5 mg/kg RE/H (0 X% 3.6 mg Cr(VD/kg {KE/H)) % 10 & MFR IR 0 #
G35 BN T,
RERETH OB R ¢ 2% 34 (T 7, (B 125 (Yousef et al.

2006) )

&34 TOMDOATESEMHR (V5 F)

B5RE mgkg (RE/A

(mg Cr(VD/kg {KE/H)
5 RERED | FEE L O EROFE X EE&RED, miE7 2 k&
(3.6) T a D KO O AEEEROED | RS IR BRI

FECHE TR DB, #e Bk ORI E) | PO T 43
Y — VRFOSYEIREEEN, GST, AST MK UMRMEAR X
7 7 4 —BIEHET

@ ZToMmOEFESERER (YL, SKkES)

Macaca % /v (Macaca radiata) (ff. &£ 3 VL) ICEZ v LB U 7 A
(VD (0. 100, 200 X}% 400 ppm (0, 1.7, 8.4 X|¥ 6.8mg Cr(VD/kg A<
/A 9)) % 180 HMEAKE G-+ 53R TN,

100 ppm LA EOFEEGRE T, KR LAE PAZES ORI TR 2L 7 5
Ni-, (126 (Aruldhas et al. 2004))

@ ZTOMOEFESERER (YL, SKkES)

Macaca %V (Macaca radiata) (K, SFE 6 8) ([ZE7 o Afg ) v A
(VD (0. 100, 200 Xi% 400 ppm (0, 1.7, 3.4 X% 6.8 mg Cr(VD/kg A
/R %)) % 180 HREIEUKE G- 23BN TN,

BEGRECH DN BT R Y 23R 35 12”7,

100 ppm LA EOEGHET, T4 7 « > e MlAOWEIZA, KF IR ED
BRI LR A BTz, (127 (Aruldhas et al. 2005) )

&3 FTOMOAETEFMEHER (FIL)

F5#F  ppm
(mg Cr(VD)/kg {KEE/H)

i3

400
(6.8)
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200 LA L

(3.4)
100 L4k 15 S B B RS O PR LEESR S W, v a—
(1.7) A-6-V UEEMKFBEER WA, B Rax o vT UV K

UM ERIE K 58 DN

B ZTOMOEFESMHERER (L. SKES)

Macaca /v (Macaca radiata) (I, &£ 3VC) [CEZ a2 LAY 7 A
(VD) (0. 100, 200 X% 400 ppm (0. 1.7. 3.4 Xi% 6.8 mg Cr(VD)/kg /&K
/H ®)) % 180 HHHOKKEGS 2BRB Toh T,

100 ppm LA EOEGRET, MR EEOEEMETOY R 7 ZAF > OEH
HEOREAM TR A BT, (B 128 (Aruldhas et al. 2006))

@ ZTOMOEFESERER (YL, SKkES)

Macaca Y%/v (Macaca radiata) (f, &{#E3VC) [CEZ a Al ) v A
(VD (0, 50, 100, 200 X% 400 ppm (0, 0.8, 1.7, 3.4 Xi% 6.8 mg Cr(VI)/kg
{KE/H 5)) Z 180 AM#KIREG T 2 BNTTHONT,

BEHEGRECH LN BT R Y 23 36 12”7, (B 129 (Subramanian
et al. 2006))

x36 TOMOAETEFMEHER (FIL)

B8 ppm i

(mg Cr(VD)/kg {KHE/H)

400 -

(6.8)

200 UL - R B & O 8E D GSH 8

(3.4)

100 L4 E 5L O iES &0, R E OO

(1.7) SOD KO % 7 —BIEHK T, FE &L OO
E{b KSR N

50 (FEPERT L2 L)

(0.8)

13 SOD., W& F7—¥, FINWEFF L~ FXH—F TAEFF L E 7 X —F KN
v ITNEINRKT AR T T H—F
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(5) RESMHRER
® JEFAESHEHAR (Tv k)
F344 7 v b (ERIARE) (27 a sz ) v ANVD (0 Xi% 100, 200 mg
Cr(VD/L) % 3 HfRKE G L TRl ~D 82~ 7,
~A =z DarBFN) 2 A (Concanavalin A) KONV K% FE

(Lipopolysaccharide) {2k} 2 ZnE4 T-U o NEKK O B-V o/ ERO %A
PERGAS, xR PRI & b T ER L7= (200 mg Cr(VD)/L # 5-#£ T

X, I TR AR L, URSHEIAEE TR o72,),

7 w2 (100 mg Cr(VD/L) % 10 @G L7727 > b O PlgHifa i Bz 7
7 A (0.1mgCr(VD/L) ML= A, ~4 F~A > C (Mitomycin
C) \TxfT HIHMESUG T, 7 m AZIRINS7enR &~ 5 fFutE L7,

FEH DL, IO OBIEMERISOTLHEIX, 7 a8 LML > TRIEDRFER SN
T2 EZRmLT0nD S L E LTun5, (28 130 (Snyder and Valle
1991))

(6) EnEHRER
@ in vitroE&

N7 v 2MMEAW O in vitro BinmE M RER OFE R 2K 37 1277,

AR 2 N T 18 I 22K BRI 5 I S OVt T o o 72, BEREZ TR
HEZEIRE ARBTG5 E T H o 72, B R U U RERRIIESCT ¥ f =— XL A
2 —PREH I % 2 W 7o Qe R H SR . DNA HREEER, ik sy
RAsHsllR,. NEH] DNA A GR & OB E iR ixpEch o7z, v b
Ao~ 7 AHMIEIZ 3T DNA-# o737 2848 K O DNA-DNA ZRA&E 231K

iz,

£31 Ao OLLAWCET SEREBLORBIE (/n vitro)
X & ABRY'E PSS PRERAE R E = E N
Ubet) YL | TRV FATAE
Y L
AAELLT  (Subcellular targets)
DNA-% 37 vabfghl o h FEscherichia coli DNA " Fornace et al.
s} ND [zt
s 1981
DNA W fr1t VAN 3 R RVN ~ 7 A L1210 A g Al . Fornace et al.
¥ ND e 1981
BT 22 R 2 L VA"BN .5 R) Ry NN E coli NOTVFT 5 ND B Snow and Xu
—¥ M13mp2 7 1989
BT 2R vabfghl o s Puc 19 plasmid DNA ND B Kortenkamp
et al. 1996b
BB TSORER | 7 r LBl ) v L FLEAIE Y A LA " Kowalski et
ND [ al. 1996

86




B4 e POE BV IRES ELEIEEN
ko) EMEAE | EME R FEATAE
HY L
DNAKRY X5 - 8/A= N al DR yAVN PSV2neo-based Bridgewater
—PiEL plasmid DNA (1 Batt | etal. 1994b,
(arrest) 1998
R4 (Prokaryotic organisms)
DNA &8 Va=FN. ¥ RNy NN Bacillus subtilis Kanematsu et
R/ =N RN ND . al. 1980,
Nakamuro et
al. 1975
SOS S & VAN SR INN E. coli PQ37, PQ35 - gy | Olivier and
i/ =N -y Ry N = Marzin 1987
SOS Ktk ZA=N - /8= W N E. coli AB1157,
FVASEN. SN N GC2375, UA4202, ND e Lllalgg;%era et
“Rgfks B A PQ30 ak
18 I 22 R 5 HI LB Y T A E coli WP2, Kanematsu et
VA=FN ¥ RN Hs30R. B/rWP2 al. 1980,
78PN "l RN " Nakamuro et
ND Pt | al 1978,
Venitt and
Levy 1974
1 IR 2 B AP E. coli Watanabe et
E/A=FN. Il RyN WP2/pKM101, WP2 ND 2 1 1998
uvrA/pKM101 a 2
Y=gy ” 1 ;
[ b LR By B | BME | NTP 2007
1 I 22 IR S 078 =N 5 all NN Salmonella
ZIKFn typhimurium TA100, 728 it | NTP 2007
TA98
752 T2 IR R s 1 . .
@(ggiéi) EX e SRS ,?A%blmunum ND B | De Flora 1978
1R IHIEIRA e 7= BN ol VRN S. typhimurium ND B Bennicelli et
(O Fo el ) TA100 i al. 1983
1 I ZE IR /A= VN 3 nl NV VAVN S. typhimurium ND . Bennicelli et
(M LT 452 TA102 7 al. 1983
1 Jm JE IR 1 /=N 5l VBN S. typhimurium TA92 ND i Bennicelli et
(M et R i) 7 al. 1983
18T e SRS i EER/8=0N 75 nll SRy N S. typhimurium ND e Bennicelli et
(b oot ) TA1535 - al. 1983
1 Im IR IR 8/ A=N ' al NURYIN S. typhimurium TA97 ND i Bennicelli et
(Fv=by7}) 7 al. 1983
1) Ze IR 1 0/ 8=N . ul DR VUN S. typhimurium ND Ktk Bennicelli et
(FV=hv7}) TA1537, TA1538 = al. 1983
TEIFZeIRA A 078 =N 5 all NURVVN S. typhimurium ND B Bennicelli et
Vb7 1) TA1978 5 al. 1983
BIRIEIRAE H7a L@ )T A S. typhimurium . sapnpe | Nakamura et
(M i 84 TA1535 = FITE ] al. 1987
ﬁ%dﬁﬁ%’}fi) EIZA= N 5 U RN er?Atljf&)bI'Inurl'um s s Venier et al.
L& 1982
1EIHZeIRA A HI/R LB Y UL S. typhimurium - " Venier et al.
(7V=hy7}) TA1538 A B oeo
IR ZEIRA S 07 =N 5 DRy S. typhimurium TA98 Btk SEIBIE Venier et al.
(Fv=hy7}) = e 1982
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A4 HRW'E POE BV IRES ELEIEEN
ko) EMEAE | EME R FEATAE
HY L
1 I J IR HI/ O LBEH Y UL S. typhimurium a a Tagliari et al.
(Fv=by7}) TA97a, TA98 Btk e | 9004
18I 22 RIS R E/A=FN. ¥R RN S. typhimurium m, g, Tagliari et al.
(i Ho el ) TA100, TA102 Bttt P 9004
1 I J IR HI7 B AT MU U A S. typhimurium
(i Heot B ZA=FN 5B R7INN TA100
VA=PN. 5V 227 =348 2% | De Flora 1981
VA=ON. Yt
B3P
TEIFZEIRA S/ = N 7ol NUN VAN S. typhimurium
(MR FEXHE L) ZA=FN 5B R7INN TA1535
VA=PN 5Ny ND [k De Flora 1981
VAN YAV =Ny VY
=fbr a
1w 22 R VA= TN 5Ny N S. typhimurium a Haworth et
(s 2ot ) TA100. TA1535 ND | B gss
1w 22k VA= TN 5N Ay N S. typhimurium . Haworth et
Tv=by7}) TA98. TA1537 ND L e
TEIFZEIRA R/ =N 5 Ul BN S. typhimurium - Kanematsu et
(B L) TA100, TA1535 ND 21 a1 1980
1EIFZRIRAE R HIR LB Y T A S. typhimurium K
(IV=by7}) TA100. TA1537, ND by | nematsuet
TA1538 a
TJERAR B R/ A= Y/ Ry VN S. typhimurium . . Yamamoto et
TA1535 pSK1002 7 7 al. 2002
1R IHIEIRAE e 3 | 7E/4= AN S. typhimurium o Watanabe et
W/ 0 LAEFRU oL | TAL02, TA2638 ND Bt o) T998a
B4 (Eukaryotic organisms)
TR B3| o/ =N Saccharomyces Fukunaga et
cerevisiae D7 ND Btk | al. 1982,
Singh 1983
1BIRIEIRAE R E PN YN S. cerevisiae D7 ND Bitt | Singh 1983
HARDHZFE L 2 A= S. cerevisiae D7 ND ey glulil;rggga et
DNA X%k /A= 0N 3/l Ry S. cerevisiae Kirpnick-
ND Btk | Sobol et al.
2006
B FE# /8= WN -5/ BBy Shizosaccharomyces e Bonatti et al.
pombe ND bt 1976
AtEZE IR EIZA= N 5 U RN S. pombe ND . Bonatti et al.
1976
kU (Chickens)
DNA #f5 (% ZA=TN: o2l MRV fI® (chick embryos)
) .
DNA S5, ND gy | Tsapakoset
DNA-% + /37 al. 1983a
ZEK
ML MM (Mammalian cells)
DNA-% > /37 VA=FN YRRV b R VR AR 2R
4175, (IMR-90) ND | e | oracectal
DNA 7 1t

88




A4 HRW'E POE BV IRES ELEIEEN
ko) EMEAE | EME R FEATAE
HY L
DNA Wi {t VA=PN "y RSN b MR R RHA ND gy | Fornace et al.
7 1981
—AREHGIWT VA=FN -5/ RyEN b kU NER ND B ZD(;e(l))gult et al.
DNA 81 LR IN . 5 U 7N B hU SR ND s Blasiak and
Kowalik 2000
DNA “AK$#Y] ZA=FN 2l NURVIN b bRz SR R ND o Ha et al.
By (GM03440 #fz) 2003, 2004
RN e ZE=FN .l RV b RUE SORHE SR ND . Holmes et al.
(WTHBF-6 ) 7 2006
R BAA ZA=FN "> al RN b MRV SRR ND i Wise et al.
(WTHBF-6 i) 7 2006a
RN e VA=TN 5 al VRN b RRUE SRR ND s Wise et al.
(BEP2D #l}1) 2006b
DNARU xZ Z8=FN >l NURVIN b AR A
—EfFlk, ND PPt | Xu et al. 1996
DNA-DNA 2845
Yt (R VA=FN o all NURVINN b N ERE R RE R ND i Li Chen et al.
HEZEA 2009
Yuth R B VA=PN . yall SUVRVIN = NG fRw = g i) ] ND BB Li Chen et al.
7 2012
IRt R2E | = k7 7 A Fxr A =—ANLAHK Koshi 1979
i, CE TN —Jifi DON ##i 5t | Roord and |
Yot kB Ua NI L ND K Koshi .and
Ja NS Y YA Iwaski 1983
PPEREN SN VA=TN:oal NURYIN Fyv A =—ANLRAE ND B Blankenship
DNA /i1t — DN HHA A et al. 1997
DNA Wi Frt. VPN -y RSN ~ 7 A L1210 A Myl
DNA-% + /3% ) ND BB Fornace et al.
A 1981
Yt R H VA=EN 3N 27BN ~ 7 A RHE 2RI ND s Sugiyama et
al. 1986a
FEHMDNAG | B/ @l vA ~ 7 A A18BcR #lifia a Raffetto et al.
% ND [ 1977
UAEUR S /AN U ~ U Z R IRARE A ND s Raffetto et al.
Getafk e i) 1977
DNA {81 R/ A= N Yl RN [N L ND B Trzeciak et al.
7 2000
DNA & R/ A= N3/ Ry VN b FRAYIL U > ER ND oy Trzeciak et al.
7 2000
R AN SIS b R R ND PPt | Ha et al. 2004
Jutafkis VA=PN . o al RN SRNReE SSHE ND gy | Wiseetal.
HE M 2002, 2004
PASEREN EZA= NS uR RN Fx A =—ANLRAHZ ND s Seoane and
— DN HHA A Dulout 1999
Yt (KB H i/ A=IN SRy N ~ 7 A FM3A JLEHM Umeda and
VA=FN ' ¥ RV ND [Z2es Nishimura
72| /=N 1979
T & iR VA=TN YRRy NN 7 v MTF L RHmAY o, Briggs and
ND btk Briggs 1988
ND : F— %7 L (24 26 (ATSDR 2012))
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@ in vivo stk

N7 v L2AEE O in vivo BAREMERER ORE R 2 % 38~%K 40 1T,

T a v Ya yNT ik QW B s 2ERE BB Ch o 7o, BEEMEIT
KEINToe O U U EkE DT Qe R B FH R, MEZaBr, fhkie sy
IRZZ kR K OY DNA 5 BRIIMEO b O bRED L Db Hh o7, ~ T A
[CHOKEES L2/ MVERBITIZIERETH o7, ~ T AR O&RE LT
DNA #HERBRIIGIETH T, ~ U AKNT v MIERENERE LTBET
LIRS BRI Geta R BB /LB ) O DNA H1EBRIZGMETH -

7=
38 ANifiv o LtEWICEAT HECESEDOHRBE (/7 vivo)
Ao HEEE PSS PRERAE R EEEN
Ue&w) FATH:
BIRTEARE | EI/a i) vs, FAfupvavYa sz Gava et al.
& EE/A=IN ol VRN 1989b,
= /=N Rasmuson 1985,
Ja LB T A BB Rodriguez-Arnaiz
and Martinez
1986,
Zimmering et al.
1985
BARFIER% | =Bk I 3 v <
jﬁh%*“ = B = FARYayTays= [72k8 Olvera et al. 1993
S = b N DA B 5 R
Em%*““ S FARTavYavsas [Ziea Kaya et al. 2002
BIRTHRE | 7R AEHY DA, FAfuvavYaunsz a0, .
" VN VDB Bt Amrani et al. 1999
PSRN N AT 2L AR, B RUoER G Koshi et al. 1984,
=k a i 7 Sarto et al. 1982
Yt R H AT L AR b kU oSER Husgafvel-
ik Pursiainen et al.
1982
7 RATERAR N VAT 2% B~ U RER Koshi et al. 1984,
31/ AT L AR e, Lai et al. 1998,
= a A 7 Sarto et al. 1982,
Stella et al. 1982
DNA g1, | H7 v ARRilE b kY roSER
FAXVITT "
J LU EriE =3 Gao et al. 1994
&
RAW AN N 17> SR
ggﬁéﬁﬁ: 7ahibod £ hY LNk ik Nagaya et al. 1991
TRk | RBE b R U RER
AR 728 Werfel et al. 1998
DNA $45)r
PSRN Ny TR B b RARAEML Y o RER o Halasova et al.
- 2008
vutn LN N e 1 > S5k
i‘lﬁﬁ*éﬂﬁ: JuhHoE b LoSER e Nagaya 1986
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R4 HRW'E x5 BV IRES ELEIEEN
=) FATHE
N BRI RLDoE b R RRY Y > oRER s Vaglenov et al.
1999
N VAT RN b N R Y o SER [ Benova et al. 2002
INEE Jabhox = N ]y oy (723 Benova et al. 2002
PASEREN Y ZA=FN SE b RRIHIM Y > NER
Difibk e G 53 145 i Benova et al. 2002
A
DNA $H &/ VAN TR b RRRE MY > oRER s Gambelunghe et
al. 2003
PRGN SN VRN = Ny mp2 i
Talibk e o 53 1 =3 Benova et al. 2002
A
Yuth I e Y
gg%’%@ﬂﬁi /A= SRR [ ik ) o Wi et al. 2001
PRGN YN Bergd L b RRAHI Y > NER s Balachandar et al.
N 7 2010
/% s b SR Y 2o NER o Medeiros et al.
- 2003a
DNA-%# R | Wtk b RRAHI Y > NER s Medeiros et al.
Pl 2003a
DNA {5 BRI B LD E B NRREM Y 88k [T Zhang et al. 2011
I 7 a NgEHY A Z YR I Bk oy LeCurieux et al.
1992
DNA 23 B7usBF MY UA i%ﬁ;%gg) Bt Izzotti et al. 1998
DNA 25 R e e 7( %rg%gﬂg) Gk Tzzotti et al. 1998
DNA-Z X7 | 7a gy v 7w b I s Coogan et al.
ES (F& 0 5) 1991a
DNA-% /87 | EZ aAfigF Y oA Z v b, NP, BN, iz e, Tsapalos et al.
L3 (Mg 4% 5) 7 1983b
,:\”ffq DNA | 70 2@l ) 0 5 7(1,% g &ETEH@ 4bE | Mirsalis et al. 1996
e el e iéﬁ&g?% 4t | Shindo et al. 1989
N3 0/ 8=N . al DR VVN BsCsF1 ~ 7 A, BALB/c
—KFn#) ~ U A ARIMER M NTP 2007
(BEnges)
N3 078 =N 5 all NURVVN am3-C57BL/6 ~ 7 A, R
ZKFn# I ER (713 NTP 2007
(BEngeh)
DNA K% iR/ A=Yl RN <A b Kirpnick-Sobol et
(B IE < ) 7 al. 2006
/N G/ R N 5 U 7SN BDF1 v v A, H#fl o De Flora et al.
Bk E) - 2006
/N EIZA= N 5 Ul RN BDF1 ~ v A, Rif Ll - De Flora et al.
(oK L) - 2006
=S /A= BNl NURV N BDF1 v v A, H#fl e De Flora et al.
KR Bk ) B 2006
=S iR/ VN ol N7V BDF1 ~ 7 A, Rl o De Flora et al.
KR (oK E) - 2006
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R4 HRW'E x5 BV IRES EEN.
=) FATH
/M G/ N5 YN BDF1 v v A, ‘Ei#Hl o De Flora et al.
(iR HRE) B 2006
/I iR/ N5 YN BDF1 v v A, ‘E#Hl o De Flora et al.
(JErEn#&5) 2006
M H7 v LT bY L Swiss fk~ 7 A, i - De Flora et al.
—KF#) (oK E) B 2006
INEE /=N RyNN Swiss fk:~ U A, ‘BHf ik De Flora et al.
(oK) B 2006
/N B LBET N DL Swiss Rk~ A, BH#f s De Flora et al.
—KFn# (hErEn#&S) 2006
/M H7 v Lfgh ) v L Swiss Bk~ A, ‘HH# i De Flora et al.
(g #E5) i 2006
/NZ R/ =N 7ol UM VAN Swiss JE~ D A iFHE De Flora et al
ZKFn (B~ v ZDHOKEEIZ & =X 2006 :
DAL < #8)
/NZ B/ LB ) TN Swiss lE~ D 2 iFHE De Flora ot al
(B~ v 2ADHKEEIZ & Edun 2006 :
DAL < #8)
NA 078 =N 5 all NN Swiss g~ A KA
KR e . De Flora et al.
(R~ U ZDHOKEEIZ X - 2006
HRMEEIE < )
/% EE/A=DN YR RyN Swiss lIE~ 1w 2 Rl
Hiia o De Flora et al.
(B~ 7 A DERK S & = 2006
LRMEEIE < ]R)
N3 /=N 5l NV VN Swiss i~ 2 T De Flora et al
—kFn (B~ o A DREREN 512 Bt 2(‘;06 ora et at
X o RNEREIE< #)
N3 ;- =N 5 Ul RN Swiss i~ 2 iFHElE De Flora et al
(B~ v 2 DJgRENE G- (43 2&moaea.
X o RNEREIE< #)
N3 /=N 5l NV VN Swiss iEle~ v 2 KM
KR e bt De Flora et al.
(B~ v 2 ORERER 512 2006
X5 <)
/NEZ i/ A=IN YR RyN Swiss B~ 2 Kl
gili] s De Flora et al.
(R~ 7 2 DN 512 2006
X o RRIEREIE < #)
DNA {55 H7a Lgn) UL ~ A, UroSER Btk Devi et al. 2001
N 7o "
N 70 bRy Y UA iﬂ;ﬂ;ﬁggfﬁ =3 Shindo et al. 1989
N3 VA= YR RN ~ U A, JRIMER Itoh and Shimada
(REEN £ 5-) BE e 1997,
Wild 1978
=S VAN Y RyIN ~ U A, ARILER b Itoh and Shimada
(MEPEN £ ) 1996
DNA #i{& VRPN 'y RSN T A KM Y N ER BE Wang et al. 2006
B 7B hBA Y A ~ oA, A £ Mirsalis et al. 1996

(B #5)
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RERL e PO PRERAE R E =N
Yt (RELE 2|/ = ~ U A, BRI a,
(R 1 4 ) [72ks Sarkar et al. 1993
M e oA s HI/RABH Y T A ~ A, HHEE o Itoh and Shimada
(eI 5) 7 1998
AIMUZEIRZERE | I/ m A Y U A ~ U A, TR s Itoh and Shimada
(EREP 5. 7 1997, 1998
IINEZ HI/BR AR T A ~ U A, EHE Chorvatovicova et
(REREN £ ) s al. 1993,
Wronska-Nofer et
al. 1999
=) 7
g R h e ié%w&ﬁ) B Paschin et al. 1982
— ARG HI/ LB T A ~ U A, FHERE, B .
— ARG TIT 07 =N Y RN ~ U A, MR, itk
Jia, AR [E3¢5 Ueno et al. 2001
(EVENBEE)
(2P 26 (ATSDR 2012))
£30 MY O LEAYICET HBEBLORBRE (/n vivo
(FOoks)
fat AEBRE Bt VRS E = E N
(B g) JiENy TP S FATH
DNA k% | 7 v AfE | C57BL/6J pun/pun M AEhc s 10.5~20.5 H . o Kirpnick-
HUTL | TR 12.5. 25 mg Cr(VD/kg ﬁgﬁﬁ) Sobol et al
(20 AR~ =) | (KE/IH, fok#is YRS 9006
INEE B 0 Al | Swiss i~ 2 iR 18 HE T, 0.9, De Flora
YRRV CBLEh OB Rl 1.8 mg Cr(VD)/kg 1K/ Gtk et al.
Ji IR oD R A L A ) AW fokEG 2006
INEE B/ 0 Al | Swiss i~ 2 iR 18 HE T, 0.9, De Flora
FRU DL CBLEh) OB AR 1.8 mg Cr(VD)/kg &K/ ak et al.
Y\ ik Jie Y D A A i) A 12 fokE 5 2006 ™
IINEZ B/ v ,AfE | BDF1 i~ o 2 20 HfE. 3. 6 mg De Flora
VRV CEBEMIIL, KM | Cr(VD/kg {KE/H, & (ot et al.
fial) Kb 2006
/NEZ #7 v Afg | BDF1 Wi~ 7 = 210 AR, M 1.4~ De Flora
T hU DL 140, M : 1.65~165 e ot al
ZKFn mg Cr(VD)/kg A/ = 2006*
H. fok&5
/N /=Ny Swiss\-YVebster <A | 48 5, 0.2~3.6 mg . Mirsalis et
VDRVEN (B RlHE ) Cr(VD/kg {AHE/H 12, =3¢ L 1996*
AR ak
/N E7 uhfg | BEC3F1 I~ 7 A 3/ A, 2.8~8.7mg NTP
FTRU DA (R i ) Cr(VD/kg {KH/H ., fk =4 e 2007*
—KFn Kb

14 @OKIREEB GBS 2 WA R BT S BEOT 7 40 MHIER T

(EFSASC (2012)) #HWCHH (M 25 (EFSA2014)).
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R4 HERME Behxtg RN TS ELEIEEN
(FRERxrg) A& it R FATH:
/M #7 1 Ll | BALBlc <~ 7 % 3 HM. 2.8~8.7 mg NTP
FTHrU DL (R A i fAA) Cr(VD/kg {KH/H ., fik =3 9007*
ZIKFni K5
N H7 v AEE | am3-C5TBL/6 [~ v 3/ AM. 2.8~8.7mg NTP
FhRUDA | R Cr(VD/kg AE/H. Bt 2007*
KT CRA 1t ) k5
N H7 1 AfE | B6C3F1~ U A 3MHRL, 3.1~27.9 NTP
FTHrU DL (R A A mg Cr(VD)/kg {AE/ e 9007
—KFn¥ H., k&5
N3 B/ vl | BDF1L i~ 2 H[E], 17.7 mg De Flora
RN (B BEHII) Cr(VD/kg {AH/H. 58 aik et al.
I 1 5 5 2006*
/% ZA=FN MS/Ae fff~ 7 A, CD- | B[\l 5.3~85.7 mg Shindo et
VDRYIN 1H#E~ 7w X Cr(VD/kg {AEE/H., 5% S al. 1989*
(B BEHID) il 0 455 '
DNA 85 | EZ v A | Swiss ¥V A H[E], 0.21~26.9 mg
(2Ay b | BV T (A 1 ER) Cr(VD/kg {AH/H. 58 U Devi et al
7vEd) MBS ()fﬁjiiﬁﬁr\“) 2001°* .
(BB 24 HEfH~2 w
TR 0T
DNA £ | =/ o AfE | Swiss ¥ 7 & 1HXIZ5H, 8.8~ b Wang et
(ZAY bk | BV DA GRAIIL Y >/ <ER) 35.4 mg Cr(VD/kg & (mgﬁﬁ) L 2006*
7 vEA) H/H, RO R
DNA#E | B/ ol | ddY w7 X Hi[E], 85.7 mg
(2Ay b | BV T (H. f5, I, & | Ce(VD/kg {A5=/H. 38 Sekihashi
7 vtA) T, REE,. ML ML B | RO ES Bk e&j%&

(i)

(Fe 5756 3~24 B
A7)

k ATSDR (2012) & B L T2 ik,

(%R 25 (EFSA2014))

F40 NIV O LIEEMIZEAT HECHEEOHBRBEE (/n vivo)
GERROKE)
R4 R e b5 ARG R E =N
(GBIt 5) A& it FATAHE
GEIRIE B ZA=PN .3 LacZ hT > 2¥ = | 28] (24 BRIEINE) |
VDRV =v 7 MutaTM # | 10.7 mg Cr(VD/kg 1K/ Itoh and
<A A, MEEENES [ Shimada
(FFligR. 1A QEBED#ELEEL 1, 7 1998*
A #%ICER )
GEIRIE B 7 o A | C57BL/6 Big Blue | ¥, 6.75 mg Cr(VD)/kg [1E3
VRN ~ A RE/A, [ENRS O, ") Cheng et
O, M. Al (B TREUT 4 HH) [E35 al. 2000
(i)
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RERL HERME Behxg FRERRG R EEEIN
(BRI %) A& AR FATH
B EEIE #H7 1 A | CBA. C57BlI/6J - Hi[A], 0.18~7.1 mg
CERBIR | U DA AT Yy Fifg~ Y | Ce(VD/kg KTF/H ., fElE
HIRSEE) A N5 Paschin
-+ 21 HfA, 0.35, 0.71 G ot al
mg Cr(VD/kg {KE/H . 1989 %
eV R 5
(Z a4 12~14 BIZIEER
~ A% L)
N B n Al | CBA. C57Bl/6J Hi[A], 0.35~3.54 mg )
HYTLA | AATY Y RvT A | Ce(VDkg RE/R ., ik Paschin
(BB P At and
(FEE7 0 24~72 W] Loga
A H3AT)
IINEZ 7 a Lig Sle:ddY ~ 7 A 2 [\l (24 FEfAREIRR) . 8.0 Itoh and
Y DRYIN (BB A) ~13.4 mg Cr(VD/kg & [k Shimada
E/IH, BENES 1996*
I s a s | NMRL~ 7 A 2 [l (24 BEEHEIME) . 3.2 Wild
Y DRVIN (i BEHmE) ~13.0 mg Cr(VD/kg & [ ks 1978*
#H/H, GRS
N3 ZA=FNi"; MS/Ae HE~ 7 A H[A], 2.7~21.4 mg U Shindo
VRN CD-1 fft~= 7 =% Cr(VD/kg fRE/H ., fEIHE 7 7 ) et al.
(BB N) E A e 1989*
IINEZ 7 a Aig LacZ 7 2AY = | 28] (24 BEREIREINE) . Ttoh and
RN =v 7 MutaTM # | 10.7 mg Cr(VD)/kg A/ B Shimada
- H. JEPe s 7 097
(CRAY 1 7% 1 BR)
N sua sk | MS~7 A, ddY ~ | H[El, 3.3~13.4 mg - Hayashi
RPN w2 Cr(VD/kg KE/H ., NEHE 7 7 ) et al.
CB BRI N) RE R 1982
/NEZ B/ v Al | BALBlc~ U A Hi[a], 20.8 mg Cr(VD/kg Wronska
VRN (i BHm ) KEH/H ., JEENES B -IIIofer et
al.
1999*
N H7 1 AR | Swiss M7 X HiA (4R 17 HE), De Flora
VRN BBV DB 17.7 mg Cr(VD/kg A/ . ot al.
Ja, FREONF, K | B, EEARS 2006*
i) (IR 18 HAIC 3%
/N B 1 Ll | Swiss M~ 2 HE] (R 17 HE). De Flora
FTRU DA (BlEh o fE 17.4 mg Cr(VD/kg {AH/ G ot al
Y| KA. BRIEORTIE. K | B, EENEE 7 2006 *
it ) (IR 18 HAIC & 3%)
N3 B v Al | BDF1 iff~ o & HA[A], 17.7 mg Cr(VD/kg De Flora
VRN (E B ) KE/H, JEENEE [ et al.
2006
et RSy | 2 v A | Sprague-Dawley 7 | Hi[nl, 0.88~3.54 mg G Patlolla
RPN vk Cr(VD/kg fR#E/F ., JERE (7 ” ) et al.
CB B R) P AL 2008
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REg | ABE bt I T EHK
(BBt 5) Fi e RATHE
DNA 8% Va=FN."3 ddY 7 & Hi[al, 32.1 mg Cr(VD/kg [
(2Av b | BY L (F. 0. Ik, | RE/R . BERerE S CR TN .
7 otA) R, . A, (BEme 3~24 Wil | M. B, ) .Sefﬂ}ash
. ) (A HT) Rarte ‘230?
(TPl R, &
56)
DNA 5 | EZ oLl | fi~v A Hi[a], 20 mg Cr(VI)/kg [
(2Av b | BY L VP, B, M | (RE/R . BERENEES (Pl M) | Ueno et
7 otA) [N ) (G0 154, 30 (#2515 55%) | al
M Z4HT) (=3 2001°*

O NNgE))

kx ATSDR (2012) & B L TV 5 ik,

Q@ Znit
AN 7 v b DR R D 72D R E KOS E Caco-2 Ml (B Mk
Hodee v Sk MG B BGRAERAE) &2 Sl 7 & A R ko kSE e T T 2

~24 FERALEE U 7=, K43k Caco 2 TIZHfREMERE T3 E biT
SOy -H2AX S e ta 2 HE N S B 72 73
8-OHdG DA &M ST,
) DNA [E5E
3>V (annexin V)

s34k Caco-2 |

(%R 25 (EFSA 2014))

24 WHEALER O FER AR 7
I R4k Caco-2 XV Hlins
WL VIEPMHERDH Y TR = ZA~—T—TH 5 pb3 7T %
N (AN WA Y

L

(2 8-OHdAG
PEVREE CIX

K

L. M7 v 2030

Jafk A b LA K 237 ATF6 (Activating transcription factor 6) DEZN~
DHEKRGHIBITEHE LT, 7

K1 fifaiz
IZHE . ST v A TR 2 R B

ENTHIN ST, 2 0fERIE
HLTEO, HZAX U U {biE Coca-2 ffld D HEFHIZ
il:lb‘c]: D %Wb\/ﬁgft;é — g_)_ ;Lf/j—\‘ LTU\Z)O

FEHOIX

SKH-1 £~ 7 X (M, £8E 10 JT) |

Y7 = RN AT i -
B D/NMEEHBEE NS ¥, Btdto~A h~A2 2 C

MEVEE T A CHO-

PRI EE T AB49 Mifiel T O/ IMEZIE R EE %

. In vitro TONRANZ v ADOE M TIKIEE CITE
LHbDEEZOLNDHE LTS, (BR 131 (Thompson et al. 2012¢) )

CHIZVLBRT M) UL

. A7 v A OB O EE R 1 B
B 5L DNA [

2R kT &

KFn#(VI)

(0, 5 X% 20mg Cr(VD/L (0, 1.2 Xi% 4.7mg Cr(VD/kg KE/H)) % 9

M H oKk #EE- L,
HiE. IRE &K G T
TR K O 8-OHAG OHIE A bz o1z, Fi-.

N7 v A2 X D DNA H1E %2546 L7,
AN v A5 X D DNA-Z o8 7 B84
FeJE, mid. RE KO+

ISR LA ST, i COREEOHING SR Do T,
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XFHHE~ U 2 ORTE | IRE RO 5550 bk A 72 BE L. 1.6 mM Cr(VI)
DA77 v 2ZIEL #E ST in vitro RBRIZEB W T, &2 T Ol T, A7
2 LX< FEITE D DNA-Z 237 B AL O 8-OHAG DN A BTz,

EEH DI, N7 v 20 1n vitro FEBRIC B W T BB MIRIZEER L8816
5 & O DNA BR{LARE OFTERIRE 1L, Nl 7 7 A 28k 5- L 7= 1in vivo
RERIC B Wl kbil Tz LTWa, (2 132 (De Flora et al.
2008))

Wistar 7 v b (M, FHE6 L) ISR m AL =k VP AF )L
7 22 (NDMA : Nnitrosodimethylamine) %3 41 ® X 9 72584 7%
E LT, 156 HH#KE G 23RN Tz, f U7 R & £
% NDMA f## Td 5 DNA ik (06-AF 77 = (06-MeG)) #*
EWFEEE L L THW, i Z21T -7, £7=. CYP2E1 BER1EM & O GSH
Bz E L7z,

&4 HEHRFTE
if3 Cr(VD (mg/L) NDMA (mg/L)
@® 0 0
@ 5 0
®) 20 0
@ 0 0.5
® 5 0.5
© 20 0.5
@ 0 1.5
5 1.5
© 20 1.5

N7 v LDOHOBEEIZ LW CYP2EL BERTEMEICZALIT o 7273
GSH {134 L7z, NDMA (0.5 mg/L) KO Cr(VI) (20 mg/L) (24kiE
<BENT=T v FOfFEHER T O 06-MeG FEkiE. X 0.45 pmol/mol 7
7=%¥TEH L. NDMA (1.5mg/L) OL%x&EEL-IA—TLVEE
IZE o7z, £72. NDMA (0.5 mg/L) KO Cr(VD) (20 mg/L) (23:E<
BTy N O O GSH fEIE 4.32 mg/mg protein TH Y |
NDMA (1.5 mg/L.) OAh %L LIEHI D AEICIK»>T,

EE LT, A2 1AL NDMA (2 X% 06-MeG JERL 2 FE T HE i &
¥, DNABEEERORENAOFEEZ LY B LEAIEE:E20Nn5E L
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TW5 (2133 (Ma et al. 2015)).,

<=Z@mraiL>

@

in vitros\Ex

=ffi7 v 2MEEW O in vitro BIREMERBROMSREE 42 (TRT,

B 2 W2 E IR RAE ERBRILIFEREETH 72, B B U U NERGHIIE S
F v A =— AL AL =N A RIS 2 UV - ek BBk, DNA 8
GallR, Tk ge R aS iR . ANE W] DNA A Bl E 132 < Ol Tz

HTH-o7,
42 =Y 0LtEMET HECEEOREBRBKE (/n vitro)
B4 HEE * 5 B EEEN
) EMEAE | TEMEAR FATAE
HY el
HAELL T (Subcellular targets)
DNA-% /37 = /=N E coli DNA Fornace et al.
P ND P | g1
DNA #7771k S (7= ~ v A L1210 [ im0 a Fornace et al.
ND 2
Jia 1981
R - X7 | by v A NITFIVET 57— Snow 1991,
LATF RO M13mp2 ND Ko Snow and Xu
JAFREENN 1989
ATEZE IR ks a L E coli X7 T VAT 7 Snow 1991,
—¥ M13mp2 ND Bt | Snow and Xu
1989
DNAKRY X Wik 7 v A PSV2neo TS DNA Brid ¢
s o, ridgewater
Bigik ND 2 ot al 1994b
(arrest)
JFEEAY (Prokaryotic organisms)
DNA &1 =N B. subtilis ND ok Kanematsu et
Wi Uy Ly e - al. 1980
DNA &8 R | A/ZA=TN B. subtilis Matsui
1980,
ND =3iH Nakamuro et
al. 1978,
Nishioka 1975
g/ 7 ;LL\‘ i Ad
DNA &18 fillE 7 v X B. subtilis ND B B Nakamuro et
al. 1978
g/ Ly T
DNA &1 [L{Ei- 7= B. subtilis ND Ty aNlaligl%uro et
B 1225k cls-¥ 7 mu bR (2,2" = E. coli ND B Sugden et al.
SISO VASPA 7 1990
BETEAER | 3 oM/ ah . coli WP2 N N
KT uvrA/pKM101 (=33 2 | NTP 2008b
SOS St E Y (/A=A E. coli AB1157 0
flE 2 o A GC275. VA4202. ND ok ﬁf\g;&era et
HE 2 12 2 PQ30 *
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A4 HRW'E POE BV IRES EEN.
Urem) EMEAE | EME R FEATAE
HY 2L
SOS itisE A7 a LK FE. coli PQ37, PQ35 i o Olivier and
Fe =3 Mart;
artin 1987
SOS s#Ha Wb a A, E coli PQ37 Kb Kk Venier et al.
iR v A = = 1989
o 7 : N : ]
SOS S iE [{di A=A E. coli PQ37 b B Ygrslsl)er et al
1 IRZeIRA HAb 7 v L5k, S. typhimurium
(i Het B ) e 7 v A—KFn, TA100. TA1535 De Flora
WRER ) ULy | L 1981,
(Fv=hv7h) BERLE 2 7 A TA98, TA1537, (B33 2t | Petrilli and
HEENERRER 7 7 TA1538 De Flora
VA=W NEIE Ry PV 1978b
7 o WERHE
(R R AL fglEE 7 a A S. typhimurium o b Bennicelli et
(K E ) TA102 - B al. 1983
TEIRZEIRA Hibs a A S. typhimurium
(HEE R oc) 8 462 ANIKFH) TA100, TA1535 b sy | Venier et al.
fil§ik 7 & L —KFn - - 1982
(Fv=hy7}) TA98, TA1538
1T B =D RV S/ = N S. typhimurium " "
IR IR vl g e b S. typhimurium
— KA TA102, TA104, N N
TA100. TA1535. Fex 2Pk | NTP 2008b
TA97, TA98
1 IR ZE IR 2,2-E Y v (1,10-7 | S typhimurium ND s Warren et al.
xFrAnYy) sk | TA92, TA98, TA100 7 1981
1 I 22 IR 5 |=gt= ) BN 2/ A=V S. typhimurium i
TA98. TA100. e | R | N aakeret
TA1535. TA1537 *
T IR RAs Bk v S. typhimurium .
TA98, TA100, bt | fapp | rattakeret
TA1535. TA1537 *
TEIHZEIRIE FATVUREE T aL S. typhimurium Sh ¢ 2l
TA1535, TA97a, =303 A | Doos
TA98., TA100. TA102
GEIRAL B g7 v A S. typhimurium Kb ot Yamamoto et
TA1535, pSK1002 = a al. 2002
HiAY (Eukaryotic organisms)
BEEES N K (7= A S. cerevisiae ND - Bronzetti et
AR RAE i al. 1986
DNA k% Wb v S. cerevisiae Kirpnick-
ND [ hes Sobol et al.
2006
kU (Chickens)
DNA #6 (% L[ A fI® (chick embryos) Teanakos ot
0. ND | e | Toapakose
DNA $45)kr .
IFLEEAE (Mammalian cells)
DNA #{5 K (7= A v kU oNER o, Blasiak and
ND PE | Kowalik 2000
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B4 e POE PR R ELEIEEN
Urem) TEHEAE | 1EME(E FEATAE
HY el
NEH DNA & | Hbr =L bR A A o) Whiting et al.
e ND Fe 1979
DNA /1t b (AR A= b BRI o Whiting et al.
ND e 1979
Yuth (R ELH Hibr v A bk HImER N
Rl v ND | g | Aot
HERE 7 o A a
Yu k=i 4< '
Geta kR A7 v K5KFn) =N TiilkzN ND B B ?;esléa et al.
Y 7 N ©
PCEREN S ks a A v A ek ND Kbk fgggo et al.
ik R 2R | Hb 7 v LoRKF v bk HinEk ND K Stella et al.
# - 1982
RN e [N F¥ A = ANLAR ND Kk Newbold et al.
—V79 il - 1979
PSSR LNy b7 v ARAKFIY) . VU T UNBAT =R ND Kk Tsuda and
ficls 7 v A UK A - Kato 1977
PPEREN Y HAb7 v L ASKFY. Fyv A =—ANLRAE ND K Ohno et al.
il 2 v A0 KFnd —Jiii DON #llj - 1982
ALY Ak 7 v ANk F. F oy f Z—RAINIBAHN
iR 7 o A—KFn. — IR B "y Levis and
U - RN/ = SN ND L Majone 1979
=N
iR RZS | HEAb 7 v ARk T, Fx A =—ANLAH Levis and
#a 4l 7 1 b—KFai). — YR B A Majone
iy RN/ A= NN 1979,
WERE 7 11 A ND ZME | MacRae et al.
1979,
Venier et al.
1982
GRS B ==V S/ =N F¥ A =—ANLAH Coryell and
— PR B Stearns
(hprt JiE) ND Btk | 2006,
Stearns et al.
2002
ZEIRIR B FAT L URER T v L ~ A L5178Y+/-V > e oo Shara et al.
2R - B 2005
GEIRAL B = BN P/ =N ~ 7 A L5178Y U /% s s Whittaker et
JEARAE 7 al. 2005
GEIRIE B A=A ~ 1 Z L5178Y U /% s o, Whittaker et
i e S| 9005
PR ¥ K (7= A ~ U A H M A N Fornace et al.
ND e 1981
Yuth (R ELH Wilk 7 a ~ U AL Umeda and
ND (=36 Nishimura
1979
~ 7 AFLEH M (Fm3A cells)
Yu LR u=3 INT=Y
Peth R SR [ SR E IO ~ 7 AR R ND S B lfgrgf;}tto et al.
o ST =
AR SR [P g= I ~ U AR YR ND oy ll%g’gt:?etto et al.
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R4 REE PSS PRERRG R E =N
ko) AL | Tl FATAE
oY L
REHDNA S | Hbr =2 ~ 7 A A18BcR #iifid ND o) Raffetto et al.
4 BRI | 1977
ND: F—#7L (%14 26 (ATSDR 2012))

® in vivo it
=i 7 v 2MEAW D in vivo BinmE B ORE R A2 K 43~ 45| k_/TT
TavuTa ynT ik QW E s 2R BB T h o 7o, IEENE
KTEINTe DU Bk A W T et R B E R /R S iF}%’fi“C“Z?)
STc, U ATHAKE -, ®ERE O &G, IREER G L OEENTER S Lo/ M
AmBRIIEETH - T,

x43 =WV OLEEMICET HBEEEMOREREE (/n vivo)

AR HERW'E PIES EVSEES ELEE AN
k&) FATHE
S g g b AR iﬁ B D) 3 ]
Em%kmk fo7m b FAuyayayse =3 Amrani et al. 1999
o R H /A=W Ny Ve b kU NER b Hamamy et al.
(EIHifE 2 v L) - 1987
I Beirh L b AR Y > oRER Medei 1
DNA-% /37 B edeiros et al.
i 2003a
7KT|EJ
DNA # B L b NRAYIM Y > SER [l Zhang et al. 2008
DNA 2245, 1 | A/ =N 7 b TR, B
DNA-% >R (MEREN R 5) b Cupo and
LUNE = Wetterhahn 1985
DNA S5 Y
A [S=R T Y/ R= N F344/N 7 » b, B s
KR (M2 5) =S NTP 2008b
DNA 7 f1k FA T URES T v A SD 7 v ., Jiffig L Shara et al. 2005
T NN VAT B6C3F1 ~ 7 % N
—KF (142 5) At | NTP2008b
N =) .3/ @ = IVN B6C3F1 ~ v A, JRifLER A
KR (R 5) =3 NTP 2008b
DNA k% =K (A7 = ~ A s Kirpnick-Sobol et
(BMRxIE < #R) al. 2006
N3 mligh ) oAy s+ | BDF1 ~ 7 A, R Ktk De Flora et al.
KFni) (k& L) - 2006
=S Wil Vv A7 miA+— | BDFl1~vvU X, & Kk De Flora et al.
KFN (K5 B 2006

(%P4 26 (ATSDR 2012))
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F44 =iV 0 LILEMIZEAT HETREEOHBRBIE (/n vivo)
(BOE5)
A4 Sy R OE RERAL R EEEN
(FRBRxt42) A& (RS FEATAE
N ol vk | F344/N 7 v b 3] (24 WFEIFIRE) .
a=PA (B BEAR mBk) 19.4~310.7 mg Kbt NTP
Cr(II)/kg fKE/A . A - 2010*
o &s
N v'a Y | BEC3F1 <~ 7 A 3 HAM. HE2~1,419,
VA=NN CRAY .77 1f BR) I 1.7~1,090 mg - NTP
—KFn Cr(ID/kg /A, IR - 2010*
5
N3 fiEg7 ) v | BDF1~ 17 A 70 A M. HE 165, De Flora
NA/= 1PN (BAEMA, RAYIMA | 140 mg Cr(IID)/kg &/ fatk et al.
+TkFY | ) H., fok#s 2006
N3 vEal g | SD T v b Hi[A], 4.1~246 mg
ZA=FN (B #mA) Cr(IID/kg {AE/H., ®HO Komoro
45 (=4 wski et
(B E D 18~42 B al. 2008
BT H3HT)
DNA k% | #ifkZ7 v 4 | C5TBL/6d <~ 7 A 375, 750 mg Cr(IID/kg Kirpnick
(pun (RJ2#% 17.5 AR KHE/A, Rk~ U ZIZHOK b -Sobol et
reversion 152 45 al.
assay) 2006

*x ATSDR (2012)

EEBE LTV DR,

(%M 25 (EFSA2014))

F45 ={Y0LLEVICEAT LECSEDOHERBE (/n vivo)
GEEO®kE)
AERA ARERE B x4 FRBRRG R BN
(BRExr5) JRER== i R FATH
N3 b7 v | Sle:ddY ~ 7 A 2 A (24 BEREEIRS) . Itoh and
(‘B Rk A) 20.5. 41 mg Cr(IID)/kg (£33 Shimada
RE/H. NS 1996
NN v'a ) g | CBA/Ca~ T A Bi[E], 0.4 mg Cr(IID/kg
DNA {5 | 7 v h GRS, V> | KSR, IR e Andexsso
(22 b SER, JFFAAR) (55 16, 42 W] = 2007
7o) BI04

(7) EPAADZXL
AN B LDFEDfu A T1 = K LZOWTIX, DNA (ZIEEER, TRIEERIICHE
M2 BIsEMEA I = X LR OB mEN G LW IER IR A 7 =X
LIRHE ENTND, FEBImEMEA T =X LIZONTUX, AT =X LOfiFH
AERDPITON TV DR RE SN TN D,

(M8 25 (EFSA 2014))
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@ Eiz=EE MOA

a.

DNA [CE %I FHEMIC/ERY 5 MOA

A2 v A%, FEN T, RO R TH DR E e Il e Ul 2 &
LT, BEMNC =M v DMTE TS ND, N7 2 A HKIZ, DNA X
ILZFDOMDARE T E13IE L A ERIS L7V, IZBILOImE T, EITHIFr R
IR FA—NT P H IV NRFERT U HV, FHZ ROS #/EFE L, SO
DNA 815 (IR, 2846, B b, BidEEEAL. gaps K OWIKD KO%
DDA TR (kG R, ~A 7 vYT T A4 NREEM, /IMZ
RO ARG #5515, Az o 2olE< #&I2 L5 ROS EEOHMN
ERTHEITZ <. ROS 2 pb3 (K(F MR E S 1L, 7R F— &, NF-
kB OIEMHA L, REBERORBE 2T L 2RmR LT, £z, fiffir
2 A KOG 27 v 5 BESEROEBREERZR-> T 0 | RIGHEICE LA
X VR L D AKES & E G %ZE U C, DNA ICiRbiEtGE %2 52 %,
Flo, Rz e L0 XTI RIERHELT, TV AT =Y
F v A == ANLAZ =t F O TDNA X F Lk X ko~
AFNMALDBE DB S, N7 v HTREEEMIT < 8 S 7l B3 i
DNA A F /U AbD B} O A{s 78] (gene silencing) 23 54V TV D
DH 5, RS REDIRELE 72O T A[EEMEOH L7 v ML=V =
2T 4 v T IR LR AN E ORI Z IR TRELUIV S OB D03, IRIERY
RIFFRILE AT DTV, (B3R 134 (Abreu et al. 2014))

N7 v 2 ORBEETED (7 ) —F P h v, HAli7 o 2O v &)
KOETICER SN =7 0 2T, b FROEREMY T ONTRNAMER
BOERTHLIEEZONT WD, 7=/, Hffiz v, U7 m
L, KOV=Afi7 v 4k DNA OMAEEHIZ, DNA OfEErRIEE, HEERES
R O ~DEE % 4 7= 5 L1535, DNA OREERHEEIZIZ. DNA 85800k,
DNA-% 37 BU&EIE R, DNA $4EI28& . Cr-DNA A DIERL, Gt
HRFEENEEND, (B 14 (IPCS 2013))

N7 v LSRN TEITT SN D Z & THELUZ =27 v A%, DNA &5
BT LICL > Tl TFHREZFHE L. 7/ DAL EMLE 525, ANl
7 1 LOMIEHETCIZ K o TA U 2 BS54 2 E ARG IR EIZ &
', DNA fIif7ER%, DNA $18IHT, DNA-% /37 2846, BRICHE R AL,
PR AL O 5 A= DNA SHRHIZHE Kk OCSHNAMEE R b %, Z 0 DNA R
#5725, DNA B CRG OMEERREE ., MIaEH T = v 7 R A > P DR,
DNA BEA I = XL OFERE .~ A 7 0T T4 MALENE RIEUE,
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MO ESF LD NT o AT 5 EELRTEE Xy NV —27 O
BEEIC D7) . ZIVD OB NN 7 17 AT X DN A DRI &
5z %,

RN v ARFEFT HHNASEA~OIRPL A 1 = X 22 1%, #2472 DNA &1H
AT = AL EAFT T VR OB R OMRE T A — R O B A3 B
LTWbHEEZIHND,

FEEDIT, A7 v L0EL BRICAEFE R LI/ TlX, DNA B8
EHEFL T FND AT = RN L TWD T2, JEISIZE DRI AIRIED
HERE 23S HEAE U, IAEICIEEZ BT o B2 bhb & LTWaD, (B 81
(Nickens et al. 2010))

N7 7 L OBEIRFEMEERIC DWW CEEZSIL, N TO N2 o A0
547 v A~DIEITLTH D, WIS =AM v 203N AMED MOA &
Lfm\uT®2@D@NmAﬁ%z%m5
1) MOA1 : =iz v AZEIL SN 5HEFE T Cr-DNA IR DAL KL Z

O DNABENEZ % 2 L TERFMEZ L7267,

2) MOA 2 : #ffi7 v AZiE LS4, W@ EAKELDORIGIZE D B Re ¥
VT AN ERESIL, ROS MOERELA RV ANAELD Z &
TDNAHEEAEZ LERFME L7267,

WD MOA HiEEZ VD B X O, Nl 7 v ADBIEEME I %

HLTW5, (25 (EFSA2014))

Oral uptake
ofertv)
Intracellular cr{in} DNA
reductionto “% adducts) ==& Mutations
(o, [1)]
Reduction Absorption
to Cr{lll) in and cellular
Gltract
l oo\ [ ]
Ihdmﬂun ROSand DNA
Excretion of Mdaﬁ* - damage
cr{in) “’:h‘”&

B1 KifiY OLDOENAMED MOA =
(BH8 25 (EFSA 2014)) &Y 3IMA

b. DNA [CEEMIZERT 5 MOA
N7 v A OHIENAHTE DNA 8525 X EZ 3 rEdErd 5, N2
1 A2 LD DNA #HEOKRH LWL, Cr-DNA FIMKDOIE TH VD . 245K
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LR L PEROW 2 57,

A7 & MLFE AR FEBL L TV DR 2 B H LTRSS, 3%
BINCAEET RN OFR LB I L > TREEN D Z L b, B RO
LR OB TH N AZERET D Cr-DNA MINERNER SN D & THESH
5, JREIEmEE S & BIC, Al v LDk & B TE (multispecies)
Je O % 72300 (multisite) TOFRMNAMEIL, N7 7 23RN S D1
CEIZE- T MIEDBDAMRH D L DFHEINDOIRERER R D, Hix e
AEHLS . OS2 & DODFED ANEIZE T D DNA SUSHEERA =X LOEE
PEZRLTEY, B FOBNRALY A7 OMBERHENMNELZ FFL T D, A
AFT XA TEVT 4 OFHEROFRT ¢ 7 AN L DNTIE, BREICAET
HIRE TS BEINTAMM 27 v MIFERITITE N THEE I LT, 10~20%1E
NG TR S, BIEMEREARE D Z L 2R LT 5, HEAEERFEME
MOA K ONH TOfRIERA O AREEMIL, Sz v AERIC L 2% B A Y A
7 DIKHESF (low-dose extrapolation) (Z331) 2 BUEDIF/E LA T 5
ZLERLTWD, (M 82 (Zhitkovich 2011))

Dose-independent Linear dose-dependence
I 1T 1

. . Criviin
Cr(VI) ingestion L 10-20% Cr(V1) escapes

g * Chromosoma | damage T
via water gastric detoxification Cr-DNA adducts + + Mutations —pp Tumors

Crv
ROS ad
DNA oxidation

Sublinear/high-dose

2 BKEEShE=AffiY O LDELRELE)RY
(BH 82 (Zhitkovich 2011)) & Y3BIM

RIS BESINTAMZ 2 A0%, BRATELLINDN, £O—HITIETIC
& b b A ki, BRI ELET S, N7 v 20— BRI A S &
Sl v DRI BBIEA NV ADHEREN LTmERE LD E LI,
71 LOETTHREURDN 2 X7 B K ONDNA & G T %, =i 7 7 23X DNA
ETIMARZTER L, MIRERICENDIBENDRHDH, EDO XD E&D0 N
7 ATYH, MENIZ AU, BRI ARG T 2EEEZ > T, (B
M 65 (Sun et al. 2015))

F o T, NMliZ v 2T K-> TR S L& S 2 B MOA
IZE Db ONERIAT D7D T —F T 21T > 70, £ DFRIC MOA 7 L —
LT — 27 &l U CAMMiZ v LDt &t 7=,

F—DAT v 7L LT, fx B EEICET 7T — 2 2 NE L, ZRK
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ME R T 725 B B LR B A FIEZ -3 L7, RIC, B
WIFEBIZBN T, BB ANERFME MOA Z/R L CWAH2FHII L, ZDOfER
ITE MIOHEHAT A ZENTEL0 M LTz, L E 2 —OX5R & 7o o 72 3k
DT, MOA fATIC LB ok 2 ol z2 . PIREICHEEL T\ DT —213d
ol Z Enn, FHLOEALHT (WOE : weight of evidence) 7 7' 12—
FEHNT, NE LT — 2 Dk ifim B2 5 2 50 8Hh L7z,

MOA 7 L— AU — 27 Z W Thk & 72 SCHR 2 fRHT L 72t . ISR Tl
ELTEER AT v 71X, DNA LRM7 v AOMAAEH Z/&H Lz =fli~
B AASOERIG, FEIRERFHTE . MEE &k VEILEIEE O Th 5 Z & 73
FZEABNIZ, v~V AOAMKRTIE, BAKGIZE > THLNTBIETAL

(DNA —A$H,/ Z ARSI 13, HEERFICHENLZ (p<0.05), 2D
&SR OFERIL, Bl TR OB A DOKREEFREZ IFL TV D,
F 7o, BEEEICES 5795 DNA HIMEIZ R O LR 5 2 3 RS REL
HRINTWD, WOE 1%, ANMli7 v A2 R FEME MOA @ U CEH LT
WHETHILEDOZYMEE IR LT\ 5, 23D in vitro KON in vivo 25 5
JRMEER I B W T LIS O (I, A8ESE) CHitEZz L Tnb Z
END AT B AOEKE G- TH LN T v b O OPEEE &~ U7 20/
NS & OEAL—EUZBAT 57 — X IEA R LTV D0, Ii&iy 7 fbaml 2%
HZ2H1FEEDOEDTITZRWE Uiz, ANl v A3AMK pH Tl Mgy v
fig L PTG 2R L TR Y LS BEENL BREN I~ B 52 5 2 &
BTEZDOERIZMIaS D& M O X D WINRED BV E 9, S BT,
N7 & AE NI OB RFHRE N AMEE B LB e 7 ¢ — %
ALTEY ., ZIUIIEG RS, B O & ORI 3020 53
HHNDHI ETHD,

L7273 - T, EPA Cancer Guidelines (Z#¢ 11V A 7 3l 2 i3 5 £ T,
ERIMEEEZ AT 2 2 E AR L TS, S, ANl o A0 EBEIIC
DNA Z{b %R L72ERIZ, MOA NEMIIKICZ R~T 7D Th D, £70, Al
7 v LIAESER R AR L BRIBRIXKBEZ T~ U AORAEFOIRT
IZ DNA 5 %2# Z 4= & 75, ADAFs (age dependent adjustment factors)
AT 52 ENHER NS, (B 135 (McCarroll et al. 2010))

@ IFEE{nETE MOA
a. ENAANZXLOERIZET MR
AEPNALRR S B 1 DR AN, LR, by a s ) 2 7 A ROy e
FHT = RINET S0, Az v a0 90 B K 53R 2BV T
BoNnio~ T ADOMIZ YT L, MOA & 1T-7-, T OHE. 1) /INEE
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PEM B ORI 7 @ LAOWIL, 2) FEITKT DHlaEtE, 3) BE CORAM

(regenerative) DWBIZAL, KON 4) [EmeMia oA K 22 B o 7
0 — MEEEBE D D OIS LD R FER LMD IEL BFEME MOA @
AR R S 37,

FH O, IBPARRRTS T Tle <L IEDOFRRIZ DUV T HARAIFR R 2 R 520
7 MOA OFT — X LT 5 Z EN T, L RZERITHE 2N 7 v
DL D/NHFEPR LD MOA ZiHli§ 2 Z &N TEHLE LTS, (B2

(Thompson et al. 2013))

in vivo TORBARFEMETREE AN I ATREE & ol L THWaE . BRI
S MOA (Bl 21X, WNawens < GELUEHAMmEE) SMEH LGS, #&0
X< B INTARMM 7 v ZTHONWT, T D in vivo BARTENME K O3 AMET
— 2 &l L7z, 2 < DALEW T, 805 A K ONEAR FE M8 BE O kHUE O
iZ1 U ETHoTen, W<onroT7r—2ty b (EEfEET,) Dkt
1T 1Rl CTH o 72, EEE A2 7 A TONIEO T, IEEmFED MOA
EAETDHLEEZDLND 2O0DLFEWE (V7 nufRV ARV TS ) —LT
V) DEEREWETH ST,

EF DT BIREDOAMZ v A2 PR L2 >l TRIE SN A
IZBNWTC, BEFEENEEREFZRZLTWARNWI EEZRBLTEY, N
fili 7 v AMZRE9 % Falr © MOA K VA Finlf e (AOP : adverse outcome
pathway) & —E L TW\5H & LTW5S, ZOFEENSHTIL, (56572 MOA
LN AOP a5 DICAHTHLEL TS, (=R 136

(Thompson et al. 2016b))

N7 v 5D MOA % NA A)N—"T > hAY J—=>7 (HTS : high-
throughput screening) —# . invitro 7 —% kO in vivo T — % % HE\Zfif
Hrivz, HTS 7 —Z OfERIT, ¥ aF ) I T AT —=F =D in
vitroT —4% & —EH L T\, 90 HEiAMfliZ o 225 L7-~v 2D, &b
MO m ORI Ch 5+ BB 5, invivo NZ A2 Y7 |
T RIGE & Invitro )NE R LIS LTz, SR v A2 Ko TR Z o 72 e st
S HIE DAY T XL L CTu=23, ph3/DNA 15T 7 R D2
{ETIEA SR =N A BTz, pb3 R DA LI, Iin vitro TILA BALTZN
in vivo TIXH LR D> T,

EH DIL. ZORRITNN 7 v NFER O/ D AITFEE EFE MOA T
bHZEEIFL TS ELTWS, (2 137 (Rager et al. 2017))
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b. EMNAZEAH =X LRARE
(a) 90 BREIgKIREERER (¥ R)
NTP (2008) DBk & A% XN L VIRWRE T, B6C3F1 v 7 &
(M, &HE5~200C) |CEZ v Al Y oA KFm(VD (0. 0.3,
4, 14, 60, 170 X% 520 mg/L (0, 0.024, 0.32, 1.1, 4.6, 11.6 X%
31.1 mg Cr(VD/kg {KE/H)) % 90 HMIMKEK 5T 5B T,
KRG THA LN EIERT Y 23 46 ITR7,
WTNOERGEEO+ BB L APETYS 8-OHAG OHEINIEA b2
Mol
EF DI, BEKFONRMZ v L3~ T ZAD/NGIZEEEA N LA
EHFEEEOCBREREREZREZ L, AR~ T 2AD/NEIREN A D
MOA TH L A[REMEZ RIETH L L TW5D, (M 3 (Thompson et al.

2011))
F46 90 HfEIEMRER (TVX)

BeHRE mg/L i3
(mg Cr(VD/kg {KHE/H)
520 + R A OVEGOMEZNE, T B0 7T AR F—
(31.1)
170 Lh + TR S OVZERG O R R T A K OV B [ A T Rk Bk i1 |
(11.6) Mm#ED GSH/GSSG HAK T
60 LI I + ARG R OVERG OB E Ze i b, mE. RE . 22k
(4.6) ORIAGFOR 7 v LR EE RN
14 L0 E + B R OVZERS O GSH/GSSG AR T, + 4550k 7 o
(1.1) DR EERE N
4Lk + RO X E VIR = VEE N
(0.32)
0.3 FEMRT R L)
(0.024)

Thompson & (2011) & [F UERIZIH W T, B2 D A I =X Lk %
AT o T Fn LA LU NITRT,

Thompson & (2011) & [F UsERICEHWT, + FEHOMEL NEE
2995 B 7 ) e OB R FRIICRRMT LT, E70, + 286G B CoRs
PEDS WSR2 B (512 K-Ras =@ K 12GAT A ) O#F5% % Allele-
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competitive blocker PCR (polymerase chain reaction) % T L
77

B COMBEMEIZA 6T, MRESIOREE, %E. RN OZE
& (blunting) 23A 5472, 91 H BHITHEHT L7z 60 mg/L DL L& 58T
FITHEI I CORFEPAEREICHEM L, 170 mg/L 2L EREGHET/IMX
M L7z, Lo, BTk, MiaaR kO R b— v 2 FEEI N
ORI H BRI A LT, ZiuUdRlr v A2 LD
AN EBICRE SN TWD Z EERL TS, ANz v A, &
By O R O RE M LRI DI L - CREF S 2 L 9
2, TR E COHERFMEM S RN E 5 S 2 Uiz, xHREEE
T?O K-Ras 2 RN 12GAT Z8ITTHNE L W & @mo-o 7225, N7 & A
OFeHIZEH# L7z K-Ras = R 12 GAT AR OENINIEA Lo T2,
BT 72 K-Ras Z ZARFE O, /IMEEL., fila 2% OV R F—
VARBEOEALZ DT, K-Ras BRMEN NNy 7 7T 7 R~ LT
m <, BEEp LA H BRI 728NN A bl Z Lk, BEEH S
\CBEEEEN 2N & E—E L. £/ MOA |3F#c 3 2 A B e He 5E
DFEFE LT, DAFRRICB T IEROEENEE LTSI b —
HFLTW5, (R4 (O'Brien et al. 2013))

Thompson ©» (2011) & [6] UaBRIZISVN T, a0 X BT BEMMS: 2 H
WCH HRIBOMER CEFEDO 7 0 L8EZ A L, v -H2AX oY ik
12X > C DNA {524 L7z,

i~ 2 ® 180 mg Cr(VD/L B 5-FEIC+ —F5 15 OMEZE (blunting)
KO REEB A DIV, RO & LT, B R
B 1550720 | BREA RN T 2 FICHER LT\ e, v -H2AX e
BIIHE T L7223, B2 CIEEIEA LN o Tz, 8 X BT
BAMEE CIIMEBETRE LD 7 o MRED 30 500 E& <. BEHE O
By a MREIFI ANy 7 770 REVENIEWETE -7, METIE
EREED 7 1 AOIFERK Oy -H2AX o Y DN & 23vb 63 B
Bl 2 T BRI AN T,

EZH DL, ZORENG, DG A D MOA 1 X/NNGaiila To 7 v
2L DNA L OEBMG TR, T LA/NEHKEDIEBMEIEE &K O
RS L ERFEA N = AL THH L2 RBET 5L L
TW5, (M7 (Thompson et al. 2015a))

Thompson & (2011) & [R Uiz W T, w0 X BT BEMEE, v
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-H2AX g etz DT+ BB OMELR S ZRE L, £,
I BRAT 7 I RE/EHEIE OGRS Lz,

21 O 180 mg Cr(VD)/L TR LR HIIRE S HIN U723, /ME &
UwImAx%rméiﬁMLﬁﬂotJiﬁ VI IR AT 7 I NI
Traf/ I ME R Oy -H2AX o Yeta B EBIIZEIIM Uiz, #6 X B0
BEPSEE T+ HEBM RISV 7 0 AEOEN R DT, RREIZITA DI
IR T,

EH O, N7 v 23/ NEEAO & 5 5T CRREIC AR 5 2 T,
B e EGE S RENRRER L ROk EEZ L2 &
ZRLTWHELTWD, (R 8 (Thompson et al. 2015b) )

Thompson & (2011) & [F UsBRIZIHW T, + 5l B LU= B
DB FEELE B & AT L 7o R, BEIEZEE FITEA ML X,
AORE ], IRE AR L OREROSICREE T 285+ CTholo, ZHiT
KIET HHOKFOEZ v AFEF NV T A KF(VDIREIC Té@zﬂ:
EITRIE D L K QYR B FAIA L &L —F L Tne, £/, SRl
Brabid, b X L R filamttEz gl EEFLRLE L TEH 2 TVD
MOA & —EH L TW5,

EE DT N7 v L O@MER O 5IZ X 5/MNEFESAD MOA 1T,
P2 7o MR A = e OB R 72 B filaii Coh b 2 L 2 RIBT 5
ELTW5, (5 (Kopecetal 2012a))

Thompson » (2011) & [ URRBRIZEBW T, ANMiiZ 7 A2 Xk - THE
SN~ U A+ OBIn FIB N Z — e A TR BT
HWE 2-=hu7LFLy, VAFL=rrYT IV, 4 (AFL=
fayY7/)-1-B3EVIN) -1-TX ) KORT 7T %2 By) &
4 SOOI ERFHENFRDAMEME (A2 Ly VonF AT IR
Fe—/b, Wy-14643 K OB =17 h &% F) ICL-> THFER SN
7 v NFBEEBEFRBL NS — 2 L g LIRS, Sl 7 v A8 FINE

I3 BIFEMERTF R DN A E DN — o LI R0 | IR RFEVERFR S A
b’% B D /RH— R L Tz,

FEFDIL, ZORRITIELERFENME MOA 2 X8 L CW A IBICEET 51F
MOT—HE—FHLTWhHELTWS, (K 9 (Thompson et al.
2012a))
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(b) 90 BREIgRKIREERER (T v k)

NTP (2008) DFEr & RS TZF L VIRWRE T, F344/N 7 v b
(M, &HES5~150C) ICEZ v Al Y oA KFg(VD (0. 0.3,
4, 60, 170 X% 520 mg/L (0, 0.02, 0.2, 3.6, 8.7 X% 24 mg Cr(VI)/kg
RE/H 5)) % 90 HMEKE G T 2RERNTHILZ,

B GRETAH LN Y 2K 4T IR T,

AEDZ > b ORERFE R & Thompson & (2011) O~ 7 A DalERGE &
ZHES LR, 7> bE~v 20 OERET O 7 v MR IXIEIE RS
Tholco WTFNOMETH+ faE A AED 8-OHAG OHENIEA b
FTLUIESTLM VA F A AEE A BT ER L ZEBTHED L, 70,
+ R AR ER IR N A B e, GSH/GSSG KX, 7 v oo+ TiE

BCIHE TS, ~T 20O TIHMETFT L2 » 7=,

EE DI A7 1 ARG K D1 > WEOWLE FE D AVITERIE A T
VARG LTS EEZDLNDD, IENOERICE DR E D

noHELTWS, (P 138 (Thompson et al. 2012b))

& 41 90 BREAIEMEE (S )

58 mg/L iz
(mg Cr(VD/kg 1K E/H)
520 [E1j5 DR 7 = KPR EEHE N
(24)
170 LI E + RO T R b= AR ORREIBTEA, 2215 D ik B AL Rk Bk
(8.7) R, mAED GSH/GSSG KT, AR O s v Af RN
60 LA I + ARG O BALRREREE, e R OZES O GSH/GSSG
(3.6) KT, AE, + R OZEGOR Y o ARSI
4 LT (FMEFT A2 L)
(0.2)
0.3
(0.02)

Thompson & (2012b) & [F UaBRIZEWT, HAR D A T =X LT
AT TR Z DL IR T,

Thompson & (2012b) & [F UERIZIHBWT, + 805 LR K OVER
OB FIBIEB) 2T LIORER. B SN BB EE (=738
A b v HIRRE ] IR AE & OV SOS I BE 3 2 s+ Th o 72,
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IbiE, ST HHOKTOEY v AREF R Y UL ZKIHVDIZED
Rl ToREE DO B L QYR BB AR FI A L & —F L T\ e, <7 ADifE
£ (Kopecetal. 2012a) LI L7=/ER, X<E 91 HEICT v b+
TG THA LN RBEBBE I AOESLU T THY, EYa A
fier b U oA ZAKFHVDEE 170 mg/L LETIES<BEINTZT7 v bD
kR D7 0 AEEEL YU RO Th o7z,

EFOIL, Ty Mev U ZAOBFRELBOERIL, 7 v LD
FHEEOZELMHE L, 2O PBEEEROE EEL R EMT LR E 7
LHEEBEZOLNDELTWD, (36 (Kopecetal. 2012b))

ANt 7 v 3T o iSRRI A8 Z 3, Fe2rO A3+ _f5l%
BATT 2 EEZ 5 L mIREDOAM 7 v L3NG EREN T Fe2ta Fed+iz
it L., SkOWMINEETDHEZEZI LD,

Thompson & (2011, 2012b) & [F] UalBRIZIWT, +F65H. T,
135 K OV $8 8RR L S H BRI Lie, + BB 0&Em 138
FENT CIEBRRZ & —F Lz st 2R L, itk 1 (DMT1 (&
f5f:Slc11a2) RO T7 v A7 2V U RKK 1 (TFR1 G&fn+: Tf1))
NHBEICHY SN, £7-. KT OAMZ 2 L3 20 mg Cr(VI)/L L
FERERETIEIT v FO 7 v AOFRMER MR/ L7z, s
JCREDNEEAN L, ANl 7 & AVRMERA~RIR SN TWD Z & 2R LT D,

FEHEDIT. INOOT—ZILEBEDANM 7 7 LGk OWI Z IR L .
BOWEFEEEEZDZ EERBLTEY BV O MR CE &
DR 7 AEHIZB N TH LN BT IS8 D R Z & EE M
DOHIEORREMEIZL VA TE AL LTS, (B 139 (Suh et al.
2014))

Thompson & (2011, 2012b) & [A UEBRICIH VT, AR OERS:
M7 7 s ANET ) AT RYAL 70T LA GHICL > THELL
i, 7y RO U 2O APERIROER G SITEHE TE 526D TH -
2o T v RO~ T 20 OO B b O L 7 Uik O
DO+ _FBICBIT DINE LT D & kT2 v AREIZS T T, M
ik M OV ] CBEE 72 & -PUG DO — Bz s Lz, APERSIRIZEBIT 5187 v
LV RO C & DHREISE L, MR AR FE LN & & —%
LTW5, (M 140 (Thompson et al. 2016a))

NTP (2008) A Of Thompson & (2011, 2012b) OFREERIZIIT 5 —H
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P (KRR OEE 7 v VHEUE) NFHMil Sz, “ADBREOFRERFY
FEZN 450 13 BRKERGHBRIZB T ST v N~ T 20+ 161
EEZL— LI HETERSE LT, 4 DORBRICEB W LIRS OIEE
B NGREEN S O, BAEREROEEELITT v PRV~ T 2D
TR T,

FHOIX, ZoRITEBRLOEENIGE L TEB Y . DMERELOE
WRIFLEOEBEE LB T 20 TH Y | FEEGEMHREORRE DEWVE
TNENDORRP2IEERICEE L TWDH L) ThodrE LTS,

(%8 141 (Cullen et al. 2016))

(c) 28 BHEIERKESEHRER (FSV R TZv IS v k)

NTP (2008) DOFERIIVT AP NA A b HEOE Y 0o AfET)
NU D AT RFIHVI) (180 mg Cr(VD/L) %/ Big Blue® TgF344 7 v
MZ 28 AE#OKEE L, BiomtEBEOROBBAMETH D 4-= F
2%/ Ur-1-4F% 3 K (4NQO : 4-nitroquinoline -1-oxide) %[5}
E LT cMEANBETFOZRRERBE LA LT, BEOZEONAIER
Je OB D SMATSR PIZ 38 T, ANQO TIFZERE RN AL
e, B AT MU DA ZKF(VD TIXZERAE RN EH L
NoTz,

EHDIE, INHOT—Z Tk FRIEKEINTHDHRED 18 Tiff
DA 7 AT THHRRKRLITEREROEMMP N2 L& RL
TEO, AMiZe DTy NAPETO A B =X AFRERERIZE S
DTIERNWZ L Z2RBTHLELTWS, (B 11 (Thompson et al.
2015c))

Thompson © (2015c) & [A U Big Blue® TgF344 7 » h OiRERIZES
WTC, NTP (2008) DOFBR CTHEMNAMEZ RIS R0 >+ FBTD
HMANBLGTORERERBELZFHE LT, NoFAL-N=FraY L7y

(ENU : M-ethyl- Nnitrosourea) & EtExfia & L7z, + _f5l T 1
LRI U722 R R IY LS L e o7z, ENU 132808
HARE A BHE I LR S,

FH DL, BERIFMERRM Y 0 A THERIND /MG A O FES:
TlHRWZ E&/RLIZE LTS, (B 12 (Thompson et al. 2017b))

(d) 90 BRIgRKZRERER (PSS RDPTZvITIR)
gptdelta ~ 7V AZE 7 v A R Y 7 A (85.7mg/L) (2 OHRE
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WXLV~ Z/NGITIEENRAT D HE) 2 28 HIE XX 90 H MK
L., /MNBICBT 2R ERBEZHE LT, WTho 5z
TH, BT, MG TOREREEFEZEOWINE A Lo T,
* 7. 8-0x0dG DK OEIIN G I b o T2, (B 10(FA 2014))

(e) 28 HEREOKRGLLERER (YU R)

EREONMZ v i, BHEDX ¥ 7 X U ROFLy MIv T R(IZ
+ GG 2T 5, R MR BT E R O W 2 -V T
TN 3DDENAMEE~ T ARG T 5 LT+ fBBICFREEDORM
AR R DD E D D E i LT,

B6C3F1 ~ v 2 (iff, #5820 PL) (Ol =2 (0 Xi% 180 ppm
(NTP (2008) IZEBWTHENANALNIZHE)), @F v 7% > (6,000
X% 12,0001 ppm) XII@AALy b (6,000 XiE 16,000 ppm) %
28 HRfKEE OS2 v L) SUTREERE (% 7% ROHR Ly
R THREBREIT -7, &8E 10 IEO~ v A3 551G 28 A%IC &%
L. BYOKEE 10D~ AL 28 HEOREM AR TCLZ LT, &5
KT 1%, R LRGN 00 AR O K OME NG QN B BE D e s b J B T A
BHEREDIZIFETO~Y T RZHA LT, BIEMZICHNT L7RER, &5
FECREKRTRIZADNTEMELVREE~OZEBOEEENFHE, —
HCHRBRIC O RIBROEEN A SN2 LD, BGELOSIRREO®E
JEFEIC 2T A BN 7o Tz,

A DI, HBRFEHIREICBW T 3 DOWBICFEEED KSR A ST
ZEMH, TNODOBRENAMEIL. BEORITM A CHRE D EEOFHA
oK EZsI X L, BEYMEIX<EINDL 2 ET, BRBAEMED
ZERB G OWEERAEDO U A7 BEIMTAHE W) 2 enEZbNnD &
LTCW5, (B 142 (Thompson et al. 2017¢))

3. ERZBITEHEE
(1) REFMERE
[BFIC L D RBEIEOIEE ] (FRk 27 4 3 H 31 HIEAIIE &5
199 5) IZHBWT, KEFRORBFEIFEHEL LT, 72 2A0BRAZENK
EINTWDS (0~5 Al 0.8pg/H. 6~11 s 1.0 ng/H. 18 5Ll L 10 pg/

15 8-OHdG & 7 U,

16 EERBAAIE 16,000 ppm ZIRAFHE G- LTV =23, AT 2ED~ 7 20T L, 1
VCDO~ T AZPIDTI=D LR L2 b, R 10 HENDIEF Yy 72 Ok b58%
12,000 ppm (2385 LT\ 5,
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H) . (&M 143 (BEA9@7%4 2015b))

TAARANOBFEREE (2016 FR) KEMRGS) #EHEFCRBHNT, 7
2 AIZOWTCUTO LB EE#H I TWD

(7o A5 EW ORI EL, A VA AMAERZHE®BT 527 0ET 2
U EMEEIND A Y IXRTF Rk, Moo 3 iz e bA 4 RNiEAE LT
Wb, 78ET 2 COERKENL, A LAY AL THEHILEND A
X)/xﬁ¢®%u//#% t%@@%ﬁfhé 7 v ARREA LTV
W AR aeT 2 ) T BESIMIp WD, 7 a N REZTHEA
A Y AEHAMET L, rrﬂ*fﬁ ﬁEETz%@Lé EEZLND,

LU, EBREBWIAL Y v AR 235 L THORGERFIIaBlE T
2, EloL B FORERBISGEICKER 7 v AOEIZX, BRENDOEBIES
K& EESTWS, Z2NHDOZ E0nD, 7 v AT X 2P CH o dE X 3EeE
ERIZIBE T, 7 0 MIMADRBER TIE RV EW I EMINA TS, |

(B 144 (BA5787 2014d))

7 v DR G OV R 7 B ORBHI M E R TR EZ BN
TRV, ZETHOBREFEIENRESIN TV, LML, SO RIS
o L v ABRIETTHRE N ED L, SCF (2003) X, =i v X138
WCABFINCKNBE EERTHIENTERNE LTS, (B0 25 (EFSA
2014))

(2) BOFLKE (EHWEIELCE)

22 WA DOFRNEY v AT NV v ANVD (EARH]) ZEEL, 18.5 KFH
BT THE Lz, iR, 28 %(?ﬂﬁ m AR 7K (bilateral
pleural effusions) . ffiZk[E, HEEEOKE R, QMERE MR, LB IT
REIEIRLEN  E S E R (I AON ﬁ%ﬁ%&@(ﬁft£®i§% EINH BT, (R
145 (Ellis et al. 1982))

17RO FBUENE 7 v 2 7 ANVD (5 g (29 mg Cr(VD/kg (A 4))
ZER URBEIZE XN 72, [BEPI, DA E, DA O E 23 R 2 12K
T L. 14 RFEZIZOME IR TIT Le, R oREER, mAERAK, o5 -
i, ZOEOFTFLEERG O HfL, JRANE OB, Mg OEEELE . L& DE
FEDOHIMENA HiLT-, (B8 146, 147 (Clochesy 1984, Iserson et al. 1983))

14 DV ENE Y7 v LA Y 7 AV (1.5 g (7.5 mg Cr(VD)/kg {KHE ))
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L. 8 HIZIZAELT Lz, A48 BEfiZ(CimyE AST, ALT &3 &
BRI AR BT, A ORE L, Il OB g Bt DB ER A LT, (&
M 148 (Kaufman et al. 1970))

44 DO BN 7 v AER(VDIERR (14.14 g Cr/L (4.1 mg Cr(VD)/kg (A 2)
ZERLT-%, SERAEBELEAR2EZEZ L, 1 0ARICEEOHL
BHIMTHELE L=, (M 149 (Saryan and Reedy 1988))

1EOLRENEI v g7 o= ANVD (ERH) 28E L, 12 K%k
(D IE T LT, A ORER. 1O OB DLFREME, Mi<PHFIgD 9
SIMENRE G-, (/] 150 (Reichelderfer 1968))

71 ARAE TR T v LFENVD300 g/l 28T A v ik (7 o LERo
WHEBIEIZ15g THY BHELE SO TND 1~2g 2 Kx< EFD &)
EREEL, XN R MREOZE UK BER 2R & 9 2 BER A 42,
B S O AT ORI QNS BT O I W TR IR & 72, MRS D4
FRIC K> CmaelchiE Lz, (M 151 (Fristedt et al. 1965))

18 IO LLMENE 7 v A/ ) U A(VDEZE 7 T 2B L., 24 FfH&ZICE
PEBARREIIE LT, ¥ X7 R, BIH, ZREOENRO FRME R O
ENHB DTN, B ZITEREZEE Lz, M~ 27 v B RENRED
U, MAEANE7a B RBENEIN L Z SRR N -2 L 2R LTV 5,
(%84 152 (Sharma et al. 1978))

25 D LVENE 7 v Afigh ) v ANVDIRRKR (BERH) 28Rl 2K, B
P E N DT, ZTEEMIAOINC BT 5 A ER DA E 72 A A
bz, (M 153 (Goldman and Karotkin 1935))

17 Dt (KHE 50kg) MEFOREFICAZRDOELZITV, HY 12 L
Bl Y o A(VD (2~3g (40~60 mg/kg KH)) & 2—F kL & b ICHEER
Lo Sbld BREERR 29 2, B D 16 3 ICIRIE LTz, 20k, itk
% 80 g 12 L 2 LERRG 2 AR & LTITV, ARBER T Clcy 2z e
VW 3 g HRFIRNECS L7z, IRIICHR S D 7 7 AR 2372012, 150
mg/kg RED NTEF NV AT A 2% 30 43T THARNER G- L7z,
ABERFORAFERIC LD & MPIRFEIL 22 mg/dL (% : 10~50), 7 L
7 F=210% 0.8 mg/dL (BEAE<1.1) . FLERI/KFEEEE X 519 TU/L (BEYE - 230
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~439) ., BHEHET A MIIEFHEIPAN TH 72, Z OFERIL, SRERIK A3 E
ITEFRHEFANTH 720, 7 LM LD IRMEFEERN D -T2 2R LTV
%, 22 HEICHE L7 8-OHAG (FAEMEME D 40 fFIC EH L TEH (420
umol/mol 7 L' 7 F =2 (1% : 0.5~10)). 78> DNA B{bEEE R L1,
FEEA L UC. 2 ORI 7 v 2O O KEEEIC L o T AR
B BFIER N A G, BLHEEIZ X 5 DNAHBER DR & Lo
ICHER STz, (B8 154 (Hantson et al. 2005))

24 WOEMENRE I v LT =0 A(VDE HERBEXKTERILL., HPEIZ
ABE U7z, BEERIC, hER, ik N FHROERS BN, BEIE B
4~5g DEZ v LART =T AVDEER LI Z &EBHEE S, Rl
BWT, #IE, BH, WEOKEE, HBmatEd FER, TREE, 237
PRECOGRIMERFAERS BTz, AT v K= 20 kER R S5, 7 a b
o UEEITIERED 1.8 (5 Th - 72, Abedidifi/MramliE S8 57
DO E & HIZ, MR MRS KO REOEHX I C (500 mg/H)
D527 o T, BITIEZE OFRIZEIE L ABE 7 B BIZIRBE L7z, & D,
BEDOBHGHEZITV., BlERE, IRT 27 L7 F=0 KOEDOMOA(T:
FRAAE X 4~5 BRI CIEFEICEIE L7z, (M 155 (Hasan 2007))

58 Ik D HMEN 30 g/L DEZ v AFE YV U ANVD (7 17 AOHEEERUEIT
3 g EHEMMICEOEBERL, WP APE Lz, M. FEHMmMETH, H
RO _FRIGOFBERERZ  (erythematous lesions) Z3&JE L7, 7 H
IZ 7z ZEFIRRE TOWREOR, FALTBF AT B LT, (&
i1 78 (Goulle et al. 2012)) (f548)

<=@raL>

24BN 2 Y VY v AAIDE A ORFEMBP R (1~2 7 71 /VIH)
Z2WMMRA L%, aBARes iR Lz, CTHREICL-> T, BEITA
HETHLZENbnn, BERICE > TRIRMEEILN MR SN, MK
BT DS B2 N BERR 5 C o o 7o, YW BEMERE & 22 S 4L, mAEAR
K OAT a A ROLFT BTN FHESCHUR L~V IER Th o 7ol
ZDRIMFEA L VAT 1A ROMFG T IES T, 4 BEZICIZEEOR
BEEEIT S L. T OB O K HEIFCIIBHRRIZIEE ThoT, 2B OE
BUCHIE L7=DIE, BEOHBNRERKEZZLNDEN, A—H—IZLbH V7
U AV NOZRRD 72N, 7 v AOEBREIIRHATH S,

Flo, CHFAEIC LD L, 600 pg/HD 7 v % 6 EMER LT 5 20H%
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I EENE - 77 LT 584 (Wasser et al. 1997) 28%H 5., (B 156
(Wani et al. 2006))

33 WOLMENMEEEZHO T 7Ol 2 ) ey v A0ID (1,200~2,400
ng/ ) % 4~5 D HBHEER U7z, &l f/ s iE, Wi, g ReREE
OB ARENH SN, B A LD T 1ERIITERICEE Lz &4 58
N D, (BH 83 (Vincent 2007 (Cerulli et al. 1998)))

(3) #OIKKE (—REFIZHITHEFHRE)
® HA
a. 1E

HEEEG M T T v LB AZ1T 5 G4 LIGEROE YR IX O fERIC
ONTHAMEXERFAELZIToT2 & A ML OEBEIC L DETERD E
ANRBO LN, ZOAETHIT 1961 I/ 0 LEHZBE L, AKAE
Z R T2 1965 FZIIANM 7 v 2% GRS BIRICH N L7, 1970~1978
FIEREZBEBHHAE L L ZA I EBEINTEBERICOWTGRE L =20
B RIT, T O O—fFERIZBWT 10 HAYS7ZD 65.4 ThH D D%
L. 71.89~92.66 TH > 7=, IOV TR LT RIT, —RERIC
BWT10 HFAYY 11.21 THHDOIZK LT, 13.17~21.39 Th-o7=, H
FEIZDOWCHHRE LSBT, 10 T AHT=Y 27.68~55.17T TH Y, T
OB RERDOYE LY @role CHRBETHRE S vTWhiewy,), BEEST
SOEROPAFERIIEH Lz, (8 26, 1567 (Zhang and Li 1987,
ATSDR 2012))

ATSDR (2012) 1%, EYLBRRICOWTOTREZ EIC U TIE B L H#
ETHZEIETET, ZOEFAOIX FBIXFITNMZ v A2i5%: S - oek
KIZEDEDTHDHEZEZONAN, RIDPOLDOIFFELBETE 20 E L
TW5, (226 (ATSDR 2012))

BEFAAIC KXo T Bl Zhang and Li (1987) 7 — ¥ & Falfi L 7=,
6 HI TOFHEE L= N AT RIT, 10 T AY7-V 68.8, 68.4, 64.7. 54.3,
575 KN 45.9 Th o1z, Zh b, 6 >DIE BHIRASFIET 5 EsEH 4
KD 66.1 LW I TR EIZIZFRETH - To, (FYKEMHEH L kD 5 5
DR DOENAFHCEREEEDLEDL & AEERKONAIZL DR TERL Y AREICE
AL Enb0d, LML, ENAEE R, BEET R K ONEIET RIT,
RAIREEOREIKICIES BENZHTERLTEY ., Az v 201E< #R
FELFRIL 2o 7z,
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EHE LT, DAOFERIZAMZ 2 2T BEL 0, T L AEEERCRES
BRI L DL KM L TWAA[REMENH S L LT 5, (BE 158 (Zhang
and Li 1997))

k> Zhang and Li (1987) OF — X Z#FAES LT, HELECICHT S
BRSO 2 DXL DY 27t (RR : Rate Ratio) & D15
XMW &RD-, PEESEEHMNEICBN T, 1965~1986 FD 7 =1 7 1 L
(7 v A8017) T EDHIBIC T 265 9 2 E OS2 v AJ5 YL < 5 7>
Ar. FEBYHU - 4 25T TO, BAFETER, ANAT —F OB D A1
70 LEYIZBET 5T — X BHER T EICINE LT,

BN AFETRIZEBNT, A7 v L5 YL & I ek o OV 2R
EDEITEETEHFEATH Y, U A7 T, FEF % LT RR=1.13
(95%CI1=0.86~1.46) , HEHE 2RIk LT RR=1.23 (95%CI=0.97~1.53)
EENMIEWEIT Th o T, BEICK DRI, RMfi7 v A5k
W, FETBYR I N O, BEE 2RI 0 S ONCE <. U RZRITENE
L RR=1.82 (95%CI=1.11~2.91) &X' RR=1.69 (95%CI=1.12~2.44) T
o7z, N7 v KEYLHSE O i s 1 2L, IETEYL IR & T D L)
2@V (RR=1.15 (95%CI=0.62~2.07)) FEECTH 7=, B L higd
HEX0EmL o= (RR=1.78 (95%CI=1.03~2.87), ZDDONAIZ LD
FETRMNNM 7 1 VGG HIIZ B W TRIZE W E W ) T — X TR S L
7,

1970~1978 1T, ANfi7 v MBS TR K 2RI H 7 2 Hulskix, 9
HY Ik & ORI E LT, B CROFER ER 2R3 R
ThoT=W, BEMMNEWO THIER & I1ZE 2720, LavL, BEETO
BIZZWIRIL 14.5 4 (1964 4F1E~1978 4E) ThHo7=08., M F/KDIBYLIE
1960 ENBHIAE > TV Z &, HORMZ 1 L2 X 5 BIEFEIE O ER IR
XIEZD DD AN AR THIXTBNICEL W FREMER H D Z LD | RRBRR & 5
AREMER B D, Fo, mE R U EBRERICE ST, 72 LA0RTEMET
L. Atz e MES BIC L 2 mENEE D AlReEN & 5, MO TCHRICH
BENBLNI N> T-OIE, FFERMIRIC 7 v ASEETHOHERH Y |
%< DIEEBNZ ZICES LTWED T, BEMED 7 0 201X < BD BN
o= EEZ LN, fime LT, AMiiZ v 2IiERR S = Beh kB EUE
FZBWTEHEY A7 oEMRnAbi-E LTnWa, (8 159 (Beaumont
et al. 2008))

17 7 g A8k (ferrochromium) : 7 2 L% 50~T0% &6 5854
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smm«m%)i FEEEL DN 7 v AEL TITB T 5B TR

I ITE M EN H D & L, Beaumont H O FENT (iR D Beaumont
E>@m&> ZIET — % LT REICB T D ERRGEIRL H DM, FokE
REMAEXSEE LT BT OARMZ 0 201X BABHHE L TRAY A
7§z L7 XEMNC RN e O CTEHERHRE EE25E LT
W5, (M 160 (Smith 2008))

7 (FRICAT 7 v ) ORI < BEDSFED ATHEOMS < D2NEIARB T
bolz, TEESEENLOMEITILLTOLEY THD,
1959 BEE O TH T 1 ABROAENRBIS S iz,
1964 7 TIHAIDERD B IFF KO EEF G RE ST,
1965 4 HF KON 7 7 AERETH D 2 L BHED D BTz,
1967 7 BEEMEEIC L > Tr m ARENRED L7e 2 ENE LS,
1987 4~ Zhang and Li 7% Chinese Journal of Preventive Medicine (Z/5
fili 7 @ 2IE < @S NTAFERICEB W CTHE L O #E I L <
WD ZEawmE L,
1997 4 [A U & & 2 Journal of Occupational and Environmental
Medicine (JOEM) (ZiE< §& & 23 AFAICBEE T 720 &3 5 f
A LT,
2006 £ JOEM (%, 1997 FFOHREIIIKE D TEROEZZ T o2
T 4 T EANBER LTI E WO GEILA S 5720, e fal L
726
2008 4 Beaumont © 3 A HUlERIZOWT D Zhang and Li O
WS Z AT L, BBK 2 L O 7 = ATIiE< E S
LR 0 B9 5L T 20330 B 00 FE % Yl itk o OV By /}iﬁ-‘ﬂﬁﬂi o
WL TERLTNDZ &R LI, ERMEECEL, IGYE
FEIXZIE ERERET Do Ton, Bkl i+ 5 & EA
LTS Lk,
Zhang and Li O # & & FARNT L 72 Beaumont & O IZIIAfH S & 5 03,
N7 2 AOETNE MIBWTHE Y AZ7NE 70T 282 RmT b
DEEZXDHELTND, (2161 (Smith and Steinmaus 2009) )

Zhang and Li (1987) O#iE & [RERIZ, FEREEAHM I WT, 1970
~1978 DM TR AAE 7 7 LMTIH G ST D 5 DDA & HUF KA
N7 7 LTI STV 4 SO JEA R (83 DDREF KN T DD T3
AT OBATERZH LTHEDRH D,
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HIR AR 7 7 DTTEG STV 3 DO AT L O R /K23 54 7
B ACER STV D B DO BFITIIT 5 | i FEHISE =R (5 10 5 A)
(9.7 %} 17.1) . BHHEEHHILILE R (28.6 ¥ 34.9) KLUETON AN L D)
ERRARIESE TSR (73,7 kF 81.1) WA ERETA LN o7, o, R
fili 7 @ MMTIHGES VTN D 5 DO RFNIZIBN T, SR O A 7 v L%
RT3 ODOMNIRIEIE L N AT R ORMICA B RBE#EMEIT R0 -T2, DI,
AaTY OGNtz v 238ER) O 2 TETIX, B2 i LT An
BHREN R > TEB Y, Az v sz Xk 5 # FARBYICEGR R < BRI R
(16.9) L0 HEEIET R (21.4) NEW & W9 B HH DA Bz, 77,
X GHERORAIIFER R O | i, BE UIETONRAIC L DT
RENE 7 0 LIFER SN T ADIELS & & o, HE-ROGER X
— B LZBhEM I S oo 72,

fEam & L CL ERERAMZET A o R OVE W & W 9 IR IZ 5 5 23,
A TITH TFKRDOARMZ 2 AOEHOFEIZH0D 6T, N ORI
AL UT- B 2 Ll LT 5. A4 TEMHE T34 L R KIE e,
ETON, BREEOMEICE D CROFEEREMEZ 125 & ho T,
(208 162 (Kerger et al. 2009))

I CIZal &7z Zhang and Li (1997) (22 T Beaumont & (X% DT
— X AT L, AR R A2 L7 (i Beaumont & 2008), Kerger
NZEDOBTHERRICZ T —DPNEENTWD EEM LI LlTxtL,
Beaumont HIILLTFDO L HICIRE L TV 5,

Kerger (%, EEHYLHA A4 T35 L RN OB TR TH 5 &k
RN K SCHUE ZH9ENT (hydrogeologic investigation and water analysis)
DOFERIT, Kerger DRRDFER EITELRD | MIEWHE T KOFRIUIZH > T
BRI DR SN TS Z 2R THLDOTHo T,

Kerger |, Beaumont b OFAEITFE > 72l 7 N —TZ2EH L TEBY |
N AEIREAYIC B 720 5 il 2 Ll BRI LT B a7z, UL, 1973~
1975 FIZHIT 5, HF TOHEIC K HELTRIL 19.4 A/100,000 A/FTH
D FTECO BRI L DT 20.1 A/100,000 NAETH D Z END,
1970 AR OERTES & HiJ5 T O FFRAERIC LA DR,

Kerger |X. Beaumont & OF&HEFIE Zhang and Li (2 X 2 AR LD
RN ZE LT LR T A28, FEERIZIE, Beaumont H OFFAHRE 21T Zhang
and Li |2 L 2R R & —FH LT\ 5b, 1987 FZ, Zhang and Li (3759t
BIZBWTENAT R, fiEA TR L OFBEECRII - RERLY &V E
Ww_TEY (Lo Zhang and Li 1987) . Beaumont S 23 & H U 7-fEim
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HLITWHNRETH D, (B 163 (Beaumont et al. 2009))

b. ¥T¥

XU v O Voiotia I Oinofita HIBEXIZIWNT 1999 4% TIZX
BB LT ERLAOVEERE D 5,842 4 ZxRIT 2009 FF THAELIT 572,
Voiotia WA EWELEN & U CHEHE(LIE IS (SMR) 2 FH L7=, 1969 4
B2 X0 | Oinofita HIAX & i 5 Asopos ) ~DHRIE EFEIEY) DR FE

23RO AL, Oinofita (% 1970 FFWI ) FEEMAT ITZF LTZ, 1990
RED AR BB O L L IREICET 2PN MR LIEZ 5T
VW2, 2007~2008 T 16 2P CHIE L 72 /KEKH AT 7 v AJREEI 8~
51 ng(VD/L TH - 7=, [REEIZ 35 20FT THIE L7 H 7 /KISl 7 7 AR JE
X 10~156 pg(VD/L Toh -7z, =D, 2009 Fi 5 HEHK DB T &
Moronos MICZERE L7 Z £I2 XV  KEKHFANNZ v AEIE£<0.01~1.53
ug(VD/L (272 - 7=,

Oinofita ([ZFVNT, 474 4 O DFER 4L, 118 LN ANCREE L 7=3E
L THhoTo, 2K D SMR 13 98 (95%CI=89~107) . N A D SMR 1% 114
(95%CI=94~136) & A E 2 EFHIZH SN/ 7203, RIS (6 4)
® SMR 7% 1,104 (95%CI=405~2,403. p<0.001). fififz (34 4) ® SMR
2 145 (95%CI=100~203, p=0.047) W ONZ Lot DB lifis M VAR ZE Jifi s
#i (5 4) ® SMR 7 368 (95%CI=119~858. p=0.025) L HEIZEH-
Too TOIEMNTAE - D5 - WHEEEE, B, AZBE, B s & O ko F,
D SMR 23 LR L= HE CldehnoTz,

ZH 513, Oinofita (FEOMD AR EHIX, N7 v 200X < &
XS TRBANDEI D LWV E R L TEY RS DR 7

LDESBEERDBALVY A7 L OFREHET H7-DICH R BN LETH
HELTWS, (B 164 (Linos et al. 2011))

v

=P

BEO 307 OJEEXIZIT D N RAE O #IPFL R M &k OVEER) 7 5
AL =N EB RIS 5 TR ESEEE %, Anselin's Local Moran
test IZE > THE LT, S HIT, APERERIE, o~ (BBLR) 18 Z0EieE
I (BQC). MM K3 L e R IR O M OB HBEMEZ | MR 7

1 vray (G YURMEY) O, AKKOF U~ (2 a UREY) O%Ex
RBEZLD, Brnvolmgic=aFr LRBEOIEREZRTHEONREENLTND, H
BEF 21T 2 N ERITIRTEDR B 5, ERES AR (TARC) 13HERS 723 Moxt
U CHNAME (FITHETRE) 277 2 & 280 T 5,
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T AL —D T FHD W THET L 72,

E A Qe 7 A4 — (Moran's /=0.638, P<0.001) (%, FEEE
LOEBECHY, BQC KOWED Ry h ARy b IZREBEBICEICE
¢watoBQC&U@@mv%ﬁ IXHER 2R BN B o 7= (P<0.001),

J?':@ Ry hARY b FOBQC D Idhy v ARy b 1, hREs
AL R OERREZFRNTRE BT RS o7z, Ll FRE
*@i¢®%/#w&07mA%fw UNHIE T A PR RIE O U A 7
e —H LT (P<0.001),
:@%Eﬁ%i BQC K UMWz T, A%%@%C(i%®ﬁﬁﬁ
%) b RBEICRT D AR KGR OEMEEIC S R B2 5 2 T
57 REMENH L Z 2R LTS, (3165 (Chiang et al. 2010))

BB ORALIRIZ W T O e SHEE M TRREE R S LT\ 5 101 4
O APEEEE ZEGREE L, 7L AF— U 2 v~ TFRAEE 104 4 % 5t ait
E LT, ANO#FZREHR (demographic information) (B2E, 7L =a—)L
EERLD BQC) &, BREAUOWEMNSE I BREICET M2 21TV, £
7o RIREF DO MIEEREH A E L, I o 8 FED 4B R i 2 fihT L7z,

SEOEBEDH G, OMEEEEZED I a b, =i/, ik OMEERO i H
ENFGEICE N T, OVEERFEOMY 7 v AR (0.8320.31 pg/L) 1xxf
FREE (0.61+0.29 ug/l) @ 14 F@m0-o7-, HESEEEOM P 7 oL, =
VR OHEENEEE 1%, BRI, 7 Lo —UEBEL, BQC &AM D Y X
ﬁ%%%%bkif\ﬁ%ﬁi@ﬁﬁun#oﬁ(Ww0&0m$7ﬂﬁﬁ
FEDSEEFE (>0.73 pg/L) 1 TRWESE (=0.73 pg/L) L 0 A > XS 6.80
(95%C1=2.84~16.3) & AL FIET DMERN TIEmD>To, 1Z0 4 FE
Oa)gd (I RI UL B3R, KELROER) O E T 0P B & xR
TEIIBLNR ST,

$ﬁwi2O@AE(7DA&U:V7”)@ AVEETE R A 71 = X LT

B DBTENEEIZRE L2, Ml R dediiz L., = O®RE O
ik SN ;ﬁ‘é ZENEETHD, (B 166 (Yuan et al. 2011))

2 BERE~AOEE
a. HE

HE OGS THIC L DG A (D2 A a. FE O Zhang and Li 1987
DOE L FE UHIX) T, 20 mg Cr(VD/L #&Te /K A2EH L= 155 AD
FERIT DV T 1965 FTAT o T FEBrHINFSE TIL 5 S H K OB R L |
OBEEE, TR, M. EIEARE, TEH, B eI OSREGFHER (R

123



KZER) BNCEEMEDERD bz, 1EFD DA TO 2 DO FHAE T H FEORE R T
HoT=n, TN EOFERITSE N T-, (B8 26,157 (Zhang and Li
1987. ATSDR 2012))

ZTNEI, T 74N FOFUKE 2 L/B KL OMKE 70 kg (2 OFfEIZF
EORMERERMIITEI 20N E LW EICEETLIVNERDD,) &
vz &, 20 mg Cr(VD/L OFEFEIE 0.57 mg Cr(VD)/kg K&/ H o fH&ICHH
w425, (=26 (ATSDR 2012))

b. 1K

A2 RO — 2 T NVHIBIZ BN T, T KD 7 7 A5G EE A3 8w Hitdeg
(EDER (n=186) DOEFRIRRE & | #EE K VA OREEHFRIRHEBIIE O 3
AN & B2 K DIHYR R DAV OHIBRIC R T E R (n=230) OEFEIREZ
REWrAOBFFEIC L 0 bl U=, *5E 1T 18 skl BT, %Y il CoofEE M
MW 1IFELUEOERE L, 7o MbEMEERT L0 (G RLE, BEE
L) \IHEFE L TWAERZBIN LT,

BB T 25F 2 &2 L2 BT, 1B Tl 2o 839.2% TH 0 | FEi5
Yeil Tl 17.2% ChH - 7= (¥4 ~ Xt (AOR : adjusted odds ratios)
=3.1), ZMETIE., ZhEN 39.3%, 21.0% CTH-7- (AOR=2.44), F7-.
FFEIZRET 2F 2 & LIz B, BYRHBE CIX 2R D 24.5% TH Y . FEHY
I TIiX 9.2% Th >7- (AOR=3.48), LMETILX, £ Z4L 25.0%, 4.9% T
& o7z (AOR=6.57), {FYHER T, FEGRMIBFER L TE D &
WVIRIMER, KV MCV VD 22 i/ MR A BTz, Lo L, BIERE S OY
FifE B EVIE A DR o T2, Rl 7 v JMIHE RSN K EEHT 5
Mk ETe 2 21X, BBAOREO B RIAEIR & BEMENH 0 | MR D HRE &
H BEEAME R B - 72,

ZOREICB T AHRME, T Tt A XN ERER b5 7
=T v T ETHOTWNWRNI & Thbd, (B 167 (Sharma et al. 2012) )

c. ¥Uiv

HE Y oY D7 VR A OFLIKFEIB CREBTRONIIE 2 506 L . BoBbKICE
FNb 7 v LORMIT BICBEE L @EREA~DOFELTE L, stk o
B KBERR 2> HEREL L 72 K3 (n=50) . RO A FLVEEIK (n=16) KTV
TEREEE (n=48) DRl v AREZRIE L, Mgl RkK 7 FRFEAL
TWBHHEE 304 44 (26~69 %) O, EEEIHE., SEbKEBEE, HEE%
SoEk L7, E7o. MEBEZM K ONERNT X b 21TV, RRE O MK K NEICE
FNDOHRT a AREZRE L, ik, EAFRO R ORISR/ RT A — X & fRT

124



L7,

B O 7 v AREIL 1 SOFE (220 pg/L) ZFRV T, <0.5~90 pug/L
OFPAIZILE Y . FRfiiL 21.2 pg/L TH o7, M7 7 APEE O P REE
0.32 pg/L (#iPH : <0.18~0.92 pg/L). EEZH 7 o AREOFRAEIT 0.22
uglg (HiPH : <0.03~1.26 uglg) THY . S5 CHIC L D IEAEFRFHNICIL E
STV, EADECEIANS D7 8 AOAEIT EEIT. P EOEEZTD
7 AERE L BHEMEZ R L, WL 00D MR L AT T A —H b (R
B IR Uz, Lov L, MR/ T A — 2 UTACFRA T A — 2 S EEYERE
MoANT=XGRE (@GR 70k RXUTKT Y 7 ARAONT-XRE %
fr<.) TiX, 70X HEREEOBEEMEIIAON R o7, £, HE)
TARNOEAEE 7 0 LADIXL< FELEORBEMEIIA LN o7z, (S 168
(Sazakli et al. 2014))

® WEIE~DEE

BEEOHD 7 v LR O=y rfbe® OSMliz v b, =y 70 - LR
=K =y vl b)) O < BRI I 5 2 2 8 N H R
REOHIRIZE Z D5 HONWT, LDV AT YT v 7 bEa—% [
B —a A R ICESW T To 70, BEAMETH 5K 10 #HOGEIR
HOREE, T ZHE L2 e U dEY ORI A E R 7 1 A
K R= v 7 AL G HERAT XIZAR P IS BE SN TV AR ITIX 72 B 72
WA 729 16 OFRA RS et L7,

7 a1 MEEM DL BIZ L DM FRET~OENREZE, 7o MbaW &
PR IERIALIE,. DNA BE LN o SERIBE & 059\ O BIEMERNALITIC A B i
Teid, ShIRICH N LB L 7 u MuA & ORICA R 72BIE ML D 7R
MmoT-, (=M 169 (McDermott et al. 2015))

T —7IZBWT, 4K (IVF : in vitrofertilization) %% 7- %
PEIZ BT DR OB IR OAFR L IVE (ST 2420t L=l o msEEE
PRBR & ORI SOV THRA L7,

1993 FELIREIZ IVF Z2521F 7= 5,879 X7 IZx LT, ¥ CHIEDSHER SN
TLABE DR F OGO 7R 2T L, BARWEED Y 2 7 . (Risk Ratio)
R LT, SRR AT o U A HEAERE 2R L CWTAEIR 91 Bl 5 5|
TR 28 M L 0 BN HARRE L CW =i 16 il (18%) Th o7z, F7-.
AH N HRERAEVEZE 208 L TV AEE 128 oD © B 4E4E 28 3 X 0 Aif
IZHSRIEPE L CW DX 32 il (25%) Toholz, 7o — M\ rnm
LTIELSBE I N TW W &A1 Lot EE 2,925 B OGENRH D B SRIEEF
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I 28%TH Y, KBNAT v U AMEHEAEEL L TCWTIEIRDO U X 7 i
0.59 (95%CI=0.36~0.98) T 7=,

fmm e LT, BN ED XD RIEHBAFELRBRL TWTH, BARWED X
7D EFITA NN oT=, 7272 L, IVF iR TIE T A 1 OiEFR L O,
ZHEO T v AN BIRIER S 13RI 5720, Z OWENSRFERITIEND X A
TOWPRICHETT 5 Z S IFE TRV h LR e LTS, (B 170
(Hjollund et al. 2005))

(4) MARURBEIECE @BEMHIECE)

ZERZRIET DR 7 v AMEEWIZ e RBREERIESEI NS DR
EIIE, RECIROFIEN G £, IS IXETIEEE. SRR L O
W g DA E DI D72 N D ATREME R B D, F o, Rli7 v 2MEEY
DOIE T, WMEZFHRTLEELH D,

W NIZ & BN 7 v A OFRSEMIE < I, fiis DT LB O & K 5E
TR dbH, WS ONOFETEH, ANz v LD & L SR ORIEPSE & O
BIEMEN RS LTV D,

t MBI DREEMERZIT < 8 TlE, RV EEtEER KEICAE T 556
DD, NMhZ e, 7TV —MEEMEEREEZTZeNL<HY,
IR ESCREMEEZ AL TN H D, (2 14 (IPCS 2013))

® HA
a. XKE

KE A NA FINARA 2 T 4 VD 7 v KRR PE T8 TN Tz ot
(BRI L, BAME R — MEUERPFENFEM I N7, 1940 FLIREIEE
(L, 1L BT 493 4 D EE % a2k — x5 & LT,

X< TR OFHMIL, 21 B OFRIGEREEHA D 800 28 % 2wl HIE RS
RITHASNWTEY | 20 OFEEMEARETIL, 1943~1971 FFO A7 v
LDRZFPEENRENTND, 1940 £ 1 A0S TENHS Sz 1972
a4 HETomEH, 22 FTOIE<KEZ Y TIZONWT, BEERIZSE~ MY
v 7 APERR SN2, N7 v AR REIE EEIL, 3R — bR TIE,
1.58 (mg Cr(VD)/m3)-4£ (SD : 2.5 (mg Cr(VID)/m3)- 4., #il/ : 0.003~23 (mg
Cr(VD/m?3)-4F) . By L » CTHTE L7=97@%E Tid. 3.28 (mg Cr(VI)/m?3)-
£ (SD : 4.59 (mg Cr(VD)/m3)- 4, #iB# : 0.06~23 (mg Cr(VD)/m3)-4) T
»HoT,

Jiti s o> SERE AR E X, AN AN T 51/21.2 A (SMR241,
95%CI=180~317) T& > 7=, ififfa > SMR 1%, H)D 20 4£R] (1940~1959
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) IR SN TW5@#F THEINL TRV, 1940~1949 FIZEH & T
WS E Clik b Ero 72 (SMR326. 95%CI=220~465), SMR 1%, J&
MW E & bizm< 20 BfFEns 20 FU Lo @& TRbmN-o 7
(SMR497. 95%CI=328~1723), (=M 14, 171 (Luippold et al. 2003, IPCS
2013))

45&%\ﬁﬁ&HA&Lf1mmm@ﬁ%‘“ #& (20~65 %21 H 8
%%\Hﬁ%55$2m5)%xfTWt L I LB FETICEET A4
PEFEINY 227 (lifetime additional risk) | 5"2?* X< & 75> 5 4 D15 i 1 ]
@%Kﬁ%%@%%ﬁﬁ%%?ﬁifw<kmmbt . XY R E
5%V@@00mm5\WMUnz&%?m/QmmuWrmkmmmD TI% 0.00216
EHEE SN, BREIX<KE (FJEICHZY 1 ug/m3 T1 H 24 KEf#H) <l
WY 2 7Y T HEIX, HREY 27 RUOFMY A7 EF )V TENLEN
0.00978 (90%CI1=0.00640~0.0138) } T} 0.0125 (90%CI=0.00833~0.0175)
Tho7l-, (M 14,172 (Crump et al. 2003, IPCS 2013))

1824 FITKETHIO T v ARIEAFEZIRDT- AV —F > RMNARLVTFE
7O r v AERE T 1950~1974 F IR S vz 2,357 4 DOIEEERIC
DONT, BAMEHENMTOI., ZDark— hOBFHEN., 1992 FRKF
TOHRBNZOWTE SNz, B OERTE D, 2,137 4 OJE Ao
R () NSRS,

FEHIRIFIC DT> T, ZERICRET A7 v L (7 =)V Ny
R B #2FE % 70,000 EHZ DWW THIE L, £ OfERIZHE-S & 1950~1985
FEOMOF T DA & OFEETIE < 'SR Sh, Affiz o
LAOBREII BENEH SN (F) @ 0.134 (mg Cr(VD/m3) - 4=, HJfi :
0.009 (mg Cr(VD)/m3)- 4, % : 0~5.3 (mg Cr(VD)/m3)-4F),

ak— M &EOfE O SMR X 180 (95% CI=149~214) ToH~>7-, SMR
. 7TV =T L7 e AE< BRI CTEFT2Z 3 HBIL, i
e ElE < #&AE 0.077~5.25 (mg Cr(VI)/m3) 0 SMR 1% 224 (95%CI=160
~303) Th-olz, Nz v LAORFEX FEENLOBYET T A, FiifgE ) X7
YT 5 BT, MEMFIICAERKTF & L TR bV, 7 v AR
IZHED D TBEICB T AR M7 v AORBEIT BEEIT, IE L OBV HE-
FOGEf%Z R LTz, (B8 14, 173 (Gibb et al. 2000, IPCS 2013))

EiRko Gibb & (2000) D7 o AREERLEVEEE 2 X512, N7 7 A,
WRIE | e AR e OVE I 0 4 DOBERZNEN S Y A7 25 L
776
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Jifidgs U A Z 13Nl v Lo iEL & &ﬁw%iﬁm%M%rL EH S
TN S ITAOBEE R L, X< BEOBDITIELS #EE 1L L TH SRR
DB T DICONEDO Y AR T2 b6 L, ﬁf#iﬂﬁb\& XD ;’c< 28y
B SEDIFERBERRE N, [F5E @+$ai<$‘af;§>ot .
M (30 A) IZHEF L TESBEEINTZ TN, 10270 IX & émt%—
ALV EREBIIRE DT, 1T B I NTFEDE N ik%ﬂ\éﬁvv) N
W B, KB WERNIZ W TR TR 7 & A2 SERAIZE T D
& —FLTWe, ZOZ &I, HFEIIIEBIF O 5 HIZAm 27 v A2iE<
BINHZEN, B2 CTRIEDOARMZ 2 AT ESIND LD L
BNDHDHZEERLTND, D SMR #1EEE 01X #E% 10 Eum
ZLBEOHIM TIHEGT 5 & X< EE 10 FLUNDF Y SMR 135 < .

i 7 & L3RS 723N AMEE TH Y | MRE OREMEEZ R > T D 2 k%?,%
LTW5, (M 174 (Gibb et al. 2011))

b. K4

RAY DL N—T —B U RRZILT 4 A O 7 a ABREETIHEICRER
SHTCWIEEZERY [THOWT, Az v ME<EE DAL TRLE ORHE A
1998 FEF THRE L7z M7 2 LADIXL BEITIRT DV v MEEZ /A 4
~—Hh—& L THW-=, 238K SMR IZ 0.80 (95%CI=0.67~0.95)., £ C
DA AD SMR 1Z 0.98 (95%CI=0.72~1.30) & LH LZeho7=25, WD
SMR % 1.48 (95%CI=0.93~2.25) Toho7-, AR KR OHD TIEL F X
NTHOE OB TR 21T ->7- & Z A, Mo SMR 2 A 72 &K
JEBIRIZA SN2 o T, BREIRT 7 v ARECREBT 217728 2 A,
JitifE o> SMR 1xmiE < #&E#f (>200 pg/L-4E) OHTEH L= (SMR2.09,
95%CI=1.08~3.65), F7=., BFERF 7 7 LPREH 200 pg/L-F-LL - TrIhb
FEIZ X DT Y AT DA v XD 6.9 (95%C1=2.6~18.2) Th-o7-, T
5 OFERIIBRE CTHHIEZ (T > THEER A SN0 o T2,

EESIT. INODOTF—ZE, MR DN v b OREEMEIE S B
WIZBIER S D Z L ARETHE LTS, (B 175 (Birk et al. 2006))

c. AONXx7F
7 LABREEDOH LA T AXT NL=—7 B UROERZRS E LT,
WS & 7 Eﬁ— U A7 2B EIC AN BEEME L RN 07 1 ADIE<
2SR FIEIC 5 2 5 5B A T T 2 72 0 DR A 2 520 L 72,

19 7o NERAPEDOVEETRRCREE IV 0 DAMER Sz < 7p o 72 1958 £ X 1T 1964 4F
DI S, D7 &b 1M kg L CWEER,
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1984~1999 4E|ZHififE & W STz Kv=—727 BV ROFER (B 574 4
Ltk B8 &) HHAENGE L, AuA"ET OENNBAGREDT —HZ & HED
FFERAE R 2 el U7, F7z, (X< BEAREICHE ST, BHEE 3 >0V 77
N—"" (Exp0: 7 B AZIFKBEIN TRV RL=—7 BV ROER,
Expl : 7 0 MMEPEEL & éhfw@w&uAﬁ@%a@&w A=
EZISKEINTWD 7 u ARIEER) IS0 21T o7, 612, L
HL@i¢&Uﬁﬂ¢7EARE@ﬂE%ﬁoko

fitifgs DA% Y 227 (RR) 125 #: (RR=1.26 (95%CI=1.13~1.32)) & %tk
(RR=0.67 (95%CI=0.53~0.78)) DOIZHRERAENA LI, FHEHMXIZE
WCEIZHBHITHEY A2 0365 Z ERbhroTz, Exp0 71— @ﬂﬂlfé’g%‘%
JEZR (79. 2/100 000) IF A RF TR (72.6/100,000) & Eh- 7273, Expl
7 )v—7 Ot R IERIT 112.5/100,000 TH Y . Exp0 7 /L—7 D 1.42 {55
Doz, Exp2 7 —7F @Hmﬁ%é EZR (% 320.1/100,000 T Y . Exp0 7»—
7D 4.04 fEEDo T, MIFERIERIT Y v ASEEICED TV D RREIC
WTHEIZE <, Exp2 7/ —ZBW T 2 3IE L 74 #nlL, Exp0 7
J—T Ll U 5.5 E R T2, Exp0 ZL—T7 D 62%IXMRIEE TH 1 |
JEEZE AR 2 FEAE U 7 AR MR I ERUE 2 R 3.4 L) o 72 (P=0.009) , B2
FIEE RV AZKFTHY, Exp0 ZL—FIZB W THFICHALNTZ, L
L., Expl KON Exp2 7 /L — B W THYEIC X258 BRI A b
o7z (Expl:P=0.742, Exp21>1)809>

fmm e LT, 7 AOMEMIT<EIT, WEIC Lo ELEZELTH, B

L=—7 BV KIZ Té%ﬁ@z%)xﬁl%f%oto(ﬁﬁlm
(Halasova et al. 2005) )

d. 41427

1951~1981 4EiZ 1 FELLHEA SN 178 4D 7 v b > & THIEEE
(116 A ITBEE D - & THEHEB 62 4 TR O - & THIFER) 2 XRIT
FHLEFRIZOWNWTH AR E aR— M TOIL,

KRF ORIETE (156 4) I3 CE (152 44) & —E L7223, g
WZE DT (8 4) 1TMIFETE (4.2 4) ZEZ T\, DA L’ctéZfE
COIFEAEE, RO XLV EIFLSBETHLIEED > DIEEBIC
L\m#%_ﬁﬁf%ot(%tﬁ?%\%ﬁ%tﬁzwﬁoit\
DRI LD TIE, HED > XDOEEBDaR— N THRAELE (EEt%ZIS
4. BIFRETE0.74) L LTwWbD, (B2 177 (Franchini et al.1983))
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e. AATF7FYIR

ANt 7 v 2MEEYOIXL TR 10 OFERICET D —HEDO A X T U A
IR I DT, 1950 FLURRICHE R S 4172 84 DITHRIZI 1T 5 49 O
ﬁﬁ%%wtoy<@i< TR IZ B W T A LI,

s ME BEENT-E FORT, 2 TCTOREREEHE LIHAIT, LT
@%Miﬁ%m@ﬂotoif@ﬂhaiéSMRiHQT%D\%®%ﬁ
7R7EE IREME O T RICKIT 52 (SMR=141) IZERKRTLHHDTH-
ﬁoLﬁL\Eﬁi@iDWW@@%I%M%LtﬁE%ﬁ%KLt%Q@
Jitifg > SMR 1% 112 Th o7z, HEEDO SMR 1% 113 Th o 72i3, RFEFHIHIAL
IR L7-FHETIL82 THhHh ot 1IND 6 DDA (BISTIRRE., BlEE .
KA RIS, AR, AU VoSl 10D ) o ERIE ML (other
lymphatohematopoietic cancer)) (2B L CTid, #FE T & FHABRERIIES
Nipnolz, TNH—EHO A X T F U v AFERIL, N7 v 2355 %
JEOEK TH DN NEDORF L2 THEON A TIIRIEERIZ/R L2 &
ZRLTW5, (28178 (Cole and Rodu 2005))

ANz v A< EBSNTEERICBIT S, OPEE, iEE. 55, /DE
L O EEICET AV AT T 4 v 7 L Ea—ROAZT T U &
A 7w i LT,

Mz g DXL ETEE BIGRDN AL OB BN 231 UT- . T XTRIBE
FEHEA 729 1950~2009 ED 32 HEowd CRE., BN/ HE &K OV A A)
TR G & Ui, SR A % SMR 2T L7-, Kk, BEks. §
i RS K ONEBRE I B W TEW A X SMRIZA LN oT2, £, %
AR OMENT . HEERMEIICIE S W= 7 7 L — TR OENT. KOS Z v
LDIESBEDRINMONTWDHESE (IBEEE, 7 r Lo TPEE, 7 1 LFBE
FEEN OBFEFEZE) ICHEDSNW=Y T 7 —TBIOMITIC BT, KE 3 AR—

ZEOEEREOSE (A% SMR=1.49 (95%CI=1.06~2.09)) #&x\ T,
KO EWELSBEZ T2 7 70— 1280 ThH, %m%&SMRmﬁ%ﬂ
IR oo, FRRRGERIHIAL . SR, R K OMEE R 7B 2 R L DR D 28
&&?@E%&%%ﬂﬁbt&_é‘%@ BEE K ORI I A &
SMR Z @5 RN & 5 —F, fE 7 BFHRIIA X SMR IZ£ZF T
WELHEZBNE S ThHD, MEEOHREICET S 3 22 ToOHMEIZB
T, VA7 IRt AREICHIIN L 2o T2,

:mg@vx?v?4y&VE;—&U%&7%va®%%mJWW7

IS BINTMEXED BERIVEWEBRONADY A 7|2
%éhxw%m\ EERLTWD, (B 179 (Gatto et al. 2010))

130



HRZEME DR 7 1 A DIX < FBIZEET D RaL O FIZEN, B RO FHED
FIEE N7 v ADOIEL BICEENSH H & T HIRMEINFET DN E AZT
F VR K- THA LT,

56 0 27— kR OMEFI A FEEI S (BN, KER T 7)) 6 B
IZDOWTOD 74 OFEKRIY 227 (RR) #EEEZ A X T TV U RZHWE, FE
Ltﬁ%m\&uA%%¢¥\&uAbo%¢¥ ETAESE, AV
Rt 2 MEE, BEAEESEORM 7 v MIZ< BESNHHE L BicBd
éﬁ%f%oko%ﬁmowf\éf@ﬁn%awtﬁﬁRRi127
(95%CI=1.18~1.38) TH Y, fHlx D RR ® 70%H» 1 LV &Ehnoiz, Fiz,
i U 2 7 D FH- 2R UG D IR - T- AT Tk, B ORI RR 1%
1.41 (95%CI=1.18~1.69) & k0 &EL ooz,

FFOIL, IO ORERF. ANMliZ v A e Moxt L THBEORN AMEY
’?’?“C“Z?)é Z L ERIELTEY, Bornneff 5 (1968) Dif - HEE D L%

WZBET s & ﬁzbfwé&b@né 2L EDDAET Y R E
[FARIZ AAG OIS A 7 AN L D5 B % 5% ’W’W“é LIXTETES

T W K ORI S D B & Bé H 5 < OO IERIE 1 Z 5% L 7= iF9ex
1%75“(“3@0720

Fo, BT L T, REOWBEMES WA L72RER, 1.1 2825
RR # b 7264 alfertidE <. B e oBEEITEVWEE2 bz LT
%, (M 180 (Welling et al. 2015))

1950 4EH 5 1992 4EF TIBEF L 122 4 DML N b7z 2,357 40D
fLAEEB D 2k — MBI 5, X< &SR OIERIEIT R 2 /G LT,
FRNE < BBIREE T 43 pg/m3, FHRFEIX < EREIL 0.134 (mg CrOs/m3)-
LRI O R REIL 0.39 FEThH o 7o, MEEBZXRIT 2 BN AL
KITHMET VA2, RT YV VBRI L > TRl L7z, —BEET LM
SN D, BEEBRERE L., BREIEERME, E<EWE RE) BE.
ME-BOSE, BREY 27 AR OB L OERZIICHIST 2 REIE< 8%
TR A R LTz,

2&“[5‘%5%\%753/1/7&2%?%%%?/1/ XA L7RDso To, Bl 70— B 7 VI,

< BRERMEOMNEMBARII<EL R L, &K 30 pg CrOs/m3 (16 pg
Cr(VI)/mS) D BE DAL % A n@bto ENCEAMEEZ R LTV, 0.03
png CrOs/m3 O RFEIX < TFHEME (X< FEAFEMEEBEHESHY) & 0.5 pg
CrOs/m3 O R fEIE < TRIE (1< %Mﬁ*ﬁﬁf/ﬁﬁﬁiﬁfx L) /R L7z, kit
TIZEWT, K 0.4 (mg CrOs/m3) - 4D R FEIE < BREILFRIN STz,
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ZDU AT T HWTZERIZE T 287 v L & fifiE 01X < #&- OB
FRDIEFRICHT ORI K - T, IREOBRMEITAE LW X< SEREICE
FRPEDR 8 2 K ONE L BOMKEIZ L2 Y A7 O—EDOHMA B 5 &5 ek
DRFEILL BT XA LOMHEHNIEF: Z 7z, (B 181 (Park and Stayner
2006))

f. LEa—

7 a LT LEFKENY 27 FHIAEIE TiE, KE I @2 am e T
(OSHA) MERE LT-iFREE 52 ng/m3 L 0 AKRWREE T, Mgl L2580
APEY A7 K 25%I272 5 L35 LT\ 5, OSHA 1% 2006 PRI
FEEZNETD 104D 1 ThHDH 5 pg/m3 5| & FIF7en, KRE LTEL

FEF3E 1,000 A2720 10~45 AOBFIFE T Z V155, Fkx eilidns
Aﬁ?EA Lo TEEFEENBEEZ T 5 Z LR broTEY | gLt

IZHEPHEO Y X7 LA RIZHEML T\, 7 v ARIE¥(E Cldm LS
WERBZWIEOZ A T Th L0, LRGSO TEY | BRI E
NENRGHD EBZBND, fENA LIV 7 v AERIESER ORI THUES C
bole, LL, BEIIMNO 7 0 ALHEICEEY T, 7 e ABIE<EICK
575§/vﬂi|]§@@<‘: TR EEZE X BND, (B 74 (Salnikow and
Zhitkovich 2008))

N7 78 AOW NI BRIZEDDARERORINIL AL TND N,

C%Hé*ﬁ&HAﬁEiﬁ&uAm@ﬁ%@fﬁjmﬁﬂm#%mﬁﬁ
78 LADIEL BNV A7 1T DWW L 2R L TWVWD, £ T,
iz o AOEWENRE, BRTEMEN OB A A T = X L% et Ltﬁ?jﬂf(} Iz
AFA[RE/R B b M OEMW) DS ARFFE D R TAf & 2206 L 7=,

A2 v AOEFASEICEE T 2781, b LA 2 v A8 aNIC AR
FEMABUGHE Z 2 FIREMEDN B 5 & Fafi L 7o, B Ehie i & Lk OB #
FRZE BT, B OIE L BENTZAM 7 7 2 FEE O/ O HIFR N IR S 7,
DNA #5852 LAaRENz, ZNE CTHE—DEMWZ FVTZN
iz v Lo 05 A4ERER (Borneff & 1968) 2BW Tk, ®EHOY
FEE I RAE & Heie L CH BN LTz, 72, BBRon-E5HETONA
WFFEIZ I T BB O RAMT 7 1 2 R OSESMR D[RRI < BB lE~ o AT
%@%%%t%btoﬁléféﬁMmf%ibtﬂFm@x;iof\ﬁ
Bkt A7 0 MIEL BENT-E M5 AFATRE/RME— D M AT
%2 (Zhang and Li 1987\ Zhang and Li 1997, fih) (X, BEGOA R
MER LUz, SHIC, BEEWIESBOA X T U U AXHBEOKHEE
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Wiz R Ui, a7 —2  Blo@mhT — 2 K OA D =X LDT —
& LI, B MFEROEMAIEIC BT 2 B ISR OHEINX, N7 v A0
BRIELSBERIRNBADY A7 /S ZLERLTWDL EEZLND, (B
182 (Sedman et al. 2006))

g. fhfEdD MOA 2%

A7 v AOWAIE, % < DREZET A Ofiig U 27 OHINE BE L Tk
D, FHIEBEONMZ 72 (=100 pg Cr(VD/m3) (i< @&z 7 o A
P A pE 57 8 CUE AR 721X < 3 - BUCBIFR S DN g il M o OSE AR AR 15 73
WEINTWD, A7 a AFFERMEE IS LT, AR Iz T H7107
ik ST MOA WFAEL 72N T2, BIEDIZK BETO U A7 ZFH+ 5729
(IR EOREE T — F ZARHEIMNTT 5 Z L2372 ) ORfEEMEDN &
bHe D=, B MERFoHWHEIZBITD ¥y axxTr 07 A, BWFH
T —X% K OVERRERFT — 4 (mechanisticdata) ZaFfi L C. N7 o A5
s D MOA Z3#r 247 - 7=,

in vivo ODBREMEL ORRERFRT — 2L, 1T AEDRRBETHY |
ZEIRAE FLIFME MOA % XFF L CTUNely, S BT, BN T T v A ROV
FOCERIE, RS A S S E ZTIEKBE TR AE LD 2 L2 FF LTV 5,
Z®O MOA ZpHTic 2\ T, EARHYZRFEM O E A X, fili D 57 I8 #

(bifurcations of the lung) (23T DK 17 1 LA DOHERE K NVEREZ 15
MOA ZXF L TW5, MIINICAD & A7 g AOETTITIL A h LA
LO=fliza DV Ty ROEKREHIZOT, TOREE LT, Zo37
B K OVDNA #E5I%, Mikofiig, JMEXOHIREEZ 7207, 250
AT HIEEEFE O & [FIFEZ. DNA B &Y LIRS RIS 728
HAFIALIRREEDENZ B 7= 53, 20 MOA I, EEEOREMHIEET
EUDHEY A7 % BREEICEE L7 X< BITAMTET 2B 0ERIE T 7'e —
FOHEHZZFFLTW5H, (2183 (Proctor et al. 2014) )

@ Zoit
a. HR

ANRA ANTENTBEICEE LRI Lo T B A RIE LT 4 4 D
BHERFICONWT, RETY v 7T A MIE-T, BEZa iU 7LV
ORISR, BEFIA XY VR AT A b K OF: W E W A%
(SIC : specificinhalation challenges) 7 A &%}, 7 0 AMEA~D L%
AT,

2ADBEN, RETYV v 77 A MIBWT, EZ aafEs Y v ANVDIZ
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KLU THMEEZ R LTz, RTOBEN, AZaY W AT A MK L TREX
W2 R L, ZAUEL SIC 7 & b 24 BRRZICHIIN LT, B2 0 LD
U A(VDOD SIC 7 A MZEBWT 24 OIEXBNERENG SIS, 1 40 E
g BAG. b9 1408 At BEOG 28 LT,

7 v LEITIE BA 2T DAFERIT, BEENM RS 2 FIE S8 2 nRetEn &
%, (M 184 (Fernandez-Nieto et al. 2006))

b. DNA &5

A v ROR 728 L TR ETERITFE I ZM 7 0 LX< T S
NTNDZ b, 72 L T OFER 100 4 K072 L L L EEN
TWAER 100 4B T DEEEY A7 FRICEREA P L ANRT 2 —4 (=wn
Y77k K (MDA : malondialdehyde) . GSH &' SOD) K& O DNA
BEOFNZ 3 5 7=, BAWROAIZE 2 Fhi L 7=,

7 a LI BEENTZ T —71F, b7 o LEE, SOD &M, MDA
RELO DNA HEEN/RFEICE L (P<0.05), GSH RBEIXAEICE,-
7= (P<0.05), BB{bA L AT XA =2 KIONDNA HIEROZIZ, EH5
DI N—TIZEBNTHEMEOERITEINT S K B ST, BUAEEE 4T & Y
AR A& IR 2 i ET L7 EABA T IC W T, EBH 60 71— 12T
b7 v ARET GSH RE & A B2 HBIBfR 2 7= L MDA 2%, SOD
RO DNA #1550 & AR EMHEEBER L R~ Lz, 2RRRERIZ =
AELKBENTZ I NV—T Dl PAEICE -T2 (P<0.05), IX<TEINT
T N—TNZB W TR RE B ORERN RS E <. IO THERP ., THLE
RIS R B ONAIC RERENE -T2,

fEme LT, 27 m AR B SN TV A ERIIEEREZEL 726715
WERRICE S ENTEY | kEDEROFNENC M7 v 22 X 51EL &
DB EZITLT VY, (5185 (Khan et al. 2012))

V. EfEEEFOTEERVREZEICEDIERBEZEHLEMR

1.
(1) tHFAFEEEES (WHO)
D WHO R KKEHA KSq Y

[ PR 4% B8 <5 0D BT

2011 FEIZAR SNTEKKE T A R4 V5 4 i (2017 FIZEH) 12
BWTHEK O 7 a M LT EETA KT 4 L L7T0.05mg/LL
DERSINTWND, ZOHA KT A AdITESET EOT — & X— R TR 3
MWERH D0, ELTHEINTWD, A FTA EEHOBRILL,
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[NOAEL DOR#LE L1521 8] 22 B e 2 7= 5 720y, 1958 4RIZH
THERENTZHA R T A AMEIFEE EOBRAICIES LS b 0T, A7 v Al
DNWTThoT=N, AMEZ B LDOHLESTTDHZERELW=ZD, OBITHE
I LNIET A RTA AMEICER SN, ] LS TWD,

Fio, 7B ANIOVWTLTO LI IZREEH N TN D,

ROEKEICL Y =iz e bz 520607 T v M XD E#RS UMK
WRFEIZ RV TIE, ISR AT S e o7, 7 v FOBE, Ny
0 DI AR CTIERE B AME L 72503, NTP D2 T, mWHEOR D
X< B CTRNBAMOFEID RSN, Lo, B EOWEALE O TNty
2 A=l v MIETT SN DO T, ARHETIIHE-RSERBIERRIE T
HDHENVIFHLN S D, EFEREICIBWD TR, WMARKIZE D807 v b~
DIEL §& L iy & OREMENGEH ST b, TARC Tlid, AMiiz e sz s
N—7"1 (B MNZXLTHEPAMEOHL2WE) 12, M7 uebz s L—73
(B MZXF U THENBAMEICE DN TERVWYE) I L TW5D, Al
7 v 2MEEMNEIBFED in vitro B KO in vivo DBEREIERER THMtE 2~
DN, =AM 7 v LA E R S 72, | (B3R 28-30 (WHO 2011, 2017))

@ ERMeEMEREMEEE (IPCS)

IPCS 1%, G2 v 2MEAW DOIEFD A EIZ OV T, NTP (2008)
IZBWTCHE~ T RAZEZ a AT Y o A KRV Z Bk S LT A
S+ RO OVE A ERGEZED & BMDLio fE 0.094 mg/kg A=/ H
Z B L NREFEAR %L 100 27 H LT TDI %2 0.9 pg/kg RH/H & LT 5,

RN AEEZ ST, NTP (2008) IZBWTEZ n Afig+ MU oA K
(VD Z ok B Lz~ AR ONT v BT B ORI O % A 5 FE
DEEMMR I D=0, ZORFE, B RN 2 2MeEMIcEnIE< #E s
NG EDORN AT AT L OREII A EFEENRE N E LTS, (2 14
(IPCS 2013))

(2) EEHILAMREERE (JARC)

TARC 1%, BREMIZL BOELMIEOFERNG . A7 v 2L & Wi htiE
ol L, N7 e MIKFEELESERVRIGPETONRAVEBEERH Y |
N7 v MEEH DO M DN AMEDOFEILA 585 & LT 5D,

F 72, IARC IL, EBREMWIC KT 2D AMEOGEHLS 05D E LT 5,

Vbt TARC IIAM 27 v 2Bz 7 v—7"1 (B MK LTENA
P23 % 5 :carcinogenic to humans) (2473 L TV 5, (B8 27 (TARC 2012))

135



(3) FAOIWHO &RESAMMERESZE (JECFA)
FHmEZR L,

(4) XEREHRET (EPA) /#HEVRXAIVRBHRI AT L (IRIS)

EPA/IRIS (%, ﬂﬁ%% O 2, TDI IS T 2 1EERAZR &
(Chronic Oral RfD) & LT, 1@EIEFE M AN DG H 2 T fit L/“Cb\éo E N
— T BEBAEEBIZONT, BBAMDEOFROCRIEISEIZLD U A
7 DIFHAEREL TV D,

D BHEEOSBASE (Chronic Oral RfD)

A &1 IEFERE Bk ZREAE
(Critical Effect) (UF) (MF) (RfD)
HEOWMER L NOAEL : 25 mg /L 300%*2 3*3 3X103
Z v N 1TERBK  (aer@EhUosk L) mg/kg K
$e bR (%A : 2.5 mg/kg RKE/H) H/H
(Mackenzie et

al.1958) LOAEL : 72 L

%1 fKE%E 0.1 L/kg (RE/H (GREE) & L CTHEE,
%2 10 (FEzE) X10 (fEfkzE) X3 (X< BHIRAEEL VEW D)
*3 Zhang & Li (1987) T#H&E I EICx LT,

@ ENAHE

. BBAERSE

1986 40 EPA 51 A R Z A »Tl&, AfliZ v 2MEEMITR AT E T L
—7 A (BEFo e PEBAWE  known human carcinogen) & 773341 T
W5, BROIEEICLDEDAMEITHEATREE S, 70— D 25
INTV5

1996 ﬂz@ EPA 774 N7 A4 VETIE, ANMiiZ a2 2MbEWITLL T O L 9 708
HIZHESNT, BMARKICEDBEHMOE NEBRAME LESIND E LTS,

1) 7 8 MTEEEMIE < 8 SN 9788 OE PO RIE. T o
FLORBEOREHDO LD THH-TH— ﬁbfntoﬁmAi< % & fifides D
i, HE-RSBRA L STV 5, 7mA I EEINT=HEBE T
X /A= SOV [/ A=NNOI Aot laey /] e Es éhfwéﬂ\%%%
B CIIANA 27 & LD IR T FE %ﬁﬁ%hfné*&# NV /A= 0Np)
HPE NENAMEIZHFHEIND XX ThH D Eifkm ST,

2) B FEBRICEBIT DT — XX, AMiiZ v AIZBET D e N OEFEIEORE R
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E—HLTWD, N7 v MEAEWIET > b RO~ 7 ZADOFHRNESF IO
27 v b OMENTFEA L ORE XNEATENLENDEAMN OB, T v b
D TFHESFTAEZSIEEZ LTWD,

3) in vitro 7 — % 1%, ﬁfﬁ’]foﬁ 7 v DO A MOA Z 7RI LT
Do ANl v DT X DFEB AT, N v AN T A7 2 AMZE T
LI NDIKE, ERkIT iof JEREH A -+ DNAHEARESESH 2

EVRREZR DD LAV,

b. #AOIFX<EIZLKD)RY

EPA IZ., BORBE TORNAMEE RT T =X B0 =2D, N7 o ik
EWMORORDAMETEHMI TE 220 e LTW5, (B 31, 32(EPA 1998a.
1998b))

(5) XESMUHYEERREHFHEE (ATSDR)
ATSDR %, S 7 v 22O TEER ALK EOR/NY A7 LUL
(MRL : minimal risk level) Zi%@E L T\ 5, NTP (2008) (2B Cilff~
7 =07 = VN & bl N Ry VY& 111 7/I\VA VE2g i/ 0 S A N VW it =1
IO OE AME BB 5 BMDLao fi 0.09 mg/kg K5/ H 2 5 H L, A
F4%%% 100 Z3#H L MRL % 0.0009 mg/kg (AHE/H & LCW\5, (B 26
(ATSDR 2012))

(6) MMBERREHEE (EFSA)

EFSA O 7 — RF = — BT HERYWEICHEHT 5B FZ 1L
(CONTAM (Scientific Panel on Contaminants in the Food Chain) /3%
V) 1, 2014 A, BT LR OECEKHR O 7 v JZoNW T, BriE REL
NFE LTS, CONTAM /Sx/Lix, BT/ asze T irzrand,
BRI D 7 v A2 TNI7 v A EARE LRl 217 > 72,

A7 7 JZEI LT, 46,234 ROEEIKT — & 67,000 4 L4 E (22 />
E o 32 OFAE) ORFFENL, N7 v 20X BEEEZHEE L TV 5D,
2 TOPFE LTRSS T 2 FEE 0.7~159.1 ng/kg (KEH/H ., 95 /X—
XA IVEE 2.8~320.2 nglkg KE/H EHEE LTz, FERDAEEIZ O
TIZ NTP (2008) TH LM~ T A+ IO O FE AN EEETER D
BMDLiofi 0.11 mg Cr(VD/kg {KHE/ H % FE 03 A28 O\ T NTP (2008)
TH IR~ 7 2 O/ NERREE, BE O BMDLio i 1.0 mg Cr(VD/kg &
H/H%Z, £70. MER~OEEIZSOWTIX NTP (2008) THOLIZHET v b
D~~~ 27 U v MO BMDLos fE 0.2 mg Cr(VD)/kg K8/ H 2 FHE5 & L
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T, TNEFIELFE~—T 2 (MOE : margin of exposure) ZH 1 L7-, I
TN AR K N2 MOE 13W3 v d 100 2 EEl-> Tz, BB A
WO MOE |3 E < §2T 1,400,000~6,300, 95 /N—t 2 ¥ A )LET
360,000~3,100 T& - 7=, CONTAM /% /L%, BT L~ULIC ﬁsf\mﬁy
2 ADEL TEEIL, FFHENB AT 2BV SRR T 72, B A
Eﬂﬂ%ou\f %, FHRZRIE < BEMTIHBRIRNEZ 2 6508, @i

A (BRI, SRR OZ Do) TIIBERNRBRENH 500
urw:eu\ fEm A 72,

B, iy o Ao T, NTP (2010) o =2 U7 1 hA—Kind
IID% 2 F~T AKNT v MIREEEE LERBRICB W THEI AL DE
DI DFEFBENI NIRRT Z LD & D 286 mg/kg K&/ H
% NOAEL & L7z, EFHA~DZBEIZONWT, Zfliz v 2 &&K 5 Lz o0
DOFRBRIZBNTIE, FIERICKAITH D P, 30 mgkg IRE/ ARk OHET
G R O R EDN 2 B 7=, NTP (2010) (2B W TIE, 3 A Ro#ET
AT EE, K T/3T7 A —F LOWMRINZEZ RN L2 ho T, LLED
5. CONTAM /<ix/uiE, NOAEL ® 286 mg/kg K8/ H 2, RiEEGEEK L
L CREZE R OMARZED 100 (2, AFE Kk OS8R O +%) foar AT
EDORFEFEMEE L T10 %ﬁuzt 1,000 # i L. TDI % 300 pg Cr(IID/kg
RE/HE LTS, (BH 25 (EFSA2014))

(7)) BEFH@BE

IKERYED FE féﬁﬁnﬂ‘ﬂ%gj (1}552 15 4 4 JRAER SRS
AEBREE KB = /KB féfiﬁﬁlﬂ'ﬂi}m/\) wIERHIIC OV T, BIFoD L
BOLLTWD,

(AR & DOBIEFMEIC LD 7 a AVDORERAMED =D, TARC T
X7 v AVDIZZ V—7 125 ESNTW5 (TARC 1990), &7 nAlL
7 v AIIDIE, & b ROSEREM) CTORN AMEIZE U CIEiEh nl5E 72w ) 72
BIE2 WD 7 v—7 3 (B REBAMED VI TE20,) ITHES
NTWsd (TARC 1990), 1958 42 WHO @ International Standard for
Drinking Water T/Nfli 7 = A DOREFEFZEN IS < ;e KA E (Maximum
allowable concentration) & L C. 0.05 mg/L &% 1172, BilEIOFHMh &
YWHO (1996) OFHmIZIV T Z OFEEHE 0.05 mg/L I DOV THARET 2372
ST H, R TR 72 B 7 — 21308 LUVMEZE ) v & Siuiz, ADORA
BRERIZ L DN ARENED SN TWEN, RO ERERCIL, BEE 2t
HIEE OO BTV, EEAFEE LT, BINEHRSFHARRIC 20
I AR HFHMI S NS ETIE, @EZELIETZLEFBENEEIOND
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0.05 mg/L NWEEFES & L THERF S LTV 5,
Z D%, FHBEE Iz 230 B Bz e G SIS S v T, |
F7o. KEEERE (R) OFMEEICOWT, [7 o AD0FMEICHOWTIERE
KEBOAMOLDIZEET DI ENRYTHL D, BUTHERY
0.05mg/LUTETHZENEYTHD, ) ELTWDH, (BRI 186 (JEATT
B4 2003b))

2. RBEZEICEODCIEEBEZEHLEZMR
(1) SP=EER (NTP 2008) ZRAULV-518R

Stern (2010) iX. NTP (2008) ORBFER N D AR —T T 7 7 X —%H
HLTW5, i~ 2A0/NMglEEZ T RARA > & L, BMDLp 5 1.18
mg Cr(VD/kg /H% POD & L7=, 106 NA U A7 TOEMWKREGEE 1.17
~1.73X10% mg Cr(VD/kg KRE/H &5 L, fEEMAITAKREIZESAHIE
IZX-oTe MRGEICEH LT,

b MNEMAE (HED) = (@#RE (0.05kg) /b MKAE (7T0kg)) 025X
G EOHERND, 106 BT A7 The MEhEIX 1.91~2.83X
106mg Cr(VD/kg (KE/H £ 720 A —7"7 7 7 % —|% 0.35~0.52 (mg/kg
KE/H) 1E7eolz, ZDIHH, 108 NAU AV TOE MMEHE 1.9X10
6mg Cr(VD/kg KE/HZBHA L, An—777 27 %—% 0.5 (mg Cr(VD)/kg
RE/H) 1& L7, (W73 (Stern 2010))

Haney (2015) (%, ~liZ & A D3N AMEIZ SN T, FERIERIEE L DK
HESNET 7o —F R OIERIERIEA D 07 7o —FIZ X o> THRIEE 1T -
TRBY ., R Y OT 7 a—F 05 IEFD A K OFEN AR L Rk
% RID #HH L TW5, ~7 20 90 HFKEGRERICBIT 5, £ 58
DO+ FEBR4 7= 0 DAl 7 v A (Kirman & 2012, Thompson & 2011b)
& NTP (2008) Dift~ 7 ZAD~+ _$5lm D OVE AME B RGETE Ak O 58 A= % £
IZ BMD %O BMDL Z& ML, 71 v b L7ET /L (loglogistic,
Dichotomous-hill) ® BMDLio O E)fE 1.39 mg/kg + _#5M5% RfD HH D
7289 POD & L7=, Z®fE% Hill Model D& HW T~ 7 20RO 5
=D POD IZHH L (0.31 mg/kg fAE/H), UF100 (Fiz= 10, fE{AZ 10)
Tk L. RfD 0.0031 mg/kg fAE/H # 5 H L7=, (5 187 (Haney 2015))

<PBPK ETI/IZEALIZNE>
Thompson © (2014) (X. NTP (2008) OH&E-KI&oT —% &> b,
INGEEEZNICHI S BN A ZRRET S EMER O SBAE (Chronic
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Oral RfD) ZEH 1L T\ 5,

XU oIz, ~7 20 PBPK 5 /L (Kirman » 2012) % H T/
(+ 2560, ZBAOER;) ToOXRM7 v amz#fie L, VEAME EREE
OB 5] Xt Z S 72 BMDLos fEi % 0.84 mg Cr(VD/kg /ME/H & Lz,
COEE~YTANPDbE FAAET LRI, BEDO S L HEMEFEM
(pharmacodynamics) O ARHEFEARE (UF) & LT3 #m@AH L, & h® PBPK
7/ (Kirman H 2013) #HW\W Tt hOFE ML OEIE % 0.75 mg
Cr(VD/kg /IM&/H . /NGRS DI Y iAZ &% 0.092 mg Cr(VD/kg /M
/HEHEH L, ZNH0fEG e NMEBEVEHIICEEEZZNEH 0.061 &
1V 0.059 mg Cr(VD/kg RE/H E R L7z, 202 5OfEN 6 b MMEJEFY
i < % 0.06 mg Cr(VD/kg AEE/H & L, ff{KZo UF & LT 10 % i A

EBERICETTAREL L ToORNE A ERBERICR LT
Chronic Oral RfD % 0.006 mg Cr(VD)/kg {KE/H & L7=, Z ® Chronic Oral
RfD 1%, /MG TOIERED AL PPN AZEO N T LT 2ETH D | K
BHAT0kg, —HEUKEZ2L/H &35 & ACBIKIEE & LT 210 ug Cr(VD/L
L72%, (28 188 (Thompson et al. 2014))

Thompson & (2017a) %, B &7z PBPK €7 /L (Kirman & 2017)
ZAWT, NTP (2008) O &E-FIST—Z &y 2B RID ZEH LT
Do

~ U A0 PBPK E7 /v & HW /ML (k. 225 OEE) <
N7 v Ag&E2HEE L, VEAMEERBEROFEER L5 Z X foﬁb\
BMDLos % 1.1 mg Cr(VD)/kg /NMB/A & LTz, =T AMBE h~SMFT 5
B2, ZOOfEIZ, fEFED 9 B toxicodynamic factor ® UF & LT 3 A L,
t h® PBPK €7 /L% T PODuep % 0.020 mg Cr(VD/kg /H L HH L
7. ZOfEIZ, E{EZoD UF & L C. toxicodynamic factor @ 3 &N
toxicokinetic factor @ 2.4 ZiH L T, ~ 7 ADOOFE AM: ERZEB RIS
< RfD % 0.003 mg Cr(VD)/kg {KE/H & L7=, SRIOMFENT TIX. 7 v hDOJF
N D& MEIRAE K N~ &7 2 DRFEOALARERIRTE -5 < RfD $[FEEEIZ 0.003
mg Cr(VD/kg RE/H L7 o723, v U ZAD/NGIERGO WM EEFL TH S
OEAME ERGEREZEICHS < RID 28 L7-, 2@ RID IXHLE TOHRM

ST Tl FERDB B EIT 2ETH 5, (B 189 (Thompson
et al. 2017a))

(2) HFHE EEEECE (RA) ZAVEIR
ME-FOSBIFR A7 2 SO EZE LR EFRIHHA (Crump 5 (2003) DK
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E DA A FINASA X7 4 VDR 28— bR Gibb & (2000) DK
EDAY —=F > FPMRALFET OEEE aR— 8 IZBT 57 1 AREGERE
HEHETOBEWREIE LT RIZESNT, KEFAM2Z 2 4@ Unit risk factor
ERE LTz, £z, 4 DOBEMHBEBEZSBEO 7 v L 1TY (KA YD wv—7
— B U RO T 4 7 KEOT XY RN a—RR 7 Y RTINS
— 2B TAFMF ¥ v Z~A V) Dak— k&M LT’F%@JE’J@?W@’E
1T- 7,

Crump O DOFHETIX, Z/V—7 310 SRy v LRI < I BEE
L 72 g 58 SR O BHIME K O/ E 2 . A7 Y VR & O T2 e 1A
FEXF Y A7 BT AOEE (B) OWRESEUL O LHEEME O R HIZH W,
Gibb & OFHAE TiX, Cox N — RET AL Z i X < 82 77 (optimal
exposure lag) & HWTEHENE L, O THEE (B : BUE) 2 L2 %2H
L TBELHEE L7z, 2 O@W%E’]ﬁE@nﬂﬂﬁ&U\ﬁﬁj}E’Jfcﬁnﬂﬂﬁ W2k LT,
Unit risk factor 3% E T Do DIEMB oM 2 HW 2, 2 DOEFZHIFHA
@ Unit risk factor %, EAfF ﬂﬂf@ﬁ%ﬂﬂb‘fﬂ?ﬁﬁ_ (R L 72 R Rl 2
7 4@ Unit risk factor TH 5 1 ug/m3 2o 0.0023 1XFHEICEY 2 H D
THY ., ZTHITHIET D 104, 105 T 106 DIERIFENAEIEY X7 LUL
@i&%fﬁci 0.042, 0.0042 }7*0.00042 pg/m3 T 5, (M 190 (Haney et
al. 2014))

FZ BTN 7 v A3 RSN E LS D 2 & & Afiiz = A0
R MOA BUFLEEFZ LR L, BT 7'm—F I L > THRED
o DFIN R AT o T, BERAZRYE (chronicinhalation reference
value) ZH T 5720, RKEOFNAFTMNXA AT 4 VD ak—h
(Crump ©» 2003, Luippold & 2003). KED A Y —F > KR /VLFET
D ak— bk (Park & 2004, Park and Stayner 2006) MK T4 SO{KH&IX
SEOIaLBIY (RAYDLNA—T =B QR T 4 72 KEO
TXYVAMNIT— XA T YR T 4NN ) —RATa T A FTMFr v A~ A
») ®=ad— b (Applied Epidemiology 2002, Birk & 2006) % it L7=,

%z}/b%“zh@:‘l‘~ MZBTHHEY A7 B EH L2WASMZ v L0 RFE

KBRS A7 ET VI > TRHREL, bENoTZ R Y D ak—
]\ B2 BEIE<ZEE (0.195 (mg Cr(VD/m3 )-4) #1BMENASIREE
Ho POD & L7, 0.195 (mg Cr(VD)/m3) % Z @ 2k — h OEEE < M
MTdH 2o 9.8 FTERL 19.9 pg Cr(VD/m3 % PODoc (ZE TR iR
J : average occupational air concentration) & L. Z OfE % —fxFEHIZ#
Fi L72 PODugc (human equivalent concentration) % 7.1 pg Cr(VI)/m3 &
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L7z, UF30 (ff{k% : 10, T — X _X— 2D DR feFME - 3) THRL
72 0.24 pg Cr(VD/m3 @MW ASHE L L7z, (M 191 (Haney et al.
2012))
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< BlfK - BRFR>

8-OHdG 8-hydroxydeoxyguanosine: 8-t K% 54 X% 77 /) v
AAS atomic absorption spectrometry : Jil 1WA
alanine aminotransferase: 7 7 =73/ N7 AT =T —
ALT ¥
aspartate aminotransferase: 7 A/ X7 X T I ) T A
AST _ N
JxzT7—%
ATSDR The Agency for Toxic Substances and Disease Registry : K
[ B B R s B ki B
BMD benchmark dose : X F~<v—27 R—X
BMDL bfnchmark dose lower confidence limit : X F~v—7 F—X
(BT RE
BMR benchmark response : X F~v—7 L AR A
BQC betel quid chewing : & >~ Z I E 1E
CI confidence interval : 15%H X [
CT computed tomography : = ¥ = — ¥ — W@ iR 1L
Codex Codex Alimentarius Commission : [EE&MEKEZE S
CV coefficient of variation : Z#E){REL
DRC dynamic reactioncell : ¥4 I v 27 V77 a kL
EFSA European Food Safety Authority : FRJNE 522 &R
EPA Environmental Protection Agency : K[EERE(RGET
ETAAS electrothermal atomic absorption spectrometry : &5 NEVR
TSR i
EU European Union : BKJMNHE &
FAO Food and Agriculture Organization : [E A ke 2 2R
FAAS flame atomic absorption spectrometry : 7 L — A-J7 156
JESHTIE
GFAAS graphite furnace atomic absorption spectrometry : 77 7 7
A MFERARNICE S HriE
GSH glutathione : B XM 7V E FF
GSSG glutathione disulfide : F{bH 7' )L & F 74
glutathione-Stransferase : 7 V¥ 54 -F NI AT =7
GST g
HED human equivalent dose : & 2 FH &
high performance liquid chromatography : i iEK A7 7~ K
HPLC .
7774 —
HPLC-PC high performance liquid chromatography with post-column
derivatization : mRIK 7 v~ N 7T 7-IRA N 1T Lk
IARC International Agency for Research on Cancer : [EEE723 AMFFE

e
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IC ion chromatography : A 4> 27 v~ ~7 7 7k

1C-PC ion chromatqgraphy with post-column derivatization : A 74
vrua<w N7 ZT79RA NI T ME

ICP inductively coupled plasma : FHEES 77 X~

ICP-AES %nductively cou‘pled plasma atqmic emission spectrometry :
SRS 7T A= FI I TiE

[CP-MS indl%ctively coupled plasma mass spectrometry : % EfE S 7
7 A< Rk
International Chemical Safety Cards : [EFSF 2 WE 44

ICSC He R

PCS Internatif)nal Programme on Chemical Safety : [EE{b 5%
7 eMEEE
Integrated Risk Information System : #i & U A 7 HFH S A7

IRIS A
International Organization for Standardization : [E[FFIE#E{L

ISO ”
B

JECFA Joint FAO/WHO Expert Committe(? on Food Additives
FAO/WHO & [Alf S iSSP 5 2 ik

MCH mean corpuscular hemoglobin : E¥) 7RI BRI 455 &

MCHC mean corpuscular hemoglobin concentration : ¥R i EK .
=ESIES

MCV mean corpuscular volume : V7R MR FH

MDL method detection limit : (HEVEIZHE-SL) B T RE

MF modifying factor : & 1E424K

MOA mode of action : {EF%F

MS mass spectrometry : & &4T

NADPH nicoti?ami(%? adenine dintlcleotibde phosphate: ==F > 7 3
RT7TT=V VX VAF R U

NOAEL no observed adverse effect level : MM &

NTP iational Toxicology Programme : CK[E) EZFR#HEMET v 7T
Occupational Safety and Health Administration : >[E 55

OSHA NP
AT

PBPK physiologically based pharmacokinetic : ZEE“H)3 Y@ RE

POD point of departure : H{%&

RfD reference doce : M H &

ROS reactive oxygen species : iGVERE R TE

RR relative risk : fHx} U A 7

SCF Scientific Committee for Food : FRM & A2 EE S
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spontaneously immortalized rat granulosa cell line : H#XI(Z

SIGE FHAL LT T v R B

SMR standardised mortality ratio : fZ#E({LE T Lt

SOD superoxide dismutase : A—/X—FF T KTV A LK —F
TDI tolerable daily intake : Mit%& — H & H &

UF uncertainty factor : NHEFEFREL

WHO World Health Organization : 5O MRS
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