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ENAOF R 72 i85 SC. [EIBRE RS ORI E% 2 INEE L, (ANELTE, %T
ek, HAEEEVE, 1B MEFRME M OFEN A, ZESE « A TRME N B s B 5
B FEABREAE . B FAFITAE R, B S OB RN B DX < BT F%ﬁ“é?*?%%
FAN TR % 5566 L 7=,

FEINE EINTZAME 7 v 2AOWIER TR, B R T BRI EINTEN
iz v Ak, BEICHRICE ST, EENTES 208K X > T, X RIeE
DIRWEAli 7 v AZBE TSNS T2, S 1 L OHEE D B ORI &

%o MIN SN =AM 27 v JMTEIERTOMRITHOM L, BRIt SN 5,

FEERENM S T, FERNBAEEIZOWTL, ol E AW BRIZB W T,
+ h%@@ihéﬁ&ﬁ%&%ﬁ@%ﬁﬁ%hfméo%@ BTN T

T o mEE AW TSR 5RBRICB W T, v~ U ATII/ME T, 7 v FTIEH
ﬁﬁ&@%f-%ﬁhﬁﬁ@ﬁi&ﬁMﬁ&%hfwézkﬂ@\ﬁﬁﬁmA
i%ﬁh% I ChbHEEZLNT, BEEMEIZOWTIL, in vitro B K UK
BHLAD invivoilk D2 < THMEZ R LT Z Evn, N7 v ATEissrE
EATHEBZEZONDLN, HOKEEEMETOBEBEEITHFITH LN TIEZD
EEZ LN,

KOIEHAETHALNTIZ~ T AD/NEIEREDOFRN A T =X LZONTIE, &
BEOAEZ o MZEYMIE<EIND Z LT, Az v 20005 R
FRoimICBE 2 5 2, BEE COWERNE 2 0 | Z OSSR MEE S D
LDOEEZ LN, T2, NT VAV =78 (T AKDT v R ZHN
TR 5RBR I T, T AEERTRLRR 2 35 1T 2 B A 1 229K A B O HE NS A
BILTWARNWI L5 A7 o A OFKEGERBRICEB W TERD b EE
AT, BEmrEIC KD o 81358 2o EiEr L7,

t%? . MR Z xS & U T IEIBCENE T < BRICBE T 2 E A ﬁwf
i<%§kﬁh%$4k@% B LI A LN TR LT, BNt
< (2RI 2 5 AT kwszmﬁﬁ@%%ﬂ&%hfwéﬁ-&D@%@
X< BEOALAZHETHZ ENNEETH T, Lo T, —xEME S L LT-FE
BRFEMEIT < BB R OWCEMEIX S BRI 2 AR O R 2 VTR 7 7 L0
ACBKR 226 DIX S BRIZOWTOREEFHMEZAT O Z L ITREETH D LIl L7,
LEDZ Lt Rl v LZOBEIKD S OIE < F@EITARLFHmIC B VTIE, )
WEBROFERZ RO CE— BERE (TDD) 2% ET 252 LRy Th o &

8



Wr L 7=,

TDI B EICOWT, 2 EMKE SRR F~—7 F—X (BMD) %
WAL TR LR, B~ 20+ Z5BIBO0E AN EREF R TR bR
BMD1o {2 U BMDLao E2NE H &7z, AfER L OO G2 2517 =
ADIENIVAT=ZALDBLENL, v T ATH LT /NEOONE A ERGEE
BAT/NGIERE ORIBAIRE TH D EE 2N, IERNPAEEL RN AT
BL AT T2 T 22 & L,

VLB | 2 AEBIOK R GBI B\ T A B~ 7 2D+ “HRIBOE At
FROEEAICEED R L7z BMDLofE 0.11 mg/kg AH/H Z S L L, R
e SE4% %k 100 2 LT, JNffiz 2 A0 TDI % 1.1 pglkg (K&E/H & Lz,

BP0 o LI 7 v AORETHEL TWD EEZNDT2H, I X
TGN f—E— R OKEKESRMZ 2 OB EREL., BHRACEBIT DA
fili7 v 50— AEREAHE LoRER, P87 AT Y T3 0.04 ng/kg R/
A, SEREORFEY T 0.290 ug/kg KE/H TH-o7-, ZTNLOMHEIFWTIL
t, TDI 1.1 pg/kg AEH/H LV (K722 2006, BIROI XTIV p—F—
JOZKEKR DR LU B W IR ENAE T D) A7 3R EB 2 b
%o



I. FHEZEFORKRE

200347 H 1 B, &MfEAE (B 22 4RI 233 5) H74R% 1 HO
MBI E | IBHEEK OB L YEZ IET D Z 12 oW T BT 2
5 A SR B O EEE A T T,

N7 B BV T, 2009 4 8 H 17 HOWE 5 Wb FME - {5YE
PR A S IR B KRS I B W CIE SRR M TON TR FAD A+ Th D
ZEMmbikRERT O Z L & ST

2015 4F 9 H 29 HDOF 578 [M& M EEEERITBW T, bFEWE - 154
BHEMFAES ] 04BN WERmEEEMFAES) Cddond L eblic, %
12 7= 2 R B E OFRER R 2 L 0 #U Ol T 720, ZNET
{2 - 15 Y E PR A S ST L C & il S E O #aic oW
TiZ. FHL B SRWE =L lc T —% o SO N— T e BN EREEESDTIC
iE L CHEREAITY) 2 L& ahi,

IO, 20176 A1 H, BRAEEZESO T Kl e sT—F%
T IN—T | PEE SN, BRWEETERIIB T 2 RALEMARATIESIC
K VBT-ITEE LT 2009 SFELIEO MR 2B E 2, YTV —F o 7 7 —7
ICBWTHRERREZITY 2 L& ST,

I. BMEREZETE

78 MIBRBEFICAS AL TWAERETHY , Aa., T, KLKEOH
AHNAFAEL TWD, 7 B ARk A B RIREEN H 0 | =l 7 v A L UURAlh
78 AR OLEE LTALFFRETH 205, N7 v A ARICITIF E A EFE
B9, FICABRERICE > THAET D,

E AN ORFER e stER S0, ERRER S O EEFE 2 L L, RNEIRE, &
PEEEME, MAMEEE, BIEEIE L OB ANE, A - BAEFBMET NS BB
HEORFEARBRAGE, AR, B OB 26 DIX< TRICBET 57 —
2 55 e U TR A R R Bl & 520 L 7.
7ok, RHIICHS 2D SR LA Z <BIR> 2R,

1. ARPE (KHH>T. 1. S8)
BINESBENTZ7 0 LOWNPERIFK <, BicEPIcHEt s b, AMfir =
LI, M7 e A L0 b HIEEN DRSNS A, JRP 7 1 APEIEN S
HEHI L7257 2 A OWINER T, B b TR OERED 1~6.9%., 7 v b Tl
FROERED 2% L HESN TS, BROFFESINTAMY v 2%, EICH
WIZE > T, £ENP TR DI NERICE > T, iz o XTE LTSN, 20

10



X o TR Y a ADOHEALE DD OWBINE XD, BIROETTHEIT R
Al (X pH) XV &% (&5 pH) THE<L., ANMiliZ v AXERIOMEED S &

DM END, WISz 7 anid, BICRPICHSh, B2 0 afh
U AVDOROIEL TBREO 7 v LD JRPPEEO I e b TIEH 40 B
EHEESN TS, ZROINLZ 0 20 R Tl v e SnTn g,

KR Z & 2%, FSMaE A i U, WIS 72T T ORI
it 5, Brio, Bk AL OVE RO 7 o AR E W, 72, ANy
2 A, BEBRIZBOD TRIBERITRRO LI TW S,

AR 2 i U CRIANIZRAT L2 v 2, 7 A Ve VR, VA
FA, VATA VEOHBCMEIZ L > THMZ v A, U7 v AERT,
BRI =7 v MBI S D, A7 v ADREGEEMEITAR < | Al %
WT DI ENTERWD, =7 o M TMRANICHRE I D,

A CIE, A7 v AE3RMERNICE Y AL, BILI, ¥ o 7 EhE
“T %,

723, PBPK 7 /L& W= FHITIE, B b/AE~OAM 27 v 5 DBITIC
OWNWTEHEIZS BRI~ AT RO T v P LY HETINTIZ
SNMEZ 2 LD FEFERBITTHEIENE -T2, mAEIX ERFIZIZE M ED~
TADFTNT v I EBITTAEIENELS v U AL E M EDOMTOEITK
ELeroTe, ZOZ NG, Bo/WME~OARM Y 0 AOBATICHAZDN B 5
EEINTWD, LarL, RET /ML, BFEOEVIZ XL 58027 v 20 /MMgHs
5 OBUARZFIZONWT ORI N AR+ Thd EB L LN,

2. ERIMZFICEITHEE (KAF>@T. 2. £8)

AR Z 7 DZHOWTIE, BFERBRAGEN O, HEE~DOFEE (M TOUE
ANE BRI, MBERONDETORNA) . B, EHETOEKREDOW A
ERBLNTWD, BEnmtEidE < ORBTHBIETH- 7=,

A7 v A DOBAMEFRMEICOW T, flix ORM 2 v aMbAE RO &S LT
AERICBW T, LDso1xT v FTid 13~811 mg Cr(VD/kg AT TH - 7=,

KERGFEMHEIZOWTIE, ~ T AKDYT v hEHWERBRICBW T, + 28
IO ONE ANE BRI AL, + T FaRG I OB U o5 O FR AR BRI . Pl
DRIE, FERRO MR E M, B OREN R LT, + & OWEH
Y 2 NEE ORRRERIZ I, IR JRAE, PN M55 e B 25 ME 55 D T i,
B ETHY  BEFNERIIAP LB DN, $o, BilFEO MRS
7ok, #5646 22 HH KT, 12 02 A BIZIFRMTH - 72,

G - BAEFREICOW T, v T AKRODT v bEAWERERICEB VLT, FIR
B OVEAE IR B D W | B D BALIRIE S OSBRI LI, ZHH D
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FIRIEEHEDO A THALN T W, £72, TR LV IERWHETA LN RIX
b5, HHEORER &K OVAEFE - BAEBEOFHHIZ WD OIXEY) TidZe vk
BRCH- LI A Th o7,

FENRINETONTIE, o AW ZHOREGIC L 5 2 FERIEIERENE
FAANERBR (NTP (2008)) 15\ T, =7 A CINEBT. T v kG OE
AN OV C R ABE DA B 72 ENMA A BT 5 (ZH 1 (NTP 2008) ),
INHDORERNG, N7 a MIEPRAMETHDH EEZ LT,

BAREFMEIZ DWW TIE, 1n vitro DFBRRICEHE W TR, HIEZ2 AW 7218 IR 2298
ERABRZEDL L ORBRICB W THMZR LTz, in vivo DRERARIZEWT
I, BREEMEIXKBEES N2 bV UoRERE W T Y o R B R RBR /I R A
G et 2R Lc, v U ZZEOKE G Lo/ MERBRITIZIZ R Th - 72
23, gRlRE OG- U7 DNA BERBRIIGECTh o7, ~TUAKDT v NMIKE
PENT G- U To B s 1229 Baklin, Gua R B8R, /MR 1 I E 2 R L
oo ZNHDFRERNG, N7 v MIELBEEL AT LB 2 0N50, 8K
WL TCOBEEMEITIFZICHLNTIE W EE X BT,

3. ENAAN=RL (KHF>MW. 2. (7) S8)

A7 v ADOFEN A AT =X KZDOWTIE, DNA CEBEN M ER
T 58 A = X LR ONEGEENEE L WIEBLGERIE A T = X A0
WEEINTWD, IFBEIEFEMEA T = X LIHONTIE, A B = X LOMEHRER %
T TR A STV 5,

BEmIENBE S L WIEBMLEIE A =X 2 L LT, Thompson & (2013)
1. T ol EE AW HUKER 5 XD 2 FERMEMEENE BB AERER (NTP

(2008)) IZHBWTHRBEMETAHALNTZ~ T ZAD/NGEEHIZONT, A=
XL EORER A E R, 1) /NHEENDOARM I 2 LOWIL, 2)
MBI T 2 MEEME. 3) BETOFEAM (regenerative) DB, 4)
Pt I OBEEIZ X BRI D 7 v — U PEHEGE) b OFEBER A, £ D 4
DOFERNG, IEERFHEERAKT (MOA) ICX-> TRAETDHEELZL T
% (&M 2 (Thompson et al. 2013)).

KU —=F 77 N—78 LTI, UikBE, Bl S is 2 B =
Z KB GIZBT B 7 2 LOFEPR VA T = AL DOWTETFTDO X HITE

2 L7T,

1) /NBEED S DA 27 7 ORI
N7 v A, FICHRIZE > TEM7 v MGEITTIND D, FDIRICHE

12



IXEHOREE (pH. BORNEWE) 1TKGET 5,

NTP (2008) (23N Tix, MERRIEE & OB A 02 < 3+ 3815 THEIN
L. ZEGTHENCA LT, BIBLORBTIEHEM L o7 2 & (&
M1 (NTP2008)) 75, Affiz v A0NEIRIC L D& adkin, /MEE T2
EL, WNENEZERBEZLND,

2) /MGHE ERMIEOEE, KU3) BEE TORAMEDIEEK

VU AZEI v AT N A TKIWVDE 90 HFREOKE G L7 Bk
IZBWTC, + BB OMEICKT 2 MadENE Gl zeiaik) 23, MEDZE
Hah OfaE ComBR I D BIEAETE Z > T2 2 & (28 3 (Thompson
etal.2011)) B, N7 2 ADRMEICHEEZ 5 %, 85 LI/ NEREZ &
BT A0, BETOFAEEOBEREZFIEREZTENI AD=X

AMMBRZHIND, ZDAT=ALL, /NNHIZE T BIEEHE A 1 =X LD

HAEBRE LT, RKRBRICARE L CEMINZLL O ENS HEAFIT B

HEEBEZOND,

O ~vUATOHAREGICELERBEONRMZ o AT EITBNT, BE
TIEREZEORENR SN2 > T-— 5T, ME TITHBIRGFEMN 23 E
NI 5T (2 4 (O'Brienetal. 2013)), ZAuX, M7 o A3HE
xR Z A T 503, BRI 5 E N 2B AR UM
FHEFTAE L TWARWNWZ L EZRB LTV D,

@ Afiz v siE, ~ v AO/NETOETM I VA2 F 4 (GSH) &Rk
My n2F4 (GSSG) Dt (GSH/GSSG k) % Wit K OVH & A7)
WA N 7228, DNA BbfE G ofEiE L 725 8-E RuXx o FA X/
7 /v (8-OHAG) OEINIA L -7- (28 3 (Thompson et
al. 2011)), — 7 C, /Mp LR OBEFRBLEEMHT I W T, B{b X b
VR NEBEFRBO EARA BN (B 5,6 (Kopec et al. 2012a,
2012b)), Ziubix, L) DNA HE R I T e TH, #KE
TORBEA PV APMUREESBENPORE I - TWNDE I EEREL T
Do

©® 7 AREIX BEIVKETEL, v-H2AX @ERAEEE v
DNA 5 (DNA KU 1Z2E TEALNTHEOATAHA LI
N, MECREHERL R TEFTRIIAONL o (2R 7, 8
(Thompson et al. 2015a, 2015b)), ZALH X, BHAY7ZR &R E O S
7 LMK EICBWTH, BEIC7 v A3EEET, BEdaicsy
TZ I DNAIHER L o7 2 L Z2RIB LT 5,

@ WETHEKGFONERA LN Z & (2 4(0’'Brien et al. 2013) )
D, MEIZHT DHIREEIITHRERTER S D E B2 b, B~
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DA FEIED R IR T, 2 CRIEIESOG A 2 5 2 & 2Rk LTV D,
— B CAIMENR B LN o122 & (B 4, 8(O’Brien et al. 2013,
Thompson et al. 2015b) ) 1%, R O Al HEHE 50 23 Fa i e e~ oD [EL
BEHRBEIZ LD b O TIERWAREERH D Z LA L T\ 5,

4) PRI DIEFE 7o AR K 2 RS R AR BEE D H N
+ B ERCREIREIZ N 7 v A DB E L7 K-Ras = R 12 GAT
EROWEIMNIH NI -T2Z & (B4 (O'Brienetal. 2013)) &, NTP
(2008) IZHBWTIHEEFRAEDORYUL, BB M O T R EFANA LN T
Z & (M1 (NTP2008))., 90 HRFEBRICIHBWTRINAKRE (FRBMEDILE
) K OMEBEMIRAENA LN 2> 7-2 L (2 3 (Thompson et al.
2011)) . YTz CHIBRFRBER A ONLR o122 L (B 4
(O'Brienetal. 2013)) &—EH L TW5, /=, NMliZ B AL > THERS
N+ B OBIE TP Z — o x BRFEFRESAEDE L0 HIEE
FJRMERT RS AMEE D3 Z — AL Tie (B 9 (Thompson et al.
2012a)), ZOZ b, BinwmttOE G R®R ST, B A ULEE
A K o> THEBEEEMEES N LD EEZ X b,

72, NTP (2008) 2B\ T/MBIEE R b AROE Y 0 ARES LY
v L(VD %1t gptdelta =~ 7 2 (C5TBL/6) (T 28 KTN90 HFEIMKEEE L7 #k
. MO gpt BAGT-ZERE BMRBEE OBINTI A S0 ->7- (2R 10 (F
K 2014)),

L7213 T, NTP (2008) 2B\ T~ 7 RZFRD LI/ NNEIEEDOFR A A
B =ALE EREONM 7 v MIEMEIZCE SN D Z & T, A7 v L78
/N b BGIIIC RRe R CHBE 2 5 2 | 2R COMBALDSEE 2 ¥ | & Ok R
ERMeESN DD LB LN,

F72. NTP (2008) (ZHBWTT v MIFED LIV DPEISEORAE A =X

LI ARHATH D0, TR BT 7 v b & AEfEg & o B 2R~ 4 )
ERIpNT L ROYT v P TCHPEEAA SR (B 5.9 mg Cr(VD)/kg
{RE/H, M 7.0mg Cr(VD/kg (KE/H) 13507 72 AOHEE — Hﬁﬁi (=i
o FUBTY T 0.290 pg Cr(VD/kg KT/H) (ZHATIHBMTE< . B RAS
X< BB S D BB K R DR EE Tl BRI L 0 Al 7 = A= fﬂﬁ& =N
INDHEBZONDZ EnD, EFTiDE@ri@:@ QAN kﬂ%z%
N5, 6512, NTP (2008) T7 v MIAPEEENAONTZHEOEY 1 A
fer KU WA#7}<$D%(VI)7LK7L’$ Big Blue® TgF344 7 v MZ 28 HEEOKE S
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U 7= A58, DR N O 805 D eIl 8 A1 229R 28 BAR S OB INX A 6 17
NoTl=Z & (211, 12 (Thompson et al. 2015¢, 2017b)) 6. FENBAIZ
B EE LTV D &5 2,

I E AN LI2fER. Sl 2 v AT EEE AT 2B 260
DN, h ATV 2=y 78 (v AKRDT v b)) ERWERBRICBWV TR
DS ABERIERRIC R T 2 BB TREREFROHMNMB A LI TN LEND,
NTP (2008) ([ZEWTR®H bR AIT, BEEECL2 b0 LITHE 2
ey &b L7z,

4. ERMIHBITHER (KHF>MT. 3. 58)

B RTIE, —RER ARG L U7 FEMRENEIE < B AR OMREMEIX S BICBET 5,
A7 7 & ARE DO AR & OBERTHAE I LTV D,

MADFEAEZR L OEREIZ DWW T, — M Z x5 & U7 FEREEMEIT < #2112
THEFZICI N T, 7 v LA TIHEN TAMM Y 0 L1 S U7 #ils
OERITHRE, BBEICL T EPARICEA LI T28ERH D0, B
B Rhol s LTV DG bHY | — B LML DTV, BkEENE
X< TRITET 2 FRICIHB VT, i & OBEIZBH A TH Y . B ToON
Al DOREEE R HRE L H D,

ZDOFEIZ DN T Rl 7 7 2GR 7= OB K OB E 15 M Oz
JE~O B RIERIE N MEHERE D RH L BER S D LT @mENH D, £,
TREMIE B E L OBENRE SN TV D,

IEIT A~ BN BT A bR o T,

—REER At g & U7z FERREME X < BRICEE T 2 M EIC B WV TL, SR E
DR 7 MIIHY S - ik Thiies, BRENA LN TV A HRENH 5 D5,
L BREMETDEOOERT —ZBRELTND Z D, R A21T
I LIINEETH D, Fo, KRR DR 1 AIT{E Y S U7 Mg o BRI
FEMENTRERE . I XD EREFRIC LA Lo T 235N H 528, /N1l
7 a MREORERHNREN TS, BEMNRIE BRENSARLZ & B
RN ARHENTH O | FEROEFEMEN 2N NG | EEFHMEICHWS Z
LIXREETH B,

RREM T < BICPET B FRIC OV TR, EEFH 24T 5 [T F o XL 9
RN B D,

O BEMHIZBTIIMHLOEB TORNAL L OB RS HRENH D —

77 C, B E OOk SRR B W TIELE DA TEB AN LR
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TW5, TRFEMEIL < & TITEEOIT TR (A, BREEXRO) 23dH
HTENEZLI, 2O BHROIFSFEICL > THERTORBANA LI
TEAREMEMNE Z 5N, BRANDL DI BEROLZHEE T D 2 &1L IR
Thb,

@ BREMEIZ<BRITOW TR AT RIZE S E KA A2 7 40 Unit
risk factor Z B H L72 &G & 525, WAIZIIT D il & SR IZH 1T 5 1H
L& LTI BENT-AMZ 0 LAOERR, =7 0 L~DETRER
FINNWA T = ALNERI D EREBEZONDT2H, EETRIZESL
Unit risk factor & AW TEEIKN S DIZL BIZHOWTEEHMEIZ1T 5 =
ETE T TR,

LN T AR —F 0 77— Ui, —REME S L LT IEREE
PEIE < B MR ORREMIZ < FICHEHT 2EEHEORE R ZH W TARM I 7 20K
BRI DXL BIZOWTOEEEZITH Z LIZREETH 5 &I LT,

5. —HEREDHTE (<HF>IT. &)

KU —F T T N—T12BWT, <BIR>I. 1. 2B TF-HET—% %= H
W, BARANZBIT28EK (R 2TV 04— —S R OUKIEK) DO R
g AD—HEREEZHEE LT,

1L, ANz o A EFRINUZE R, AR OAN—TT 1 —) ORIk
PO v Aidm s iuinolz 3T 5EE (2 13 (Novotnik et al.
2013)) M OVKHFIZKREBO AW DAEET 255G 13NN 7 v 2006 =i 7 & A
BT IND E V) (B 14 (IPCS2013)) BdHHZ L, I xT0
U g —Z —FA R OUKTEAKZE W TES V2 80BK (GR%E) 1INl 7 v 2307
FELRWATREME R B D, L L, R XTI 4 — & —FE K OUKIEK Z W TE
SNT-HCEIK &2 R < BAKET — 2 NN & R OZELISN 0 i Tz Al 2
O LIFE LRV ET DT —=H NN b, @RI R TiEdb o0,
XTI F—F —H R OKIEKZ D THES V- BOBK 2 & D 7= fokkk (2 %
TN —Z =M OVKEK) IR 7 v LMFIET D ERE L, #EE &2 1T

>7,

mE, BFEHROBRIZOWTE, U TOEBNLRESTO 7 7 NI =l
BADORETHFELTND EZ2 N0 BTG a 23 E 2
WERE L, AHERFFORG L LehoTz,
O B O3, %) hoORMZ 8 LB L TOS8ETH 508, M
7RI TEIC L2 6D THY | BEENMENEZZ bNHT720, AT
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A7 v AFAET D2 L 2R TIRILE T2 YMEICZ L nEER S
5,

@ Novotnik & (2013) (%, N7 v AZBEEMIZOHERT 5 HikEH
WTC, A7 e A ERINLTe&S (N0, B85%) FoXM7 a L2Z2HJE L
ToAER. BRIl a AT SN enrolcZ EaHEL TS (B
2 13 (Novotnik et al. 2013)), Z OfERIE, ML= A7 m 20iF s
WEDBILINTZZ EEZA LT EHRELTWAZ D, M
M7 a2 AMIFELRNEEZ NS,

® HEMPERM TIE S OBRITTEIZ L - TN 7 & L8 =i 7 & A2

TLINDEZEZLNDZ LD, N7 v b UTHEET 5 AlREMEILK
WeEEBZLND, Flo, BMERML TR, KANEIREOMREZEE XD &
BROESESINTZAMZ e 2OZIFERNT M7 v MR TS D &
EZONDIENL A7 AL LTUTEAETHFE LW EEZBND,

(1) Rfiv 0 LOHE—BERE (FHOMEREY)

IARTNT F—Z—FHPORM I v LREFEIZOWTIE, ENICHE LT
LHEEMONEEI X TNV T 4 —F —FHPORM 7 0 AREOHRETH
% 0.0003 mg/L (0.3 ug/L) (B 15 (A5 2017)) ZHW=, £, I*x
TN F—Z —FHDOEKEIZOWTIL, BAKEREIZRBIT 28 b KkOEH
BAKEOHRETHD OL KOBEMEHETH S 0.142L (16 (IAIHDH
2013)) =M=,

AEAKNZ DWW TR, AKEARFTORMZ 7 LAPREZRIE Lo wmE T d 555,
BRSNS D22, BRZRAFEY TiEdH D08, REOKEK FEARERK)
HOR 7 v AREORERERZAM 7 o MRE 2T 28 L Uiz, ki
KD 7 1 AORRHEREIRIE & A EDORIER ST 0.005 mg/L (5ug/L) L
T (425,780 HIEH A F 5,777 Mg (B 17,18 (HA/KIER S FRk 27 4
FERRAERE R, EAES#1E 2017b))) THDHM, TORESMIIRHATSHY |
VEEEZ R TE oo le, Lo, EWN 3 0T THIE S AV KEKF DR
iz & HPREEN 0.077~0.37 ug/LL TH-o7=Z & (B 19-21 (5F 5 2011,
Sumida et al. 2005, A5 2007)), M OVKEKFONRM 7 v LJREE &7
0 LABEDLN 0.56~0.74 TH D & D@L (BR19 (595 2011)) 2°H
HT B, KEKFONRMZ v ARESAMAITEAKEAKFTOR 7 v AR
0.005 mg/L. (5pg/l) ® 1/2 LA FIC@->TW5 EHEESN D728, FH 72
AEARFOFRAN 2 v MR Z Rk K P Of 7 a AR 0.005 mg/L (5 ug/L)
D 1/2 EE L, 0.0025 mg/L (2.5 pg/L) & Lz, £7-. KEKDEKEIZ
DONTIE, EAEREICB T 2KEKOEHEKEOHRETH S 0.870 L
K OENEEETH S 0.966 L (B 16 (A5 2013)) #HWe,
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Ubne, Ix7
EHCE O 72 RAE 0 13 KB RE 2 V28

LT g — A —FA R OTKIEK NS D7 a L OHEE—H

H/H, KRR EEEE A
AHEERM R AR 1ITRT,

#1% 0.0396 pglkg &

1% 0.0447 pglkg (KH/H THh o7z,

&1 ANV DOLOHE—BERE (FHMLGREY)
N7 7 A | — HEKE — A% DN | KEL kg 4720 D
TR B Pl iz v 5AOHEE | Rl 7 v AOHEE
[TE& S Sl } — H R — H R
(ug/ NH) (ng/kg AHEHE/H) Y
AT NY F— | 0.3 pg/LY 0L 0 0
2 —¥ 0.142 L2 0.0426 0.000773
VISV 2.5 pg/L3 0.870 L2 2.18 0.0396
0.966 L2 2.42 0.0439
At — RHEKE 2.18 0.0396
(H i)
— BB 2.4626 0.044673
CE#1i)

1) 215 (A5 2017a)

2)
3)

216 (IaH 5 2013)
SR 17,18 (HAKEWS PRk 27 FE5

pg/L (827 v MREE) @ 1/2),

4)

(2)

REIL B ARNDOER Y 55.1 kg & E,

TSR, BAETEE 2017b) AT

ANEY ODLDHE—BERE (FERENRRY)

SRTNT g —H—FHP ORI 7 LPEFEIZOW T, BN E

(5

TEE
CEX B

LTw

HIEFEKOIEEI X TNV T +—Z —HHORM 7 v MEFEOREETH

% 0.0019mg/L (1.9 ug/L) (M 15 (Ff 5 2017)) ZHW=, F7z,
TN g —Z —FEDOEKEIZOW T

UK EREICE

-~ O
~
\;I\

BT AR MLAKOE

BAED B R— A NVETHDH 08 L (B 16 (IxHS 2013)) %
W

IKIBEAKIZOWT

(T, AKEKRPORA 7 v AP 2 WE L7233 S 505,

FRAREL DS D 7=, EEOKEK FaARRAK) ok s a AREORIES
BEAHEICHNAZ L L, KEAKTONGZ 0 LAEFE L7 o LAEE O
2 0.56~0.74 TH5H L DOHE (BER19 (5% 5 2011)) BNHDHZ L,

AT O o LAOBREEED S bHix
(P17, 18 (AAKEWHS T

Rl Td % 0.009 mg/L (9 pg/L)
Wopk 27 AR R, BAESEHE 2017b))

D T4 %07 v A ThHD EREL, 0.00666 mg/L (6.66 pg/l) & L7z,
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F 7o, KEKDEKEIZOWTIE, BAEREICKIT 2 KEKOEHEAKE
D Y5 =k HANVETHD 2.17T L (B 16 (IxH5 2013)) & Az,

b, Affiz a2 %< ERLTWD EIRELTEHEDI R TNVT 4
— X —HH M OUKIEAK DS DA 7 v 2 OHEE — AFERE (GEREO BEY)

1% 0.290 ng/kg (/A T -7,

AHEERE R 2 K 2 177

x2 ANEVPLOHEE—BERE (GEREDREY)
ANl 7 v AREE | —HEAKE | — A7 0N | fKE 1 kg K720 D
(95 58—t | fli7 v AOHEE | ANl 7 v L DOHEE
5 A V) — R — R
(ug/ NTH) (ng/kg KEHE/H) 2
IXRTNT F—F | 1.9 pg/LY 0.8 L2 1.52 0.0276
—J
VISTEVN 6.66 ng/L? 21712 14.5 0.262
it 16.02 0.2896

1) 215 (Fd o 2017a)
2) 216 ()5 2013)
3) 217,18 (HAKIEWS WAk 27 FEERAR R, EATHEE 2017b) ZERICHRE (&
EE 9 ug/l (7 v ANREE) @ 74 %),
4) KREITAARAOERYY 55.1 kg & RE,

6. AE-RiGEHE (BMD" jE0@EA)

St 7 v AOERKNEDIEL BIZHOW TR v T AL DT v h & HAW7=fkok
FHRBRIZB W TALNIZEBEORAE A = X L3 EEEIIES LT
53, BBAMEICIIRENGET 2B 20N 2 LD, FHlIC Y 7> T
TDI Z5%ET 5 Z L NAHETH D & HIWr L7z,
WAENC BT NOAEL 2455 = &
MTERNWZ L, KU BMD ETAESOGHBRERAT 52 T, RESN
THEOMZME L, T— X OEFEEOE Z MK T 572 &, itk D NOAEL

TDI &% E D EAERIT OV TIL, IR A

U BMD (R_y»F~—2 R—2X) Benchmark Dose :

BMDL (Benchmark Dose Lower

Confidence Limit) # &9 2 ik, $EBR-LELND THEKSLV] OF 5
ZIZBWT, AEREENDD ESND 0V~ (BMR : Benchmark Response,
HEREFET 5%, —K@EMET10%) bbb T HEEZXVF~v—27 F—X

(BMD) &9, Z D 95% (5 X FREA BMDL (Benchmark Dose Lower
Confidence Limit) T %, BMR % 10% & L7-%4® BMDL (%X BMDL1o & & &1
%, BMDL (3 M5 (NOAEL) I[ZHY T2 L and, (B2 (BWEEEES

2015))
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WL TR DVIRLFHMEFETH L Z L2 iE A, BMD i£&4wMH LT
MRETa 79 2 & & L,

O BMD £ % H 3 2 ekt o 54R

BMD % A9 2 @mERBRiIic oW CiE, EREYoOREE X WL, &5
FET NG EORENEYI TH Y . HE-FRSERI AL LT %5k
IR LT,

AT Tl o A W 2O 510 L D 2 R s Atk
A (21 (NTP 2008)) Zfi#froxig e L,

7ok, AEGE - AR OWTIL, BOLNTEHANAEHE (81 mg
Cr(VD/kg KE/HLLE) THHZ &, £/, HE (1.7mg Cr(VD/kg {KE
[H) THLNETRIZH 505, HHEORERCATE « FAFMEOFHmIZ AV
DT TR VW TH LN A ThH o722 L HE- IS
IZIEHW W L Lz, &512, PBPK €7 /L{ZHOWTIE, KETMIZE
F AR 7 LD DI IARFEOKEFIN A+ THL LB X BN
T2 b, HE-RSFHIITIIMWenWZ & & L,

© HEREORR

AFHETIZ, NTP (2008) D> KA > hOHMNG, N7 v L5
B L 7= LB 2 bl ~ U AO/NEBIEE ., IMEOYE ANME ERGETE AL DY
Z v O OERIE)H5E B 072 —fE (Dichotomous) 7 — % % F W CTHERT L
77

BB, vTVAKRODT v MHEbNT, + LA OIBRE D o~ Ei%E o/
fkEKIRIE, FFgRORIE, PEEO M E A MEE O LI, BN ETh
D, FHEFHERNAHTHo 2006, WL BMD KU T~ —
7 R—X 95%(EHE X E D FIRfE (BMDL) BHOXSRE Lighotz, £z,
< ARONT v MIA LN EIMEDMEFE 283, B 120281
T CcH -7 s, BMD K O'BMDL BH O3S L LTz,

® BMR O#E

EFSA (2016) Ti%. BMDL1o 7 NOAEL ITiF W & s SN TW5 = L%
NG, B ERICEBIT S T — #1220 Tid, BMR & LT 10%% i
HIZLEHELTWD (3R 23 (EFSA2016)), £7-. PRk 22~24 4R
on PR R B A 2 T BSOS MR B DR F~—7 R—RED
AR 28158 ICBW T, ZfET —4%® BMDL #&H 7 5D BMR
LT, 10%N W THD &M LTS (B 24 (KHE 2013)), AFEAE
IR WTIE, FERAICHETTREZR L~ &2 EE L, BMR & LT 10%% £
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)2l S R D

@ BMD BE RO H H

BMD 412 X5 BMD & O BMDL O % i1, EPA @ BMDS ver 2.7 % {#
H L. Gamma, Logistic, Log-Logistic. Multistage? . Probit, Log-Probit,
Quantal- Linear & ' Weibull D45 /L% IV CTREHT L 7=,

Gamma, Log-Logistic, Multistage., Log-Probit } T8 Weibull ®%&-E7
LTI, IR (Restriction) OERNBFIETH D Z & M6 Restriction %1%
T 257/ (LLT [Restriction ONJ &9 ,) KO Restriction %51 L
72WET L (LLF [Restriction OFF] LW 9,) OFNFIZHOWT, BMD
K O BMDL # & H L7z,

® T NLOMEAE MO

KTy RABRA L MIOWT, HAEET VEBRIRT 572010, BiFERTH
DN T —ZNETNLBHEICHRLLL Tz & B L7 BMD OfF
X2/ EWnWZ &, BMDL 2EWEBRO IR EITENZ L EOFRMF%
M7= LU N OHUER A Lz,

1) WEEMRE P E>0.1

2) BMDL/BMD >0.1

3) BMDL/# 55k D fAfH &> 0.1

® FHESDORE

BV BMDio fifi 2 O BMDL1o 235G B iz =2 KR A > MZHOW TR %
1TV, BMDqo A Y BMDLyo 23 i &RV RARA > P &R L, o
TV TN AT Z B RE L CEEXMEO TIRETH 5 BMDLy E%
HEUEN LT HZ L L LT,

XUy BMDqo fE}% OV BMDLyo R3S Hivic= > RARA > b &% 3 ITRT,

2 BMDS ver 2.7 (2%, Multistage & /L1 Multistage2 &5 /L (two-stage model) &
" Multistage3 ‘€7 /L (three-stage model) 23&% 573, EFSA (2016) Tli.
Multistaged T /VIET —HIZT7 4 b THZERETHHZ ENDH BMD 7 /e —F
FRODEOHRET L E L TWRWI ERBE X, KRV —F 7 I N—T7TIL,
Multistage €7 /L & L C Multistage2 €7 /L D&% W TN 21T - 72,
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=3 {ELVBMD fER U BMDL o fEATFEONfZ Y FRA > K
T K #YFE | 7 /L | Restriction | P4 | BMDio | BMDL1o | BMDLio | BMDLio
WA N | MR mg/kg mg/kg /BMD1o | /5K &
{KE/A | {KE/A
+ZHIBOY | ~ 7 A | Multi OFF 0.12 | 0.14 0.11 0.80 0.29
FAME LR | 1| stage
WAL
/NIGREE, | ~ v A | Multi OFF 0.10 1.08 0.70 0.64 1.83
St g stage
NGHRE |~ A | Multi OFF 0.14 1.25 0.80 0.64 2.10
g stage

+ZHEBR | ~ 7 A | Multi OFF 0.12 1.54 0.94 0.61 2.48
JIH g stage

% B KV BMDio {5}z O BMDLiao B 234

S

AD+ZFRG DO E A ERORTERCTH - 7,

WL L CEEL,
EELEZETAVEK 1ITRT,

e MZT AP AY X
(FRk 20 £ 9 A 2 A{LFHE -

R L IES

L= RiRA > M, i~

AHIC B2 Fol & (EEEEHK Z X 5R)
GO E FMRAERIE) | TIIIEEDR A

B OTHMITMSL L CHEMT 5 L LTV D, EIROFERE T
BN A T = ALDELENS |~ T ATH LT /NEOOE A FEROEIZ AL
(X NBIER ORIB AL T 5D LB 2 bivicl=d, FEFHMN
L2 TICEHMIT 2 2 QMU TH D LWL, i~ v A0+ RGO
OE AME ERGE RIS X R L7 BMDLio fi 0.11 mg/kg {KE#E/H % %

2 Rap YINVY) 7

BB, T A0+ RGO ONE AN FERIBERICOWT, 2 TOET IV

[Z81F % BMDLqo [HEZEOFE R R A2 £ 4 12RT,
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Fraction Affected

08

0.6

0.4

02

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

T
Multistage

BMI?L BMD

X 1

3 4

dose

EYO9AD+_HEOUVFAMERBRED
Multistage €T /LBA%R

K4 BEIXVADTZHEBOUVFEFAELEBRK

BMD1o | BMDLio EIMDLI;)
Model Name | Restriction | AIC | PAf | mefkg | makg | Do AR B
ot | e | /BMDio | 088 mlke
R/ 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
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 ®4%E 7 /Li%, Restriction DH MK E I LTV

WETILTH D,
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7. FHMBEDE H
N7 7 5OEERK D B DXL BIAR DFHMIIC B W TIL, TDI 2% ET 5
:kﬁﬂ%fkék%mbto%%ﬁmﬁﬁKBMD%%E%L\%mﬁﬁ
(282 2 E BN RSN AMERER (21 (NTP2008)) (2815, I~
?X@+¥E%Uihii&@%ﬁ@BMD&ﬂEQHng&g%EM%ﬂDI
REDHAER LT H L L Lz, 2O BMDLioflIZ. RiEFEERE 100 % 3 H
L. AMliz v L0228+ % TDI % 1.1 pg/kg R H/H & 8% E L=,

@ i 7 v LD E#E B4 % TDI
TDI 1.1 pg/kg KE/H

(TDI % EARHL) &M D AR
(B FE) <2
(1) 24
(B 5 H515) oK 5
(R EARALAT ) + TERIF O OVE AN BRI AL
(BMDLifft) 0.11 mg/kg AEH/H
(e 1250 100
8. F¥&®H

BMF O a ANIZM 7 e AORETHFEL TWDEEEZLNDT-D, I3
G F— 2 — R UKEARZ N7 2 AOBERIFERE L. BARANCBIT DA
fili7 v 50— AEBIRELHE LIRER, R ALY TIEH 0.04 pg/kg 1K
H/H, SEREOREY Tk 0.290 pgkg (KE/H TH 7=, ZhHDEITW
T4 b TDI 1.1 pglkg KHE/H LV IR 72Z b, BUKOI X TV T+
—H =R OKEKDOBH L B W T EFEREENAE T DY A7 1R &
EZohb,
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=
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1.

. FHEREMEOHE

FHIE SR E IR 7 v A TH LN BRE T Ty 2 AMZETLESNDHEIF
MDA ST D NG N7 v bxEgder v NIBET 58 A %I
E L,

iR - A&

7 a AMIBREFIZIAS AL TWAERTHY, Ha, B, KUK EOH
AZAHUAFAE L TV D, 7 8 ATITkx e (RIRIEDR H D | =i 7 1 L J UKl
Ja LAPROLEE LIALFFRETHS (525 (EFSA2014)),

N7 v MTHRITITIE E A EFEEE T, BICASRERIC K > TRET
% (&M 26 (ATSDR 2012)),

A2 7 L% B T AR TR HMEYEK S OVBESEBE KR S, HIRAK PTG S v T B,
KA 7 7 2 E, —RICROHE N K A E T D RS N R ONE TS T
T, AHICETIN T A7 v A2/ b (B 14 (IPCS 2013)),

KEO =7 v A, BRICHFAET DRE T pH BRHHOEAETH-TH,
AEFALER ] S DR IR RECIE~ o B ) o L EDR )
RERALANC K> TR 7 v A b SN2 AlREMEDRN H D (B 25 (EFSA
2014)),

A2 v Ak, BN ekl SCUEOA. AMBHIEA], &RFmLE, 7 o
LHo&, RO LEIHEHINTWS (227 (IARC 2012)),

—IZ, BB 0 AOFERBEJRTH Y, “li7 v ATEEL RAMICE E
NTW5 (25 (EFSA2014)), 7o, Zfli7 v MIMERERTHL L
I TW5D (HHE28-30 (WHO 2011, 2017)),

2. BME

4 M7 v A
¥4, : Hexavalent chromium
CAS BExF 7 : 18540-29-9 (=M 31, 32 (EPA 1998a, 1998b))

<s5E>
IS/ = JUN
#i4, : Chromium
CAS %k 5 : 7740-47-3 (PR 33 (ICSC))
JtHat s : Cr
Jif& : 52.0 (/33 (ICSC))
&7 24
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FINCAASKE AR @ 52Cr (83.7895%) . 53Cr (9.5006%) . 50Cr (4.3452%). 34Cr
(2.3467%) (M 34 (b2 REEEL 1989))

4 . =7 v A
#4, - Trivalent chromium
CAS %&4:% 5 : 16065-83-1 (=M 25 (EFSA 2014))

. EEFERER

AN 7 v LT3R 2 AT RED B D,
71 LR O 7 v LS OB LR Z 3K 1-1 12, =7 = 2 (ks

W OB L EIMEIR 2 K 1-2 1R T,

xR 1-1 2O0LRUKMEY O LIEEYOYMEILZERAEIR

W/ =N g/ A=WN ]
L FR 7 a A ZA=FN 3 FThrU DA VArPN . VIRRAN
F YT L (=7 o nfE VRSN ((aP/8=0N
FRrUTL) VRSN
CAS 7440-47-3 7775-11-3 10588-01-9 7789-00-6 7778-50-9
NN i (17K ) (7K %)
10034-82-9* | 7789-12-0*
(UK Fn#m) (ZKFo#n)
(#=z=2v Cr Naz2CrO4 NazCr207 KoCrO4 K2Cr207
(f7k %) (Iok %)
Na2CrOy * NazCr207 *
4H.0* 2H.0*
P97k Fndm) (ZKFuwm)
AR N 52.0 162 262 194.2 294.2
(JR+m) (427K ) (fE7K )
234.03* 297.99*
(Pa7kFndm) (ZKFuwm)
4418 IR A e A~ R et~
A WA o
(k) (#Ex %)
A IRE~FE L
T R s T s i ™
P97k Fndm) (=K Fn#m)
f CC) | 1,900 762 o0 | 968 398
j?f7k%) (4K 1) 500 C4yfi
_ %k
(P47 Fndm) (— K F)
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W (°C) | 2,642 — — 1,000 —
BE 7.15 2.7 2.5 2.73 2.7
(g/cm3) € 7R (fE7k %) (18°C)

—* 2.348 (25°C) *

(UK Fns) (ZKFn#)
B i EN 53 g/100 mL | 236 g/100 mL 62.9 g/100 mL | 12 g/100 mL
(k) (20°C) (20°C) (20°C) (20°C)

(k<wra) | GRWIZEL (LT 2) )

(4K )) Wi 5)

AR (4K )

DUk Fni) AV

(Z/KFn#m)

WEE® | AHEEE - RS | — Tha-b 1 RER [
(Zofth) | Filg : KOS (MK )

Tha—y -

DN AT

(DK Fni)

% HEFD - M 33 (ICSC). * : & 35 (Merck Index 2013)

£1-1 J0LRUNMEY OLLEYMOYIBILFERMEIR (BGE)
LA i a A VA=EN 7 iR/ =N ZA=¥N "3 R/ =N 7
(Efbraln) | Ay o s HILTILE | o= A* | TUE=T A
CAS 1333-82-0 13765-19-0 14307-33-6 | 7788-98-9 7789-09-5
BerE (7K #)
===V CrOs CaCrO. CaCr207 (NH4)2CrO4 (NH4)2Cr207
(#=Kk¥)
5y F 100.0 156.1 256.06 152.07 252.1
()
45 MR RFR A - A, F& o~ IR th,
TR G A AEEh. R €% X)) SHIRAL S et
. BRI R ] ST
FE IR d
(=K Fn#m)
il (°C) | 197 1,020 THfig | — 185 LU - CHiR | 180 THfiE
250 LL | THfE (MK 9))
100 L G4y
fi
(=K Fn#m)
?}EE'}{__': (OC) - - - - -
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B 2.7 3.12 - 1.8 2.15
(g/em3) €7/ %7)
2.370 (30°C)
(Z7KFn#m)
TRt 61.7 g/100 mL 22.3g/100 mL | — w5 36 g/100 mL
(7K) (L BT D) (L BT D) (MK ) (20°C)
I<®ET A (L BT D)
(=K Fn#m)
R4 M K ey A 2k . ETYR - RART/E=T N
-5 AR TEh ¢ RO
PtEAr R )=
AN i 73 AT

BRALIKR TR - N

h) - R

Tha=y : AT
TN L AT
(=7KkFn#m)

$¢ EF) : 2 33 (ICSC). * : 28 35 (Merck Index 2013)

x1-1 0LRUKMEY OLEEMOYEILFZRMER (BEE)
LA Va=¥N " ZA=FN 3 Va=¥N " 7 v LEEER
RN =N Sy IN NY TN k2
CAS %&k | 7789-06-2 10294-40-3 13530-65-9 7758-97-6
i
=== SrCrOy4 BaCrOq ZnCrOq PbCrO4
T 203.6 253.3 181.4 323.2
SN o) P OAE i e O~ E
AE R R AE LR R AEEL R R
g (°C) | RSB 1,380 316 844
440 Ll THR SR (JREEREA)
s (°C) | — — — —
B 3.9 4.5 3.4 6.3
(g/cm3)
TRt 0.12 g/100 mL 0.00026 g RYE KA
(7k) (15°C) /100 mL (2500)
Tz W) (20°C)
(IET 720
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PR AR
(Z D)

e - A
AR - AR
Welg AR

W - RIA
VA=FN " S S"
LR - AR

IKBRACT W) VS - PT

FREEE AR
NN

X MEFD : 233 (ICSC).

* . B 35 (Merck Index 2013)

x1-2 =y oLitEY0YEILERTEIR
LA Wit 7 a A . . vy g
Ry ms) | BE7EA LS s
CAS 1308-38-9 10025-73-7 13548-38-4* 14639-25-9
B (HEK¥) (fE7K %)
10060-12-5 7789-02-8
(FS7KkFnd) (FukFndm)
=y Cr05 CrCls Cr(NO3)s™ C18H12CrN30s¢
(7 4) ({7 %)
CrCls - 6H20 Cr(NO3)s + 9H20
(FS7KkFndm) (FukFnim)
I 152 158.4 238.01%* 418.31
(7K %) €177
266.5 400.2
(FS7KkFndm) (FuKFnd)
I R~ Rkt SO OSSRy Ay S S —
BN ({7 %) (47K )
FREAE TR R TSRO
(G Fnim) (FLKFndm)
Al (°C) | 2,435 1,152 60 LA L (53fiR) * —
(7K %) €177
83~95%* 66
(FS7KkFndm) (FukFnim)
WA (°C) | 4,000 1,300 (47fi#) —* _
(7 4) (7K %)
— RIS
(FS7KkFnd) (FukFndm)
B 5.22 2.87 —* —
(g/em3) (K )) (fm7k %)
2.76 1.8
(FS7KkFnd) (FukFndm)
Vit R R GRS AR
(k) ({7 %) (7 4) (pH7.0 :
59 g/100 mL FEFIC LSBT D 0.6 mM)
(20°C) (FuKFndm)
(FS7KkFnd)
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A
(D)

Tha-l . R
7L R

e N AR
TVHY AT R

i, AHEIEA
HEICP- VIET D
(k)
Tha-l ;B
by AENT AR
PN s R
(Cavi VL))

Wilig—F )L« A

DMSO : fJix

NV AV NN

UHEAVIR R © A

Junikvh o ARVE
€5/ 7))

Tha—p : AT
(JuKkFn#)

X MEED : 233 (ICSC),

KK BlRITRE G K-> TR D,

* . 2 35 (Merck Index 2013)

= 1-2 =Y o0LieEYOMEBIEEEIR HE)
L4 FR Helie 7 o L * g7 o N el U v A RS 7 1 A
VAN
CAS 1066-30-4 10101-53-8 10141-00-1 12336-95-7
BeRE (fE7K ) (127K ) (127K )
7788-99-0
(+ =Kk Fu#m)
flergat ) OriCHA000) Cra(S00s KCr(S0.): Cr(OH)S0:
C%HCO@- €15/37)) (427K ¥)
HZO 5 5 Cr2(S00s - 10H:0 | KCr(S04)s + 12H20
(—KF) (+KFn#m) (+—A&Fndm)
ANy 229.13 392.16 283.21 165.1
(47K ¥n) (47K ) (47K )
499.39
(+—A&Fndm)
S - L NENESEEN - R
€7/ &7)) (fEE7K ) (47K )
IR ~Fk IR, S SR SN IREE~
(—7KFn#) (+7kFn) J\ T A s i
F~ThHnt (+ZKFntm)
SHIRAL S
(FSAKFnem)
g (°C) | — — - 900 Ak
(47K )
89
(+—KFn#m)
W (°C) | — - - —
5 i _ 3.012 - 1.25
(g/cm3) (427 ) (427 Hn)
- 1.83
(+KFn#m) (+ =7k Fn#m)
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iy - A - 200 g/100 mL
() (fE7K ) (4K 1) € 77) (20°C)
EDN WA AR Al
(—/KFn4) (+KFn#m) (+ =K Fn)
A
(NKFn#)
FRAEE™ - e . RIA —
(zofh) | (HEKY) €i7¢7) (fE7K ) B
Tha—y . Y Tha-y : AR Tha-y : YR
(—7KFn4m) (7K Fni) (-+ KT )

s IEF) : 2 33 (ICSC). * : & 35 (Merck Index 2013)

4. BITIRHIE
(1) EA
AGEYE - KB (B0 36 (BAE% 74 2015a))
A7 v 2t EY S v AOEIZEI LT, 0.05 mg/L LT
R K OVE R L (2R 37 (BT84 2014a))
A2 v 2MEEY A7 v A DORICE LT, 0.005 mg/L LT
KIS E LR (B3R 38 (B84 2014b))

M7 v 2MEEW St v AOEIZE LT, 0.005 mg/L LLF (K
e DOMAE K EEE O RIFICRE STV D FAK
M EDRR K, )

N7 v e a7 v AOEIZE LT, 0.05mg/L LT (&
IREEE DO REGLIMIERE STV DK ED
= R 3K E DR K, )

BanAEE  IERECEK DR B (SR 39 (B E4 2014c¢))
(IRTNT+—F—F R - BREA))
N2 v 2 0.05 mg/L LT
(IRTNT+—F—FH R - BRFEE))
N7 w2 2 0.05 mg/L LT

(2) EFHEE

WHO : fEKIZOWT, #2722 0.05 mg/L (EEE)
(MR 28-30 (WHO 2011, 2017))

EPA : fiiBEbKIZ W T, #2774 0.1 mg/L (Maximum Contaminant Level)
(M40 (EPA2017))

Codex : TF 2TV IXTNT 4 —F—IZDONT, #7712 0.05 mg/L
(M 41 (Codex 2011))

EU: 5 F 25 I XT 074 —F—I2oNT, #2114 0.05 mg/L
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(2 42 (EU 2003))

EK (FF 2TV IX TN T4 —F—%FR<,) IZ20T, 7 v i
0.05 mg/L

(M 43 (EU 1998))

5. afAE
A7 2 LDOZHHIEZDONT, BEIZBWTIEESITIENR 2 < K
BWTIELG U7 = =V H AT RORGR SR ORI E IS < A UELy
Brit (IS023913:2006, 1SO18412:2006) MAFAEL TV 5, ITHFILEIEIK A
ra~ W77 758 E T T A~ EEHNTE (HPLC-ICP-MS) @ X 9725
W F AR B E RN Z W= FIEN L0 B 2 L7679 LT0n5,
(&M825 (EFSA 2014))
W7 v LOSHHEE LTE, DKEREEICET2ETOREICASEE
AEGHBRE N ED 515 ICBWT, 7 L—A L AR RO EHIC LS —
FONE, 7 b— SRR ERNC K D —Foirih, FEfBE T T A~ %
HHIHTHEEN LD —FOMER OFEMEEG T 7 A~ EEOITEEIZLD
—HONERHESI N TWD, (BH44 (EA5784E 2017a))

(1) P72 AHIND RIZKB|AESHTE
Nz v i (7 v AEg, 827 v ABES) 75 pH0.8~1.3 128 W TV 7 =
ZOVAINNY R E RS U CHE U D08 LA Y & WL S Hrikic &
DI 540 nm HECTUOLEZRIE L, N2 2 ADOREEAZRD D, (R
45 (F/KEERTTE 2011))

(2) BEHRHE TS AIHAS IS HiE (ICP-AES)

TR LR 2SR 7 7 X< TIERNE S &, B S 727708 &
DRV L F—IRRBICER T 5 & & D3 5 0 R B A O A~
7 RVERE Sy s Bl L, FBOLRE A eR T L ICHIE L CEMEAR ONVE R
1799 TH D, R 267.716 nm X% 206.149 nm DIESEHRE 2 )& L .
v LADREZRD D, —RRRERHIL, BEOXRT 7 A4 —%Huniz
BAE 0.02~2 mg/L, BEERT T4 ¥ —&2 =541 0.0008~0.08
mg/L TH V| E&E FIREICHE T 2HEREITLERE (CV) 10%LLFTh
%,

MNEZ 2 ADEREZITIRIL, ToE=T-TA D IUMETEHZ 2 bxK
it v ik UCKBBE —SRICHLDBEL CThREL., IR O 7 1 L% |
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ET Do

AIEDORHBIE, FERHIG G DD T2 NRERIKLIKIEKIZ DWW T 3B & Rk
IRATLEE 24T 5 Z L7 < | ZInR A LAY IR 2 DARERE £ T, [FRIR X
BRGHINATRE?R 2 & Th Do — T TR OB T TR T S 3,
ZHUC K DMEE~DRBITAE LT D, ZO7), BRI TR L L Tol
HRBERE 2 240 L T aud, PEMIEIEME S ISR, B2 nb o L
2%, FRIZAEK T OB RITMMENTH 720, FHRERILHE B O IEMHE
SEERT D ETHETH D, (M 45 (LAKRERTIE 2011))

(3) BEHETSATHEENHE (ICP-MS)

S 77 XA~ (ICP) #A4 A4 & LT, REzERTA A1k,
A A AN ENTZBLEZEESWFHZI LV FE - EET 2 00METH 5,
sua LAOEER 52 XX 63 A A EE LTHIEL, 7 LDREA K
DD, —HRE 7 I FEFPA X 0.0002~0.02 mg/L & L. & & FIR{E 0.0002 mg/L
BT DHIEREIL CVI0%LL FTh D,

N7 2 LADEREZITIBIT., ToE=T-TA D IUMETEHZ 2 bxK
el 7 v A& U CRBEER Z8RICISE B L ChRREL IR o 7 v 2% H
ET D,

B ORI N (72 F | @ CHLlIC, ZeRE RS T 5, (&
45 (FKEEBR VA 2011))

AIEORFE L U TR, 1 E0O— 172 oF bk & ik U, O TIRE
2% 100~1,000 KV, @AY NV B CEME AT M OV B BT N AR
5y QENARORED FRE, OZuRERFREN FIEE, ENFET o b, &
BHa aialsl U7c e, WIEEYEME Z N, SABHE A 28 L CREl e 77 X
~HICEE L, tE M ONEEDE O ZNENOE &/ WERICBIT 514 4
v OEREZRE L, JLHRA A OEGENEEME O A o OFERE D%
KbEET D, (B 46 (BREEE 2002))

(4) RFJRASLESHE (AAS)

JH - ORKEI @il S5 & BEREBICH DR 703 OJFEFBEA O
WEDNEWINT HBIRZFH Lo Thd 5, b2 b3 2 HIEIE,
BFERICE D 7 L—LEROMEER E VR WERMEYE (71— AL R)
ERH 5,

AIEORFE L UTiE, —RICTRENIEFIC R <, 70RO EN Ly
INE L AL ARE IR THHETH Y | RO EREIHTITIA AV
BNTW5, L, BEE I EITHWA NEN R DT, ZrR O
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BEOATIZ T E 720,

Flo. /LB METLIELAE. TR VLRI T LOT VA Y+
MERBOEBELZ T 5, 2oL, i~ 7 XU L0H(ET v E=
U LD MU w7 AMEAI TR ETE 208, EiA 23 LT H RN 7
WIS B ITITEERINEIC L OV IET 20 ERH 5, (B 45 (LKERER 515
2011))

® TFL—L-RFRAERLEDHE (FAAS)

k% 10 fFEME L. HE 357.9 nm THOLEZRIE L., 7 v LDEE %
Kb, —MERI7R IR R IZ, 2 v A& LT 0.006~0.05 mg/L & L. E&
TFRAE 0.005 mg/L (23T D HIEREIL CVIO%LL FTH 5,

A7 v AOEEERITORIL., 7T oE=7 -7 A VHETEMr o bk
b7 a b UCKBBILE —8RICHLBEL ChRrE L. Wikt o7 a L%l
T 5, (BW 45 (LARERTE 2011))

Q@ TBEIMBERFENAILESHTE (ETAAS) (7 L—LLRABRFRAELEDHT
%)

REE, AZNVHR— REOBEIMEVFICKEREZ L, BELTLY 2a—
BVCIRIRZ mIRICT 2 2 S Ko TRALZET 5 HIET, BXRINEFE SRR
BTHOLIGRRT 7774 MERTAGIE (777 7 7 A4 MER W 54T
1% (GFAAS)). MHEEBRBEEKRCTH DL AIIA X NVIFRFIEE WD, HE
357.9nm THOEEZME L., 7 10 LADJEE 2RO 5, —RI 72 E#PHIL,
7 2E L T0.001~0.03 mg/L & L. E& FEME 0.001 mg/L (ZF17 5Hl
EREIL CVI0%LL T THh 5D,

ANt v ADOERBEITOBIL., ToE=7 -7 VHETEM7 v b gk
fefbr v b U KB B 8k b BE L ChRrE L WP o7 v 2%
ET 5, (B 45 (KRB L 2011))

(5) 4A4>oa< 55 2% (C)

A A ra~ NI T T BAEA A EEUCRMIREBEEE L, K1
TR BED A A AR A FEEM & LT, BB oA 42 Z R e A
TV RN K> THolfE & 2 EdikiEs v~ ~ 77 7 (HPLC) @
—FETH D, (B 45 (FAKRBRTE 2011))
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D A4F28a3 TS5 T7-RRAMASLE(C-PC) /E&E&KEFE ORI S
7-1RR b A5 Lk (HPLC-PC)

AFrra~ NI 7EORETIEE LT A ARl T A ThFE A
SBEL 7%, IRHIRIC R EREIEAIRS U e S8, AR 2R 08
BRHEBREHONCERTHIRA NI T LERS D, (B 45 (LKRBRITIE
2011))

EPAIZ, A 4> 7 ua~ NI 7EERWTAM Y v 5203 5 5ik%
EBLTWD,

EPA Method 218.6Rev.3.31%, A 4> 7 v~ b7 T 7#E AW CHCE
K. MR KL OPEZEPEAKTORAM 2 0 22 IET 2 5ETH D, RHIEE
IZHES < TEME (MDL : method detection limit) 130.3 pg/LT®H 5,
PEHIINERFZ A L, AIE/KOpHEREET =0 L/ KT =
v LEER 2 IV TO~9BICHHET D Z LN ETH DH, ZOpH FTIL,
SNMEZ XX v AT =42 (Cr0s2) & LTHEETDHED, T=F4
RIS T B Ko TKRBHFNAFAET DDA A TN D BET D, 578
K21, 7 ==V N AT RERIGEE, 530 nmDFE R THoMHIEIC X
Vo9 5, (47 (EPA Method 218.6Rev.3.3))

51z, EPAIL, SEDKF OIRIREDNIN 7 v A& 5075 L
T, AFvrua~ 7T 7-RANHT LROUVAHKHEGE AV 7ZEPA
Method 218.7% 4" L T\ 5, Z ®hikiL, EPA Method 218.6% kK L
T ET, R (REET =0 L/ KBRLT =7 LR ORET |k
UV LIRWEKFET NV O L) BDRRD2OOA4Fra~v NI T 7 4—%
W= 51ETH %, MDLIF0.0044~0.015 pg/LL, LCMRLs (Lowest
Concentration Minimum Reporting Levels) 1XER7F 515 & IRBER OFEEEIC
{K1F1L0.012~0.036 pg/LCTdH 5, —Alir 1 Z KON 7 o A0, KE &
xR E (B LADUTRTA) OFEIC L > THAELBDA AHETH
L2, WE L3k o 7 v AFEOEY) 22 R AF DS IERE 72 /3T O 72 O IZ
HCh D, AREHIEEA BIEFEFIC L > T, #EopHZ8LL & L TR
BT 5, TOH%. A FL8Hih T 22 Lo THEHH OCrO2 %13 h DRk
BERNOHBEL, RA NI T ARSEBICHEET 5, 1,6V 7 ==LV
INY RCHEMARIL L= 7 2 5 %530 nm DR THERIEIZ X - THOMr
95, (548 (EPA Method 218.7))

@ IC-ICP-MS /HPLC-ICP-MS:%
IC-ICP-MS.iZ, {LFIERERID BN A RE/2 A A 7 u~ N7 T 7
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(IC) & . WS EIREOWHEN FTRE/2FHEREES 77 A~E&HhrEt (ICP-
MS) ZHHIET-HETHD, N7 v ik, pHD6LL FiZ72 5 & CrO42
DLKFEA LT, BRLIRITTEA N E N 7 v AlRA 4 (Cre072) (272
0. ICE O3 BED 7 ARG T D AREMEN A STV D72, etk
X, TrE=TKICEDREIOpHN6LL L 725 X H9FHE LT D, F
7. BIERHZIL, ICP-MSHBIZEE T 2 RIS, BEME K OBUEIHIZE £
HHV T A, F YT LAEOHEIENICP-MSEOY 7)) 7 a— 2Hr
HLUEEMNEL 228NN L0, 7L yPic@miLcnbo
HHEZBREL WD, £72. ICP-MSH Tld. 52CrDiE & 72 540Ar12C,
BArI6QZED oy T A AU HRETHD, a ) Va TAL L T8%H,:
He W AZMH L TW5, (ZH49 (5% 5 2013))

6. AERVEHHAE

Wk 19 42 bt o Rl - AR 2 EEHE ) 1B 581l
a MeEoRhE (M) K OWA R, BRt2 2 2 10,000~100,000 t/4EAK
i, B/ LS Y A 100~1,000 tHERE CTh o712, (B 50 (RRigEZ
4 2008))

O BT ARk 22 £ 7 v AfE (Zfb7 v b)) O &I 2,840
t. BAEIL 945 t Tholz, F7-. VAT MY U AOHKEEIT 94 t,
AT 19,757t Th o7, (BHR 51 (BREEA 2012))

7. REGOHMH - BhEE
(1) K& - KB - #hFK

WA 7 v 2D T2 bF 1L, HCrOs & Y CrO2 TH Y . TDEIE
X pH ICKET 5, EiEE (0.4gCr/L #8) TiE, 84K (il 213, HCr:07
R Cr:072) ZHT 5, BEFITAAET DM v 2o FfEiE, =7
2 ALY BIEMRIEIZE D, NY T A AU BNFET D SRR ICL
WY T BB EERT D, 2O LD REOARIT, BRERIZBIT A RN =7
D DVREME 2 HITRT 5,

N7 & LD =i 7 @ A~OEICIX, REKTILIHLBELID | FrICE
RNPRZLERE T TREZ 5, Fe(IDXAEMMN L WERE T TlX, Bio3i
T,

A7 v A%, @ ORGSR T, BSICSUTE BTN 7 v L~ fEvl
S, A7 a A0k, BHEET CIXSEMRE~T =4 W& L
A7 v M XD HIR S, RE S TVl VO T Cr(OH)s
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DI EAET D T-OICHIREN D,

A7 v A%, BREESCEE O EICHEE LSy ~RET 5, Sz v s
DORFEIL. pH DNEL 2 D IRfEDEA 4o LA T 5 LD T 5,
HFKRTIEL, A7 v AOZEITUITEREFEIRE ORECE TR EBIZ B W TR
5%, KB Ot~ T 1, #ﬁﬁmA%%%i@mWAﬁﬁmAm
Rl 203, Bk~ > W REN 7 TRV I, AKBEMED Z{li7 v A
WAL L7z,

JEE T OAM 7 1 2iE, FICAXR YT =A L UTIFEEL, HRB7 540t
TTIEBEIMEIIRE W, RMli7 2 50 =iV v A~DiEJei, B 750
TTEZS, (51 (BRE4 2012 (EU RAR 2005)))

KEOHED DS KPIZHFEET 25603, M7 v M3 =07 v A& T S
. TORLFIREHEDIZ K> TEli7 v 2IE SN, WEINR - T
A v AR, RERSESEEREER L CREMEE 25, 2 b Ok ikix=
1A NIRRT L. EOE RMECBENT 50 UTLE L, f)lo
JKEO—IZmb EEZEZLND, (B 14 (IPCS 2013))

TP T o AR ED XS IefbFRE CTHAET 2%, Z OHKE O
BICENL L O pH SRIFICESA SV, @RISR TIOSE 7 v A DMEEC
BHDHM, BICHESRMFTIT M7 v ABRESBTH D, IS, BbMESIFIX
EWEKE T, BoERMIIEE O T /K THALND, E%@%Tmi fix
Mz pH 6~8 TH Y, N7 o LADELIRE L L TIiX CrO2723, —fi7 o
LDOFRALIREEL LTl Cr(OH)2+N 7 a ADOEEFEIZ 5, BRI DN B\ )V

A1 Cr(OH)Z K ONEND =AMl 7 v AFEPMEECTH DN, KOT IV Y FER
WA X Cr(OH)s XY Cr(OH)s BNESTH S, (M 14 (IPCS 2013

(Calder 1988)))

(2) KK
A2 v MEEIE, RERETH Y . KRPTIE=7 1 VLV STk IR
WV CIEET 5, RAFONEZ a 2T, i LS rRinNGEd 5 & =y
B ACEITLEIND, R FIRESC=T a Y VIFET S 7 1 A%, LS
RO EIC LY THEABITT 5, (B 51 BREA 2012))

KEHOAMZ 7 2%, 2372 0 OEE T, /*‘7”“/”7A V2t V3+ VOZ) |
Fe2t, HSO3 X As3Z K> TEMi7 v ATEITLEIND EEZBND, KX
12, REHIZZAN 27 72 A58 CreOs LIS DI & U THFTEL ., BB~ T vk
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RN 1%L EORE CHEAET 5. M7 v 23 iz v 2Imibsn
LAREMENRDH D, 72720, 1T LA EDORESRMHTIX, ZORISHEZ 5 Al
%ﬁﬁ“@kﬁ$ﬁ%”éAﬁ7HAW%;@&HAA@%%¥M%®%%
fEIX, 16 i~ 5 Al L s s T b, (B 14 (IPCS 2013))

(3) L

TEEHICBIT AR v AoZFE)NT, KEH EHEEULTWD, B~ R
v J ASOWE L BRMERIRL 72 D ST 508, FrEXIE TV UM Tl
A7 v AOBEEIIKE < 725, TEOEBRERE~BE LN 2 A%
Al v KSR IS, BMEN S O HEERTIE, MY v A EICER
LERIZRET 5,

FHEA~DOWE BB IR BB AT AME 2 v 2%, BRI AT 5, A
i & 2%, BEWICLVEBICEMZ v MBS, BEWEN D0
EBILHEIMET %, =7 0 2D A7 v A~OfE kL, b~ A
VINEERTEIIRONS, (BB (BREE 2012))

TR O v AT FICAREERE E L TFEEL, BEIMEIEE < RV,
N7 & A%, =i 2 MEEITHBICRE S NN EB 2 BND, THEf
DOAENE T v LAOBEWEIL, TEOWERMEICEL SIS, A& TV D EE
Wi, EﬁﬁmAibﬁ%%:ﬁﬁﬁmA%&Wﬁéﬁ\&Wéﬂtﬁﬁﬁ
B2ATELINT, LD LEERIRETH D =75, (M 14(IPCS 2013))

TEFOFEDIL, MO v AR TH LM v L% NEMEORE L
7 v LI (Cre0s) CEMT DL FPHRENDS, HEFDI7n AL, =78
fw&b1kﬁ¢ﬁ%@#éﬁ%ﬁﬁ%éoi%%ﬁﬁe@ﬁmmiof\
7 v LO AR K OESRIEE O Wb B KICBEENIT 585670
b5, THERORENMEDDORWIE DN 7 v ASEE R =47 v APEEIX
%Tm¢;%m¢éﬁbﬁ@%éoi%@pHﬂm<ﬁ5_omf\i%$
DOARM7 v 2O ®m <725, (M 14 (IPCS 2013))

8. IKEKFLMEIZLDEM
KB TTER ARG O KBS (BRI, A s Sodd A,
A AR RDIRTEYER (GAC : granular activated carbon) ZLER M O\ HE
WHERET Y D LI L DHEFNE) I2BIT 5807 v AREIL, 2 A1 T
WD L7223, A AV R O SR AV CHE N L 72 G409 /KR 0.06 pg/L) ,
=7 v AREHERR 10 pg Cr(IID/L R OWKHEMESREIR T NV U A2 L7
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GAC ZLBiK (KiR 20°C, pH6.9. B A A 17.5 mg/L) Z#E L7
FER. 48 BERIZICIIAM 7 1 M EEES 7.79 pg/L (27272, Al v SfEYE
% 10 pug Cr(IID/L K OWRHEEHEFEERT NV ¥ A &2 RN L7k (kiR 20°C,
pH5.8) ZHWTRBRDFERAIT o oG F, 48 KR ICITONAN 7 1 AR
1.75 pg/L (272> 7=,

M7 v AEUERE 10 pg Cr(ID/L & ¥R L 7= 20 Ak (kiR 21°C,
pHG6.9) (24 LB (4 U HEAZR (0.25 mg-Os/(L/min)) % 15 73 T-7=
fE R, 2l 27 v A ERERG 10 pg Cr(IID/L & ¥ L 7= K5 Sk kiR 21°C, pH5.8)
(R DFEBR 24T > 7ok 5 & i U TR 7 1 D AR MR TE S 7= CRERLK
#) 3 ng/L, 2GRS AiEK#K 8 ug/L) .

GAC 4LFK (pH6.8) % 6.5°C. 20.3°C I 30.3°C T 1 HARFE L7-HE 5%,
KRN E < 72 H1F EIFHEE R IR IR U S 7 v AREIXE LS o T, (B
f% 52 (Imanaka and Hayashi 2013))

iz 7 7 A(IID100 uM Z I L72EE0K (n=6) Xid==—3—Z7 DK
K (n=14) (&FHHRFE (total organic carbon) 1.7 mg/L. R FZIEE 0.5
mg/L, pH7.0) 25 mL |2, WHHERE TS U 724 (0~100 mg Clo/L) RN
U7z R, HERRE OB > TN 0 A~ L EHEM LTz, [7 U
FVRFE DRERUK & AKEK & 2T D & KEKRD TR AM 7 v b ~DfR{t &
N o T, HEFEIEFE 100 mg Clo/L OFEHRUK TIEMEEE 7 1 LT 52T Al 27
B AL S o 7o hy ONMli7 v AJRE 73.8 uM) | HESBHRE 50 mg Cly/L
VI EOKEKTIE 8 FEILINICSERIC A7 v AZER b S OSliZ v 4
B 97.3 uM), (M 53 (Lindsay et al. 2012))

I. [E<ETRR

1. READLDIEHE

(1) KEKRIZH T ZMERRE NS 0L, RS OLRIEHRY OL)

KBTS 7 HusS CHERER L 72 KK T o Ml 7 & b % IC-ICP-

MS 2L - T, #7 v LREE ICP-MS (2 & - THIE LR, Az 2 A
ORHIFIFAIE 0.077~0.104 pg/L, #2 7 AOMR AL 0.114~0.157 pg/L
Thotz ONMNZ v AORHIBREFE 0.020 pg/L), Fiz, Az 7 AjRE
W7o AREIE, 0.56~0.74 Th-oT, (B 19 (515 2011))

FRET CERIL L 72K EK T OAM 7 1 LEE RO A7 0 LJEE % ICP-
AES THIE L=/ R, iz v 203 0.37+0.02 pg/L, =iz v 403 0.43+
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0.03 pg/L Th-o7z (n=3) (BRHRFE : NMiliZ =5 0.15 pg/L, —fli 7 =
2 0.08 ug/L), (/20 (Sumida et al. 2005))

BRI AR KR 22 23FT TEREX L 72 KEAK T DAL 7 o AREZ DT = =
IWINNY RERIGEE Lz IC-PCIZ L - T, #7 1 AREE %2 ICP-MS (2
Fo THPE L GERFIR0.02 pg/L). #KE: 22 HFTo KA T o
2 S ORI A CLOME L7 R, Afli 2 7 MBIV TS 0.11
ug/L, #7 1 AREIZZNZ1 0.18 pg/L, 0.23pg/L ThoTo, Eio, 7
2 AHONRM 7 2 AXFEEHK) 710% T, £2TO7Z LB ARM7 asé LTF
FELTWARNWI EERETHE LTV, (BIR21 (FK5 2007))

KED 35 #HH (28 DIN) 12BN T, FEESCAIHERR > B ERH L 72 AKGE K
HORAE 2 1 LJEE % . EPA Method 218.6 D341 571 (IC-PC) 12Xk - T
HIE L7z, 435 5k 31 Rk (89%) IZBW T, AMlir v a3t &,
A7 v A O HEPA X 0.03~12.9 ug/L Td - 7=, (38 54 (Sutton 2010) )

A2V 7O 19 pr (LZEMI 9 22Fr, £ Ok 10 2°3FF) THEL
TeAKREKRF O 7 7 LYREE KR O =l 7 v LR % HPLC-ICP-MS (2L -
THIE L7 (B FRAME 0.1 pg/L) .

TR CERE L 72 KB K 9 3B JIE L 7ofE S, ANl 27 v 2 oo A
1%.0.19~10.88 pg/L (1 #UBHIM HERAARmM) . =i 7 o AR H#EPHIX 0.1
~0.33 pg/L (3 #FEHIMHERARM) ThHo7,

T M LIS O Hitdak TERE L 72 7KiE K 10 U2 JE L5 R, N2 =
AORHIREIL 1508 (2.8 pg/l) ZFRV\T<1.0 pg/L (2 30BHIM HER A
i)« =7 v AR 8 BB THRHRARM TH -7, (M 55

(Catalani et al. 2015))

XUy OMESESY (X7 4474 MEZE) BDELEENLHEOH
% 600 DT BUNEE L= AKEKRFOARMZ 2 AEERS Y 7 2 =L H LY
RiBIZ L T, 7 o LhEE% 2 GFAAS [ X > THIE L2 (B RAVE 1.4
ng/L) .

FORER, AMEZ 7 AEREIL. KO 3% D HE T 50 ug/L B, 6%DH
BTG 30~50 pg/L. 14%DHHE T 10~30 pg/L. 13%0 4 T 5~10 pg/L.
ZOMOHFT 5 ug/Ll KiiCh 7=, 7o, 2 TOREHZIBNT, Alir
0 AREITRS o MRED 95%LL EE ED T, A7 e ARELEE
NARKEIL, 7 4474 MEFIZEEND M7 v X, AT AERICE
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EFNTWD b~ AT Lo Tk, Nz v A2AT 5 &S
TWHZEMNL MTIARBA T 4 F T4 MaFE LT EITERT D &
LTW5%, (=M 56 (Kaprara etal. 2015))

(2) KEKIZBITHBERKRE (BoAL)
ek 27 ARFEOKIEMEHT I T DA 7 v 2MEEW (B2 v bk LCHIE
V) OfakREAK TORERI (8 2) 1%, 25,780 JIEH S, 5,777 His
T 0.006 mg/LLAFThotz, (B 17, 18 (AAKEWS Fik 27 4
ERER (AKX - mfE) . BAET#EE 2017b))

&2 HKEAKTOAMY OLEEY #IDOLY) OEHIKER

o IR BE oA
A IND | o | |~ | 0051
il FDN i v o e o i s o )
g g mg mg mg mg mg mg mg mg
ESXEN 5,780/ 5,777 3% 0 0 0 0 0 0 0| 0% 0
Kk | 1,092 1,090 2 0 o0 o o 0 0 0 0 0
S NWE| 267 267 o o0 o0 o o 0 0 0 0 0
Ak | 2,979 2,978 1 o o0 o o 0 0 0| 0% 0
Zoft | 1,441 1,441 o o0 o0 o o 0 0 0 0 0

OF%, @ E = E
1 HEEIZ 0.009 mg/L
X2 *ﬁﬂj{%ﬁ A [~0.050 mg/L) 128\ T, HAKEWS Tk 27 FEEFEMEE (FHK
$£7J< EE) Tk 2 AR S S STV D, it &7z 2 #islzown
i&if&p . [~0.005 mg/LL] THDZENMHERINTND, (R 18 (E4
75’@]‘% 2017b))

(3) SRIIIA—F—FIZHIFTHREIKR KMEY QL)
2016 £ 11 A~12 AlIZ2E O/ EXEA 2 —x v Mo Bm U THEAL
72 [EpE 110 85 K OMEFE 40 LSO I 2T 07 3 —F =P Ol 7 v L
7P % . EPA Method 218.6 } () EPA Method 218.7 Z J#ff & L 7= IC-PC
IZX->THIE L GEE TR 0.0001 mg/L), ZOf5%E. 150 #4544 65 Ak
(=R 43%) T S, MHRE O RfElL 0.0003 mg/L (ki
0.0001~0.0019 mg/LL) ToH -7z, (B 15 (FMS 2017a))

Vo EARERESKGEMS/KEEHAEMEZAE ST, UKEAT CIIERNEEIC L R
fliza sl LTHET D EEX0ND1F0, RIZEMOLORFEETHIZLTH, KE
RAENC G Tz > TUE, BB TR 27 v 22 JIE] L LTn5 (M 58

(A58 2003a)),
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BRI AKEHIZBW T, HIRD I R T 00+ — & —SEFE 4 30 L OEE
6 REtE, DTz VAR Y RERIGHK E Lz IC-PC 12X > CHIE L

(E& TR 0.02 pg/l) . TOREFR, ANEEI X TV T+ —F —HONfh 7
2 AJREY 0.10~0.42 pg/L, EEI R T VU 4+ —X —HONRM7 v ARE
13 0.02~0.39 ug/LL. Th -7, (21 (F% 5 2007))

A= FTHEBELTNWDA MVAD I X TNV 4 —F —43 B O Rl
7 v LR % HPLC/ICP-DRC-MS 12 L - THIE L7558, 1 3Bt o4 Tl
H S H, MR X 0.196£0.004 pg/L T - 7= (B HFRAE 0.098 pg/L) .

(M 58 (Marcinkowska et al. 2016))

A2V T THBEBLTND IRT AT 4 —2—14 BT ORI 7 v LRE
K O=Al 7 v AjRE % HPLC-ICP-MS (2L -> CHIE L7z (BHEFESAE 0.1
ng/L), ZOFER. ANflir v Ao HEIPHIL 0.256~3.4 pg/L (7 #30BHIM M
FRAAN) o A7 v Ao H#EFIT 0.11~0.80 pg/L (8 FUEHI M HBR A
Kiifi) THo7z, (M55 (Catalani et al. 2015))

(4) SRIILIA—F—FBIZHEITHREKRRE (#yoL)

2013 R KON 2014 FEICMAEZ O H M AT LIZA o F—Ry B
MG EE L CTHEALZEELROMAI R TINVY 4 —2—FH (X VT, 7
T A, BAR, KESE 15 »E) R v LAjEE A ICP-MS (I L - CTHlE L
ToRES, 2013 ARFEI 115 #% (115 3k 1 97 k. (MR 84%) Tt
S, WRHREE O EIR 0.45 pg/L, HRAEIE 0.19 pg/L (K Hi4EPH 0.0080
~4.0pg/L) Thovz, £7c, 2014 FEEIT 110 $610 (110 #EH o 102 308}

(=R 93%) T Siv, BHEE O FHEIT 0.38 ug/L, kX 0.20
ng/L (BrHi#iPH 0.0066~2.9 ng/l.) TH-7-, (59 (5 2017b))

(5) EXERE
B RO O B ARANDOEBAREIZOWNWT, 2012 FEI2A v ¥ —F% v M
WX VSER2H, KB 1 HOBKET V7 — FRENFEE STV D, A
B4 1,278 4 D¥-H 1 H HOFAEDRER, /KEKHKOBAET, FHIET
2 1,159 mL, % 1,124 mL, ##RfECTHE 1,055 mL, %4 1,020 mL, 95 /%—
o Z A VETHE 2,400 mL, % 2,200 mL TH -7,
fERER3ITT, (B 16 (125 2013))
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®3 BEHRUZXHDEKERNEHRR
(B 1 BEDOREHRICED (HEHE)

ki EREaS) 95 X—& ¥ A VfH
4 H H (mL) | 4 (mL) | E/4 | & (mL) | 4 (mL) | £/4 | & (mL) | & (mL) | B/ %
GEIMEY) AKEAK 390 100 | 390% 542 255 | 213% 1,676 950 | 176%
O 7KEK 300 500 60% 424 606 70% 1,500 1,500 | 100%
AGEAK /NG 870 800 | 109% 966 860 | 112% 2,170 1,800 | 121%
A—=T i 200 200 | 100% 193 264 73% 500 600 83%

AGEAK R, /NG 1,055 1,020 | 103% 1,159 1,124 | 103% 2,400 2,200 | 109%

R VI 0 0 - 142 77| 186% 800 500 | 160%
TR 540 350 | 154% 635 437 | 145% 2,500 1,200 | 208%
R DK & 1,798 1,530 | 118% 1,936 1,638 | 118% 3,570 2,900 | 123%

2.

BRMLDIE<E

(1) BEALDIELKE Kffiy O L)

Sykuta-Zajac and Pawlak (2012) %, BIERFZEICT 5850 O RN
70 LRRER O v AREICET O ME 2L Ea— LT D,

Soares & (2010) 725, R RHILD/ R 20 EENSEEA LN
152 BUEF CREI9/3> 76 BURH, ADRIKD/ <> 76 BURH ORI RS 72D
A2 0 W& 7 7 ) i IC ETAAS 12 X - TRIE L7fE R, K
PR ORM 2 7 LR OEIEIL 5.65+5.44 pglkg (B HIHIPH < 5.60~
18.80 pg/kg) . RIS DAl 7 7 LY E OFEEIE 6.82+4.88 pglkg

(FR &P <5.60~19.70 pglkg) Tho7-, Fio, Uik o REE
Wi Oy 1 AEIE R ETAAS 12 Lo CRIE L2/ R, A/ v hoRk
U 7 BHE O PEIEIE 47.3+20.0 pglkg (B 5.0~111.0 pglkg) . £
R/ R 7 & S EE O SEEEIE 50.8+22.2 pg/kg (F H#EFE 15.1~
126 pglkg) Th o7, THSDFEEMNDL, AU HOAM 7 7 AT 7 o L
D 10% % HDDHE L TND,

Ambushe & (2009) (&, B7 7Y U THA L7z 8 BEADOKE FHLH O
A7 7 DRER U7 7 DRHE % ICP-MS 12 &> CHIE Lz, 8 Filio
9 H—FRNAMLZ v AREET 0.6110.03, —F @&V A7 v AR
1.44%0.07 pg/ll. (#8271 50> 1.31~3.28%) Th-o7z, £7o. 8 D )
L—FIROR Y 7 AR 33.2420.90, ~F @V o AR 57.1+1.8
ug/ ThH -7z,

Lameiras & (1998) 1%, HR/L A ALD~—4 v FTHEA LT 60 fEEHD
R ERALER (ultra high treatment) 3L O RAGZ7 B ARE KO 7 1 L
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BE %A ETAAS [ZX > THIE LTz, N7 v A& 572012, B
ELT, BBt OX RS E, 7a~vRy RNHy 77 L%
TR 2 & L% e CHRRE S W70, NMli7 v AR (&P <0.15~1.20
ng/L) 137 v AFRE (BH#PE <0.63~5.70 pg/L) DOF) 2~4 K->
72, (=M 60 (Sykula-Zajac and Pawlak 2012))

TIRDRLES, SR ON—T T 4 —DZEHEIZ 0.1IM DT U w7 A%
Z BV, BB O v ARE A GFAAS (2 X - THIE L2 R, AT
KON 7 v AREOEEEIL 1.07=1.14 pg/lg (B 0.03~3.15
ngl/g) . FEASH O SRAM7 v LPREEONHIMEIE 0.0920.034 ng/g (B HH&iFH 0.03
~0.14 pglg) . ™N—T7T 4 —HONRM 7 7 AR ITHRHER (0.020 ug/g) K
i CdhHoT,

Fo, MIROKE., $BELON—TT ¢ —OFEIEITAEEE K QMR BRIk E &
Mz, ~A 27 v CUE L%, 150°C TRV L =3B 0 7 b LR %
GFAAS (T8 o THIE L2 R, ALAT O 7 0o LAJREOFE)EIT 4.38E
4.23 nglg (FaH&IPH 0.28~14.0 pgl/g) . AT O Y v APREEDOFEEE I
0.70+0.29 ng/g (KB 0.22~0.95 pglg) . N—77 4 —H D7 0 Lk
FE DB 0.95£0.27 pglg (K& 0.68~1.24 uglg) Tho7-, (ZH
61 (Mandiwana et al. 2011))

INER B OR D = Al 7 v KHSINEGEFRE TN 27 v M2 5 )i
T H70, BOINER KON AAZIRIERR L O bR E LN, ~ 1 7
T CHLEE L7212, 7 v AREZ GFAAS IZL > THIE L, 7 v ANR[FRE
F?Aizhfb\é ZEEMRR LT, RIT, T 2T LNEBIC MY v AR E
Mz, DOAFIT AL, 30 73l 5OCT“D 900 CIZ2 D E TIE L 7=1%., &
flikzMz, ~A 7 alA—7 212 5 AT, DR %Z GFAAS I2 X -
THIE LToAE R, A7 v ST $75>|ﬁjb\ MEE A SO0, WIS
nipinole, FBEEHIZ, NERICEEND A7 7 238107 2 ML 72
Mol LTW5b, (362 (Kovdcs et al. 2007))

Novotnik & (2013) I%. Mandiwana 5 (2011) ZEIC LA K KON
DAY 0 LR R A REET 5720, LK, AR ON—TF 4 —D%K
NS L Lo 7 v ) Y o £ 50N [50Ce (VD] 2 O
[53Cr(IID)] % % %41 10 pg/L 9201 2 . HPLC-ICP-MS (2 X » CTHlE L 7=,
ZOFER, BB 2 v 23 S o T,

Novotnik & (2013) 1, Z OFERIT, ¥ L 72 [B3Cr(ID] 234 DR ik M
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O OT7 VB VMR CEBlbS o 7c 2 & ITHI L 72
BOCr(VDIDIE & A ENFKDORHIERP CEITINTZZEEFEHLTND EL
TW5b, o7 h Y E S b — O [BoCH (VD] D e 03 B 5% &
Nz &b, XNUDRZICEWETENRNOD ELTWDS, £,
Mandiwana & (2011) %%, A~y x—3 g Vo2 fE9 1 ETAAS
IZES>THIELTWAZ LG, BBol-RAPEXHLE-L LTS, (&
4 13 (Novotnik et al. 2013))

(2) BRHALDIXKE (BynL)
HARNDHE 7 25 (A : 28~40 % (¥ 34 5%) . it : 3~6 % (-
¥ 5 mk)) XRIZ, 7 A ORERENMTOI., BFERkROKRS rn A—H
HEERIEN RS STV D, RANIE 46.6 pg/ HELTF, 7513 32.3 ng/H LA
TEHEEINTWD, (863 (Aung 2006))

3. RIEEMNLDIELKE
(1) KK
Rk 28 FEEA ERRIGYME T =4V VBBV T, REBRERK
IZBIF B 7 1 LR OFEDOLEMIT O T, 195 HiS . 2,353 MR CRIE S 4.
ZOREF, EHIREIX 3.7 ng/m3, HAIREIX 50 ng/m3 LA I TN D,
(R 64 (BREEAE 2016))

(2) Kig - L1
HFRKF DR 7 0 LOFHEPEEIZOWT, 3 g/l AT EHE ST
Do NI v AOIRFEN Z OFRRE LD @mWGAEIE, ANEABTEYSRDEIRR LT
WD TTREMEN B 1) | BEEBEKICI T 2RI 7 v L DPEFEIE, e T 648 pg/L
LA SN TW5S, (214 (IPCS 2013))

— WA VR O 7 v AR EET WKWK X0 S35 TR,
WK O 7 v SO THIEEE X 0.3 pg/L, #PAIE 0.2~50 pg/l Th 5.,
KILORE Y E K ONEE O 7 v AL, 1~500 mgkg Th D, T
H ok s v LAREIL, BEOTTHIREEOMBICE > TRE SRR D, Ik
KOPETIE, HRZOMOMENEHIZEETN TV D7 B AOREIF, 1
~2000 mg/kg OFPAIZH Y | BTFHITHT 40 mg/kg Tho7z, I—m
XTI, RO 7 v AREOT I, 7 v LR FEEEAIHE T 60 mg/kg
(3 mg/kg Kiifi~6230 mg/kg) . fiHeHET 22 me/kg (1 mglkg AR~
2340 mg/kg) Th o7z, HREINTHFTTIE, 2 X0 EWRERHRE SN
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TW5, (M 14 (IPCS 2013))

(3) E2fZ
EFSA B WTIL, # o7 v AREIE 0.39 mgkg & #AE ST
W5 (BPE 25 (EFSA 2014 (Schroeder et al. 1962)) ),

(4) BELDOIEL<E

S AE R 5~20 EDIIE ML FBEB 2T TN BR O — % 72 55 {8
BECRB T AR T AM 2 v AREIX, 7 v ABREAE T 100~500 pg/ms3,
AT U AHEEET 50~400 ug/m3, 7 1 Ao X T 5~25 ug/m3, 7 1A

A s T 10~140 pg/m3, 7 v AEEHEE T 60~600 pg/m3 Th o7,

(% 14 (IPCS 2013 (Stern 1982)))

KA Y DAT U AERE T O BEREEIZE T A6 7 v AREIT., &&

fE7A% 80 ng/m3 TH Y . HRAEA 4~10 pg/m?® Tho7-, (B 14 (IPCS
2013 (Angerer et al.1987)))

Y I A= Oy AL *Sepicy iy fab STAN QN HA@&“ S i DR A
PEHE L7295 @38 0 N R O B R A~ DT NIZIEH Ltj:@f%ﬁ
OHEERZIT<EE®IT. 1 HY=0 ., 21 0~0.1 mg/ch&U\ 0.1~1
mg/cm2 ThH 5, (B 14 (IPCS 2013))

WEIC 7 o AEEOPERICHEE LTV E 1T, BEREE LTV D 971
FXOHEDIZDITEN LV TIESBEINTEY, £ OEEITBWT, ﬁ
KB L~V E pg/md3 Thotlo, BEOHBRIZIE W TR, — Az
ng/m3 Kiiti T 5, (ZH 14 (IPCS 2013))

I REEITHRLIAMEROEE
1. AREE
(1) BRiR
N7 v 2%, < OEBFERIETEIZ CrO2 & LTHET 5, CrO42
IIMFRHE (S042) KONV Vgl (PO.2) ITHEIZHEBIL TWA 2D, 7
=F RN TUAR=E =N LTAMZ v OB IARNEZ 5, (B 2
(Thompson et al. 2013))

R 7 v APEEDHERIT S &0 B RTINS v AR HEEE D 1~
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6.9%. 7 v M TIIARMG 7 7 A OEBIED 2% 23RN S5 & s STy
5o ANl 7 v AOFELERIE, BIROBE I L > THflEnbd & LTWn5,
(M 25 (EFSA 2014))

A7 v AOELE S OWRIRITELS . 7 v FEUE FTiX0.4~2.8%
EHREINTND, 2L OREER T2 =407 0 AORIUCEEL 52 5 L
S, HbE, TR U, AEBREIT M 0 AOWRINEE FHIED
LA SNTWS, (25 (EFSA2014))

7 v A RO 7 v 2, WL EAIRRE K D A RRE Iz BV T
fBENS LD RIREND EHESNTWD, (225 (EFSA2014))

N7 v AOFELRMIIMETCIIEEARATEZ 5, BEIL, N7 2 A%
W S VBRI K » Tl 7 v A& T S 4L, FIZHGPHIEE 12 K- THEE &
N5, (B 65 (Sunetal. 2015))

AKX DO MNCE Y o LigH Y 7 AVDEK (5 mg Cr 2 5T) XIE /1
AEH ) T AVDEAL PV 2 — A THERICE I LK (5mg Cr 25
te) ZHEHEI SR, B B0 ) U AVDEROEBIUTIE, 2
JRIPPEIE DG LN 7 B AOWINEEIT 6.9 (1.2~17.5) %, FEIHIE 39
(36~43) KMl TH o7z, Fiz, /R LBAIV TV LVDEAL PV a—
A TCERITIEIL LR OBIUTIE, RERPIRtE SO g L0
WRI=13 0.60 (0.31~0.82) %. Wil 15 (10~19) Kfij T o7=, (&
5 66 (Kerger et al. 1996))

IR (B 64, &t 24) ORAT (—HiRE®) KOE%E (A&
D 1.5 Kff#%) OBWEEFER L, BiKO pH LONEZ v & (7 v AR
NU T A ZIKFIY) - 6 ug/100 ul) @ =7 v A~OEITLREEIE Lz, Rl
® pH I1Z 1.6~2.5. &% ® pH (£ 1.9~3.5 Th oz, BHDOFHIRIIERIOE
I BN 7 = L& ET L, Ey—n?@@%@ﬁﬁm £HITIX 10.2+
2.39 pg Cr(VD/mL Hik (CFE¥EEEHEFRE), A% TiE 20.4+£2.61 pg
Cr(VD/mL i (CE¥EIEHERRE) CThotz, iz, 77—V LT-B%OBEIR
(pH2.0) ZHWTEITEZ 1 KEMHIE LIoAE R, RIEOEITLO 72.1%034)
DO 14PN Z Y 98.3%0 30 LN TR Z »72, & 512, BilkD pH
DIFEVIZ L DB ICEEDE WA HIE LGSR, pH4 K CiE pH @ B
WABIZETTRESME T U722, pH4 225 L pH EFHICHE D EILREDIK
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TIIEECMmIc 2o 7=, (= 67 (De Flora et al. 2016))

BIGIZFEE 2 22 < | BB O R FRIEIC X DIRBO -0 U A NED Fiihn
SEETLZOICABREL TS EE 64 (21~68 %) 12, [31Cx] 7 v AR
FU 7 ANVD  (NagblCrO4) Xi[BiCrltifb s o 401D (51CrCly) Z itk
(ZHRR AR SRR, FEP A~ O HRSR TN 7 7 LT 89.4%, —Ali”
2 AT 99.6% Tholo, JREASOFELPEMFRITRMZ 7 AT 2.1%, —Aliz
2ATO05%THY, N7 v LEEO T BENTRINEN G5 T,

F7o. FAERDOEBE 4 41287 v 2 &2+ ZHBEBNES LR, Eh~o
PRI RIL 56.5% TH 0 . K BRI S Tz,

B, FREDBEE 5412 pHL4 Dt FOBFIET 30 254 v F 2X— |
Lol 7 v A& 22N S LR R, BB ORM 7 v 252 &5 LT-5E
&bl U CRIGRITE T L7,

HEDZ > b 6 ICIZARA 2 7 A& —Brff B2 ICH ARG LI/, Eh o
EEPRMERIL 97.7%, JRP~DOFEEPEI =T 0.8% CTh o7z, 7=, Ehk
B U7, P A~OEH P RIL 76.4%., R ~D PRI 16.5% &
720 FERASOPEIID U SR~ O PR IE N L7z, (2 /68 (Donaldson
and Barreras 1966))

b4 (BEFAN14., T HBEEREHE 34 (Db 24X ENYREX
TR ERNCIURESEE 7 7 £ F 2 L) . BEEE &L O RIS X
S THEYIFRLZEE 14) OB pH KOBHRIZ L D807 7 20 =1l
7 v A~DIFEILREER 24 FFRBIZR L7-/R, WIn b HIROETTEN E—7
IZEE LT DIXR% 2~3 K TH Y 2D & ZDOXRM 7 v A&t EIE 40~60
ng/mL Th oo, 7z, BROEBEITLEDRIKIZR 2 DIFRM LUK TH -
7=, (B 69 (DeFlora et al. 1987))

b O (BERR R VB KD . MGPSMEE ., (i, FTI & O#iA%k % in vitro
TAMlZ B AR EED T EICL D, ANliz 72 20 =i 7 2 A~DIEILHE
DHEEINTWD,

EEIR DI ITCEEIC DWW TIE, 54D LEREL L 72HER O Al 7 v AR e (1.4
+0.2 pg Cr(VD/mL M%) K OWER O & (500~1,500 mL/H) 7>5, 0.7~
2.1 mg Cr(VD)/H L HEE iz,

BIKDBEICREIZDOW T, 17T A0 OB LI B ROAMM 7 v L (29
fEIF 8.3+ 4.7 ng Cr(VD/mL Bk, BRI 31.4%26.7 pg Cr(VD/mL Hik) &
OERDOE (Z2EFF 1000~1,500 mL/H, EA&EE 3,400~3,900 mL/H) 7>
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5, ZEMERFT 8.3~12.5 mg Cr(VD/H, ERKFT 84~88 mg Cr(VD/H L. |
EHEE ST,

FEPNRIEE DR TTRRIC DWW TIE, 3 AN DERI L 723 OGN I L 58
iz v Ao E (3.8+1.7 pg Cr(VD/10° X7 7 U 7)) KOFEH DN T
U7 & (29~6.3g/H) b, 102X TV TOEIN1IgRETHDLZ &
ZEETH L. 11~24 mg Cr(VD/H 23PN ISP S v, o dim &
N5 EHEE ST,

MK DBEICREIZ DOV TIL, 340D L 2 oEeaeiE, MmikHiuic
LD UTMAE DR 7 7 232 E (52.1+5.9 pg Cr(VD/mL) KON
& (B4 4,490 mL & O &M 3,600 mL) 725, B 234 mg Cr(VD K Ok
187 mg Cr(VD L HEE STz, 72, AU 34 HEIL 7 R MER DT
RElE. ARIMEREMEY) (S9mix FETF) ONfhZ v AiE L& (63.4+8.1 pg
Cr(VD/mL) K OYRMmERE (B 2,030 mL L O 1,470 mL) 726, B4k
128 mg Cr(VD) K O 93 mg Cr(VD) & #EE S iz,

IR DR ICREIZ DWW TUE AR &2 %2 13 72 8 A BT B A€ 2%
— bk (S9mix fF7EF) DOARMNZ v L& CE REOREREY7-Y 2.240.9
mg Cr(VD/g) KOVFER (1,500g) 75, MiEHEER (400~800g) #* EJE
L72W54E. 3,300 mg Cr(VI) & HEE S iz,

fti DB ILRBIZ DV TR, Al BRI (ELF : epithelial lining fluid) @
EICHEIL, 156 40 b RE Mifadeis 2 KX - CTEHEL L 72 ELF ORIl 7 a2 A&
st (23.7£15.9 pg Cr(VD)/mL) &K OYELF & (37.5~75mL) 75, 0.9~
1.8 mg Cr(VD) L HEE S 7=, £/, Miffd~72 27 7 — (PAM : pulmonary
alveolar macrophages) DIEJLAEIL, 23 447D b [FAIERIZRUE S fEEHC X
STEHER L7 PAM OFETYR— b (S9mix {F{E F) OXRAI7 v LEILE

(4.4+3.9 ug/106PAM) } O PAM £ (23X 109 PAM) 7>5. 136 mg Cr(VI)
EHEE SN, S BIT, RIMFEEOETREX. AR TR E2%Z07= 71 40
ORI LRI FEE OAREY X — b (S9mix 7L F) ONfli7 7 AEIL &

Rk O ERE Y72V 0.24+0.07 mg Cr(VD/g) K OCKRMiFE & (1,300
g) M5, 260 mg Cr(VD) & #HEFE 7=,

EF DI, HEEIZBWTHRIE (MR, BIKE) IZX o TRMZ 2 L7038
TLIND T &, ROMGHNHIEIC K > TR 7 2 A0M@I S s 2 &1, Nl
78 APEEE TR SIS W2 EZRLTWDHE LTS, 72,
b ToEIT 2 BN T AM 7 v L%, FIIRZR L ONTIE CE oSS 2 &b,
P TITBIT 2 A7 v LAOBMEITENE LTS, (] 70 (De
Flora et al. 1997))
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KD Sprague-Dawley 7 v ~ (SD 7 v §) 26, KB X Mladed 217 -
CERHR U 72 S0 AR 00 S S B e it e OVt L CTARE v — B L2l
ANz v 20uM) EZRINL, L-7 Aa/vE U NIV E F A DR
7 v AOBETREEZFE LT, £72.8SD 7 v MIAMEZ 7 A (1.2 umol Cr(VI))

SENITEAL, 18 H%ICHH L TAREY R — F LM L-7 23 L ey
el NI V2 T3 DR v LADETTREZ A LT,

L7 Aa)VE VBRI VA TF A L0 HR M7 v ADOEITLREN 10~300
@ oz, K& MRPEE  OiORE Y 32— MInF b A7 o L
ZiRIE LTz, ASMEZ v 2O in vivo TAMZ v 22K ENIEA L
DT MEDPSTo, ZHVUTERITTOWBRRIZIHB N T L7 A 2/ B B3R
L2 ERRREZZBND,

i OV g oo 7 v DRI O 7 v MRED 10%ETH -7, =
DD, FEDIT, AT 7 v MIHFRBE LI, =7 =
LELTHRETIHED ANMEZ o b & UTHILAOMBE~BEIT 2 BIT 10%
KETHDHELTWD, £, 7y FORIIZEBWNT, L-7 A2 /LB U fRIT 7
NETFAH LN e bz BE L2 b, i EEEERTD L-7
A e RN NI BEIZ X DKM 7 v MMEEY & SR LB 5 7%
ZRIZLTWDHELTWD, (B 71 (Suzuki and Fukuda 1990))

<AEY OLDEIELETDETIZOVWTEENTHONLTWLWAHE>

b MBI 5 BiRDEITTHEIL 84~88 mg Cr(VD/H L HEE SN TEY (De
Floraetal. 1997), bt N XS > WHOBICENFETH D &THUX, ~ U
A DIEILEEITH 0.4 mg Cr(VD/H (¥ 8 mg Cr(VD/kg (K&E/H) L7425, Z
DOIEIXT > EE AWk S X 5 2 EREMEEM 30 AR ER
(NTP (2008)) O#BHEL Y L REWZ b, /IMEITIEEN AL
HAEII~ TV ADBRTHEEZBZ TCWholztEZBND, (B 72 (Stout
et al. 2009))

NTP (2008, 2010) ®—E & LCEliShiz, B/ i) v A"
AKF(VD L e =Y U igr a A—KpAID %z 25 RO &5 L7230k
IZBWTC, Bal vk as—KmIDoE5EDHFNT » T 1.8 %,
VAT 28 B Mol b b b3, B R O 7 v AR,
B ABEFT N U LATKIMVDEREG LR T v N T 1.4~16.7 5,
<~ AT 2.1~38.6 fEmn-oT-,

T ENDL, FEET. MEEICBWTHEESNSEITREICK LT
BALD A7 B LE LTRIREN TS E LTINS,
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/NG TTREE 2 £ U2 @WK RSl 7 v KRN, ~ 7 ADHELE ToE
THEAHB L CWeE Lo, N7 v & LTI ATEE & 72 2 BB R FE A
b, TORR, xR T 27 a0 AOERENENT S 525
N5, BEIVIEWVIEETIE, ~ 7 ADHELE TORTHICK - T, HE172R
A7 v AOBOWILAFIRE L 720 | BIE 28 X 72 Tl SOKIREIZS
U CHEET 7 v AREOHEMEIENREL 2D EZZLND,

L2>L, NTP (2008) CTHOLNTHE-NIGT — X132 TOHEICBNT
HARE 2l 2 R L2 Z & 2v 5, NTP (2008) OB EN ~ 7 2R DML E
TOBILEEBZ TN EWIHIREE XL TELT, 2 TORGETYY
AD+ "HG TOEAME LB SA AL N2 & & —E LT,

<7 ZADHARPEHOYRIFILI<5~9 5 TH D LERRESNATND
Z L. E72. NTP (2008) T~ ANKLGESNI-HIKHAEDK 18%ThH IR
HHZEEED 6.9% 23BN /=2 & (Kerger © 1996) 76, ANli7 & A
DENIRICEE BB E 21X I ERl>TWa e LThH, F7-. (KR
DOEEETH>TH, FHYREONMZ v 508 F &2 ki, /M ~EIX
NTLEHIZEARBLTWS, (B 73 (Stern 2010))

(2) 7
t N RS o WA TIE, WIS Al 7 7 MXFIFE R TO/MIBRIC 940 L,
BT TR R OV T 2 o i L LB R s (B TR 27 (TARC 2012)),

A7 v DXE S IR A2 @i 5, Nl 2 v MTARIMER & g o T
IZIFAET Dy M7 B MR MIZ B ND & FRICHTNR, Mg, B, &
(E#E) ZFEoMEETd 7 v MBENEINT 5, (225 (EFSA2014))

OGS LZ=M07 v iid, S v 252X > THomT 28 Th 5
g, Mg e OVEBE CITIE & A SR Sy, BT3B S s 23, R
i a bz LGaL0 620V EVWETHD EHE SN TWD,

—fi7 v X, in vitro KON in vivo iRBRICEB W CIRMERIZIXIZ E A EF
FELZ2, BHETIIRMEIZEDIAEND EVIHELH LN, TORIX
Nz v 2Z2FE5 LTEGE X0 bRy, (Z2#25 (EFSA2014))

b M RO OMOIEHIAOMILIL, ANl v A2 FHT LI LN TS,

A 3 HEECARM 2 v A OB E 2 MSNEE O 10~20 FI2Eins+
%, (M 74 (Salnikow and Zhitkovich 2008))
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NTP (2008) (23T, HELOWRRMEIFRNCIRIMER, MIE% T o A
REZRHEML, ZOREIZmEEF L0 LARIMERTF O TN EN- T2, £2, Hi
HOMZ v AREIX, 7y PV~ UROEREFE LML, (B8 27
(IARC 2012))

Stout & (2009) iX. NTP (2008) 1%, Az v 2z ko E5 LI~ 7 &
K ONT w MIZH B NRBEN AN RIS N2 & L, MR, fLRS K OS2y
T —21F. AMEZ g LB~ T AKRNT v sORFITHA LI g il 72 % &
LTW5, (B 72 (Stout et al. 2009))

NTP (2008, 2010) ®—8 & LT, MEZ v b (FF 40 I8) KO~ T A
(BRE40 L) ([ZEHZ o Al MU oA ZKFHVD (0, 14.3, 57.3, 172 X
X516 mg/L (7 ~ b 0. 0.299. 1.18, 3.11 X/ 8.95 mg Cr(VD/kg {KHE
/H. M~ 20, 0.517, 2.09, 5.56 X% 13.2mg Cr(VD/kg {AHE/H)) %8k
KEE IHEZ » b (BRE30 L) KOME~D 2 (BHES0L) ([ce=a )
fig 7 o H—kFIID (0, 2,000, 10,000 X% 50,000 ppm (HEZ ~ b 0,
15.18, 78.60 X% 409.15 mg Cr(IID/kg 1A/ H | M~ % 0, 36.73, 189.49
1% 945.66 mg Cr(IID/kg (AHE/H)) #iREEEG L. MO 0o ARE %
HIE LT,

182 H#E Lz =2 Y g7 n A— /K (111)2,000 ppm &% 58 (>
v bk 15.18 mg Cr(IID/kg K/ H ., M~ 7 A 36.73 mg Cr(IID)/kg {KE/H :
HEEZNZNEZ v AT U oA T AKMmVDO 1.7,2.8 %) &l LT,
182 ARG L-® 7 v AT NV v A KMW(VD516 mg/L #E5#E (K
7 > b 8.95mg Cr(VD/kg (KH/H |, Hf~ 7 X 18.2 mg Cr(VD/kg {KE/H) |
BRI O 0 AEEIX. T v PO TISEL ORI TETH D
~ U ZD[ET 39 5. BT 225 Th o7z,

AFRERIZ OV T, Collins & (2010) 1%, A7 rAlZiX<BES Nz~ T
ARRT v NOFBRET 7 v ARERED ST EnD, —H#ORMs 7
ATEMETEENEF IO LTzE LTS, (B 75 (Collins et al.
2010))

E7z, Witt 5 (2013) &, =Ml v A ZREHR G L7z B & g L <,
A7 v BB fOKEE L3RI B WD TR T O 7 1 AEENE -T2 T
EMG, —EHORMZ v MTENETCEENEFITOMLIZE LTS, (&
M 76 (Witt et al. 2013))

Wistar 7 v b (K, SBETIL) ([CEHZ v a8 U 7 ANVD (Ce(VD &L
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T 0, 25, 50 X% 75 ppm) % ZHElAT 3 2> A MK E G- L, R UL CEY

v LA ) U A(VDESOKES LIctET » N ERBL LT, HET > MIAEA,
SEARIIE R O AL B A UGt e G- a2 fike L, BEALZ O F1HET v MIZ

HIECERMET 3 D AMBE 2 L, FO KO FL 7 v ho2ETo®RS
BEICRBWT, Adfes CREE M OYEIR BIR) R ORISR (F5%E. misciR. R

IR s o LAEBENML, 1ZERETORETCFIET Y hoFny

0 ARENE -T2, (2R 77 (Rankov et al. 2010))

58 kD HMEMN 30 g/l OEZ v A U v ANVD (7 v 2OHEERIEIT
)3 g) ZHEMAYICHRE IR L RER, A, RMEKE RO 7 v AJRE
IZENEN 2,088, 631 (13,512 pg/L &720 1BEED 79 H BIZIZZEN
ZI 5, 129 KT 10 pg/L iz L=,

RIMERF O 7 v A& g UCiErR o 7 v MR R RE S, T o
70 LAOMEEINTIRMERF D 7 v AL L CHEFICEBIE TH -T2 0,
7 v AOMIENENRMERICBW TR E /-2 L 2R LT\ a (fEf o
A 4R 5.6 WERE. B A 191 BER. JRIMER TR o> 4408440 FRRE)
(78 (Goulle et al. 2012))

SNt v A EREEICRE DG L2 BICIRIE~D 7 o L ORI IT )
FHHN TS, (B 14 (IPCS 2013 (Saxena et al. 1990)))

< AOREMICE Y o AT N 7 ANVDEEIRNES L2 2 A,
b7 e 2D XV BHICHELZBRBET DS ERREINT, (R 79
(Danielsson et al. 1982))

7 NIRFZBE U TARICBIT T Z P mE SN TR AT DL
Ve 45 £ ORSLF D 7 v AR, EH LT 0.3 pg/l Tholz, (B 80
(Casey and Hembridge 1984))

ZOREIL, WENBFICE>TEKBEIND 2B Oy 7 7T TR
BEZEZELTNDHEINTVDS, (B 31 (EPA1998a))

Ty NewUZAOMEZEIZEA LTI, ~V AOMBTREOC T REL, 21

TBZELL Uy ALV E Ty NORMEO TN 7 v AOFEREN LI
LprtEZBND, (14 (IPCS 2013 (Kargacin et al. 1993)))
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(3) KH
N7 v NMIFEFF R T =4 o F v x Lzl TR AL, 7 XL
U, TNETFH VAT A VEOTBEEIZ L > T v A, Y
iz v L2 T, BN M7 7 2GRS NS, (3 81 (Nickens et
al. 2010))

BHHEY) D NEMEBREE TII N7 12 27035 =i 7 1 A ~DiF T HMEfE X
N5, invivo TlX, TAINVE U, TVETFH | VAT A OBATEN
IZE 5 TL9B%LL EDRMZ v A& SN D, (B 82 (Zhitkovich 2011) )

N7 7 ATl 7 1 AIREIT S D BRICIE, RSk 2N ok F ISR
TTINTTZ = bARNISZENLTCHEHMZ 0 bh-=aF 0TI KT TF=0 Y
X7 VvAF R U (NADPH) $8K L ISL, B ReXi o U ve4
KT 5, (=M 14 (IPCS2013 (Shiand Dalal 1990a. 1990b. Leonard et
al. 2000)))

70 AR OREITICET HHHETIE, 7 AV EVERRIEIISMEZ v A0 E
AERETTHITH Y . RN OKRE Y v AGHO 90% &2 H - T\ 5, (B
4 (Salnikow and Zhitkovich 2008))

—Al 7 v AOEHEMEIIR S A TARM S v A0ETIZEL > TAELE
Al v AR S D, (208 81 (Nickens et al. 2010))

FMN Tl A7 2 208 =47 2 A28 T S5 EFRICHE VT DNA K&
U“/}? ://W’é’fkﬁbuﬁx%ﬁ;ﬁfﬁé A ik, A2 o 2 EFRmERPICER Y
AEN, B IN, X0 ELEERT D, (B 27 (TARC 2012))

In vitro ClX, 7 A3 )V EUVERIENMEREEZ L . Tiffi 7 v 2D AHF
I E . LD EWVBE T, BIZETT SN EBIBIREED =7 7 A DRI
BRI <, (B 14 (IPCS 2013 (Liu et al. 1995)))

AEFRE I, 27 v 2T E A EARM 2 v 2TBRIE Sy, =
fli 7 2 BBl 7 2 AA~DOERVIZIZIR I 72 B L BN L ETH D, (B 25
(EFSA 2014))

FRL W AWny UIBFIE T T, 0.10 mM o7 o A1) 7 = ©° 4 g
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“1EEEIR ([CrsO(OCOE)s(OH2)slY) & 1.0 mM Difgfb /K3 % St S ¥ 72
LA 3TCOEMT, 1 RERILINICAE Z g A EER L L) HEn s
%, (&M 83 (Vincent 2007))

(4) et
HILED ST v MEEWITIT L A RIS e n7z), ERIE<EESh
7= mAaFEICEPICHEEN S, (3827 (TARC 2012))

WU En7=7 1o 2%, BICRPICHEE S D, B MCEZ oL@l U oL

(VD 2R DRSS -4 7 1 A0 R PO 13 39 [ Tdh - 72,
2oL 7 v A ERYERRIE Tl ShTns, (R 14 (IPCS
2013))

(5) PBPK ETIL

EPA (1998a) IZIXLL FO#HENRH 5, (B 31 (EPA 1998a))

7 v LADT O OAEBFRRIUC IS BT AR S, FRICIE, 2
W2 T2 55l 7 v A RO A 7 7 A ORI OECE (disposition) D A F—
LB AIAENTND, (B 84 (O’'Flaherty 1996))

ZDOFETIMI, T v FERWTEMREIESNMZ 2 5Ol 7 v L %2R0 &

VRENKEG L2 T 4 v 7BBRORAZSRO FEIESNTEBY ., N
JaLO= M7 v L~DRITLH GO v LAEIRED E R RO KE 5y
AL TV,

M7 v AR =7 a2 AXEDL L6, iR ONEBE HEN LRI S
e, MAXBEOLA. 7 v MIEIEER PN S5 0y, Rl EE
B Lo THHIEEIZBES DD, X iﬁﬁ%}_mfﬂﬁ*5b>aw\ﬁ%%ﬂ>kiﬁé
ANAM 7 7 A, iR OVEALE 2 & e/ T =2 7 Al ”ﬁéﬂé
iz v 2RO v 3 EH S HIERIRIE X v aikiE wTﬁM£
2H LD BRSNS, £, 27 v 2 OWINEHER] \QM&HAE%
ED A A OMIRTE T TR BMORBIRBICKRE IKFET D, ZDE
FOVE, A7 1 AOBTTIXIMAERN TIHE & e & LTV D, A7 7 A0,
U VEEHE N OB O 7 =4 25 #ase v V) 7R 28 U CHIIRNIC A D, =
fizveiix, EELT, T VBEORKRE T e ) ook ) ity
YR LFEE LT EBENT S, SN2 v AE, RS T EOEL T &S
L7ogfik & U CHINaME 2 @i 3 5 flREMED e & |V, (S 85 (Mertz 1969) )

WL ST 7 v 5D AXEIZEMT 5, 7 7 N3, B OEg o
FERENIC BT D, ZOFT VL, 7 a0 LOWIERIZXTT 534 47T 7
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B YT AR, FRED Y va AEORIN & EEE AT D, b BEERER
ThorZ LTS, (B84 (O’Flaherty 1996))

Ty MO~ ZOENEYZ - ex vivolli2e T, BN TONRZ 7
LDIRITLHEEZRE L, PBPK ORF A —X #RHH LR, ~ 7 AD/N
AECHRADRG EHRZ SN DIRE (BUKIEE 20 mgCr(VD/L) TIXHEWNEICEE
A TND I ENREBINT,

FHOIX. Y RAZFHMBIC B W TERE A OIX BEIHMTET 55
Ald AN 7 7 20D ZAli 7 1 A~DIETTHE N ONE DR % & A 72 B HE s
Z. PBPK 7 VICEV AL ERHDH & LTW5H, (86 (Proctor et
al. 2012))

N7 v L RO =7 v 22 RHREOKG LI~ AKOT v MIBT
%7 a NORNEERNEZ AT T 57912, £XH# PBPK 5 /LA LT-,
ex vivo CONRAN 7 v LADBETMIEDOT — X HFEH L, BE LT >HED
BIKFOANMMN 7 =2 LDiFETLE pH E7T rERE LTET VTRV IAALT,
ETNDINT A —ZIZH= Thompson & (2011, 2012b) ZDRERIZEB W
T, B OEE T~ U A TOARBILE SN/ MBI K & —E LT, 21
R NG ~D 7 a MBI OWTH LN REENA LV, >
IZBWTRBEONZ v 238%5-Tlx 7 v A0 RMER /IMAELRIT 1 LT
ThHD, EREONMZ v 585 (FOKFAMM 27 2 ARED 60 mg/L LA
B) TlEZokBN1LUETHD Z LD, N7 v LARMAMEERICA - 7=
ZEERBLTWD, FEDOFIEIL, 7 v O Blgte» 7 v h kv~
JATCEMNSTEZ EMBHERINTV D,

IR, RiwLD PBPK €7 /W7 0 A0 hFvax k7 47 ADF
BN TENTEY, 3HMEi L72ED 80%LL LT, 7 /L FHME I SEHME
D 3FELUNTH 7=, M7 —% KO PBPK €7 L FHlIL, /MEIZBWT
BEAR (4B >ZE5 >R R’ LE2 R L, ~ 7 AN THES
VD NG ISE & B IR E AL AT 2BRICAE A TH 5, ANl 7 v AT
%5t s PBPKEF/LVEEHTAZ LIk, ZoiF >H#E PBPK €5
T AR EOARM 7 v LX< T|IED & FOBTER Y 27 25l % 729
DR axXxT 47 ARFIZE T DRAEIZ OV T LV 58 E 7R 2 f2 it
9%, (ZH 87 (Kirman et al. 2012))

t MZBTAAMMZ a2 RO Y a bOZEE A AT 5 72912 2 X
PBPK €7 NVZB LT, ~ 7 AZEHEDO N7 0 A Z2 k#5925 &/
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B CHRANRHRLND Z LD T oL s EEIEEIZIIT 2 51
JaLD N AXAT 47 AT HZENEETH D, ex vivo TD
M7 v AOETHIEOT — X ZHEH L, & FOBHRTORMZ 2 LADiET
ZpHIEKGFE7 o AL LTET VT IAAT,

RPN PBPK ET M3 2 20 hX v ax 32T 4 7 AOTHNIZENT
BNLTEY, MEZ e 2 KO =7 v AZZ<@BEEI N FOR T v LT —
HL—F LT\ (FIFTREZR T — X DF) 86% T, 7 /L Pl I IR
D 3ELUNTH-T2), FTomkEL e O PBPK €7 /b1, EHERMEE,
Ry afx T 4 7 AZBWCaftE 4 5 2 58K, RSS2 5
ZETOREPICRBIT ABENRBEIIESEIN e NMEMOREEY 27
FEAM A i U, BEAERS THD/MBIZBIT D R v ad 1T 4 7 AOR M E
s & TE 5, (288 (Kirman et al. 2013))

Kirman & (2012, 2013) IZL-> TR I~ T A, Ty FEOE T
BIFDHAMZ 7 50 PBPK €7 /vE, ROIXSFEICKHHEETD x>
AR RT 47 ADHEON LA KMESE 57208 Lz, B Lz AiL,
OZEER R OB ERFOIE(LE IZHB 1T 5 pH [TEAF L7227 & 205 =4l
70 A~DIRTTERTET L, @QNTP (2008) DOFRERSRM: Tl - tHFE DK
NWE—=r DY alb—rary RUOOBEZMEREmWAREEEDOH 5 b MEM %
YFETDIZDODETND/INT A=, ThbdH, & FNORFEY R 7 GO F
T, HERMEE, ERIE X aXd T 0 7 AR M OME AN ZEDREE LY
EERINT,

i 22T 0.1 mg/kg RE/H DA v LAZ2SEKE LT, I
3 EEOMERNC 3 HOFF 6 EINZHI TEIESESL VI 2 b—r 3 B n
T, ANz e AOENEET, ZERIE<E (K pH) OB EARIE &
(FmpH) XvbmWnwZeEnrHlcshiz,

b MZBT HEBEREK OZEEREO AN 7 v A O O s &IXFERE k
FoaxrTs 4 7 ABRTRIS L, OB 0.01 mg/kg K5/ B A Tl
BIEEOREIRED HAMENTE <. 0.1 mgkg K/ B LU TITZ2 RO iR E)
BOHNENZ ENHEE SN, £72. KEE (BXZ 1 mgkg KE/AR
i) TiE, 6 [N CTERESE S L0 LB CEERS® 5 N REENE
W2 EDRHEE SN, ZOEITERE (BX% 1 mgkg KE/HLUE) T
EH b 7eote, EHIT, ROEEE 0.01 mg/kg RE/H AWM CTlX, #H
ARINXIE»OFHE LY . BN pH 23E <. BERNEBFFRINEV O T, B
OOWENIENZ N, —F, 0.1 mg/kg (AE/ALL ETIE, FOFmETHLEN
DA 7 v LORETITMENTH Y . BN pH OFETIZE A v, FHAER
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HNEDOHEHN X 0 A (REVE D /R 722 5) /IMEFER A K E W T,
S OFREEND R, ZOFT LTI, FEEIC LD B 5Nl 7 1 L6
NS, —ATEIChZ A2 v A0S & (LADD : lifetime
average daily dose) Z &G E&OEME L THET HZ ENA[EETH D,

BB/ ~DOARN 7 7 AOBATIZIEMIE h ¥ axxT 4 7 ZAB T
i, B FTO0.01 mgkg KE/HLLE, vV AKTT v FT 0.1 mgkg &
H/H L EIZB W CIERIE OBIMMA 2 5107, 0.01 mg/kg KR/ H Al OIK A
BT BTSN TICNMEZ e 20FEEFNL/NG~BITT 2EEN~ T A
DOFFNE FEORT v FELU HEo722, NTP (2008) OFRERIZAHYS T 55
HETIEH, e AR T RDOER Ty FED HE<, v U A& MZEBWT
BATT 2EIBEOEIIREL 2o Tz,

FFEOIL, ZOFRE I adxT 07 A, ROEANZE, BNESE & I1X
< BHIMZEO—FREERLCZ OMAEE 2 KL T, BN TORMZ 2 ADiE
TERRKRESETHZEIE, B FO Y RTFHMEICIMETREZHWS Z & (F
SHEO MR A (POD?) #HEiIce MeEEEZHEMTLZ L) #REICT 5
ELTWD, ZOL) ffZCHEMES D=, B ho U R 77X PBPK
ETNVOMMADOHFTROE) ZENKRFETHDHELTND, (B 89
(Kirman et al. 2017))

2. ERFVMFIZHITIHFE
(1) 2MsEH
A7 v AT EM 7 v MMEEMICIES BEENTZT v PO A LDso 1.
{EE Y OFEE L OB OMRNC LD 2e s (B 26 (ATSDR 2012)),
7 v MIAlZ v 2MEEW 2 salilik 0 & 5 Uiz 2k sl o R4 £ 4
(2R,

x4 N7 OLMEEYORORERERICE TS Dy, (T )

EAN REWE LDso EEAL
(mg Cr(VD/kg IKE) | HIT4F
Fischer 344 7 v b | =f{k7 1 4 M 29, I : 25 American
B Chrome and
(F344 7 v 1) Chemicals 1989

2 POD (%) Point of Departure : Bt N OEFEFHELE N SE LN HE-
ISl OfER N AL N D E, BEOH 2 HHEWEIZE LT, B FTOEF OB
& X< BEEEIRICBT 2 @R ARG A EE (ADIX° TDI) 25 ET HEEO I
ELTHWS, #H ., NOAEL Xix BMDL © Z & #f5¥, (B 22 (BWLEEAS
2015))
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F344 7 v b B/ AN A" | HE: 21, M 14 Gad et al. 1986
KFn#
F344 7 v b N7 VN 25 bl ULy VN HE 26, M 17
F344 7 v k FI/ AT T A | HE 22, M 19
F344 7 v k VA=TN "2l N RyN e - 28, ME ;13
N A . . Shubochkin
A 7R hBA PR F TS 81 and Pokhodzie
1980
SD v k 7a AEH LT A W 249, M : 108 $$M%ﬂ-
(M 26 (ATSDR 2012))
<=@r7BaL>
Z v MZ=ZM7 v MMbE il oG L-atmE ot 42 K5
(2T,

x5 =i/ OLMEEYORORERERICE TS Dy (T )

N RERY)E LDso E= PN
(mg Cr(VD/kg {ATE) | FIT4HE

! FEle 7 v A =K 2,365 (MEREAR) fﬁﬁ%ﬂ

SD 7 v k [ A=W, L7 M 200, HfE 183 Eﬁ““ﬂ‘

(%M 26 (ATSDR 2012))

(2) BAMSEH
@ I ERBESMSHEHR (TOX, EEES)

BALB/c v U A (I, #H#E24 VT, M, AL 480) I[CEHI nABA Y U A
(VD (0. 15, 50, 100 |% 400 ppm (#£ 0. 1.1, 8.5, 7.4 X% 32 mg Cr(VD)/kg
(RE/H., MO0, 1.8, 5.6, 12 X% 48 mg Cr(VD/kg {KH/HY)) % 9 IR
I3 2B T bz,

FRGRECTHRONT-FIEFTRY 2% 6 1277,

B GBI U 72 BRIRPT RIS A Hiv7e o 72,

JFAIE OFIE 22 i b2y, SFFREECIE 1/12 51 () . 50 ppm #E5HETIX
1/6 5 () KON8/12 5] () . 100 ppm #5586 Cl% 2/5 1 () KO 2/12
% (). 400 ppm £ 5HETIX 2/6 B (7)) KON 4/12 1] () (2R H BN

3 ATSDR 2012 | X A B,
Y FHEIIBWT, ABEOTZHOL LFTRIIRTICEH L., AEEOTHDORLWVATRIT
ARICHIZFEE LT,
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oo ZEHNI/NELS BT, BERPABRCTH DL Z &0, JFERER-INL TS
T EDRBEE T,

FEEL N OSSR HIED L B ) BICHOW T OMMBSEIIBRE L O X 330
5% XT W OREHE N ORISR IES, N7 v~ F a8z 2n T
BELES, BEICHEE LZEEBIIA LN o7,

EF 51X, 15ppm & Z DORERD NOAEL & LTW5, (B 90,91 (NTP
1996a. 1996b))

ATSDR (2012) 1%, @bz & RO A 72 RS BER 72
Mol Z LD 2O RICEEFRIRERRD & 2 MOV THEE R 72 f o
IZHHEZWE LTS (Z2H 26 (ATSDR 2012)),

=6 IBEMBEAMEMEHE (TOUX)

B 54E ppm P W
(mg Cr(VD)/kg K5/ H)

400 MCV kU MCH Djis MCV kT MCH D
(HE 32, 1t 48)

100 L1k oK B oK B
(HE 7.4, W 12)

50 LI E JFFHR el oD R B B 2= A b IR oD AR B 22 faf b
(3.5, ift 5.6)

15 2Lk (EMEAT 72 L) (TR L)
(HE 1.1, M 1.8)

@ 14BAMESMSHEHAR (TR, #KkikE)
B6C3F1 ~ 7 A (M, &8 10 VL) ICE Y v AfET h U w7 A KFn#(VD)
(0, 62.5, 125, 250, 500 X% 1,000 mg/L (0. 3.1, 5.2, 9.1, 15.7 Xi%
27.9 mg Cr(VD/kg {KE/H)) % 14 BBEOKkEET 2R RBRN TN,
FRERECTHA LN Y 2R TI0RT,
B G-I B U 72 BRIR T AT A D v o 7e,
B HACBRE U 72/ NRIMERIE S A BTz, (B 92 (NTP 2007))

x1 4 EMER[ESERER (YVX)

5 mg/L Vi3 il
(mg Cr(VD/kg {KHE/H)

1,000 - -
(27.9)
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500 LA I
(15.7)
250 LA I
(9.1)
125 L4 | + ZHEMG R ORI U o | AREHINENHL, MCV A, +
(5.2) i DR R ER T TR R ONGRIE Y RO
KRR BRI T
62.5 ULk REHINH . MCV &0 | MCH 4, + 4615 ERE
(3.1) MCH b, + M bR | oA
EpA5

@ 20 HEEAMSEMHHERE (5 v b, BHEOKRS)

TR Ty b (HE &RE10 L) (27 sBEA Y v ANVD (0 XX 0.05
glkg ARE/H (0 X% 13.5 mg Cr(VD/kg KE/H )) % 20 H 5@ O #
G35 B Thbni,

BHERETHAONTHETR 9 25 8 12”7, (&M 93, 94 (Kumar and
Rana 1982, Kumar et al. 1985))

x8 20 HMERMSEHER (SY b)

5Bt glkg IRE/H Mk
(mg Cr(VD/kg {KE/H)
0.05 RERD . ITIE M O IR ONEE OFFEIEIN, TR (7
(13.5) NAVRAT 7 Z—8 BIEFRAT 72—, Jra—2x
GHRAT A —ELNaY 2 AT T —F) KT

@ 28 HEBEEMHEEER (v b SRKEE)

Wistar 7 v b (., &85 ) (27 v AfET R U 7 A(VD (0, 0.07 X
0.7 g/l (0, 4.8 X% 48 mg Cr(VD/kg fKHE/HY)) % 28 HMEKEET 5
ARER DM T O,

BHEGHETH OB ¥ 2% 9 [T, (B 95 (Diaz-Mayans

et al. 1986))

5 EFSA 2014 = X B #a& 1,
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x9 28 BHMEA[MESEMEHR (SYb)

BeHRE g/l 1
(mg Cr(VD)/kg 1K H/H)

0.7 JREED . EERE DK T
(48)

0.07 (FEPERTRZ2 L)
(4.8)

® 30 AMEAMEHEHE (v k., fUKERE)
Wistar 7 v b (., &BE15P8) (ICEZ aafiEgh ) v aAWVD (0 XX 500

ppm (0 XX 73 mg Cr(VD/kg {AE/H ¥)) % 30 HMMKEE 3 51317
VoY Wi

BHRETH LN A ¥ 2% 10 (2337, (B2 96 (Quinteros et
al.2007))

& 10 30 BREIHEIAMESESAR (S H)

5/ ppm I
(mg Cr(VD/kg {K5/H)

500 mig7v 7 7 F b
(73)

® 9 EMFEIESHRER (Tv . RBEERS)

SD 7 v (B, #7824 JE, M, ARF48IL) [ZHZ o ARV Y v A(VD
(0. 15, 50, 100 Xi% 400 ppm (# 100 ppm=2.1, 400 ppm=8.4 mg Cr(VD)/kg
{KE/H . Mt 100 ppm=2.5. 400 ppm=9.8 mg Cr(VD)/kg {KHE/H 3)) % 9
MHREEE G- o3BT,

KRG THAONT B Y 2R 111277,

PGB U 72 R, AROK B K O EE B O 28 b, BRIREIT LE 1T A B
o T,

EHEOIIR ARERICEBIT ST v FTO MCV L OMCH OZAL DR ILR
<2<, 20T BALBle ~ 7 A& FAWZRBROMBRLFE UL B8
IRIMERBOS D A REMEZ RET 2 6 D L3l L T\ 5,

EH 51X, 100 ppm A Z OO NOAEL TH5 & LT\ 5, (B 97
(NTP 1996¢))
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=11 I ERESHSMERER (v k)
58 ppm 1 ki3
(mg Cr(VD)/kg K #/H)
400 MCV %' MCH ®J§i2> | MCV & MCH i
(1 8.4, Hf 9.8)
100 LA F (FMERTRZ2 L) (FMEFTRZ2 L)
(2.1, M 2.5)

50

15

@ 10-:AMESESHEHAR (v b, gRKEE)
Wistar 7 v & (B, 58 19 VT, *HHEEIIL) (227 = A (0 X% 20 ppm
(0 X1 3.7 mg Cr(VD/kg RH/R 2)) % 10 M MHOKE L3 2R TH
e,
BHGRETCADNTFHEITR Y 2% 12 1277,
AR DT R h— ABRH BT, (B 98 (Rafael et al. 2007))

x12 10BRBSMEEHR (Sv )

BH#E ppm i3
(mg Cr(VD/kg {k5E/H)

20 ALT 00, i 27 /v = — 25400
(3.7)

14 ERMERMSERER (v b SKES)
F344/N 7 v ~ (M, &8 10 P8) (CEHZ v A8 N U o A KMV
(0, 62.5, 125, 250, 500 /% 1,000 mg/L. (H 0. 1.7. 3.1, 5.9, 11.1 X
I% 20.9 mg Cr(VD/kg {AEE/H, M 0, 1.7. 3.5, 6.3, 11.5 Xi% 21.3 mg
Cr(VD/kg RE/H 9)) % 14 WK 2B Thi-,
BREETH LN mEFT LY 2% 18 1277,
B G B U 72 BRIR P LIS A Hivze r o 72,
B G\ U 7=/ R IERSE R O L3 2 H iz, ek 5 23 B H
DEROEETHY, TOHIGELT, (S92 (NTP 2007))
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x®13 4 EEBSHSHEER (v )
ZEHE mg/L 1 i3
(mg Cr(VD)/kg 1K/ H)
1,000 ENR U > X ER O HEGRE K O | REEINEE] RO MY

(4 20.9, M 21.3)

TR, BE O, B
M Oz

RIAE. Wl Y >/ Ei OYLIE,
TR M OFHRRERIR T, IRE
DIES, WALt &
I T K

500 DL | R EE R A0 —
(HE 11.1, #f 11.5)
250 UL F MCHC #ghrs, g7 v | ARifnEkEAd 1, g7 v7 7

(1 5.9, #f6.3)

7 F i LR
2, N U SRR BRI
i

V%S — R LR

125 DLk
(B 3.1, M 3.5)

PRIMERIED 51, AR AR L BR
HANHL - 4R G KRR ER
=4

A~ R7 YUy b, NESBYE
> J Y MCV @ b %1
MCHC K QML IR O BEIs1
JiFleE e O+ —Fi5 s D AR ER IR
1

62.5 LI -
(B 1.7, M 1.7)

~vh 7 Uy b, ~NET
v KON MCV Oib*
/N EE i

MCH g2

X1 ®5 23 HH
%2 5 14 HM B

=M@Y BaL>
©)

SHAMBERMEEMEHE (YUX, EBEES)

B6C3F1 ~ v & (MM, £8% 10 VT) 22 Y U7 v A—KFnID (0.

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

Cr(IID/kg KT/ R 9)) % 3 7 MHREHR 59 23R Thbi -,

BB L7 BRIR AT L3 b e o 72
WERED LG dr BB M OTEDRE /3T A — ZIZEABITH B2 > 12, NTP

%, #ED 212 mg Cr(IID/kg K/ H & HREITHEE B OIER 3 A H 37253,

WEH T TR T AL DREREZEZ DN Z b BHEFENICE
EZOHDHFTR IR I oz LTV A,
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SMHhAMBEIMSEERR (v b, BEHERE)

F344/N 7 v & (MR, #-8E 10 J0) (=2 ) U2 v A—KF 1D (0,
80, 240. 2,000, 10,000 X% 50,000 mg/kg falkt (M : 0. 0.8, 2.4, 19.1,
95.4 X% 506 mg Cr(I1D/kg {AE/H, #f : 0, 0.7, 2.4, 19.1, 93 Xi% 507
mg Cr(IID/kg (KE/A 9)) % 3 ARG T 2 BT bihviz,

B G BEE U 72 BR IR AT LI D e o Tz,

MRS B OVEAL SR 72 AL DSR2 S T2 8 . AT DAL IT A
7R IERRIPHICINE - T e,

MEE D TR R, MEDKE /3T A — & L OMEO MR B bIT A b7
noi, (IR 99 (NTP 2010))

(3) EUEERUEIAMN
® 210 HEEMHSHRER (TUR, SKES)
BDF1 ~ 7 A (W, &HE 5 VC) ICEZ v AR Y w7 A ZKF#(VD (0,
5. 50 X1 500 mg Cr(VD/L (J 0. 1.65. 16.5 X% 165 mg Cr(VD/kg (K&
/B, M0, 1.4, 14 Xi¥ 140 mg Cr(VD/kg (KE/H)) % 210 H MK S
T LR T,
KRG THAONT B Y 23R 14 177,
ZYLME IR MLER D /M S OVIE GEMEIR L ER V2 %ET° 2 2 YR Bk o b2 5 28
WTH Lo 72, (B 100 (De Flora et al. 2006))

& 14 210 BEEMESEHER (TVX)

BeHRE mg/L I i
(mg Cr(VD)/kg A #/H)

500 (ENERYINENE —
(4 165, #f 140)

50 DL | (), 50 LAF () (FMEFT R L) PR EEHE NP
(Ht 16.5 | I 14)

5 (FPEFT 72 L)
(E 1.65 | M 1.4)

Q@ 2ERIEMEE LA (TOX, ks
B6C3F1 ~ v A (M, 258 50 VL) ([CEZ a A R U o A ZIJKF#(VI)
(£ 0. 14.3. 28.6. 85.7 X% 257.4 mg/L, W 0, 14.3, 57.3, 172 X% 516
mg/L (#E 0. 5. 10, 30 X% 90 mg Cr(VD/L. M 0. 5. 20. 60 XI% 180
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mg Cr(VD)/L (# 0. 0.38, 0.91, 2.4 X% 5.9 mg Cr(VD)/kg IKE/H . I 0,
0.38, 1.4, 3.1 Xi% 8.7 mg Cr(VD/kg {KEH/H ¥))) % 2 FMHAKEETH
AERMT T,

KRG THAONTEmET Y 2% 15 ITRT,

B G B U2 BRIR T AT B ivZe o 7z,

D 257.4 mg/L F58E K OMED 172 mg/L LI & GRECHOKE DA IC
£ 5 (REIEININHI A A 5Tz,

M~ 7 A DRI T O MIERAES [ZBW T, &5 22 HH® 14.3 mg/L
PLE#EREZ, MCV XY MCH O/ TN HMER L TV Y > 7REROHE NN
«77L Sz, MCV R O'MCH (%, 12 5> H B Cik 57.3 mg/L LA F & 5B

ITEBNAL LN o Tz, 70, BIMERE DY VBRI, 12 A EF
iu\ﬁ“m@&ﬁﬁi IZBWTHRENRL LN o Tz, (/1 (NTP
2008))

=15 2EMEBUESE ELAMRR (TVX)

BeHEE mg/L Vi3 i3
(mg Cr(VD/kg {KHEH/H)
516 e DO OVE ANE BRI AR,
(it 8.7) 72 5 DR ERIR |
+ R ZERMREE, /NG
(+=f60. 2205 X3 ERS)
257.4 +ZFEE, M (2
(I 5.9) Felm. 2205 X mIRG) R,
NG (- ZFER . 22RO
[BIA%)
172 Bl E + AR K OV U N
(Hff 3.1) DFARRERIZ I
T ARBHRIE, N (4R
W, Zefp XAXEIRG) B, /s
e (8 RG. Z2R5 S IEI )
JiRIE e
85.7 UL + R IG K OVl U >N
(T 2.4) Hi OB | R D fij

6 MR DT — 2 X ERBLS 12 22A B £ TLAVES LT,
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B B A
AN R G it = N B
[EI05)  FAeE e

57.3 LL I —

(Hff 1.4)

28.6 L I —

(1 0.91)

14.3 ULk + B OOFE A B | RGO O E A BRI

(1 0.38, Mt 0.38) IR, BRI Y L oREi D | TR, B ORI U 3
FRRR BRI T Hi ORI, O I

2

@ 880 HREIFEMAMRER (YU XR, SKEE)

NMRI ~ % 2127 0 AEH ) 7 AVD (0 Xt 1 mg/H (0 Xk 9 mg
Cr(VD/kg AT/ H 3)) % FUmiEiEAl (3%) & & Hiz 3 ARz 72 b 880 H
MK 57 2B Tz,

FEREOME 66 VT 2 PLIZHTF 2SN, M 66 DL 9 PT X O 35 PL 1 PLic
RAVEREL: (A7 FLEAE) N b, B SITEMESE O G 1280 9 5
9L 1 R H OHEWIZ A b, REiEERI O Z G LT RETH
ATE FLEANEN 2 D722y (M 79 PTrp 2 DL, Mk 47 Pirp 3 JL) , AIE IS5
IR Do Tz, B G-HEORTE R OFE AR IT R & i L TRRE TR o7,
FERED 7 1 b a7 v g ) 7 ANV 3,4-benzopyrene D i Ji % [F]
B G5- L7-L 2 A, 7 aafih ) 7 ANVDIE 8,4-benzopyrene DI A%
MR L7272, (B2 101 (Borneff et al. 1968))

ATSDR (2012) i%. Borneff & (1968) 1XFE2 ANEDFEHUIAHENTH D
ELTER, 74y vy —OEEMESRBE (Fisher's exact test) W TZih
DT — & Z RN LRGSR, miiE FLEEME, e (p=0.0067) & OVHITH FLEH
JE (p=0.027) ORAEMEOHERBEMMAEHZLNTLE LTS (B 26
(ATSDR 2012)),

@ 22:BmEEEERE (Sv b SUKERE)

Wistar 7 v b (lf, &8t 5~60) [ZEHZ v Al Y v ANVD (0 Xix 25
ppm (0 X% 0.8 mg Cr(VD/kg (AHE/H 5)) % 22 MK 5T 5B
T,

BERECHONTZEIEAT R Y 2K 16 IZ5R7T,

FHF IR K O ik 2 s BEAHARE 7 O 28 AL (TR < 17N BE322 3k 0D T e 2% e 2 e
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BEE K ORI DR, B : SRERIK D ZEfa b, R —-~ L FE D FLECEEA M K
O JRAIE LR DZENE) BNAabivlz, (B3H102 (Acharya et al. 2001))

& 16 22 EMEHEMEER (S )

58 ppm 1
(mg Cr(VD/kg {KHEE/H)

25 ALT XU AST o ¥
(0.8)

® 1 EFREESHERER (v b SKEE)

SD 7 v b (MR, #-P5e5-8E 8 VT, XHFREE 10 P8) (27 a Al U ¥ A (VD)
(0, 0.45, 2.2, 4.5, 7.7 X% 11 ppm) % 1 FMHAKEE T HRBRBTTHOI
Tco F72, SD 7w b (M, AHE 120, M, S ID) ITZRK, 7 1 A8
J1 U v A(VD (25 ppm (3.6 mg Cr(VD/kg (KE/H ) Xidtifbr v 401D
(25 ppm (3.6 mg Cr(IID)/kg {KE/H 3)) % 1 4ERIBKEGT 5B B1TH
iz,

1 DHORBRICBNTIE, WIThoOBRERTH, (REHNEK BRI
NI A OIS, E o, MR R O3B R P A B 5T K 9 5
NI BAGIZ A B2 o T2, 5ppm LA EORGRET, MFRN 7 1 LJREN
ZROREEIN LTz, 2 D HOREBRIZEB W T, N7 v 2% G807 v L O/
BRI, 7 v A EREOR 9 FHEM LTz, WTILORETY, mEMERRS
M LIZA BN o T2,

EHOIX. OB AT DRI, fRIC 2D OED I v
LANEBINDAHEEND D EEER L T 5D, (0 103 (MacKenzie et al.
1958))

® 2EREMESEBOAMEEE (Sv b, ks
F344/N 7 v ~ (M, &850 P8) (CHEZ v AT~ U o A KV
(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 X% 5.9 mg Cr(VD/kg K5/ H . Mt 0. 0.24, 0.94,
2.4 X1% 7.0 mg Cr(VD/kg (AHE/H 9))) % 2 FMPOKEET 2R BR1TH
iz,
BHREGHTHAONIZFERL Y 23R 171077,
B G B U 72 BRIR P A3 A b ivZe o 7z,
e EOMERET ~ MK EOWD A D REBEININHI A 2 5 ATz,
BT > B OB TN MR 2 2BV T, %522 HH® 57.3 mg/LL
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PLEBEGRHC~TZ ey, MCV KUY MCH O3, 172 mg/L DL E#
BRI~~~ N7 Uy M LU/ MRS A B vz, 12 A FETIE,
MCH i 14.3 mg/L #&58#t, MCV 1% 57.3 mg/L VA F& 58, M OANNET 1
AT 172 mg/L UL FREHTRENA LN o TWe, £z, ~~v b
27Uy ME. 12 DA TIIWTHORERETHEERL LN po T
7=, (M1 (NTP 2008))

=17 2EMEEBUESE ELAEER (v )

BeHRE mg/L A3 i
(mg Cr(VD)/kg 1K/ H)
516 JHF ik oD ALk BRI AR D i, 11 PERE MR A
(K 5.9, i 7.0) O VERE IR - R, DE | BRE. DERERE, &Rk
R R RO, AE | BB,
HERS 5 RS- bR LA NE
172 LL E - + ZHRIG R OGN Y o i
(HE 2.1, M 2.4) HE Bk =
57.3 LIk + G L OB Y > % | TGO KRR ER IR M OB {L
(K 0.77, itf 0.94) i DR BRI I oD
HH 1.
14.3 LA E (FEPEFTRZ2 L) JHF g D A Y S i
(£ 0.21, it 0.24)

<sE>
A7 1 DTz ZEAMERRRETSPBEE DI AME & e B U 7= 3R BR O f5 5
Z LU IR,

Costa and Klein (2006) (28T, Davidson & (2004) NEFE~< 7 2
(X—= R~ R L) QERRRITIER,) I 7 v A7 U ANV (0, 0.50,
2.50 X% 5.00 ppm) ZEOKEE- L, 4R H RO KRB A A L 7o
ERTEHEINTWD, TORE, Z7oifiph ) o AVDOHEEDZBWT
JEEII R TER ST, RO BE OB T HIEEITIFE A ETER S
LRIy T2 A3, W5 DFEIRHE < BT T HRARIEAINT B 89 0 F A HEFE D
WD BTz,

EESIL, ZORBROFEIIAMZ 2 LM LERNORE T AL, B
B CHIHREETREELEZZLEZTRL TS ELTWDS, (BH 104
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(Costa and Klein 2006) )

C57BL/6J ~ 7 A (MERERBA, FBESIL) I8, 7Y F v A X & KRG
NEG L, 7% A RNTUMmEET NY U A% 7 HIRBOKES L-%IZ, EZ =
LEEF R U 7 A kF(VD) (167 mg/L) % 20 MK ET 5~ 2D
KIGRFFHRGEEE TV EZ AN T, N7 v L ORGP EGVRIC S 2 D5
BLA R LT,

TRV AZRORTHFANT BT MY U LAREIIINA N7 B L
EROKBEG UTZREE, 7YXV AZ R OT XA RNT VRS N U LD H
OFGREE i U ¢, KIBEE OISR [EEHK (multiplicity) . fEE A
AR REFEOHE O TIZOWTREERI D Z 2R LT, B-IT
= RN U b7 ) a—b B SF—1E (phospho-GSK) D¥EHL
X, S v AR5 THEIC EA L7, NADPH 4% v % —+ 1 (NOX1)
DOFIBUIAM 7 v LOFETHEICER L, A—X—F X FPRLZ—F
(SOD) oW & 7 —EBEDOHELEEFE ORI LTz,

B 1E . ARFAERIL. ST 2 DD AMEICHOWTIFET B 780
FLWnEWET VAT 5 & &bz, Ny v MIREBESEOREE ., D
72 EHESIINIXIEERESETE (ROS) 2/ L7z Wnt/B-IT =2« 7
Wik ZB L RESED Z 2R 5E LTWV5D, (B 105 (Wanget
al. 2012))

<Z=ffiy AL>
@ 2EMENAMRR (v b, BEHERE)
BD 7 > b (M, %860 8) (2 =&t — 7 v A@D (0, 1., 2 XiE5%
(0. 293, 586 XI% 1,466 mg Cr(ID/kg {KE/H 9)) % 24E[ (# 5 H (Gt
600 H)) BEEEG- T 26BN 1T,
FED AMEDFERIT A 720> T2,
Fio, FROFEG-ET 60 HFIREF G LI2MET » P2 RilsE, A F
NicZ v M 600 AMBIZE LR R, &G L2 I3 S )
7=, (B 106 (Ivankovic and Preussmann 1975))

2 FREINEMENE EONAUMRER (THX, BEHRS)

B6C3F1 ~ 7 A (e, %8 50 PL) [ =2V U EE Y v A—/KFn#AID) (0,
2,000, 10,000 X% 50,000 mg/kg filkl (#E: 0, 30, 143, 783 mg Cr(IID)/kg
(REE/H . ME: 0. 29, 143 i3 728 mg Cr(ITD/kg KT/ H 5)) % 2 4ERTIRAT
BH3 RN T,
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B G B U 72 BRIR T X DL o 7,

> 728 mg Cr(IID/kg R EE/ H & 58E T 1 AFERREFRFORE A REEL D ©
10%3 L7223, [RIEROFET 2 FFRARIF O X HREEIC b A DTz, Flo, &
BB L 722 DI 0BT A LN oT=, (B 99 (NTP 2010))

© 2ERIEMEEEHLAMEEE (v ., REEERS)

F344/N 7 v ~ (MM, &8E 50 J0) 2= ) Vg7 v A—KF I (0,
2,000, 10,000 i 50,000 mg/kg fal#h (#:0,10.7,55, X% 86 mg Cr(I1D)/kg
(REE/H ., M0, 12, 61 X% 314 mg Cr(ID/kg KE/H 5)) % 2 4ERIREY
BT RN ThN,

B G B U 72 BRIR T T L2 o 7,

D 55 mg Cr(IID/kg RE/H & G-HED A T ENRE DR A B E O B
EMAAZ G, B A MY Avay ha— LO#FEZBEZ TV, BEOERK
iR B ONME D B2 EZ R BT R OB AT A B e o T-, (BHR 99 (NTP
2010))

EFSA (2014) %, KO & OME DI OD D3 B i
TWRWZ END, JET v MMTA DI/ al 2 IRIE O FAEBEFE O % % 512
L HEEL LI LT, (B 25 (EFSA 2014))

(4) &£5E - BESM
O HEESEMHHAR (TOX. kEks)

Swiss v 7 A ([, %8 9~20 P8) ([ZE 7 v AfEh 1V v ANVI (0, 1,000,
2,000, 4,000 X/ 5,000 mg/L (0. 53. 106, 212 Xi% 265 mg Cr(VD/kg {k
H/AY)) & 12 BWREESOKE G- L, Kigh Ol & &8 S8 5580 T o7,

BEEGRETHONTBMHEITA Y 2 181 1R,

F7-. Swiss vV A (M, £HE 11~18 L) ICEZ @b vsr ol
(VD (0. 2,000 XiZ% 5,000 mg/L (0, 106 XI% 265 mg Cr(VD)/kg {KE/H ))
Z 12 WO S- L, RE5 O L 2 S8 5 BN Thh T,

BBGRECAHAONT-TMITR ¢ 2% 18-2 1277, (M 107 (Elbeticha
and Al-Hamood 1997))

5= 18-1 HGEEMHEER (YD X)

HHHE mg/L Vi3
(mg Cr(VD)/kg {K&E/H)

5,000 HEFE N OVELRZ iR o0 FR k) B B
(265)
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4,000 LA I —
(212)
2,000 L1 | PRI, R D R B R I
(106)

<L LT M~ D>

FE RB OVETEIR Ve gk D b2
1,000 (FEPERT 72 L)
(53)

¥1 4,000 mg/L &EREORE RIFFEHE ST,
X2 EEHBERECIIAEERETALN o T,

5= 18-2 HGEEMHER (v X)

BeHRE mg/L i3
(mg Cr(VD)/kg K H/H)

5,000 G5 o> FH ) B B
(265)

2,000 L4 | BHRE L OVELFR B DR . W O n
(106)

¥ 2,000 mg/L &G5O RITEH STV,

@ 4%E - RESHRER (TOXR, SKkES)

Swiss 7V /<~ & (M, &8t 15 V8) [CEZ o Af@h U v ANV (0,
250, 500 X% 750 ppm (0, 52, 98 I% 169 mg Cr(VD/kg {K&E/H 5)) %
20 HMIEOKEEE L, K&EG5ORE L A0 S 5 BRATThinT-,

BHREGHTAHALNIZFEITL Y 23R 19 1077,

BEMWI AT R O FRIR BB D BEZE A L IT A B LR o T2,

750 ppm G TIL, HRAIMELERIT 100% Th > 72, FG5HOMRIEIC
TG OWGE LR DT IL A B> 72, (8 108 (Junaid et al. 1996a) )

ATSDR (2012) 1%, G IFLRBLBIAATICIT N0, ZBLE OMEIZ TR
LTCWIARND 7 o A EITZIREMIZE > TEERD Y | ZNRTE~DE
ERELGIEEI LEAEERSHD L LTV D, (B 26 (ATSDR 2012))

&19 4JE - BRESMHER (Y ORX)

58 ppm BlEh IR B
(mg Cr(VD)/kg {AHEH/H)
750 AR —
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(169)

500 L4 | BEIRBL OAEAFRR R | BN B L OV 2, RO
(98) W IR J OFERRAT | N, R, SETE S K OBHTE [ F o
PRI, fREH | B LRt
7 LR EEHE N
250 LA I F% B SRR | IR VAR, B R O R
(52) BRFOBM, M k»

fiefg 7 o A EEHEN

@ HJE - HFESMHR (TOUX. #KESs)
ITBC-bred 7 /vt /<7 A (M, &#E10~13 VL) ([ZEHZ o AT Y 7 A
(VD (0. 250, 500 Xi% 1,000 ppm (0, 48, 99 XI¥ 239 mg Cr(VID)/kg &
H/HY)) IR 1 H~19 H £ CHKKRS T BN ITTHONT-,
BB THAONT TR 9 23 20 12~ 7, (&8 109 (Trivediet al.

1989))
#z20 H5E - RESHHER (TOX)
G ppm BLENY) R
(mg Cr(VD/kg {k5E/H)
1,000 - -
(239)
(REINENS], BRI | ih 2 K OV T H i 5t o ¥4
500 ULk RO, ETEL (itter size) | AN, Ak, %Ik, W&, W
(99) Wb, MR OMRNH 7 v & | HER OVBHEDBLIELE, )
TR EEHE N BB
250 LI W RER OGN, EIREIHE | e RIRERD | SR DR
(48) KO, Jeh 7 v AR | M, SHTEE OB LR E

FEHEIN

@ H5E - RESBHHER (YOXR, #KkRE)
Swiss 7/LE /<= Z (M, &8 10 JL) [CEZ o ifigh Y v AVD (0,
250, 500 X% 750 ppm (0. 53, 101 Xi% 152 mg Cr(VD)/kg {KE/H 5))

Z YR 6~14 HRAFOKE G 2B Thh T,
FREGHETH LN TR ¥ 23K 21 1R,
BEN I ZATE R ORI BE O BRE R B IT A b e o T,

(Junaid et al. 1996b) )
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x21 s - BAESMHHEER (YUX)

KGR ppm BlENY IREWY)
(mg Cr(VD)/kg K5/ H)
— TH#:T (drooping wrist) . fZ
750 THIMBE DI, fE . BiiEE
(152) B, BHIEE., BHIEEHE, R
B OEACELE
500 UL IREH NG, FIRERE | B EREBD . BEoFiE
(101) KON JiE
W AN, L, e | (FEMERTRZR L)
250 L1 | :
(53) B LR ORIET 7 v LR

JFEHE N

® HJE - FESHHR (TOX. #KES)

BALB/c ~ 7 A (itff, 45 25 J8) [ZEHZ v Al Y v A(VD (0 X% 1,000
ppm (0 X% 79 mg Cr(VD/kg (KHE/H 9)) %4k 12 H2 H4%FL 20 HE T
HOKE G4 5 BRMTON Iz, £72, WD F1 ~ v 2% 60 HiinTTh T
ARG OMERE & Al ¥ 72,

B GRETH O N MEAT R 4 23K 22 12777, (B8 111 (Al-Hamood 1998))

&22 HhE- BASMHHEER (YUX)

#EG#F  ppm BN IRE)
(mg Cr(VD)/kg /K H/H) i3 il
1,000 (B tEpT AL | GEMERTARZR L) | BEBH 0 OBIE, IEIRENY
(79) 72 L) B, A RE I OV ELEIR R 4K
D

® 4% - HESHRER (TOR, SKkES)

Swiss 7/L b/~ X (M, FHES L) (ZHEZ v AfE) U UL KW
(VD (5 X% 10 mg Cr(VD)/L (10 mg/L=4.8 mg Cr(VD/kg {&&E/H ?)) KO
FI7 v LfEA Y 7 ANVD (10 mg Cr(VD/L (2.4 mg Cr(VD/kg (KTE/H 9))
ZIER 18 H £ THUKE G- 2 Thn T,

WEIH LN o T, (B 100 (DeFlora et al. 2006) )
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@ &GS - HEBSHRER (TOXR, RBEERS)

BALB/c ~ 7 A (M, &FE 20 V0) [ZHEZ v ARl U v AVD (0, 100,
200 X% 400 ppm (0. 6.9, 13.6 XiZ 30.3 mg Cr(VD/kg /AE/H 5)) % 7
HEVREERE L, BEZ &2 20 X7 % 85 HIWEHE L CAhl S w7, #ZHlfE
IZEA LT F1 ~ U A% AR 21 HOBFLE CREMICHE SE7-%I1C
fREEL, ) 74 AMfAE L, 7 v Ao U v ANVDE FO ~ U R L RRE
(0. 100, 200 Xi% 400 ppm (0. 7.9. 16.1 Xi% 37 mg Cr(VD/kg {KE/H
5)) TG Lz, ZORFRT 20 X7 2k, F2 #REEA LT, F2
~ U AL, A% 21 HOBELE TREMWINEE L7,

KRG THONT-FIEFT R ¢ 2% 23 127,

FO ~ U A TiL, ~7 470 YR RME IREGE N —IE 472 0 OAFRE KL

OWERIEE, A RAREIZ WD THEIKFEEDOZBGIT A B> 1o, ATHEE
SOl EEIZEIT R o T, L O EIRE~DOEEII A LT,
TEREFLI T O 5 DR T O G 7e o 7o, #5512 U 72 BRRFT A 5
Mo te, PERBIRRA T QN AT & OV g O B R A IZ B W\ T, 512
BEHE L 72 IR A 1T A B aL7e o 7,

F1~ U A TiX, —MEY470 OALFRE MR, AR, EIRIH %

IZEIT B DR o T, IR E BT 2D o 7o, W HU O T IEBRE I
%ﬁﬁ.“ A LNT | BERFHIRTEOH D FOMINb ol HHICEEL
T BRIRPT FLE A 72 s o 7o, PIBRBAR A ONT g B OVES ik D BRI B AR A
IZRBWNWTC, BEHITEE LR A XA b o T, RIS\ T LR
NSy AW Y

EH HIE. 100 ppm #E5FED F1 HAROMET MCV Jlib Ao
Z ORERTIE NOAEL g E T& 72 & LTW5, (B 112 (NTP 1997))

& 23 AT - RESMEHER (TUX)

58 ppm FO F1
(mg Cr(VD)/kg K H/H)
400 BRI (), AF | MCH 38> (), ~EZ7nbey
(FO : 30.3, F1:37) - AQFIERaN: 6 =e/> % W ()
200 LA E (FEPERTRL72 L) MCV b (1)
(FO : 13.6, F1:16.1)
100 LA | MCV J8b (i)
(F0:6.9. F1:7.9)
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HEEMHEER (v b, SKERE)
SD 7 v b (g, %8 12~13 JC) |CEZ a A4 U w7 ANVD (0 XiX 1,000

ppm (0 X% 32mg
oy aWie

Cr(VD/kg K/ H »)) % 12 WRHIEKE 53 2581031 T

BEHETHAONT-FMHTR Y 23 24 12577,
KBGO LR SETZE 2 A, SHRICAEEBRZILIZA LI -T2,
(%M 113 (Bataineh et al. 1997))

x24 HESMEHER (T )

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

1,000 REJD . FEER, R L OB RO EERAD  HETH) (v
(32) T v NME DR SRR OT R R O Rt A %

— NV DIER) M OBEITHE (B (lateralization) @H]
B AEDOHET v FEDR T U T RONT 7 A Malkk, B R

[ DIEA) ~D 5

© 45 - RESFHHE (v bk, SKEKRE)
Swiss 7/t 7w b (M, &8 10 PT) (CEZ v Afigh U 7 ANVD (0,

250, 500 X% 750
20 HHfOkES L,

ppm (0. 31, 60 X% 7omg Cr(VD/kg {AE/H »)) %
Fefe G- ORE & A S DB T,

HHREHETH NI R ¢ 2% 25 1277,
WIRFRE W T, WIRICEZBITA O » 7, (ZH 114 (Kanojia et

al. 1996))
=25 H5E-BESHHR (Sv M)

5/ ppm BlENY) RE

(mg Cr(VD)/kg 1K E/H)

750 PEJE ) D IE SHTH G K ONBHTH B OB b

(75) E . S S OV o0 Bz T H o
BESAIN,  h B K OELR O

500 UL F PREIRAD . ERERA . | BB OB LIELE

(60) IR IR OB, I

IR v KRN
250 Ll I IREHG A WIS o | GEMEAT R L)
(31) HEN, AR RR O
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iy AAER BB i
KOG 7 v bR
i

4%E - RESHRER (v k. SKERE)

Druckrey 7 v b (Hf, &#E 10 [8) I[CEZ v A A U v ANVID (0, 250,
500 X% 750 ppm (0. 45. 89 Xi% 124 mg Cr(VD)/kg KHE/H »)) % %HL
A 3 M HMHOKEE L, RS5O & A2/ S8 53 B3 Tbiiz,

BEEHETH LN BT R Y 23 26 (277,

ZMEREDS KA T L7, RIRRAEICI W T, NIBICEZIT AL
2o iz, (B 115 (Kanojia et al. 1998))

F26 4JE - RAESMER (T )

G ppm B REh)

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

750 - -

(124)

500 LA E (REHIINPNE], AR | thE L OO, FHIEE
(89) fill, RRAEEE ED . WU | e ONSHTE R B OB (LB, 58

oM, —E4720 04 | BR OREE
Fhe VBB . AR O

BRI DOPA
250 UL | PEEMOIER:, EIRAIA O | e R IR E A . T & F
(45) EIRBIFEIEZR O, M | (drooping wrist) . Ml M OF

i, BRfRH . BRIEH. N | MO BT I EE, BE OF
R OV 2 v SR | LIEIE

N, 7 a AOBEI D
feig~DBAT (Ialg/ Mk
TREL) RO SRR
~OBAT BRI/ MeiiR
) o

A 4% - FESHRER (Tv b SKES)
SD 7 v b (M, &#E15C) [CHEZ vy Y v AVD (0 32X 25 ppm)
ZUTNR 9.56~14.5 H £ THUKE G- L7z, 4k 20 H BIZ—# (n=5) ® 7 v
DO MR AR, BRICEENR 7 e 2 &Z/E L, DT >k (n=5)
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X F1 7y FAHESE FIMZ v Mo MA% 1 B H CONEZEEL,
BN 24T > 72, O DT v b (n=5) 121X F1 7 v MHEE, @HE O%K
BEGZEFL. F2 7 v haHESETZ, ZOBE, F1 7 v FOEREER D
PENIE 2 I E LTz,

RO 7 v LORGIIREICEEND 7 v ARELZHINS S, £
72. F1 7 v b®D pb3, p27. Bax XN ANR—E-3 X LRI BT v
X alb—3 3L, pb3-SOD-2 HJE1E(k (colocalization) #ZHIMZH 2%
ZEITE o T, AR T AR h—v A BRI S, AR FE (germ
cell cyst) DofRZRME S, FIGIILOE S L O —RIPILOER 22 S
w7, 22 80H p-AKT. p-ERK LONXIAP 24 % L¥al—v a2 L
7o

N7 v A%, F1 T » M2 W T, RO AFE R EAL K OVE RO
VEfE LTz, (116 (Sivakumar et al. 2014))

@ 45 - RESHRER (Tv b SKES)

SD T v b (M, £EE250C) ICEHZ7 @V oA (0 XX 25ppm) %
TN 9.56~14.5 H £ THOKFE G- L, R IT2@8 C CTRIBIZIEKEIED
BTz, Ml (ED : embryonic day) 15.5 H &N 17.5 H DGR,
WONTAR 1 H, 4 AR 25 BHOHE G MK &K YRR/ L, e 7
AT 24T > 720

N7 v AOERMOFE 51X, F1 17 >~ MW T, TUNEL &2 & -
THtEZ R LA 5iAiAa, IR R 7 AR b — > R 20 S, AR FE i B

(GCN : germ cell nest) a1t <+7-, ED15.5 H X ' ED17.5 H®
Tl GON (F & 0 /NS M BRI o S AL, FRICASHIRELC K 2 A5
JaDM~DFHEN, LVBHFICAONTZ, £/, & N OFRHAPARKR (premature
ovarian failure) ~— % —TC& % Xpnpep2 7. GCN 73 D FERIZHENN L7273,
YRR AL IEE OB LTz,

M7 v A%, FLMET » M2V T, Xpnpep2 &R &35 Z & T GCN

Oy fiR A R S, PASHIRIRE 2 N & w7, (B2# 117 (Banuet al. 2015))

<BE>
ER D AFEFEMEREROIE ) G - ATV EE T 58 B2 LU TIR,

@ E~AOTEICEAT HHE (YR, KkixE)
Swiss 7V~ & (M, &8 30 JC) [CEZ v i@y ) v AV (0,
250, 500 X% 750 ppm (0. 60, 120 X}% 180 mg Cr(VD/kg {&H/H 3))
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Z 20 HEOKkEE3 28 8031,

KRG THAONTEmET ALY 2K 27T ITRT,

Flo, v R (M, FRE100D) (CEZ vy Y v ANVD (0, 0.05, 0.5
XX 5ppm) % 90 HIEHKE LT 2BV T, IV O E 7 BB
AN Tz, 5.0ppm (1.2 mg Cr(VD/kg IKHE/H 3) FHHE CTHUMAE S
D2t (ZJgfb L7 IRlaiia o Ao priE, MIEMIZE T A2EI b=
Y RUTOEME, BHEOBE) NAELIT,

FH DX, MEMRTALNTEZLITIEEASREDK NICHK L, Znn
AT aA RFRVEVEADKTZHSARERH L L LTS, (B 118
(Murthy et al. 1996))

ATSDR (2012) %, EFBMEHRE TH LI 2 6 OZELDOFEETFHY
BERIIFAHLREETHLE LTS (B 26 (ATSDR 2012)),

x2] WE~ADEEICET SR (YVR)

58 ppm i
(mg Cr(VD/kg {KHE/H)

750 FASHINIAZL DB, FIE D 5 -1, MEEBOIEE
(180)

500 LA L a2 7= 0 O IFF-E Db
(120)

250 LA B Tl 2 D RERBE I & 2 IR IS D
(60)

FRRADEEZICHAYTIHEE (YHOX, BERS)

BALB/c ~ 7 A ([, ##E 705 (ZE 7 a Afgh U v AV (0, 100, 200
X% 400 ppm (0. 16, 28 X% 63 mg Cr(VD)/kg AHE/H »)) 4 7 (35
HIE< 88) IREIR G352 BN T,

KEGRECHA LN BT R ¢ 25 28 [ZRT,

FERERLOWEE EEEE~OREBIIL LN -T2, (B 119 (Zahid
et al. 1990))

F28 FEADZEICEHY SRR (YVR)

58 ppm i
(mg Cr(VD/kg {KEH/H)

400 —
(63)
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200 LAk R EROBE OB, BT OFREFEHEE
(28)

100 LA | FERAE DM, RS Y 72 0 O IRER oW CUIXR
(16) an) . IRIEFSRERID (resting spermatocyte) % HE N

® FBE~AOFEICETIHER (v b, ®REEOKRSE)

Charles Foster 7 » b (I, %8 10 V) [ZE 7 v L) U v A(VD (0,
20, 40 X% 60 mg Cr(VD/kg 1K/ H)) % 90 H MR 0BG 2 5B
T,

KRG TH O EIERT R Y 23 29 TR 7,

FEIFRE T 5 I X DB E2 = T e - T2, (120 (Chowdhury and
Mitra 1995))

F29 BRE~AOZEICEHILIHR (Syb)

51 i3

mg Cr(VD)/kg A/ H

60 IKIEFEREAIAY (resting spermatocyte) #8/), FEHENa L A7
— /LN, KRN T A 2L e R

40 UL I IREBEINIM G K O R B, FEMEdHEE, 7471 vk

MUIRE N O ORI | FEE DNA K OPRNA KT, %7
WIS RER O O 7 RS R, ans g7 e R
7T =B OREENTETEIR T

20 2Lk KWL X7y FRERNT AL e U, 38-AsE R
REXIATHA RTE s b —EROMET A S AT r O
iz %

X m B CITABICHED L,

R SEHRER (Ty b SKES)

Wistar 7 » b (M, &8 18 J8) OREMMICE Y v Afgh ) v ANVD (0
X% 200 mg/L (0 X% 24 mg Cr(VD/kg (A5E/H »)) ZEILIICHKER S
L. MEOWEMWCAER 1 B2vD 21 HE TRIZILIES B 2R B ThN
Teo Flo, BRI LT v MEREMIEE (SIGC) Z#85#%E L. 12.5
umol/L D7 v AfgH V) 7 A(VDE I Z, mRNA 3814 F{~7-,

B GRECHA LN BT R 9 23 30 1O,

R v A OG-, VB O MERRGEIE K YRR O 2 7 v A R
EfEEEZSHT-6 L, (2 121 (Banu et al. 2008))
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&30 RIAMREEEHER (S H)

58 mg/L R
(mg Cr(VD)/kg K5/ H)
200 AT aA RBEAVELD D, KERVESRTT 0T 7 F
(24) A, SRR A LR N, SEERAE, MR HITE R
12.5 pmol/L AT v A REEAEREESRE X /37 O mRNA FEED
(in vitro)

@ REHESSHHR (Tv k. #KES)

Wistar 7 > b (Hf, &8 12 V8) OREICE Y v 2kl Y 7 AVD (0,
50 1% 200 ppm (0. 6 XX 24 mg Cr(VD/kg IKE/H %)) Z#ALEAICHOK
Beh5 L, MOREMWICAE 1 BS 21 H £ TREILIZES B S 23 BT
b,

KEGRECAHA LN BT R ¢ 2% 31 TR T,

N7 v AORA G, REW 1= OPIB L RERTEEZ T, Bk
ANV AEFHR L, HEREGERIE, AT a4 K& OWERRHE R LVE AED L)
ZHiob LTz, (208122 (Samuel et al. 2011))

&3 ERIMREEEEHR (SvH)

F5#E ppm HE
(mg Cr(VD)/kg {KHH/H)
200 - R
(24)
50 UL Ik RERD, IR OFE O 7 o AR, BEEL, P
(6) JAHER . 75 OPIERLEERS B, 75 OFRREHY BN,
AT uaA RELE2D D

R SEHRER (Ty b SKES)
SD 7 v & (M, #8500 OREMICEY v Akl ) v ANVD (0, 50,
100 X% 200 ppm) A EILWICHOKE G L, MOREBWIZAK 1 A G 21
HF CRIZILIIS B R Thivz, £1% 25, 45 X165 HHD F1

" FRANATORY TA NIV AKORT B AT R

8 SOD., W& 7—F¥, IINVEFF L~ NFFIH—Y, INVEFF L VE T E—F KN
ITNEFFH -GS T A7 27— (GST)

9 R Lk K ONEER LA
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MEZ > R BRI A BRI L, SFEfET 21T o7, £7o. £tk 23~
26 HHDO F1MEZ »~ S BINEAZEE L, BRiEMAE (granulosa cell) . JF
FafEHifa (theca cell) KON SIGC IZBIFAHME KON Fav R 7 HiEE
{bFE#%5E O mRNA F8L4 fif it L7=,

BEGRECTHA LN R Y 25K 32 1T~ 7T,

N7 v AORAMEGIL, F1 T v MW TIPS 22 E S+,
AT A REAZBD SHE, (2123 (Stanley et al. 2013))

32 RIMREEEHER (S H)

BEEE ppm RiEh

200 —

100 LA |k

50 LAk PASHONREL O EIN, BRIESHA O 7 AR b — A i K OWRE

DOPIRALEEE D MmAE R OPNE O GST L OWR{LAI 9 #0,
AT A RELEL DR,
(in vitro) AfE LN b= R U 7 HilR{bEER O mRNA FELE/D

TOMDOERESHRER (v~ BHEORE)

Wistar 7 > b (R, ZHES VL) ICEH Y v AfgH Y 7 AVD (0, 6.25
X% 12.5 mg/kg KHE/H (0. 2.2 Xi¥ 4.4 mg Cr(VD/kg KHE/H 5)) %41
4 HES 10 ARSI 05T 283 Tbhlz, £ ToD 7 vy MIA&#E
15 HEIZEFZ LT,

BRERETH NI L ¢ 23 33 1277,

N7 v LAoFEIL, HE L2 TOHBICHELY 52, 2O IHE
KFCTh -7z, (B 124 (De Lucca et al. 2009))

&3 TOMDEESMHEHR (Sv b)

BE5# mg/keg KE/H IRE
(mg Cr(VD/kg {K=E/H)

12.5 (REBEINIH], BERAENE, THUBRRE, 51 KEEO
(4.4) A HH P SE

6.25 UL I AR AR A, SABCR AN, 25 2 REMW OB HEE (Z o
(2.2) BeHREDT)

10 B FF o FX B—Y SV EFF o LE A —F, SOD K UOHZ T —F
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W ZooEESHRER (DY ¥, BAEEORE)
New Zealand 7 %% (I, #5#E6 L) ([ZEZ v A D U v ANVD (0 X
5 mg/kg RE/H (0 XX 3.6 mg Cr(VD)/kg IKE/H)) % 10 M E5&RHFE O
H3 2R BT,
BERETHONT-EMEITR ¢ 2% 34 |2~ 7, (B 125 (Yousef et al.
2006))

&34 TOMOETESMEHAR (V5 F)

#H8E mglkg (KTE/H

(mg Cr(VD/kg (K5/H)
5 RERVD . L O E EROF ERD ., iET 2 b2
(3.6) Tu P B~ (R AERR | IR

FECHE TR OB, e r[EkE ORI E) | RO F A3
B — VEESOCE IR EEHIN, GST. AST M O 2
7 7 2 —BIEHET

@ ZoMOEFESERER (YL, SKkES)

Macaca /v (Macaca radiata) (K., &8E3VC) [CEHZ v AU 7 A
(VD (0. 100, 200 /% 400 ppm (0, 1.7, 3.4 X% 6.8mg Cr(VD)/kg (K
/H9)) % 180 HMEAK#E G 53R,

100 ppm UL EOFGHET, R LIRS PAZESE OB T 2L 22 5
ni-, (M 126 (Aruldhas et al. 2004))

@ ZTOMOEFESERER (YL, SKkES)

Macaca /v (Macaca radiata) (K. &FE6 L) [CEHZ v AU 7 A
(VD (0. 100, 200 Xi% 400 ppm (0, 1.7, 3.4 Xi¥ 6.8 mg Cr(VD)/kg (K&
/R %)) 7 180 HM#KEG-3 2R BRIMTHiT,

BHRGHTHAONTZFEIT LY 23R 35 1077,

100 ppm LA EOEGHET, 747 4 » MR OEZAK, f TR E D
IR TRV E LD B BTz, (ZHR 127 (Aruldhas et al. 2005) )

&35 TOMDETESEHAR (YIL)

PR ppm e
(mg Cr(VD/kg K &H/H)

400 -
(6.8)
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200 UL 1

(3.4)
100 UL B 15 DA B R O PR LR B, Z v a—
(1.7) A6V UEEMKBRERBA . B Raexiov T ULk

O RAL K32 DN

@B ZTOMOEFESERER (YL, SKkES)

Macaca ¥/v (Macaca radiata) (K, £#E 3VC) ICHIZ 0 LAY U L
(VD (0. 100, 200 Xi% 400 ppm (0. 1.7, 3.4 Xi¥ 6.8 mg Cr(VD)/kg (K&
/R %)) 7 180 HM#KEG-3 2R BRIMT T,

100 ppm LA EOFEEET, R EAROKEMRTOY K7 2T v OEHE
EOREALRR TR B BTz, (B 128 (Aruldhas et al. 2006) )

@ ZTOMOEFESERER (YL, SKkES)

Macaca ¥V (Macaca radiata) (K, £#E3VC) ICHI7 0 AT Y U L
(VD (0, 50, 100, 200 X i% 400 ppm (0, 0.8, 1.7, 3.4 X% 6.8 mg Cr(VD/kg
{RE/H 5)) % 180 HM#UKEG- T 23RN TTHOILT,

BHREGHTHA LN EIER R Y 23 36 I, (B 129 (Subramanian
et al. 2006))

& 36 TOMDETESEHAR (YIL)

BeHHE ppm 1

(mg Cr(VD)/kg 1K E/H)

400 -

(6.8)

200 2L E FE B K OFEHE > GSH 84

(3.4)

100 LAk BrHA O FESHEORD ., BEREOERD

(1.7) SOD kO'H % 7 —BIGMHIR T, R &K ORI
R {b K SN

50 (FEMEAT L2 L)

(0.8)

W SOD, W& 53—, INEZFF LN FFZ X —F, IV EFF L7 E—E RN
vy INEIN T AR TTFH—F
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(5) RESMHHRER
® JEEARESHEHR (Tv k)
F344 7 v b (HRIARE) o7 a afg Y 7 ANVD (0 Xi% 100, 200 mg
Cr(VD/L) % 3 IRk G L CIgRia ~D 852 i~ 7=,
~A hYxzroar 53 A (Concanavalin A) KN R EHE
(Lipopolysaccharide) (Zxl3 224 TV >/ EBRE O B-U o /NER D HEFE
PESGHY, BRI PR IE & e _T EH- L7= (200 mg Cr(VD/L #5-#£ T
X, TR AT L, URSIEIAETIE R o72),
7 a5 (100 mg Cr(VD/L) % 10 BRI L5 o o iiiac @iz -
2 A (0.1mgCr(VD/L) #fsML7=E A, ~4 F~A > C (Mitomycin
C) \ZxI3 DHIHMERNIEL, 7 B A BTN E N2V R E R 5 Lt L7,
EEH DL, NG OBIEMERISDOTLHEIL, 7 8 LML > TRIEDFHER S
T2 eZRmLTVnD0s Line LTna, (28 130 (Snyder and Valle
1991))

(6) BIzHMHHER
@ in vitroRER
A7 v 2MEEMO in vitro BAREMEABR ORI R 2 % 37 1TR 7,
HHEE 2 N T A8 T 28 IR BRI 3 5 S OVt T o o 7, BEREZ FH VT AT
HEZERIE BB IR E T o 72, & b U U SERHIIR T ¢ f =— AL
2 — PN ELH DRI 2 V7o e R H R . DNA 5, flibkiv sy
RSB, REH DNA A ik &k O iR BR X tE ch - 72, & b
o~ 7 AHMAEIZ U T DNA- o737 2846 KON DNA-DNA ZEAG 03 1%
STz,

Fx 31 NV OLEEWIZET SEGEEDOHBRE (/n vitro)

R4 AEBRE PIE PRERAE R EEE AN
Ube) EMEE | TR FATAE
HY 2L
LU (Subcellular targets)
DNA-% > /37 ZA=PN 7y B Ry N Escherichia coli DNA - Fornace et al.
T ND (23
N 1981
DNA W fr1t ZA=PN 7y By N ~ 7 2 L1210 [ IfLypHn - Fornace et al.
ND fe
fied 1981
HTEZERZE 2 VA=FN 5 BRVNN E. coli "V T VAT 7 ND B Snow and Xu
—¥ M13mp2 7 1989
BIRTRRER | Jabfh ) oL Puc 19 plasmid DNA o, Kortenkamp
ND [ 28
et al. 1996b
BRFZRER | 7 a g ) T L FLEEE Y A LR o Kowalski et
ND Kot al. 1996
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R4 B POE B R E =N
UZ=Y7) EHAE | TEME R FATAE
HY 7L
DNAKRY X T /8= N 3 ull /Ry VN PSV2neo-based Bridgewater
—EEik plasmid DNA [l etk | et al. 1994b,
(arrest) 1998
JFEAY (Prokaryotic organisms)
DNA &8 7a=FN . ¥ RIRyEN Bacillus subtilis Kanematsu et
CIZA NS RVIN ND s al. 1980,
Nakamuro et
al. 1975
SOS Mt isiE ZA=FN . ¥ RNy E coli PQ37. PQ35 Kbt b Olivier and
E VAN PN = 7 Marzin 1987
SOS KJiihE VA=FN V=N E. coli AB1157, Liagost .
EVA-FN. T R/ GC2375, UA4202, ND 73 alalggggra €
=Wk v A PQ30 :
T2 IRAs /=Nl Ry VNN E. coli WP2, Kanematsu et
VA=FN YR Ry NN Hs30R. B/rWP2 al. 1980,
ZA=PN ol RN o, Nakamuro et
ND e |l 197,
Venitt and
Levy 1974
1 Ir 2R 78 S = /=N E. coli Watanabe et
A= NN . SRl NURIN WP2/pKM101, WP2 ND [T alalaggzae ©
uvrA/pKM101 )
T ImZINA EPA PN R R EA E. coli WP2 -, o
1 I 2R G8 1 /8= N 7 all Ry VN Salmonella
ZKFnn typhimurium TA100, (18 itk | NTP 2007
TA98
B Im RIS HI7 v LT RY UL S. typhimurium o,
(W L ) TA100 ND [l De Flora 1978
1872k R EN/ZA=FN .5 NURy NN S. typhimurium ND B Bennicelli et
(M FEXT B ) TA100 al. 1983
IRSEIRAE SR 2078 =N &l N RV S. typhimurium ND B Bennicelli et
(A &) TA102 al. 1983
@J%%%%E& /=N 3y pll NNV S. typblmurjum TA92 ND ijﬁ‘rﬁf Bennicelli et
(Mot i) al. 1983
18 )72k R EN/ZA=FN .5 NURyNN S. typhimurium ND Btk Bennicelli et
(M FEXT B ) TA1535 - al. 1983
@‘J‘%%%%/E\: /=N .73yl L)) /AN S typbz)nurium TA97 ND e Bennicelli et
(Fv=hy7}) al. 1983
M IR HIZ B LT RY 7L S. typhimurium ND gapp | Bennicelli et
(Fv-bv7}) TA1537, TA1538 = al. 1983
1B Im2esRgs /=N oy nll NVR VAN S. typhimurium ND BB LRI Bennicelli et
(7v=by7H) TA1978 h al. 1983
@‘J‘%%%%/E\: Ey = Aﬁé{‘i] U ]7-Z>\ S typbzmurlum é‘lﬁf %%Izg‘lﬁf Nakamura et
(X E L) TA1535 - - al. 1987
HIRIEINAE R EEZ =N SR S. typhimurium s gy | Venieretal.
(RS E S TA100 1982
?ﬁd%’%%%% Ey =4 ‘Aﬁf‘iﬁ U ]7 I S typbzmunum A AL Venjer et al.
(FV=hy7h) TA1538 i FRHE | gge
1 Im 22 oRIs -0/ =N -5 RN S. typhimurium TA98 b SRR Venier et al.
(FV-by7}) = e 1982
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R4 HBRW'E PIES GRS ELEE AN
) TEMEE | TR FATAE
HY L
PRI IINIE B /=N S U S. typhimurium e gy | Tagliari et al.
(V=by7}) TA97a, TA98 7 7 2004
T2 IRAs /=N 5/ RN S. typhimurium Gtk Gt Tagliari et al.
(b H e 48R TA100, TA102 7 7 2004
1 ITHZIRIE 2 E-RZ =N il Ry AVAN S. typhimurium
(LT [E ) ZA=WN -5l Ry NN TA100
VA=WN .- Y Ay NN Faik fzf | De Flora 1981
VA=EN - aVE =Ny NN
A TA
1IN L 07 =N - & all NSV IVAN S. typhimurium
(HE Tt i 4L VA=FN T R Ry TA1535
I LB TT A ND Bt | De Flora 1981
VA=TN Ve =ty NN
=@k e
THIm IR e 7 a LB T N S. typhimurium ND B Haworth et
(b e ) TA100, TA1535 7 al. 1983
TEIFIIRIS VA=UN 35 227N S. typhimurium ND . Haworth et
(V-by7}h) TA98, TA1537 7 al. 1983
EIRIEINIE /=N S U A S. typhimurium ND Kb Kanematsu et
(M e ) TA100, TA1535 = al. 1980
18I 2SR T E/ZA=FN 5B Ry NN S. typhimurium Kanematsu et
(FV-by7}) TA100, TA1537, ND (23 ol 1980
TA1538 )
GEIRIE GG/ A= N RO S. typhimurium s s Yamamoto et
TA1535 pSK1002 al. 2002
TEIFIIRIS Y (/=N S. typhimurium ND s Watanabe et
EVAIN . SN N TA102, TA2638 7 al. 1998a
BHEEAY (Eukaryotic organisms)
pE g F = /=N Saccharomyces Fukunaga et
cerevisiae D7 ND PPt | al. 1982,
Singh 1983
1EIHZRIE H E/Q =NV RN S. cerevisiae D7 ND Bt | Singh 1983
RV o =Mt v A S. cerevisiae D7 ND B glulilgggga et
DNA K2 iR/ =N 5 RN S. cerevisiae Kirpnick-
ND Bt | Sobol et al.
2006
s A E7aLfEHY UL Shizosaccharomyces ND s Bonatti et al.
pombe 7 1976
ATEZE IR HI7uABH ) DL S. pombe ND s Bonatti et al.
1976
VU (Chickens)
DNA#E (B | Z7es@g) U vs ft (chick embryos)
(N Tsapakos ot
DNA S5l ND Btk lsalpga8;s ©
DNA-% 2737 e
e
WFLEEAIE (Mammalian cells)
DNAZ > /37 | 71 hieh U o 4 £ MR TR
PR (IMR-90) ND BE Ilf’ggrllace et al.
DNA Wik b
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R4 HBRW'E PIE GRS ELEE AN
UZIN) wrEE | ML FATAE
HY L
DNA Wi i1k ZA=PN Y RVIN U 3 - Bt ND B Fornace et al.
7 1981
— R EH ) VAN SRS B RUNER ND BB ?gggult et al.
DNA 815 LR = VN 5 RN v hU R ND B Blasiak and
Kowalik 2000
DNA A5 4] V=N 7ol RN b bR 2 A ND BB Ha et al.
Wr (GM03440 Hla) 2003, 2004
YRR ZA=FN 5 al RN I SR SORRHE R ND s Holmes et al.
(WTHBF 6 fllia) 7 2006
AR B ZA=PN ol R b bR SORRHESE R ND g | Wise et al.
(WTHBF 6 A1) 7 2006a
POEREN ¥ ZA=PN ol RN R 3 LR A ND K Wise et al.
(BEP2D i) 2006b
DNAKRYU 27 ZA=PN /o al RV b R AE A
— IR, ND Witk | Xu et al. 1996
DNA-DNA Z84&
YRR ZA=FN 5 al RN [ERNCIlRweE S-S ND s Li Chen et al.
HESF A i 2009
Yo (R B V=Nl RN b b RAREEER S E ND B Li Chen et al.
7 2012
O oSSR I -2 ARZ4 = VAN F ¥ A =—ANDAHZ Koshi 1979
. DI —Jiii DON #i i1 ND i Rooht 3
Yo S VPN TV N 7 ook 1683
JabEnY oA
LSRN ZA=PN ol RN F¥ A =—ANLRAZ ND s Blankenship
DNA i 11t — BB 7 et al. 1997
DNA W1k, VAN VDN ~ 7 A L1210 [ &A1
DNA-% 3 /37 g ND e Fornace et al.
. 1981
E i
POEREN ¥ 7 a LRI T L ~ U ARRHRAE A ND oy Slu%iggg;a et
NEHDNAG | HZ e @A) UL ~ 7 A A18BcR #lila o Raffetto et al.
% ND [ 1977
AL GG/ PN SO ~ U R RIS ND s Raffetto et al.
Yt (B fid i 1977
DNA #15 iR/ A= N 5l VN t A ND B Trzeciak et al.
7 2000
DNA & /=N 75/ RN v hARREI Y o oNER ND oy Trzeciak et al.
7 2000
ARSI RN P b RHE S ND PPt | Ha et al. 2004
ot R H V=N 7l SRy b MRS R R SO ND s Wise et al.
HE LA 7 2002, 2004
PSRN e EZ =N SR F A == ANLAH ND gpp | Seoane and
— IR LA i Dulout 1999
Yoo (B VAN DA ~ 7 A FM3A FLyE e Umeda and
I aLfgEI Y T A ND Bt | Nishimura
= /A=A 1979
AR e ZB=PN 7y B RN Z > MIF ERHmia ND B Briggs and
Briggs 1988
ND : F—#72L (2 26 (ATSDR 2012))
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®@ in vivo ALk
N7 v 2MEEM O in vivo BARTEMERER ORE R A2 R 38~ 40 1T,

T a vy a Ui AW E R 22K

2 HGRBRITIGNE Td o 1o, WEEET

KEINTzb OV U RERE WY B R H B, /IMZRBR, ikt
(KA HRRER N N DNA B ERBRIZBEO b o b o bbb oz, ~ 7 A
(CHOKBES L/ MERBRITIZIERETH -T2, ~ 7 A CHRERR O E L
DNA #HERBRIIGETH 7o, v AKNT v MIEREANERL LTZE8EF
LIRS BRI, Jeta R B RER . /ELGR K O DNA H1EBRIZGMETH -

77
%38 AMY OLLSMICET HREFHORBRAE (/n vivo)
AR HEERE x5 RN P E =N
Cless”)) FATH
BI51-228E /=N 5B Ry FAfavavya iz Gava et al.
A /=N 3 nll UV VAV NN 1989b.
/=N Rasmuson 1985,
VA=WN W BV AyN oy Rodriguez-Arnaiz
728 X
and Martinez
1986,
Zimmering et al.
1985
= e SUAY N — R N R N
E{K%*WR =B = A FARYayTays= 7268 Olvera et al. 1993
YA -2 IR R 7y 1 N N N
B9 HI/aLBEH Y T A FAfaayda ynRx s Kaya et al, 2002
BiG17288E VA=NN! 5B RN FAfavavya iz .
" o NS Y A 728 Amrani et al. 1999
PSRN N AT L AV, b kU Bk i Koshi et al. 1984,
| /=N 7 Sarto et al. 1982
PSRN Y AT L AR b kU oSER Husgafvel-
(=33 Pursiainen et al.
1982
L7 RSN N VAENN YR b ~U B Koshi et al. 1984,
R4 AT A YRR, ki Lai et al. 1998,
=X 3 | /= 7 Sarto et al. 1982,
Stella et al. 1982
DNA $480lr, | T2 o Al v kU NER
TEAXTT s
o R Gao et al. 1994
%
Yuta 4N N v 1J > )SFR
iﬁgﬁéﬂﬁg 7nhboz h ISR (=3 Nagaya et al. 1991
TR | B | NRAPAS 3
AR, 728 Werfel et al. 1998
DNA $58) 7
Yetb (R B RPN b NRAYIM Y > SER o Halasova et al.
Fex e 2008
P WAN N = 1J > NEk
i;fﬁg%@ﬂﬁi JahhoE rU SER b Nagaya 1986
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ARER A R PIEA FRBRS R EHA
Clazx2)) FATH
NS EFERZ O LD E b SR Y 2o NER B Vaglenov et al.
1999
/N 7 Lo X b RRAHIm Y o ER [l Benova et al. 2002
I 7 ahhox =S N 1 [ e Benova et al. 2002
LSRN sahdox b hARMMm Y 8Bk
O SASERANEN S Benova et al. 2002
31
DNA g5 Y rahdox b MR Y > SER oy Gambelunghe et
al. 2003
Geta R B | Lo b kR
Ik g 4,53 1 Fatk Benova et al. 2002
31
¥ AN [SEy=3 AN
ig%@ﬂﬁi R B LD E [ N 1) e Wi et al. 2001
AEREN NN B L bt RARAHI U > NER . Balachandar et al.
/M 2010
/N TRHE b RRREM Y o RER o Medeiros et al.
2003a
DNA-Z X7 | B t RARAHIm Y > SER s Medeiros et al.
e 2003a
DNA {815 R BLDoE b N ARAHIm Y > SER [ Zhang et al. 2011
/N VAN SRy 2 YRR MR oy LeCurieux et al.
1992
DNA 25 BT BARRT DDA 7(%¢ggmi;5) Wit Izzotti et al. 1998
DNA 25 e E e 7( ,% %Z‘P%]gﬂg) Atk Izzotti et al. 1998
DNA-Z X7 | Ja L) oL 7 v b, HThE s Coogan et al.
2R A GfE N #%5-) 1991a
DNA-# /X7 | B u AT R U UL 7 v b AThE. BN, IEEE s Tsapalos et al.
R (e $e5) 1983b
,Z:;;Hﬁ DNA | 7B hmn ) 75 7(1,%; T;;;Hm@ att | Mirsalis et al. 1996
N4 7] I
A e iéé&hzﬁlﬂz [2tE | Shindo et al. 1989
N /8= N 73 ul Ny VA BsCsF1 ~ v A, BALB/c
KA ~ A, ARIER ik NTP 2007
(Fo&S5)
N3 i -0/ =N ol NV VN am3-C57BL/6 ~ 7 A, R
KRN 1Bk 1k NTP 2007
(Fo&S5)
DNA &% A= IVN 7 5 U N ~ U s Kirpnick-Sobol et
(REMRAR I < #R) al. 2006
/N /A= N Ul RN BDF1 ~ v A, ‘i b De Flora et al.
Bk 5) - 2006
23 EIZAON U S YDA BDF1 =7 A KA Ml b De Flora et al.
(Hok$ES) B 2006
NS /A= PN ol VRN BDF1 ~ U A, ‘EHiHAa Bk De Flora et al.
KA (BoAKEx5) B 2006
/N 078 = PN a7V BDF1 ~ v A, Rif Ll Kb De Flora et al.
—KFnd Bk B - 2006
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R4 HEERE POE RN P EEA,
Clsy”)) FATAE
/N A= IVN 7 U N BDF1 ~ v A, ‘BN i De Flora et al.
(R B 2 5) - 2006
/N H7 AWl ) v L BDF1 <7 A, il . De Flora et al.
(REREN £ ) 2006
M HI7 v LS bY UL Swiss fk~ 7 A il Kbt De Flora et al.
ZKF (kS - 2006
/M HI7uLgH ) oL Swiss Rk~ 7 A Hil b De Flora et al.
(oK S) - 2006
/N R/ VN &l NP Swiss RE~ 7 A, HHE . De Flora et al.
_IKF (IERENE ) 2006
/N LI/ ION 1 5 U N Swiss FE~ 7 A, HHE s De Flora et al.
(BEREN 5 2006
/% i/ =iV -5l U VAN Swiss IEfd~w 2 FFHIRY De Fl ¢ 2l
ZKFn#) (B~ U 2 DOEKEEEIZ X £ 2&6mmam
DREARARIE L §B)
N3 HI O LfBEHY UL Swiss JER~ 1w 2 FFH De Fl ¢ al
(B~ 7 2 DA 5 & (B33 20606 ora et at
DRI L §R)
N3 /=N -5l SR VAN Swiss JER~ 1 2 R
—KF e " De Flora et al.
(B~ v 2ADHKEEIZ & bk 2006
DRI
/N EI/aLBHY UL Swiss JER~ D A FKA
e o De Flora et al.
(B~ U 2 DfKE LT X 2tk 2006
DREARARIE L §B)
/% i P/ =N -5l U VAN Swiss JEfd~w 2 FFHIRY Do Fl ¢ al
—kFn (FE~ 7 2 DIEIEN 512 3 5 50 6 ora et a
X R < #2)
/% HI LY UL Swiss JEfd~w 2 FFHIRY Do Fl ¢ al
(B~ v 2 DGR G- A 2(?06 ora et al.
X R < #E)
I R/ A= VN al RN Swiss JB R~ 7 A KR
KR e o De Flora et al.
(b~ v 2ol | P | 9006
X DRIEEIZL B
N3 HI LY UL Swiss JfR~ 1 2 R
ik n, De Flora et al.
(Bk= 7 2 DJEFEN TR 512 Btk 2006
X ORI < )
DNA #15 H7a L@l ) v L ~ A, U RER [ Devi et al. 2001
V3 s I K
s et e iﬁé;ﬂ;ﬂzgk (2t | Shindo et al. 1989
I Jab@En Y T A <A, FRILER Itoh and Shimada
(BEHEN ) Witk 1997,
Wild 1978
/N 7= PN YRRV ~ U A, ARILER s Itoh and Shimada
(e 5) 7 1996
DNA 15 VA=PN /Y RVEN T U A KM Y o ER Btk Wang et al. 2006
NS4 Vol AL B 4
e et e DAL Rt Mirsalis et al. 1996

(B H&5)

92




AR A g PIE NS EEA,
k&) FATHE
v = — e RN
REAIE | =Riezm s i;gjﬁ i g;&ga Bitt | Sarkar et al. 1993
HIMZEIRAE R | HZ v AEED ) T A ~ U A, B . Itoh and Shimada
(M 1 5-) 7 1998
MIAZEIRER | BVl h Y U A ~ U A, R s Itoh and Shimada
(e ) 7 1997, 1998
N3 R/ =N 5 RN ~ U A, HEE Chorvatovicova et
(REREN £ ) . al. 1993,
Wronska-Nofer et
al. 1999
, o 1
BREBE By u i@y A 7(}1;5/;?\]?\25) 728 Paschin et al. 1982
— S 111 1l ™ 7 FX ¢
N =4l HI/R LB Y TN iﬂé;}ﬁqgﬁgﬁ B o Ueno et al. 2001
— RGO HI LB Y TN ~ U A, JEbEARE, A
o) ) Raxitk Ueno et al. 2001
(MEREN 5
(2 26 (ATSDR 2012))
#39 NIV O LILEMIZEAT HETREEDOHBRBIE (/n vivo)
(#BOEs5)
R4 AR E BeHxt45: B SRES ELE N
(BRI ) M= it FATHE
DNA k& B 1n Al | C57BL/6J pun/pun i ~2HEt% 10.5~20.5 H | B Kirpnick-
HYTL | TR 12.5. 25 mg Cr(VD)/kg (ﬁﬁgw) Sobol et al.
(20 AR~ 2) | (KEIR, BokES RIS 9006
IIMEZ B v Ll | Swiss M~ A 4% 18 HE T, 0.9, De Flora
VRN (BB D& REMAD., 1.8 mg Cr(VD/kg {&E/ (=3 et al.
Jifa Y2 oD AAH i) H12, fokEs 2006
IINEZ B v Ll | Swiss M~ A 4% 18 HE T, 0.9, De Flora
T hrU DA (BB D& REMAD., 1.8 mg Cr(VD/kg {&E/ (£ et al.
—KF Jifa Y2 oD AAH i ) H 12, fokEs 2006
N3 B v Al | BDF1 I~ % 20 Hff. 3. 6 mg De Flora
VRN (EBEAmAE, RMEMmM | Ce(VD/kg {AE/H, fatk et al.
i) KL 2006
/N #7 v Ll | BDF1 i~ o 2 210 HH. M : 1.4~ De Flora
FrUTL 140, H : 1.65~165 it L
kA mg Cr(VD/kg {KH/ = S ooe
A, ks
N3 B 1 Ll | Swiss-Webster v 7 2 | 48 Bfff], 0.2~3.6 mg Mirsalis ot
VRN (B Rl Aa) Cr(VD/kg {KH/H 12, (=35 al. 1996*
oKk '
N3 H7 1 AEE | B6C3F1 I~ 7 % 3 AM. 2.8~8.7mg NTP
FThU DL CRAH i) Cr(VD/kg {AEE/A. & BEHE 2007*
—KF K5

120 oK IRAEAR BB KE T 2 #i Ak #E B MIE K B0 T 7 4V MHIER T

(EFSA SC (2012)) ZHWTCHH (M 25 (EFSA2014)),
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AR AR E Be x5 PRERAE R E = EN
(FRERxTS) A& AES FATH
N &7 v L | BALB/c fff~ ™7 % 32, 2.8~8.7 mg NTP
FRrU DL (R i) Cr(VD/kg {KH/H ., & (=38 2007*
L) K5
N F7 v L | am3-C57BL/6 i~ 7 32, 2.8~8.7 mg NTP
FhrRUTLA | R Cr(VD/kg {KH/H ., & Rt 2007*
L) (R 1 e ) K5
N3 #H7 n Al | BBC3F1 <~ A 322 HM, 3.1~27.9 NTP
TR A | CREY M) mg Cr(VD/kg KT/ Fait: 9007*
L) H. fok&s
N3 B v Al | BDF1 I~ % ], 17.7 mg De Flora
VRN (BB A) Cr(VD/kg {KH/H ., 7 [E38 et al.
il O & 5 2006
NS ZA=FN MS/Ae #ff~ ™ A, CD- | Hinl, 5.3~85.7 mg Shindo et
VRN 1~ A Cr(VD/kg {AEE/H., 58 [E3¢H oL 1989*
CE B A ) g 1 P 5 '
DNA {5 | Y v L | Swiss v 7 % HiH, 0.21~26.9 mg
(aAxy b | AV 7L (F i Ek) Cr(VD)/kg {AE/H, 5 U Devi et al
7o) WEnE 7 BRI | 2000%
B 575 24 Hefg~2 “
T I 50 HT)
DNA {5 | &7 2 Afig | Swiss ¥ 7 A 1HXE5 H, 8.8~ N
(24 b | VDA | Gy o <ER) 3.4 mg Cr(VD/kg (K | %ng hane e
7 vtA) H/E . ARG e
DNA#E | B/ | dAY v U A Hi[Al, 85.7 mg
(AYy | BV TA (H. #%. g, & | Cr(VD/kg {AE/H., 5% Sekihashi
A B, BEE, B B, B | RO ES [T eteai ;(S)Oll

i)

(#5025 3~24 B

BIZ5HT)

kx ATSDR (2012) & @ L TV 3Tk,

(M 25 (EFSA 2014))

F= 40 Ny O LtEYICET HEEEEDORERE (/n vivo)
GEROHS)
B4 WL B 5.5 5 BRRE R EEEN
GBR %) A& i R FEATHE
TR VA=N. "3 LacZ ho7 22 = 2 [a] (24 EFREREERE) .
AU TN =7 MutaTM % | 10.7 mg Cr(VD/kg {AH/ Ttoh and
~ A A, EHENES 2768 Shimada
(i, B REfmm) @QEADES% 1, 7 1998*
EREEZ3:19)
ZEIRG B &7 o A | C57BL/6 Big Blue | H[Al, 6.75 mg Cr(VI)/kg (148
RN ~ U RE/H, KENES (i, B he) Cheng et
(i, Bfige, HhiE) GERETHRBUC 4 3R [E345 al. 2000
(P
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AR AR E Behxtg PRERAE R E = EN
(FRERxr5) A& AES FEATHR
BT #2 0L | CBA. C57Bl/6d - B[\, 0.18~7.1 mg
(BER®BIE | BV DA AT Yy =7 | Ce(VD/kg RE/H . BEHE
HRLEE) A N5 Paschin
<21 A, 0.35, 0.71 G ot al
mg Cr(VD/kg {K/H . 7 1989
fEeN 5
(Z a4 12~14 BICITER
~ 7 A% L5
N3 H7 n A | CBA. C57Bl/6J Hi[A], 0.35~3.54 mg )
HY L NAT Yy R=o 2 | Ce(VD/kg (KE/H . fERE Paschin
(BB P Bt and
(H 5.7 24~72 BEfH] Loga
A H3AT)
INEE 7 a Aig Sle:ddY = 7 A 2 [a] (24 FrREERE) . 8.0 Itoh and
VRVEN (B a) ~13.4 mg Cr(VD/kg & stk Shimada
WA, NS 1996*
I 7 v Lpg NMRI < 7 A 2 [\ (24 R . 3.2 Wild
VRVN (e a) ~13.0 mg Cr(VD/kg & 5728 1978*
H/H, EENRS
N3 ZA=IN 3 MS/Ae e~ A Hi[A], 2.7~21.4 mg G Shindo
B YL | CD-1HE~ 7 2 Cr(VD)/kg 1RH#/H ., fElE A > ) et al.
(B BEHAR) P L 1989*
N VA=EN LacZ ~7 A ./;:& 2 18] (24 E%Ef’ﬁ'ﬁ Fﬁ)ﬁﬁ[’?‘]) . Ttoh and
VDRSN =7 MutaTM # | 10.7 mg Cr(VD/kg A/ o :
<o H. MEVE gL Bt Shimada
(CRAY 1 7% 1L BR)
I smasf | MS~U A, ddY ¥ | H[Fl, 3.3~13.4 mg G Hayashi
RN A Cr(VD/kg 1K&E/H ., ke (] o ) et al.
CEBEmI) PG R 1982
NS H7 v Al | BALBlc v 7 & Hi[A], 20.8 mg Cr(VD/kg Wronska
VRN (BB AE) RE/H, IEENEE s -Nofer et
al.
1999*
IIMEZ B v Ll | Swiss M~ % HE (R 17 HA). De Flora
VNN CBLEh - 17.7 mg Cr(VD/kg A/ - ot al
B, RO, K | B, EEENES 7 9006*
i ifn A AE) (IR 18 HAIC 3%
/INZ BH7 1 Al | Swiss Hiw T R B (217 HE). De Flora
PNV (BlEhim & fEH 17.4 mg Cr(VD)/kg K&/ i ot al
TOKE | R, BRIROME. K | B, MEENES 7 9006*
Y ) (IR 18 HAIZ 7))
N3 H7 v Az | BDF1#fi~ v X Hal, 17.7 mg Cr(VD/kg De Flora
VDRVN (B a) KEH/H, JEENES 728 et al.
2006*
Yufh (KB E | 2 10 AEE | Sprague-Dawley 7 | Hi[E], 0.88~3.54 mg i Patlolla
RN v R Cr(VD/kg 1R&E/H, ke (5 o ) et al.
(B BERIN) RE R 2008
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B4 BRI P bt BB ERA,
Bk ik T FATAE
DNA S | 7 v i ddy = 2 Hi[A], 32.1 mg Cr(VD)/kg itk
(A bk | HYwL (B, %505, Pl | RE/R . MErERR S (B, 55, 1% .
7ot A) L ERE. i, (L 3~24 Wifilte | BE. B, W) &b?*
i, ) I 53H7) e boon
Pl i &
BH)
DNA 5 | ®7 0 L | v o = Hilal. 20 mg Cr(VD/kg Bt
(A bk | HUDL /P, W, B | RE/A . MERERR S (FFl%. %0 | Ueno et
7 vtA) [N ™) (B 575 15 4y, 31 (5 1557%) | al
AT Rax 2001°*
(Wi, B, i)

% ATSDR (2012)

LEE LTV D ICHER,
(M 25 (EFSA 2014))

@ i

N7 v AOFRELZFHET 5720, Kb V3 b Caco-2 Ml (b M
e AN A& ik 3 D D T RZ = SV 5117 [V 8= 34 = = i Al AV O
~24 BEALEE U 7=, KoMk Caco-2 TlIfs IR C 3 ML 12 8-OHdAG
KOy -H2AX Se g et 2 BN S W72 73, 24 BEMALE O JEHIIR BRI <
8-OHdG DA &N SH7=, 43{k Caco-2 1FA:43{k Caco-2 K v MfuEI: &
O'DNA FEEIC LV EFIERH Y | TR b= A~ =" —ThH 5 pb3 X7 F
F 2V (annexin V) ([ZZLIZA LN -T2, L, N7 v XNi3/h
Ak A h L A% 237 ATF6 (Activating transcription factor 6) DN~
@ﬁﬁiﬁkﬁﬁ")%ﬁ%%ﬁ L7 A7 & A3 fR s R T oA CHO-
K1 Mg 2/ MEFERBEE 2 s E 7, BEdRo~A h~A1 2 C
(2 H ﬁﬁ&mAiﬁfﬁﬁh PEJRE T A549 MR T O/ MEFE R E %
ENTHIN ST, ZORRIE, ANl 7 v L OB s i =R B
HLCTEY ., H2AX U Vg{biE Coca-2 Ml OHEFEIZ 51T 5 Fe{b ) DNA &
EIVLEWRECTEZIAZ EZ2RLTND,

EFH OIX. in vitro TONIZ 1 L OBEREEMIIMEEE CliEiIcibic k
HbDEEZLNDHE LTS, (131 (Thompson et al. 2012¢))

SKH-1 #EF~ 7 X (M, £8F 10 VC) I[ZHE 7 1 AfRT VU o & KV

(0. 5 1% 20 mg Cr(VD/L (0. 1.2 X% 4.7 mg Cr(VD/kg {K&E/H)) % 9
HBOREEE- L, A7 2 512 & 5 DNA #8462 514 L7~

I, BRE L BT, ANl v 2% 51285 DNA-% 237 484G
FER K Y 8-OHAG OEIINE A S/ oT=, £, FBE. BiE. IRE KO
THRBIEREIIA LT, MTOEEOHENS A Lo T,
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xHHRE~ 7 A OFTH JE X O THEE Ml &2 o #E L. 1.6 mM Cr(VI)
DR 7 v MZIEL 82 ST invitro i RBRIZEBE W T, 2 TOfEZR T, N7
2 LX< FEITE D DNA-Z 37 ZBREEE A KON 8-OHAG DN - BTz,

FEHOIL, N7 v 20 1n vitro R BRIZE W CIEBEEMIRIZEER L8816
1 & N DNA BRLHR G OBTERIRE 1L, NI 7 2 A ZfOKES- LTz 1n vivo
HBIZBW IR TV = LTW5, (2132 (De Flora et al.
2008))

Wistar 7 > b (. 45HE 6 [8) (27 B AT N= Y VAT
7 2 v (NDMA : Mnitrosodimethylamine) %3 41 @ X 9 72 & 58 %%
LT, 156 HMEKE G- o3BTz, fl LRI S £
% NDMA (@ TdH 5 DNA 1R (06-AF 77 =2 (06-MeG)) %
EMFEEE L LCTHW, T 21T o7, £72. CYP2EL BERETEM N O GSH
il 2 JE LTz,

x4 HERE

iES 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

A7 v LDOHROEEIZ X W CYP2EL BEZTEMEIC 2 bIT A Do 723,
GSH %4 L7z, NDMA (0.5 mg/L) KO Cr(VD) (20 mg/L) (Z3:%
STEEINT=T v b OFFEMHT D 06-MeG FEkiE., K 0.45 pmol/mol 7
7=rv%¥TEHR L., NDMA (1.5mg/L) OXr&xEE L7V —F L0 AE
@ hoTm, E£7-. NDMA (0.5 mg/L) KO Cr(VD) (20 mg/L) 123 <
I 7 v N O O GSH X 4.32 mg/mg protein TH 1 |
NDMA (1.5 mg/L) DA %G LIEREL D HEITE -T2,

ZEE BT, A2 1 AE NDMA (2 X% 06-MeG JZRE 2 AR T i S
., DNA#HELORPAOAEEEZ LD B ER T E20N5E L
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TW5 (M 133 (Maet al. 2015)),

=@y aL>
@ /n vitrosxEg

i v MMEAMD in vitro BARFMERBR O R A2 F 42 1R,

I &2 AW IR 2SR BB XTI Th o 72, B b U > SERE S
T ¥ A =— AL AL —PNE AR %E 2 O 72 ek B, DNA 18
Gk, kYo RS HGEER . A EH DNA &g 132 < oRER Cla

"EThH-oT,
#42 =Y 0LIEEMIEAT LECHEEORBRBIE (/n vitro)
R4 B PIE B R EEEIN
be) TEMEE | TR FATAE
HY 2L
FALLT  (Subcellular targets)
DNA-% ™7 ks v A E. coli DNA n Fornace et al.
o ND Wi 1981
DNA Wi A1k Wb v ~ 7 A L1210 A Iyl a Fornace et al.
ND K
fied 1981
BRLH : X7 | Hifks v A NITIVFT 7= Snow 1991,
LAF RO M13mp2 ND Bt | Snow and Xu
A A EE R 1989
REZE IR S ks a A E coli XT VAT 5 Snow 1991,
—¥ M13mp2 ND 5 | Snow and Xu
1989
DNARY A F b7 v A PSV2neo TS DNA Brid ¢
s b ridgewater
TRk ND e 1 ot al. 1994b
(arrest)
JFEEEAEY) (Prokaryotic organisms)
DNA &8 kg 7 a A B. subtilis ND Bk Kanematsu et
Wil VU Lr el - al. 1980
DNA &18 Hiks a s B. subtilis Matsui
1980,
ND fzM: | Nakamuro et
al. 1978,
Nishioka 1975
g/ [z ;LL\‘ A
DNA &8 IE[-/ = A B. subtilis ND B Nakamuro et
al. 1978
7 % D
DNA &1 [LEE =N B. subtilis ND B Nakamuro et
al. 1978
BIGFRRER | ciss¥ 7 unn bt x(2,2-Y | E. coli ND s Sugden et al.
BV 7 1990
WA TERER | Cal oM ah B coli WP2 N N
—KFI uvrA/pKM101 R (=i NTP 2008b
SOS Mt isiE ks v A, E. coli AB1157 1l
R o GC275, VA4202, ND | RE0steract
WS 2 1 PQ30 +
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R4 B PIE B R EEEIN
Ura) 1w | TEME(R FATAE
HY 2L
SOS Kbt 8 WAk v 28K E. coli PQ37. PQ35 bk Kbk Olivier and
- - Martin 1987
SOS KinihE Y (/A=W N E. coli PQ37 Bl Btk Venier et al.
glE 7 v A - B 1989
SOS K& Felig 7 o A E. coli PQ37 s papy Venier et al.
(=343 S5 1989
1 IR ZeERIE 2 WAk 7 v KSR F ., S. typhimurium
(M HeschE ) HEE 7 v L—KFn#, TA100, TA1535 De Flora
WAV U A7 a A 1981,
(Fv=by7}) WElig 7 v TA98, TA1537, Fatk itk | Petrilli and
EFEMEmEE 7 1 A TA1538 De Flora
TR A 1978b
VAP SN
1 IR ZE IR eI/ =N S. typhimurium Kb ek Bennicelli et
(e e i) TA102 = = al. 1983
1 ITHZIRIE 2 ks v A S. typhimurium
(Hfg i 462) AIKFIH TA100, TA1535 Kb gapp | Venier et al.
Wi 7 1 s—KFn - - 1982
(Fv=by7}H) TA98, TA1538
TIPSR R == IV S =N S. typhimurium v o
TR B vl Ui a S. typhimurium
— A TA102, TA104, " N
TA100. TA1535. [ k2t | NTP 2008b
TA97, TA98
@J%%%%/\ 2,2" vy o (1,10'7 S. typbz'murjum ND IKE‘I\EE Warren et al.
=Fr2a ) 7o | TA92, TA98, TA100 7 1981
TR B val g e S. typhimurium )
TA98. TA100. e | papr | V) Pbakeret
TA1535, TA1537 a
1IN L b7 v A S. typhimurium .
TA98. TA100. b | pape | ) Taakeret
TA1535, TA1537 A
TR B FAT U v b S. typhimurium Sh ¢ al
TA1535, TA97a, (E3u [E 203’;3 e ak
TA98, TA100., TA102
JE RIS L THER 7 o A S. typhimurium e Bk Yamamoto et
TA1535. pSK1002 - - al. 2002
BHEEAY (Eukaryotic organisms)
TIRIEIRIE S B (/g = A S. cerevisiae ND s Bronzetti et
AR 7 al. 1986
DNA K& b7 v A S. cerevisiae Kirpnick-
ND 728 Sobol et al.
2006
kU (Chickens)
DNA $#£; (8 fHEE 7 o A & (chick embryos)
A Tsapakos et
N ND R | 1983
DNA 57 '
ML (Mammalian cells)
DNA 815 Wik 7 v A b R U NER "y Blasiak and
ND P | Kowalik 2000
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R4 B POE B R EEEIN
Ura) wrEE | ML FATAE
HY 7L
NEH DNA A | HLr v 4 b R RAE R s Whiting et al.
e ND (£ 1979
DNA Wr A1k R (/A= IN b IR R 2R 4 Whiting et al.
ND Fe 1979
Yuta (R ELH b7 v b t bk HiEk Nak ¢
g7 v A ND 5505 ala lg%uro e
FEfg 7 o A :
v T = P =
Yo R HLH WAk 7 v 25K t b~ EImER ND SR it)esléa et al.
Yu I=id 4= S
Yuth (R ELH - /=T bt b E ek ND K iz)i;go et al.
ket oy zE | HEAk 7 a A5k Fn) t b~ HifnEk - Stella et al.
e ND Fe 1082
Yetu R BT [LEE =N FX A =—ANLAH ND b Newbold et al.
—V79 Al - 1979
Qe RS R [/ A= WAV 1LY/ N VT UNDBAL R ND gapp | Tsudaand
filig 7 v L 0UKFn8) i = Kato 1977
Yuto (R B ¥k 7 v A7k Fa., F XA =—RANHBAH ND Bk Ohno et al.
Wik 7 o LUK F) —Jiti DON iz - 1982
ALY WAk 7 v ANk, Fx A =—ANLAKX
il 7 7 h—KFnd, — DRI A o Levis and
i Y RV =N ND Gl Majone 1979
F Y=
LI RASER AN N I N P/ = VYAV &1 L7/ N F XA == ANBAH Levis and
#a e 7 a L—KF¥., — RS Majone
TR U 77 m A 1979,
Wil 7 v A ND fztt | MacRae et al.
1979,
Venier et al.
1982
ZESRIE B val g e Fxr A =—ANLAHZ Coryell and
— PN B Stearns
(Aprt J) ND W 2006,
Stearns et al.
2002
FRIRIE B FATVUAER T B A ~ U A L5178Y+-V » b gapp | Sharaetal.
2 B - B 2005
ZEIRTE |st= VA7 5/ = BN ~ 7 A L5178Y U X . B Whittaker et
i i 7 al. 2005
ZEIRTE B | /A= ~ 7 A L5178Y U /X b S I Whittaker et
i 0 = P al. 2005
Yot R BT SR (R = A ~ 7 2 AR AR o, Fornace et al.
ND [E38 1081
Yuto (R B kg7 o A ~ U AFLEHI Umeda and
ND (=33 Nishimura
1979
~ 7 AFLEH I (Fm3A cells)
T s = TNTER2
Yo R HLH Wik v L ~ 7 Z R R ND SR ll{gé'f;etto et al.
T i = INT=7
T s R | 7= A ~ U AR KR ND B E{g’ﬁe‘cto et al.
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R4 B POE B R E =N
UZIN) wrEE | ML FATAE
»HY el
REW DNA A | b7 v A ~ 7 % A18BcR #iif - Raffetto et al.
% ND (=2 1977
ND: F—#7L (21 26 (ATSDR 2012))

® in vivo A&
A7 v 2MEE D 1n vivo B EMERBROER 2 K 43~FK 45 [T~ 7,
TavuYa ynT iy HWCB s FERE RRBIT M Th o 7o, BEEMEIT

ST DU Bk E AW e R B R MR E X5 TH
Sfc, ¥ U AZHOKE L iRfR 0 &G IBREF R G K ONEENE G Lo/ M

ARER T2 Th o7,
x4 =IO OLEEWICET S ECEIEDRERBE (/n vivo)
BN g POES RIS E AN
eew) FEATH
T ERE | & B SR
E{K%*Wﬂ LTRSS FARvavyayss fatk Amrani et al. 1999
Yeta R BT JuhIayny b U SER Kb Hamamy et al.
(CEICHilE 7 1 L) B 1987
NN B L b M ARAHIm Y > SER .
DNA-% > /<% Bk Medeiros et al.
2003a
ES
DNA #1{5 K7ro L b R Y o ER 7168 Zhang et al. 2008
DNA 2245, 3| A= N NN Nl
DNA-%# /37 (HElEr# &) b Cupo and
ESN = Wetterhahn 1985
DNA S50y
N ol LR a A F344/N 7 v ., B o
— KR () 2tk | NTP 2008b
DNA I Frt. FA TR B L SD 7 v k. JITh& £ Shara et al. 2005
23 S ING. T A A B6C3F1 v & N
Ay (01 5) | NTP2008b
/N val s a b B6C3F1 v 7 A, sRifLER "
— KR () 2tk | NTP 2008
DNA K% K (/= A ~ U A . Kirpnick-Sobol et
(REMaARIE < B 7 al. 2006
I Wiiie Y v a7 m s+t | BDF1 ~ o A, KA§ i b De Flora et al.
IKF (Bok$S) B 2006
M g Vv Lhrast— | BDF1~vU X, B b De Flora et al.
KF) (HOoK$ES) B 2006

(%M 26 (ATSDR 2012))
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44 =HY0LLEVICET LEGCESEDOHBRBE (/7 vivo)
(BOH5)
AR A R e Bt 5 N EEEN
(GBS & PP FEATHR
N v'=a U e | F344/N 7 v b 3| (24 R .
A=PA (B AR M 2k) 19.4~310.7 mg e NTP
Cr(ID/kg fREE/H ., B = 2010*
205
N1 =l fE | BBC3F1 <7 A 3 HM., #E2~1,419,
PN CRHY 7R LK) #ft 1.7~1,090 mg Kbt NTP
— KT Cr(IID/kg {RE/H . JREH 2010
B b
TN fiilg 7V v | BDF1~7 & 7T AR, HE 165, HE De Flora
NA/=IFN CEBEMA, SRRYIMA | 140 mg Cr(IID/kg A&/ Raxp et al.
K | M) H., fok#s 2006*
N3 valyrg | SD 7 v b Hi[A], 4.1~246 mg
7 A (B #EmA) Cr(IID/kg AE/H., ®H Komoro
5 (=i wski et
(355 18~42 FEfH] al. 2008
BAZTHHT)
DNA &% | ¥ifk” v | C57BL/6J < 7 A 375. 750 mg Cr(IID)/kg Kirpnick
(pun (RRE#% 175 HDM RE/A B~ v RITHOK b -Sobol et
reversion 12) k5 al.
assay) 2006

* ATSDR (2012)

LEBE LTV DR,

(2 25 (EFSA 2014))

=45 =My O LtEYICET S ELEEDORERE (/n vivo)
GEEOxE5)
v & BRI B 5%t FRERRG R EEEN
(FRERxr5) H& A FEATAR
N Witz a2 | Sle:ddY 7 & 2 HM (24 BRI . Itoh and
() 20.5. 41 mg Cr(IID/kg (=33 Shimada
RE/B, JEPENEE. 1996
A oy Ll | CBA/Ca~ ™ A WA, 0.4 mg Cr(IID/kg
DNA#f | 70X GRREMAR, V> | (RE/F . MR s s Andersso
(2 Ak JSER, R R) (#5270 16, 42 W = 2007
T vEA) #ZHT)

(7) #EHRAAHD=XL
A7 v LDOFEN A A T = X LITHONWTIL,. DNA ([EHER) A
AT 2BE8EA =X LK OBEEENEE LW EREEEA =X
LRHE I NTWD, FEBIRFMEA = X LIZHOWNTIE, A =X L OfEHH
HREBENTHON TV HANRHREI N TV,

(2 25 (EFSA 2014))
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@ EfzFEM MOA
a. DNA [CEIEM.RBEMIZEET 5 MOA

A7 7 A%, FIEN T, RO P A TH D RLEE 7 Tofl e ONUATE 2 &
LT, REMIC Sl v MZETTEND, A2 v AHKX, DNA X
132 OMOERR Y L 1HIFE A ERIG LW, RITOIRBER T, EoAlfr 5
72 FA—NT P HNRNRFFRT VA, B ROS #4EFE L, ISEEO
DNA 85 (PR, 284G, B biass, WEIEEEAL. gaps KOG K OVZ
DM OEAR TEF (GlEG EBZW, ~ A 7 a7 74 MRZEN, /M
R OB ZFRT 5D, Az v 201 #BI2 Xk 5 ROS EE O
ZRTHEITZ <. ROS 2 pb3d KA M E IS ., 7R h— &, NF-
kB OIEMEAL, REIBERORBIE 2T 2R LT\, £z, fffir
7 A KON 27 v A B AERDPNTROEBLER 28> TR0 | RUGMEICE -4
XYV HERIC L 2 KB & E%#E U T, DNA (Z@{LEEE2 52 5,
F R e LD X T 4w I IERE LT, I A 2=
Fr A =—ANALRAZ—b ~OffEMEEE T DNA X F /b ke 2 k>
AFIACD BE R B, N7 v MTREEMR T < B M BE T
DNA A F At D B L OB AR 1 (gene silencing) 73 5L TV 5
N5, REEREOBELZ G726 AREOH L AM 7/ e ALY o
2T 4 v T IR R AN E ORI Z R T RELIIV S OB D03, TRIERY
IRWFZEIL £ T2 AT TV Yy, (B 134 (Abreu et al. 2014))

A7 v AORBHETCEY (7 U —F DA, Tifi 7 v LR OV 7 2 2)
RO AR SN EA 7 v A%, B FROFEBRENMW T 5 T30 ANEE
BOFHRNTHLHEEZOLNTWD, 7V =TV, Tfizas, UEZ o
L, KOV=A7 2 & DNA O A/ERIT, DNA OfEErIEE, HREEREE
KOS ~D %2 4 7- 5 L1535, DNA ORENHEEIZIZ. DNA S48k,
DNA-% /37 BR&ETE . DNA $HHIZR&EE L. Cr-DNA RO, YL
REFEENEEND, (Bl 14 (IPCS 2013))

N7 v AR CIEITTIND Z ETE U =27 7 0%, DNA &ik
BTHILICL > THEEBETHREZFRL, 7/ DMIRLERE 5 25, Nl
7 v LOFBENETTIZ L - TE L D8 s FIoxd 2SR T AT &
O, DNA IR, DNA 8481Kr, DNA-# /37 8848 i b ek,
e F AL D384 . DNA $HWZ868 M OB ZERB SN m b5, Z @ DNA 8
573, DNA R RE OMRERE, MEF = v 7 KA FORF,
DNA B A B =X LORERE . ~A 7 aVT T4 SARLEM, KIERE,
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MO EF LD NRT v AT 5 EELHREEE TRy NV —7 DR
BEEIZORDBY IO OBIGN N7 v MK BF0 A O LR 7T %
5z 5,

N7 v ARFERET DANEIEA~DOIPL A I =X AI2ix, B 72 DNA &8
AT = XN HEAFD 7T VR OFRET B N OHRG1 2 — R O P 3 B
LTWHEFEZHND,

FEH DX, ANMEZ a2 20 BRICETE R LI Tid, DNA B8
EHEFET T T NDA D =X LPNEL L TN T, FEBICE D Hi2 AARED
AN HEGE U, oI Z T 5 &EZ 2 bnb & LTWns, (/81
(Nickens et al. 2010))

N7 v AOBEEMHEERICOWTEEZ AL, MENTOXRMZ 2 20
b=l B A~DIEITLTH D, WIS TN 7 v LOFED D MOA &
LTk, LFD 29 D MOABNEZ LD,

1) MOA1 : =iz v XZ#E 7T S5 i8FE T Cr-DNA AR DAL K& V%

Do DNAEENEZ 52 L TERFEMEEZ L7267,

2) MOA 2 : HAiZ v AZE LS, \LKEEDOKISIZEY B Faf
SIVT AV ER S, ROS KOERELA RV ANEL D Z &
TDNA#HEZEZ LERFEEZ L7257,

WTIO MOA HiEEZ W ED LB 2 B, A7 v ADELGEMEREICE

HLTWbs, (K25 (EFSA2014))

Oral uptake
ofrtv)
Intracellular Cr{lll) DNA
reductionto "9 adducts) == Mutations
crilm
Reduction
to Cr{lll) in andeellular
Gl tract uptake
] " \E
Reduction ROSand DNA
Bretion of ocv) " oxdative " 4amage
(i) reacting stress
with H,0,

B1 Affiy O LDFEAALED MOA E
(B8 25 (EFSA 2014)) & Y3IMA

b. DNA [CEEMIZERT 5 MOA
N7 v A OMBENAEHE DNA BE 425 X 23 reEErdH 5, N2
L2 LD DNA HEOKHZ WL, Cr-DNA FIMADERR TH D . 429K
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P AL Wik N TR S Al S

A2 v MEFEIERNTHEBL L TV DA R A2 B U CTRNIZRIN S 4, %
W EIET DA OB EIC L > TRE# SN Z LD, B O
LER RO TH N A ZEHET D Cr-DNA AR SN & FREN
%, JREIEmEME S & BbIC, ANl v ADRE4 RETE (multispecies)
T O % 72300 (multisite) TOFRENAMEIL, N7 7 DECEK S D1
CEIZESTE MIEPAMERD D EBHINDHRERERNE R D, AR
RERLAS, A2 v ZOFEMN AMEIZ IS 1T D DNA SUSMEZ A B = XA OEE
HERLTEY, B hORBPALY R 7 OB ESNMEZ R L T, A
AFT AT YT o4 OFHlR DR T 4 7 AN K DRI, BREEICAET
HIRETIESBEI N AMZ 7 MI5ERITITE N TE ST, 10~20%1%
NG TR S, BN 5 2 L 2R L TWD, B RN
MOA K OVH TOffmERA ORI, A7 v AERIC L D2ENA Y A
7 DA ESMFE (low-dose extrapolation) (23T 2 BIMEDFEE LMK T 5
ZEZERLTWD, (M 82 (Zhitkovich 2011))

Dose-independent Linear dose-dependence
I LI/ |

: Crivin
Cr(V1) ingestion 10-20% Cr(VI) escapes * Chromosomal damage
via water > gastric deloxification Cr-DNA adducts —Ji- Mutations —p Tumors

Crv
ROS /'
DNA oxidation

Sublinear/high-dose

2 BKEESNIZAMY O LOEEEMEY R
(B58 82 (Zhitkovich 2011)) &Y 3IM

BAOEKEINTAMZ 72 L1, BRNTEILINDD, £O—EHITEITIC
& DM L & ki, EERERRICRET 5, ANl v A0 —HAMIRRIZA S &
i v ARSI, BIEA PV ADBREN LImENELD E DI,
71 LORTTHIEDN & 7 B R OVDNA & KT %, =Ali7 2 A3 DNA
ERIARZER L, ML RICERLIBENR DD, EOX D REORMY
2 ATH, MIENICATUL, EEERZHGT 2B EEEZFF>Tnb, (&
2 65 (Sun et al. 2015))

FoWEHT, A7 7 LI K> THHFE S VI BE TR 3R FFME MOA
(LD b DTS DT — 2 T 21T > T2, TDERIZ MOA 7 L —
LU =27 2 U TAM 7 v b O 2 D 7z,

FB—DAT v T L LT, Ha BInmEICET 27 — 2 2R L, ZRA
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MERT 72 i LN B 5 LB BV D FHHEAE 7T 2RI L7z, RIZ, B
MFEBRIZBN T, BBRANERFENE MOA 278 LTSl L, Z DR R
IFe MCHEHATHZ N TEL0FHMI LT, LE 2 —DXRRE 72 - 7o 3THR
DHF T, MOA fEHTIZ B 7ok 2 7l 2, BIREICHERE L TV o 7 — 213
ol Enh | GELOEAAFHT (WOE : weight of evidence) 7 7 12—
FEHNT, NE LT — 2 D Eknifim B2 5 2 508 L7z,

MOA 7 L — AU — 27 Ze VW ThRk & 72 SCER 2 fRHT L 72t . ISR TR
ELTEBEERAT v 713, DNA &Afli7 v AOMAAEH Z#em Lz —fli 7
B ASDIREIC, FEIRNE R MR OVEALE R O CTh 5 2 & 7
Bz b, v AOAMEKTIE, BATKGIZE > THLNIZEEFE
(DNA — A8, ARS8 X, HEKRFIZENLE (p<0.05), 2O
& FROSRENT OFEFRIL, Bl TR OIED A DOREREFREZ IFL TV 5D,
F7o. EEERICE S5 5 DNA IR A OB LR E 2 7= 9 R RIERL
HRINTWSD, WOE (1%, A7 v 2082 RFME MOA Z @ U TEHA LT
WAHETAHZLORYMEEIFFLTWS, 28D in vitro X O in vivo 22 5
JFMERRIC I W T BE LIS OEAL (IFid. B #i%) CTHitEZRLTWnb Z
ENG AT 0 AOEUKE G THLNTZT v bO OPEEE &~ T 2D /Mg
T & DAL —BUCBIT 57 — ZIERE LTV D A, BRI flmIc 8 x
B2 51ZEDHOTIERNE Le, Rfli7 v M3TAEEK pH Tk, gl v
g L7 G 2R L TR Y LS BENL BREN TN~ B 52 5 2 &
DT X ZOBRITHIIEA ORI I K ORI X A WRIEEDBENE 9, S BIZ,
N7 v 2EAEDOERTHI D AMEME BRI LT E S 7 e 7 — L%
ALTEBY ., EVUIEGEZ R SHREGEAL, B O & OMERNC 2200 5
HonHI EThD,

L7275 T, EPA Cancer Guidelines (3#¢ 1 U A 7 3l &2 ZEhi 4 5 LT,
ERAMEEZ AT 2 2 &2 HER L TV, 2, ANMliZ o L8 EBEHIC
DNA Z{b &R L72ERIZ, MOA NEMBKISEZ T Th D, £/, Al
7 v NIAEFEIA A R AR L, BRIRIXBEZ T e~ Y ADRAFTOIT
IZ DNA 548 =9 Z & 75  ADAFs (age dependent adjustment factors)
AT 5 ERHEREIN D, (B 135 (McCarroll et al. 2010))

@ 3IEEIEFEME MOA
a. BEARAAHND_XLOEZRICEHT IR

AEPNRRRR I 1 DRRR A, AR, R v a sy 2 7 2RO ELRE
)T — 2 B WAET A -2, A7 v L0 90 B FEkEERERIC W T
BoNiz~ T ZADOMME YT L. MOA St Z1T -7, TORER, 1) /NS
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WEM S DAl 7 1 OV, 2) MBIk HaENE, 3) B oAt

(regenerative) DAL, MO 4) [RE&HMALOHEIAIC L 52 R 7
0 — MEEESE D B OIEEF A, LV D BRARFERZ MO IEL RFME MOA @
TFAEDRIE S U7,

A DIT, BT T T < L IEORERIC OV T B AR AR R A
72 MOA OF — X ZEfET 5 Z ENTEIUE, L0 BRI A7 o
DAL D/NBFEP D MOA ZiHii T2 Z N TEDHE LTS, (B 2

(Thompson et al. 2013))

in vivo TOBEEEMETRE DR ATRE & g U ColWEE . Binaikl
S MOA (il 21X, WNwm < ELUXFAMRENR) PSEA LGS, &0
X< B SINTARMM 7 v DTHONWT, B D in vivo B L OFED ANET
— 2 il L7z, 2 < OALEW T, JE05 AN K ONEAR 8 BE 0D kH3UE
X1 ETHo7=Rn, W ohoTFr—%ty b Bz &) Okt
X1 R TH o7, FEBEL ASMEZ v A TORBEO L, FEEEFEMED MOA
ERTHEEZLND 2O0DLFWE (V/arHRL LR =F ) —LT
V) DEEEWETH T,

FH DI BEEONMM 7 0 A EHUKE S Lo >l CRIE SN2 A
IZBNWT, BEFEENEEREFHZRICLTWARNWI EEZRBLTEY, N
i 7 v MMZBT % falr © MOA K OA Finlw#t# (AOP : adverse outcome
pathway) & —EH L C\5 & LTW5, ZDOEEENDITNL. EHAN7: MOA
KOV AOP i a4 27-0ICAMTHLLE LTS, (B 136

(Thompson et al. 2016b) )

N7 7 5D MOA A A)—F > A7 J—=172 (HTS : high-
throughput screening) 7 —# . invitro7 —#% &k N in vivo 7 — ¥ % JE\Zf#
Hri7e, HTS 7 —Z OfERIL, i ¥ a by ) I 7 A7 —HX—AD in
vitro7 —# L —E LT\, 90 HAMZ v 22 G LI~ T 2D, &b
S MEO EOERERR Ch 5+ ZFBBICHBIT 5, n vivo N Z A7 U
L7 RAIRE L Invitro)SE I LTz, A7 v ML - Tl Z - 72 fllfast
/SO AL CIEM A 133EEL LT 7223, pb3/DNA 15 7 /LR D2
LTI SRR BTz, pb3 RIS DL, In vitro TIXH HAVIZN
in vivo TIXH B2 o T2,

EXOIL, ZORRIFNN 7 v LZFER OIS AITIEE R FEE MOA T
bHZLELFL TS ELTNS, (2R 137 (Rager et al. 2017))
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b. ENAFEA DX LFERKER
(a) 90 BHREEKEGHE (YW R)

NTP (2008) Dklk & [ UL L VIRV T, B6C3F1 ~ 7 A
(., &HEB5~200) IZHZ v A MY oA ZKHEVD (0, 0.3,
4, 14, 60, 170 X% 520 mg/L (0, 0.024, 0.32, 1.1, 4.6, 11.6 XX
31.1 mg Cr(VD/kg {AE/H)) % 90 HREIFUKEET 2B TThhT-,

KGR CHONT-FIEFT R ¢ 23 46 12”7,

WTNOBEGEEO+ HRIBL O AETY 8-OHAG OENILA B IR
N T,

FEH DT, PR ORI 7 v L3~ 7 ZAD/NBIZEEA N LA K
FREELOEERERZEZ L, 20U~ T ZAD/NGFED A D
MOA TH D A[REMEZ RIBT S L L TW5, (M 3 (Thompson et al.
2011))

=46 90 HREHEMHER (¥OX)

#H5#E mg/L i

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

520 + ZHR G M OZEGOMEZNE, B0 T AR =R
(31.1)

170 LL k + ARG B OVZERG O B2 R T i K O R [ g HEL A Bk =11
(11.6) M4 GSH/GSSG K T

60 L1 + A R OZERG O EMILE 2k, A BRE . 225K
(4.6) ONEIG O 27 7 IR N

14 2Lk + T HRIS R OVZERE O GSH/GSSG WK T, -+ fR/iFokk 7 o
(1.1) DR EEEN

4Ll k + T HRRG D Z LR T E T VIR = VRN

(0.32)

0.3 (FEMEAT A2 L)

(0.024)

Thompson & (2011) &R URRERICIH VT, B2 D A I = X LfifkT &
T o T H LA LU IR T,

Thompson » (2011) & [F URBRICEBW T, + G OMTE R OfaE
% i BRARLAR ) ) OB AR AT U=, F 72, + 8RB LR ToKz
PEDNEN O R E S B (K712 K-Ras = R 12GAT £ 5) O#F3 % Allele-
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competitive blocker PCR (polymerase chain reaction) % H\\THiFTL
7

R COMBEMEIIHA 6T, MBSO REE, %E., BEA KO
7 (blunting) A 5472, 91 H BIZHAT L7z 60 mg/L UL EEGRET
FITHEBEM CORFENARICHEML, 170 mg/L ML LR T/MZ
M L7z, Lo, BEBETiE, MR kO R b— v 2N
FLE R ORI SR TR BT A LT, ZiUIRlir v A2k b
MIRAEENHEBICRE SN TND Z L AR L TWD, ANz = A%, &
Ty O AL O HINLRE M LRI OB K-> CREFH S D K9
2, F iR T O H &R S RO Z 5l 2 Uic, *FHRE
T? K-Ras 2 N 12 GAT 2RI TFHME L D b E-7203, N7 v A
O GIZBHE L7z K-Ras = K 12 GAT Z RO~ B2 o Tz,
FEKAFH0 72 K-Ras Z2 8B O, /MEF K, Ml L O R k—
VABEOEALZ DT, K-Ras BRMEN NNy 7 7T 7 RL~LT
m <, BEEE LA O HE&EKFZRENN A LT 2 L, REEs
ICEB R MEN 72N & —3 L. F7- MOA |ZFre 7 2 B A M fn e 5iE
DFERE LT, DAKICBIT H2EROEMNEG LTI b —
HELTW5b, (ZH 4 (O'Brien et al. 2013))

Thompson H (2011) & [A CakBRizIBWT, a0 X Mo dTiaiiss 2 H
WTH B OMEREED 7 v ARZTHE L, v -H2AX i yufa s
12X > T DNA #5274 L7z,

i~ 2@ 180 mg Cr(VD/L 512+ 5 O EZL (blunting)
RO A DTz, BRERAROFHLE LT, RE LR
B 15512720 | [REA RN T 2 FICHER L TWe, v-H2AX #pg gy
IR THIN L7223, B2 I i A b ivie o o, 30t X AT
SIS CIIMETRE LD 7 1 ARED 30 500 L& <, BEES O
Y7 MBEII NNy 7 770 REDENIEWETTE -7, #FETIE
ERED 7 v LOIFIENK Oy -H2AX G Ye NN b b 53
Bis 2 R T RERIIA LN o T,

FHEOIX. ZORREND . MEFEN A MOA 1 Z/NME#iaco s m
Ll DNA L OE#EKISTIER <. & LA/NGHEDEIEREE &K O
RSB E LR ERFEA N = XL THDH I L ERmBT 5L L
TW5, (B 7 (Thompson et al. 2015a))

Thompson & (2011) & [R URBRIZISUVN T, 800t X BT BamsE. v
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-H2AX ek T+ BB oMELREERE L, £,
VI ARAT 7 X R/ LR OGRS L,

21 XU 180 mg Cr(VD/L Thaimif EEARRES I L7223, /MEK
Wy -H2AX Sfg Ye o38N L 22 o 7oy IRHZ Y 7 o iR A 7 7 3 RALER
TRaE/ MM Oy -H2AX $oEYeta )8 E BAICEIIN L7z, 30t X Bt
BEAREE T+ THRIME IR 7 a0 LR A LN, BEIZIEA LN
o,

EHOIX, N7 v NZ/NGEMIEO & 55T TR Il E L2 5. 277,
B EBGENRENRBER EEMROBRER 2R L2 &
ZRLTWHELTWD, (B8 (Thompson et al. 2015b))

Thompson & (2011) &R URERICEHW T, + F605 LR R OZER |
K DB I BB 2 AT LA ], BBILAEHE R IXEEA F L X
ARRRE ) RE AR R OO IR T 5 8n - Th oo, Zbid
KT AP OEZ v AT N U U A ZKF(VDIREIC Té@xﬂ:
B ICIREDZA L K OB AR 2 b & — B L T e, E7o. ARIOME
MrfESIE, BIEA P L AL HIIREEZ M EEFRLE L TEH X TND
MOA & —E L TW5,

EE DIT N7 v LO@MER NG X D/NMEFESAD MOA 1T,
18 PERY 72 AR S F M e OMERY 72 ERIIYEE T 2 2 & 2R ¥ 5
ELTW5, (5 (Kopecetal 2012a))

Thompson & (2011) &R URBRICEVWT, N7 12 A2 & - THEF
SNTe~ U A+ ZFEIB OB FRBL N2 — % A OB EFVERTIE D A
MWE 2-=hn7tLy, PAFL=ba YT IV, 4 (AF=
kYT )1 BV UN) 1 TH )UK ORT 7T R By &
4 DOIEERFVEFEDAMME (A2 Ly, PF AT ILRZR
Fa—L, Wy-14643 RONERE =17 F %2 F) Ik > THR S
7w MIFBIE R NZ — 2 L 2B LTRER, N7 v A8 FI8E

VIS BE AT RN A E D/ F — o LT 0 | FEEBIFEMAT RN A
Hﬁ H D2 — AL T,

FEOIL, ZORERIZIELEFENME MOA 2 X F L CWAIHICEET 51F
MOTFT—HE—=FHLTWHELTWS, (2] 9 (Thompson et al.
2012a))
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(b) 90 HEI#KIZEHER (Tv k)

NTP (2008) DOk & [R5 IXZ L D IRWEE T, F344/N 7 v |k
(M, &HES5~15VL) (CEHZ v Al U A KF(VD (0. 0.3,
4, 60, 170 X% 520 mg/L (0, 0.02, 0.2, 3.6, 8.7 Xi% 24 mg Cr(VI)/kg

KE/H ) % 90 HRIEKE LT 28T,

FREGHETH LN R ¢ 2K 47 (TR T,

AED T v b OREEFER & Thompson ©H (2011) D~ v A DR B
UG LTERER, 7y M~ U 20 OPEY O 7 v AREIXIFIX RS
Tholz, WTNOFETEH+ FEHL T OEED 8-OHAG OHIINILA 51
PRI TNV F A ETA ZFER T RS L ZE TR LT, £z,
+ " NG CHREKIRIE S A bz, GSH/GSSG ik, 7 v ho+ 5

BCTIHE TR, ~U2ROOBETIZE T Lo 7,

O, Nl v LGS LB o WEOME D AITER LA B
VANBEELTWA LEEZLNDN, IEDDOHERIZLAAREMLE 2 D

nHELTWS, (M 138 (Thompson et al. 2012b))

x4 90 BREAIEMHE (Sv )

BeHRE mg/L i3
(mg Cr(VD)/kg {KE/H)
520 [ DR 7 1 PR EEHE N
(24)
170 LAk +ZHREOT R b= A KR ORREIEI AL, 2285 Ok Bk EK
(8.7) =i, MmAED GSH/GSSG K T, RE Of 7 v AR EEHN
60 UL I + ZHEG OMEMRERRE, 0L 0250 GSH/GSSG
(3.6) KT, O, +HEBEOZERORY o SRR
4 LLF (FEMEAT A2 L)
(0.2)
0.3
(0.02)

Thompson & (2012b) & [ CRRERICI VT, B2 D A = X Mgt
AT ST A Z LU TITRT,

Thompson & (2012b) & [F UsERIZIHB T, + 6515 LR K OVER
OB FIEBEB 2 AT LR R . B SN RBEEE s 71382
fEA b VA HIRR)E ], MR AE & OV RO I BE T D 8 s+ Th o 7o,
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INBIE, ST HHAKFOES v AT Y U AT KIHVDIZE D
FR B TIRRE D 2L L YR B AR PR b & — B L T, ~ U7 R D
£ (Kopecetal. 2012a) L IEE L72fER, IX<EI1LHBIZT v D+
THRBTALNERALEELE I ADOESUTTHY, HY v L
e b U oA ZKFVDIEE 170 mg/L YL ETIESBESNTZT v FD
kR D7 0 AEHEEL YU ADOK¥ 0 Th o7z,

EFEOIL, Ty Mev U ZAOBEFRELBOERIL, 7 v L0k
LHEBEOZELMHE L, IO PBEEEROE EEREMT LR E 7
HEZFEZBNHELTWD, (6 (Kopecetal 2012b))

N7 v M3TF > wEICNERIE R I 2 23, Fe2rOA N+ 4655 %
BITTDHEEZD EEREDONEYZ 0 MI/NGENENT Fe2ta Fe3t|Z
it L., SkOWMINEETDHEZEZX LD,

Thompson & (2011, 2012b) & [F UEERIZISWNT, + 4505, T,
135 K OVE #E 8RR B S H B AR Lic, + G 0&Em 158
fEMT ISR Z & —F LI pstE 2R L, 4Btk 1 (DMT1 (&
¥ :8lc11a2) kX F v A7 = VU 25K 1 (TFR1 (&{s1: Tfrl))
WAEBICHFE I NI, 7o, UKFOXRfN 27 7 A 20 mg Cr(VD/L LA
FHEGHETIET v b7 v AOFRMER, M LLRNZ BN LTz, ZiUE
JCREDMEFI L, ANl 7 2 AP SRMER~IN SN TND Z EZR LTV D,

FEELIL, INHOT —ZILEREDONMZ 7 LD OWRIZ HIRE L |
BOEEMEEEZ D EamRB L TEY 8N O Cm &
DA 7 7 AEEGAIZ DT RIS BT IS8k O R Z & H 5
OEO A REMICLVFHHATE A2 LTWD, (= 139 (Suh et al.
2014))

Thompson & (2011, 2012b) &[A UEBRIZIVT, OPREEOERE
M7w 7y AN ) LT R4 7T LA GHIZ k> THEAELE
R, Ty RO~ T A0 AR ORERSITEHETEZ 55D TH -
oo 7 v REON~ T 20 O PERSEO BT Ok Ek & [7 Ul 0 &4
O+ FEIBICB T 2INEE T 5 &, Mkt 7 2 AREICS T T, M
ik M O ] CBEE 72 &IOS DO — Bz Lo, OPERSRIZI T K7 v
ALY G OV C & DERBIREL, MR AN E LW & & —
LTCTW5, (M 140 (Thompson et al. 2016a))

NTP (2008) K O Thompson © (2011, 2012b) ORERICIK T 5 —E

=
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P (KRR OEE 7 v VHEUE) N5 Sz, — ADEREOFHERFY
FEZN 450 13 WRKERGHBRIZB T 7 v MR~ T 20+ FE1
fEE A — LT FIETHRAS LT, 4 DORBRIZIW TIEIEREOIENE
B NGREER O, BAEREROEEEITZT v PRV~ 2D
FFgERD N> T,

FHOIX, ZoBRITEBR L OCEYREN LA L TEB Y, MEREORE
W HEOEEMEAIERM T2 b0 TH Y . IEEEMEREORRE OEWIX
TNENDORERP2EEICEE L TWH L) Thod & LTS,

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

(c) 28 HEIERKIEERER (FSU AP =Y I TV k)

NTP (2008) DOFERIZISUNT ABEIEE S DT HEOE 7 v AR
N U oA TKF(VI) (180 mg Cr(VI)/L) % 1 Big Blue® TgF344 7 v
MZ 28 AMfKEG L, BiomEbtEoROBPAME TH L 4-=
nX /Y -1-4 % K (4NQO : 4-nitroquinoline -1-oxide) % 5t if
& LT c MENBIRTORRERBEAMAE L, BN Z 0PIt A
M OB A D SMAl B RIZ 38N T, ANQO TIEZERAE BAE N B 5 L
e, B aAEF N U U A KV CIRZRAE RN R/ L7
o7,

EHDIE, ZNHOT =X Tk FAEKHEIN TV LRED 18 Jifis
DA 7 LT THHRRKRRICEREZEDOIE MNP N L &AL
TEY, AMiZrL0T7y hOPETO A I = X AFZERERIZESL D
DTN L EZREBTHEL TS, (2 11 (Thompson et al.
2015c))

Thompson & (2015¢) & [A U Big Blue® TgF344 7 v F ORERIZE
WT, NTP (2008) OB CTHEMNAMMZ RS o lzt+—fEETocll
HABLTOERERBEEZRE L., N T IL-N=FrrnYouLT

(ENU : Methyl- Mnitrosourea) Z xR E Lz, +flETor m
DURBEITIEM UTo Ay, SRR T LR LR o7, ENU JRZERA
PR ARSI BRI,

FHE DT, BRIFVERN Y 0 5 THERE SN D /MEFRN A O HS
T RWZ & RLTEE LTS, (B2 12 (Thompson et al. 2017b) )

(d) 90 BRIgRKIRERER (S RDPTZvITIR)
gptdelta ~ U ZIZH 7 n AfEF U v A (85.7mg/L) (2 FH DL
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IZ LD~ R/ NGICIEE SR AT D HE) & 28 HE XX 90 H Ik &
H L, /NMBZBT AR ERBEZRAE L, WThok5HEizkuy
TH, RS T, /G TORZEIRE BB OEINT A LR o T,
F 7. 8-0x0dG1 DK OB G I B o 17, (B 10 (F A 2014))

(e) 28 BRI O S LLEGAER (YU R)

EREONRMZ v A, BHEOX ¥ 7% U ROELy MNIv T R
+ T ARIGIES A AT D, AEMERY AR U 1R K O W B YE & F
IS 3ODDENAME L~ v AZHKET 52 L THFEBICIFROM
PO BN D I E D I E R L=,

B6C3F1 ~ 7 A (M, #&#E 20 JC) (2@ =2 (0 XiX 180 ppm
(NTP (2008) (ZHBWTHENANALNIZHE)), @F ¥ 7 ¥ (6,000
i 12,0004 ppm) XiZ@&HN~Lw b (6,000 XX 16,000 ppm) %
28 HREOKEEL OS2 v &) ARRAE G (v 72 2 L ORI~y
R T5REBREIT o7, BB 10 B~ 7 A 355G 28 A%IC L &%
L. EZYVOEEE10ED~ 1w A% 28 HOREH 2R T L& Lz, &5
KT 1%, WBM LRGN o AR I R O QN BB D2 |- R B TR A
BERHDOIZIFETO~Y Y AZHA LT, EIEMZICHNT LR, &5
B CHRGETRICADNIZMEROIEE~ORBOEELENFHED, —
D CHIRBEIC b RO BN R SN2 LD HERER O REEO &
JEFEIZ T A BN e,

EZHOIT, MBI AICB VT 3 DOWEIZFRED KR H AT
ZEND, TNHOBENAMEIL, MEORIH L OCBED 2 DA
o EZ5I &R L, RYREE<EIND Z LT, BREAMED
JERIE R ONEIE RO Y 27 BN EINT 5 W) 2 enEZHND &
LTW5, (M 142 (Thompson et al. 2017c))

3. ERZHITHEE
(1) REZFHERE
(B LD REHEREOEE ] (FAL 27 4F 3 H 31 AREATEEERE
199 5) IZBWT, REFROBFERIEAEL LT, /7 n A0BIELZENR
EINTWD (0~5 Al 0.8 pg/H. 6~11 Al 1.0 pg/H. 18 LA E 10 ng/

13 8-QOHAG & U,

19 EERRRAAIIE 16,000 ppm RS- LTV =2, HHBT 2O~ AR L, 1
VCDO~ DT AZPWHDT- O LR L2 b, AR 10 HELLIZX Yy 77X 05 &%
12,000 ppm (23S LT\ 5,
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H) . (P 143 (B4 5184 2015b))

TAARNOBFEIERE (2016 FR) REMRGS) #EHFCTRBNT, 7
BAZOWTU T EBYEEH I TND

(7 v AEGEOMBIFEL. A v AU AMAERZHBT 57 0ET =
U EMEENs AU aX7FF Rk, Wod 3 7 asAdrRNEALT
Wb, 7aET 2 ) OEREENL, A AV AT Ko TEME LSS A
AV R EOT 1 //#7“ t(ﬁﬁ@n‘ﬁﬁfz{@é Ja ADEE LT
WP AR 7 a7 20 Z RSN N, 7 a b NREZTHEAL
A2 Y AERPMET L, W% ﬁ?@ébék%z%ﬂé

LU, EBREWIIL Y o A 2 &5 L ORI R T I T a<BlE T
2, Elo, B FORERBISGEICKER 7 v LD EIT, BREND OERES
RELL EEHS>TWS, 26D Z Lk, 7 v A2 XD ot 338
ERICEE T, 7 0 AV FAOERBRETITRVE WV IFLEMINL TS, |
(B 144 (B4 2014d))

7 v MIRAKA . SN KON R ORISR e R IE L E 2 Hh
TEY, ZETHOREFEBIENSRESIN TN, LML, SO RIS
o Ly u ARMIETHEEED LUy, SCF (2003) 1, =Afi7 v A X0HE
(AP CME R L EFRT AN TERNE LTS, (B 25 (EFSA
2014))

(2) BOIKKE (EFRUEIELLE)

22/ HOBRNEZ o AfgF MY U ANVD (BRH) Z2EE L, 18.5 KffH
BAZDME 1 THEE Lz, MR OfE R, S iE, maltEfK (bilateral
pleural effusions) . fiZKfE, B DORE XK, SMERE 2%, DHIZBT
5 W OAREE B MEZAL A DN RS e ONE L DR EN A b, (B
145 (Ellis et al. 1982))

17O BENE 7 v Ll ) 7 AVD (5g (29 mg Cr(VID)/kg (A ¢))
I UIRBEISE XN, IBEFIC, DR, DAL O E 23 R 2 12K
TUL., 14 RBICOME IR THRT Lz, MR ORE. mArERK, o 5 -
i, 22D ORTFLEEM, O M, FRAVE O, iR OREEFLE ., MLE D=
EDOHIME NI BT, (B 146, 147 (Clochesy 1984, Iserson et al. 1983))

14 mOPENE 7 a Ll ) 7 ANV (1.5 g (7.5 mg Cr(VD/kg {KHE ©))
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AL, 8 HIRIZAEL Lz, BH 48 BEfi]#ZCiyE AST, ALT %13 &
B BT, SR OREE, gL OB g B DR ER AL NTZ, (&
A8 148 (Kaufman et al. 1970))

44 1RO BN 7 v AEE(VDIEWR (14.14 g Cr/L (4.1 mg Cr(VD)/kg (A 2)
PR, 2PRMEBEEL OB AREEZEZ L, 1 0HBICEE DN
BHIM TR L=, (B 149 (Saryan and Reedy 1988))

1EOKENEY a AT =7 AVD (EARH) ZEE L, 12 K%
(DR IE CHEE LT, A ORER. 0 OB D LRSS, i<ChFlgD 9
SIMEENRHBT-, (0 150 (Reichelderfer 1968))

70 AR TR TZ a AEENVD300 g/l 258 A v ik (7 1 LFED
HEEBREIZ15g THY BUEE LN TND 1~2g 2 KEL LES &)
ZREIL, "7 R, MR OFEIISHE S BER 2 R & 92 2R A4,
PO O FFIg OB QNS ERE O e\ TR IS E & 7=, SN Ok
FIC L > CERICEIE Lz, (#1561 (Fristedt et al. 1965))

18 OLMENEZ v LIV v ANVDEE T T AEIR L, 24 K% IZA
MEBARBRLIIE LT, ¥/ 7R, #IH, ZIR &K OENRO FRAME R DRk
NI LT, BITRITBRELZEIE Lz, p~T 7 e B REN D
L, M~ 7o E U BENEM L2 S IXEM N H 722 2R LTV D
(M8 152 (Sharma et al. 1978))

25 D EMENTE 7 v LA h U 7 A(VDIRK (BEARH) 28EL., 2R, B
N T N A B ATz, ST O BENNC e 2 FIMLER DA E 72 88N AS
bz, (=P 153 (Goldman and Karotkin 1935))

17 O (KE 50kg) BMEFORETICHZROER 2TV, HZ 1 A
fed ) 7 A(VID) (2~3g (40~60 mg/kg 1AHE)) #a—J@ErE & HICHER
L7z, Zethix BREER 2R 2. B D 156 H%IcEt L=, =0k, iHk
% 30 g 2 X DIHLE R AE MIHNAE & LTITWV, ABRBT<SICT Aare
VR 3 g HEIRNE G Lo, IRPICHEH S D 7 m LB A HECT 72012, 150
mg/kg KED N7 v F )Ly AT A % 30 BT CTHIRNES LT,

ABEREORERERIZL S & MFIRFE T 22 mg/dL. (FEHE . 10~50), 7 L
7 F=01% 0.8 mg/dL (FEHE<1.1) . FLERI /K FEEFRIL 519 TU/L (% - 230
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~439) . BHEEET A2 MIIEFHEPHN TH 7=, Z OFERIZ, SRERIE A3 E
ITEFEHNTH ST, 7 e LM LD IRMEEEN D -T2 2R LT
%, 22 HBIZHIE L 8-OHAG 1ZHEHEME D 40 512 EH- L THBY (420
umol/mol 7 L7 F =1 (HE%#E : 0.5~10)). 78> DNA B{LHEEEZ /R LT,
fEER L LT, Z ORI 7 v A0 O KESERUC Lo T IThTRAR
B BFIERNA LIV, BLHEEIZ XL D DNAHBEER DR & HEH
ICHER S V7=, (=M 154 (Hantson et al. 2005))

24 WOLMENEZ v LAET =0 A(VDE HEABEK CTEILL, FEEic
ABE LTz, BEEZIC, EEA, ik O TR OMERPB BN, BEIX
4~5g DEI a AET =7 AVDEEER L2 2 ERHEE Sz, A
BWT, #E, AH, WEOSKEE, ERE2ES IFER, FREEE, 203
PRECOGRIMER AL 2 BTz, fREHET > R—v 20 kER A5, 7 b
0y B VI EREO 1.8 5 Th -7z, AR i/ Mz mlE S5 7-
DO & & BT, MR MRS K OKREDOEH I C (500 mg/H)
DG HAT > To ZITEZ OWIRIZFEIE L APE 7 B BIZIREE LT, £ D%,
BEOBIFREZITV, B#ERE., RP 27 L7 F =0 KOZEOMO AT
RN 4~5 B CIEFEICEE L7z, (38 155 (Hasan 2007))

58 D HMEN 30 g/L OFE 7 v AN Y 7 ANVD (7 1 LOHEEREEIT
38 g ZHEEANCREOEERL, WPElC AP L7z, M8, FEHMmMETF, 5
RO+ I ORLBERERZ  (erythematous lesions) Z3JE L7723, 7 H
MIZ D7 DEFIERE TOWRFEOR, A2 UTBEARRITES BB LT, (&
% 78 (Goulle et al. 2012)) (F548)

<=@E7AaL>

24BN ) gy v AAIDE A OREMBI RS (1~2 0 71 /VIA)
Z QMR L%, BB AReriEs Lz, CTREICEL-> T, BAFIXA
HETHDHZ N0, BAERICE > TBRMEELNHER S NT-, ik
BT DB AR BRI T o 7o, U HIMIBIEMRE & 2 S 4L, A HA
FOAT A ROUTTRITHOITZ0, ECHE L )V RIER Th 72729,
Z DRI L VAT a4 RO X IEE T, 4 HE®%ICIZEEOF
BEREIXLGE L, TR O KZEIFICIIBHIRIIER Tho7-, 2 HHOE
BCHRIE L7=DIE, BEOHEBENFRKEZEZONLD, A——cXkbr¥%7
U A2 NORGRRD WD, 78 AOEBREIIRHATH S,

F-. LEAEIC L D &, 600 pg/HDZ v bk 6 BHEER L 5 H#%
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I EENE - 72 LT 584 (Wasser et al. 1997) "dhH 5, (B 156
(Wani et al. 2006))

33 MOLMENMEKEZF ST 72ice’a VU v g7 v 401D (1,200~2,400
ug/H) % 4~5 0 HMER LU=, AL, f/gAE, i, e E
WERENH LN, EBREZ LD T 1 HERIITERICEE LT 5HE
NHbH, (283 (Vincent 2007 (Cerulli et al. 1998)))

(3) BOEFKE (—REHICHITHEFAE)
® A
a. 1F

HERE =G M T T v LB AT 5 A4 LT oE Rt X o RIC
ONTHEABEXICRIELZITHI2E 2 A L OHEBICL D EERD
ANRBDO N, ZOBRETHIT 1961 FIC7 1o LFEHZBRIE L, Ak pE
Z R T2 1965 FITITNM 7 v 2% G e HER BRI EE N L7, 1970~1978
FICERZEAELZE ZA < BEINTRERIOWTIHE L7zan
AR, T OHT O —fFERIZEB VT 10 HAY7=V 65.4 TH D DIk
LT, 71.89~92.66 TH > 7=, MiFEIZ OV THRIE LT RIF, —RERIC
BWT10 FAYZD 11.21 THHOIZX LT, 13.17~21.39 TH-7=, H
FEICOW TR L72ETEFIE, 10 T AYT2Y 27.68~55.17 TH V. ZiZ
O REDONYLE LV @ ol CHRBEITHRE S v TWhievy,),, BEIESHT
SOEROPAFEARITEH Lz, (R 26, 157 (Zhang and Li 1987,
ATSDR 2012))

ATSDR (2012) 1. {BYGEEICOWTORR 2 I L CEL BIRE & #
ETHIEIETET, ZOEMDOIX BIXTITRMZ 7 255 S 7= 8Osk
KIZEDHDTHDHEBZONHN, RIDPOLDOIFIHFEDBETE 20 E L
TW5, (2H26 (ATSDR 2012))

BB L > T iR Zhang and Li (1987) O7 —# & Bk L 7=,
6 MK COFTHIE L= N ASET-=IT, 10 T A%47- 0 68.8, 68.4, 64.7, 54.3,
57.5 (X 45.9 Thot-., D%, 6 DDOIF < TBHIAFET 2 B84 4
RO 66.1 LD I LIRIERE Th o 7z, Gk M LIz filko 5
DO OENASECREZEDED & BREONAMCI D ERI Y FEIZE
FLIzZ Envbind, Lo L, 20 ASET SR, B 15K O 5t 21T,
BRI E OEKITIXS TSN TER L TER Y A7 7 203 < gife
FEEAEBI L 2o 72,
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ZE LT, DADFRIZAMZ a0 2ELSTEE 0 b, T L AATERSORE
TR K DB L KM L CWDAREERH D & LT\ D, (B 158 (Zhang
and Li 1997))

k> Zhang and Li (1987) OF — X #FHEZ LT, BHELCICXT 5
BRSO 7 2 DXL FTED Y A7t (RR : Rate Ratio) & % D13
XMW zRD-, PEBEEESHFMNHEICBWVT, 1965~1986 FED 7 =1 7 1 L
(7 v A§515)) TEIHIEKRIZ IS T 255 9 2 ONMI 7 v L7552 5 7>
AT, FEVGYLHIE © 4 2oFT) TO. MASETER, NAT —Z K OECERK O 75l
78 MEYRICET 5T — X BT EITIUE LT,

BN AFETRIZEBNT, ANl 7 v L5 YU & FE77 Ye s e ONE S 4R
EDEITEETEHHEATHY . VAT L, IEVE YRk L C RR=1.13
(95%CI=0.86~1.46) , HEH 2RIk L T RR=1.23 (95%CI=0.97~1.53)
EHENTE W T TH o7z, BEIC X DRI RIL, ANl v A5 IC B
W, FEBYE U K O, BEEA AR LY GHOCEL . VA RIZEFENTE
L RR=1.82 (95%CI=1.11~2.91) &X' RR=1.69 (95%CI=1.12~2.44) T
o7z, ANl v KEYEHSE O i 581 21T, FETE YRk & T LD
2@ (RR=1.15 (95%CI=0.62~2.07)) FEE TH 7=, AR L T
5EX0EL o= (RR=1.78 (95%CI=1.03~2.87), ZDfMON AN LD
TN 7 v VGG HIIZ B W TRFIZE W E W D 7 — Z TR S L m
o7,

1970~1978 fEIZ, ANl 7 v LTiHY: S T OB K 2 R4 2 ik, 9
Gtk & Z DB R E A L TH, BEACEROFE R LR 2796 E
Thol=2, BERYMNENO THEN L IXE 2720, LL, BEETo
BIZRIARIL 14.5 4 (1964 212 ~1978 4F) Tho7=08, I F /KOG
1960 FENDIE > TN & LOKZ v 212 X 2 B EERIE ORI
IZIEDD D AN AR THX N WA REME DN 5 D Z &0 b | [RERBIR N H 5
AREMER D 5, o, M r UREEERIZE > T, 712 A0ETLEMET
L. ANliZ v MELFEIC L 2FEDRRE D AREMN H 5, ML TRICH
BEENBEOLNR- =01, FEFEYRHERIC 7 0 A58 THOHERH V|
2L DIFEENF ZICES LTW =D T, BEMED 7 0 AD1E < BD RN
bHlbEEZ LN, fime LT, A7 v LTI SR K EEE
MIZBWTHREY X7 onA oz LTn5, (38 159 (Beaumont
et al. 2008))

15 7 g A8k (ferrochromium) : 7 &2 A% 50~70%5 4T 58464,
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Smith (2008) I%. TEESEROAM 2 v MEL BB 5 ERETED
TN ITE M2 kN B D & L. Beaumont & OFMEMNT (Ll Beaumont
5 (2008)) IZIFT — & LT FIEICBIT D ERZHIR L H D08, +oKE
PREEMZE RS E LT, BB Ol 1 A DIEL BABHFHE L THRAY A
7 F il 2 L7 AFRIRIENC RN S &b O TEERRELSEZ2DHE LT
W5, (2160 (Smith 2008))

uah (R 27 v L) Of AL BERFED VITHEOS < ODNTAHT

bole, PEEERNLOREITILLTOEIBY THD,

1959 4 HEEEH O T CTr v AFROAENHIGE SV,

1964 4 L EIERN O HF KO AEGRHRE S,

1965 4 HFKONRMZ v ARERETHDH Z L DD D B,

1967 4 WEERIC L > T7 m ARENED L7 2 LsGE ks iz,

1987 4~ Zhang and Li 7% Chinese Journal of Preventive Medicine (Z/5
iz 2 JMTIE BENTAERIZHBWTEE L O3 80 L <
WL Z ExwmE L,

1997 4 [A U & & 2% Journal of Occupational and Environmental
Medicine (JOEM) (21X < & & MAFAICEIE X2 & T Dk
LT,

2006 £ JOEM (%, 1997 FFOHEICIIAE O TER OB E =TT Y%
NT 4 T EADPER LI E WO TN S 720, ZhaRE L
7

2008 4 Beaumont & |3# B4 Hilik () R\ >\ T Zhang and Li D&
W DOHE 2 AT L, ACEKZ L TNl 7 v AZIEK ES L
LR 00 B IR FE T 20330 B 0D FE 7% Yl itk e ONE 848 A R it dik & Lt
L TERLTWDZ EERLT, iR, IHEE
CITFIT ERE RE TR o Tom, Akl b3 5 L LR
LTWD &Rk~

Zhang and Li O ¥#45 2 HAFHT L 72 Beaumont © OWEIZIIARIH D H D3,

N7 2 LOEIAE MIBWTHRY A7 b6+ 22277 %
DEEZ2HELTWS, (P 161 (Smith and Steinmaus 2009) )

Zhang and Li (1987) D45 & [FIERIC, FEESE WM ATIZIBWVT, 1970
~1978 FEDOH F AN A7 v MTIHEY STV D 5 DO R & HI KM
A7 v JTIFEGEEN TV 4 SO ED I (3 DOEAM KL N1 DD T3
AT OBAFEREZLKR LIZWERH D,
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MR K23l 7 2 DTIHYE S L TUVVRUY 3 DD R K O R /K 2375l 7
0 MBS TV D 5 DD EANC I 5 i EEHAE T =R Gof 10 T A)
(9.7 %F 17.1) . B FHHIILIER (28.6 % 34.9) KL OETONRANT L D)
EHRFREE AL (73,7 % 81.1) XA ERET AN o7, Fo, KR
i & HZ{EY S TN D 5 DDOBEFIZE W T, flEbKF ORI v A &%
RT3 OOMRIRIEIE L NAL T ROMICHE 2BIEMII R0 o7, S 5IT,
AA&TY Otz v a384E07) 0 b TEEHIX, B EM L LTAD
BHEN R/ > TR, ANfliz v 2 X2 FKIBYICBIfR R < BT R
(16.9) L v HAFEFELE 2R (21.4) @V E WD BeZp A S22 B LT, 2.
X GERORAEIIFERR O, g, BE IR TONRAIC L DT
LA v MBI I AROIEL % & O, & RIGBER X
— B LBEEII A LN o T,

fiiam & LCL BRI T A o R OVELWBLEIIR &\ 9 iR IS & 5 723,
AFAETITH FKRONG Y 7 AOGEHOHFEZ b B3 N ARG FMIC
AL UT- B 2 i LT 5. A4 T T84 U FK7E Yesibil .
ETONA, BELOMEIZLAEEROFERENE L T26 S RhoTl,
(% 162 (Kerger et al. 2009))

T TRl &7z Zhang and Li (1997) (22T Beaumont 3% D7
— X BT L. AR 2 L7z (B Beaumont & 2008), Kerger
DL DFMBTHERRICZ T —DNEENL TS R LI &iTxf L,
Beaumont SHIZLA T O X 9 ITIRE L TW 5,

Kerger 1%, EEJGYLHIT 1364 135 & BB OB TR TH 5 Lk
AT K CHUE FHENT (hydrogeologic investigation and water analysis)
DOFEFRIL, Kerger DIRRDFER L ITHELL D | HIRWHE T AKDFANICIH > T
IGYHIH AR SN TS Z L 2R T HDOTH o7,

Kerger I, Beaumont & OFfE TR /- b /7 V—T 2L Tk Y,
AN OENREAYIC 70 B R & L BRI LT D a7, UL, 1973~
1975 BT 5, M TOEMEIZ L DI EHFEIT 19.4 A/100,000 N4FETH
D, #HETOEEIC L DHILLCHIT 20.1 A/100,000 AMAETHDHZ END,
1970 FARDHELHHS & H 7 T O B FEFRIERIZEIT A B IR,

Kerger 3. Beaumont & OFAERIE Zhang and Li (2 X 2 &R RO
IR ZE LTz LR TV B 08, FEERIZIE, Beaumont b OFRANE ST Zhang
and Li IC X DFEARER E —FH L TWD, 1987 H1Z, Zhang and Li (37544 Hn
WIZBWTENASET R, A TR L OB BAECTRII—RERLY &V
R TEY (EiRd Zhang and Li 1987), Beaumont & 7238 X H L 7= s
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HLITWHNAETH D, (B 163 (Beaumont et al. 2009))

b. ¥)Tv

XV v O T EEHE Voiotia ¥ Oinofita HIGXIZEHB W T 1999 £ % TIZX
BB LIERKLKOERESE D 5,842 44 ZxtRIZ 2009 % THREZ 1T 72,
Voiotia Wi R A EHEEL & L CHEHE(LIE 1L (SMR) &% L7z, 1969 4EIC
Sz X 0 . Oinofita HIEX Z it 5 Asopos JI | ~D LA PE S FEEEY) O 3t

D3FR& H AL, Oinofita (% 1970 R FEHANSLPFEFEHTICEF L=, 1990 4
REIANSERD DK DL L IREIZBE T 2R 0 ik L Z - T
V2, 2007~2008 T 16 2P THIE L 72 7KEKRF A7 v AJRETT 8~
51 ug(VD/L ToH - 7=, [FRHIC 35 2 AT CHIE L= H KAl 7 v AJREE
X 10~156 pg(VD/L Th o7z, TDtk, 2009 Fi 5 EHEKDHEHE T &
Moronos WIZAET L7z Z L2 X0 KEAKRP RN Y v AEEIX<0.01~1.53
ng(VD/L (272~ 7=,

Oinofita (23T, 474 4 DIETDHER S AL, 118 L4 D303 A B L 7238
CTh oo, KD SMR 1E 98 (95%CI=89~107) . &3 A D SMR 1% 114
(95%CI=94~136) L A&7 EFITA LI/ 7o i3, R MR (6 4)
@ SMR 78 1,104 (95%CI=405~2,403, p<0.001). filifg (34 £4) » SMR
2 145 (95%CI=100~203, p=0.047) IO Lotk D B Mg K VUL IR ZE St

J& (5 4) ® SMR 28 368 (95%CI=119~858, p=0.025) A EIZEMN->
2o ZOIEFENICAE - mﬂfﬂ LSGIEDN= D= TAVA 3w = 0 IR )N AN =S i XOE
JED SMR 2 E5F- L= HE CldenoTz,

3 B, Oinofita 1£E@ﬁ>/\/§|3t¢@hﬁii\ N7 v Ao OIE< 8
LS THRNPADEZD EWVHGRE XFFLTEBY KNS DR v

LIEKHEEHPBALY AT L OBBREZRET H1-OIZE R DMEDPMLETH
LE LTS, (M 164 (Linos et al. 2011))

vy

hi}

=P
BED 307 OJEEXIZIT D 1R E O M BELRA BINE L O ER 7 Z
2L =N BB RIS 5 LR ESRIEE %2, Anselin's Local Moran
test ICK > THIE LTz, EHIT, ABERIRIE. o~ (BaFsh) 10 ZETeE
(BQC) . M2} =2k + i EARIRE O OMPEAFHEAMEZ . #HIPRAY 2

18 vrov (BT YURMEY) O, AKEOX <~ (ava vRMEY) DiEr
BEE-LD, Eronyolgic=aF s LREOERZRTHLONREEN TS, 14
BE 2 X N [FRRICIR TSR B D, EREDS AMFTEHER TARC) 138823t MIxt
LU CHRMNANE (FITHREERE) 27T 2 20TV 5,
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T AL —D B TN THAT L 7=,

mUAY OEE s 7 A% — (Moran's 50.638, P<0.001) L. FREHE
FOREBEIZHY, BQC LOHED TRy ARy b IXRABICRICE
H LT\, BQC M OWE D /345 12 X HIEE) 72 B 23 6 > 7= (P<0.001),
AR T3y ARy ) KO'BQC @ ARy FARy M X, FREE
IZH DAL KL OEKRIBZ RO TRE RZETI RS o7z, L, ks
BOLHO= 7 VRO v AR E R O PEERAE O U A 7 H
il —# L= (P<0.001),

ZOFERERIT, BQC KOWME A T, ANANREYE (HEOELR
IGYE) SR IRBEBICERT 5 AR RGO BMEMEIC 2 KB4 5 2 T\
HAREMEDR S DH Z L 2R L TWn5, (ZH 165 (Chiang et al. 2010))

H B8 OFALIRIZ I W T O e BB AV CRRWNRIE STV 5 101 4
DO BEZEGREE L, 7 LAX—- U oy ~FFHBE 104 4 % REE
& LT, NA#EHZAEH (demographic information) (W&, 7L =—/L
BEM O BQC) &, BREEK OMEMSRIE< BRRICET 22217, £
7o XE DD MRERENZ BRI L, IR 8 FlED & & IR EE & fifhT L7,

SEOEEDHY L, NEEEE D7 a b, = v/, i OMEEH o i H
ERFREIZE -T2, APEEEEOMmF 7 v ARE (0.83+10.31 ng/L) 1%t
FEEE (0.61£0.29 ug/L) @ 14 fFmoT-, DEEEEOMPT I/ oL, =
OV ROEENEEEE 1, BRI, 7L o — LB, BQC & AMED Y X
Kra2BE L LT, MIRBEL YV FEICE-TZ (p<0.05), H 7 v AR
FEREWEE (>0.73 pg/L) 13MRWEFE (£0.73 pg/L) £ 0 A4~ XA 6.80
(95%CI=2.84~16.3) & NP ZIIET DRERN TIEm D> To, 1Z0D 4 FE
OE (I FI T A, B, KIEBROER) iR $ O e B35 &k R
TEITH NS T,

AL 2 >O&E (V72 L kV=y b)) O, OPREERA =X LI
B DIEIENIE B R LT=s, B DIRFe it 2 Ehi L, T ORE O
AEZBH LT D ENEETHD, (B 166 (Yuan et al. 2011))

@ BBRE~DEE
a. HE
HE OGS T X 51535 HX (D2 A a. HEO Zhang and Li 1987
DA LR UHIX) T, 20 mg Cr(VD/L & e F/KEZ#EEL7- 1565 AD
FERIZDOUWT 1965 FAZAT » T RABrINFSE TIE IG5 S V= H Pk OB ELE |
DPEES. NHL B, TEERE. Wk, B ek & ORAGFHER (BRIR
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KZER) N EEMEERD BTz, 1ED DA TO 2 OFE T b REEDR R T
HoTzin, TN EOFERIIAE N -T2, (B2 26,157 (Zhang and Li
1987. ATSDR 2012))

FNEN, T 74V bOFKE2LIHKOMEE 70 kg (6 OEfEIXH
EORAEREMIITE I WS LLRWZ SIEETLOIMNERD S,) &
s &, 20 mg Cr(VD/L O#E X 0.57 mg Cr(VD/kg K/ H O FHEIZFH
M3 %, (M 26 (ATSDR 2012))

b. 1 F

AV RDOA—2 T NVHIRIZBW T, IR AKDO M7 v A5G S &\ sk
(EDER (n=186) DEFRIRAE & | #EA) K VA BREEHFRVRFEBI T O 28
N7 v 2T X DB IS RN IR I TER (n=230) OfEFRIKEEZ
REWrAOBFZEIC L 0 bl U=, *F83E 13 18 il BT, %Y il o fEE M
NI EOERE L, 7 u ML 283 RRlnflE, ek
L) \IHEE L TWAERZBIN LI,

BB T 25F 2 2 LTc BMEIE, 15U CIIRR D 39.2% ThH 0 | FEE
Yulilih Tl 17.2% CTH o 7= (A~ X (AOR : adjusted odds ratios)
=3.1), ZMETIX, ZNEN 39.3%, 21.0% ThH->7= (AOR=2.44), F7-.
FERECBT 28F 2 % L7 BT, (54 T2k 24.5% TH 0 | FEIHY
ik TIL 9.2% ThH-7- (AOR=3.48), LMETIX, L Eih 25.0%, 4.9% T
o7z (AOR=6.57), {GYHIER T, FEE MR L B L CTL D &
WIRILER, RV MCV KOV e n i MR B vz, LasL, HImERE L O
i BT NI DR o T, ANl 7 v MMIIEYR SN IR EFEHT 5
MBI FTe 2 &%, BIBAOEE O B RAEIR & BEMERH 0 | ik o RF &
HEEMEN S o T,

ZORMEBIZEB T HEFIL, BTN A XN SN ERRBIIChIES T
=7 v T ETHO TR & ThbH, (B 167 (Sharma et al. 2012) )

c. ¥yivy

I U o D7 VAR ORI CREEONT I8 2 320 L . BB KIS
EFND7 0 bOEMNEL BICHE LI @E~DREL A Lz, SHigo
Bl A% 2> B ERE L 72 KEREE (n=50), HiIRDO A FVEEbK (n=16) & OVE
TEWREL (n=48) DOXNli7 v AREAZNIE L, XTSHUBICHRAR 7 FRIEA
TWDHLEE 304 4 (256~69 %) O, ATEEE, AEDKIBEE, HES%
FoEkL7-, F7o, EEZE L ONEET A N ATV, RRE O MK & NEZITE
ENDHR7 v AREEEZNE L, MK, AR ORIEM T A — & Zfiffr
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L7,

B D 7 v AR 1T SO (220 pg/L) RV T, <0.5~90 pg/L
OFPIZINE Y . PRAEIE 21.2 pg/L Th o7, MfH 7 o AP O f i x
0.32 pg/L (#iPH : <0.18~0.92 pg/l) . EEZH 7 v MREOFRAEIT 0.22
ugl/g (HiPH : <0.03~1.26 uglg) TH VY, BFCERIC K DIEHEREPHINIZIL E
STV, HADEEIANS D7 a0 AOAJEIT BRI, MPEOEEZT O
7o BYEEE L BN AR L WL 00D IR KR OVELFR T A—% & 4
WPEZ IR Uz, Los L, MR/ T A — 2 TAALRN R T A — 2 DS EE R
Mo gE (GE R 70D RXUTET Y U ARHONT-XRE %
Br<,) Tk, Z7 v s0iF BEEOBEEMIZAON R -T2, Fio, EH)
TANORFEE 7 0 LD & EOBEMEITA LN o7, (B 168
(Sazakli et al. 2014))

® WER~ADEE

HEMEob b7 a kD=7 ubedy OMiZ va b, =y v« VR
=N O=  FVlliliAb) OF < BOMEIRM I 5 2 5 AN NS A
WROHRIZE 2 DB ONT, ROV AT~T 4 v 7 bEa—% [F
=Yg A R ST To 7, BEEMETH D 5K 10 fHOFR
HOREER T 2RE L CE A L IEYOREITAER Y 1 A
O = r MEA IR RRRT U R I I I TV AR IT UL 572
WEE R 72 16 OFRAEWE A MiEt Lz,

7 a MMEEMDOIEL B L DT BEEE~OENRE, 7 o sMbEm &
PR IEAMAAE, DNA 5 M OV BB & 095 W EEMERILIRIC A B
TeNHRICAHA BN DB L 7 a MeEW & OMICE B BLEME T4 5 7
Moil-, (B 169 (McDermott et al. 2015))

T =BT, A (IVF : in vitrofertilization) %517 %
PIZB T DIEIETORRIROALFER L IVF (D21 L= o BESE
B & OBEIZOWTIHAE LT,

1993 4ELUFEIZ IVF 25213 7= 5,879 ~< 7% LT, #1 THIENHER S
TUABE DIEIRF DRV DAL A AT L, BIRVEFED U A 7 b (Risk Ratio)
EM LT, SCRMN AT o U A FRE 2B L CW IR 91 Bl 5 B
TR 28 WM XV BTIC HRIE L TW DX 16 il (18%) Th-o7-, £7-.
B HRERIA R E R & R L QW R 128 Bl od 5 B #EgR 28 # M & v #if
(ZHBRIEPE L TV 2DiX 32 5l (26%) Th oz, 7o — Mo\ r/nr
LZIFEL BEEI N TRV E[EIE LT RHBREE 2,925 Bl OAEIET o B SR FE=R
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X 28% ThH V., RBNAT v L AREEEL L CWIEIRO U A 7 ik
0.59 (95%CI=0.36~0.98) T -7,

ftimm & LT, BN ED IO REBFRELRER L TW T, HARGIE Y A
7D EFITH ORI 0Tz, 7272 U, IVF 0 EIE TIES ks 2 k1 O3 R L O
ZHEO T v AN BIRIER S 1382 5720, Z OWENSRFERITE DO X A
TOERICEAT 2 Z L I3@E TRV Ll nE LTS, (BIR 170
(Hjollund et al. 2005))

(4) MARUVERIECE EEEEE)

2R M7 v AMEEWIZ e FRBZEEI KB S NTG A DR
L, ROERIROFEA G E, T OITRETIRIES. PR L O
W Ze TG DIE AL DN SR N D ATREMEN B D, FTo, N7 v MEEW
DT BT, WMBEFRETDRENED H 5.

WA K DM 7 v A DRRZEMEE < BRI, Wiee D F8 AL BB O XN & (K R
BB D D, WS DPORETH, A7 v ADIF< & & S LURIRER L O
B RSN TND

b R ﬁé%%%ﬁ&i<%fjm%w PR 2 BUFICE T D56
WD, N7z v nE, TUAF—MEMEEREZEZTZLNI<HY,
HIE L RMIEE 2 < ATREMER H 5, (BH 14 (IPCS 2013))

O A
a. XKE

KEANA TN AT 4 VDT v AEEHEAEPE T3 TE D TN = el
EBITH L, BAME aR— MECHEFREN LM I N7, 1940 LRI
L, 1Y BT\ 493 4 05 E % 2R — x5 & Lz,

X< BRDLOFHIIL, 21 FIORSGEREEF A O 800 % # 2 2 7Bt D RE R
RICHEASNWTEY | 20 OFEEMARAETIL, 1943~197T1 FDO KM 7 v
LADORGHEBENTRIN TS, 1940 £ 1 A5 TERHE I 1972
4 HETOEA, 22 DFTOIXSEZ Y TIZONT, BREHRIZSE~ Y
v 7 ABMER ST, Rl v AR REIE EREIL, 28— MK TR
1.58 (mg Cr(VID)/m3)-4£ (SD : 2.5 (mg Cr(VD)/m?3) -4, #il/ : 0.003~23 (mg
Cr(VD/m3)-4) . Wiz &> CIT L7=w@E Cix. 3.28 (mg Cr(VI)/m3)-
4 (SD : 4.59 (mg Cr(VI)/m?)-4£, #iPH : 0.06~23 (mg Cr(VI)/m?)-4£) T
HoT,

Jiti g o SERE S BAFFE e 1X . A NA AN T 51/21.2 A (SMR241,
95%CI=180~317) T - 7=, it SMR 1%, FHHID 20 £ (1940~1959
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) ICEASNTWE5#F THEIL TRV, 1940~1949 4FIZEMH & T
WS B Tl b E o 7= (SMR326. 95%CI=220~465), SMR /%, J&
MW & & bizm <D Bty 20 FLL Lo #EE CTrbmr-o Tz

(SMR497, 95%CI=328~723), (£ 14, 171 (Luippold et al. 2003, IPCS
2013))

45 4R, Az vl LT 1 pg/m3 OFEMEIE & (20~65 %121 H 8
R, 1 4F 365 HH 240 H) %§0T“Cb\f:%A Em%? KBTI 54
JEFRINY A7 (lifetime additional risk) 1%, 2fEIX < @D 5 O HAM]
DI 72 - RO EIfR THE 2 T < k HE LIS, Mty 27 %
T LTI 0.00205, FHANYU A7 5/ (additive risk model) TiZ 0.00216
EHEE ST, BREEIIKE (EEICHZY 1 pg/m3 T 1 H 24 FEfH) T
WU R 7 YT DT, At 27 ROHMY 27 ET L TENEN
0.00978 (90%CI=0.00640~0.0138) } T} 0.0125 (90%CI=0.00833~0.0175)
Thol-, (BH 14,172 (Crump et al. 2003, IPCS 2013))

1824 FITKETHID T v AEAFEZ IRDT- AV —F » NINARLVTFE
7O U v AERE T2 1950~19T4 FICHIREA S 7= 2,357 4 DIEERIC
SONT, BAMEFAENITHOIL, ZOak— FOBHFEE, 1992 F£RKF
T“@%ﬁf'aﬁb:/)b\“(;%ﬁ’rﬂémto Tt O RSN D, 2,137 £ DJE R DI
SR (A MRSz,

HEHM P IZhlz> T, BHICFET AN vl (7 ==Y
NEE) R EEZ 70,000 FUBHZ DWW THIE L, Z OfERITHE-S &, 1950~1985
FEOBOR THHITI T DIE & OB TIT < BREISHEE S, Affi27 o
LDOBEIZ BENEHIN (£ 1 0.134 (mg Cr(VD)/m3) - 4=, A1 :
0.009 (mg Cr(VD)/m3)- 4=, & : 0~5.3 (mg Cr(VD)/m3)-4F),

ak— M RO D SMR X 180 (95% CI=149~214) Toh ~7=, SMR
X, A7 TV =T L7 e AE<KBERIISCTEFT2Z 0 HBL, &
e 2T < #&RE 0.077~5.25 (mg Cr(VI)/m3) 0 SMR 1% 224 (95%CI=160
~303) Thoim, Afliz 1 AOBRE L FRKOBE T3, s Y 22
ZTYHT 5 BT, MEMERICAERRET L L TR LN, 7 a ABREARE
WZEDAHEE BT 5507 2 2O BRBEIX < EEIX, i & osauvHE-
stz R L=, (B8 14, 173 (Gibb et al. 2000, IPCS 2013))

Eikd Gibb & (2000) O 7 v ARMEELEIEER 23T, Rfli7 v A
2L | JE AR N OE I 0 4 SOBERZNE Ol Y A 7 Z25h L
776
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iR Y 2 7 135l 7 v L olE L 5 &g - Jimfé%%rb BRI
f_ﬁtﬁ“}: FEOREZ R Uiz, (X< BEOBIIIEL T2 FIE L TH D FEH
ﬁﬁéuommF@JX7ﬁT%%tEL,E#ﬂﬁbk%@i<$a
fg/}ﬁk/yéﬁé WHENRKEN-> T2, FEORFEITL ﬂﬁaﬂbot;ﬂm .
i (30 H) ’%EP LTCIESBENT TN, 10FICh0 I Exsn%
ALY LEEBIIRE o7, 1T B INTAFImBE W i&%‘éwv) AT W
W2 &, KB OWFEEICB W TREFIN TR 7 v 2 &2 3R =TT 58
& —FHLTWe, 202 &id, FHEBIEBIFO O HIZAh7 7 51213 <
FBINDHZEN, EMIcOZ-oTRIEDNEZ o JZIF<KBEEINDL LD L
BNHDHZLERLTWD, D SMR Z/EEEB 01E< #&% 10 LN &
FNUBEOHIM TIHEL T 5 & X< ER 10 FLNO 2 SMR 1Tm< . A
i 7 2 DR I DN AMEE TH D | EORIFMEEZFF->TnWDH Z & a2 Rk
LTW5, (B 174 (Gibb et al. 2011))

b. K4

RAY DL N—=T =B R R2VT ¢ V7 D7 a ARARE TG R A
SHTWEEEBID IZHOWT, NMiZ e MEKELENAFLTRLE ORE A
1998 FETHE L7, AMli7 v 20X FEREIZIRP DY mA/;ar“%:/Wf
~—H—& LT, 23K SMR 1% 0.80 (95%CI=0.67~0.95), 4=
DA AD SMR 1Z 0.98 (95%CI=0.72~1.30) & L&H L7727, Eﬁﬁ@
SMR i% 1.48 (95%CI1=0.93~2.25) TdH > 7=, JERAWIE K OWH TIE FES
NTHOHro OB BRI 21T 2 A, ifEd SMR (CHHZH & X
IGRATRIZ A BN o Te, BHEIRT 7 v MRE TR 21To7-& 2 A,
s> SMR 13 E < @&/ (5200 pg/L-4E) oA TLEF L= (SMR2.09,
95%CI=1.08~3.65), F£7=., RFERF 7 1 LREN 200 pg/L-FLL L CTrIpf
FEIC L DI Y 27 DA RN 6.9 (95%CI=2.6~18.2) Th-o7=, T
5 OFERITRE T 24T > TH LR A B2 o7,

FHEDIX, NS0T —21T, s b5 a AORREMIX S TR
IXEME B D = L BT 5 L LTS, (B 175 (Birk et al. 2006))

c. RAANX7

7 u AKPEREDOH LI AT NRET Fl=—7 EVRKOEREZMR E LT,
BN S 7253 ) 27 2 EZEBIC AN, BEEEK OBRENS D7 1 LDFEL
2 DS IC 5 2 D AL T 2 7o OFR A 2 Fhi L 7=,

17D g ARAEPEDVEE TRRCIREE VL 7 AME S e < 7o 7= 1958 4E % 1964 4F
DBl S, D7 & 1TEM Bty L TWEER,
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1984~1999 4E Tl L 2 S iz Rl =—7 B KOER (BIES74 4
L B8 4) ARG L L, Au AT OENNABREEDOT —X L FED
s FIE SR & el U7z, F£72, 12 BAMEICESNTC, BE 30477
N—7 (Exp0: 7B AZIEKBEIN TRV R L=—7 BV RDOER,
Expl : 7 0 AZEBHISBEEIN TV RNWT 0 ASKMEEE ., Exp2: 7 1 AlZ
EZISBEINTWD 7 n AKIEER) IS0 21T o7, 612, T
A O LR R ORAT 7 v A REORIELIT- 72,

fitigs DA% Y 227 (RR) 1254 (RR=1.26 (95%CI=1.13~1.32)) & %tk
(RR=0.67 (95%CI=0.53~0.78)) DA ERENA LI, HEMXIZE
WTEIZHMITHEE Y A7 R3S 52 Enbnot-, Exp0 7 /v— 7 DRl
JiéAW92H000mD6ix:w\%7%£EM726HOOOMDéﬁ&ﬁ*atﬁ>Ekpl
7 V—7 O iR AESRIT 112.5/100,000 TH Y, Exp0 7 /L—7"D 1.42 f%H
wothm7»w7@wﬁﬁféiwommmmfﬁb]kw&»~
7D 4.04 fFEo Tz, MEFRERITZ 0 LASEEIZED T D 5E I
WTHEICHS, Exp2 7/ —7 _kwTME%%rLtﬁﬁi\EWOﬁ
N—T L L 5.5 RN T, Exp0 ZV—7 D 62%ITMRIEE TH Y |
SRR S T 2 FE U 7o AR 1 LIRS |2 e 3.4 R o 72 (P=0.009) , 2
I EER Y ZZ7WNFTHY, Exp0 ZL—FI2BWTHEEIC AL, L
ML, Expl XN Exp2 7 —7IZEBWCHIEIZ LA FEREEIIA LN
MNoTe (Expl:P=0.742, EXpZ'P—O 809),

fmm e LT, 7 2 AOMZEMIT<BT&IT, BB LB E2ERELTH, B

N=— 7 BEURICE Té%ﬁ@fg)xﬁl%f%otm(ﬁﬁlm
(Halasova et al. 2005) )

d. 12U7F

1951~1981 4FIC 1 LU EREHA &z 178 4D 7 v L - = THEEER
(116 A ITEE D - & TIHEFHXR .62 K ITIER D - & TIHEHR) ZXRIT
FLERIZHOWNTHE AN E ahR— MEENM TN,

RIRF ORI E (15 4) I3 T R (152 4) & —E L7228, 15
ZE BT (8 44) I E (4.2 4) ATV, BNA ’ié%
COIFEAEIT, HROD-Z LD EIISETHIFEED > = DIEERIC
L\ﬁﬁm_ﬁﬁfﬁot<%tﬁ7%\%ﬁ%tﬁ2%@oit\if
DOIFEIZ X DT, HED > EDIFEEEDaR— FTHALL GETH 3
& WIFFAETE00.74) & LTW5b, (2P 177 (Franchini et al.1983))
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e. AATF7FYIR

N7 v LA OIEL TR Y10 OFERIZET 53D A X T F U v A
IR S WD, 1950 FFELIFRICH R S 17z 84 DOICHRITI 1T 5 49 O
ﬁﬁ%%wtoy<@i< IFRZERBE IC B W T AL,

s bZEBEENTE FORT, 2 TCORERNEAR LEHAIC, BT
@%Wiﬁ%ﬂ&@otoif@ﬂhbiéSMRiuzf%D\%@ﬁﬁ
T, IREMRE O TRICEBIT 5% (SMR=141) IZERTLHDTH-
towa\ﬁﬁ%@iDﬁw@@%l%m%btﬁﬁ%ﬂﬁmbt%é@
it > SMR (£ 112 TH 7=, HEDO SMR (X 113 TH o724, BRFagHinL
Nk L7-FETIZ 82 Thot-, 1Z0D 6 5DNA (RISLIFE., B,
A AR R . AR, AR U LoNE, 1300 Y L oRERE ISR RE (other
lymphatohematopoietic cancer)) (2B L TiE, FrfET NS iAM RITG O
Niphnote, TNH—HOAZ T F U T AFERIE, N7 v L Z55 0 i
JEOZERTH DN NIDORGFT LT TREON A TIIRIEZERIZ R 57202 &
ZRLTW5, (2P 178 (Cole and Rodu 2005))

M7 v MEL BEINTAEERICB T 5, OEE, £iEE,. 5FE. /M
. EIRE R OEEE TR T A VAT YT A v I L a— K OA X TF U &
A %k LT,

ANti7 v LOEL FEE BIBROMN AL OBEMEZ T L 7=, TG0 E
FEHER 729 1950~2009 £ 32 0 CRIE, BN, FEE L OV H A)
BN G L LTz, W& A % SMR 2T LT-, DS, S, H
JE. FEE L ONEIGEICB W TE WA X SMR (XA LN o7, 72, %
AR OMENT . HEERFEIICIE DWW 7 7L — TR OfENT. K OUS 7 =
LDIXSBEPINONTNDER (BHE¥E, 7 n o XPEE, 7 o LFRHE
@%&Ué%?%) IZFEDSNW T2 T TN —T RO AT BN T, KE R —

IO EEREDOLE (A% SMR=1.49 (95%CI=1.06~2.09)) %R\ T,
ibmwi< %xitﬁ7ﬁw— BN TH, BV AZ SMR IIZA LI
IR o T, FRERRREROHIAL, BB, WU K O E @& RIS K DR 2
&H#@E%i%%ﬁﬁbt&_%\@ﬁ BEE N ORI HIAT 13 2 Z
SMR % =& 2 F[REVEN 8 5 —J7 . BEF 7B ENFITA ¥ SMR I ZF T
WG 220K ThD, NEEOREICET S 3 >ETOHREAEICK
T, U AZITHFHIEEIZHM L 0o Tz,

:m%@vx?‘v?‘4 v LEa—KORAZTF U AORERIT, SN2

IELS BENTMEEED HRERIVEVWEBRONAD Y A 7|2 E
6émxw%m\ EERLTWVND, (2179 (Gatto et al. 2010))
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TEEMED A7 1 ADIX < FICEEHT D250 OEFINZEN, & FOFEO
FIEE N7 2 ADOIXL RICEHERH D & T HINIAENAET DN EAXT
TV R K-> THE LT,

56 £ 27— b R OVEFIR RIS (RN, KEROT 7)) 6 B
[ZOWTO 74 DFEXFY 227 (RR) #EEMEEZ A 27 F U RZHWZ, FiE
L7-WrZei%, 7 o 085S, 7 a b o Z/E¥E, EMITIEE, AL oo
KAy MEE, BHEESORMZ 0 AX< B I HMEE L BRI
LR TH T, BREIZOWT, 2 TCOMEEZED R RR 1L 1.27
(95%CI=1.18~1.38) TH V. fHl%x D RR D 70%7 1 LV @h-oi=, Fi=,
JifE ) A 7 @ EF %2R LT D BATKL - T i Tk, BEOMRES RR X
1.41 (95%CI=1.18~1.69) & LV E< o7,

FFOIL, IO ORERIF, A7 v At Moxt U CTEBEORNANMEY
BThHHZ a2 L TED ., Bornneff & (1968) DIF - @ ¥E D B L
T OMEE L TWVDHELTWD, 2L IEDDAZT YR L
[FARICAAEROH IR ANA T AN L B L TR T 22 1T TETEDL
97, BRI K OIS O B & BIES 5 W < OO fERRIN - & 7 L 72 AFgEix
ENTH - T,

Fo, BT L T, ZEOWBERESWEZMIT LICRER, 1.1 2825
RR % & 72 L3 Al REPEIZR S . B & oFEEIEWEE 2 bz LT
5, (2180 (Welling et al. 2015))

1950 4F7 5 1992 4F £ THEBF L 122 A OfEL T A Bl 2,357 4 O
{EFAEEB D 2R — MBI 5, X< E-SEROIEBIEET A2 Et L7,
FRNE < BBIREE T 43 pg/m3, FHRFHIE < EREIL 0.134 (mg CrOs/m3)-
£ A OFRAEIL 0.39 4ETh o7z, 1FEBERIRICT 2 BERNAZ
KTHMET VE, AT YV BEURSITIC L - TRl L 72, — BT T L O
RIND . BRERAERT Uc, BRI ERE, (X<ERE (RE) BEE.
M-SR, B X7 AR O K OENZUSKRIST 2 RFEIE< &
IR & T L7z,

2 BeBEFE DN A2 R4 M T VIS LR Do 7o, il 72— BB 7 LI,
X< BREBEOMNFMRAFILTELZR L, &K 30 pg CrOs/m3 (16 pg
Cr(VD/m3) ORIEDFEZEGE Lz, #ENTEG ML R LTIZET /WX, 0.03
nug CrOs/m3 O RFHIX< TBHEME (X< EANEMEAEEHAESHY) & 0.5 pug
CrOs/m3 O RAFHIL < FFRME (X< BEAFEMHAMEMHEAR L) 2R LT, HEE
TIZEWT, K 0.4 (mg CrOs/m3) - 40 RFE 1T < TEEILFRA S iviz,
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ZDY A7 FHIMZ AW EFITI T 2817 v 2 & i o ;‘r<%}im§§
%@#%%%ﬁ@%ﬁ;iof\R&®@ﬁiffbﬁw X< BREIC
ﬁéﬁ%é&wi<%@ﬁﬁ*iéjxﬁ@*ﬁ@ﬁMﬂﬁékmﬁ%%
DRI BT Z A LOMEHADLFF S 7z, (3 M 181 (Park and Stayner
2006))

f. LEa—

7 a LT EF LY A7 FHIAFSE CTIEL, KE T B e H AT
(OSHA) MR E LI-FFAEE 52 pg/m3 L 0 RV T, FiIc L 5D
PRV AT BIRR 2%/ 5 L& L Cu\5, OSHA (X 2006 4FIZFFAE
EEZNETD 105D 1 THD 5 pg/mdiZg| X T, KARE L TIEL

FTVEEE 1,000 AY720 10~45 AOBREBELNE Z V155, X i
MﬁMHA Ko TBEFEEMNEEEZS T Z ERbhoTEL | MiEList

ICH BPEFED ) A7 bABEICHIML TW5D, 7 o ARREEER TIIRY ERE
WIS Z WO Z A T Th L0, ZHRMUEEG AL TEY | I E
ANENHD EEZLND, BN LN v ARIEEE O KIS ©
Hol-, L, BEINO 7 o AERBICEETT, 7o ABIE<&EICL
5%3&632”)%@k ITBABRIEN RN EEZEZ BN D, (B 74 (Salnikow and
Zhitkovich 2008))

A7 2 AOWANEL BT L DDARBEROHEIMIL S BTN D A,
%K%HéﬁﬁﬁmA@%iﬁﬁmAmmﬁ%ﬁﬁfj:%ﬂmﬁ%@ﬁﬁ
70 ADOIEL BITHENBAVY A7 3 EDRNZ EZ2RB LTINS, 22T, N
i 7 v L OFEWENRE, BIREME L OFE N A A B =X K E e L argell o
ATFHRE b b K OEM O 7S ARIFSE D B34 2 9206 L 7=,

A7 v A OVEFREREICBE T D HFZ2EIE. b LA Z 2 285 ENIC AU
TS HIEE Z D RTREMED 8 D & F54E L 7=, Hshie il &k 0N {5 E Mk
MR BIE, BEIE < B SN RN 7 v AT IO O MIE NI RN S 4,
DNA #3532 LIRS, ZhE TTHE—DEME V=R
iz v Lok O#EEGATERER (Borneff © 1968) IcBW\WTiL, &KEHEDE
RS V3o IRAE & bele L CHEICHM LT, 72, IROoNHRGHMTonA
2123 Ty BB T O ST 7 1 A R OVESNR O RIS < BT~ w7 AT
JEEGZ 75 Lic, HEESEESRMNT CRAE LT /KERIZL T, &
BT ORM 27 0 2T BEENIZE MICBET D AT AREZRME— D 2N AT
%% (Zhang and Li 1987, Zhang and Li 1997, f) %, HEEOHE o
MZER LT, S5, BERESBEOA X TV v AT HBOFKHAE

132



WnzmsLc, sEheri s —4%, Bhmhtr —F L RA D= LDT —
& LT, v MFSER OEMAFZEIC 31T D BIEESROINL, Ri7 =2 20
RO BERRNBADI AT S ZLERLTNDEEXLND, (B
182 (Sedman et al. 2006) )

g. FfifED MOA S 4T

A7 v LOWAIE, £ < OEETBE O 22 @tﬁébn CEELCE
V. FRIEEEONMZ 22 (2100 pg Cr(VD/m3) IZIE<FEEI N7 v 4
A PE 7 B8 C IR 721X < 88 - BOG BAGR K NI 25 %'J{%'f( ME K O AR (5 203
WE SN TS, N7 v ARSI LT, AR I XAE 010578
ﬁéﬂkNMAﬁffL&wt VBUEDIESBETO Y A T 579

T EOREE T — & %1&%5@%%‘;‘5 ENZIED D ORFEFEEN H

5 ZD=H, B FRNToHBEICBIT S hXvaxxTr 47 A, W50
T =% KOER T —# (mechamstlc data) ZFHf LT, ANMiiZ o L%
FEIHE D MOA i #4171~ 7=,

in vivo OE{rEME K % ’5')"7TE:ﬁJ}'§%§T 5’ AFEAERREETHY
ZESRAE FFME MOA % 3CFF L TR L, ABHEANA FT A ROYE
TR, AR E A I SR 291X E TEWF%% CHZEEXFFLTND
Z ® MOA 4 #ric %OU\T DR RFER O EAHIT, D5 H&Afﬂ

(bifurcations of the lung) Z351F 21K 127 7 LA OHERE N ONERE 2 £ 9
N@A%i%bfhéoﬂﬁw_kék\ﬁﬁ&mA@iiiMmXva
MO=fl7 e LD Ty ROBKE bTZbT, ZOREKLE LT, o 37
B K& O'DNA #5513, Mikofiin, RELXCHREGEELZ 7267, Znbo
AT MR EETE OB & RIFEZ . DNA BLA KL O/ UTIEBE RIS > 72 s
HAFALIRREED b E b 7253, 20 MOA 1%, SiEEOREMNIESET
U DY A7 &2 BREEICEE U7X RICIMET 2B 0IERIET 7o —
FOEAEZLFFL T D, (B 183 (Proctor et al. 2014) )

@ 0
a. W2
ANRA NZEBNTBREICEE L2 REIC L > T B2 RIE LT 4 4D
BHEFICONWT, RETY v 7 F A ML T, EZa L@ Y 7 AV
~ORN Tz, BEEFAXY Y CWAT A K OF:EWYE W A5
(SIC : specificinhalation challenges) 7 A F &%}, 7 v A~ K%
ATz,
2HDBEN, RIETV v 7T AMIBNWC, BZrifEN Y v AVDIC
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KLU THMEEZ R LIz, RTCOBEND, AZaY W AT A ML TRE X
WEZMEZ R L, T0UE SIC T A D 24 BRI L7, B 0 LD
U A(NVDOD SIC 7 A MZEWT 24 OIEEENERINEIL, 1 403 E
gt B, B 9 1408 MMM B S ER LT,

7 v MEITIE BEE2 T DEERIC, BEEME S 2 FE S 2 fTRetEn &
%, (M 184 (Fernandez-Nieto et al. 2006))

b. DNA &5

A v ROR 720 L TEREICETERITMENIC M7 v AiE T\ S
NTWDHZ LD, ) LTHIT OER 100 4 k0700 L TE»LEEN
TWAHER 100 4B IT HEEEY A7 FRCBEA NV ANRT A—4 (w1
Y77t K (MDA : malondialdehyde) . GSH %% SOD) K& T* DNA
BEORHEiZ 3 5728, RAKTHOAIZE 2 St L 7=,

7 u KRS BEENZ I =T, b2 v AEE, SOD i, MDA
IR KON DNA HIEENAEICE < (P<0.05), GSH EEIXAEITE-
7= (P<0.05), BA{LA b L ART A =% KIONDNA BIEROEIE, EH5
DI N—=TIZBNTH KHEDERITEINCE < B ST, BEHFERE O &Y
ETER KGR - 2 581 L7 AR AT B W T, EH 6D 7 L —7 1280 T
b 7 v AREL GSH RE & A B BIRIfR 2~ L MDA 2/, SOD
RN O DNA 53R L AR EMEBEREZ R~ Lo, 2ERNRERERITS v
AL BENTZTN—T DO NHEEIZE N> T- (P<0.05), 1Z<FEI T
TN —T IR TR RIE B OREEN R & < . WO THERE, HEILE
RIEB L EREREBOIEICREENRE N T2,

fEmE LT, Zli7 B AIE BESN TV A ERITBEREEZ L - 515
WERRIZE B ENTEY  WEDERO T NENMZ 7 0 22 X 51X &
DEELEZITT VY, (3185 (Khan et al. 2012))

V. ER#EEQTHREEFZEICEDCEREZEH LEZANR

1.
(1) HREFEE#E (WHO)
@ WHO frf/KKEHA K514 >

I PR 4% B < 0D ST

2011 FFIZAR SNTZERBIKKE T A 7 A4 5 4 il (2017 FI2FHEHD) IS
BWT HEKF DR 7 o AL T EHENA K7 A 2 fE L LT0.05 mg/L
DIRREINTND, ZOHA BT A AMETEET: LT — & N— 2T fEFE
WRH D0, ELTHEEINTWD, A RTA EEH ORI,

134



[NOAEL ORH#LE U152 8] 7 g MEAFZE N 4 72 5720, 1958 4E 2416
THERIRENTZHA BT A AMEIFEE EOBRAICIES S b 0T, A7 v Al
DNWTThoTllN, NMiiZ v LDOHRELGTTHZ EDRE LW, OBIZK
I LNIETHHA RTA MEICERE SN, L3N Tnb
Flo, 7R AIOVWTUTO LI IZRH SN TN D,
RO RICELY iz v bz 5206077 v MK ERENAE
HW BT, BEESAEMIBE S N>, 7 v hOBGE, Sy
TN TIERDBAWE L 72505, NTP OWFZE T, mWHEORA
i< BCRNAMEDIHLI R ENTZ, LovL, B EROWMIBE O Tidsih 2
B A7 v MBI NSO T, KR T E KSR IERIE T
%ékmo&%@%é PEFARAIZ BV TR, WARRIEIC K A AN 27 1 A~
7 &t & OB EMENFEIH & TV b, TIARC TiE, ANMiZ v L% 7
w—fl(tkﬁﬁbf%ﬁ AINED B HWE) 1T, EﬁﬁmA%ﬁw—73
(B MR L TEPAMEIC LD EN TERWVWE) (2L TW5, Al
7 v 2MEEMITIESFED in vitro B X O in vivo @L{z:fa: PERRER CRtE A2~
D, =7 v MEEIEREMEZ R S 70, | (3 H28-30 (WHO 2011, 2017))

Q@ ERcEMERLMETE (PCS)

IPCS I, RN v MMEADIEFR D ASLEIZ DOV T, NTP (2008)
IZBW T~ 7 ZZEZ v AT~ U U A KV %z fok b L Th
S+ RO OE A BB H BMDLio {E 0.094 mg/kg fAE/H
ZRH U AEEMREL 100 25 LT TDI 2 0.9 pg/kg KH/H & LT\ 5,

FED IO TIE, NTP (2008) IZBWTEZ 2 AT MU 7 ATk
Fi (VD Z oKk LTz~ 0 AR ONT » M T BAE K OV O %8 A B S

ORMB SN0, oML v FRAM7 2 2MEEMITRDIEL FE S
WIS EDORN AT A7 L OBREIIAHEIMENENE LTS, (/14
(IPCS 2013))

(2)@%ﬁ&ﬁ%%%(mmﬁ
IARC 1%, BEMITZ < BOEFAMIEORE RN G, N7 v MEEWI
olEEZTEL, /\fﬂﬁﬁ 2 A FEEBLORIEETONR L EBEDNH Y |
N7 v 2MEEH DO MIXTT 5N AN +728H 5 & LTn5,
72, IARC 1%, EBREMWIZKTT 2R AL+ 0d 5 & LTV 5,
LLES | TARC 1IAMG 7 v 2MuEMZ 7 0—7"1 (B MK L THERA
P23 % 5 :carcinogenic to humans) IZ533E L T\ 5, (B8R 27 (TARC 2012))
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(3) FAOIWHO SRIBMAMMEMREE (JECFA)
FHmE L,

(4) REIRZEHRET (EPA) /#HEVAVBEHR AT L (RIS)
mwmm:iﬂﬁ# B O 2, TDI IZFHEY T 21RO SR &
(Chronic Oral RfD) & L T, @I NAMEDIERAZRILL TWD, £,
— T, BN ONT, BRAESEOFRCERDIZSEICLD U R
7 DIFHRERAL L TV D,

D BHEOsm\EE (Chronic Oral RfD)

A &1 MEFERE B ZRE
(Critical Effect) (UF) (MF) (RfD)
f“%ﬁﬁwt@L, NOAEL : 25 mg /L 300%2 3*3 3X103
N 1AEMEOK (Ve agEh) sl 1L 0) mg/kg K
&Eﬁfﬁﬁﬁ ($a%Ri : 2.5 mg/kg KH/H) #/H
(Mackenzie et
al.1958) LOAEL : 72 L

%1 fUkE%A 0.1 Likg (AfE/H GREE) & L CHE,
%2 10 (FEzE) X10 (EARzE) X3 (X< BN AEIE L v EW=0)
%3 Zhang & Li (1987) THEHE IN7-E&ICx LT,

@ FENAHE

. BBAEREE

1986 4D EPA 71 A R T A > Tld, Affi7 v 2MEEBITRAIZ TV
—7 A (BEmote FEBAWE : known human carcinogen) & 73 E I T
W5, RHIEEICEDIEDAMEITHEARRE S, Z7v—7 D IZnHE
ENTV5

1996 4F0D EPA 51 A K7 A4 VT, AMliz 2 MEEWITLLT O X 5 708
HIZHSWT, MARKBICED2BMOE FEPAME L SN E LTS,

1) 7 1 ATHREEMEIT K B S N2 9783 O F R ORERIT. W uoafse
FROMEDOHEMD D TH->TH—HL T, 71 AT & LMD
I, HE-RSERDIHSL SN TW5, 7 o AIEL ESN=9@E 1
A7 v AKROSRM Y 2 2O OLEMITIESBES N TWDN, BisE
BRCIINE T & DD I BANMER A LI TWD Z Enn, Nz a2 L0
HBE NENAEINZ RSN DHNETHD Eibam ST,

2) B FERICBIT AT — X, Nz v AT 5 e N OEFIEORS R
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E—HLTWD, AMiiZ v 2MEEMIET v MO~ T 2D ANTESR IO
(27 v b OKERNEA K ORE XREANTENZEILDFALO D A, T v b
DO THENTAEAZF|ZEZ L TWD,

3) in vitro T —# X, féﬁﬁﬁiﬁﬁ{ﬂﬁﬁ o ADOFEN M MOA Z R LTV
Do N7 v DT R DFED AT, A7 v AN T =7 v AMZET
BTSN DHIE, BRIl iof ZEIRIE R A -+ DNABE A RAESE D 2
ENRRE 2O E LivZn,

b. #OIECEIZKB)RY

EPA 3. AR CTORNANEZ RTT —X N2z, NMiZ v ik
BMOROFRN AT T 2 E LTWA, (3631, 32(EPA 1998a.
1998Db))

(5) XREESHYERRZHWE (ATSDR)
ATSDR (. Affiz @ AZHOWTEMER DIZ<@EOR/NY 27 UL
(MRL : minimal risk level) %##%E L T\ 5, NTP (2008) |2\ CHf~
U AIZE 7 v AT R U A ZKF(VD EOKEE L CAR LR+ TR
B D OVE At EEGEZ A D 5 BMDLio B 0.09 mg/kg {AH/H 2R H L, Ak
255 100 @A L C MRL % 0.0009 mg/kg {K&H/H & LTW5, (M 26
(ATSDR 2012))

(6) BREMRREHE (EFSA)

EFSA O 7 — FRF = — 2 IZBTDHEEMEICET 2R 3% 1
(CONTAM (Scientific Panel on Contaminants in the Food Chain) /3%
V) X, 2014 -, B R OEEKHR O 7 B AMZHOWT, BriEREL
ANF LTS, CONTAM /Xx/UiE, Bintorsa bz T =MM7 b,
R D7 v LE 2 TREZ v b EGE LRl 21T - 72,

N7 7 MZEI LT, 46,234 JOSBIKT —Z 67,000 44 LA E (22 7
E o 32 D) OBERENS., AMEZ e LDIE BEAHEL TW5H,
AT OFHE M ORI BT 2 5% 0.7~159.1 ng/kg {AHE/H ., 95 /78—
A IVEE 2.8~320.2 nglkg RE/H LHEE LTz, FERBAEEIZON
TIZ NTP (2008) THA LM~ T AD+ IO OE AN B D
BMDLiof# 0.11 mg Cr(VD/kg (R 5/ H % &3 A 22825 Tid NTP (2008)
TH BT MERE~ 7 2 D/NMERRIE B D BMDL1ofE 1.0 mg Cr(VD/kg &
/A Z, £, MIE~DOEEIZHOWTIE NTP (2008) THOLNZHET v b
D~< ~ 7 U M ® BMDLos fiE 0.2 mg Cr(VD/kg K/ H % FES & L
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T, NI BE~— > (MOE : margin of exposure) ZHH L7=, FE
FEIN RS K NI 20 MOE 13V 371 100 & Eal > Tz, R A
WD MOE 132X < §2C 1,400,000~6,300, 95 73—t ¥ A AT
360,000~3,100 T& - 72, CONTAM /<Sx L%, BAT LUz T 5 S5l 7
2 ADEL TEEIL, IS AEICET 2RIV ST T 7, %%75>
%ﬁﬁﬂ_/)b\“( I, ORI BEMTIIRRITENEZ 2 5008, mid

TN (FRCILE, SRR 2 OO 148 TIHBER RSN H D0
Lzhiﬁb\ e A 72,

B, Sl o AoV T, NTP (2010) v =Y UER7 1 h— K
D% 2 FHl~ 7 AKONT v MUREEERE LERBRICB W TEIAKLDE
DIMDOFELBNR SN N1 2 L E, ke HED 286 mg/kg KE/H
% NOAEL & L 7=, Eﬁﬁf\@%ﬁﬁ%/)b% 7 v LE KRG LN D9
DORBRIZBWTIE, FIERICRAIEH D2, 30 mg/kg (KE/HFit%OHET
A Je OB FEFRME N A B LT=, NTP (2010) 2B\ Cik, 3 AR o&KE T
HAEFHSRE R, B 137 A —Z KO EYICEN L LN D o7z, PLE)
5. CONTAM <x/uix, NOAEL ® 286 mg/kg K&/ HIZ, NhEFEEHE L
L CREZEMK OEEZED 100 12, A5 KLU %@%@Jﬂ\fir AR
EDORFEFEMEL LT 10 ant 1,000 Z 3@ L. TDI % 300 pg Cr(IID)/kg
RE/AE LTS, (B 25 (EFSA2014))

(7) EE5E4
IAREREED RE UIZB T 2EHEE ) (CERk 16 48 4 A BAR RS EHS
AIRREKESS/KEEREMZEZES) ([, #EiHhic>n»T, Lok

BOELTWD
Fﬂ/\fﬁtﬁ}:%@ HREEIC L D7 8 AVDOEB DT, TARC T
X7 B A(VDIZZ A —7 1 IZ3ES TS (TARC 1990), &7 7 A&
7 v A(IIDIE, & bR OSEEREM) T O3RN AMEIZEE U TRl A6 22 @ Bl 72
BTNz 7 —7 3 (B RRBAMES D ITHETEZ2,) IIhES
NTW5 (TARC 1990), 1958 4> WHO O International Standard for
Drinking Water T/Nfli 7 v A ORI IS < Fe RMNA TR A (Maximum
allowable concentration) & L C. 0.05 mg/L 2425 7=, milEl O R &
NWHO (1996) OFHIIIZIsWT Z OFEEHE 0.05 mg/L (2 DOV THERE 72
ST, R AR 72 BT — Z 1308 LUWMEZE ) e & Sz, AW A
BREEIZ L DDA ENTED N TWDH N, RO EHRERCIL, BHE RN
HIEE 8D LTV ey, EBEFRE L LT, BIMEHRAFIHTRRIC 72 D
7O ADRHFMI S NS ETIEL, @BEZELIETZLFENEEZILND
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0.05 mg/L WNEEMFEE & L THEFF ST %,
D%, FHMEE I 03 D B e R IR S S TR, |
Fo. KEEEE () OFHBEICOWT, 78 L0@EMEIZ OV T
KEBOVRMOLDIZERTDHIERZYTHLHZ b, BUTEERD .,
0.05mg/LUTETHIENEYTHD, ) LLTWD, (B 186 (F4E%
B4 2003b))

2. BEZEICEODCIEEBEZEHLEZAMR
(1) EEER (NTP 2008) ZAUL\-41R
Stern (2010) |, NTP (2008) ORBFER N AR—T T 7 7 X — %
HLTWD, i~y A0/NMNglEREEZ T RARA > & L, BMDLp 5 1.18
mg Cr(VD/kg /H% POD & L7, 1063 0NA U 27 TOEBHHR G &L 1.17
~1.73X 103 mg Cr(VD/kg RE/H LF1HE L, FzZEMAEIAEEICE S MHIE
IZE->Te MgEEIZEHB LT,
bt NEMAE (HED) = (B#KE (0.05kg) /b MAE (T0kg)) 025X
W5 EOHER S, 106XV 27 ThOe MEEEIT 1.91~2.83 X
106 mg Cr(VD/kg (KE/H L 720 Au—7"7 7 7 % —|% 0.35~0.52 (mg/kg
KE/H) 1&leolz, ZDHH, 108 NAU A7 TOE FMEHE 1.9X10
6mg Cr(VD/kg AE/HZ#BA L, An—7757 27 %—% 0.5 (mg Cr(VD)/kg
RE/H) 1& L7, (73 (Stern 2010))

Haney (2015) &, <Ml 27 & L DIENANEIZHOWT, IEREEIELE L DK
HESMET 7o —F R OIERERER Y O7 7'n—FIZ L o> TRIEZTT-
TEY ., EREEMEE Y OT 7 a—F B IEFN AL OFEN A SE A [0S
LZRID ZHH L TWD, v~ 2D 90 HREIFUKKGRBRICBIT D, &5/
DO+ Y70 ORI v AEE (Kirman © 2012, Thompson © 2011b)
& NTP (2008) DM~ 7 2D+ Fg5D N E A R A DI A S 2 5L
(2 BMD KU BMDL #% L., 7«1 v b L7ZET /1 (loglogistic,
Dichotomous-hill) ® BMDLio ®-2E 1.39 mg/kg + 4515 % RfD FH >
728 POD & L7-, ZDfE% Hill Model »X%& VT~ 7 A0 05
#®0 POD IZ#H L (0.31 mg/kg {AH/H), UF100 (ffiz= 10, {E{KZ 10)
Tk L. RfD 0.0031 mg/kg fAHE/H % HH L7, (M 187 (Haney 2015))

<PBPK ETIZ#FEHL-ME>
Thompson ©» (2014) (%, NTP (2008) OHE-KI&T —X &> bnb,
INGEE & 5 & He < BB A ZERET S EMERE O BAE (Chronic
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Oral RfD) ZEHL T\ 5,

T U DI, 7 A0 PBPK €7/ (Kirman » 2012) % HWT/NGHELRR
(+Z560. ZZEAOER) TOXRMZ v amzHfie L, VE AN EROEE
OB % 5] &t Z S 72 BMDLos fE % 0.84 mg Cr(VD/kg /Mg/H & L7z,
COoEE~ T AL E SRS DRI, fED D D REMEEM
(pharmacodynamics) O R HEFEARE (UF) & LT3 %#@@MH L, £ @ PBPK
7L (Kirman & 2013) ZHW Tt NOHENMLOWEIE% 0.75 mg
Cr(VD/kg /MG B . /MG SIROELY iAZ &% 0.092 mg Cr(VD/kg /N
/HEFEH L, ZNH0fENb e MEEEHIXCEEEZNE 0.061 &
(ﬁ 0.059 mg Cr(VD/kg KE/H EHEH L=, 2D 2505 b FEJETFY

< # 5% 0.06 mg Cr(VD)/kg {K&/A & L. [{k3£0 UF & LT 10 i/

CEEERICEIT T AREL L TCoOOE AN ERBERIZH LT
Chronic Oral RfD % 0.006 mg Cr(VD)/kg {&E/H & L7=, Z ® Chronic Oral
RfD 1. /NG TOIERB AL OERAVEBO T L AT HETH Y | K
A T0ke, — HHOKES 2L/ H &2 & HOBHKIEES & LT 210 ug Cr(VI)/L
L7025, (2188 (Thompson et al. 2014))

Thompson & (2017a) 1%, tkE S #172 PBPK €7 /L (Kirman & 2017)
ZHAWT, NTP (2008) OH&E-LT —F v v, RfD ZEH L T
Do

~ U A0 PBPK &7 /v & WML (5815, 22105 & ONE) To
N7 n A EEZHTE L., OFAMEERBEROBERZG I 20
BMDLos % 1.1 mg Cr(VD/kg /ME/H & LTz, =~ T AMBE h~SMFT 5
BE. ZOfElz, fEFED 9 B toxicodynamic factor © UF & LT3 Z3HH L,
t ko PBPK % /1% il > C PODnep % 0.020 mg Cr(VD/kg /H & EH L
72 ZOfEIZ, fE{&zZ>D UF & L T, toxicodynamic factor @ 3 KO
toxicokinetic factor M 2.4 ZEH LT, v~V ADOWE AM: ERIEERIZEED
< RfD #% 0.003 mg Cr(VD/kg 1KH/A & L7-, AHE ORI T, T kO
D EMEIRAE K N~ 7 2 DT ORI IS < RID $[FE4ARIZ 0.003
mg Cr(VD/kg KTE/R &g o7, =0 AD/NBEG O EEEZ TH 5
OE AME ERGEIZRIC IS < RID 28 H L2, 2 @ RID (FZELE TOHEM

BT TR IERPAUZEL T S2ETH 5, (2 189 (Thompson
et al. 2017a))

(2) ZZHE EEEREECE (RA) ZRAVEHNR
ME-FOSBER A 72 2 SO HEE 2 FERIHA (Crump 5 (2003) DK
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EDANA FINASA X7 4 VDOV 2R — b KU Gibb 5 (2000) DK
EDAY—=F» FNARLVFET OEEE aAR— ) IZBT 57 0 LARREERE
FEHETOERWIIEIETRIZEDSNT, KRNI Z 2 2@ Unit risk factor
ke LTc, £z, 4 DOEMEEILSEO 7 n ALY (R4 Y DL R—7
— B RN T 4 7 CKEOT XY RN a— A7 Y AT 4 WS
— AT A TINF Y v A~ A V) OamR— F L CTRiBIAY 225 2
1To7,

Crump L DOFHETIE, ZNV—T DT SN2 v 2B < &IZEHE
L 7 s sE C R O BINE & OB L . AT Y BUFR ST 2 AW T2 R 3R iE
FIxt U 27 BT AVOMEE (B) ORI i &k O L EME OB I W,
Gibb & OFE TIL, Cox il — FET AL Z feiii 13 < %3 7" (optimal
exposure lag) Z MW CE L, O CHALRE (i . ) |2 X2 2E%H
BLUTREEHE LT, 20@W%E’Jnﬂﬁ@nﬂﬂﬁ&U*ﬁ%E’Jiﬁnﬂﬂﬁ (X LT,
Unit risk factor Z i ET D 7= OIZEMB oM E AW, 2 DOEFHITHE
@ Unit risk factor %, At Tf—f@ﬁ%ﬂﬂb\f%ﬁﬁ_ WZHEH L7 K& R~
7 50 Unit risk factor T 5 1 pg/m3(2->X 0.0023 (XEMEITEY 5 H D
Thh ., ZHITHIET 5 104, 105 KN 106 OIBFFENAAIEY 27 L~L
DYLFEIE 0,042, 0.0042 % X 0.00042 pg/m® T 5, (£ 190 (Haney et
al. 2014))

JZ BT 7 v AR HIIRANE TSN D 2 & &, ANfliy 2 LD
R MOA KT HEEESR LA L, BT 71 —F 2L > THEED
o DFN R AT o Tc, BYERAZRYE (chronic inhalation reference
value) ZH M T 5720, KEDO A NA LTINS X T 4D ak— |k
(Crump © 2003, Luippold © 2003). KED AV —F > KR /NLFET
D ar— bk (Park & 2004, Park and Stayner 2006) &4 SDOIKHEIE
SBOI7a BT (RAYDL =7 —B U KR )LT 7 KED
TXYFAMaT—=RZAT7 VAT 4T —A T T A FTMF v v A~
») ®=zk— bk (Applied Epidemiology 2002, Birk ©» 2006) %t L7-,

ENEND AR — MTBTDHMMHFEY A7 2 EF LW v Lo B
i< FEELHXT Y A7 ET VL > THRIEL, Ik bIEN- T A Y D ak—

B2 B2EIE<ZEE (0.195 (mg Cr(VD/m3 )-4) #18MEW AS A
u”:?@ POD & L7z, 0.195 (mg Cr(VD)/m3)- 4% = D 27— kO ¥ < #71Y
MCThHsd 9.8 FTERL 19.9 ng Cr(VI)/m3 % PODoc (B FEHIRKK IR
J£ : average occupational air concentration) & L. Z OfE%Z —fxEM 26
i L7z PODurc (human equivalent concentration) % 7.1 ug Cr(VI)/m3 &
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L7z, UF30 (f{A7= : 10, ¥ —Z X—ADMHEORHEFEME : 3) THL
72 0.24 pg Cr(VD/m3 Z &8 HEW ASHE L L7z, (M 191 (Haney et al.
2012))
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< BIHE - BEFF>

8-OHdG 8-hydroxydeoxyguanosine:8-t K% 54 X% 77 /) v
AAS atomic absorption spectrometry : Ji W EETE
alanine aminotransferase: 7 7 =7/ F 7 AT =T —
ALT P
aspartate aminotransferase: 7 A/XT7 X UET I ) F T R
AST — s
Tz —F
ATSDR The Agency for Toxic Substances and Disease Registry : K
= B B R B S B
BMD benchmark dose : X F~v—7 R—X
BMDL b:enchmark dose lower confidence limit : N> F~v—27 F—X
S48 T BRAE
BMR benchmark response : "X F<—7 L AR A
BQC betel quid chewing : & >~ Z T E
CI confidence interval : 15#H X [#]
CT computed tomography : = > B = — % — W@k
Codex Codex Alimentarius Commission : EEENLEEEE S
CV coefficient of variation : Z#{REL
DRC dynamic reactioncell : A FI v 7 U7 7 a &
EFSA European Food Safety Authority : BXJH & 522 24 ES
EPA Environmental Protection Agency : K[E R IRET
ETAAS electrothermal atomic absorption spectrometry : &5 JNZEAR
TR EE S HTiE
EU European Union : FRJMNHEA
FAO Food and Agriculture Organization : [EH & f ke = A
FAAS flame atomic absorption spectrometry : 7 L — A-JF -7 56
FEo AT A
GFAAS grapllite furnace atomic ‘absorption spectrometry : 77 7 7
A MFEEA RO STk
GSH glutathione : & 7V & F 74
GSSG glutathione disulfide : F{b 7' )L & F 7
glutathione-Stransferase : 7V ¥ F 4 -SF N7 A7 =5
GST T e
HED human equivalent dose : & %4l &
high performance liquid chromatography : & &k {A 7 o< bk
HPLC .
7774 —
HPLC-PC high performanci liquid chromatog\rgphy with po:ﬂ:-co‘lumn
derivatization : @K IK 7 o~ N7 7-R A N BT Lk
IARC International Agency for Research on Cancer : [E=E75 AMF5E

e
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IC ion chromatography : A 4> 7 u~ 77 7k

1C-PC ion chromat(?graphy with post-column derivatization : 1 74
Yru~<w N7 T 7-KANIT ALK

ICP inductively coupled plasma : FEHES T T X~

ICP-AES iAnductively coqpled plasma atomic emission spectrometry :
HAE D 7T A~ HTE

ICP-MS indl}ctively coupled plasma mass spectrometry : #FEE 5 7
7 A EHE&OHTE
International Chemical Safety Cards : [ESFEI 298 2 e

ICSC e R

IPCS Internatif)nal Programme on Chemical Safety : [E 524
B AR
Integrated Risk Information System : #t& U A 7 [E#s AT

IRIS A
International Organization for Standardization : [E 2 #E{L

ISO )
Bk

JECFA Joint FAO/WHO Expert Committee; on Food Additives
FAO/WHO & Rl dniisNY) R R 2k

MCH mean corpuscular hemoglobin : *F-¥J7R i B i 4,35 &

MCHC mean corpuscular hemoglobin concentration : 7RI EK I
BRIRE

MCV mean corpuscular volume : 7RI ERAFE

MDL method detection limit : (HEEICHES) B FERE

MF modifying factor : fEIELREL

MOA mode of action : 1EHHF

MS mass spectrometry : & &7

NADPH n{coti{lami(i}? adenine din?cleotide phosphate: ==2F > 7 I
R7T=UX 7 VAT R Vg

NOAEL no observed adverse effect level : B

NTP National Toxicology Programme : CK[E) EZR#EET v 77
A
Occupational Safety and Health Administration : >K[E 5518

OSHA P
AT

PBPK physiologically based pharmacokinetic : ZEF 1) 2Ky EhAE

POD point of departure : HFE

RfD reference doce : 2/ &

ROS reactive oxygen species : /&R FETE

RR relative risk : fHxf U 2 7

SCF Scientific Committee for Food : FRIN& A 2R B S
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spontaneously immortalized rat granulosa cell line : H#XIZ

SIGC FHAL LT T v R BRI

SMR standardised mortality ratio : FE#E{LIE T LE

SOD superoxide dismutase : A—/3—FF L KT RALH —F
TDI tolerable daily intake : Mi%&— H & &

UF uncertainty factor : e FLREL

WHO World Health Organization : S ARG RE
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NTP: (National Toxicology Program ).Technical report on the toxicology

and carcinogenesis studies of sodium dichromate dihydrate (CAS
No.7789-12-0) in F344/N rats and B6C3F1 mice (drinking water
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Thompson C M, Proctor D M, Suh M, Haws L C, Kirman C R, and
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