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A Bl ST AETEIZ IS I RECEK O Bk B O SOEIZ AR D FEME RS X,
FENZOWNWT, I Rx TN+ —F =8 (FE - BREA)] KO TIXxT V04—
H—¥H (i - BREIE) | O HBICBWTHE LRV LIZBET2 b0 TH
%o THRECBI KIS AU —F v 7 VA —F1F UM ER IO\ T, B
T FiE i BT & T2 hE L 7=,

RO —X 77 N—7L LTk, & MrA#FZED LOAEL 65.92 mg/ A/ H
(0.94 mg/kg KE/A) (HgHE LT) ORIMOFT R TH 577 1EK SOD & D
KT IXFEFICBMARFT R Th D 2 b, Fiz, WD EWFRINC MR RER Y
THDHZ LICEEL, 0.94 mgkg AHE/H % 1.5 T L 7= 0.63 mg/kg AREH/H
(High & L) % 18 LL LR AT HO W THENDOBREICE T % FIRE & f)
WL 7=,

KU =X T ITN—TIZBNT, SRxT7NVTUr—F—F, KEKEKOEBFHE
RRIZARICB T MO — A EREEZHEE LR, FHMNARREDL 0IX
0.090~0.14 mg/kg (KH/H, #Hifhz L <EBIRL TWD LRE LS (RER
) ORMYLVIX0.26 mgkg (KE/H Tho7m, /-, BRKRAMELY THD
N, FOMOENE CREERERN) 22 THE L-HE., BEREORMEDL
V1% 0.55 mg/kg KE/H Th o7, b EHENOEBIREIZEET 5 LIRE 0.63
mg/kg RE/H L L, I X TNV 0+—F—5H, KEK, BFEENL O
FEREUC X » TRBEEENAE LTS Y 27 3RV &l L7,

BEMEAEBICE S T3 x I 0 o+ —F—3H (FHE - BREA) ] KO T x

TN —4—H GEE - BREEE) | O BUEICHEN O E 2 HiE LW
Ay ERNICEBELTWD I R TV Y +—X—H)r b O OHEE— HBEEE

CEHM 2 RS Y 0.0071 mg/ A/BH (0.00013 mg/kg (AE/H), SiERED A
fEH D 0.17 mg/ A/H (0.0032 mg/kg AHE/H)) X, FBOIXTI LT 4 —H
—JH, KK, BHEENLOHFHOHEE — HEIEIZH S THYERWNETH D
ZEMND, IRTNT F—F—FHNLOHGHEIUC X o TREEZENAE U 5 7]
REMEIFEWEB 6N D,

¥, BREOHMAZZL IR TIVY & —F —HHPMFET D ATRENE b HEBR T
SN b, VAZEHEBIII AT VY 4 —F OO HIRILO
ERIZEZOHETH D,
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Wpk 27 429 A 29 HOH 578 IR M EZEEERITBWT, MbFwE - 155
YWERMHAES ] OAHD EEWESEHEMHES) ko bnd e L biz, £
I (2 A 7= 2 Rl R S E DR # 2 L 0 Y- HEHIZITH) 2, ZRET
LE - 15 EBHRMRE S PATE L C & il 2 E o iERHIC OV
TIE. JRALL FHEI SR E S ic T —% o SN — T e BN EREEEE D TICH
B L CHERELITY) 2L &,
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—X LT IN—T | PR BEEN, YT —F SN =TI B W B R HELIT
2T keI,

I. FHExERMEOHE
1. &R - &
FENIMNAEMBE IR TH Y . EXUIF SR DOTE TR TOR ML OEE
KPNZAHFIET 5, #eno ERBEYRIL, BFILR&ML TH D (WHO 2011) [1, 2],
BRBEH CIE, MliERITE & LT L OHER S IS ET 5, oYL, 12
BAEMA 2 1L 0 BEABAT Lcdignix, TR HIZ, & 2 Wik R 12
ET D, RKRP O FIXENCEDETHDLVIER 2 LI L ETIZLD
TR OKIEA~BITT 5, 1, BAbORIHC, KEHDDOILEIC X K
~BAT LI E. KA A & LTCIFEET D (NITE 2008%0) [3],

D RIaithsE T 7 v = Eedsh ) (BB 2R (2015) KON ThiEsdEgn |  (2015) (28
WTER L TWDXCHkIZIE, eFIA2fFE L=, LLTRC,

5



2 oS A ey & LT ST 5, AL, Bl en K&
UL FEN IXUAVAAERI N 8 D Z & BALBEKICELA ST Y . B bdsni
AEETIEDIZHWONTWD, F7z, WfgiisniL B3I, SALdEEnIIve 0k
RS, Zva v igiins g a3 287U A v MIREERER S (e
REAAL) & LCHilkEhTwg (NITE 2008*) [3l.
& @ M h K QS E AT T MR EA SN TV 5, &Blisho—kT
P2 RISk DRI B E B T2 oWiE (HEhd - &) Th D, Wbl &
O bl A aRe, €7 I v 7%, Bbilighi3 = 280EC, Frfedish, R
{LHL g e OB d gp X AR M R, MO E R R A S ATV D

(ATSDR 2005) [4],

2. AME

3. YEFHER

ZF1-1, 1-2 LY 1-3 12R7,

4 WS
H4,  Zine

CAS 4% %& 5 : 7440-66-6 (ICSC 1994) [5]

JLFREL A Zn
JFE& : 65.4 (ICSC 1994) [5]
JH+ZF+H . 30

RS ITRR 2 L ETERR DS & 5, @B High b OHELE B & 4 D MBS rg PRIk

=z 1-1 £EHMNKRVHERIEESYDOYIEILZRMR
) 4 L gh [ AL HE SR e TR [EII RS V=4 kA
CAS %4k | 7440-66-6 1314-13-2 7646-85-7 7733-02-0 7779-88-6 4468-02-4
. (€7 X7)N €7/ X7)N €% L7)N
x5 7446-20-0 10196-186 12389-19-4
(LAKFu) (RAKFn) (ZKFn)
[{a===2v Zn ZnO ZnCl, ZnSO,4 Zn(NO3)2 Zn(CeH1:07)2
€17/ X7)N €17/ X7)N €% L7)N
7ZnS04 - TH20 | Zn(NOs)s Zn(CeH1107)2 *
(-EkFnim) 6H20 3H20
(FN/KFnd) (ZKFn)
R 65.39 81.39 136.29 161.45 189.40 455.73
g (JAKw) (fAKw) (JEAKD) |
Oty #) 287.55 297.49 509.79
(K Fn#) (FSAKFn) (ZKFn)




s & E R [ERENSEEN SRENESEEN LSZNEAEAN [ERAESEEN [ERENRSEEN
(fk ) (R W) (oK & =7k
G it LSZNEAEAN ¥ ORA)
(F7KFnd)
Al (°C) | 4195 1,974 290 680 (47fiE) 36.4 185 (43fiE)
(€. 7R 7)N (RokFn) (fmEkH & =K
100 131°C TEXK | FipoREY)
(A Fni) L/l (9
(SR Fni)
e (°C) | 907 - 732 280°C THEK | — -
L1 X9
(LK Fnd)
prdicy 7.14 (25°C) 5.6 (25°C) 2.907 (25°C) | 3.8 (25°C) 2.065 (14°C) | # 0.9 (i)
(glcms3) (€:7<7)N (F7KFnd) (JEKP) & =K
1.97 (25°C) T DRAEWY)
(oK Fndm)
T R R 4,320 g/kg 577 glkg 1,200 g/kg 93 g/kg
(oK) (W RITAKE | 1.6 mg/L (25°C) (25°C) (25°C) (20°C)
FOS L TKRFEE T (29°C) (€7 <7)N S Fni) (MoK & =K
) 540 g/L M OREEY)
(20°C)
(oK Fndm)
PRI TilEER AR TR IR [ R H)- s RYR TH)- o BIEE -
(Fofh) | B A OkFx | B AnE TrHERS - A (oK Fndm) (7K Fnd)
54 TUESTK ¢ RIYE H)-l s AR
T/EZTIK ¢ AR T KEEHE © FT | 7Eby ¢ ATV
TWI)AKYAHE « AvE | A
OUkFE & F4) )=l AR
(NITE 2008*) [3]
#F1-2 HREEYOMELERIMER
. ~F Y T4
7N ,uﬂﬁ”/\ Eﬂi\/\ L fafﬁi”/\ 7 ﬂﬁ./\ ) ﬂﬁ./\
Zlﬁ‘ H’F@z fu iﬂﬁ u] flﬂ\ﬁ& u] vk (af D/]‘/(ngéﬁﬁ:} 7kﬁ&f|ﬁ 0
CAS %% 5 | 557-34-6 7699-45-8 3486-35-9 7783-49-5 16871-71-9 20427-58-1*
a5 Zn(C2H305)2 7ZnBrs ZnCO3 ZnFs ZnSiFs.6H20 Zn(OH):*
TR 183.47 225.19 125.39 103.38 207.46 99.39
prfia HiA}Eh 7 ZETH RS FERHGL U =R R K w7
Al (°C) 237 394 300% 872 ND* 125%
W (°C) 200% 690 ND ca. 1,500 ND ND
B (glem? 1.735 4.201 (25°C) | 4.398 4.95 (25°C) 2.104 3.053
o Y TV AN | AT Y PR
(7K) RS
VfiRIE Thash s WIEE | Thaow o A | BE ORI Hak I - % ;AT
(Z DAt TN R | Tw) R | R AT TV ;T
AKERALTVE=0h « ATEA
T LK FEIKIRIR - 5
M AR
Doyl

ND: RiE (not determined.)

(WHO 2001, Handbook on the Toxicology of Metals 4th* ) [6, 7]
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& 1-3 HEEMOHMEBEFIEK

R ERVEIo: kA DIV Tk U AbHgR o -hit b #igh LR
CAS %k%& S | 10139-47-6 7779-90-0 1314-84-7 1314-98-3 1314-98-3
=== Znls Zn3(PO4)2 ZnsPs 7nS 7nS
St 319.19 386.08 258.09 97.44 97.44
el VAVt &5 1EJ5 i Vavr N7
whs (°C) 446 900 > 420 1,700+20 ND*
s (oC 624 ND 1,100 | ND ND
i (C) Okt 538
IE (glem?) 4.736 (25°C) | 3.998 (15°C) | 4.55 (13°C) 3.98 4.102 (25°C)
(Eﬁi‘ﬁ ok s =
Ry A e
(k)
VAR Tha-n ;. AR i AR NRyBrwEE | Thav s & T | BT LK<
(Z DAth) I=F o AR KEE(LTV/E=Dh: | TR bRE A | KL<\ D BT 5
A Tha-y o REE BElE © NUA
Tha-y o REE

.2
ND: R&E (not determined.)

(WHO 2001) [6]

4.

FHER D AEBERERRIX, ¥ VXV E L OFREAIZ L o THRE S dL, fEER, Mo
HEFFER K OSHEMERIC KA E 15 (Chasapis et al. 2012) [8], #HghD1E M

(RAAAZ T A) X, #ih b T v AR—H—Z X 2 High DML~ Dk &
A XA FH A N L DI L > THERF &35 (Solomons 2013) [9], #igh b
T U AR—H =L, Ml Y 7 v s EAGHFRET 2 LT, ligh < o
e DR B D (EA7EE 2014a) [10],

PR IIAR 2 REERE OMK 1 & 72 0 . £7=. Zinc Finger % /37 E ORERL K77
& LCTAEKRNRKRTEOMEERICESE L TWs (Maret 2013%) [11], #HHgr D4
MIZE T, HEOBEBOBEICHETH L0 IMEDNEIERO LN TS

(Haase et al. 2008%) [12], #igrDOKRZ . HDWITEENZ K > THEE DO EN
RBOLNTNDEENTWD (Plum et al. 2010%) [13],

HEER R Z OFERIL, FF RSO R EEDN M ST\ D (BA5#E 2014a)
[10],

5. /M4
Hign 1 mg/L LA ETHIZTHEALEY . XOWAEHEZ S, 5 mg/L LI ETHE



B AEET D EREITHMBDRIZIELS . KO ABR ta L 722 (KiE
KE N KT > 7 1994) [15],

PRI, K 4 mg/L (FREEHEA & LC) OBRBIMERE CRICRIRRRERE 5 2
%o HHENTEMED 3~5 mg/L ## 2 % L AKIFHACEZZTHZ 0L, i
D LR OPEENA U D Z L2V D, 3 mg/L LA LD D RiEn & & Fe bk X
FIRAZICZ T AR nEBENRH S (WHO 2011) [1, 2],

AR KL OVEK R ORGERTEN . SRR SN M O L Hign (pH 1T 6.0~6.5 (27
) OWBEET 2 h A 15~20 4 OB (23 L TERIEIC L W iThive, R
FD 5% XL 50% Nk A TE DA A OHEEWBIERE AR 2 ITRT

(Cohen et al. 1960) [16].

&2 KPDKREIE

R KT O R AEE T8 7K T oD BRI A

5% 50% 5% 50%
fint 1 w1y 4.3 mg/L 18 mg/L 6.8 mg/L 27 mg/L
ISl ey 5.2 mg/L 22 mg/L — —
A 6.3 mg/L 25 mg/L 8.6 mg/L 33 mg/L

6. WITRHRHIZE
(1) ER
AGETE KB EE
TN K ONF DAY - TSRO EICEA L T 1.0 mg/L BLF (#R4R)
b B TRk
B BEThRWZ L
@EY un 5 ELLF
WY sl 2 FELLF
o KR R K OV R L i
e M O F DY)« B OEICE L T, 0.1 mg/L LT
D AR AL TR
g R ONE DS : SO ®ICE L T, 0.1 mg/L BLF (ki2Z o

2 ERORICREESND L 57, Fofgte X o 2R kienk, (ke kER 1989) [14]

3 KFIZEENLEMUEME R Nan A FHEWEN T DHEEAL D LEBGAORLE,
B, BRUK 1L ICaEEERT o a4 (Pt) 1 mg XK'=~ (Co) 0.5 mg %
GLEEORAIHY T LOE 1ELE VY, (BESEE 2003a) [17]

YOO Y OREEZRT O T, HEZOMIFEDE DR, WEWE O(LFZE L7
Fizkab0, R AFLUURARFEHACTHESND, (BEE5E%E 2003b)
[18]



G /KIS ORI E STV A RHBAKHED
= k)
HiEh e N DAL EY) - SO EIZEI L T 1.0mg/L LA T (K E DR
I LIAMC R E STV DK R 0R IR, X
AR K DR HIR)
B AEVE E BRI DR B (R X TV 0 4 — & —JE ol (R - bR
fign e NE DL EY) : 5 mg/L LT
M BE TR &
B BEThnwz L
B 5 EUT
W 2 LT
VBRI K OB (R 2T —H—4H 5 0 B - bR
1) )
fign e NE DL EY) - 5 mg/L LT
(EA97#14 2014b, JEASEE 2014c*. EAS7 G 2014d**, EA S EE
2015a***) [20-23]

)

B

=

(2) EFHEE

WHO : flEDK 2 S S5 BE TR EoMEIT 2 W2 b, ok
AKEOHIZE L T, BEICESTA R4 EITIER ST
v (WHO 2011) 1, 2,

EPA : 5 mg/LL (&BHRICESSHEVKDO T A K7 A fE) (EPA2016) [24]

Codex : FIREITHRE S T2V (Codex 2011, 2001) [25, 261,

M. Z2HITZRIMEOHE

B EEREST IRIEGE T 7L o BRiligh ) G 2 kR (2015) KO8 [Hi
fedigh| (2015) 2BV T, High s L COEBEBIZOWTEHMEL T\ 5

RO —F 2 77 N—T1%, WSINEHnE T 7 va CEdgn) GF 2 hR)
(2015) KO® [Hifgdish ) (2015) 2z, EWNA OB K 2 FEAn &2 4 UL
HF LT,

XX TNy r—H—HHEIX, KOBEFE LT DIEERAEIKRE NS &S, #ikD
HDOED, “FURFBEFEALIZ DD, WAV DU LNEEZTIM UG O%, KGR
B3 280ORDOFMICHE T 2FHD O bR, W, AR RO EIZET 2 HE %2
ETHONR, ZRICEENLILDTHHZ L, | LENTWS, (EAEHEE 1986)
[19],
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HHER T, BRBEAK R TIXEITAKF[Zn(H0)6|2* DI RE TIFAET D MY, HI%W)
SRR & OEEE, BHEEM L THET D EOWwENRH D (NITE 2008°)
T, SRXRTAUF—F—=F, ANV T LA, TN, BV UL, S b
U U NENEACY), EAHE, EAREAME. AERRME N OEERRIE OFE T L TV 5
EINTWD (HRIRT VU +—X—Wha 2016) [27],

INnoEEE X, ATRRERIEEMEEWICEET 2 5 R DUV CREE L 7=,

1. KNEIRE
(1) RIR
LACA ~ 7 A (Z[65ZnltE b dign 2, % 1 HIZ 8.6kBq. 4% 20 H, 70 H X
V100 HIZ 19.3 kBq s@filRe 05 L7=iBricks V¢, 4% 70 H %OV 100 H O
<~ ADOHEPRINRITAES 1 B~ R Ll L THEICIK2 - 7= (He et al.
1991) [28].

Rowett Hooded Lister 7 v b (Hf, %&£ 5 VC) Z#BAfE L. [65Znl¥a b dign (10
ng) Z M DEIANFE G L= BRI\ T, i ORI =R 1T+ 515 T 57.9%.
[B1i% T 30.1%. 2215 T 8.4%. E 5 M OS5 T 3.0% Td - 7= (Davies 1980) [29],

b MIBITDHEHOWINEICOWT, a2 /KK E L TEIRLHGE13E
BEOHEME & HITRINES ML, Hihz2&FH) OB L 7256 I3RIEN
a5 & INTWD, KEHKF OISR & [EE R O BShIIT 7/ > T
B, BEREFOESAINE CEHE) 1% 40%% FEl> TV, KEKF O
SR DOIIE CEEIE) 1A S A BAS 8~96 pmol T 50% % X T =L &
TU\% (Sandstrom 1992) [30],

s 72N 16~17 Al —Biig 0%z, Omilgdsn (Hf L LT 1.44 mg,
ZDHH 1 mgll67Zn]) ZFML7Z bUEr =28 (0.56 mg OHighz &ie,)
225g £k 300 mL, @ FUER =2 (0.56 mg OHfighz&ie,) 225g & ik
gy (Hgh & LT 1.44mg, TDHH 1mglE[67Zn]) I L7ZK 300 mL, X
IZOmEEHESY (HEHE LT 2 mg, D95 1 mg 1E[67Znl) AL 7=/K 300
mL OAh %5z e OWINRE i L= Brostrbi iz, #gnE i Li=/Kko
HEBIUTZGE, KICEEN DR OWIE GRAEHIE 65.9%) (X, b vE
nalafl & HICER L ZKICE EN D HEROWRIE GRTEHIME 9.8 %) KON
FER I UICE £ D HEER ORI (REHE 9.1 %) IZHANTHEILH
2o 7= (P<0.001) (Galettiet al. 2015) [31],
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t N COHSDOWRINRIZOWNTIE, 2272 OHPHDOIXH DX (8~80%) 23k
HEENTVD, 2T EBRLEEYORESCHEEICKFEL TVDH EEZ LT
Do TOYIRE T CIRHSMERE DK 20~30%% WU 525, #HrKZ T Tk
HHER DWW IT A3 Y | w2 i 2 B I L 7256, BIE COWIIK T %,
F 72, WEROWIUT/ IMERIRTITHOILD M, FFICZEGTOWINNE L | REKRTT
<& (NITE 2008°*) [3],

b MTRBWT, dign OB RENHEE L L E AR L TIN5 & ino
IR IT AT T L, RAFTAZ VADHMRFICHEEGE L WD EEINTWVD
(Hambidge et al. 2010*) [32],

b M7V a RS R DR S E R i S LTV D,

ZORER, HRIREE TITHESADOWRINAE 720 | FemMmhiRE (Cmax) b
725% ., REREOEWCEY | HORNAEEINZE SN TS (BN
WRHIE 702 o igiign) (58 2 i) (2015) K& OY TRERRESR) (2015) A5 5]
M (Neve & (1992))) [33, 341,

w2 N Bk 10 40 (232 7%) 1 10 BRI Ok WiBRdgn LAY (45
mgZn/ N/H) &5 7'/ L LT200mL DK E & HITEEEE RN ITHON
Tof S, M2 6 OTE IR 1.3 KR TH v | 1iE O Highie & 4 B H 8
REZ D72 D RE L7 & 2 A, miiFiRE (Cmax) (ZIXEEE 2.3 Kl Tz
L. ZOfEIE 8.2 pmol /L (53.6 ug/dL®) Th -7z (Neve et al. 1991°*) [35],

AN 10 4 (B 44, etk 6 4. 51~66 %) (CHEFRIEN. WilRTEN X IXmR
bdigy (Hgh & LT 50 mg/ BFAY) 24 7L CROEBERSE, 2 BB EIC
RIp DAL A B ST SRR Th s, M O MENTEE & I E L 7= 5,
Al AN L WERR HH 80 K ORI HiLEh & LN TR T o 72, H 5% 2.5 HFfE T
Cmax (TR L, ZOFEHMEIIEREHSN, Mifgdign X OB biigh T, £hEh
221.2, 225.2 K1) 159.3 pg/dL. T - 7= (Prasad et al. 1993*) [36],

fEE 72N 164 (B T4, ik 84, 18~455%) (7 /v U lgish, W
{bHfigh X7 = afigh (Zn2nidighs LT10mg, £D 5 H 1 mg (X[67Zn]
THER) DOV F VU A haEh T E LT 300 mL OkE &bHICHRAOERSE
7o R. SHsMb S ORI OFRE IQR (MU (L&) ) X, 7 = il
$h T 61.3 (56.6~71.0) %, 7 /L= ST 60.9 (50.6~71.7) %. Feftdish

6 WEADFE T & (65.4) & HWTHLE,
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T 49.9 (40.9~57.7) % To -7 (Wegmiiller et al. 2014°*) [37],

PR IR DR 7o 4ot 12 4 CEBER 62 5% (53~T1 %)) (2 0.2 uCi ™[65Zn]
WAL TS LR FE L 52, BRELCY U A2 E6EEIT SR dinE
ED 14 (n=6), 32 (n=3)., 47 (n=3) mg/ \/H & 725 L 5 1Z#55 1T LI ER
ZRIE L7z, 14, 32, 47 mg/ N/ BEREEO AR UL 0 8 (12 A MO T
MWI%) TENE 33, 28, 22% (4.6, 8.7, 10.3mg/ A/H). 8 HMI% TZN
Zi 38, 19, 14% (5.4, 5.8, 6.4 mg/ A\/H). 16 #MH% TENLTH 36, 16,
11% (5.0, 5.0, 5.1 mg/A\/H) ThY, EEE, BRI X > TRINERICH
Bz (P<0.05) AL, HEOWINEIZOWTIX, 8BMFZICIZ=>D
BEHEOB THEZEN 272D, 16 HEZIZIIWINEDZITIZ LA L7 o
7= (negligible) (Beiseigel et al. 2009) [38],

s e N 17 4 (18~46 7%) 12 0.5 uCi D[65Zn]Hfigh THEFE L 7= 92 umol &
HALHER 2 DI SRR, BIRED 525 14% 03I S 7z,

4 uCi O [65Zn]High THEF L 7= 18, 45, 90, 180, 450, 900 umol DL HEEA
% 100 mL OKFIE E L TR DR S 7258k ¢id, H biignE23 90 umol F
TIXFEE LT 55%D[6BZn] DMAPICERE S L7, Z L BIZHng 5 & thx
ICEREEMET L7z (Payton et al. 1982) [39],

fE e N 109 4 (21~51 %) 12 0.2 uCi @ [65Zn] THEFR L - AF 2 5 % |

TSh M N7 4 T U BEOBEEIC L D SR OWRIR~OEENFTHE SN, K7
4 FUBBROE T « FUBBEEIEECNZENICEBW T, ign ORI T
BRELVOMBEZR L, K7 0 F U BEEREED > HIEEMAZER L -
I N—T ORI ERIT, RERBIAE 1 B TIL 49% Th o 7203, RERBALA 4
BIZIXT0%ECTLEF LIz, —FH, &7 4 FUVBEEIEEO 9 BIKHH R 2 B
L7e 7 —7 O ix, #EREALS 1 HE TIL 39% Th v . HABRBLE 4 1
#%TH 3T% &2 L7eh - 7= (Hunt et al. 2008) [40],

bt MERNIZBWT, 2 FEOH T o AR —4— (SLC30 (ZnT). SLC39
(ZIP)) D3RP O MR IEE DOFHEI 217 > T 5 (Jeong and Eide 2013*) [41],
HALEIZIX ZIP OV T X A T DO—>ThDH ZIP4 3B L, F & L THSHDR!
TiFMEZ I LT=BUAARIZEES- LT\ % (Cousins 2010*) [42],

SD 7 > b (M. 458 7 08) ([ZERfbdiign (24 GaHIREF) . 1,016, 2,008 Xi 3,000
mg Zn/kg fikl) Z 10 ARG LZRER, WTINoREGERIZE N TS, 7
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W LR D Zip4 Bin %O ZnT1 & ORBIME T L7z (Fujimura et
al. 2012’) [43]o

gL, WIUZBE LT, A>T A 7 40 F U, SOk &Pt 5 (Couzy
et al. 1993%, O’Dell 1989*) [44, 45],

HER I FI U ARV OBHEZRT 5 & SN TWD, £z, BEL i L
L, BELroftEEREZEHESES &SN TS (IIRHnE 1 710 =2 gk
grl (BF 2 k) (2015) K O® [hifgdish) (2015) 22651 (Petering (1978)
[46]., Chowdhury and Chandra (1987). Flodin (1990))) [33, 34l

(2) 2

LACA ~ 7 A (Z[65ZnltE b dfign 2, % 1 HIZ 8.6kBq. 4% 20 H, 70 H X
V100 H1IZ 19.3 kBq SR B G U7o i B, I HFlg, s, BN, (O, fifi
KRB M OWUBHT 25340 LT, Bifi, DUBEM L OUKRBRE Tl s B35 &M &
2R L7z (He et al. 1991) [28],

Sprague Dawley (SD) 7 v~ ~ (M, 40 PC) (ZHEBRHESH —/kFn¥ (0. 160,
320 X% 640 mg/kg (AH/H) % 3 22 HMEOKIRE L7oRE R, WmEREITE. IT
fige, B R CEd oo, 72, 320 mg/kg K/ H & O 640 mg/kg (K
[ B GREIZ IV TR, B, Lo, B M ONIHE O #EER I EE 23 HE N L L 640 mg/kg
REE/H B GEICRE W T ISR BghiR EE 23 HE AN L 7= (Llobet et al. 1988)
[47],

New Zealand White 79 (., 12 X% 18 L) (Z 80~85 ppm D HigH % &
DR A G2 AR, kO EESZY @@éu/;agz I$FET 234 pglg. KNERE
T 121 pglg, Tl T 24.6 nglg, FEHT 14.9 ngl/g. BT 11.7 ug /g, KIKT 11.0
ug/g. Bl T 10.7 pglg M OKER A/ C 6.9 pglg Th o7, £70, HERIEEIX
W M OVBRRIR T 10.0 pgl/g. MEIET 8.8 ngl/g. KEMAT 5.6 ug/g. fAlKET 3.6
uglg, KT 0.1 ug/lg TH->7- (Bentley and Grubb 1991) [48],

i NI 7 v 2 o fgiligh (100 mg) 2 #% DB S 53BN FEE STV 5

ZORER, BH% 24 KA TR EENRE O EH 2R b, BETE 72 H%‘:
M CHEANEEIZBELZE SN TS GRINRHMEE (7 va U EElsh) G
2 i) (2015) KON THiEgdESh | (2015) 22551 H (Dreno & (1984))) [33, 34],
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bt MERNIZAFTET HHiEhIX 2.6 g7 TH Y | BIANIZ 57%., BIZ 29%. £ D
XRS5 LTV D & ENTWD, 35k e O BRI LTE
HTIH L, BREIZEENIHHOBRIZ L 2TV LT,

g2 O OJEERIZE LD 10%LL T O FER 7S MAE T O High & 2 HE S 4 25 1
RERN 72 7" — )L Z TR L. SR R ZIEDJRIRIL, Z OBERER 72 7 — /L DFEIZ L D
HDEENTWSD (Jackson 1989*. Lowe et al. 2009*) [49, 501,

(3)

M IR FTRE A2 it S D WSRO E S WFAET D, WL, |1 4o &
LTCEBL TWDDOTIE R, KEBOWEERNOFHY T REfEE L Tl
DIRER & > T\ D, ML, ML CIEEEME O K OFEIRHME DR & -
TW5b,

JERMEDORETIX, %9 2/3 OMAEHRHEENIT LT I 2 LEESCHITHEE L TR
D, RHARETH B, JEHMEOIREOHENZIT, 7 /R (FiZe AF VUKW
VATAV) EREELTWDELOLEEND, fiEh-T VT I UEARE, Hidh-
TR BEAERE L LTS, HiE-T R BEA R, ZERISHE O
JafEZ @i L, ¥ RV EEREET A LR TE 5, gk VS ToEE /il
IAEE X NI BIIAZ O T RA U Th D, LMD iR IT, D EN
MIEFTag~vr a7l v EEEICHEES LT 5, MERITAFRIZE Y A £,
M COIrayr~vrua a7 ) hbliT 5, asr~vrurum7 ) efEa1L
7o MR Mg CHigR- T L7 X ARSI X EA KR S LA R
[Zas L2y (ATSDR 2005) [4],

(4) et

SD 7 v b (ffk, 43U5) (27 HME. 53 ppm DOHighZ & AT A %2 H
HIZH 272, D%, TIEDOT v MG &HExRAEE 42 HWS %, 36 T
(BHEQIL) T w MZITZH 7V A b GHREIZER{LEES, (600 ppm) % 1B
m &7, 14, 21 X342 HE G- 2, 49 HHICER LT, TNENDT v T
&R 7 BENZ[Zn]iE b #iSh (4.0 nCl) Zo@mIRE OB LG L, 7 ARZEABIZ L
FER, V7 U A FABECIIXRARE & ik L CEP~offigndki 2038 L
7o, BRI X 2T DR o Tz, FERA~O[65Zn] PEit B 51 23
BB~ TN LTz, 72, 7V A > MEBECITEGWIRIC X 285k
DOHENIREIZ LA IR o To s, fBfk T O [5Zn] 13 G- MR N E < 72 5124

7 Jackson (1989) TiX. 70 kg DIEED b MIFIT 2 HlisH D BT OV CTHARR I FLE
ENTEY, Znboiisz8iT5L826g &725, 728, Lowe 5 (2009) T
I$1.5~25mg & ShTWn5,
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ST L7= (Ansari et al. 1975) [511],

SD 7 v k (., 68J8) 2 38 ppm DHigh & & ATZEE (RFEREE 6 L), X%
OEFIZER LSS (1,200, 2,400, 3,600, 4,800, 6,000, 7,200 X% 8,400 ppm)
ZiBM L7268 (1,200 ppm & 5-8E1% 8 VL, Mo HHEITA 9 VL) % 21 HIH G X
7o ERBHAA 14 BRIC[65Zn]ii b digh (29.8 uCi) ZoRMRE OHeE L, 7 HH#E
BRI LR, G ENEINT 220> TEP~OWEHPERIIm L=, —
5T, FEH @ [SZn] PR T GBIk L CRHIBRED 656%755 1,200 ppm %
HRED 86%F TRIICHIM L7223, 8,400 ppm F THREGEZII L T 4 [65Zn]
PEHEE I 1,200 ppm = 5-8F L [FFELE CH - 7= (Ansari et al. 1976) [52],

b MZBWT, EBE LK 70~80%I1F KMEH, £ 10%IZ IR HIcHE X
N5, RS OYHE L, HEOREBIC L > TEbTHEEZ LN TWS, fil
ORI & LTk, Mk, B2, B, &2 H 5 (NITE 2008°*) [3],

R R ORISR EDH D 50 4 (Hik 25 4. £tk 26 4. 27~T725%) 12,
— Wit [65ZnldE b digh (3~18uCi) AR DEBEEE (55 14/1). 3 HEE#%D
5 50 4 DHERF BT 290~486 HH (¥ 336 AfE]) 77 EARZR N
XH7z (B 2H), SDHICEDOHK, 504055 36 4lZiX, Fifedsh (100 mg
Zn/ N/ H) % 112~440 A (F¥ 307 H) #HEIE, B 144120%. 77
TR % 2656~559 Al (CE¥ 379 H) ROBER St CE3MH), TORE, &H
1FE M OV 2 AR 38\ T RN S V72 B HEPE D 32% DR I3 18.2 H TH U |
7D D 68%DN-HHIL 380 H ThHh 7o, 4 3 fH CThitlgiisn 2 B HL L 7= ¢k <
IRRIR 65Zn OTE N 77 B ARIEEEEO 80 & i U Tl < (il 235+
8 H). AEZ (P<0.001) A& bHi7= (Aamodt et al. 1982) [53],

(5) ARNBREDFELH
b MZRBWT, T EI/MEN BRI S D, g OBEENEMT 5 &
TEEMESME X ISR OWIEENME T L, NSRS 2380425 & & 2 7=,
W EEmE THERSHSh ) (2015) (ZBW T, Bz unW i, pH 2B+4
AR TR, Z< olgMEAEMITMEE L, gh A A L LTIET D & &2 b
%o ETo, WY ThilEdgR ) OER QWINPT T2 v = o fgdigh] ol
SO Z R D Z EidnEEL BN, ] LTV,

8 N Sz migp e, WIS N7 HiER D 5 BRI B IHLE NICBIT LI % ISR
ISPt S o didn, RSP Sz in . BE D IS E
IR END D,
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R o O EARIR 1T 40% % TlEl> Tz, —J7, ZEERECIS T 5 /KK
HOHFFROWIERIL 50%E 2 T\ T HMERENRDDHZ Lob, KIFKR
F O OWILERIT, BETOHEPOWINRL D S RLEIENDHL EEXT,

b MENTIE, ST ERD (5 60%) KOVE (K30%) (2% < a4 LT
b, Flo. T OMOMEERI bISFHIZ 0T 5.

B MIBW TR L 72 8i8h OF) 70~80% LM K 10% LR Pz HEit S5,
L OPRRERS & LTI, WER, B2, B, TERH 5,

2. ERENMFICBITLEE
(1) 2HEH%

HAb M Eh 2R D5 L72ilBRiz s\ T, LDso I3~ 7 AT 605 mg Zn/kg {KE,
7 v hT 528 mgZn/kg RHE Th -7, fiilligh 2 05 Lo BRIZ BV T
LDso i3~ 7 AT 337 mg Zn/kg {AfH, 7> T 623 mgZn/kg KETH -7,
JER & U O, R, IRBRZEH K OV JJES 7 5 472 (Domingo et al. 1988
*) [54l,

HEZ ~ MTHiBE MR KR 2R D5 L 7=alBRIZ I\ T, LDso 1 IAREE HLEH
LKkF & LT 2,280 mg ’kg KETH 7= (Lorke 1983) [55],

Wil Hign 2 1 & 5- L7 BRI2 3T, LDso 13~ 7 A T 307~766 mg Zn/kg
KE, 7 v T 227~1,194mgZn/kg KETH Y | JEIK & LTI, FEURIKEE,
T, fERE, RSSO i K O AE: ER A S, FIRATR E LT, i
i, BEEOEE, Wt EnH o bfEsnTng, £, &
RO G L2 BRIV T LDso 17 » R T2,000 mg Zn/kg (KEHETH Y |
ffbdign 2 #¢ &5 L 7= BRIZEB W T LDsold~ 7 A T 6,384 mg Zn/kg 1A,
7 > KT 4,015 #8~12,045 mg Zn/kg KEB TH -7 (NITE 2008*) [3],

T3 o mgiign A BRI 0BG L72sBRIC W T, LDso (X702 U igign &
L Clfi~ 7 AT 3,420 mg /kg (KAE KL OME~ 7 AT 2,630 mg/kg KB LT 5
AN~ 7 AT 3,060 mgkg (KE & T HWMENH -7, HilEdiEn 2 HER
5 L7ABRIZEB VLT, LDso Id3mifgdigh & LT~ 7 AT 1,180 XU 611 mg/kg
KE, 7 v T 1,374 LN 750 mglkg KRE LT 5HENH 72 (fFAS 1983
*) [56],
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(2) REEEEH
D13 EEFEMRER (voX, BEEERS)

ICR w7 A (MEE, 48E 12 V0) (Chifedgr LR (0. 300, 3,000 Xi%
30,000 ppm (I : 0, 42.7. 458 X% 4,927 mg/kg (AH/H ., iff : 0. 46.4, 479
X% 4,878 mg/kg (AHE/H)) % 13 MRENEE#E G- 23R T 7 (Maita
et al. 1981*) [57],

AR 2 2R 3 1T,

B ZEZEDNT. ININWRHEE (7o Uielish) (35 2 i) (2015) 128
W, ARBRIZE T 5 NOAEL Zhiligdisn & LT 450 mg/kg {KHE/H910 L f|
WrLCTuwab,

=3 <X 13 EMBEMEAR
filgdign | 30,000 ppm (REHIINNA] AT . RN A e oD e
(H 4,927 mg/kg RH/H, | KL OB
W 4,878 mg/kg AHE/H)

@3 M AESHRER (v b, SKES)

SD 7> b (i 40 I& (FFEVCECRI)) ICHERR#SL —KFn4 (0. 160, 320
X% 640 mg/kg AT/ H) % 3 1 HBIEOKE 53 282370472 (Llobet et
al. 1988*) [47],

B RER 4177,

BN ZEEZEDT. RIMWEHEE [ va U mEsh) GF 2 i) (2015) |
BT, KAbRIZE 1T 5 NOAEL #Eifedisn —/KFi# & LT 160 mg/kg ﬁ-@
JHIY EHEr LTV A

9 JECFA THWHN TWAH#EE (IPCS: EHC240) % W CEIUEZHEE,

i BRRE | EBiE ERiNEy
kg | (@®W/R) |(gkg KE/H)
~ A 0.02 3 150
7(%)% 0.1 10 100

10 Zs7-8 (287.55) &7 (65.4) Z AW THESMNIHAE LK% 102 mg/kg A/ H
LD,

1) 3-8 (219.51) LJRT-E (65.4) & W CHSNCHE U721 48 mg/kg (AH/A &
5,

18



x4 Ty FIMAMBHERER

W lR 80 | 640 mg/kg A/ H MRS (apathy) . SOUKEREAD . A RE R OV
—KFn L7 F = O, R—~ 3 FRHRO R

b, VEALPRANAE b Rl o> e K OMZ IR

320 mg/kg RE/H A L | JREWC . Pl B GOl B R ONMIEK T o
SRR EE DHE N

160 mg/kg A/ H (FEPEFT R L)

Q13 BREIFMRER (T v b, BEERE)

Wistar 7 v b (ME#E, &8 12 PU) (2hifgdisn LKF4 (0. 300, 3,000 X
1% 30,000 ppm ( : 0, 23.2, 234 XX 2,514 mg/kg (K&E/H ., M : 0. 24.5,
243 X 132,486 mg/kg (AHE/H)) % 13 W R 57 5B 23 T o7z (Maita
et al. 1981*%) [57],

ARG R A 2 5 IR,
B eZ BRI, WIRHnE [ 27 v = g (F 2 i) (2015) 123k

W, ARBRIZE T D NOAEL #iifgdién & LT 300 mg/kg {KE/H 912 L
MW LT B,

x5 Tv k13 ARBEMHHER
HRpE G i3
iz dgn | 30,000 ppm IREHE NI, FBAE = O IR 5 R o>
(K 2,514 mg/kg RHE/H, | JER K OMESE
Mt 2,486 mg/kg AE/H)

@13 BAfEHEER (T v b, BEERE)

SD 7 > b (WERE, #5820 PT) (ci#ighe/ 7 U Z— K (0, 0.05, 0.2 X
X1 %® (i : 0, 31.52, 127.52 XX 719 mg/kg {K&E/H, M : 0, 35.78,
145.91 X% 805 mg/kg {AHE/H)) % 13 BEMIREEE 5T 2R BN T

(NITE 2008* [3] (Edwards and Buckley 1995)),

12 557§ (287.55) LR (65.4) A FUNCHENCHE L7~ 81X 68 mg/kg {AE/H &

25,
13 58 HM#H 5%, 1% B G CT—REEOIE NIZ L v HEA 0.5% (HE/HfE - 632/759
mg/kg RE/HAHY) (CZE L7223, REOEENRD b, &5 64 0 Bicap L

%LU,
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ZORER, LT O RO bz,

1 %BEHRICBWNT, NEREREEERE DL (NEZ v e BE, ~~ b
7V > ME, EERMEREFE (MCV) ROSEHRMEkmtGEE (MCH)
DD, SEH AR MER ML AR (MCHC) M NI /R ML ERE & OV A L EkE oD
) . BN Y RSB OER, B g /MM, RO B O 2
N g, B, ek, ER&G OVE CofifksrI2q b

1 % GEEOREIC BT, FEME ., AL O D 9 OZEHfE

1 % B HHEOHEICI N T, 15 OZEHE

0.2 % GREOMEREIZI N T, B L AT a— /Lo, JlgRN
DEFEMNE~ T a7 7 — VRO G &K OKBEE OB ORI
ONZ BN e oD 2 51

0.2 % GREDOREIC BT, MJE ALT. ALP{EMHER N7 LT F o F—
ViEEo F5-

0.2 % GREOMEIZ W T, yF 7 V7 F X F—BIEED L5

0.05 %L & GHEOREIZIB T, MIERMSEF o aFEE~r a7 7 —
BoWd, WEEIENEOWD K ORGHRIE U o Ei o lE R

R ZERZARE, WIS 702 medidn) (5 2 0 (2015) (28
W, 10.05 %L EEGFEDOHEICIHB W CRRO bNTzaFE Mt~ s a7 7 — V8D
BTN T MR 2N T & DB B MR R TRV &+ 5 0
IREETH Y | [FAEROTE TR I IEENENTE OB K ORI D > i
ERICETDHER AT TH L. &L, ZRHDOFEMBRHTH S Z &
5, ARBRIZ &L D NOAEL OHIEHETERnEB oL LT D,

®21 hAEMRER (Tv b, BEEERS)

T b (BEEMERES 4 P0) ICHEERHISR 2K 6 O X 5 et HEEAZRE L T,
21 2> HFREEE G T 2R EE STV D (IRl 70 o gl
ghl (B 2 i) (2015) RO Thiledign) (2015) 725511 (Hagen 5 (1953)))
[33, 341,

*®O6 BETE
&R E 0. 100, 500, 1,000 ppm
(mg/kg RE/H & L CTHLE) 9 0. 10, 50, 100 mg/kg {KE/H

ZORER, LFOFTANEO bz InLTn5b,
500 ppm LA b D HE TR K
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AR TR O NI BIERIZOWT, BEEITHE S THORY, 6B
FREORE., OB CHBHEZEO -2 TRIEOBRN/BDOLNTEY
500 ppm LA EORESETITEROBEN LV BETHTZE LTWDHN, £
DFEAI A TH Y | MEFFHIENT S I S L TW iy, BMEEEESIT
IR T 7 v a opdgn) (55 2 k) (2015) (I28BW\W T, _mﬁg@»,ﬁ:z’p
5, ARERICE S NOAEL Ofrix cE Ve B 272 LTWD,

(3) EALAM
OFEISAMERE (THR, BKEE)

~ U A (RIS EREE, RFARB) ([2H b#ESY (0. 10. 20. 100 XiZ 200
mg Zn/L) % 5 RIc 7z - TEOKE G- 2R 52Tz (NITE 2008 [3]

(Halme 1961 [58])).

Z 10 XN 20 mgZn/L 58 CHESORAEDGRD b1, AL Fo T

0.8%\ F1 T 3.5%., Fo2 T 7.6%., Fs XU Fs T 25.7% (Z DORMOIEE A IRFE
A3 0.0004%) 12 B L=,

BMEETERT. INWRHEE [ 270 o U Eiligh) (B 2 ) (2015) 128
W, ARRBRITHE R T 2 HEH R M T TR b7, FEMA A TH
LD, BBAEEZHM T AR T R2NWESZ XL LTINS,

QFEMNAMERE (THR, BKEZRE)

C3H~ U A& A~ A (& HICIHE RS M) I b #igh (10~29 mg Zn/L)
% 2 RO E 53 2 3B 3 Tz (NITE 2008* [3] (Halme 1961 [58]))

S DI AR C3H T 43.4%. A~ AT 32.4% (WRFOIESE B RFEE
F15%) ThoT,

BMEETERT. INWRHEE [ 70 o U Eiigh) (B 2 ) (2015) 128
W, ARRBIIATIBEES IR E STV NI & | FERATH 9 D Rt 2T 23
ITONTW RN EROFEHN R THD Z LD BB AMEE HIWCTE 58T
RTCiIznweEEZE x4 LTn5,

(4) &£5E - BESM
O—HARERESHHR (v b, BHEORS)

SD 7 v I (MR, 458E 25 PT) (ZHfkdfign (0. 7.5, 15 X% 30 mg/kg &
H/H) Z22HBCAT 84 H FEIBRHIRE D&% 5- Uizt [F RN Okl 2 23ld L, HE
IEARECII (14 AR R TRFE C, MR (14 AR . ERMIM (21
HiE) ROWEMME (21 BM) #z@ L TG 2T 2B IThi T
(Johnson et al. 2011*) [59].
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AERAE 1Y 2R TITRT,

BN ZEEBESIT. WINWRHEE (7o Ul (55 2 k) (2015) 128
WT, RRBRICHR D BEMOKRE, BEHEL AR KIETEEIZET S
LOAEL % bifigh & LT 7.5 mg/kg RH/H | KWEMWIZ LTI REICET
% NOAEL Z A v iign & L 30 mg/kg {KE/H10 SHETF L TV 5,

T

i

x1 v hb—tHREESHERER

AR FhE B LE
HALHEn | 7.5 mglkg | - HERENM TREAELE (7 M
RE/H LU - HMER Y T S O R ERD At AL 72
E - HER W) CREATIIE] (59810 11) o | L)
AR

- WEBENY) THEARMIM (EARES 1 38) K OHHE B
(B 3 ) OEE D
- ERBR AR B DR

Q-HARLEMWEMHR (S v b, BHEORE)

SD 7 v b (HfERE, #8F 25 T : FoBlE) ([ZH{bdgn (0. 7.50, 15.00 X
1% 30.00 mg/kg KE/H) ZASECHT 77 BESRER Q&G L2k, FHEREN
CHERER B L, HEIZACKECHAIR (21 ) #& TREE . MEIIsBR (21 H
). R (21 B ROWHEMM (21 M) 2 L TG 2 ke L7,
S B2, RIHERENTF L8 ORERES R 25 L4 fE/EZ 125k L C Fy 8l
P& U, RBLRT, 2RI, AR L OB I 2 U TR 5217 5 R
7= (Khan et al. 2007*) [60],

B AL D 23 8 1T T,

BREATZERT, WINWEHnE [ 7L o sy (G 2K (2015) 10k
W, ARBRICAR D BB DR EIC KT TREICET 5 LOAEL ALl

19 ERRFRITRIIBRE T 72 %, 7.5 mg/kg KE/ A& HHET 72 %, 15 mg/kg (KH/H #5-8f
T 76 %, 30 mg/kg (KEHE/BH ST T6 % TH-T-,

15 >7-8 (136.29) LJET-& (65.4) & HWTHSNICHE L7/-EI% 3.6 mg/kg {AH/H &
2%,

16) >+ (136.29) LJHFH& (65.4) & AW CHENCHAR U7~ 14 mg/kg AE/H &
%25,

1D SfREEE, 7.50, 15.00 XIE 30.00 mg/kg AR/ A S5REICRIT D ERIE, Fo T O,
8. 20 X% 12%. F1 HETO, 12, 8 XiX 4 %. Fo T 12, 24, 28 X% 24 %. F1
MET 0, 8, 12 XX 20 % ThH -7,
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& LT 7.6 mgkg KE/HA1®, 5K NREWIZ T REIZE T 5 NOAEL
ZHAbdigh & L C 15.0 mg/kg KE/H19 &l LT\ 5,

*x8 Tv b HALERESMEHAR
AR E 55 BB K OV B
Y bdign | 30.00 mg/kg A/ H Fo, F1iZBT 5% BEOIK T, ERBOBD
BoAFR (HFOH) DT
Fo, Fi1!'i@i (F1, FeE¥)) CTIRERED
7.50 mg/kg RE/ALL L | Fo. F1MERER MW CTIREED

<£E>

BN ZEEZEST. WIMWEHEE (7 va U Essh) (GF 2 i) (2015) 128
WT, #gMbEY GECHEn. Brigaish K OB bdidn) Ot N#& 512 X 5 4585
AR EREEER S TR Y, #igh s LT 0.75~300 mg/kg {AHE/HDH
BERE LR ERROE T, MIECTEROEMERRBD LN E SN TND
N, WTHORER S, BECE L IFHENEUNCRE S TRV, FERER
PEREMEZ RN T WD SUTTEBE OREE M OBERES & b &7 2 MR EM)
IZE2bDTHY, NOAEL OHHWZTE NI &b, 3BEEE LTWD

(Khan et al. 2003*. Khan et al. 2001*, Samanta and Pal 1986*, Pal and
Pal 1987*, Kumar 1976*. Campbell and Mills 1979*. Schlicker and Cox 1968
*_ Ketcheson et al. 1969*) [61-68],

(5) EfzEk
@in vitroR s

HE b AW O In vitro BIEFmEMEFRBROFE R EZR 9 ITRT,

FEE 2 O T2 18 Im 22988 BRI L2 ME C o o 7o, BERE 2 - W - (SRR kAL 2
BRI TH - 7o R L N~ T R U N JEffE 2 O 7B 1229828 Bl
BUIXGME R OB TH o7z, & b U BRI S 2 F O 72 e iR FL 3R & OF
IMERBRIIBGE N OF2MECTHh o To, & U 7 B A Z —INHlRE &2 A7 ik G
B R AR N O EW DNA &R, WNc e S OPENALMEZ Hu
7za Xy FREBRIIBEM:CTH o7, VU T U A X — IR A O 72 T B iR
REBRITGIE R O TH - 72,

18 /578 (136.29) &R & (65.4) % MVVTHEMIHE L7-MH1% 3.6 mg/kg AE/H &
5,

19 /578 (136.29) &JRF& (65.4) %MW CHEMCHE L2H1E 7.2 mg/kg (KE/H &
5,
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@in vivosiEx
TSN LA D 1n vivo B MERER OFER 23 10 IR 7,

~ U ARG LT RBR IC B WD TY R R E IR0 DR o 7273, JIEIEE
NG Lo Qe R BB Th o 7o, 7 > MIIRHRE O &5 L7z gu R
REHABRIIEETH -T2, 7 v MAREREG L/MEGARIIRETH -T2, <
U AKOT v MZERERN G LT IMERBRIIG R O Th o 72, 7 > MIZ
SRR O G LB BOERBR I Th o 7o, v v ATl A& G- L=

Ay MRBRIZIGVETH o 7o, =~ 7 AISHRHIRE D $ 5 L 7o Tkt i

RG]y

Tholz, ¥avya "z iz VT BB & OSBRIz
METH T2,

x9 BECEWICEY DEEBEDRERME (/n vitro)

AR A HBRW'E PO NS EEE AN
M= it FATHE
WA
a. BB THREHE
BIHZEIRE | v =y | M (Salmonella e B 0.08% Litton
i Bk typhimurium TA1535, Kt Bionetics
TA1537. TA1538, = 1977¢ [69]
TA98. TA100)
BIm2EREs | Befbdisny | Ml (S typhimurium 333~10,000 pg/plate Seifried et
H strain ~BH) (=35 al. 2006*
[70]
RSN | Wefbiign | M (S typhimurium 1,000~5,000 pg/plate Crebelli et
i TA98, TA100, TA1535, Pt al. 1985%2
TA1537) [71]
IRZEREE | Wefbiign | M (S typhimurium A~ Litton
L 3 strains) Kb Bionetics
- 19761 2
[72-76]
BImgesRE | kg | ME (S typhimurium 120~160 ppm Wong
£ TA98, TA102, TA1535, (+/-89) (=4 1988¢ [77]
TA1537)
HimgesREs | HivEsy | ME (S typhimurium AH Kada et al.
2 4 strains) Rtk 1980%1
[72-76]
1EIFIEMRAE | WEFRWEER | IS (S, typhimurium 50~7,200 pg/plate Thompson
# TA98, TA100, TA1535, (+/-89) Rt et al. 1989*
TA1537, TA1538) (78]
BIRZEIRE | WRlsHEY | M (S typhimurium ~3,600 ug/plate Gocke et al.
£ TA98, TA100, TA1535, (+/-S9) Rt 1981* [79]
TA1537, TA1538)
HImoesRAs | wilgmsny | ME (S typhimurium 10~3,000 nmol/plate b Marzin and
LA TA102) (REHETE LR L) B Phi 1985*

\

<




[80]
HIRZERE | HENE / | MiE (S typhimurium 50~5,000 pg/plate Jones and
2 7' Utu | 4strains) (WA L) Rtk Gant 199471
77—k [72-76]
AN7w7y | ME{bEgh | ME (Escherichia coli 3,200 uM SER5 Rossman et
— VR WP2s A)) A7r 77 | al 1984 [81]
ﬁ —UHRN 2
)
Wis 7ogesk | WRERHER | WERE (Saccharomyces 0.1M Singh
e cerevisiae 1 strain) (REHEMEALRIE L, BBl 1983%2[82]
B FEAIE AR L)
Wis 7ooesk | WRERASR | WERE (S cerevisiae 1,000, 5,000 ppm Siebert et
1 strain) bt al. 1970%1. 2
7 \E
- [72-76]
Win ek | YATT | BERE (S cerevisiae B Litton
U UERHE | strain ANBH) ” Bionetics
ER 8 Atk 197751
[72-76]
b. DNA #H{G/MEH#
ki | Z/v= | BERE (Saccharomyces % & 5.00%20 Litton
s ik cerevisiae D4) (=33 Bionetics
Z R 1977* [69]
KA
c. MHFLIEMILE IS 128 0R 4 B
BET2989K | Bblfign | ~ 7R Y o ERR 1~31 pg/mL Seifried et
PR (L5178Y TK™) (+/-S9) [l al. 2006*
[70]
BIETZA | BeiEshy | ~v R Y o\ B Cameron
PR (REHEMEAL R A /) Wit 1991%1
[72-76]
BATFIER | HEAkHsn | v~ v R Y 3@ 1.21~12.13 pg/mL Amacher
P (L5178Y TK*/") (RANEMEALREE L) Rtk and Paillet
1980* [83]
BRT-2E8K | BElgmSy | w7 R U LoVl 1.3~13 pg/mL Thompson
Y (L5178Y TK*/") (-89) o et al. 1989°
4.2~42 ng/mL [78]
(+S9)
BIETZ2E8K | HiEnE /| ~ U R Y oNER 1~15 ug/mL Adams and
g 7Utn (REHE AL R L) Kirkpatrick
F—h 1~30 pg/mL Gt 1994%1
(RAHEMELRA D) 7 [72-76]
(e & Ciia s
)
d. WFLEM Y AR
Yofe (kB | Hbasy | v b U LosE | 30. 300 uM EeBitE22 | Deknudt

200 fEUER)TIT AR WVIRIBIEIC L D, Fo, RENEMEERIZIE, ~ U A, Ty REOWLR
HunbsinTtng,

20 HERHLELIAT DI TV R,

220 30 uM T, 7277 L. WBRWETRINORE 2L 2 - R it s shTtns, |
BARIFIEITERD STV,
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(FRENEMHE LRI L) and
Deminatti
1978¢ [84]
Jea R ELE | SEACEEER | B R YN 0. 20. 200 pg/culture b Deknudt
7 1982 [85]
et R | dHENE b kU oRER 5~20 pg/mL Rex Akhurst and
7 Ytn (REHEMEAL R L) (f%#HEM: | Kitching
Z—h 10~40 pg/mL fLRMEL) 19941
(RBENSHEERE DY) [N [72-76]
(40 pg/mL THIfL (R
) {ERED)
e fRBRE | FERES | Ty A =—RANARL— 25~45 pg/mL Thompson
(JrEHIE) (CHO) (-S9) a et al. 1989*
[k 21
45~80 pg/mL (78]
(+99)
/N WALHESY | B B YU LoSER 0.15, 0.30 mM Gaes Santra et al.
(RBHEMEALREEL) 7 2002* [86]
/NEZ WiEsEESY | B b OREERNA{CE 0~32 uM - Sharif et al.
7 2012* [87]
MlaBEY | mikkdss | v MR (WI-38) 0.1~10 pg/plate Litton
AR (REBHEM L REEL) NN Bionetics
= 1974%1. 2
[72-76]
e. IikYLta /R RS
fifitkdeta sy | BRALEgn | U TN A X —SHIH | 0~20 pg/mL ., A 1987
Pt PHE | [gq]
f. DNA #E/&18E
ok y | BREEAESY | B b RRENA{GR 0~32 uM i Sharif et al.
[N 7 2012* [87]
TEH BRI | VU T AR Z R | 0.3~30 pg/mL U 5K 1987¢
DNA & 7 s8]
g. W FLEEHE R A e e s
R | BRLligy | 2V TN AR X —EHE | 0~3 pg/mL i #iA 1987¢
7 s8]
T it WSy | U T oA AR A —EHIN | 20 pg/ml DiPaolo and
[(=4is Casto 1979
[89]
AL HAbigh | U TN A A X —ISHRE | 100 kM Alexandre
B et al. 2003
[90]
T i WALTREN | U T oA AZ—RHIE | 0~0.34 mM SBeks M Casto et al.
(equivocal) | 1979 [91]
T iR fRERHESN | U T oA A X —IRHIE | 0~0.20 mM SEBE Casto et al.
(equivocal) | 1979 [91]

%1 EURAR (2004a, b, c. d. e) 755

%2 EURAR (2004a. b, c. d. e) {ZXiuZ.

FMCAEREEZBND E LTS,

23 HERTEMITRD HIL TR,
20 FEMIEA,

ABCSUIRBR DO FERUCIR T H D03, #High DBIRFEIED




=10 HNEEYICEAT 2 EGEEMHDORAEMKE (/7 vivo)
B4 KB PoE R BRRE R E TR
JRER=: e FATIE
a. YetalkBE
Getafk B | Hifeign | ~ 7 A (C57BL 0.5%. e Deknudt
. CECRH, EhE 30 A MiREE#% 525 = 1982¢ [85]
Yufr ke | #LHEY | ~ 7 X (Swiss albino, 0. 7.5, 10. 15 mg/kg Gupta et al.
KEES UL, HHE) IR, Rtk 1991*[92]
JEfze PN B o e -
Yufr R RE | #LHEY | ~ 7 %X (Swiss albino, 2. 3mgkg IK&E/H ., Gupta et al.
HREB L, B ) fErEn R G (B - 1991*[92]
#¥h5. 8, 16, 24 H 7
fi)
Yuta (R | RRERTEEY | T v b 2.75~275 mg/kg K H/ Litton
H . H[AEXiX 5 HE® Kbt Bionetics
kR O 5 = 1974%1
[72-76]
Yeu KR | BbEEgh | 7 v b 0.1 ~ 0.5 mg/m3, Yt R 5% > | Voroshilin
() 5 ) H I AL < 82 VA =] et al.
(FEICHE fE | 197851 2
R’ A5 | [72-76]
niz)
N3 e/ | 7y b 0.05~1% CkBLEREH Windebank
7 tn ) | 13 HEREIRETR (23 et al. 1995%1
77—k 5. [72-76]
N fiitedigh | NMRI i~ o A 0~86.3 mg/kg K, K Gocke et al.
(‘B ) 2 [mIfEIERN &5 - 1981* [79]
N WEBRHEEN | Wistar 7 > b 0~8 mg/kg IAHE/H . G Piao et al.
CE8H) W H 2 T R - 7 2003* [93]
b. EMHEIE
MRS miEgELSY | T v b 2.75~275 mg/kg K H/ Litton
H. HEIXIX5 HER Kbt Bionetics
il o & 5 1974%1
[72-76]
c. DNA #{5/EH
oAy MR | BREEHESS | Swiss albino < v A 0~19.95 mg/kg 1A, Bt Banu et al.
B CGRRYL Y > /SER) BRI 4% - i 2001* [94]
d. 185 EREH
16 ERRHEB | FiigdEEs | ~ 7 A 2.75~275 mg/kg A HE/ Litton
L7 H. HEXiX5 HFH S Bionetics
HE D P 1974%1
[72-76]
e. FEMFLIHBIS T RARA R
PEMES MR | FRERHSY | Mo a v Ya s | 5mM, s Gocke et al.
SEFBR BRI O e S = 1981 [79]

25 REEICBNTIE, KL 7 Ak M OREAEE R & 53 BR AN E e STV D8,
RIS L, AR ORBRFE RO L Lt LT 5,
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EVEESEN | HibEESY | ¥/ v a vy a v | 0.247 mg/mL, Carpenter

A LA i | andRay

B 1969%1 2
[72-76]

%1 EURAR (2004a. b, c. d. e) 654
%2 EURAR (2004a, b, c. d. e) IZLiuE, HESUIRBROTLHICER 1T H 223, OB EEFEMED
FCAREEZDND E LTS,

(6) EEREMZFICEITEIZENELD

FEh DRMEFIEIZ OV T, Hix oMb E At AL LIciBRIZ W T
LDso &~ 7 AT 307~6,384 mg Zn/kg {KE, 7 v kT 227~12,045 mg Zn/kg
KEHTH- T,

Hfigh O KA G- mMEIC OV TUE, B fsh AR FIm O~ A KT >~ b 13 #
MHRE R 53R 2BV C, NOAEL X~ 7 A CHigh & LT 102 mg/kg (K=E/H .
Z v FTCTHi$H L LT 68 mgkg KE/H CTho7-, F7=. HedsH — Ko 7
> b 3 2 H ok GBI BV T, NOAEL (28 & LT 48 mg/kg AR EH/H
Tholo, BRANEZHW TE D RLIIH LR T,

A - FEAETIEIC W CIE, AEEMERBRICB W T, RS & THEIRR M
KV, UTEAZEREO ST RRO SN TWD 00, figMbaWiL, BlEimic
T2 mERER L LN RVRILUCEB W TR, BEMICEEZ RIS RN 5
25 Z EIEATHE &Rk LTz,

BREMEIC DWW T, MIEZ AW B IR AR BRI CREOR RN G L
TW5b, —J, invitro KON in vivo T3l S vz DNA B4 faiE & U 7= 3lR,
~ U AY 7 p—~ TK R Bk, YRR, MMERRED L < ORBR THME

MR BT, FRIZ invivo TiX, Ml O&GICE 52 A v MlBR, JEPEN&
5z X YR B B OVINEERBR CREMERNTRD bz, L L, DA H =
A ML 72 DNA B EFEICE S O TH L AleEn @ < BESFET 5 2
EDRRHEETE D, S 5T, IR G CHEME I 7z in vivo Yot iR B 3R & OV
EBROBRNPEETH 722 b b, fifh 2R BT 256812, FEOK
SELTELTHLOTIERVWEE T,

AR =X 77 N—7 L LTI, fCITAERICE > CTRERIBEE 25 X9
IeBREEE X e EHT LT,

3. ENCZBITEHFE

(1) BEBEIFECDLNT

SR DR U L 2\ FIE O WA 1T D720 03, e R & 72 2AER 1, iK%
VCEDORZIEL SNTWD, TOMOIERE LT, BEORHLT 2 7 —E D1
NZ. B FTIEEESS E LT 100 mg/ A/HUL EOROEIRTRD LN TS & X
TV D, MIEREICRT DREPHER IV TW D, SOV FEIC L 5 5
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EEZLNTWD, FIEEEICE LT 100 mg/ AN/ H L EDZEO MR TR
MFBRO HILTWDHN, FHERZEICHREREIZIE TFT2E S Tnbd (Fil
1995*. FiH 5> 1997*) [95, 96],

(2) BOIEKE GEFIHRSE)
DA
APERN R OEDOT 7 2 HIEE 218 5 B CHtEg#igh (80mg) =& iet
2 3 U HI L OREEHS) (440~660 mg/ /A (110~165 mg Zn/ A/A)) % 10
AR L7z 85 D Zc I BT, IR % AT, B IEE 6 o i
W20 b 6T, ~EZr BEUREKMCV 238 L, /NERMEAR R
MM AEAL LT, £/, AMERE, MG 7 = U F 32 K OV IE SRR B A3
L, i e 7T A 020 BT 0mg/dL Th o7z, ZD1%., HALEE
R ERNTEST U, BERRSR 2 mg/ N/ H Z R Lt T 722 &1 L 0 | AR TR
# L7z (Hoffman et al. 1988*) [97],

I DE Y T v 72D B () MEiERHEN (660 mg/ N/H) & 14ELL
AR U7 R, ek 2 0 Al EREgE . ~E o m B RE, MIESk
TR K ORI FE O 3388 B avT= 28, FiftFedi 4 mg/ N/H ORRAIZE Y, 4
WClH{E L7= (Porter et al. 1977*) [98],

SRR AR I BRAE TR O 72 O IS it fi g S X RS dh (150~200 mg Zn/ A/ H)
Z 2L FER L 26 O BHICENT, ~EZ/ o U EBEL RN~ k7Y
> MEDWD ., G REREY & £E 5 AmEREDE . MCV &Y MCHC & Rl OY

(Z MY SR BE O 3RO HALTo s, BilEE 1 mg/ N/H ORAIZE Y 1 22A
&E{Tlﬁlfﬁ L7~ (Prasad et al. 1978%) [99],

36 D LMENFREE TS (600 mg/ N/H) ZfEEFEAME LT 34EMARA L
R, ~NEZ 0 U EEDIKR T, BEEOLHPERED 20 5 [ BRI K O
TETSRE DK TARED LR, WIS IRATIE 4 22H LINIZEIE Lz
EINTWD (IRINRHEE Thiisdsn) (2015) 2255H (Ramadurai &

(1993))) [34],

20 w7 TAI U NIAEMATFET A7 X A —PThY, Fe2'2 TR 7 =
U ANAZHREARTATRER Fe3TIZ T A5 Z &Ik, M OSOMEICEE TH S, MgEH
DD 5 BRI I0%ITENL T T T AI U NHEELEZLDTH D,

20 VT L BBUE & BB A A E TN R ORI Z AR, (A
Ty RV EFERER] (AP E2—F) )
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54 D FMEDO REIEBF NN 2 G E L 15 FRER L Z 2128,
HEOZ ML O A MERJEAD, iR ERD (<0.05 pg/ml (EFE 0.75~
1.75 ug/ml) ) . ML v 7T A I RERD (<0.28 mg/dl (IEFfE 25~63
mg/dl)) W ONT I IFHENTE N (280 pg/ml (IEH & 75~140 pg/ml)) A3
HIVTe, — RIS SEZ X DI TOI, IEIROBGENR A BT, &
EZEILET -2 228, BUE R S Eas A2l L VT Lz (Kumar
and Jazieh 2001) [100],

JEURS B O 72 12 200~400 mg/ A/ H (HELE &L 15 mg/ N/ H) Diigh% 22
FERFEIL TV 65 D BB T, Miktrn 7T 23 v R USRHEE O
WA ONZ I35 FEERTR FE DRI 2 S, SR ESA e RS L <8 L7,
SARZICE Vi Z DIz a 3y — (myelopathy) DJEIRE L TFREDKRT R
wLOMTIREE, RIEMREEENBIE SN (Kumar et al. 2003) [101],

@INR
7D BN T a3 ARG OFEA] 80~85 & (High & LK 570 mg)
Z FEENAIC R DB E L 72 R OSSR K ORI DWW THE STV 5, £ OFfESR,
BEER, M LWE D HERAIEI U=y, M, s, TR omERiE e
Mmolzl SNTWD (IIMPEHnE [ 7 v 2 UEglgs ) GF 2 i) (2015) KO
(il dign ) (2015) 22651 H (Matthew ©H (1998))) [33, 341,

Atk 16 A OB IR EACTER 2R DI LR R, (REET v R—o &,
RS, m7 7 —BMIEFLRIE L, 5 7 H % IE MR 7 Bl O 54 50 B e
Re%FAE L7 (McKinney et al. 1994, McKinney et al. 1995) [102, 103].,

2 & NBIEDO =D I isHEEnE4] (440 mg (220mg % 2[A/H)) Z#EHL
7215 DO LB N T, B EMOARPREEL, TmNALIL, ~EZ v e RE
1% 5.4 g/dl TH-7= (Moore 1978°%) [104],

(3) BOIEKE (TAHR)
DA

{72 2V 32 44 \ZHERRHER (0 (77 &), 15, 50 X% 100 mg Zn/ A/H)
Z 60 0B S5 “HEERRBRANThON R, 2l BRIz VT
T HEENE FE 2N F R AFADICH N L. 100 mg Zn/ N/ HfEEREE T i HDL = L
AT B — /L@ TH L B3 A B L (Freeland-Graves et al. 1982¢)
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[105],

MyF = VAT o — UERIER OWEE 72 B (23~35 ik, xTREHE 8 4, digh
EERE 12 40) (ChiEedgn (0 (77 &AR) T 160mgZn/AN/H) % 5 iHME
B EsH o3BT zfER, mEnEEHECIB W THDL 2 L A7 2 — /LR 7
HWHETCHEAD LD, 16 HHIZIEEELE, avxTFae—1, M7 U&
U REONLDL 22 L AT a8 —/LZ oW EN A B2 x> 7= (Hooper et
al. 1980*) [106],

e 7ol N B 11 I HRBR AN (300 mg Zn/ AN/ H) % 6 B S8 5
BROMTO - fER., BE4, 6 B ICMEHEEENEML, 74 b~~~ L
F= N2 XKD U BRSSO N, HDL =2 L A7 v — L Ogib & O LDL
2 VAT a— LOENREEINA A Bz (Chandra 1984%) [107],

e 2ol N B 21 4 CEEJ4EHD 28.2+2.0 %) . &Mt 20 44 (CEHI4E# 26.8
+1.6 %) (ZHiEEHEEY (0 (FF71AR2) XX 150 mgZn/ AN/H) % 6 EFEHEL
XH 5 HEERARBATOILRE R, WEEREEOH 7 & HICER, XA
W&, BARRE L OEER T WAL ADSER D v, e dignie B 2388 L=, i
NEEEEDO ZMIZ LDL 2 LV AT 2 — /LoD, iEELae I AI D7 =
7 % A —BIEMEOR T NS ARIMER SOD M ORI RS- #igh SOD 1& 4 DK
THARH 5N~ (Samman and Roberts 1987%, 1988%) [108, 109],

i 7o N B 26 A7 v 2 Eglgh (0 (777 k'AR) X% 50 mg Zn/ A/
H) % 6 HMERSE? “HERRBRMTONIER, 4 BEEZ ISR MERER-
Hign SOD IEMEDAL MM, 6 HMZICITAERIK TR b7z (Fischer et
al. 1984°*) [110],

BWEEEESIT. WIWEHEE (7 va U BREEY ) (55 2 K) (2015) (2
BT, Fischer & (1984) DHEIFIZSWT, EPA (2005) 28\ T, ik
NS S T HURIC I 1 2 BFH RO IEHERE% 15.92 mg/ AM/H & L, i
Mk E= &, ZnHOEEEF L7 65.92mg/ A/H (BIHEOKEZ 70 kg
& LTC094mgkg (AE/H) (Highe L) %, BFElk, NHEEZED
B7-Hi$n o LOAEL LS Cunnd & L, EPA (2005) O¥kr& i1 5
TENREHREELXTE LTS

BEW e N eE 18 4 (25~40 %) 127/ V2 U EEHER (50 mgZn/ A/H) %

28 MfHRE LCH—#BRE1C 6 MY 7 &R I S 5 283,
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10 B ESE 2 BRB TONTZ/ER, ~~ 7 Uy b, MGE7=VF oKk
ORI ERER-# 40 SOD 1EM: DMK T 23380 H 7= (Yadrick et al. 1989¢) [111]

RMEERFERIT, WIEHEE 7 v U Eeilign) (G 2l (2015) |
BT, Yadrick & (1989) DHIFIZ ST JEA 584 (2014) % O IOM/FNB

(2001) (ZH1F DM EREOFHIIZISUN T, 3R T S v 7 HIlkIZ 3817
LR ROHNEREOFELEEZ 10mg/ N/ H & L, Il kE&H, =
NoOfEEAF L2 60mg/ AB CKE « T X ALt EOREZ 61kg & LT
0.98 mg/kg AHE/H) (Highs LT) &, BFHRK, RINWHKEZ G OE -
#nD LOAEL &It ST 5 & L EAG 814 (2014) X OV IOM/FNB (2001)
DY 2 RRTDHZENEY B2 LTS,

s 72 i N B (19~29 7%, KBE9~134) 27 v a v BEsh (0 (F7+k
R), 50 XX 75 mg Zn/ AN/H) % 12 HFERSE 5 “HEeBRRBRAM b
fE . 50 mg Zn/ AN/ H LA EEEGHE CiliyE HDL = L A7 12— /L O 380 5
7= (Black et al. 1988%) [112],

fat s 72 PR 2ok 23 44290 (B0~T76 %) (27 /b2 UEgHiSh (3 (RHIREE) X
I% 53 mg Zn/ A\/H30) % 90 HREER S 2R BN ThONn R, mIEHEnE
FEREN, AR M ERER- fEn SOD {EME DR FEA, fiyE SOD Ji& M L 5-. Ak
T UREBEINENA LT (Davis et al. 2000*) [113],

PR 2ot 21 4 29 (BO~T6 %) (27 /v Eedigh (3 CetMREE) % 53
mg Zn/ N/H 30) % 90 HEEBE SR ERNAITOI MR, IR ERSR-dh e
SOD JEMAR T, &I 7 /v & FF IR ERD L OURIER 7 v & F 7~ A%
A —BIEMIK TR A 672 (Milne et al. 2001*) [114],

RGEEFZERIT, WINEHEE (7 v a U Eelign) (BB2k) (2015) (12
BWT, Davish (2000) % UMilne® (2001) O#iE L. BHFHF OO &
oy bho— L L7RBRGETHY 3 medil/HOERUIHAADOEIRE LY &
WZ & RBEEO SO EMNS mglish/H & HAANDEREL Y D2 WETH
52 EROMBBO LM ERRE LME TH L0 OPEIRE L LTH
RIS DT DENIMETE RN e, TNUHDOHRIZOWNTIE, =

29 $ROBEEIZHOWT, BHEHKD 0.6 mg CWA/HIZH 7Y A2k 0.4 mg Cu/A/H X
£ 2.4mg CWA/HZEML7 1 mg CWA/H (KHiIR) & 3mg CWA/H (GEHIR)
D 2 RT3 1F T I,
D SAOBEEN R D 2BEHC OV T, BEHKD 3mg Zn/ A/H % 90 H RHER S/
#%. 10 B O A% . 7Y A b 50mg Zn/ A\/H %3801 L 7= 53mg Zn/ N/
H % 90 HRHFER,
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U RERA L FOHMIZHWA R E L TTUIEETHAH DD, LOAELDH K
WCHWAD Z ST TRWEEZT-E L TWD,

i 2 R N B 38 44 (CEJAEHD 35.6 9.6 k. FHE194) ([CHigh 7 U o v
FL—b (0 (F718AR) XE30 mg Zn/ A N/H) % 14 BEERSE2 _HE
FRARBR DM T O FE R, SO, L REDRIES A E BT D HivZen
-7~ (Bonham et al. 2003*) [115],

fatsr 72l N 387 44 (55~T0 ik 188 44, 70~85 i 199 4) &7 /v = i
g (0 (FZ78R), 15 T 30mgZn/N/H) % 6 nHBERSES “HEM
BT (Hininger-Favier et al. 2007*) [116],

BEATZEDT, WINEHEE [ 7 a U Eley) (6 2 i) (2015) (2
BV T, ARRBRIZEB W TE G TREO B D Z I IE HEnE K OVR H i gh
B DOHINO AT, FRIIER SOD EMEIC YW THERZIENRBD LN L DD,
BN o N T &3, ARER2 S NOAEL O 2175 Z & i3]
ThWeEEZT-LE LTV,

7N 86 4 (22~267%) D 9 b, 24 4412 12 KA & I ik dhgh
KFnd (0 (EBREEAK) (Bl 44). 256 mg Zn (B4 54). 37.5 mg
Zn (&PE34) Xix50mgZn (BiE34)) & Te/KIATK 20 mL % £ 0 {EH)
S, BHL 30 Ayl BEUE AT O 30 433 1AL 4 MR £ Cik & R
THHE AL | 12 412 12 iR %I IChEE SR LKk (0 (AEAIEK)
(B 34) Xix50mgZn (BE4 34)) %5 Te/KIEK 20 mL ## 1E
HesH, #HE 30 4rni. EEGERTAL O 10 403 X I 2 BRI £ Tk &2 £
W 28 B3 Thinlz, ZOfE., F—#BRick\W T, 2 ToRcmEf
VT — VIR EE DD DR O AL, FRCH BB Tl 2 v —
FEOW/AITEETH -7~ 2 &5, Brandao-Neto 513, #igpiBEGEE O Mg
aANFY = VRERDVICIEERAEBHUNOEELH T LTS
(Brandao-Neto et al. 1990*) [117],

BN ZEZARIT, NINRHnE THiBedEs ) (G8 2 iR (2015) 2B\ T,
B GRHCRT D MEEH 2 LT — RO OFEEE DU T BB I %@
U CXIHRRE S ORI ZEITRED LTV W E T L7z & LT 5,

FRME TR A 18 4 (50~817%) (Zhilfkilign (660 mg/ A/H (%) 450
mg Zn/ N/H3V)) % 16~26 B FEER S, Ml rosa & O iR A b5 ro i

30 NITE X A #uE,
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BEATo - FE R, Mkt HFEER OB 2 R TSI AN 2o T
(Greaves and Skillen 1970*) [118],

BEHRZCME 494 4 (BEHR 20 ARTE) O 2 B 246 44 (CEXFE 26.114.7 7%)
(ZhiEEE SN (20 mg Zn (0.3 mg Zn/kg (AHH/H32)) %, 248 4 (FHJ4HFn 26.5
+4.75H%) [CHBEEE LT TR A HE S TR “EHEERRBRATD
T fE R, RHAR L O A RIZ B 135 5 /ey > 72 (Mahomed et al. 1989¢)
[119].

Q@FLIR - MNR

7o gL 68 4 CRHHREE - BIR 184, “IR 16 4., RBARE : BT 194,
W15 4) (CHign (1.8 GeHFREE) Xt 5.8 mg Zn/L (BifgHiéh & L C 4 mg
In/L #3IN) #5489 507 % 6 ) HREBRSES “HERRABRMNMTON
Teo MEZITSTZ 42 41200 T, MHHEEHR, ., 2 VAT v — LR
IR B ho 7= (Walravens and Hambidge 1976%) [120],

BWEEEEST. INIWRHnE (v a o BRigh) (82 k) (2015) 12
BT, RERWIHE F OYERE O 1L <O HiL, £ OBH S OFEM A
OENTRNWIERDRINVTOHERBP A THDLZ b, KREBRNMNG
NOAEL O¥IWr&1T 5 Z L id@b clhaneBExz s LTWna,

5~12 " H OHLIE 115 4 G FREE 54 4, 1EHEE 61 £4) (27 )V = U FRiish

(0 e FRAE) X1 1039 mg Zn/ AN/H) % 120 HFER S-S 5 B0 trbni-,
FEEAFE BRI 3V T, 120 B 1% O S Hi SRR FE 23 i BREE & Fhife L CEEAN L7223,
soFErE (MIEEIREE) K OMIKFREEIZREII A b o> 7 (Sazawal
et al. 2004) [121],

13 MH ORIz 7 v 2 ofgiigh (#igh s LT, 120 mg/ AN/H Z 6 2> H [,
ZD% 180mg/ N/HZ 1 A % 7 A RHER S 53 R 3G S T
%o TORER, BHMRE CERIREIFERN A S, HORZIRIESNIZE LT
WD (IInaEinE [ 7 v = gdgn) (F 2 i) (2015) KON THEEEHRSH

(2015) 72>5 5| (Botash & (1992))) [33, 341,

w2 BIL (6~8 7%, &HE 8~104) (27 /v = fgillign (0 (77 &R),
5. 10 X% 15 mg Zn/ N/H) %z 4 A RHERSE L “EHERERMMTOIT,

320 NITE 12 X4, EU FOVATSDR IC L A#HE L ST b,
33 NHIOIER N A STV D RNIEHESN 10 mg 2B L T\ 5,
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AR I ERSR-HEN SOD {H 7 & OFADOEIEICEEITRD b oT, 78, 15
ngmmwﬁﬁmﬁ@ RokE GRERBIAR O M) 1% 27.4kg, BN D

fighOBEE (4 A %OFHE) 1X11.2mg/H TH->723¢ (Bertinato et
a1.2013) [122].

(4) BOIEKE (BRHAR)

KE D 3 — ML (Health Professionals Follow-Up Study) (23T, H
TY A B OHERTER & RIS A L OBRA T ST, 46,974 ARy :
P (40~7575%) ([2DOW T, 14 4FROBERA HIZ 2,901 £ ORISR A BIE N
MRS, DO 5 434 L NEITHETH -T2, BYERHEEMRE (FFQ) 128
WTH 7Y Ay MERE KBTI A2 L, a0 5 B 25%03 10
o7V A FEERL T\, BEhoY Y A R EAERL TWRWERC
*9°% 100 mg Zn/ N/ H BB EREOHETIERTSLAR DS A OFEXT U 2 7 (RR) 1E 2.29
(95%CI=1.06~4.95, Pt;ena=0.003) TH v . £7- 10 FFLL FEBEFHED RR 1% 2.37
(95%CI=1.42~3.95. Pirena<0.001) T& o7-, Leitzmann 5, #ghDEE)
ﬁﬁ&%ﬁémiﬁﬁh@)Xiﬁm&%%@ﬁiéﬁm®¢%%fifﬁf

D BPERY 7R HEN O R FHE U TS BRFE DS AN RAE T BRI OV TR 550
ﬁﬁif%f‘%é & LT3 (Leitzmann et al. 2003’) [123],

B REZERIT, ﬁ%%#ﬁifﬁw:/mﬁ§J@%W®<%w)r£

WC, BEMEEUIAN O BRI K AL ERITITHRTE 20 2 & KU RE
koVT@E%éﬁﬁé_&b6\ﬁﬁﬁm%d%ﬁﬁﬁﬁk%ﬁ%ﬁhﬁi
EERMEMITHZLILTERNEEXTLE LTS,

EE Z MBI LTERMORER 7 ) —=0 77 a7 7 MISIML TV 5D E
IR LT, 7Y A R D OF B JEERAE R & OBRITHE I
7. 15 mg Zn/ N/HBOHENEH SN 7Y A habal s 1 FLE
BIRL T2 i 69 4 (1 31 44, ik 38 4. 4 78 ik (69~91
%)) ZHENERREE Uiz, F72, HEDIINCEX I VKRNI 2T LDH 7Y
Ay NEEERL TWRWERE 1,832 4 (B 637 44, & 1,195 4. FH4E
i 78 ik (66~97 %)) ZXIFREEL L7z, #BRE DK 15%72° 50 mg Zn/ H H %1%
BRLTEL, EHEE 60~150mgZn/ N/H . BEHIMIT Y 8FEThH -T2, L
RGN DOWTIE, dER B & SRR & ORI 2T A Lo Te, 2 LA
TR IVEOREORERE, DIMEREROY A7 LHT U X M OHEHE
Bl OFICB#E LA SN2 -7~ (Hale et al. 1988) [124],

W o Egsgniok (156 mg Zn/A/H) ER&MEE (11.2mg/H) & bE-dfiEho
BINEARE Y720 ITHE T 5 & 0.96 mglkg KE/H L7225,
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(55)

(5) BMAIFLKE GEHIHRE. BEMEEE)

FHHREIFIZ, 1~2 43 & EAERFE TIEH 525, miREOIEEHEF O b
S AR B ENTZ 2408+ (WTFiuh 20 ) OHRENH D, AMEER
IFREETH Y, 10 HIZERKRMIC R TH -T2, & D% Ml fE5E 2 1 5 B
DAV FEIE GRS TIZEIT L, K[ERE R ON LR ZIT o 7203, 25
HEKLW32 HEIZZENENIT Lz, Fikr U7 Ml IR0 72 VM M Ol N oD
BRHETE N B D VT2, F o, M TGS K D EEOTIMEN A B, M5 D)
R M OV IRIC R 28 % AT L. & ORREE 1T O SR 5518 SEMRRE I A H AL D
IREESS L0 L EETH -7z, B XN R AL O HE5E K OVEEIILIZ K - TIA#E
\ZFA%E L T\ /= (Homma et al. 1992) [125],

k> RV N T O BB AR B O S X 0 I HEERT 5~10 A
X< FE SN 20 4 D235, X< R 3~21 HIZEMMEE CT A&k O
It RERR A 2T 7o, CT OFER, L Z 15 XUy, BRI E A
MDY BT AROBERAELNT, 2, < OELIcB W TS &
(FVC). 1 ®& (FEV1). Rt EL O—BR{LIRBMIEERE (DrLeco) WA EIC
B LTz, 1% (FEVY/FVC) 1ZEH Tholz, £D% 10 4 Zxt51T 27~
66 ABOBHGHEZIT-72L 24, CT TH LI B E K ONHREREHS KIE 2tk
FEN7- (Hsuet al. 2005) [126],

PO 24 D THO 111 4125 L CREN Thz, fighd->& 21795 2
X VLIS E MR IIR NI ES N 61 40X FERE (B, 28.86
+5.46 5% (19~40 %)) %, Fhi%Ex ~ v F I W7 50 44 OXHHHE (BB, 27.34
+6.19 (21~41 %)) & LI-FER. &RE (MFF), FERIKEE, FiFuwita
MO AME DA R EINAS 7 & U7z, 1 HE SRR B O INE QN if Fh i, 2713
AR ONE T 0 EUREORBD N DI, MIEHENRE & LT MRS
BAOMBENRAR LT, MFEGEIZEETA LN -7 (El Safty et al. 2008)
[127],

25 OO > & SN ZH O WE T O BN GREE FIE L, OIEER,

W2 Mo OSRRVELPEIG 2% % £ © MR PERE IS & 0F%6 L7223, 1R ORE Rog4lcm]
15 L7~ (Hassaballa et al. 2005) [128],

(6) ENZBTEZEEDEFLED
EMZIBWT, N ZBBEER L I A2 E L T, x4, R
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RERHLITND,

RGEEZE ST, IR E Fﬁ/v:‘/ﬁﬁﬁfm (% 2k (2015) 128
W, B MZBITF DI OW T, (RNBIEIC B W Tl o gk &9 L 0 I =R
AR &I L 72 7L 3 R EER I iénﬁ%ﬁﬁkn‘a%ﬁﬁb\mﬂﬂﬁﬁé kLl
a0 OEBEICE TS5 8 MIBIT 2 A 2 MR Lo H, JRimER
SOD {EMHEDIK T, EBICHAERICER T 5 L IEB T W, B FOFIA

BT 2B OHREICBWTAEREEL L TRO LN Z EITEEFNICE SR
75%)%.’) ECHIBT L. JRILER SOD {EMEDIK T A2 RARA > FE L THWTWS,
Fischer & (1984) i Yadrick & (1989) ®ZniE.»645 547z LOAEL (kg
IREEICHASL U7 M) 1. T Enilign & U< 0.94 mg/kg AHE/H XX 0.98 mg/kg
KE/HTHO, BEVENRL, B MZBIT 5O LOAEL %, kg (KE|ZH:
BT EDMEV 65.92 mg/)\/El (0.94 mg/kg {A&FE/H) (High& LT) ELHIBrL
TW5, 7ok, /MR IR, iR ORI OV T, a7 EWmniRo b
ﬁmk%zkkbfwé

T, BWMEZERERE. WWIWRHEE THEEHEs] (2015) ([ZBWT, w1
WYy Thiledfign) OFgh OWIEIZIRMY 17V =2 g @ﬁﬁu@wﬂﬁ%i
B2 &iFErnwetBZOoRE L, INY ThiBEies ) ofshs LT
NOAEL/LOAEL DMz 7= - Tix, 7= ofgilligh & FEEIZ, LOAEL %
65.92 mg/ A/H (0.94 mg/kg KHE/H) (#ighs LT) LfrLizE LTnW5,

L7eo T, INIREnE T2 v = ofgadh) GF2hRk) (2015 4F) KON Thi
Fedign ) (2015) DARE, B 2m bl CE RVl & bifE X, AU —F 7
TN—7& LT, 2o orHili & FERIC, dighé LT 65.92 mg/ A/H (0.94
mg/kg {KHE/H) % LOAEL &5z 7=,

if: KU =% 77 NV—"7E L TE, /MNRIZHOW T, NOAEL/LOAEL D%

I3 7 BRSO S0, NRICEBW THER OE R 0.96 mg/kg
{ZIKE/EITﬁﬁ:\mlﬂE SOD EMEICHBIIFRD DN Tz b T HERENH D 2
EMDREY Y O EIE THELT 5 & /NESERA X0 D mo &
XS 2 I LT,

&ﬁ\mﬁﬁ$@ﬁﬁ@wW$@ﬁ$$@ﬁ“@&W?i@%<ﬁé*kﬁ
HDHEBZONDN, EEMNRFHIICHW AT a2 mEANED bpne
E 2T,

V. [E<ERR
1. JKEKTOHEADRHIKR
Rk 26 HE O AGEMEHZ B T 2 HEn K O DL EM DK (REKIeKE) T
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OREHPRDL (R 11) 26 FMEHSIZB T DREE TH S &
4 5,697 HIE MR AKE IEEE A8 2 7 AT 72 < 5,489 HiS T 0.02 mg/L
LIFTho7e (AAKERS Pk 26 FEFHERE (FK) [129],

& 11 FK (fGKEKSF) TOELROBRHIKR

IR BE oo AT
;g;”’i @ b 0.02 | 0.04 | 0.06 | 0.08 | 0.10 | 0.20 | 0.40 | 0.60 | 0.80 | 1.00 (3@%
(mg/L) | (mg/L) |(mg/L)|(mg/L) | (mg/L) | (mg/L) | (mg/L) |(mg/L) |(mg/L)| (mg/L)| ~
ESXEN 5,697 5,489 99 44 17 34| 10 3 0 0 1 0
FyiAKk | 1,059 1,026 18 7 3 3 2 0 0 0 0 0
XN 2700 269 11 o oo o o© 0 0 0 0 0
Mk | 2,971 2,835 59 27| 12 28] 6 3 0 0 1 0
Zoft | 1,397 1,359 21 10 2 3 2 0 0 0 0 0

O%EH., OHIEHRE
) FEfEi 0.96 mg/L,

2. IRFIILIF—F—HEHOERDREIRER

(1) EBRRAR S

2014 4 3 A5 201542 A £ CoRIc, EWNIZHEAL CWAEEI R 7V
U —2 =596 Wk (HEIRXTNVTU +—F—FOEFERD 62%) O HifHlR
FE2HE LR, 20 it (REIRAME 0.1 mg/L oK) TH -7z,

2015 SED IR TV —Z —HHOENAPERIT 3,038,504 kL, # A #(iE
348,896 KL TH V. BIAI X T/ 7 4+ —F—HOEIEIL 10.3% Th 7= (B4
J78% 2016a) [130],

1986 F7 5 1998 FF FE COMNCENTIE LIZEHEI X7V Y +— X —%4
259 $aiR (259 BB OHEHIRE ZWE LS R, FMHE 0.02 mg/L (& Hi#d
P 0~0.60 mg/L) THh-o7- (EFHES 1999) [131],

2003 FIZENTIE L2, BB ERS (1999) THIE L7861 & 135 0
PDEPEI X T ND +—Z—JH 50 861 (50 &k} (FFF 2TV IRT LT +—
B —45 WREP LI X TN —F—5 &) KUOSNEEI R TNVD +—HF —F
118 (1B (FFa2IAIFXTLTr—2—8HE, IRT LT 4 —HF—
2B O bV R T 4 — 2 —1 30k OHSNEE A HE LSRR, EESF 2
TNIRTNT x—H—TlE 28 REFCRMH S, RHEEOFEYEIT 16.6
ng/mL (K& 0.1~183.1 ng/mL) . EFEI X717 4+ — % —TiX 2 3BT
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HE, BEREIT 2.34 ng/mL % 141.09 ng/mL TH Y, HEFESF 2T /1
SRTNVY F—HF =T 5 TR S, B IR E O YR 53.1 ng/mL (B
H#iPH 8.8~218.1 ng/mL), AMEMEI X TV 7+ —X —Tik 1 R BRI S,
FrH AL 17.13 ng/mL Tho7= (xRS 2011) [132],

2014 FJEIZ, BAFEOH DR Z PSS X —F v MHiGE2 @ U
ALTZEEEPAI X TIN T4 —F2—H (A X2 VT, 7T A, HER, T AV
715 15 FE) 110 648 (110 30k OHihRE 2 HIE L2k %, 81 3kt (i
K T4%) TR S, BREEE O IT 2.5 pg/L. AT 0.53 pg/L. (B
#iPH 0.039~48 pg/l.) Th-o7= (Jriil s 2017 (in press)) [133],

<5E>
(2) BOYRBEA
AA, KE, 77 2% 28 MENCHE L TWAHAR MLVAD 74— & —132
A O HEENTREE 2 IE L7250, Ui 0.64 pg/L (B H#EPH 0.043~442
ng/) TH -7 (Krachler and Shotyk 2009) [134],

RN L TV DR FILAY 2 12T 0 4 —H —56 3B O i 2 1) &
L7, i 2.965 pg/L (FH&iHH 0.061~271 pg/l) T 7= (Misund
et al. 1999) [135],

RAVIZHE L TWDHAR VA I X T 7 4 —&—908 kO HighiEfE %
PE L 7fE R, i 1.76 pg/L (B HEIPH <0.05~293 pg/L)  (f HBRSME
0.05 ug/L) T ->7= (Birke et al. 2010) [136],

AZ Y TIZPHELTWDAR MVAD IR TL0 4 —&—158 4t (186 i
BE O#EEnRE 2 JIE L7oAER, FEME 1.52 pg/L, HRfE 0.31 pg/L (fk Higi
< 0.05~46.4 pg/L) (FRHFRFE 0.05 ng/l) TdH->7= (Cicchella et al.
2010) [137],

T FHITPE LTS I R TV T o+ — & —42 U ONEK 102 306 dhign
WEZRE LIZRER, IX T 00 +— X —HHOfEniRE I M 8.1 ng/L,
JE 3.2 pg/L (B HH&PH 1.61~117 pg/L) . /K o dEgn i B 13 E4ME 12.0
ng/L, FAiE 1.6 pg/L (B H#iPH 0.9~234 pg/l) Tdh -7= (Dabeka et al.
2002) [138],
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a7 FTIHELTCNODR MVAD T4 —4—24 kL (IRXTNT 4 —H
—8 B OVE/K 16 7B OHSAERE ZHIE LR, S X TV T 4 —F—H
OHERIRETX 0.197~2.263 ng/L, HEAKH OHERTREI1£<0.100~6.912 g/l T
-7 (Fiketetal 2007) [139], 7=, 7 a7 F7ICH@ L TV DA LAY
FFa2TNTF—F—14RE (LR TNVT 3 —F—4 B OVEK 10 REH D
SRR 2 AIE LG S, S R TV o — F —h O iR (b H%EDH) 1% 0.424
~1.960 pg/L., KT OHENEEE (BRI 12 0.190~4.130 pg/lk TH o7z

(Peh et al. 2010) [140],

3. BEMNLDOEMDERRR

(1) EBRERE - XERE

Wopk 26 AR E RAREE - SR B I W CLHEigh O — HIEEIMEN HfE STV 5,
wH (8,047 4) . FME (3,786 4) . Mtk (4,261 44) D&M RAE 14 ITRT
(JEA 5784 2016b) [141],

x14 BIO—BEWRE (FMi 260 FERER - XEHAE)

1 AN1H%72D e Bk ik
EHE
WE | OiE | CEE | e | CEEE | ffE
(mg/ AN/H)
2 (1) 7.9 7.5 8.8 8.4 7.1 6.9

TR A L OB &AL 2~ & ORI SV CIER L7227 o 72,

TRk 22, 23 AE[E RUERE « BRI 2|2\ T, diEhd — HIEHL
BOSANEE SN TWS, B (11,207 4) OFERREA2F 15 1R (B4
FEE Rk 22, 23 4EEEAERE - SR RARRIER) [143],

& 15 HpO—BEREOSf (FL22, 23 £FERRER - RERERFINER)

il | OAE | PHME | BEYE | IRV R—tZ A VE (mg)

(%) ON) (mg) | W | 272 | 1 5 |10 |25 | 50 | 75 | 90 95 99
(mg) | (mg)

(187% | 11,207 | 7.9 28 | 00 | 28|41 |48|60 76|94 11.4 | 129 | 16.6

LI k)

Xuttm, IR,

35) SRR 23 AR [E RMEHE - SREREICB VL TL, FEREARMS, FFEORERNBLIN
EENPFENREMICEENTE Y . HINIOWTIE, 8EA - V71 -

TWAH R

KROBMITIE TN TN E SN TWD  (ELEE - 5B 2011) [142].,
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(2) ZEHRE

Wik 27 FEALFEWE D AN~DIZL BEE=F YV THREICBNT, 15 4D
FER G (40 L. 60 mAliE) @ 3 HMORRREFHEN Thil, BFEEkD
AN R E AN STV 5, HIfElE 90 pgkg KE/H., 7 —% O 73
~220 pglkg KEH/H Tho7- (BREEE 2016) [144],

(3) XEHEEROENOENERE

BFTRIEEE CER2TENBRFSE105) 2B\ T, REKERML D —H Y
720 OB AEZEICEENA2HSHO ERMEE L T15 mg NEESINTWD, £
7o, HEEROBERE & LC THSME, R A2 IEE IR ODICHLERREFETT, il
nid. BRSO OREEEH R 2 BT 258 T, L, ALK E - g
DORFNZETE LT, (RO RS ORBHRTT, |« BT S LTonE
FIEHE LT IR, ZEBIUCEVERMEELZYD . L0 EESHEET S
LOTEDHY FHA, HPOBYVBE L, HORNERLET 28200 H Y £
FTOT, WBEERIZRL VI HI>TEELTLLEZSY, —HOEREZELYSF-
TLEEW, JPR - NREFARBOBRAZRIT T ZE, | ERRTHI L
EINTWVWD (HEEIT 2015) [145],

4. WMO—BENMEDHT

(1) EXERE

HHIK OKH O HAADOEKEIZOWT, 2012 4FEICA v Z—% v FEEIC X
D¥H2HAKRH1IBOEBKET V7 — MEENFER I TWD A B 41,278
ZAOW-H 1 HHOREORER., KEKBROEAKEX, FHIETHE 1,159 mL,
41,124 mL, FRMETH 1,055 mL, % 1,020 mL, 95 3X—& % A IETE
2,400 mL, %4 2,200 mL Th o7z, fEREE 16177 (IHS 2013) [146],

x16 EHEZHDOEKEFHELR
(B 1 BEDOREHRICED (HEHE)

R EREaS) 95 /X—k ¥ A VH
4 H H (mL) | 4 (mL) | E/4 | B (mL) | 4 (mL) | 2/4 | E (mL) | & (mL) | E/%
GEMEY) 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%
KIEAREE / /NG | 1,055 1,020 103% | 1,159 1,124 103% | 2,400 2,200 109%
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ENVIN 0 0 - 142 77 | 186% 800 500 | 160%
R 540 350 | 154% 635 437 | 145% 2,600 1,200 | 208%
AR DEEK R 1,798 1,530 118% | 1,936 1,638 118% | 3,570 2,900 123%

(2) BRIZE T 2HMO—BEMEDHTE

KU —F o 77 —FlcBnWT, Fitl. ~4.

(1) IZReHk L7cifiE T — 4

FaMv. BARIZBT 28K (IR TV0 4+ —2 =R OKIEK) KOEFE)
S5oigho— HEREZHEE L7,

DFESHROHEET—BERE (FHMERELY)
SRTNVY F—H—FEIZTHOWNTIL, 2014~2015 FFIZEANIZHEE@E L TWD 2
XTI F— O HIRRE 2 E U7 fE R, NI S e ooz,
B TIRME (0.1 mg/L) (EAG#1E 2016a) O 50%DHENE Gie & RE L.
B TFRRED 1/2 TH 5 0.06 mg/L 2\ =, £z, IR TN 5 —F—HHD
FAREICTHKEFREICBIT DR MKOEHOEKEOYEEETH 5 0.142 L
(FAFF 5 2013) &= HW -,
IKIBRIZDWTIL, EK TOHFROBRTIRED 5 HHRETH 5 0.02 mg/L
(HAKIEWH S Rk 26 FERERR) 2 M, £72. KEKRDEHOEK
BICEKEREICE T 5 KEKOEBKEDFEHE TH S 0.966 L(FAH: 5 2013)

Z e,

BEIZOWVWTIL, BEREICB T 2 EREOFRIETH S 0.090 mg/kg

LGRS

(BREE4 2016) % HAWi-,

LLEns, ARIZEBIT 2O — HEREITEHNZ2ZES Y T 0.090
mg/kg IKE/H TH o 72, AHEERER K 17-1 1TR-7T,

#z17-1 BEDETE—HIERE (FHNLGREFELY) <1>
(BREIIDOVWTREEREZRAVLEES)
e 35 s — HHEKE — ANH72 0 OHigh | KE 1 kg M7z O
OHEFE — BEBEUR | $hoHEE — BB
(mg/ \/H) (mg/kg {KE/H) ¥

2 X7/ 7 % | 0.05 mg/LY 0.142 L2 0.0071 0.00013

— X —¥A

VISTEVIN 0.02 mg/L?¥ 0.966 L2 0.019 0.00035

'H 0.090%

At 0.090

1) EAEE 2016 OF —Z 12313 A HEN O HBEFRE D 1/2
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2) 5 2013
3) HAKIEWE PRk 26 5B R AR R

4) BRIEA 201

6

5) REIZHARANOER Y 55.1 kg & E,

Fo, BFIZHOVWT LRORERE DT — 7 O 0 IZE R - REMRA

DT —H %

EIAN

BB OEFEIED RS Y L RERIC,
FHHEREEZ WS Z L L L, FED 7.9 mg/ N/R (B4

BIEEFHZ R

BB Rk 22, 23 FE AR - &

@:ﬁ[ﬂ@ ETEE‘XE:%%KE L/f&_o

Rk 22, 23 FEE R - SR T ANT

AR 2V eha, RARIZKT

Lffigho—HERE CEHRRMES V) 1X0.14 mgkg {KHH/H T - 7236,
AHEERE R L L 17-2 1277,

x17-2 HmOHEE—BERE (FHMLGRKRLY) <2>
(BEIIOVWTERRER - RBREZAVES)

A — HEKE — ANM 72V Ofih | RKE 1 kg H72 0 O
OHEE— HEIE | $hoHE — B EIRE
(mg/ N/H) (mg/kg {KHE/H) ¥

2 X F7 /7 | 0.05 mg/LY 0.142 L2 0.0071

— X —¥

AKIEIK 0.02 mg/L?¥ 0.966 L2 0.019

BH 7.99

it 7.9 0.14

1) EAHEE 2016 OF — X285 5 #sh OB HRAMED 1/2

2) FHH 2013
3) HAKEWE ik 26 4B AL R
4) BEAEFBE PRk 22, 23 FE MR - SR R RIE R
5) WHIXAARANDERNY) 55.1 kg & KE,

QEMmOHT—HENRE (GEMENRELY)
SR TNT F—H—EHIZOWTIL, EWIZHE LTV B EFE K O ERE S 3%

TN F—H—FEOWEEEZNE LT
0.2181 mg/L. (Ex K5 2011) % Wi, £z,
T BR MIVKOEOEKED 95 /X—F L X A NMETH

(T K

HREIZE

36)

TRk 23 EE AR - REFE ISRV TR, FRERMEH M,

WHOT—H2D ) LigmfETh b
IR TIVY F—H —FHDOEK

FriE DR DL S

NTWHEMENHENZREMBICEENTND Z L6, HE—AERE CFHRLR

REHD)

TORAPERER dh O HLEh

JT2015) 1Tz 2oz,

DO—H Y7~ OEEHZ &
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5 0.8L (aH5 2013) # V-,

AERNZ DWW TR, K TORE DR D 5 Bk

BT 5 0.96 mg/L

(HAKIEZ PRk 26 FRERARR) 2 iz, £z, KEKOZHOEK

EIZEKE

FLEE e

(A H 5 2013) = Hui=,

BHEIZONTIEL, BERAC

KE/H (BREEE 2016) Z A=,

VIEDS a2 ERLTWD ERE LSS

B L HEE RO

DHAKIZE

T B KEKDIEKED 95 XR—Fv L Z A WETHD 2.17L

EfECTH D 0.220 mgkg

B HEER DO HE

E— HEREIX 0.26 mg/kg (AHE/H TH -7, KHEEHREEFE 181 (57,

# 18-1 HEnDHETET—HIENE (GERENREDLY) <1>
(BEIZOVWTEERAZEZAVEE)
L PA R B —HEKE — ANB720 ofsh | AE 1 kg H72 0 Ol
OHEE— HEBEE | $hoHEE — HEIUE
(mg/ \/H) (mg/kg {RE/H) ¥
T X7/ 4 | 02181 mg/LY | 0.8 L2 0.17 0.0032
— X —H
KB K 0.96 mg/L? 2.17 L2 2.08 0.038
"rH 0.220%
it 0.26
1) fex K5 2011
2) 5 2013

3) HAKIEWS Rk 26 4 g4 s R
4) BREPA 2016

5) KEIZHAANDER YY) 55.1 kg & IE,

72, BFEICHOWVWT, FROEEFHED T —% ORI 0 IR 22, 23 4EH

FAERE - SR AR IR

B AHERED 95 X—Fv LV Z A VETH 5

12.9mg/ N/H (BASEE Ak 22, 23 FIE B - RERERPIER) &
FOMOBIhE LT, REMEIER

1N

S BHIZ,
DOHEFHO—H H 7= OEEEZ &
BET 2 ERE LG, BARICE

WAL RS D Th D,
O ERETHD 15mg (HEHIT 2015) %
JoHERO— BEIE (GEREORED
fE R a2 R 18-

V) 1% 0.55 mg/kg KE/H T > 7237,

37

Rk 23 AFIE R - SRS

BWTIL

AHERE

BEA -

2 \ZRT,

7w - BERDIRD BT E Fh

TWRNEEINTWVD Z 2D, %®M@ﬁ%kLT%§%%ﬁ%@ﬁ%®~H%k

D DFEHR

EE7S 4
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*x18-2 HinDHE—HERE (FERENRKRLY) <2>
(BEIIOVWTERRER - RBREZAVES)

R PA R B —HEKE — ANB720 ofsh | AE 1 kg [0 O
OHEE— FEIE | fpoHeE — B EIE
(mg/ \/H) (mg/kg {RE/H) ©

T X7/ 4 | 02181 mg/LY | 0.8 L2 0.17

— X —¥A

KIEIK 0.96 mg/L? 2.1712 2.08

"rH 12.9%

Z DO R 155

&t 30.2 0.55

1) #ex K6 2011

2) #FHH 2013

3) HAKEWE TRk 26 4B FH AR 5

4) JEATEAE Wk 22, 23 FERERE - SRR A R ER
5) {HEETT 2015

6) REIZHARANDEERY) 55.1 kg & RAE,

<&E>
FEnD#EEEREDIRE (NITE 2008*) [3]

NITE (2008) (%, K&HH Qi OEEEIZ-OWV T, 2002 4 O KR D
PN L D KRG OHENEE D 95 /S—F & A JUE (0.16 pg/m3) KA D
BRI AR (20m3/ AN/H) 122D, 32pg/N/HE L TWV5,

BICBEK 2 & O Hi g DI IR T DV TIE, 2003 42 0 H ARKIE HE 1 K DK
FOFHENT L DK OWED 95 X—t & A JUE (50 pg/L) MO A DK
BIKERE (2L/A/R) I2HE3%, 100 pg/ A/H ELTWD,

B0 5 OHEHOBREIC OV TIEL, Fk 14 FERKBREOHKRICL D
18~29 i D BIEDFERED 95 X—F% L ¥ A JLE (16.3mg/ N/H) & LT\ 5,

LI k6. NITE (2008) 1%, & MR AOHEHO— HEBE&EZ KKH ., Bk
F R OEEF L OO —HEREEZ G L, 16.4mg/A/H. 0.33 mg/kg &
F/H (RADOKEZFE 50kg LIRE) LHEELTWD,

V. EFF#EE O
1. EENATFZEHEER (TARC)
TARC 1 ZHELER DFED AAEEEITAT - T 7wy (TARC 2016) [147],
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2 . FAO/WHO ‘%Iﬂﬁﬁ:iﬁﬂﬂ*ﬁgﬁﬁﬁﬁ (JECFA)

JECFA 1% 1982 FF D 26 RIS EITHBW T, HEHDOLZ RISV TR LT
WD, BHERICOWNT, %%ﬁ%ﬁ%%ﬁﬁu\mﬁﬁ BT i i DIRER 512
S TEIMMDEZ Y, #i & OOV R N ER~ fiﬁﬂ"rﬁiﬂj@ﬁgﬁﬁﬁﬁﬁ F$75>
KT 52 ENRINTWD, BATTEMER OVEIRRE~ DI A HIL TR,
AN o O FLH O FRBRCR IC B W TEEFMEIT v, BORAMEZFHMETE 2 &
WORBRIT 7 TlERv, B MIBW T, RS TR OSMERE T, @, il
Do X SNTZREHRE SNTZBIEOMEI 2T 522 L LBHE L TV 5D,
12 HER 22 mRAE RIS K 2 i B2 FHl T 2 fFH IS ST,

fisn OB (15mg/H) EWERE L OICIIRER~—Y U DNb 5D, B

(decubitus ulcer) DIEFEDT-DIZ 4 7> H [EFEERHER 600 mg/H (200 mg Zn/
H) % 14 £ OFEE IS L1252 (Brewer et al. 1967) 128\ T, [JREAH, J]ﬁl
BRI MR AL PRI BIL A N2 o T2 2 b b MIBITHE
BRI — PR (PMTDI) % 0.3~1.0 mg/kg KE/H & LT % (JECFA
1982) [148],

3. HREFEHEE (WHO)

2008 LEDIEIKKE T A RT74 58 3 . 2011 D[R 4 BB\ T, &
BEK R OHSHZEE U CTRFEICE S A A R T A AEITRR STV,

MK K O KO FSHREE 1L, @HEIXZF 24 0.01 mg/L & 0.05 mg/L
IR TH DM, fHAEAKTOHEMEEITKEESOWESOBEHIZLY vk
DT obLm< R EDnDHD,

HA RTA MEDRRE SN WEE & LT, KT BB S D IEE T
IR OBV E STV D

1982 412 JECFA 1. #HEMZ OV T PMTDI 1 mg/kg RE/H Z#7R< LTV
%o BANBMO—HVLEEREIT 15~20mg/H TH D, b MIET 5 IO
ThEBIIANT, AR HTA KT A AMEOEHITBF L TIISLER W &
o, LoaL, 3mg/L Ll EOREO 45 Teflobbkix, FIRAEICZT
AnbninBEnsnsd s (WHO 2011, 2008) [1, 2, 149, 1501,

4. RERREET (EPA) /ME) R VB R T L (IRIS)
EPA/IRIS“C EN ﬂ::f%i%f@nﬂﬂﬁ%\ TDILIZAHYE I 20 E (RfD) &
. IBMEIERE S A 'ri@'r%a*é&%%ﬁﬂzbﬂxzao T2, BB AEIZOWT, FED
r% POV TOEHRORINITEIC LD U X7 IO TOEHRERB L T
[AYR
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DR OSEAE (Chronic Oral RfD)

Yadrick © (1989) . Fischer © (1984). Davis & (2000) . Milne & (2001)
DIFFET I O IVT AR 72 BN B 2 OWEERF 231 2 AR I eké- gy SOD 1M
T2 5, LOAEL % 0.91 mg/kg (KE/H & L, REFEREE 3 (Ek%E) &
LTRfD # 0.3 mg/kg AH/H &L LT3 (EPA2005) [151, 152,

i S M&E AEE | ZRHE
FRE (RfD)
ZEBT DR MERE-High SOD {EMHK T | NOAEL : 72 L 3 0.3 mg/kg
(Yadrick et al. 1989, Fischer et al. 1984, | LOAEL:0.91 mg/kg {RHEE/H
Davis et al. 2000, Milne et al. 2001) {RE/H*

X KRBRICBWT, REDOH->7-HEIL 0.81 mgZn/kg /AH/H (Davis et al. 2000, Milne

et al. 2001). 0.94 mg Zn/kg {KH/H (Fischer et al. 1984). 0.99 mg Zn/kg & H/H

(Yadrick et al. 1989) ThHo7=, T bH ZFH L., LOAEL ZH H L 7=
(0.81+0.94+0.99=2.74/3=0.91 mg/kg {AHE/H),

QH M A
TN AP DWW TR, FHMEICEY) 2B EE N RO b2 e LTns
(EPA 2005) [151, 1521,

5. KEEZWHZEFR (I0M)

IOM D& % Z B2 (FNB) X 2001 £, DA ERERE (UL) %
S LT 5, Yadrick © (1989). Fischer & (1984) DOHFZE TH & L= 7R 1M
ERER-dEn SOD IEMEIR T 6, 77U A v M X 2EE 50 mg/ AM/H (7 v
VEEHSN S LTC) L AFEHROEERE 10 mg/ /A OAEIC LY #iF o LOAEL
Z 60mg/ N/H & L, NiEFESAEE 1.5 (R ZEK O LOAEL 2>5 NOAEL ~®
SME) & LT 19l Eo UL % 40mg/ A/H & LTW\W5, £7-. Walravens and
Hambidge (1976) O#f7e#ER (NOAEL : 5.8 mg/L) KU 0~6 A OFLIEIC
BT RA.OERE (0.78 /H) 75, #ighd NOAEL % 4.5 mg/ A\/H & L,
FUR. /NEROELE (002 ~18 %) @ UL % 4~34mg/ \/H & LT3 (IOM
2001) [153],

6. KEFXEFTES (CRN)
CRN (% 2014 4=, #igroo ULS3® Z7Eli L TV %, Bonham & (2003) OHjf
FTIZBWTHELEN L ON R ) - - lignEHE (30mg/ AN/H) & Yadrick &

3 H7 Y X hELTOH UL, @HORFELNDS OFEED FIRE,
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(1989) DOHFFEIZEB W THEREN A LN HEINEIE (0mg/AN/H) & DfH
I tyle~—Tr (ZRE) BHDHZEnG, HiHo ULS % 30 mg/ A/HE L
TWb, ZOfEIE, BFHKROFHRZEER2NHOTHY , BFEHKOHES (10
mg/ N/H) #EES 5L, IOM (2001) @ UL Toh 5 40 mg/ N/ H & [F UfAIZ 72
% &L T5 (CRN 2014) [154],

7. RMEBERHFEEES (SCF). BRMERLTEHE] (EFSA)

SCF 1% 2003 4, #ignd UL %7 LT\ 5, Davis & (2000), Milne &

(2001) . Bonham 5 (2003) OHFFEITIBVTHEREN I 5 I7R D> T HEHTE
B (50 mg/ A/H) % NOAEL & LU, REFARMAE 2 (Chigry i o BRI
BOWTHBRFEL D DN &) L LTHRADO UL % 25mg/ A/HE LTS, F
7o  INREOYESE (1~17T%) (281525 UL (oW Tk, ZoRick T 28683
HHENMEISNTWRNWI & F2, ZORICHENIC X 26 ELE 6T 5%
ZHENRENT EERTHE LRV EnD, RAD UL Z2AECTHETLZ L
2k, 7~22mg/AN/H E LTW5D (SCF 2003, EFSA 2006) [155, 156],

8. E&rmEa

(AGEEEED WLE LIZB 1T DML (CFRk 15 4F 4 A RARFHF SRS AR
REKEMS/KEEHEEMEES) XX, s 1 mg/L LA ETHIZT S &
FH<EY ., BEROKEEZIBNH 5, £7o, WHO OECEKKETA R7 14~
520 (1996) TiE, 3mg/L UL Eo#isnz & HefEbKIZEE LT < g S
5 EMROEER L, & L TRRERINSEKE G525 LTS, SHIT, 5
mg/L Pl ETRASIZ AEE T 5 & RETHE LI & OoWmERH 5, 1992
FEOETEREFRBES/KEBS/KEFEMEZERES T, WRAOEOELE ) HFH
iz 1.0 mg/LLLF & LTW5D,

2003 -, 1992 FLUEF 72 1B MT REFFLITRNZ D | BRI L OE O]
SN D CH R 1.0 mg/L 4R 5 & LT 5 (BA% @4 2003c) [157],

HARNORFEIGERE (2015 4FR) 128V T, @EHREEUC K 5 Rk E o]
WAEHE LT, MEERENFESNTND,

[AARANOEFELLEE (2016 F1R) RKEMGS) MEZFICLE, Hgho
A W OB NCB W GEERERNE U5 alfettid v, 770 2 o homish
SRAE A S O R B 22 RIS - CREHERNE U5 mTREMENH 5,

HiEn B RO FMEIImD TRV E B 2 5D 03, ZEO IS O/ EUT, $7
OWIHEFIZ L D8Rk Z, SOD {EHDIK T, &, JLinERE, B ORPER
EHREZT, 18 ADOT AU ANt (25~40 5%) (2B W T, #gh 7V 2 b
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50 mg/H @ 12 ke 23 Mg HDL = L 27 a— LK T, 10 ¥ ke
EANME 7 =V F . ~~ F7 Uy N UURMER SOD 1EME ORI ONZ Mg
SN AZE Z LT 5D, 2o OO FHE KO HIHMEREE 19~50 D
7 AV A N O SR EIEOFEIE (10mg/H) LR T E L, 8 EE 60 mg/
A % Mg DR AR ER B R S B X, FMEEMER T 15 T AV D - B FZD
19~30 b B BIKE (61 kg) THL T 0.66 mgkg AE/H L HH LT
%o BAODIME ERR&EIX, 2D 0.66 mg/kg IREE/ TR M OMERBERR & &
SHARELZFTCCTRHEINLTND, DAL LR, 1 & O FLim 23 DA -
PRE, 07 ERN RS 72 52020 E SN TR (BAS @4 2014a)
[10],
fign DR FEEEFEUEL K 19 17T (B4 @%E 2015b) [158],

£ 19 BIRMOBFEREE (ng/B)

MR B % x
HEE T Mz | HEE [HEAS
e vEg |TERR RZR | ppe | pme R AZE gpe
0~5 (H) — — 2 — — — 2 —
6~11 (H) — — 3 — — — 3 —
1~2 (%) 3 3 — 3 3 —
3~5 (%) 3 4 — — 3 4 — —
6~7 (%) 4 5 — — 4 5 — —
8~9 (%) 5 6 — — 5 5 — —
10~11 (%) 6 7 — — 6 7 — —
12~14 (%) 8 9 — — 7 8 — —
15~17 (i) 9 10 — — 6 8 — —
18~29 (i) 8 10 — 40 6 8 — 35
30~49 (%) 8 10 — 45 6 8 — 35
50~69 (%) 8 10 — 45 6 8 — 35
70LL L (%) 8 9 — 40 6 7 — 35
I (FINn) +1 +2 — —
A (FHn&) +3 +3 — —
9. BEmMREZRER
RWZEZERIT, BAETBENSCTMY T 7V a3 U fgdigh] 26k 5 & bR
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WS ORI 2 %17, 2015 45 1 ., [ 7V o U ERHSR O E R A RERLE
B B OB BUE Ot (2%t~ 5 dign OB EE I3 % ERE% 0.63 mg/kg
RE/R (gL L) LERET D, BORMEERERETAN 2 JEA4 58 KR 56 C
BHLTWD,

F o JEAETHEHE D DEINY) THRERHER | (24% 2 B SRR R E5 A D K & 5
7. 201549 A, (hifgdign O Mg OB EEIZE T 5 LIREZ 0.63 mg/kg (K
/R (Hfghé LT) LRET D, B OR SR BN 2 5 A 57 8 K 58 Tl A
LTW5bh,

BRNEZEZEST. WINWEHMnE [ 7 va sy G2 (2015) K OY
[Fifgdgn ) (2015) IZHBW T, b MMrAMZEGHligh & LT 65.92 mg/ A/H
(0.94 mg/kg KE/A) & 7V = Fgdhigh &k Oifg i gh D= MEI24% 5 LOAEL &
L. & MMrAFFZED LOAEL 65.92 mg/ A/H (0.94 mg/kg KE/H) (H#gnd L
T) ORLOFT R CH 5 AR1MER SOD IEMEDIR FIZFEF TR Th 5 Z
&L Eo, R EMTFRICHAERRER T Th D Z LIZEE L, 0.94 mg/kg &
#F/H% 1.5 THL7- 0.63 mgkeg RE/H (HigheE L) % ko FRREE LT
W5[33, 341,

VI. BMEREZETE

g LR K, REHFOBRFITIAL 2040 L, EUIAESE RO T
FEETORLMOEEKFIZFET D, HERIIMNEATETHY, BRAOR
FREUEHE (20155/R) 1B W T, AR 2 HshOHELRERE I, 7~10 mg/
NB (EROFHKREA55.1kgk 95 £0.13~0.18 mg/kg (AHE/H) & ST
W5,

A Bl ST AETEIZ IS I RECEK O Bk B O SOEIZ AR D FEME RS X,
FENZOWNWT, I 2TV —F =8 FE - BREA)] KO TIXxT V04—
H—¥H (i - BREME) | O HBICBWTHE LRV LICBET2 0 TH
%o THRECBI KIS AU —F v 7 VA — 713 UM ER IO\ T, B
T e R & T2 hE L 7=,

EREMEL RV CIX, StEErE, RIE®R G 3, BN, A5E -
I A EEME M OB FE M DO A AR 2 BT Lo R, AR G-k
NOAEL X~ U7 AKX WT v hCTHigh & LT 48~102 mg/kg (KE/H TH - 7=,
FNANEE R CE D ITE Do Tz, R - BAEREIC OV TR,
MBI R T D MR BN B D R WVIRBUC B W TE, R8I
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BERIEZNWEE 2D EIXFHRE &I Lz, BiE@EEIc oW Tid, fighs
R OEBIT 25E 10, ERICE > TR & 72 5 X 5 B mmthid iz &)
L*J'Tl,?”:o

B2 A EZRmET LR, B M AMFERIZB W TSN & LT 65.92
mg/]\/El (0.94 mg/kg KE/H) T LATZARIMEK SOD {HEHEDIK T IZoW
T, BEHIZHRKERICERE T2 S 3BV, B o RICEET 2850
WMEICBWTAEREEL LTRDLNTZZ EE, BHEFRRHMEICHW S DR
WEITHH LMWL, ZOFREZBRICERT 22 EE L, dighe LT
65.92 mg/ A\/H (0.94 mg/kg AH/H) % LOAEL & %7,

ﬁ? XL N—FL LTIE, b FNERSEE LEWFRIC wTmeL#
%ht_k@k#% t MIBTL2MAZEMAL, b MIBITDHEAEIZ
m®§ﬁ£_%T5L@ﬁ%nE#é_kbﬁﬂfkékﬂmbto

RO =X 77 N—7L LTk, & MrA#FZED LOAEL 65.92 mg/ A/ H
(0.94 mg/kg KE/H) (HgHE LT) ORIMOFT R TH 577 1EK SOD &M D
K FIXFERICBRMAFT R Th D 2 L, Fiz, WD EWFRINC M TR RER Y
f%é:k_%%L\MMmg@ﬁEEE%L5T%LtOﬁM%&gmﬁm
(g L) % 18 mlh EORk N OW THigh OFEEEIZEI 9 5 LFRAE & 4
Wr L7z,

KT =X T T N—FIZBNT, IRTNAVTU+—F—FH, KEKEKOESEL
RIRICARICBT DD — A IEEE A2 HEE L7 R, $Wm&%ﬁ%b
0.090~0.14 mg/kg (KH/H, #Hifhz2 L <EBIRL TWD LRE LS (RER
E)®%ﬁ%bimwm@g¢$m1%otoit\ﬁk@%ﬁ%@f%é
N, FOMOENE CREERERN) 22 THE LSS, BEREORMEDL
V1% 0.55 mg/kg KE/H Th o7, b EZHENOEBIREIZEET 5 LIRE 0.63
mg/kg RE/H L L, I X TV U+ —F—FH, KEK, BFEENL O
FEHEUZ X » TRBEENAE LD Y 27 3RV &l L7,

RMFEAEBICE S T3 XTI 0 o+ —F—3H (FHE - BREA) ] KO T x
TN —4—H GEE - BREEE) | O BUEIZHENOIEE 2 HE LW
Ay ERNICEBELTWD I R TV T+ —X—H) b O OHEE— HBEE
CEHM 2 RS Y 0.0071 mg/ A/BH (0.00013 mg/kg (AE/H), miERED A
FEH Y 0.17mg/N/H (0.0032 mg/kg AH/H)) £, FROIRXRTI LT +—F
—JH, KIEK, BHEENLOHEFHOHEE — HEIEIZH S THYERWETH D
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ZEmb, IR TN F—FZ—HHNLOHEERIC X o TREEEZENE U ST
REMITEWEEZEZX NS,

BB, miREOHRE G I R T VY 4 —Z —HPMEET D TREVE b HEFR T

TN Enb, U AZEHEBIII R T LY 4 —F — OB OBRHIRIL D
ERICEZOLETH D,
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<B5FE>

ALP Alkaline Phosphatase : 7V h ) 74 A7 7 Z—F

ALT Alanine Transaminase : 7 7 =7 X / IR IR

ATSDR The Agency for Toxic Substances and Disease Registry : K[E
=Y E R B SRR R

Codex Codex Alimentarius Commission : EEENLEEEZEE S

CRN Council for Responsible Nutrition : K[EEES

CT Computed Tomography : =2 > ¥ = — ¥ —Wi @ik &4

Dico Diffusing capacity of the lung for carbon monoxide : —Ff&{b/%
S EINIE

EFSA European Food Safety Authority : FRJN & i 22 2 F%ES

EPA Environmental Protection Agency : K|E R {RET

EU European Union : BRI E S

FEV, Forced Expiratory Volume in one second : 1 ¥ &

FFQ Food Frequency Questionnaire : )18 U £ A4

FNB Food and Nutrition Board : &/ &EEZE SR

FVC Forced Vital Capacity : 2% /)P AfiTE &

HDL High Density Lipoprotein : @& U AR X7
International Agency for Research on Cancer : [E 725 A 20k

TARC e

10SC lejternational Chemical Safety Cards : [E SR '8 22 M 5 —

IOM Institute of Medicine : >K[E & A FEAT
International Programme on Chemical Safety : [E{bLF%E

IPCS [pterna
2 VEET

IQR Interquartile Range : VU437 i pH

IRIS Integrated Risk Information System : #& U A 7 {FH T AT A

JECFA Joint FAO/WHO Expert Committ(?e on Food Additives
FAO/WHO & R &Mz

LDL Low Density Lipoprotein : {X#E U iR & /37

LOAEL Lowest Observed Adverse Effect Level : &/t &

MCH Mean Corpuscular Hemoglobin : ¥R i BR i 435 &

MCHC Mean Corpuscular Hemoglobin Concentration : ¥R i £k 1.
BRIRE

MCV Mean Corpuscular Volume : F-37% L ER &

MFF Metal Fume Fever : 4 &2k

NITE Nationa_l InStitI}te of Technology and Evaluation : 71 TEE
N B P B A

NOAEL No Observed Adverse Effect Level : 7 &
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Provisional Maximum Tolerable Daily Intake : B & fx Kilit & —

PMTDI 48 B B

RfD Reference Doce : /& &

RR Relative Risk : fHx} U X 7

SCF Scientific Committee for Food : FRM & MAEIFEE S
SOD Superoxide Dismutase : A—/3X—FF L NURALZ —F
UL Tolerable Upper Intake Level : ifit%_F[REH &

WHO World Health Organization : tHFU{F RS
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<S>

1.

10.
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