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X O AL KFT . BlREN-e B LEMoEELE ZOREICE - T
B £,
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http://www.maff.go.jp/j/syouan/nouan/kome/k as/international . html#2
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241 FEERIAS mpg e R - MERE C FEOPRE A S VT | - KIS S
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Y FE B %)
- [EFEA 2 =R FERBRIC L D | - KFBRACH AT D8
Y PERERR S P2 JeANE, RS 2 M8
243 FHEHEETT Br#E  HPLC-ICP/MS & bz LT - RS B SR ORI & EREIC A
R~ G BT 5 DT DICIT e R e S
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&[RRI o3BT AT RE
CREEE
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Z Y VERERR S 72,
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a A O FEREAREEE TEVVEEEY S > THETE 22450
MER SN oMTEE LT, @ik u~ N7 T 758G T 7 A~E &5
Hr (HPLC-ICP/MS) Z W= HriENIAS STV ET, BEKEANE
M U7e . ERSFEBRER 2 B8 TR Y MR HERE S L7 AT IR BT O H L)
S5 ANFRIEETT,

Ukena, T., et al. "Speciation and determination of inorganic arsenic in rice using liquid chromatography-
inductively coupled plasma/mass spectrometry: Collaborative study." Journal of AOAC International
97.3 (2014): 946-955.
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v mffiat g AT 700 o TTE DB IRE S, XFESATH U b

R,

242 KRILMREFEHEESTIAIRAITICILHERER S

IKFEAEMIE A LRBERE R 7T A~ 38t (ICP/AES) ZMAa bz itk
(CBE LT, EERABRERIR TOEOZ SRR S TV ET,

Chaney, R.L., et al. “Inter-laboratory validation of an inexpensive streamlined method to measure
inorganic arsenic in rice grain.” Analytical Bioanalytical Chemistry (2018) 410: 5703-5710.

[ 5]
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[HE ]

i J
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BOBEBWERED 3 XA TIIRE RRBIT WA, WA ED 2 X T e FiZ
5825 DMA OEENEWEENH D720, fEROBIICITIEET DM
5,

v OKFEMBEAEEN T L E AN RS TERWVO T, RS 5 02
N5,
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IHT LD LIS CH AR EZOSITbHVONTWET, ITFIL, 2 A%
GOl kkx e R ExIG e LT, BB E IR IR ICREERE S 7T A~ E &)
¥r (ICPMS) Z WIS HTENELS s TWhET, iz,

EN 15763:2009 Foodstuffs —Determination of trace elements —Determination of arsenic, cadmium,
mercury and lead in foodstuffs by inductively coupled plasma mass spectrometry (ICPMS) after pressure
digestion

IR ENEEMRER SN oiEE LTAFTE £,

[Fi)45]

v HPLC-ICP/MS & LE# LTS Th Y | kI TE 2 0B 20,
v IR U LRMFEOMODICFE & RIS ONTT 2 2 & 23T,

v OEEREL ., RBEORE B E CER R,

[FEA]

v REFROSITTH Y K FORE L BRI D 72O e F o
EERESTT 20BN DH D,

244 R Gutzeit(TYITAR)EICKD D HTE

Gutzeit {EZFIH L7 HIROKEH e B or¥ >y 2B L Ta ADEM e 3
SN L CWAHIRSH Y £, UL, ZOHETITAEZRBALKEEZ 4
HLTWATD, BALKEZHWRWEOHRRZINZ 722 AR O e R8T
ExEEBLE LI,

Lok DR £ FE DI DT, SIS PR AR % J i L, 0.20
mg/kg DL ORI T, FUMARERSHTOET, S 5Ic, Hk
ik, FRb BIZ ST HE A TH S L &2 HIET,

Atk FEMICE T DM REBIEEZIT O IChT-> T, FARHfF S E
o BEIITED T WITESLAFFEBHRIE NS « RS PEREANRR AW FERAE D
=T YA MINEAFTEET,

5 Bralatei, E. et al.” Detection of Inorganic Arsenic in Rice Using a Field Test Kit: A Screening Method.”
Analytical Chemistry (2016) 87(22): 11271-11276.

¢ https://www.naro.affrc.go.jp/publicity_report/publication/pamphlet/tech-pamph/121228.html



[F]xi]

v SR TR SR EL, 1R B T2 ORI 100 LU (AfRE R
<o

v AEstFREERE O ARRE W TRER Z (R

[HE ]

v O RKIEIZED0MMEIZIE, DMA OFEEO | BFIRRENE D, BRI
* % DMA OEEMENZ L2030y TV B EFED 22 A TITEEIIR D
T/NEWD, WD 2 XA TIIR B RITEHD D DMA OEIE RN EWEERH
5720, BROBIIIZEET OLENDH D,

245 WK XBOHES

SO X HTIEIL, FEREA - FEMEE O SATIE T, REIORILEE 21T & A 88
TICHRERBRELARETDHZENTEET, LML, 2 A EGENDIHRERED
EEEEIL, B, St XA THRIE T 2 IR K VK omE o BBV
TL7,

JEMOKPER TlE, ZEEMIZEIC L D . a A e RRENHIE TE 2 0HED
BISEICHL D fHA, b BOHT ISR Szt Xoir i@ 245 2 &
T, ZELHARTeRRBEMEONHEKIZBNTDS 0.2 mgkg 25 MEE 75 A
IV ==V TN ERETH D Z EETRTRHERENMEONE L. (K2), &6
12, AFXOFEFETTFE (=2 2) LV BERRBENEWZD, 2210 HHED
HEREE TN AIRE TH 2 Z E¥b M L (X 3),

"DMA DR EIT I v FIREOEIGHEO S TH Y . FHS U REITZEMOZLREL VI
2%,

S XAROHTIEE, RS (WDX) =3 AuX—08A (EDX) [CK&Ehbd, HEY
BT =R =D AT ML FERER SIN A E <, KVIEOTLEOMHAN TE
D05, BEENSKEDIRD . b &M s, S DICEEOBREICITHEHOWRIKE RN
RAIRICI2 DIl T =T axbbm< b, KfaTIE, A7V —= 70 LTOFELT
AREMEDBLEN S . IV CIRIKEFZRED = R L X — R OEE 25 = & R s L
TRk LT s,

ST L. REHIDH B UM S TV D 2 & SRR,



0.0025

y = 0.0036x + 0.0009

R? = 0.9678
0.002 -
= ORE %
N
50.0015 ! o \'Ffﬂlll -
w E Loy ey
® s
0.001 H
0178 §
0.0005 :
0 01 02 03 04
AsiEefE [mg/kgl

2 Kb RSB OB 2 0 ik LIIE L7235E DAY RVIRE  (B(LTREL)
(RMOKPEBR I EREF )

0 I LRNE ORI B BIZERFRIZY 1700 B O3E . HIEMAS 0.171 mg/kg A TdhviE, # & FRED 0.20 mg/kg
Z i o AR (1%AH) & HIlrTE .

B3 HOEXBOIC L DA 128 B, bbb, L4 ovRIERR (BMOKEENIEE
FEHZE)

BIERFHIT 100 B, 3 [l 0 3 LHIE



[F143]
VoS ARREL R B L2 0 i LT 0 5 RIS R,

[HE ]

Vo HOE X ROITIE ORI L > T, BRELPIE LSS NERR L7720,
FTOME Z LR LT D 2 ENKE (WHJETIE. ERMEHD T 1L
F—ziBINL, bRITREL L XBOEFSRIZRD K0 i S i
),

vV REFROSITHY, B ROREZ EMICHN D203 e 50
WRIEZHN T oREDRH 5,

10



3 aAAFDERIZDNT
3.1 AAIEENBEEDEFEREE

AAIFFENDERTEMER (BEEHK. EBL) EBHER (DMA. MMA) 1'% 5
A, FYTIRNRENERERTHDS

(#255%]

AACEENDAREER S D e RILAME LT, EEeRTHIHEEE (As
() &L el (As (V) DI, ABEFERTHL U AF LT VY P8
(DMA) R°F/ AF ATV U (MMA) Z59LCWE310, a X cEgF
N5t FEEMOEIGITHREE IR L > TRV 30, EEOa X TIHITE
A ENTRE B TT (X 4), BEMKFER NI L 7= IO R CIL,
FEO AT, W R L AHEZORFH THIRERICHD HEME FOEIS
M, ZK, kL bz, FHTOERE L > TnELE (£3),

4 BRED (Bhh) PICHEET D ERERLEY

0 e AW ORERINC L DIEREORIRARFMZR . (B KBRS 5 A5
t BLA W15 Y% hitp://www.env.go.jp/chemi/gas_inform/local/kamisu.html)

W MOKPES [TRR 24 4R [EPE LK R OREKF O b ROGAHERERE] ORFIZONT
(http://www.maff.go.jp/j/syouan/nouan/kome/k as/attach/pdf/occurrence-1.pdf)

11



http://www.env.go.jp/chemi/gas_inform/local/kamisu.html

K3 2012FEKRICEENDIRERD ) HEME EN LD LEE (RMOKEATRERT)

an | e | D[RRI ESEE ) RokE
) (%) (%) (%)
B S 600 58 92 92 100
LLES 600 41 90 89 100
K100%% B2 D80EHE, 100% & L TR

e BTk 2 v #— A TR I ORFAE R ATEIC LD I IOETE T, MR e 3RIT. SOR & Mg
TR, WIKZ v~ + 7T 7 THEHERISHER G 7T X~ 08Tk To.

32 DAPDEREED mIEME

HROBESEBEIZEWTIE, AXRICEFNIREZEEOEBEREEDMRIE
RZE (TS0

[fE5R)

AAROEERRHGELZ R ST CHEE LTSS, LR e BRELD
M e RPEICOWT, RERMEMEZRIHY FHATLE, BIEOHAD
BEF RIS e B U DNATECE L oo TWABAEN L L | BIsELEEMEICZ L
Wiz, B RBOEBIZHOWTIERE M EZRN W EEZLNET (R
4),

F 4 HAAROPFFMFEOM b FIRAE & M e FIRE (Kuramata et al.(2011) & —HZ)

dn R4 e RRE (mgkg) ke RIRE (mg/kg)
EH 5397 0.121%* 0.1047
FLOWYD 0.107 0.092%
bhxleZ%bH 0.141% 0.102%
ExlE 0.147% 0.129°
PHh=vF 0.162° 0.118%
O L diFh 0.140% 0.124%
aveH) 0.166° 0.113¢d
H ARSI 0.1332®¢ 0.085%
tE/ehy 0.117% 0.079°
EAEF 0.136% 0.106°

ENORBRIES TR SIE TR,
IRE DS HER, 3 EIEOSPHED V%277 L,
BAZAT L TO DSR2 D & Tukey DIRE T 5% KMETHEICRAR S Z L &R,

12

B S 1N I A X T 12 EE 2B L, 4510 PR 3 Eik 2 EAEIC e 58



ERERINERIZEDRFIZONT

L CIETOWRORR, 2 AD e RERIIBEY 58 s I EERES T
L WET, TNOEEERATEN LT, b RRES —EREERET 2 Rt O/E
HNFERAIZHED 5N TWET,

..............................................................................................................................

33 EEQIATOERESHERE

AEDQEEQIAFTOERERDEEIL. TARMNFRIET 0.14~0.16 mg/kg.
FERD P RIET 0.08~0.10 mg/kg EE-THY ., —EICLHLBHERED TV IAL
"iE

EREMZEAL, BEXICEFNSIEMERZTETAOLTERLTLIER
E:2

(%3]

EROKPER A B AR 2 E OE AR 7 HERE L= 22k S kIC oD T b
FIRE 20T LTS R T, R RETEKDS 0.14~0.16 mg/kg KDY 0.08~
0.10 mgkg TL7z (&35, M5 TRIDMNLOND L DT, —EBIC gy i

e BREREWVIALHFET DI LD, EiRE] ﬁ%E%%aﬂﬂf®ﬁ
EEALL T D7D 28 AT H 2 ENEETT,

K5 EHEZK FRICEENLEE e BIREOOHTHER (BMOKES AR

A SEMRIE | SO |— . R © SRR [mg/kg] . _
/N 25%ile | HHOME | P 75%ile | K

ok 2003-2005 600 0.04 0.12 0.15 0.15 0.18 0.37
2012 600 0.03 0.15 0.20 0.21 0.24 0.59
2017 500 0.04 0.11 0.14 0.15 0.18 0.38
2018 500 0.04 0.11 0.14 0.15 0.18 0.37
2019 500 0.03 0.13 0.16 0.17 0.21 0.60

Tk 2012 600 0.02 0.09 0.12 0.12 0.14 0.26
2017 500 0.02 0.07 0.08 0.092 0.11 0.26
2018 500 0.02 0.07 0.10 0.098 0.12 0.25

ARFEVEA AR LB 2 & 5 IR E O TR ANCBUBHR BUS B A F 0 4415 72,

13



X5 = AP OERE FIEEOBERHGAT (oK 2017~2019 42, 31,500 A5 (B4E 500 75)
K 0 2017~2018 FEpE, &1 1,000 &L (B4 500 A) ) (ERAMAKPEEHRE)

ZARIZHATRKR T OMLE b SBREMELS > TV D DR, anfd (kD
SMAID 9%IZAHY) ITHEE E BXMREL TWD 72O TT, EED 3 X DA
FEA T OBERE b SRR TV TER T OB L RIREOK 6 FITH D Z L3,
JEMOKPEER O TH LT > TWHWET (K 6),

F 6 TORTOMERE b RIS DR O MR b FRRE O R (RMOKEES )

PRAERE | BoME (%) | PRI (%) | CFIE (%) | mORME (%)
1,000 38 64 63 86

K (ZORPOTEM © RRE T 2R T OER e FREOLE) (%)
= (FoRT R e R / (ZoRTP O & FRE) x 100

14



3.4 KHTEFOERDIAANDBITOANZX L

KEALEFRDOERL, TICEEEEERELLTHEE

KB TENBRICIKREICHDE, ERIIBIFICRBFEIN TS, ZETIKEE
(273 BE8H

A EEDERERE(L, HEBETTRICHOITTARHEFTY., S5IT—FHHAF
ERIIBTTD

HiE 3 BRIC. KBELERISAHLE-ERENSMES . O ARDEREEMN
=2%5%

[fEER)
TP O FEOFEREIL, 2 AFDO e F L FRRICEKE L GEENDH Y F5

. BB EOKEHETIT, BICEKETHD SO (HAsO4
HAsO4*) & 3ffiodib g (H3AsOs HxAsO3) TIEEL TWET,

HEAKDEKIZEY, KEAORENEE, HEFOMKR (AL 1255 (5
F) NMRAT D EREAIREEIC /R0 £9, ZOHE, KAHEFRIZEENS
bERIT, EICSMoeEEE U TEIEMEITR WAEIND 2D, KFRITIZRIL
SHUTL KR £3, —JF, KEN—EHMEKREETICE NS &, L
DFRFE DR O MR CTIEE S IETTHZRIREEIC 2 0 97, ZOHE . #RE
MPBTESIEH Lo < 20 SEICE STV SO e gD 3Hiod
e EA~IETC S, B SN 8 Y & & B HERIR (HEPOFRICE F
AVDERIR) I L. ARG s 3 < e 9 (®6), 2Dk 7RiEx
IRBEIZ BT DD 5 D e ORI, S OETIZ L > TAEL = 24D
A A RE L HEREPO e BEREICEOMBENRS L Z 0L L LNTT
(X 7). WEH L7 e RIXHEAKICE D BEDBFBICISRIFIC /2 5 & OSBRI
EInET (®e6),

¥, BRI pH O LRI TIHH LIS ROMEZ DY £97, L
U, B pH 23 7TRELT THiuT b BRIFERIEM FE (DR AE SNET, A E
DIFHTpHT 2 5 & 9 72K H HEEITZITEETH Y . KHLEPFTOLER
DI 11 pH OB LB BT L0 BIIRNEBEZXOENET,

15




X6 bROETHREEME BX)

(-]
=]
T

y=0.101+0.029x
r=0,080""*

0265 40 60 80 100 120

Fe (ym)
7 EHEREP AR U A O8kA A (Fe') BREE L AsEFE & OBk (LR, 1989)
b #HHY A KRS TRELZEZ T vFaX—ar (58 L, 7 HBICHERIE AL T Fe* & Asl2

BEERRE L, BWIHL AsORE (K 9E) 23 3fiod el TdHh -7z,

W LB e fRIE, A BR O E R Z 1@ L COKRRICTIR S o< —#6i
FE (2A) PICHERLET, 2 AP0 RREITEELD B L KRVK
Lo TWHET (IK8) 7

RRab b AR E L THWAEAICIE,  [FEOZRMEDOMER K OVE OUE I B3 2 15
(FEFD 28 FRIEMERE 35 5) | WS b BPEOFHAEL LT Tmgkg DEDHNTEY
BB AT ZEYE (R 2044 A 1 BT 191HEH 14729 %) 12K TH 2L EanTnd,

16



[y} (=]
1

e
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1

£
et
gE
Wt 2
A

S 1h ﬂ

[] .-Ir_1l . ﬁ |_I—|IF‘I . .

KEEYNEEEEERS

- (= I N TN N 1T =y

e S o =~ = S+ S

4
X8 A FXOEMLBIDOMRE e FHIRE (B2 7 ~7) (Kuramata et al., 2011 % JTIZHRE)

A M B O v FEBEIL., BRI TARRICEEIBENA OGN T
WET (X9,

(F) S<EFHHOIEE T eD ) & HEAT 3 EH 2 5 HEE 3 iR, W Rk
Tdﬂaiu L/ﬁ_.'ft%f—g«o

49 A i EEE~D b RER (BMOKEEIEEFEFH)

17



HEEZ O TERRICEEN D e BRE L, 2O HEECAFE SNkt o
e B L oI iﬁ%%%ﬁﬁ%mfwif(lm)

o
®

o
o
1

©
N
1

y =0.00404x + 0.135
R?=0.9961

o
(V)

LR EHASIRE (mgkg™)

o

200 40 60 80 100 120
BFASIRE (g L)

o

10 HFEE 3 MO HET ORF b FIRE L ZKRThOEE e FiRE L ORE{% (Honma et
al., 2016 & —ERLZ)

THEFRIRIZ 15em O S THIEIR 3 A OMIC 4 [FHRE, & 7'7 v MIRZRLKEH G55SR 277, 3XED

e,
ZAGBHT, ARG B CAERE SN2 13570 b IS BRI,

IO, FIEEMETOa AT O FEAEHIEH72DITIE, LLTFOXEN

IR THDEEZONET,

O e FE (BEILEITHTER) A 3B 2ITBIT LT VW H
FEATZIZ)NT T, TEHRY HEABCIIZROTZDO DKEE 21TV, +
BRI~ DO e ZFOREMEMZ 52 & (4240,

@ tEICEMERH L., © BOWEIRTH DM %2 O L CRAEREZE &
DD, HHNE, TEEENO DKL D e ROWINEAESTH Z &
(4.4 %0),

18



4 DAPERDEBRM

ESRD X D ICERELICH KT D150 E AT 272 I12iE, EENSHE D
VR BRETRIR 2 & D 2 kﬁ)i%fﬁ“ (X 11),

e H 2

1B i &

¥ ¥ W+
[ (THERE | i |Age-grke | #1TY [ S8 |dnd -7 | Fok | R |
) TEE

gL -REERE
HEE

11 2 RACETLAEENLHE E TOR

BN EENDIERWVEICE U CAFEERBE D AT 5 Z EAEH LW ) [EH
BRAIC B ORFHO b &, a—F v 7 AEFBEICBWT [aXtheZDIEYD
B Ik & AR BT 2 FEifE (CXC 77-2017) 1 22017 FEIFEESN TV E
T, HAEIL., ZOEMMHAFOKRELIT HEEDSOBERE LT, REMFEE
ZEELE L,

Z OFERIREI BT

IR R DA M X IR OB Sz K » TRAR D720 1IZHEHABRA M
HTHbHZ L
M ZORBPAEETH DL Z L
BEHIRG R 28 RS H v R B2 2 &
IR 75 OKHED X< HAK S THENELIIZ 2 5 X 9 72 5:)
D BEBICHTH L, 2 ADH RI T LAEE A FH S50 REME
NHDHZ L
EORERUEKIC Lo THOEENERETHZ &

D AR R RPNTEH I N TONET,

FREH S E0ET A R X R IC OV TIE, 135 L~ TOEME L 1T
PEDNFEMR SN HMICIRE L TWD Z &b . FORNKIZIEBER 72 IR E
SNTWET, 5%, KETEM SN REEMNE DR R LT T, WET
NTPESNTVET,

AT X ITHFH I N TWOAEBESNIL, Z OEMBHREOTER EBELS L TV E
7,

19



41 HEHRERE

HEIFBEFRTDIOGHEHRIHHEE(E. SFHR~NDHERERELTE
IERS

(#2:5]

b FHEORE TR FET DI EWEIZ OV T, PEHEIERA~DO X5 2 FE i
THIENEETT, 2—7 v 7 AXBROERBHE S, PSR 2 BT
HRELLTVWETE, e ROPHIRIIU T OIHESET,

< RANEDR - KRS, HEESIERE D O, BURIERSE

- N - FEERE R OBRIE - FEEE. (LA ORSE. b EEA R OM
. CCA (7 m i -4l - e FBLAEWABAMBEEA]) A IR
MoBETE

ENETE, ASIRPEHIZOW TR NED SN TETEY, £/,
JIRRHE K72 EORNFHKIZOWNWT S, BERAEHINH D720, ZABIZLDHE
PRI RGO FREMEITIR VW EE X E9, b L. ERRo X ) PR OFAEIC &
D e BRENEL RolzDADBWKNHIVUE, EHREZRET D & L biT, fk
BN AR R EICEENDI ERORELET L Z ENEETT, £-,
—HHENBYR SN D EFOHEAIZIE T A R0 | FEEFLIC X BRI
HRMN»0D Z e, NEHKICEE RGN HIA L5810, 3R
U onsEToM, HEHIFEX R ORANZHEVE R ST DA VIKEE 3 A
DEPFEIZH NN D ENEETT,

13 %2} 14> 4.2 TH “National or relevant food control authorities may consider implementing the
measures in Section 4.3 as a priority.”

BEITE, EREANS & T 5 REITHEDETIEREI LTV,

20




42 KEBIZIHITEDRFEEREELFOLE
42.1 FBKEBDREIZLDBHEEREELRIFLE

AAHFOERDERICITHBRIRICAETLGLEADXEDENGEETTES
EIHLIEZRIEMICROCENEETH Y. FKHMZHRE LM A
AN AVASYE: 0

TIERD T[HEE] & TBREETER (Eh) | A, BKEIREEA &% KHAR
ZHMT H-ODEFRELTHATEDS

[SHE] I2DO0TIE. SEENTZICELA-EE (89010 mY/m’ Zi8
ZATEE) I2IE, BREKRICETKEL L ->TH, EREFLELICEEE
¥, BEEREEJELIIZ SN S

FEh] TI&. 0mV LI EDIREEN | ~2 BIRE#MEET L. AREEZREEN
KT SERNH D
CHDESBEELFALTGEKPEEEKPBZRET I ENDETH
)

[TAEE ] [TEKBROEEALBEHFTALLT . TEOERIEDIKR R
FROFELIEE LT LD, TEh] [FEKBROEENIEERICERTRHET
FRLISS LS, BRFMISHELGTNEEEOHRFEIEBELICCWNI LIS
BEITORLELNHD

(f7E%)

34HIDEBY, aAh e BRI, HEEFTHEIC, TEHRY HEA R
{EENZER DT D DKM 2R ET D Z EBNZHRAOTT N, Z ORI, KFg
N bKEZIERT L THY . 2 A ~DNESCIHE~DOHENREINF
T, DD, FEAKEBEAKERE ETREDADOBARTT A, kT g
DIRTLE B Ut BORHOIRIR L 725720, #KBIAGIRHED & KB 2\ )
WHWT LT 3 e BIRE EABIIEOEE 70 £,

SARIT, HEOREREICED A EMOEBOEE 2RI HETHY, 20
EABVIE ERBEN LRI LT KRV E9, 2o, [EED L5
X, BENBILRE~BITTRKTHY . e ZOWEICEEBFRLET, £
7=, BbiEcEN (Bh) FHEORETCIREZ RIHBIECchHY . LEEPTr
FOWRHEPHETe DN BT 2 HIM T D= L LA T,

WK ZRT D&, TEARPSK TIFTER USRI Y o< TR S,
Eh 73-200 mV B¢ CLE L 70> T, EFEOBEMMAEIT L, HIEEEH v RIRE
FEMA T ET (K 12£KD), —J7. B ABWE LTeGEEIE, K%
KOV A7 NVOHRT, KFAZ L Ehid,

(AR —-TEK)
O HAKFHETTIEE oI THoTZRARN, HAKIC L D KIS DOEADIC
o T EH

21




@ SAHEN LEFHT Do T, BRI ZREEICBIT L, #KSHE T
—200 mV R4 T - 7= Eh DNAMIC FH LIEOEAE R T

(7K —HEAK)

@ FHEAKIC LY HEADPADVKTEDIL, KA D O LD ILHA
fREFE SN D (RAERIZEI0E< £ TET,)

@ TEEPMAEDIC L H5ERD ORI O BERIEEICL Y, HEITE
REEIZIT L. Eh $—-100~—200 mV Fijf& 2K T

JoH 72

EREL, EEPeRPEE LT WRMAE LA LT WREPER YIRS D

el ET (7, MI12A4K),

# 7 KERITHILS LIZKAEE, Eh, HER e EOEL
KEEDOY A 7 L WEAK H BEAK— VK P K I PR HEK
B S 0 (IZirvy) 0— (+) (+) (+) —0
Eh (=) (=) - (+) (+) (+) - (=)
T e & W i W —YE & W& -
BT v R ) N | p

i3

22




: S kY Bk < > < 3
K EARE BIKF
o ‘—*@ 7 B

| Bk — = —
£ o NONNNNNNNNN g lmm N IRl TR
= - af\ ¢ 1N NN
% [#tE g [etm @ \ | Y N
-10 : ™ -10 — ATV
...ﬁ.ih.h.i.i.ﬁi..
o [WEE ‘ 20 (MR
E E
% 0.1 —F DKL & 01 | —wnkiE /| A
vy (COHITIF0.05) e (COHITIF0.05) \ . // \A
: : A
K K \ ) LA
700 700
600 600
500 500 A A
400 400 ///\ \
T>E‘300 %300 /) 1\
= 200 = 200
1] 100 w 100 / \ & / \.

0 0 [‘l\ l’l‘l‘ / :"
-100 \ -100 /A | 1 \
200 N -200 /[ C VAN
300 -300
100 0
A — |z
E " E
# 50 /| # 50
o / AL . -

R e ANt
ﬁ / f’i //\’\/ - '
& i@
0 : : 0
0 10 20 30 40 50 5 10 15 20
L THRER PFLETHRER

B¢ 12 BRI REEK (X)) LKk e %KDY A 70 (HEAny)  (FR) ik
SAHE, Eh, A7 RREOLB) A A -
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BMOKPER DSiBRIZY CHEA RS TR LT- & 2 A, K&K AR
—EDKAE (1 0.04~0.10 m¥m?) B2 D L. BEFL W2t BOFIEY ~
DOWENEEVIRFERBENTNY £ Lz, EHICEMEAHSICER-T=
Fo010m’m* 22 %) HEICIE, FHKBRICECRELE 8-> TH, BERZN
WHLIZK L, BREMIOATFEREEZKBEECMZIOND Z ERnbr L
77o X512, Eh & OB THIZIGEIZE, KRB SIZ Eh 22 0 mV 2L EORk
RE2N 1~2 AREESHRGET D &, fr e RIEEMERT oM H 0 £ L7z,

— 5. EWKBERARRELEZD, ZHOPAR AR TH-7-0 2 LT, %
FIN—TEDOKEL B Z 720, B DHIMPNEWIGEIZIE, HEPBER 7R
REICBITET., BEhO ERLAR+H23IC72 0 £9, fRE LT, BHFELIZEFRDOE
T E~OWEITIZEAEHEET, B RREITE T L2V, KFLTH
AT D720, FHKICE VBRI S &0 O BORH DA,
BReRBEENLIEWCELS D EEZE2oNET (K 120K (S
H))

o

WKEE (B HAKRBELS 225 TUR) O TEKHEFEO BT, FITKED
ek « ZREIC X B b 0T, BT T RS R ) — & O E T
FRADZERMONTVET, LER-> T, [KHEREEEL L TCHWEHS
I, #AKICE 2 BEOEORNAHEE LT < KRB HIZER A & o
THATH, [AAROMEMR UL, & 5] B RRE /KR 2 fkee 3 v idv
WNEET A Z N TEET, ok, KMFELZHET SITIL, TDR K55EHE H
W TR E KR ZRE L, SIFLREE COMRFEE KROMEN S DB Z KD 5
HRH ) £3,

—J7. P EhZRET DI, SO CORlENEMmEZ AL T
RUERTEBLERDY, Z< DIFSLZ2HE L TRLIZIEIAHAE T, %
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395 WK 0.114 ¢ 484 a 732 b |
KX 0.248 a 515a 753 a
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(#255%]

THER O FITFICTHEFOBKIMITRE SNDZ LD, BEEMOEA
LD e BOBEEESENYFI N TCOET, Tz, KRIZ7 A B OG5 A
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HEHERZEB LT, A ROBNPLDO EBEOWINAZIEIT 5 LS T\ E
EE

AEBRITH T, PafgkgEs 107 —AH=v 1 Fr), KEREEHEH ([ 1
Fo), AT 7 (R 2 br) OFAIT L D HRE b 320U I 2h F 2 5 1
BAKRDOEMETHREE LT L 2 A, KT O b FHIRE OIKREEI R 2 K & 72)IE
2, B u ks > KBALEREM > 2 Z 7 ¢ L7 (BAPMEE) (¥ 27),
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28 AN X oD ZOR R b RIRE & SR S BRONIT K D ZORTPIER b SRR & o
BItR (RMOKPEE IR L)

EHBMERALC2EHOMKRE, LKEHEeFBEBE (%) = (- FEEMIEH KO LM e FIRE /S TG
X O ZoK MR v SRIREE) %100

[GERE M I L D b BRI R OFFe
ERREM OB, LT O b FIRE OB RIT R A IR T LE L
. THEH £ T I0%RERB S 5200 Rkt S nE Lz (& 12),
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(2 k2 /10a) N 493 39.9 32.8 28.1 20.5 — 14.0
/) 3.6 7.6 10.8 13.7 11.6 — 0

" Y1) 30.5 24.7 17.2 16.4 14.1 — 11.8
7k(?5‘{f§103) 5N 45.9 40.5 26.6 21.1 22.3 — 27.0
SUN 18.9 6.2 8.3 10.5 2.3 — 7.0

Sy B4 44.1 29.2 18.1 16.3 11.6 — 10.5
(1 k>/10a) 5N 65.2 48.3 28.5 29.7 17.0 — 23.0
S UN 13.8 5.2 5.2 4.8 6.3 — 0

BB % 2013 FEICF TR, BN AME U C 2019 45 F Tkt L7z (2013~2017 4F : n=8, 2019 4F : n=6) ,
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[ & 8 o H DU E: « S~ DR

GEREM AR L2352 DK Z K DOIERL BT OV CIE, i H o
BR& L L CTHERIIH Y FHATLE (K29),

429 EEEM I XL DR LOKREE KR VERAAE~DRE (RMKEEIEETHHE)

(WK EE T COBEMEHDRIH]

SAAPOH R I U ARENEOGHBIS VTR, 3 T S HEE 3 HE
FZIZNT TOFRAKEHDPHER I N TWETS, ZO5E, a AT OEKE F
REDE S RD720, B R0 MERIPE S 28 U 7e BT 2 K 8 B
EAT O I EOMRZ BT L 2 L PHERES U F 9708, AEEMUISICE L 72 /RS
BENATREMEDRN D D £97, TO LI RGBT, G8EM Z T 5 Z &1
0 I APOERE C FRIRE A 200026 40%FE RN T X 5 AMREMEN H D F
B

£, GHEMICE2RIT, a A POEK e FRENE 2D L0 RIT5
FEmLS LI H Y E Lz (X30),

B axhoh Iy MERO OO ERESE CERL 2348 A CER 3045 1 HokiT) . kK
PEA)
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KEERERM & 2t/10a A L, 6 1FHZITTRER
X 30 EEREMIC LD 3 A PR b RIREORBR (EMKEAIERLEE)

ERROLIIZ, BMOZERMICE D 2 Ah e ZREOERBNRIH Y. £
T 7THEE £ CTHRDFT 5 2 RO BN E Lz, HllIC k> TAF
ARER B EREMITEAR D Z &b EEHRIRDORE SPEH & Ot
5. EERSGTEMTE 50T 20 ERH Y 7,

Fo, EBEOEETHEASNDEM O & & Ta A o b BRI
EnbiuE, EERBICBWTCEITED H DR & Ll cE 9,
ICBIEH A Z 7%, gk E RIERIC = AP O MR b FRREE 2K S & 5 AIFRRED 7 A
fe %2 < G, BN S I ZMTH D . BEIZIA < KFEEIZFIA S hvTn
T, TOED, @EOkHE (200kg/10a) (2K 25 2 A R b 328 O K
R ARIEL TS & 2 AT,
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45 MIICEKBAAPDEEEEDERENE

LREEIRT HEEMERREMNMELS

ESRELIEBRERR (CREE) THEEMERREFSOITERY | FEHE K NE
TLRRERFDMEMNFOND

(#2:5]
A AP OEEE FITRPFIREL TWVDLHZ b, LKRERFKRIZE ST
52L&y e ROMEBABITSETY,

JEMOKPER D3 L7 fE A KA, FEoKRBRE 28 90%LL TIZ 72 % & A m)
WINS L 720 FEROMESE 25 25 LilE ORKSRUTETE IR T5 2
ST EMAREBTE L IV RWZ N E L (F13), WiT, &9
FafE< LTems (Ao E, FBRSA 95%) 1ITiE, @E ORK & T MRk
b BIREOBD DR G o RE RERBD RN 12~25%) TL (R 14),

K13 ZARELIELILLIOL IFRDO 2 ATOEER e FIREORDR (BAMKES TR

)
i Bk © RRERD T (%)

ENISIYN SRL K
RS BB T e
91% 10 51 38-61
89% 10 53 39-61
80% 10 60 49-69

MEZAKDOEHE e FREE 100%E L-HE 0B HR

F 14 BEDOE I FEEASE 0% &R E (FRBE 95%) OLEOEHK e BiRE
(LK% 100 &£ 525) O (Naito et al., 2015 2> 5 1E)

kARG BBt A (ZokEREe BB (IOKER AEHC (XK mRE e
FIRIE 043 mgkg)  FEE 021 mgkg)  FRE :0.04 mg/kg)
95% 25 25 12
90% 49 37 29

EORLIBXEYK (Wbpd TKEX)) 58, WL BZNET S
TERHBNTWET, BMKEANIN LR T, AXEA A4 28K
T3Pk LB odekh OB e FZ0OEE L, Yok~ T 20%F2E K <
RV E L, ZKTIHE, kL THIZFEACEME BRE XKL RV EHAT
L7z (1% 31),

19 Tk e RTEX IV B RE X IV ER RS S EN-EN-BRTH S,
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0.202
T2 —te206—3F 7 020

020 -
f.0.168
B 015 -
5 £-0138 ~®-p9i35
= % 5101 EOIL a9y
e . e .
et =0116 0.114
85 010 -
W
&
B —— 3k
~ 005
—= TR
B
D T T T 1

b ) e Rl =] e e [5] Fcsol

K31 = AOPKFEEE b FZEEEIE: (Naito et al., 2015 7> 5 7ERL)
IR—1E 2 BTN 3 M OFHERSE (n=6)

VER DD D ISR Z LT, K& & LRI b FRRAENKL 7
DFET, AREEICKUEET S & e FRRAIL, 10%REE< 2D L
(#15),

F 15 EPERINTIC L A =2 A i v FOEEEZ . (Naito et al., 2015 & — k%)

(B3 - mg/kg)
N ofESE S D T Ve 22

Zok 0.208 0.004
90% A £ D 0.131 0.003
YLK D) 0.119 0.001

1) KRBE 90 %I E%E (SERMEZ L)
E2) EPERINTIE X B (BGREKHEE)
T 3) 5 ERBEE R, n=2 AT EINT
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4.6 Sk, HIETNERE

INETAETE K LIARBEMICEE L TARRNIS T~ & 8% LTI
LE L7, BMOKESR T, OHEEBECMERREOH I 25T, S bIcis
THENRF U = A O HERE b SRR O IE &2 D TV E 3, BRIENTIREIZ
BNTH, T O OBEMBER S E O - A kD FRRITIE Uz = AP e R
(KIS SR DRESLPHKREF 2t 5 Z L IfF S E

R KR X B b BRI
OB L ~ULTORE & 7250 T T b FRBEN RO E9hiE o -

VKO H T D b SRR AR O FEBLCHE Kt B C O PRI Ot L
JAC & D KRB D AT ~ D FRRIRREL 17 U 7 Y RS 3 0 oD o

KEBLIES T O b BB R ORER
ERRFF ORI X 2 GE - IR~ EIBEC 7 7= ARSI ORE
RIEXIR & L TOTKD AN E DL

ORI OFRENTLE 9 55 1B ORI

« VEAKEER O MBI 1 72 b SRAEIRIC 2 B 22 B DR & PR K EIR D PESR

PR TEER PN ARIERE D 2 TR O E & 7 URNEAE DD K E
LG 1E OB

- BIUCITIENT T2 BB LS AT A DR FRAE & W K

Oz AW FI U LRENE < 720 R0 WHB~ O %G

PRI K TR L ORI A R DRI A R OB R & R
2

[ b i ) % e & 9 2 W R e

O b FEWRIHDHIEAT & LCOBM ORI & 2 A N Oz
A BRI 2 $RE b & i L 72 B oD b SR RIBH S O M EE
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5 ZTOMDIAAMERREICEENHLIER

aXAHFDOE R, i%#%@ﬁbtt ERKTBIZHIN E N2 H DO TT 0, #+
DEHPWIE, HHEOBRLIETCOREIZMNA, £bZ b OHKRTH S g
%@%@%@@@%ﬁ%ﬁmk%<ﬁtémiﬁo:m%@%%ﬁ%%ﬂm
T, ERIEEOMKREFH L DBEOSEICRL EEZLNET,

51 KBTELODERSEERE

B ARKBER DN U 7= K F HEEO AR Bz LU, 1 mol/L HlE CHyH L7
EROWE (1 mol/L HifehhiH 3 & 3 %V&”i ARBOTHIT 2.3 mg/ke
DW, AT 1.7 mgkg DW TL7= (X 32),

25% i\%ﬁﬂ (n:3,007)
20% W45 : 2.3 mglkg, TRAE : 1.7 mglkg

15%

10%

O 8 0D 0 o0 L0 0 B O s

Q . . . . b?’ b;
B P P
GGG LS
Q \. \. q) %. 0‘). (b. . b?’
(mg/kg DW)

X132 2EOKHEEEFOEBREEDOSAM (2013~2016 )  (EAMKEL T HEE)

AKEIFEHOFELEZ R L, 1 mol/L M2 T, UBHI 11Z50 5 5 O ARE THRIL
TP e RRERE LHZ 0 ORE LLTRILE) .

F7o, B SRR B U7 1| mol/L Mg sh R b SRR TR
loDOEBY TLT,

ZﬁnmmﬁMHMi@tﬁﬁgﬁ\%ﬁi@féﬁbtﬁﬁ@ﬁﬂ@ﬁk@%%ﬁﬁ%<\
MO HEOIHYLPS IEI BT 2168 (454 12 A 25 BIER 139 5) | IR 51K
Mk DI EEFIfR D (BT D) EROBOREICHEAVLNTND, ZOIEnIc, LEEF
DERBEE (GHR) OFMEFEICIE, BRERCIEMEE L & OMERIC 5“%Tﬁ%hé£t
FEPET 2 HERL, FEOMIEE CTHH L TE LN BZ2MET L HERD S,

2 TR B 2 RS 12k D,
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F 16 LR LD B SR (RMOKPER AR

1 mol/L i 88 b HIRE (mg/kg DW)
THERE NI 25 75 90
2 N =T/ BA N HRAE N =t | N =t

EIN 3007 23 1.0 1.7 2.9 4.6
PR AR HE 1 1041 2.0 0.9 1.5 2.5 3.8
774+ 953 2.8 1.1 2.1 3.7 5.8
ZIEAR 7+ 250 1.9 1.0 1.5 23 3.4
T oA 1 197 2.5 1.1 1.9 33 4.6
et 118 1.5 0.6 1.0 1.7 2.8
e+ 100 2.7 1.7 2.3 34 4.4
IR Lt 76 1.8 0.9 1.6 2.4 3.7
Higt 63 2.9 1.1 2.1 3.8 5.4
HAR7 + 60 1.5 0.9 1.2 1.9 3.0
774 Bt 46 23 1.1 2.0 3.1 4.2
BRI 7T 4+ 45 1.7 1.0 1.4 2.4 33
o Rk 1 28 1.3 0.7 1.1 1.8 24

T - TR MO ORISR T 2 70 & U TR el CRFE L72Ay, FERIC B A RN L 721385 2 L ITHIE
L7c oI Tidzu,
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(FIEM oD TIRDEREAE
T AFOEME ZITHEICHEL WA Z G, @Y R ERETT
IO, IFSERT O REAREEELRET D ENEZETY, —F
TOAFHNO TEITH —TIERNW I L b ZOEGENRET LT — X &L
5T 5700w HEORNAGIEZIBRT 2 0LERHY £3, 7 —F &M
D IZWHIERRICE T, FHNOIESSEOREIZRR D Z ENHMLNT
WET, 22T, HEFOLBEREICOVWTIEHENTEDOREDIZS &N
bOHMEIET AL I L E LT,
BHEO—MRIZHT4m A v =2 THERAB AL ORE L, £ OREED
5 3 HERR 5 RIER TRUBHRI L 723556 . 1 mol/L SEfafh i 148 v SRR A
D IS%UIEFXM DR EHEE UE Lz, ZOREE, HE SN EEIXHEIEI,
TSN ORI wE LT 5 581E T 30~40%FRE, 3 55T 60~80%FEE 1T
0 ELE (F17), 2k, RS (2008) M L7-RREBSXCEER,
ZEHAME Ca, Mg, K, WHaREY UEER ETOLE & FRBRETLT,
AREHEBUZ T 2 PR EBOND T — X DEFEMEDONRT A EZET S
Ll IEGANO e REAEEEFET L2561, 5 AEIC L5500
MY EBEZONET, £z, TOHEIIHELNZRANEMEIZIT 95%E X
MONE & LT 30~40% (£15~20%) FREAFED LR L TR LENH Y E
R
17 BIHIIEH» O HEEZFREL T 1 mol/L e CTHItH L7z b RIRE (BARKERAZEGE
H3)

135 % 4m A v 2 THEIL, BB Z AL, 1 mol/L ¥ilg T L & BRE 2T,

2 J PR M G e By VRIS SRR MU D5 B BAFIZ 23 280 B BOEDOBEDEIZ bR
BHEECGEE L THOYWBR D,

2 R GG 1A 3D SRS E BT 0D 0 R U LD BOREDERICH
REHRRTIELE LTHWLND,
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52 TEPEREEOERE

3%¢ﬂ%tiﬁru:iﬁ¢t$%ﬁt@$%@ﬁ@ﬁ@mﬁ.t§@ﬁ%
HMEERREEABWVIEE | EEERREEDOS VL IANEESNSAIEEMELS

(#2E%]
IAFOERITHEFOLRICTHEKT L EITALHTTN, BAZEDIZ
OB L TEEZFOIFIGETAEB LA O W GHELZE 2 A (IR
SR 93,000 50) ., 3 A HERE © SRR & B O B FBIREE L ORI
BixAbnEFATLE (K33), Ziud, = A FER e REELIZIT, i%%t?
DEFRREITMZ, HHEOMB(LIETCIRIE, TEP OISO EH &, R
(K&, KEHE, M, WBREE) . E2FT KM b FRWILEE )% Dk A 72
BRNDEEL WL EEZEZLLNET,

20 30 0.0 1.0 2.0 3.0 4.0 5.0
THE(1mol/LiE B H )AsiRE (mg/kg DW)

X33 B 1 mol/L HEfghhH b SRR AE & JOKR PR b SR O BALRIE (MK EER AR
)
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— T, HEPO e RBEERXSY LI, EEINTEZ PO e FRE
DhiEHDH L, HER e &fﬂm<ﬁé& ZKH OB v # &f“ﬁﬂ*
BEEACEBEI L, 95 R—F8 AN TS R—t U XA NVDOEELEL 2D 2
ENPHND FE LT (X34),

0.35 cde ef e f 1 f
. cd T df 95 % —F L H AL
5 03 5
< b
(®)]
= 025 IS R—k L H AL
— 02
i a — i
I8 0.15
< o1 25— H A
™ 0.05 S5 R—H A
0
% o o o © o b N o Q cr
AR A S S RN
<’le Ql’ bb Iz (OL L b& L bl/
7 NN fv DS A S

E(1 mol/LiEE4hH )AsIEE (mg/kg DW)
Steel-Dwass &2 £ 5 Z B 21TV, BRICE R DMRMICIZR AR 5552 Lz, (BEKYE %)

34 3 1 mol/L HEeHh b FRIREE 0.5 mg/kg 2 KU 72BR DK Bk D Lok HER b 358
FE AT (RRAROK PERS A AE R)

EEDKFEOEBANDEZEIZDINT

L e ﬁfﬂm<ﬁékr¢%®é MIESNDATREM S H Y £, |
LR e SRR X BERASECIRIRIC AR D LI LT W L nh . KH
| CHEMENEECHHZ ENMBNTTWET, BEMICIE, IR (1989) 1,
b BB B T, 0 | mol/L MR b SRR L KRR OO
5% A OMENTED HATEY . 15 meke (ppm) T 10% DRI - 7= &
CEELTOVET (18), 15meke ik, BIEMOEEIE AP LT A8 TH |
ESHZ, BRI THE OGP IS B B RIS S < XPR M O FRE |
e ELTOET,

F 18 HEoOAEEMEEFE (1 mol/L MRk © 3F) REE LAKFROBUER (LR (1989) )

NAY =
TR E 5 10 15 20 30 50 80 120
(ppm)
JN%(kg/a) 42.3 40.7 39.2 36.0 29.8 204 8.0
?@ZLIX%E(%) 6.9 10.3 13.7 34.3 343 55.1 82.4
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53 TEAEREELUNOREEROEZELETIVE

TEAERREQENZ. BAHMPOIECTIREDORIFMEK TILZZD
L ) UBERIVERLI AR ERREICEE

TBon=ETILRIE, AAMBERERRENS ORI S L i E F AT
5SFLLTERTED

(#255%]

AP RBEEZHET AEREFFET DO, I ATOEEE REE
EXDARANEF L HEIYLSAE T — X 2 L Lz, & 512, BRI
DO HFHKIRE o AP EE e FBEREICEOHBEND D Z ERRESA TS Z
E S (Araoetal., 2018), ARG T — X AT O SRIZEM L E Lz,

ZORER., ZKFEE L BREZHEET L 200FT AN RODLNE LT,
BTV I, TR e 3RIRE . 10.2 mol/L FeME T = v BRHE fh HY K AR
HHIRE ], 102 mol/L s = VA » 0.1 mol/L 7 A 2 /L E Rt 7 L I =
U LR [HIFEE 2~4 M O B FHXIR O ) DAEERER E L TRE S
WE LT, B7 v 20k, THERERN e FBRE) . T CERINRE . TH
FHf 2~4 BRI D B EWKIEDO Y| WEERERE L TRHESNE LT,

LK

log (iAs BR) =-3.850145 + 0.306520 log (As HCI) —0.124597 log (Fe)
—0.186943 log (Al) +0.099383 (Ta_14-27)

log (iAs PR) =-4.673170 + 0.249734 log (As_HCl) —0.096775 log (Fe)
—0.165134 log (Al) +0.113775 (Ta_14-27)

ZoK

log (iAs BR) =-3.747270 + 0.305654 log (As HCI) —0.339723 log (Pabs)
+0.097282 (Ta_14-27)

log (iAs PR) =-4.615421 + 0.250553 log (As HCI) —0.275585log (Pabs)
+0.112210 (Ta_14-27)

flog OV x D B 8R%$k h
iAs BR : ZOKPERE b FRIRE (mg/kg)

iAs PR : FoRHIERE b FRIRE (mg/kg)

As HCl : T e FEE (1 mol/L Hifefht) (mg/kg)

Fe : THEPERA (0.2 mol/L Fatky = v EeHEfhH)  (g/ke)

Al: TEHR T LI =7 ARE (0.2 mol/L BAMEY = UEEHE - 0.1 mol/L 7 A = /L & i )

(g/kg)
Ta 14-27 : % 14~27 H O B FHKEOFHHE (CC)
\Pabs DU UEAREL - (g P.Os/kg) J
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RIREERSKFROERRIREDEF

FHINI BN EITNZ R NWEDD, ZNHDT—ZEETIVICAND Z
ETC, aAREEL BREL TR TELZ b, aAREE L BRENE<
72 D AREEDN B WHIRSIZ S 2 THT 5225 Ichs eE2onEd, E L,
FERRCHE b BRENE O I ANEFEIND DB ORI AIENL, B

(EPESNTZaRX) Zoth LTRIRIBENRH Y £77,

[FFOATIZ LV . FBERPERICEH 2 5B 2R 5 7-01201%., T &
DS ETANRTEED N EFOMHR EEAE L TND Z ENEE
T, ARENTICHWZREER & A R LD e BOWIZE 2 5 520 BfR
EREAFOMIEE S LTS LR I19D LBV EHTEET,

£19 LEOBLEMENa AP ERREICHTALEHN BHIE)

U7zt ZEDHRFROH
. (MR A% m
U7c) BHEERTTOMR
1

1R

BREEELIA] YER (G & Te) BRIEEERICERTD T A—B DB 3t
IRTRA—H S5 AR O K
Tt eR KFG~DOEHZEOME | HIEPOLRRE (EiE HAHN
FhiH)
T EE SRS TR AN AE | TETOSRE GEAE P
&) (=)
+HERT A= THEhceREERE | EEROTAI=T LR P
NI JE (vt -7 AL
v )
NG )N TP (U ERER | U EER AR Pk
FRIZ) bR 2 A (8%
ST NI = A
L% Ah i LC)
A ] AR ABICLLEEZE | T 2-4 BB HAH0
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(BIAR) AARERDFRLE, ERO=-HDERREED B ARERRRER)

CODE OF PRACTICE FOR THE
PREVENTION AND REDUCTION OF
ARSENIC CONTAMINATION IN RICE

a A e FOHRPG IR KO-
5O D S fii H

1. INTRODUCTION

. XC®IC

1.1 Arsenic is a toxic metalloid that may be
found in various foods, including rice. Soil in
rice paddy fields can contain naturally
occurring arsenic and also can be polluted by
irrigation water, rain and air that are
contaminated with arsenic from
anthropogenic sources such as mining and
smelting and materials for agricultural and
livestock production. Rice plants absorb
arsenic from soil, especially when soil is in
reducing conditions, and accumulate it in
grain and straw. Rice may contain inorganic
arsenic (arsenite and arsenate) and organic
arsenic  (monomethylarsonic acid and
dimethylarsinic acid).

1.1 BRIT, KEEtekka M0
HiIZRH SN2 EmBEOH 5 YR
Thb, KHILEZZ, RARIH
ETDEeENE TN TS ATREME
D | FLESCHB L O NG
FROeRBLBEAFESCEEEED
B TIBEY ST A DS K,
M. 225U K-> TiEY & N5 mHE
b b, A4 3%, FrlcHENE
TERMETICH DR HEN S B
AW, FESCEEICERET
L, AT eE (el
) LHHeE (£ AF LTIV
VUBRLE I ATF LTIV R B
UG AERD D,

1.2 The effectiveness of measures in the Code
of Practice can vary depending on local

environmental  conditions  (e.g.  soil
properties, management regimes and,
temperature). Field studies should be

conducted to identify measures that are
feasible and effective for local or regional
conditions. If possible, the field studies
should be conducted across crop years
because arsenic uptake in rice crops is highly
variable from year to year. Implementation of
measures that unnecessarily restrict supply of
rice to the market should be avoided.

1.2 ERHEIZRB T HHEEOHD)
PRI, MR OBREESRM (B -
BERRME, BRI, ) Itk o
THERARDAREMEN D 5, M)A
B ORDICE L= BT E WA
i FEERET D202, 135
AR E LT RETHDH, 4RI
FDHOERZOWY IAHITFIZE Y K
X LT H-D, AETHN
. BHERBRIIEETE ICDz- T
IThNARETHDH, KkDtig~
DOUEHE 2 RLBEITHIR T 2 H & o
FHaITRET HRETH 5,

2. SCOPE

2. AR

2.1 The Code intends to provide national or
relevant food control authorities, producers,
manufacturers and other relevant bodies with
guidance to prevent and reduce arsenic
contamination in rice as follows:

(1) Source directed measures; and

(i1) Agricultural measures

2.1 AKREEHEIL. Ko HHY
Z Bk e ORI % 72 O fe &t
. EHEITEY AN
J. EPERE ., BLEESR KT Ol
REMEBIIC DL R DO A X A 5
22 LE2BEKL TS,

() HEHEXE R




(i) 2 B R

2.2 The Code also includes guidance on
monitoring and risk communication.

22 ZOHEICIE, E=X2VU
LRy a3l a=/,— a3 CE
T HfEEH b E T,

3. DEFINITIONS

3. EFHE

3.1 Paddy rice(rice grain) is rice (species
Oryza sativa L.) which has retained its husk
after threshing (GC 0649").

I Classification of Foods and Animal Feeds
(CXM 4-1989)

3.1 KEG= A (= AR
% Z b Bk ik Lc =2 A
4 Oryzasatival.) &3 %,

B
(5

3.2 Husked rice (brown rice or cargo rice) is
paddy rice from which the husk only has been
removed. The process of husking and
handling may result in some loss of bran (CM
06491).

32 ZKIE, bABEDOBDERI
TKkfaALT 5, bATHFHM
DOI|FE T, NN HEET
B AREME N B B,

3.3 Polished rice (milled rice or white rice) is
husked rice from which all or part of the bran
and germ have been removed by milling (CM
12051).
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3.4 Arsenic is a metalloid and is found in the
environment both from natural occurrence
and from anthropogenic activity.
Note: In this paper, the term “arsenic” refers
to inorganic and organic arsenic.
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3.5 Organic arsenic is an arsenic compound
that contains carbon, including
monomethylarsonic acid and dimethylarsinic
acid.
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3.6 Inorganic arsenic is an arsenic compound
that does not contain carbon. Arsenite
(As(IIl)) and Arsenate (As(V)) are the
inorganic arsenic compounds typically found
in rice. Inorganic arsenic is considered the
significant toxic form of arsenic in rice.
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3.7 Flooded condition is a condition in which
a paddy field is filled or covered with water
during growth.
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3.8 Aerobic condition of soil is a condition in
which a paddy field, where rice is grown, is
well drained, non-flooded or unsaturated.
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3.9 Intermittent ponding means a variety of
possible water management practices in
which a paddy field is alternately in flooded
and aerobic/non-flooded condition.
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4. MEASURES TO PREVENT AND
REDUCE ARSENIC CONTAMINATION
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4.1 Inorganic arsenic is the most toxic form of
arsenic in rice. Measures to reduce arsenic
levels (e.g. aerobic growth) may affect
inorganic and organic arsenic differently. The
most important goal is to reduce inorganic
arsenic levels in rice.
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4.2 Measures to prevent and reduce arsenic
contamination in rice are recommended
particularly on highly contaminated areas.
National or relevant food control authorities
may consider implementing the measures in
Section 4.3 as a priority. The measures in
Section 4.4 may be implemented if necessary.
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4.3 Source Directed Measures

4.3 PEHPER

4.3.1 Sources of arsenic in the environment
are: 1) natural sources, including volcanic
action, elution from soil or sediment such as
Holocene sediments, geogenic weathering
and low temperature volatilization; and 2)
anthropogenic sources, including emission
from industries, especially from mining and
smelting of non-ferrous metals; burning of
fossil fuels; use of arsenic pesticides; and
disposal of timber treated with copper chrome
arsenate (CCA). In the paddy environment,
use of soil amendments and fertilizers
contaminated with significant concentration
of arsenic are also sources of arsenic?.

2 Many fertilizers contain trace levels of
arsenic. ‘“‘Contaminated” should not be
interpreted as equivalent to trace levels of
arsenic.
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4.3.2 National or relevant food control
authorities should consider implementation of
source directed measures in the Code of
Practice  concerning  Source  Directed
Measures to Reduce Contamination of Foods
with Chemicals (CXC 49-2001). In particular,
authorities can consider whether measures in
the following areas are appropriate for their
countries:

- Irrigation water:

 Identification of irrigation water with high
arsenic concentration.

* Reduction of arsenic from irrigation water
with high arsenic concentration.

» Avoidance of use of irrigation water with
high arsenic concentration for rice
production.

- Paddy field:

+ Identification of paddy fields in which
arsenic concentration in soil is high and/or
where rice with a high concentration of
inorganic arsenic is produced.

- Identification and control of potential
sources of arsenic:

* Atmospheric emissions and waste water
from industries.

* Materials used in agricultural and
livestock production such as pesticides,
veterinary medicines, feed, soil amendments
and fertilizers.

*  Waste (such as timber treated with copper
chrome arsenate).
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4.4Agricultural Measures

4.4  JEEHMTRIR

4.4.1 National or relevant food control
authorities should educate rice producers
about practices to prevent and reduce arsenic
concentration in rice. Education programmes
may include:

- Publishing and disseminating
technical guidance on rice cultivation
techniques to reduce arsenic in rice.

- Establishing farmer field schools.
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4.4.2 Aerobic conditions or intermittent
ponding during rice production, instead of
flooded conditions, may reduce arsenic
concentration while there is a possibility to
increase cadmium concentration in rice.
Studies have shown aerobic soils reduce
arsenic uptake as compared to flooded soils
even when there are high amounts of arsenic
in the soil. Intermittent ponding can also
reduce availability of arsenic for plant uptake
compared to flooded soils.
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4.4.3 However, if cadmium concentrations in
rice are of concern in a geographic region,
risk  managers should ensure that
implementation of arsenic control measures
would not increase cadmium concentrations
in rice to unsafe levels®. If appropriate, risk
managers may consider implementation of
source directed measures for cadmium
reduction in soil, water or fertilisers that are
used for rice production®.

3 Use of some rice cultivars that absorb little
amount of cadmium, if available, may be a
solution.

* See the Code of Practice concerning Source
Directed Measures to Reduce Contamination

of Foods with Chemicals (CXC 49-2001).
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4.4.4 1t is also noted that implementation of
aerobic or intermittent ponding conditions
may result in a decrease in rice production in
some areas and may not be an available
practice in all areas. Aerobic growth may also
have to be balanced with the use of flooding
for weed control or temperature control in
cooler areas.
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4.4.5 National or relevant food control
authorities may identify rice cultivars with
low arsenic uptake and/or low arsenic
concentration and encourage public research
institutes or private firms to develop such rice
cultivars. Producers could select such rice
cultivars, if available and suitable.
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5 MONITORING

5. ®=HxY T

5.1 The effectiveness of measures to reduce
levels of arsenic should be monitored by
determining the concentrations of inorganic
arsenic in rice.
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5.2 If agricultural land or ground waters used
for growing rice are widely contaminated by
natural sources, non-point source or past
activities, monitoring of arsenic
concentrations in soil and/or irrigation water
may also be necessary.
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information on risks and benefits of
consuming polished and/or husked rice
among stakeholders in the light of arsenic
concentrations and nutrient components,
considering both concerns regarding arsenic
concentrations and the nutritional benefits of
rice consumption.
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6.2 National or relevant food control
authorities should consider sharing the
following information with distributors and
consumers and should consider encouraging
them to implement practices that would
reduce  arsenic  concentration  during
processing and cooking.

6.2 [EE7IXEET IRMEEY
. LLUF O & il kO
HEELHEET D Z L ERFTT A
EThHY, MILEOHEF OB FE
BEZKTIED L) REITEE
M5 L2 TR&EThHD,

6.3 Polished rice contains less inorganic
arsenic than husked rice, because polishing
removes the bran layer which contains most
of the inorganic arsenic. Husked rice polished
at the higher polishing rate results in polished
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rice with lower arsenic concentrations.
However, there are also benefits associated
with consumption of husked rice.

KT LV ZSHISTZEE K
FTOLRRETIVIES 2D, L
ML, ZARZERT 52 & ORI
LD,

6.4 Arsenic concentration in rice can be
reduced by washing rice, applying “rinse-
free™ treatment or cooking rice with large
amounts of water followed by discarding
excess water.

> “Rinse-free” rice, also known as
“Musemmai”, is rice in which bran that
remains on the surface after polishing is
completely removed and thus it is not
necessary to wash before cooking.
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6.5 When water used for cooking is highly
contaminated with arsenic, national or
relevant food control authorities should
inform consumers that they should avoid use
of such water for washing and cooking rice,
as rice absorbs arsenic in water. Consumers
should be encouraged to use water for
washing and cooking rice that contains lower
concentration of arsenic.
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