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FUEME (04mgkg™?) DREI NP, X1 X TERE
SR MENFEOHE B CTRIEMEORE L REON: (Codex
Alimentarius Commission, 2004). L2°L, HAAD X 1
A0 Cd B SR BEY ok, BEE PpECK
WTE - (EE5E4, 2009). %7, —BicEEL 1 X
AL A XL CABE S (WED, 2004), »
P BHH Iy AIEFHER LI TS FECAEEN
BWERANR O TERD ((GR) EERBERINVIICT,
2004), FEF A ZFE CAdBE OIEFBEMT oL AR
DHITWS,

KA CHB PR O K S 2 1+ pH % 50 5 E#
DA L HKD CAdBEEBHEMIHELI N TE TS
25, A X T+ pH % 5 % DA S A I Ao (SR
e, IR TR B ERE R T X 7
W Efe, TEpH OBE D LRI E 1 XhE e
RIET @IS, 2009) 720 Cikel, dEEHICE VLT
FEHBROKMBOABIC b EFELY RITTI LBRESH
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BN Iva, B4R VRN BRI RS

Wid s o EAEETHD. hETIE, £4X0CdHRIN
& BB ORIV T, W o0 (Haghird,
1974 ; Miller et al., 1976 ; Sugahara et al., 2003, 2004 ; 2
A, 2005) 5B B D5, KHEEMECOREGNID 7. T,
#4 RTERO CAdEBE &+ 0 0.01 M ERRHL Cd#
Fir oy, BOHERIRSA S B Z LB b
L0 GEED, 2003 ; ZES, 2009 BHB, 2009), 7 —
2EEID TR RERCSEE > T b, 2T
RERD BRIV HOREE T — 2 EBBADH 5 0.1 M Kk
HCd ¥, +EpH, V vIBBRINRESEOMEF O T —
2 B OMEBABIE 2 D £ 4 X FED Cd FHRD V) A 7 FH/i
oW TR Lo Tl 5.

2. A *

F 70 % K HEEEH IR 1 35\~ T 2005 IR & fufe &
4 AFE (v v 1 Glycine max (L) Merrill) & IR
D1 (fEL) OF =K1y b 70 HieoW T L7
H A XFHECABE, BRFE 10g &M - s L,
APDC - B 75 4 Thittl U 7e s, R FIRICEER Gl
PR 2288 nm) ©CHIE L. LBy v A A REEn
BL, 2mm OFEE LS ORGP & UTHER
L7e, HEEATEtE L8 CARE W, 0.1 MR % 721%0.01
M#EBEY+1 s LT 0EE (W/V) THRmL, 30°C
TI1RIR E S B AE L, AR YEERTFROOE
SRR v—aJmTMbEER 7 77 » 1 PFEFE
B TEE L., TEOTHECAEEIIEARD (1994)
Dl RV, REOE(bEM, L L TEEpH (HR0),
) vEBRRIRGRE A EE (HEESEEZ RS, 1987)
THEE L, i, MEBRBREAZ RSO OB D
B X NI, BETLE AT Y 7~ (B,
2004) &AW

3. #& R
1) #HEATEOEEFE - BERBERE Y1 XFXECd

BE
FTRCDF— &€y b OFFEEYLFHE, &1 XFHECd
BERVCHERBEREO L A 77 2 %K 1Rl &
AEDY v I Dt pH 11 5.0~6.5 ODHEHIFAICH - 7. B
Pl 5 4 AFF BT % 438 pH O B B EEENE 6.0~6.5
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8 AATBEIERFHE 5£82% £1%5 (201D
CHT IR B MOKBERY, 2000) TH B7c, BB HEHEICE KSR T3 A 4 A 52 Cd TREE VMR R4 B e

L7cWy v 7 ARBRLTCHBY Y T AN DD - B EmEL Z ERLRTWB (R 2004). 2T,

7o. 0.1 M ¥EEMHH Cd B 1T ¥ 0.19mgkg TH D, % E&F =2y b W REEE E &R 2 B DL i
< DLBEY v F KB EREC R T IEBEG L~ (0.265 L, TEOHLFEER L UF 4 XATFECAEE L OWTE
mgkg™) (FRAD, 1988) LN TH-7e. &4 AFHEC LR LT, &4 AFE CdBE Mg B O/ ©
BEITVFH017Tmgke TH Y, MHEOHAEKER (WE 2HEPBICHNTEE (p<0.05) CEmd ot HEOE
B, 2004) LIBERETH-Te. WL DOBDYF VY F DY b DWW ORI e & 2 F B R TERBIEN A
VEERIARBI TR A 7 L OFEETH B 1,500 Bz T bivied o, 0.01 MiEEsRH Cd BE (p<0.01), A
fo. KRB ZE)FE A e T — &% 2 » b D¥4s (35 RECAdIEE (p<0.01) X UHEpH (p<0.05) THo7e.
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AR KR - KIL 0 IMERME S ¥ I v 2 BERSICLEpHI» DO X 1 XTED F I v 2 BEOHT 9

#1 EWWEBEEOE LA A TR CdIRE - HEE{EFE

2B

_ -8 %2
FRIRBIE (n=35) (n=35) tBE
X4 AFEECdBES 0.21+0.11 0.13+0.09 *
+#Cd (0.1MHCD ™! 0.19%0.03 0.18+0.03 —
48 Cd (0.0l MHCD** 0.062+0.034 0.037=0.025 ok
+EECd (eipe) ! 0.0910.043 0.061+0.038 *x
+3pH (H,0) 5.61+0.36 5.83+0.48 *
) v BRI 884+315 973+ 299 —

LB (mgkg ), FHHEEEEE
*2*(5<0.05), **(p<0.01)

2) TECAEE, pH, U EBRINFERE L1 XFE
Cd BE DTER

2 MBI 52 HECAERE &L £ 1 XAF5%C
BEOHBEN Y RT. &4 XATECdEE & oMBERIu
0.01 Mz ERhH Cd BE (r=0.792***), ZZHE CAd BE (r
=0.723**%), 0.1 MERMHE CdEE (=0499*%**) o
B0 - T

HHR DIRFRERIE OB\ 3 & 4 XF5E Cd BE L D AEBY
I E S HET 5 LD BN cD, FitHBo A
WpH L X 5 HEECAdEBE OBEFR LB L. 0.01

0.01MEEECd ZHECd
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HCdEE i, oy vBBIGREWIZ EHED
AW pH B L, Ml & h 5 Cd BIHETF L. —75, 0.1M
HEEHE Cd BB I HED Y v BERIREIC BRI L, #h
WHEO AR pH IR 1I~2 &M E 720, + Ol
Ih3 Cd B—EDHEMIIRD bitds -z, LD,
0.1M ¥EEsRh H Cd BEEE x5 0.01 M EfgHh i Cd 1B
DEIEE, Y VIEBTIGRENE & BB BT KR
AERNED BN (”5).
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10 HARLEIREZ#E E82% £15 (201D
n=14 n-xlg
0.8 081 x m "2 a3 g4 ne3s 081 Wi cd (001M B
g n=50 162 1767 =70 m A i a m B X LI Cd (M)
Too mayg @@ 8 % o) 8 00 x x x| srmccowEm /e
% x X % x X A b & - .
0.4 1 0.4 1 0.4 _ =29 n=33
S 6 6 6 6 6 n’: n=.24 s B %
02 1 02 1 02 1 =3 XX
0 — 0 —_— 0 j g o © ¢ 6
(o] 0 0 e} o (0] 0 0 (o] 0 (o} 0 0 o} 0] (o] 0 (o}
TR T R N T Joe 11 1] R
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(o] (o] o} 2 (0] (e} (¢} 2 o] 6] 0 2
U BRIR AR R 3 O FEEE U BRI R I O EE U BRI IR RS D
6 VU vERIGRH OB LEY v AR GE LD X 4 ATRCIEE S 2 5 £htiEo% 53R
*n=XRELBY vV IAH
0.7
3) 0.1 MIEEEIMH CdBE S LU pH £ W AH T
ZFECIBEDHTE 0.6 4 UL EERILARE11005K: Mk
FTEL ORI A & MIEHUBE & 0.1 M Mk Cd 1R, o BIF-F (n=26) o
) BRBUARE, 3 pH % OB O LB T — 2 2 o 057 s o
Fo 44 AFECAREDHE LRSI BiC, X4 AFE & IR -
Cd BREE & &\~ HIBIBAGR D385 & Rt 0.01 M EEE Al H: Cd jﬁ‘fé 0.4
WA 0.1 M M Cd M S X O-k8E pH (H0) Tft =
xR L B6 iy I A REEE R -
DEDL3HFAY — (BF—x, BEPER, B2 th -
AL CHEL, B ERE ) BRI O g2 g Qe ) O¥EI00s
BABIC 6 7 5 = ) — (0~700, 0~900, 0~1,100, 0~1,300, ™ %29 0% o0 (= 0.812%%)
0~1,500, 0~1,712) (L, AR K 4 AT% 017 °  crEmmEE
CAEEICY 2 5HGELRLIbDTHS. , o 0.025 NOOBLEES)
&7 -2 (K6K) TV < HBIRERH 700 KD~ 0 0.02 0.01 0.06 0.08

FARERNT0.0IM ERERH CAdBE Y, okttt b
BLEVWESERYR L. ZHRECIRE LY vEBRRINGR
700 KRG T L FEENE L, 1,100 KiETH 0.01M
W CARE L RBETH - 724, 1,100 Bl ETixF
ERPRLRETF Lz, Thbd LB, 0.1 M HEEHh
HCdEE S X001 M EH#MH Cd BE /+E# pH (LLT,
0.1 M Cd/pH) 1¥FHFHRMEL, BEWw Y v BRI
DYV TIN5 EFFBMET T HEASL DR
wic, ERIERBOF—x (Fehdk) wBREd 5 &,

) v TR N FRER 1,100 SKH5 CiiAZHapE Cd B E 0% 5-&
<, L1100 ECix 001 MERME CABE G V%
ERERLI 0.1 MERBRME CABE XY v BBRIRRE
1,100 Kl CH SR M 06 BE TH -7, Thil kT
1389 0.5 & T L7z 0.1 M Cd/pH i34Fic Vv BETRIRAREL
1,100 KRG Cix 0.1 M IEERRHE CABE L B L HHR N
< 0.0l M R CARE L ABE ThH - . —F, M
B 2FEE D BT Th ot L EReE R & gL

+3ECAIE (0. IMHE R -5 pH(H,0)

BI7  01MEREHI£8E Cd IR+ pH (H,0) & £ 1

XFGE Cd B DRI
*95% EHEXHEEBIIARTH — -
CFRIC X D Robie,
x :Cd/pH, Y : ¥4 AT Cd ODHEE, Ve : BES5EL
TINV (0.05%2,n—2) (XEHE (n—2), HEI5% (HH)
DEFD t B

Sxx= > (m —;:)Z
22

Ths.

a7 35y (1972) =5%

Y—6392x+0015+‘/Ve {1+ +(x x) }*TINV(005*2n 2)

HFERNPEZCE T Ui, Hie, 01 MIEEEMH CaRE
F X001 MCd/pH W Tho Y v EERIERE DHIFH T 1
b TED > (K 645).
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AR ¢ K - KL 0.1 MEEERREH Y N 3 v ABER I OB pH » L0 X1 XFEHD F Iy 2 BE OREE 11

EMEE OB T 5 01MCd/pH £ & 1 XFEC
BEOBEERLIE (7). 20Xk, Y A73HEio
SR L e B LY v SR ST S 2 L CHBEGREI L r=
0.545 (p<0.001, n=70) »> b r=0.812 (»<0.001, n=
26) wEmED, 001 MIEMRMILCIRE (&7 %ty
M) EREFE LT T, TORMDL, fliads 1 XFHEC
BLEE % 0.3 mg kg™ A & $ 51211 0.1 M Cd/pH % 0.025
DT 50BN LS b5, B, 0.1MIERMH
HCAEBE - LTEpHAOHEINS £ 4 AFRCIEE
&, WK 95% DL ETHEED CABERM & 7%+ CAd
- pH Ol A G By L TR 2R L.

4. % =
1) HETROB PN - EMEE 41 XFECd

BE

AWZECLL, F—REFC R AR MBSO X 1 X1
ECIBEED, ERPFEHCERCEV EXHLL
e, FORKNE LT, AREMEOAIC X 5+ pH
D ERGRAE 2 Divie, BEKHVEERRL £ 1 X085
REOMIEE RIS T 2546, HEpHBIEDOLDAIKE
MrAVbR, BRREEAL < e b i1 8 pH 13 L5
T 5 FRERBERATIEN, 2007). SEIZY v 7 A
P IR ER 2 DL B AR L TER L, W
—EBC B\ OE R pH 2 ER L,
A AFECIBRENMET T2 /M lEEhs. —4,
FEE (2004) FRI—EBIC BT H 4 AF5 Cd = M
HEBEE R CHEMCE X 575, FORO 15 pH o+
CABErZIRDbRLr o b REL T3, Z0H
RUTDOWTUE,  RIRETEE O KFRA b #kO SR X v, ]
DB CAEAEAR LI ERNERO—>TH D ED
el (B, 2005) b 52, X4 RAOWREw BT
BEpH LB 4 v IR (thAL, 2005) 7ok &4 XD
FO P F T 5B BEROFEMANSHOMETH 5.

F2 HEECH. BEpHFID X 1 ATHE Cd BE O e

2) TECHIEE, pH, U CBRFEREF1XIFE
Cd REDMEEA

St VIR NT, 4 AFECAEE L HBED
o oL 0.0l MIERE CH - 70y, U v BRIRAR
BRI ClLiac e Cd IBE L OB @ -7z, Y
VERA F v OLERTOWREEMET, T o7 = v EOIGH
BRSO T LS = s - B, TA =T A - g
—EHEAFSEOBEMBMETHD, IhbhLEILE
T KRBT R Y VBRI E R 73 2 L v b T
WA (FiH, 1981). —7F, CdZEo@ESEirtESoIELS
BR T8> &BER b -oKIR L, A & ORUTES
B XV EBRCBEIND. LD, iy vERRIN
RESNECLET, RKEMORAI X5 pH O ERI
v, pHIRFARIEOM AL Cd OREEOEME 5| X
BT Fhe, Z0X 5 R tE T pH BBERESSE 1D
0.01 MIERREIR D X 5 TelRIBE DR\ - HE & 1o
BICHHEINS CAEBEMET L EEL bR, Zhicw
LT vERWIERE DR LT, pH AR 2R T s
DT, CAIRERAAZ 24 FED2: 1+
D FFEBICHR T 2 KAFBIC A A V& E UTRAE X
hTw5 CEED, 2003) &Fx2bhbicd, Z OMEsH
Ko Cd HhRANCI 3 B REE 7 L > v A BRI CAS
HIXNDTHECAEE L, £ 1 AFECIEE & DHER
PEEoTbDEFEZ b T, 0.1 MBEBEK T
MHREOME®K (A pHIXIZIE—T LR b, L
oD Cd W& OBEEs A BWYNC KT 5 2 LN TET, FRric
pH EAF M 2 R T RN S\ KK e s\ Ty, &
A RATFECIEE L OHBEMET LD EE 2 Bk,
Ibarakief al. (2005) i, EEREE ORI 2HHEEEYH
WTHtH S B £ CAdBE & 15 pH ORR AR~ T,
PR DHEEEEE HME 12 & R pH 13138 pH 0 B2
0, WMHEINATECAELVEELZTH ERELT
0, PNETECIEREL0.025 M EEEEHhH CdEE &M

(Cdmgkg1)

pH

FEO0IM EEEHH 8 Cd B (mgkg™)

F MRRBGIEE - ) BRISEREL 1,100 SR o+ gk X 5

RRE 4 XTFE CABE TR 95% LI L CHBOMEE FHE & 75 18 CARE - pH 0 A b % TRl dm b s 1F

Lz
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12 NG oy e S

He2%E H1s (2011)

BEAENN LT D, XA R0, Rie A
B X 5L CdRE & T5F Cd BE oB#E % 5Eflic
PRI RS D 7oAy, WS (2009) 110.01M
HEEE X b 0.025 M BB R H CABE N & 1 ATFECAEE
EHBARE N ERE L TRY, SEOFEMBE AT &
Eih b,

—75, 8ECAIERE & pH 7 bIEh CABE A HEET 5
RAIDOWT, McBride (2002) (33ESEE O B3 Cd B
AL CARE, pH #HiBEBCA W IcEEIRS M
L DHEEFRE L BT WS, F72, Adamsef al. (2004)
13 AFFEROWCTRIROBEREHRE L T 5. L0
», SEHVIET — & 1 v b % McBride B EIFR Y
Tikd, HEARE LR, TR, £y v 71 (n=
70) Tixr=0510 &7 h, 0.1MIEEHhH CAdERE % H
W HERSH (6=0499) (RRECE T - Fio,
MEREIER O v 71 (n=35) T r=059% &7b,
0.01 M s Cd BE aciafE Cd B8 % 7= B EG
SRS & R L HBIREIMES > Te. D O
feF =22y bOEBATREGREEHL, E¥ CdERE
751 mg kgt K~ mg kg™ ¥ CIARIPFIC XA T\
o, SO LS REV A CAdBEEDT —% € » b Tk
HMEIREME T 35 & 0 & Baohu k.

¥ 72, Sugaharaet al. (2003,2004) 24 1 XAF5ECd
BEE T B, £FE199 S0F—2 2 b,
XA ATRCAEE Lo LB EE L L L
CAdEE, pH V vEBRTURMGEE X OCEC ML, +
BERECRECERIFAZER L CND, Chickd &R
A7 4 HWERA 7 L ORESRE (RD 130537, BEFK
Mt - et - HELTIZ06568 THHOK L, KEE
Hi+ T2 0461, 75 1 1 Tik0.345 LEWEE oo T
A, AR U@ Y, KEERECIERIERO X 1 A+
KCIEBEIABELE D, KB ELTOFEDE WK
Bl =7 5 1 +Cik, BHREL RS S 2 & CTHE
NEEDHZENTFEINS.

3) BME7F— 2 ERAVWALA IFECIREDHEEN

ryzz!

0.1 MERE % F\ 7o 188 Cd BB 1%, [ AL EIH Yot
SEHIR DR EEYRAR B D N I v A OBEOBRED ] &
LTED LR, WD CdiHEMIR O E DYl 3% &
LCAESACORTELFETH LI, i TieHi%
L DOF—=2PEBINR TS, T, %< Bz o
TUTHDREERTAE GRE S, 1987) IR
H CGEAFE) (PH5, 2003), LEE=2) v 7#E
TS FEARE (EAEE) Sl Efkr <1 T
FESEN R R, T EERTWS, XD,
REW T EH O BB OWTh, £Erv<1 T
BRoxldbhTwb (BHKEHA, 2008). Zhbolk
FOF—2 & EHTHIES { 0B THE 1 XFEDCd
VA FHEATRE L 72D, CABEOEWH A XTEDE
EXHEIICONE (EIEHOEE) Lich, TECIEE

T FAHd0BELE pH ORESY, AKEHORAER
HWET D ENTE S, Flzid, 0.1 MIERHE Cd &
E 55 0.24 mg kg™ OEIS CIINERO BEZE+E pH (H:0)
600 ICRETHIETH% U EDOHERTL A XTE
CAEE I 04mgkg ' KL /e np (FE2).

i, ARERE TV VERBIRARED 1,100 il Clizicg)
EH O BRI FHE A 2 BRE LT 55, ) VBRI
HEPA NI D ECEE (BE2 18 S2EERs 18
) KPR L I L, B CIEEAREETY
A4 AFECARBEREN ERabLR TS (FRIED,
2006). FEIZ, BIRLO & 5 R 2 EH L ECIX4ER X
9 CAEBEMENZ LR Lt d T b, &
BID YV R 7 FHMOFF AT & o\ s, - [ (i 2 4
HU L, v vEREIRGREC 1,100 D) w2ou»Tikd by
A7 PMEN, T ofes, HERICEER I TS TER
BOLELEBEZ LI, VAZ <y 7OIEEATEET
H5.

5. B #

B 70 B KA S TRB S e 2 1 XFECAE
B B R B RIE AR ORI R, U v BRRUARIL
DEER R L, BEFO 0.1 MB35 Cd BE+
B pH (H0) WX A AFFE CAEBE O#E 2 A~
AT 0GR 2187,

(1) MHERHAEIE B O X 4 XFE CABRE R 2 F 80k
DESG X v AR CEL, TOFERRE L CHKERII
L5+ pH © FANRRTH B & Bbhi-.

(2) TV v FARBNTE A RFECAEE L 5\HE
BN B i 2 0.01 MIBBRSIR CH - 72 &
OB Y VBRI E - EE £ Cd iR
R 2

(3) v vEETIRAREL 1,100 Ko LB Ty, RKHRECAER
ERE A ZFHECARE L& CHENZED bR,
FTo CdBERDOBNERLTCNHLDEEZD
nie, —7, 01 MIEMERIIS 1 X TFRCIBE L
OHBIED - 72

(4) MERREIE R TV v ERRINEREL 1,100 i D G 3
Wi, 01 MIEEERMhH B CABE L+ pH %
WHZ ETHARFECAREXHEET 5 L0 HE
Th-7.

BG) chbreky, HECABEE WUk EpH OoHWE
BEfELYRTIER, VA2 vy FTOERNTHE &
ooz,

X 73
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Estimation of cadmium concentration of soybean seeds using soil cadmium
concentration extracted with 0.1 M HCI and soil pH.

Toshimitsu HONMA"?, Hirotomo OHBA' and Takuji OHYAMA®**
' Niigata Agric. Res. Inst., > Graduate School of Sci. Tech., Niigala Univ.,
3Faculty Agric., Niigata Univ,, * Japan Atomic Enevgy Agency

This study was conducted to estimate the concentration of cadmium (Cd) in soybean seeds in different upland fields
converted from paddy fields using Cd concentration in soil extracted with 0.1 M HCI, soil pH, phosphate absorption coefficient

and history of field conversion. A summary was follows.

()The concentration of Cd in soybean seeds grown in the converted upland field from paddy field at the second year or longer
period was significantly lower than that of seeds in the first year after conversion. This reason was the increase of soil pH
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due to the application of liming material.

(2)The Cd concentration in soil extracted with 0.01 M HCl was correlated with the Cd concentration of soybean seeds. The
extraction efficiency of Cd with this solution was decreased as rising of the phosphate absorption coefficient, which is a
major indicator of Cd absorption in soil.

{(3)The exchangeable Cd concentration extracted with 0.05 M Ca(NQO,), had a high correlation to the Cd concentration of soybean
seeds in low phosphate absorption coefficient soil, because the Cd was adsorbed with the different surface functional group
in soil and main adsorbents of Cd was the negative charge of siloxane surface in 2:1 type clay mineral.

(4)In upland fields which were in the first year converted from paddy field and less than 1,100 of the phosphate absorption
coefficient, the estimation of Cd concentration of soybean seeds using the soil Cd concentration extracted with 0.1 M HCI
and soil pH was practical used. The Cd concentration of soybean seeds in other soils was lower than that of above descript
soils significantly.

(5)Thus, it had been possible to estimate concentration of Cd in soybean seeds at the less than 5 % level of significance using

above data, to set the target of improvement of soil pH suitable for different soil Cd level and to make the Cd risk map for
soybean.

Key words: adsorption, cadmium, risk estimation, soybean, upland converted from paddy field

(Jpn. J. Soil Sci. Plant Nutr., 82, 7-14, 2011)
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