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FEE ., NI =0 A VRN (G KA + ke + BRIk, LDF) X5 A% [ 43 Cd A1 As TRAFIE 25 BUKFRE K Cd F1 As 2RV
W, ¥R K R Ak 1A%, LDF ?ﬁ;tbuﬁw\ﬁﬁﬁﬁﬂﬁ(o 0.5.1.0,2.0,4.0,8.0F116.0 g-kg™") ,Ffit 2 FhokFg ( #1E L
T 272) . 45 R0 . OMEFH LDF 23 542 w5 B4 (50 T 40 272 ARPR 13 pH 0. 01 ~0.42 F10. 11 ~0. 54 BALF | AR - 35z 30
RCdEE11.1%~61. 1% F126. 5% ~52. 9%, HHTWEEi%TcTﬁ% As 1t 8.2% ~ 60. 0% M1 5. 6% ~49. 9% ; Qi LDF fig
fEHE Cd, As MIMEREASIFEAS RS 2 FKFER PR L3R —E, BER 0] BRI 138 Cd PR T 4RI & Lo, T3 R 45 &
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H Fe &M Mn &4, Mn A0S RISIR AT 35 124. 2% ; @LDF Fi T 2 FK RERE A b Cd & ik R IR 64. 6% 1 65. 9%,
B As B REECRIEAR 37. 0% F142. 5%, X Totl As B 2R B3 LDF i HIEAE 2 ~ 16 g-kg ™' KPS, T 1 272 K KHrCd #1
Tl As i R T 0.2 mg-kg ™', A (HAUAE 16 g-kg ™ KIS BEK h Cd FITEHL As 3% BE[RIHSAK T 0. 2 mg-lé'g;r“.x IR
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Regulatlon Control of a Trlbasm Amendment on’ the Che-mlcal Fractions of Cd

and As in- Paddy Soil and ThelrfAet:umulatlon in Rlce ) S B
JIANG Yi' LIU Ya', GU Jiao- feng1 27 ,» YANG Shb—’[ong , ZENG Xlongﬁ WANG -Xuan- ning' ZHOU Hang ,
LIAO Bo- han1 S W M-" y 8 ‘ -
(1 Clgllege of Environment Science and Engmeemng, ‘Central South University of Forestry and Technology, Changsha 410004, China;
2. Hunan ‘Enginegiing Laboratory for Control of-Rice Qaality- an_c_l__ Safety, Changsha 410004, China)

Abstl.‘act;“A. pot‘ experiment was conducted to identify the’ effect of a tribasic amendment ( limestone + diatomite + ferric sulfate, LDF)
on chemical fractions of Cd and As in paddy soils and their accumulation in brown rice. LDF was set to seven levels (0, 0.5, 1.0,
2.0, 4. O, 8.0, and 16.0 g-kg™') based on the quality ratio, and two genotypes of rice were planted ( Huanghuazhan and T-you
272). The results show that; (D The application of LDF increased the rhizosphere soil pH of two varieties of rice, Huanghuazhan and
T-you 272, by 0. 01-0. 42 and 0. 11-0. 54, respectively, and decreased the concentrations of EX-Cd by 11. 1%-61. 1% and 26. 5% -
52.9%, respectively, and the concentrations of EX-As by 8.2%-60.0% and 5.6% -49. 9%, respectively. @ Application of LDF
promoted the transformation of soil Cd and As from soluble to insoluble forms. Although the trends of the rhizosphere soils of the two
rice varieties were not consistent, the application of LDF could decrease the proportion of EX-Cd and increase the proportion of Fe/Mn-
Cd, Org-Cd, and O-Cd, which was accompanied by the reduction of the proportion of EX-As and an increase in the proportion of Ca-
As. 3 The concentrations of Cd, As, and Fe in the iron plaque decreased by applying LDF, while the concentration of Mn increased,
and the maximum increase of Mn could reach 124.2% . @ Application of LDF decreased the concentrations of Cd in brown rice of the
two varieties of rice by 64. 6% and 65. 9%, respectively, and decreased that of As by 37. 0% and 42. 5%, respectively. The effect on
the concentrations of inorganic As was not significant. When the application amount of LDF was 2-16 g-kg ™", the concentrations of Cd
and inorganic As in T-you 272 brown rice were both under 0.2 mg-kg™', and when the application amount was 16 g-kg™', the
concentrations of Cd and inorganic As in Huanghuazhan brown rice were both under 0.2 mg-kg™'. In actual agricultural production,
the application amount of LDF can be adjusted according to the soil pollution levels and the rice varieties.

Key words : cadmium; arsenic; brown rice; tribasic amendment; soil; chemical fractions
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T A CEM T ERE R E &5 YY) KAEREK Cd F As S5 3 Cd A As AR
FREY (GB 2762-2017) ¥ R JE T Mo iR EE  FEER S A ik v 1 OB R ik 14 it
[¥1) 5. 2 Cd A1 As 75 3 a0 M2 K Cd

AR EY, ARG FRE S BAREM 1 As A9 RBL YHTIE B Cd Al As 15 5 HHERY R 5T
TR, > Cd KRS BRI i ed & b ZE T ATS YR K BRI 4L ECH TR
B} 6.79 mg-kg~ IE’Ji‘iz%ﬁﬁEFHEfEF KRR, FCd A As 575 Y e A B 5% U5 SR AL AR
FEFFRUEFRL P Cd 5 520 SRR 38. 8%, 68.4% A1 BFFE WA+ 3 Cd FI As WRAFTE 245 LA S AR 32 2k i
45.1% . FEEE A FLBR I & | R R R R B BE T2 MR R A R R R I e L 4
i BEA LR Cd WA ROE ST RS B S onE A VR E R 2 RO R E R TROK RS
HirEdE (iR 30 g-kg™') T Cd V5 (Cd BT HITRE I L5 Cd il As WRAFTE 75 MoK R B
FHRA 15 mg-kg™), BHEAME Cd FRBEM A As BRI, A Cd M As B A5 5 51
27.7% ~57. 2% ‘. BREREK A 7= A 3 O R B AL 4 IR S
Xﬂ‘ii%EPE/\EFEWWVEﬁH”'” Mz S0~ Bk o s
B S BRI Cd AR [ cd adkey L TR
5.7 mg-kg~ 'E’Jiﬁ%ﬁ@ﬂ%’rﬁ@a@é,_fﬁ TCLP #HE L1 sabp

SERIEMIG0. 1% ~3.9% . X TICE As, f1 KA Easn e 2 QR R i [RaK e Wﬁﬁ%“%¢HML$aE
Bt v i 85 ) AR L As TEPETT ,ﬁ@ﬁEE HHE 0 ~ 20 emedt 3£ (25°48. 797'N, 11,3°06- 044’
JRATT: As TSR (As 824 144 mg-kg™ ¥, HEE), R i B A 1, R gL
GRS As B /}jw 63. 7%, 3Hu 5 RS FREE B A5 As A ASORE A AR BN AT Ol 73,32, 19.73 fl 123,85
HUBREE & 75 As St HEAT ™ . I ﬁwem %@_4 mg-kg ™ FRAT( 1000 B ) o R B R 4T, T K
1650 s m Aé A2 309 mgs kg Hefea A T e (100 B RGBSR R4y
J 7 R 22. A S s EBHB: B4l 25 82 AL A0 A PR ) 7. 2598 5 (9
85. 59 . 5b, B ks n s g Py Kk AR A (27203 %%&nﬁlﬁa)ﬁﬁummmzw
WE%%%H%H’JE%?E&E ) ﬂﬁ*ﬁ%@%@ﬂ%i%%umk, T A PR 2] R i S A Al A BRZA ) A 7= ik

%mﬁ'*ﬂ% ¢ o A | 4 | R AR L 1.
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’ Table 1  Physical and chemical properties of the tested materials
- m o ﬁfml ﬁa%qﬁwﬁiﬁ tﬁfﬁfg ﬁ@aéﬁ/mg-kgﬂ ‘
/g-kg /cmol -kg /m°-g Pb Cd Cu Zn As Fe Mn

KkAEt 584 36.91 12. 67 — 256.61  4.17 45.28  430.97 133.48 3.08 x10* 347. 89
GxKA 975 0 — 9. 60 1.06 ND ND 7.76 6. 66 ND ND
ML 546 0 — 46.20 2.85 ND ND 6. 88 9.50 ND ND
BmREk  3.22 0 — — ND ND ND ND ND 2.8 x10° ND
LDF 427 0 — 35.15 ND ND ND ND ND  1.12 x10° ND

1) —FRAMAI ND Fom Kk LRI H BET 118 ; LDF /R limestone + diatomite + ferric sulfate

1.2 =0 A AR A B i A AR R THEFR 20 d. R ETIE SRR (F N TR

AIRIG R FHREAS W) 0 A sh My R4 Ie , 28T 0.28 g-kg™', (NH, ),PO, (% P,0, it %) 0.21
A A KA R E BRI 4% 2: 120 g-kg ™', K,CO, (% K,0 i152)0.22 g-kg™'. 4k 5
IR G W =08 & 1B (limestone + diatomite 32 dJ5  BUCTs Y s KSR n e 5 A
+ferric sulfate, LDF). T8 272 ¥ (M —0) Bodk, B4 1 X 2 bk, KRS

IKFE AR AE P RO R R AR KRR 7 A 22 BHRAR, 10 A 26 B Y, M 2 R4
WG BEAT, BB A ME 0 A ROIRAS. SRITNAR 25 RKRENItE R ILAR % LK BUERIA. KRR L
em, (5 29 em K SDRURAEUKAS , SRR G 2] SRoREME 0L LA K 434 B, BRI 300, /K )2
AT+ 4.0 kg. LDF % it LW & 7 DR %4 om; 2B K22 em; BRL AR AIER
(0,0.5,1.0,2.0,4.0,8.0 fl16.0 g-kg ™), B4 ],V KHERE, K)ZIR 4 om; FEIRR I 2 U T8
IKPBEE 3 AFAT, 0 g-kg MR X IR CK, It o8 MR K)Z TR 2 om, RG24 K AT T, 4 2
42 # LDF i G 5 H R A ¥ A KR d BREBEKZE 2 em KAFRCRIET 2 ~3 d 121k
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FEM R R 2 IR AL KRG, REEFARFEE M,
FHB LK REMREKPNLS , 105°CRKEH70°C
BT, R ZEE B B ST ATRE KX 5 AN, BR T
ORI REE KRR R 0 ~2 em AR
P 1358 | iAb B S DR AE AR
1.3 FES I TINE T ik

FSCHRL 19 ] B R 0 e 4 e S AR B A 4 . +
HECd IS H 1 mol-L~" Mg(NO,), W42
B2 R Cd FH F K- R A A As (L +
1) FARKE LW B 1E BCR 37 4 br £ 4
Cd WRAFIE 45, SEPs #5173 M 1 As IRAFIE 25
IKREATAL Cd A As AR T K sk T e 0 ks
KTEHL As FH 6 mol-L~" HCI 324220 /K FF M HEAR
2% 2k IR A Dithionite-citrate-bicarbonate i | #2&
W2 S i R RRAE B (R SR oK) SR R Bk
JES W Cd & & ICP-AES (ICP 6300, Thermo)
M, BEKRE W] Cd %‘?%Fﬁﬁiﬁ)ﬁ?%ﬁ%&";‘é;‘é
FE 1 (iCE-3500, Thermo) M 7€ ; il;t% As %ﬂlﬁ(
TERE S VAT M As FITEHL As 2 S F9 T ARS-8220

JEF 5N T ( b st RALEA PR HL) il

E. %ﬁ#&;%ﬁﬂ%ﬂu&l%hzﬁ%;&%
[GBW ( E)-070009 ] #1 #] B ROKE GBW 10045
(GSB- 23) AT IR R 4T Hﬁﬂéﬁ,@aa}ﬂ“
cd %n As [l W 2% 43 5 2 90. 1%"~1105. 3% Fil |

90. 0% ~110. 0% .
1.4 BHRgit 500

B SPSS 22. 0 Geit 5 o Hridis , SCrh Bl 3
RN + FRUER 22 (n =3) , ANOVA 1 Duncan
ZEIWRE(P <0.05) 7 Hrab B e 2 5, K FRP A
/NG 7R RS 227 BA5%IH %2 X, IFEH
Spearman $5 £ 73 A 408 [ AH OGO & . #AF OriginPro
9.0 2.

2 HFREHM

2.1 —JuE A B LA BEAR M
B S ki

F & 2 W0, Bl LDF Jifi FH i (0.5 ~16 g-kg™")
G, 5500 BEAH b, B4 5 A T A 272 AR PR 1
pH BRI 435188 0. 01 ~0. 42 FHO. 11 ~
0.54 BAfi, 4 ~16 g-kg~ 'ﬁﬂiﬁﬁiiﬁﬁﬁﬁ%;ﬁ#
(P <0.05) ; LDESE X+ 58 CEC t1 A 3 KA,
4~16 g-kg | i FH AL B ) 7T 54Kk T 0 275 #&%‘@Ec
1.6% ~51. 4% 5 LDF M FA 2 Rk RSPS9 QM
Jo 5, Eﬁf“ﬂﬁ%ﬂ T 272 MR B A2 s

PSR

Al As 35 Q%LDFB@}EEE(O 5~16 g-kg” )E’Jiﬂﬁjc
TR AR, SR HE 28 e 25 Cd/"b'ﬁj\ﬂﬂlwﬂi

11. 1%~ 61.4% Fi 26. §%~52 9%, SEHATAs &
43 HIFEAIG 852% % 60. 0% F1'5. 6% ~49. 9% .

k2 :iﬁAﬂfz?fmiﬁ%%ztﬁfk MR RS Cd 70 As S BRH A

"
Tdble 2/ “Effécts of LDF on the basic physiocliemical propertiessof- the tested soil and the concentrations of exchangeable Cd and As in the soil

Y Wi T 1272
TR - — — - = =
g~ . CEC oM THECD  HE As . CEC oM THECD RS As
g8 P /(:mol-kg_] /g-kg_] /mg-kg_I /mg-kg'l P /(:mol-kg_] /g-kg_] /mg-kg_I /mg-kg'l

CK  5.86+0.03b 13.72 +1.75ab 3.87 +0.32ab 0.36 +0.04a 0.05+0.0la 5.80+0.14c 13.12+0.51b 3.92 +0.0lab 0.34 £0.04a 0.04 £0.01la
0.5 5.87+0.21b 10.24+1.84c 3.68 £0.17b 0.32+0.02a 0.02+0.0lc 5.91 £0.31c 11.67 £0.75bc 3.90 +0.23ab 0.25 +0.06ab 0.03 +0.0lab

o A -

5.91 +0. 16b 14. 88 +0.82ab 4.01 £0. 18ab 0.32+0.07a 0.03 £0.0lc 5.93+0.13¢ 10.67 £1.04c 3.76 +0.25b 0.23 £0.09b 0.02 +0. 00b
6.01 +0. 13ab 11. 80 +0.68bc 4. 11 £0.05a 0. 18 £0.04b 0.04 0. 0labc 6. 04 +0. 15abc 12. 51 +1. 72be 4. 13 £0.06b 0. 17 £0.00b 0. 03 +0. 00ab
6.26 +0.20a 14.63 +2.75ab 3.88 +0.03ab 0. 14 +0.01b 0.04 0. 00abc 6.02 +0. 06bc 18.02 +1.28a 3.87 +0.13ab 0.17 £0.02b 0.03 0. 0lab
6.27+0.19a 15.39 +1.46a 3.78 £0.12ab 0.17 +0.04b 0.05 £0.0lab 6.31 £0.17ab 19.87 +1.76a 3.98 +0.19ab 0.16 +0.04b 0.04 £0.00a

16 6.28 £0.07a 15.83 +2.18a 3.84 +0.34ab 0.18 +0.05b 0.03 £0.0lbc 6.34 +£0.06a 13.33 +1.00b 3.99 +0.20ab 0.20 +0.07b 0.04 £0.0la

1) B PRI + el 2z s IR SR AS ) 7R 2R A Bl 22 5 B35 (P <0.05)

2.2 ZOnE A BRI R IR A S A R
& 1 (a) A%, LDF &{E&E@Jﬂiﬁ#(o fo.s
gokg ) EEAE AR BR £ 3 Cd WA AS DATR nT $2 L
A(43.0% F1 42.6% )~ , HIREREE (42. 5%
F141.3% ) AR 456 745 (9. 4% F110.3% ) FIA AL
GEAAS(5.2% F15.9% ) ; BE LDF JiE & (1 ~
16 g-kg™'), Cd MK AEIE 4 DL AR i 25 (45.9% ~
51.1% ) A &, H R OGE R nl 42 BUE (35.4% ~
36.8% ) AR AE B 7S (9.2% ~ 11. 4% ) AT HLEE &
D(3.4%~T7.7% ) ; SXTHEAHLL, LDF i (1 ~ 16
g-kg ™) AT E AR 1 8 Cd BR AT HEEUA |5 1, BRI

14.5% ~17. 6% (P <0.05) , L a] H KA HLEE A5 A A
BRI 5 L, 23 B3 K 11.3% ~ 48.9% F1 7. 9% ~
20.2%, 4 ~16 g-kg ™' () LDF Jifi FH &b P 55 %F IR 22 57
WBE(P<0.05); HHE Cd MM 45478 5 g
AR, BB S X EES AR E KRBT H
272, H3E Cd WAF TR B DLIFR B (41. 5% ~ 46. 5% )
o MR RIS (37. 5% ~41. 2% ) | BRER 45
AR (9.8% ~ 14.4% ) AL A (4.8% ~
7.0% ) ; SXFREAR L, LDF % (0.5 ~ 16 g-kg™')
ffifs +- 4 Cd PR 45 B B MA VLB /il
K 3.3%~47.0% F12.3% ~44. 1%, 16 g-kg ' Jifi
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0-ASTTRIE S As, Ca-As: 5252 s FoAC, 4

e, 38K 70.5% ~ 105. 1% (P < 0.05); LDF jiti Ji
(0.5~16 g-kg ") WK T ERLE G BFEGLE G 8 &
F, 43 948 K 5.0% ~ 30.5% F1 1.9% ~ 42. 4%, 1
g kg it FH Ah B R B 0 2E (P < 0..05) , {HXT AR
A TR E . KRS T A 272 HRPR 4358, %I
AHEG, LDF i JH (0.5 ~16 g-kg™") A AR As 524
S MEASMEEEE N B 750 AL
0.5%~47.7%. 5.0% ~30.9% F1 1. 6% ~ 14. 7%, 1
g-kg ' fiti AL B 22 5 1 2 (P <0.05) ; LDF Jiti F
(0.5~16 g-kg™") BERK As FELE GG 1L, K
16.6% ~61.0% (P <0.05) , 5% 4 5 FL th 2 1 K

FOHGXEER AR E.
7710-As I Ca-As ) Fe-As [ Al-As EEE] Ex-As
100 @ el . _TfR272 i
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4 Fig. 1 Effects of the application of LDF on the percentage of various fractions of Cd and As in the soils

2.3 TIUKE A VRN A A e e A AL SR ) R )

M & 2 (a) AT, i FHl LDF X 2 Fh K A5 4556400
Cd B 5 AR, (EAS [R] K 5 Bl | 45 5B A7 BAIG
N LS — 3. 5% B A EE, LDF Jifi 1 (0.5 ~
16 g-kg ™) AR EFRATHAE AR ZE0H AR K Cd &
(P <0.05), 7> MFEAK 23. 2% ~ 56. 4%, 27.9% ~
58. 6% 129. 2% ~ 64. 6%, M X A7 Cd &&=
AR AN 3 R 16 g-kg ™ il R B I SRR AR
T8 Cd &, XPKRS T f 272, LDF it fH (0.5 ~
16 g-kg ") AE B FFEARZE T ARE K Cd & & (P <
0.05), 4 W % ik 18.2% ~ 50.0% #1 36.6% ~
65.9%, H LDF 7 1 ~8 g-kg ™ "Jiti 1 I fi @ 5 R AIG
F Cd i (P <0.05) , %Mk 26.3% ~35.7%.

fi & 2 (b) A1, Tt LDF X 2 ok f ks oK G
B As 5 2 FRARRON A 35 (XK RS 45 3B EL As
A REARAON. 5 X B EE, LDF it (0.5 ~ 16
g-kg ") B EPEMUKFE R AL AR 0 As TR (P
<0.05) , F&AK 33. 7% ~ 59. 8%, 22 M FIRE K B As
SRUAE R, BT 5.5% ~28.8% F1 7. 4% ~

37.0% . KAG T 4 272 4b¥Erp, LDF Jifi FH B AR AR
2R B As i AU RN B 2, LDF 0.5 ~ 16
g-kg it FH A R W PR ARAR RS As B 55. 6% ~
68.8% (P <0.05), 1 ~16 g-kg " Jifi JH & i 35 [ A
ZEM A As T 29.3% ~71.3% (P <0.05); B
LDF jifi JH (0.5 ~16 g-kg ") B K, A58 FLRE K
A As i B IR RS R G SXTRARLE, 2
~8 grkg ML EAE R EHFM AT As T &
38.8% ~ 56.7% (P <0.05) ,{LHE 1 g-kg™' F1 2
g-kg it FH A B D R IURE K B As B i 42.5%
M 33.2% (P <0.05).

4 LDF Jifi HELAE 16 g-kg ™' B, B4R HAEK Cd
M 0. 48 mg-kg " FEALE] 0. 17 mg-kg ™', TCHL As
FEFEN 0. 11 mg-kg ™", [ I 25 & (& 5% 4
FAE BT R B ) (GB 2762-2017) XPREK
Cd 1 As BYELSR S22 2 0. XK T 4 272, LDF
JEFH R 2 ~ 16 g-kg ' B, BEOK Cd & M 0.44
mg-kg "' FEMEF] 0. 15 mg-kg ™', HREKTCHL As it
[ A B RAR R R 2.
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LDFHE i fit/g ke ™! LDFJ il fit/g ke ™!
. i
g = ‘ fﬂ%ﬁﬁljx P <0.03 Y 1225 3, TH
-'l A0 » E2 _ﬁgAﬂfyfuxj:kfa T Cd A As SERIY
i =g ":::" " Fig. 2 Effects of LDF on the conGetitrations of Cd and As in various rice organs

2.4 FOUEATEBR R KRR S BRI Bk
i P 52

M 3 (a) Al A, FE LDF jifi = (0.5 ~ 16
g-kg ) HER, K AEE AR S AT AR 272 MR R E D
Cd 7o 2 PR S 4 I AR 13. 8% ~ 38. 6% #il
21. 1% ~53.5% . R As & &, 2 Pk 2
FEAGE S B8 T ANHE 0.5 g- kg ™" it FH 1 A1 A
K1 714. 4 mg-kg ™', SXHREREE (P <0.05),
M T 272 4 1Ak 5 90 R AR 3, K 23. 6% ~
84. 8%, HA AL 5Xf 22 5+ 1 3% (P <0. 05).

m & 3(b) AT, jE ] LDF(0.5 ~16 g-kg™') fig
R 2 FUKFEAR RN Mn & & MR SRR

JIE Fe B A AN 507 BRAH HE , 348 R0 T 48
272 BYRRERERIE Mn & f2 501G K 45. 2% ~ 124. 2%
H156.9%~97.7% (P <0.05) , Fe 7 W] 7] fz K&
i 23. 2% F142. 0% (P <0.05).
2.5 CROKRTERER S SRR R AR 2k B
HLER

Jiti H LDF 52 K R RE K Cd A As it SRR
BRI Cd . As. Fe il Mn &, A#F— S5 EMTH

KR, 511 *ﬁaéri/%ﬁ(i%w SER R AR
dikEK Cd &5 DCB-Cd 7% *&E%E*ﬁa‘éa‘ég

5 DCB-Mn & & B AR BEKE A
i W 5 DCB-Fetl 35 1EAH KR L & Tﬁl:272ﬁﬁ7f<

R3 HKFBCd, As SESREEE Cd, As, Fe 71 Mn S EH1EX R

Table 3  Correlation coefficients of the concentrations Cd and As in brown rice and the concentrations of Cd, As,

Fe, and Mn in the iron plaque

K Bk wrAE R BRI R T It 272 MR FER
" DCB-Cd DCB-As DCB-Fe DCB-Mn DCB-Cd DCB-As DCB-Fe DCB-Mn
e Cd .582% 0. 404 -0.668 **
Bt ! 0.582 0. 668
B As -0.053 0.559*  -0.208
T 272 VCd 0.676 0.613 -0.605
Bk As 0.123 0.270 -0.473"

1)+ #mR P<0.05, 3w P<0.01
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—

— |.' _—
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B As, XTRER TCHL As 17 5 1 FEAR RN AS (2 3 (
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