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TEE . WA AT YR Y R R A AR, DFSY T =t R QR GREEE A + WA + SRS R ) XA

Hﬂiﬁ%%?kﬂﬂc P BT R K R 25 TR A e SR AR I 5. 25 SRR W], 7E T8 Cd i 3. 58 mg-kg ™', As EiE 124.79 mg-kg ™'
VSYRRETR, A QF) 5, AKFEARBR -8 pH (A | BHE T 3c it SoA ML A B K Jté%ﬁdﬁ%j& Cd A1 As F=n] 4

HIM 0.37 mg-kg™" ., 0.07 mg-kg ™' FFES] 0. 12 mg-kg ™', 0.04 mg-kg™". QFJ HYJitifH, ﬂﬁ&ﬁlﬁ%ﬁbﬁ“ﬁ%ﬁﬁﬁqﬂ Cd 1 As &

2, 7£9.00 t-hm i FEKE, TPEREK T Cd F 8 0. 46 mg-kg ™ FI%F] 0. 18 mg-kg ™', JoHL As &I 0. 25 mg-kg ™' F&

fKE] 0. 16 mg-kg ™", FIRHMEF EZRE RI15EPRERREO0. 2 mg-kg ™' FIZK, ;&Bﬂk%é;rﬁiéiz?ﬁ Jiti 41 QF) 18/ 1 K FEAR &

Xt Cd Al As E@Eﬂé%, AR T /K FEARARRE Cd DAHE T 35428 S I8 BE T, BRI T MR R %5418 Cd WRE I DA K ZEnt | Fcktia
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Effects of a Tribasic Amendment-on Cadmium and Arsemc Accumulatmn and

e

Translocation in Rice in a Field E*Xpenment ' ey 4
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Abstract; Anlin-situ paddy field experiment Yvas carne(f out to study the influence of a trlbaslc amendment ( QFJ, hydroxyapatlte +
zeoht’g + blochar) onlCd and As accumulation afd trfinsldcation in rice grown in soil contaminated with cadmium and arsenic, with the
contentrations (of soil Cd and As being 3. 58 mg* kg "and 1247 79 mg-kg ™', respectively. The results showed that, after application of
QFJ,'the pH, CEC, and OM contents of the rice rhlzosphere Boil tended to increase. The exchangeable concentrations of Cd and As
were redu¢ed from 0. 37 mg-kg ™" and 0. 07 mg-kg ™' 10 0. 12 mg-kg ™" and 0. 04 mg-kg ™", respectively. The concentrations of Cd and
As in rice tissues decreased after in-situ restoration. When 9. 00 t-hm > of QFJ was applied, the Cd concentration in brown rice was
reduced from 0.46 to 0.18 mg-kg™', and that of inorganic As was reduced from 0.25 to 0.16 mg-kg™', both lower than 0.2
mg-kg ™', meeting the requirement set by the National Food Standards ( GB 2762-2012). QFJ application decreased the Cd and As
bioaccumulation capacity of the roots and decreased the rice plant’s capacity of Cd translocation quantity from the underground parts to
the aerial parts; at same time, the Cd transferring capacity of the roots and the As transferring capacity in straw and husk were also
decreased.

Key words: tribasic amendment; cadmium; arsenic; accumulation; translocation; rice; field
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JEARKT . AW G T R W AP A S
GEA SUTTES R DLRIR AR D Cd Fl As 27
O EHM, NDhaes Rl R KA | L AKX
A BT A WA RE ) A
BIRERN Az | bt AR ) Hh i BE A
FRIEWE IR AT | WA RSO RS FF ¢ Ry 32 R R 4 I T
ALY =0T EJE B (QFY) T, T Cd F As
EAETGYRE I, WL QFJ H[E] v FH A HE 75 [R] Bt %
A48 Cd Al As AUSCHRZAS i, BB [ I PR AR K
Cd Fl As &, B0 QFJ H [a) i 6 F5 4= 3804
FKAG BFUEZ Cd A1 As B2, IR Cd AT As
TG Y T AT S 16 52 SRR 4.

1 RS

1.1 SEiGHPRE
2016 4= 78 1 7 44 A6 N 17 A AT Bl 4% B T IX

(25°48.8'N, 113°06. 0'E) fff It &Y Cd 1 As H &
15 YA F PN A I B R A B RIA B ST
W XA T H I 30 28 XU S X, A4S 2 R oK
H7E1 400 ~ 1700 mm 2 [0], FHSHRAE 15,6 ~
18.3°C Z[A]. Jite FH 9 B 750 515 A9 4 38 AR B Ak M
mE 1 fims.

=G AP (QF)) B R L K A
[Ca,y(PO,),OH,, 100 H]H /" PUH AL ALY
FHEABR A AR B4 (100 H) A 7 28
AR A T B FEFT ol vk BH R 2 AR ) AR
R AR, FEAE SR E M, 2 0. 149 mm i
JEIMA 1.0 mol-L™" HCI Hii$k 1 h, FKMVEK, &
g3k, gk E b E T 2EE, -
PRLRAT. VR LA 0 UL 1. KR 5 b ke
MRREAE b BT H WK RS A, e E
ol 7 PR w2 44E £

R GRPRERER , A F
Table 1  Physical and chemical properties of the tested materials : ;

" | B TR H LT Cd Hft AS Rty
A pH 8 'fl/cmol'kgil /g'kngl | Mhghkg ! .._,.-/"mg;_kg—l |
TR+ 49 5. 54 L1867 36.92 3.58 124.79. 4
ARG | 8.25 L 70090 0, v 0, 001 g, ¥
Wh - VN 8/80) sy J ¥ 168710 d 4 0. 009 4. 110
Lee=riie S 6.020 /) / $725.93 53.22/ J 0 R
= ot i QR | #1667 [ © #1006 21.34 . 0.04 7.88
A T o100 ss b/ — Ay 0.3 30
A PR i (NY 525-2012) 11 n'frense — 3 15 F
1.2 | Segy ik AT B, 105C AT A TOCHE T, AR L 2R AT A

G HIER IR | W RICERSFF S 3 Bk R
100 i, #— 5 B o 2 L TR A5 28 50 il i QFI.
OSE(Chm? ) A5 43842 2,25 x 10° kg B T E
B BE 4 A4 QFJ it K- (0, 2,25, 4.50 Al
9.00 t-hm ™), 0 t-hm jifi & A XF B4 CK,
K E 3 AEATRE, R HEAUA 9 m* (3 m x
3m), 312 AR, B BT HEBEALIX 41 HES
Zo FARBRET 7d X i AR EAKCERT QFT, SR 5 A
THRZRHLURA A, YRS K R E 2
R 2016 4F 4 Arp Akt E R, 5 H b A iE K
TRk, PEATIRIFEZY 0.2 m x 0.2 m, B MREJT A1
W 3 ATKREME R RAP AT, KR Rl R A% B 2 B 2
A PR S BRIE B

2016 48 H 17 HIKAEAAVSIR. RAE - HEFI
IKFERE S, BARERAE S 78 RSP RS 7 v B AL R
£ 3 BROKRE, TR SR AEAH R K RER R 0 ~2em N
HRBR - HEAE 5. KA B SE 00 = s, HUE 4tk vk

Bk 4 A0, HEEFRTE, MR IR .
TIEARMNA FARB, S 0. 149 mm il 2
mm i, THEORAE# .
1.3 BRSO E vk

SR FHSCHR[ 13 ] Bk i 146 pH L, H L
Fr& A B Fac 4 tit; A1 mol-L™' Mg(NO;),
VAR L e cd g s RN, 1 mol L7
NH, Cl %R I As (RS Hs &80 KM
MR A TEAL Cd & J2 As B SR F 1 K 0 1
(GB/T 5009. 15-2003"%" | GB/T 5009. 11-2003""")) |
BEKTCHL As S EKH 6 mol-L ™" HCl 12428 (GB/T
5009. 11-2003""7 ). FHHURHE A 58 1 & SHEI%Y
(ICP 6300, Thermo ) Ml +3EHE S Cd & i, JR+
W e RE T (£ B8 ) (iCE-3500, Thermo ) Il
IKFERES T Cd &, R FoEOtBEE T (AFS-8220,
AbmTE RALES A BR A T W 38 KRR S
As IS TCHL As &=, DU %$ﬁfﬁ%ﬁii§g[ GBW



1912 2N 5%

B 39 %

(E)-070009 FIi# g KoK (GBW 10045 ( GSB-23) 3
FreEEfEm], IR 928, Cd. As B9 IR
5K 94.0% ~105.9% F195.3% ~107. 6% .
1.4 HdegeitS5otr

N A W) & 4E &R L ( bioaccumulation factor,
BAF, /KM R M E R &S T ES RS &
FILLAE) 1| #12 28 (translocation factor, TF, 7J(
R Je — AL v e 4 R e S T — AL R
i) kb {E) 8] DL e s i R ( translocation quantity
factor, TQF, 7/KFeiHh |- RFHE 4 )8 S 5HRE R

4R B ) ST Cd I As 7EK RSB
i R a2 5E 1. B A BHE £ R L Microsoft

Excel 2007 f1 SPSS 19. 0 #4750 #0r, SCH BoR
ZER NV BIE « bR 22 (n =3) , RITBRZR T 22
M7 (One-way ANOVA) Fll Duncan 2 8 L (P <
0.05 Fl P <0.01) #4722 F P00, I AR 576k
ErzErRAG R, FIERH OrlglnPro 8.5
AT AR,

C,
BAF = —
Cs
TF‘: Claltt‘r ] [ ; { : p".”.. —
F ..-"'.‘ [ former L /u- - __.-‘.'
#TQF "_ Z Chner X mlatter". 5 ¥ - i
' L C. xm, '

)
ATE. (g DR o T cwz A g
)

(mgkg™); €, ALFEPESE Cd 5k As & &
(mg-kg™"); Cp HKFE G —FAL (53 BIXF R b 25
M, e, BoK) PEHEESE C 30 As & &
(mg-kg™") 5 Copee NKFERT—HBAL (4351 5 7 A AR
R,EM, F)PELSE C K As & &
(mg-kg™); m, AMRBRTE(g); my,. HKFEH
B HBOL (A3 R R A 5T BEK) T H (g).

2 HFREHMW

2.1 QFJ XF e SEA HA A o7 M f e S8 40 38 B i
p= A

2 B/RT QF) FEAGFIRG M5, +5 pH (H .
PH B 22 4 15 AR AL % 2 B QF) Jit FH 42t A 384
(2.25~9.00 t-hm ™) Midg K, 13 pHE EF T

0.47 ~0.78, MHE FacfaEigmT 14.9% ~
25.0% , AHLB S AWM T 5.0% ~9.7%. QFJ

(it X L e 52 e 2S Cd é‘%l‘&fﬁﬂ/ﬁ)ﬁﬁ%, Af
WK 39.2% | +68.9% ;4 QFJ Jifi i & 9.00
thm T, SEHAS Cd AN 0. 37 me- ke BT 1
#]0.12 mg-kg™' ,Tﬁ%mﬁﬁﬁ%ﬁ QFJ H@Dﬁﬁﬁjﬁﬁ«[%
R 9 S ASVAs L BRI E N 28.6%, ~
45.9% 'ﬁ;ﬁﬂ@éﬂ CKAH tls 24 QFJ ﬁ@ﬂ@ﬁ 225
t-hm B, A, As S 0. 07 g kg IW%
0. 04 rig-KeT' | MERERLKS W QFY e TS
A As AR {H%ffﬁ?xﬂﬁ?ﬂ CK.

&2 :I:ii%%ﬂﬂfﬂk.ﬁﬁﬁf‘ﬁx?&"‘ﬁzﬁ’]*ﬂ

"
f o & % Table 2 Changes in the soil phyblLULheHlJ@ai propertlcs and concentrations of CXLhngedblC Cd/As
it k) - PRS2 e AL A Cd & RIS As i
/t+hm 2 P /cmol -kg ™! /gkg ! /mg'kg’1 /mg-kg !
CK 5.32 +0.04b 19.90 +0. 29¢ 37.40 +0. 02¢ 0.37 £0. 02a 0.07 £0.0la
2.25 5.79 £0.27a 22.87 +0.73b 41.04 1. 11a 0.23 +0.03b 0.04 +0.01b
4.50 6.01 £0. 13a 23.07 +1.32b 39.24 +0.35b 0.18 +0.03 b 0.04 +0.01b
9.00 6.10 0. 10a 24.87 +0.61a 40.45 +£0.41a 0.12+0.02 ¢ 0.05 +0.01b

1)CK, 2.25,4.50 F19.00 F7~ QFJ ji HEMRK K 0, 2.25, 4.50 #19.00 t-hm 2, [FFIAFR/NG FLERREFBE(P<0.05), FH

2.2 QFJ XFzKkFE S ARHR I 5 0
2.2.1  ZERE R E AR

RTINS QFJ YPKFERE K, 758, 2%
M AR Cd AL As SRR, M QFJ (2.25
~9.00 t-hm-z)ﬁfﬁﬁﬁ[ﬁ%&*ulé Cd &, BEARNE
EHN4.8% ~61.8% [ K 1(a)]. 4 QFJ jiti &K

9.00 t-hm™ 2 Bf, HE>k Cd & & M X BE 4 0. 46
mg-kg™', TR HAMGE 0. 18 mg-kg ', KT 0.2
mg-kg ™', FFA B ZK A5 5 Y ¥ BR & bR (GB

2762-2012) 20 QFJ Jiti i th, 7] 28 97 A s oK 34 As
i, MXTHRZ 0.53 mg-kg™', & FFEE] 0. 35

mg-kg_', TR 34, 1% .

JitiF QFJ Al A4 52 Cd A As [ 1
(b)]. HXIH4 CK *ch QFJ Jiti FH#: 2 2.25 ~
9.00 t-hm ™, %&5¢ Cd & MK 5. 1% ~66.5% ,
As TR 20.0% ~22.0%.

Bl 1(e) o, QFJ Ayt FH X K g 25 i Cd Al

As TRBAREMAEN. 2501 Cd f1 As & i
QFJEf_EFHmEI’Ji‘JJH WAL, o3 A BEAL 16. 1%
~T77.0% M 3.0% ~8.3%. A I[a)jE & 4k 2 %t
M Cd FRAERFE2ZRF (P <0.05), MAF As
SHEESMEARABE(P >0.05). S5XFMH4H CK M
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e, QFJ JtifH&4 9. 00 t-hm °Hf, 250 Cd & &
M 2.48 mg-kg ', & W T B E| &AL E 0.57
mg-kg™'; As HHEM 7,45 mg-kg™', B R
FAK{H 6. 84 mg-kg™".

R Cd AL As BBl QFJ Jiti FH 5 A9 388 i &2
Iﬁﬁﬁiﬁﬁﬁﬁﬂ’ﬁé%( B1(d)], S%FE4] CK M
(a) BEX

t-hm-2
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Fig. 2 Changes in the inorganic As concentrations in brown rice
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Table 3  Effects of the combined amendment QFJ on the biomass of rice

it FH KRS AR T /g !
/t+hm 2 R E At Rk
CK 4.32 0. 14b 27.63 +1.39b 7.50 £ 0. 85b 26.27 £2.07a
2.25 4.66 +0.20a 28.70 +0. 94ab 8.19 £0.75b 27.79 +4.13a
4.50 4.86 +0.15a 29.34 +1.32ab 8.03 £1.66b 29.28 +3.06a
9.00 4.94 +0.16a 30.70 +1.90a 10.93 +1.38a 28.81 +3.13a

AT E R R, SXIRA CKAHLE, QFI By B As A3 R KB ; #% 4b B TQF, 3 K T
Tt P K AR AR Cd 5%z i RECARRRES, T TQF,,, RAR/KFAEE K R i1 Cd M T #FH
XF As Bz RECH TS, XKW QFI BB B B, b BE Cd B9 T2 BB, T As
FEARK R AR Cd i Rz RE )y, fEf3 Ay R R # RE o8 £, HA &z 2T

Cd ¥iz 2R KRG AL, (EXF 7K AF b b0 B,
F4 QFJ X CAdInAs ERBHREERUNFEEERHMFIT

Table 4  Effects of application of QFJ on the bioaccumulation factors and translocation quantity factors of Cd and As in rice plant

Jiti FH A CET i b R
/t-hm ™2 BAF,, BAF . TQF TQF .
CK 2.25+0.22a 0.64 0.0la 2.47 £0.20a 0.65 £0.0%a

2.25 2.05 £0.27a 0.60 £0.01b 2.27 0. 23h 0.64 +0:074

4.50 1.59 £0.23h o 0.56£0.02¢ 2.29 +0.29h 0.6670. 05a =

9.00 0.88 +0. 10¢ /| #40.52+0.01d 163 éo. 451 0.70 +0. 02a==
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i ‘Table 5  Effects of application of QFJ on the translocation factors of Cd and As in various rice organs

il FH Cd As

/t-hm " TF it TF ot e TF a5 sk TF TFgup e TF 5wk
CK 0.31 £0.03a 0.27 £0.05a 0.69 +0. 10a 0.09 +0. 00b 0.07 £0.01a 0.99 +0.20a
2.25 0.29 £0.05a 0.33 0. 12a 0.70 +0. 07a 0.10 0. 0lab 0.06 £0.01a 0.97 £0.02a
4.50 0.28 0. 04a 0.33 £0. 10a 0.81 =0.07a 0.10 0. 0lab 0.06 £0.01a 0.85 +0. 18a
9.00 0.18 £0.05b 0.41 £0.09a 0.79 0. 05a 0.11 £0. 00a 0.06 0. 00a 0.82 +0. 18a
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