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Effect of Air Drying on Speciation and Plant Availability
of Heavy Metals in Flooded Rice Paddies
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Abstract; In order to explore the changes in speciation and plant availability of heavy metals in flooded
rice paddies after air drying, flooded soil samples were collected in the typical area in Yangize River
Delta, and the flooded and air dried soil samples were treated with BCR sequential extraction method.
Amended with atomic absorption spectrophotometer, the fractions of Cd, Cr, Cu, Ni and Pb were
measured. The result showed that acid soluble was 11.5% , oxidisable was 21.5% , residual was
29.2% , reducible was 33.7% for flooded soil. After air drying, acid soluble and reducible fraction
decreased while the residual fraction increased. The sensitive order was Ni > Pb > Cd > Cu, and Cr
remained steady. In flooded condition, the plant availability of Cd, Ni and Cu were higher than Pb, and
Cr was the lowest. After being air-dried, the plant availability of Ni, Cd and Cu decreased while Pb
increased. It was concluded that the air dried samples could not exactly show the real speciation of heavy
metals, and the plant availability of heavy metals was underestimated.
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Fig. 1 Location of sampling sites
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Tab.1 Properties of soil
HER o e it 2 OB 130181599 LA
R el

pH {& 6.67 4.81 ~8.16 1.1

AR R /g kg ™! 25.5 19.4 ~31.3 3.95

P ¥ 22 4 i/ emol kg ™! 17.4 15.6 ~19.4 1.44

SN gt /g-kg™! 1.72 0.23 ~2.37 0.62

4P itk th/g-kg ™! 0. 64 0.53 ~0.82 0.11

4 Cd il H/mg-kg ™! 0.20 0.10 ~0. 30 0. 07 0.2 1 0. 097
4 Cr it H/mg kg ™! 70.9 63.4 ~80.4 5.09 90 1 64
4 Cu JEH H/mg kg ™! 33.8 23.7~53.5 9.13 35 1 22.6
4= Ni it/ mg-kg ™! 27.2 23.5~30.8 2.56 40 1 26.9
4 Pb i H/mg-kg ™! 43.3 38.1~49.3 3.79 250 2 26

PRBEZ B GE K R A IEBEATK ST R4 i % A=
ARAK , R T 5 5 RAR 236 20 A 800, 0+ LA (] 4= 38
pH A LB OEARSTEFRE™, H
KRB FRFGE R FIAE 2 B KRS + pH B T g™
&AM BRI 5T, 4k 8 T BE R TT BRI AR
KT, pH (EREARR 48 5 5 4 8 nl i bk, B vE Y
BEPE ;LR A R BE AR ME (GB 15618—1995) ,
pH (B ARCKE 14 i R 58 XU 2451
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BCR Jy 518 A T8 H 4 7 K SR #E 5 T 4
&SR E EACIRET 5 MEL B ITR SMA L E
RATASED WEASHZ RS k% R H
B HARFICERFAE—E 250,

FEah 3 IREE R I 978 S5 RBURE T i g5 1
(R B TR B, BN 32k 0 T B | [R) 9228 WA 40
Jo IR AT S AT 5T M KRR O AR S R AN
17.5% JRTRE R 14. 2% , KT RE 5L 55 S 35048
SN ARG SARME BCR 7 AR LR T 4 R
A 28 R K, (H7E 5 R BGE /N T AR fE BCR 7 ik
(34% )" R, BCR J7 8 FH 6 FH A 38 7K B K
TR AR g zE |, vl LA RS oKk BLA
fERT A4,

TEESEAFES 'L 2 s,/ TLUE
L TEHBEACIRE T , BEERIES S MEEARITER
(A AE— 2 2200 (B A AR AR R P38 i A B
WHR AR 11.5% Al A4S 21.5% Al i 2
33.7% FIER BA 45 29. 2% , TRV 45 Ni 1K 26. 1%,
Hofl ot R BAR, 7 12% LT, BRI Cu X
0.5% ; TR JRZAS Cd ik 53.3% , Al 3R JR 25 Ni, Cu 43
K 35% 30.9% , Al iR A Pb R 18.5% , Al ik i
B Cr L 4.6%; Al A AL Cd, Cu ik 22.8% 0
34.4% Al A4S Pb Ni Cr T 5 T 10% ; R B A8
Cr.Pb 13k 79.3% H1 65.2% , Cd., Cu. Ni {471
10% ~30% , iz H] TCLP Fl BCR i 24 Bkl e 12
PR I 7K 5 HE X RS - A SR A B AR S m 4y
BCITF R B /N L 5% B A (RERIBGE WA RS (AT
AR AR ST S 2 A R T USRI
FEZFAE T £8P Cr Cu Pb & TR &2 19 2 e it
FEKEIN R RS AIE G SRRy
GEAD BN A LA SA A
i,

Cd M EBAAEIL BT 8 AR 53.3% LU L
BB A 11.9% 5 BR Al 5 28 (5 11.9% 5 A A b &
22.8% , Cr MEBFEIESRIR B, BT
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Tab.2 Effect of moisture on heavy metal speciation

.. TTH SRR % MR ER
5 WkEE TR 2 /% MR K
cd 1.9 151 3.2 0.197
Cr 1.7 1.5 -0.2 0. 641
RAIAS Cu 0.5 5.9 54 1069.3 0 s
Ni 261 2.6 -23.5 -89.9 0 o
Pb 5.8 9.2 3.4 0.058
Cd  53.3 42,3 -11.0  -20.7 0.000 s
Cr 4.6 4.8 0.3 0.673
AREA Cu 30,9 261 -4.8 0.271
Ni 350 14.5 -20.5 -58.6 0 s
Pb 185 19.6 1.1 0.728
Cd 22.8 7.9 -14.9  -65.4 0 otk
Cr 144 163 1.9 0.257
A Cu 344 19.8 146 -42.4 0 s
Ni 142 214 7.2 51.2 0.019 =
Pb  10.6 47.2 36.6 345.4 0 s
cd 1.9 34.8 22.9 191.0 0 stk
Cr 79.3 77.3 -2.0 0. 460
FREA  Cu 341 48.2 14.1 41.3 0.022 *
Ni 247 6l.4 36.7 148.8 0 sk
Pb  65.2 24.0 -41.2  -63.1 0 sk

o# Fll % % % FIRTE p H0.05 F10.001 /KT EEFBE,

AL JE A F A, AR B A R AR 79. 3% ; il AAAE A
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AR RE A . Cr (9 5% B S  fm, AT sS4 S AR
Ph.Cd 84 A AL B4, Cu WA LS IR,
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Hn S LA Cu FREEAS Ph AHXTZE G,
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F A RS Ni > 58.6% 5 il & Ak 2 Ph BN
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14.9 AN 53 5, B D 65. 4% ;5 5% B8 25 WA 38 i
229N E AL L9 %5, Cr TWI R AR L, Cu.lR
AVEASMO0.5% ETHE] 5. 9% A8 Ak i H: 2 ml 4R
A Cu W70 14,6 4> 73 s, B/ 42,49 ;5 5% B
A Cu¥bhn14.1 A5 B 41.3% o Ni: B2 Al
DA, D> 23.5 A E 505, BD b 89.9%
AR SRR D 20,5 4 A 53, BISD 58. 6% ;5 7T 4R
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fid FRAL AT 25 1 A8 AL 7T 6 i i TR 42 8 40 G ) A
b, SR IR VTR N b BE Cd o] A b3 AT
WIEAED, Cu BR AT A AN X — A 52 45
SARSCHWVIA, ENHEH BRI, 5 E e
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Y e s | 15 e & B AR I S & AR AR L 3
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HACKRA T, Cd \Ni ,Cu YEYIARLER =, Pb  Cr
B, ATFALHUS Cd Ni, Cu YEY)AT 850 I g B AR,
AHFIE XAEY A SO s 2R D, 2 o A &
FRFREWE .,

48 VEW A S 16 T 4R R A el
FF SO VE Y 7 A M A5ON 1 I, AT ) 2 1 55
PEEE S AP A v B B R AN, H R/ P i o
L&t s P AR S E &R & AR i
FEMARZ I, T A 1B 58 2 BT AN [R) 1S
Y R [EE g 012141800 IR 2 s T 4 R R R B
AEWEA e 225 AE BRI S SEY E 4
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X — WP 5424 00 PR U AR, AH SR 35 36 B ok
AR SEY &I, HIL LR & ST
W & R AE YA B = AT L

M2 3 ] UL ACIR AT Cd Ni, Cu 76 M,
JE5% B2 B Bk 2w Y 88.1% . 75.3% M
65.9% ;Pb {5 1 W] ALK, 35 34. 8% ;1M Cr 6 TR Hx
15,12 20. 7% , RTALBRJE , BE 5 TG 1 Ni Cd |
Cu [&1 36.7 .22.9 F1 14. 1 AN E 435, Pb Jifi B 2
B 41,2 AN E S, Cr SRS (UL 2.0
IR, SRZRAET b DR RS S R
TR AAR Tt S WU 4 R A
ORI A S AE Y, oA Cd B e i dk
A, £ X Cd BLRTF R R B L, Wb
VEYIRAS A A 2ot AT e BRI SV E 1 A 322 HE
SRS AR Rl 2 50 X ARG 22 58 1E
I, WK FERINE By cd, BFE R, NEER
Yyrbdees R B A KFEM 2 5 R AR
AL BAE AR > T 3 AN Wi 0 80,
AR R S KT 3,

x3 EcBEYTRHASREWL
Tab.3 Change of plant availability of heavy metals

%

JLERMKRERCEME TR R AR
cd 88. 1 65.2 -22.9  -25.9
Cr 20.7 22.7 2.0 9.4
Cu 65.9 51.8 -14.1  -21.4
Ni 75.3 38.6 -36.7 -48.8
Pb 34.8 76.0 4.2 118.1

FHOCAT BT R W, ASHIE S XA i B 4 Js AN R 2
FEXS & AL LT AN 32 it s, DR n] DL R
RO E &R B A0 5 1 R P T8 R ] A9 ¢
N HB AL BUH 71 8 5 I ARSI R A1k
SER 0.1 0.2, 858K KM, N, =53.51 -
16. 8N; KT 414 F,P, = =22.9 +181P - 10.41p,,,
C,=71.32-36P, . N, £/RFEFEE Ni Fid s
BN FoRe N R P, FRREZE P S
;P FRoR4A P I L ;p, 8 pH {H; C, FRGk A

A& Cu Frig 73 B, WNATPNE, AR 5% B 2 59 & il A
)AL T B Jm AR WA R, A RESE p R A
PEXELL S SN MG R e F 2, IR
P R AR A B R e I AN B, T R R AT ST
DX b R R AR S AR BN, AT AN BE 5870 K n] BE
FAERI AL B O, A B A4 L R v o s ok 7
WA —s AR BFFERIIIEREA
it 2 NH, HAE AR AR 2 AR B R AR B T
N T4 1 75 Jo A 0 0 1P, — S i b 498 4 R ) T
DAHR AR AR 2 5, DA T A 28] 4 ] o < J 5 P A H
(92 AR RIITERACIRE T, 3 SR i
REAEIEARAR A 25 Ni & i, ] DASRAR W VAT S e T
i A NOS -N Y EE i, 398 pH B84, 4 A
BEROVE AR RRART | IR T R 90 O 5 3
AR W T N TR R, A T Py
i R AR KT AR B4 s A7 AE AR Al Ph Al Cu
PR KU, AT BE R il pH (SRR AR Y Pb T 1E,

3 g

(1) WF5RIX Pb % Ab T [ - PR35 ot i —
HhrifE,Cd Cu, Cr Ni iKF|— % bR, {H Cd, Cu, Cr
3 PhOCER B R A Y N  2x 2 b T Y R R,
A AT BEAZ 2] T Cd . Cu V5%, 7€ HI ] KR

A FREAS AT RS N, BRI A Ni ]
WIRA Cd ATEEA Cu FRE A Cr Ph AHXT & 4R
o BRATVES Cu FTHAJRZAS Cr AN S AL,

(2) KTAbHE R 48 T AR (LA TR T A 2 |
AR RS B B, TR S A A R, AR A
i, JCERBURFR BE R B]/IMKIRH Ni Pb Cd | Cu,
Cr 78 2 Pk o 26 T BB R e . A e
BRI IUFIE A TR T Ni | Cu, AIIAJFAS Ni,
Al LA P FIFR A Cd,

(3) HEPIRA Cd Ni, Cu VE¥ A R =, Pb
BAK, Cr ik, TG, FESFULE M Ni Cd
Cu FFAK, Pb ST B S 340, Cr ARFFRR A . KT
FE SR IAG KRS -+ 5 4R VR A ach:
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