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Predicting the Cadmium Bioavailability in the Soil of Sugarcane Field Based on

the Diffusive Gradients in Thin Films with Binding Phase of Sodium Polyacrylate
WANG Fang-li', SONG Ning-ning', ZHAO Yu-jie’, ZHANG Chang-bo', SHEN Yue’,LIU Zhong-qi'

(1. Centre for Research in Ecotoxicology and Environmental Remediation, Agro-Environmental Protection Institute, Ministry of
Agriculture, Tianjin 300191, China; 2. Agro-Environmental Monitoring Station, Ministry of Agriculture, Tianjin 300191, China;
3. Division of Science and Technology, Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China)
Abstract: The diffusive gradients in thin films (DGT) technique with solid-state binding phases has been widely used for in situ
collection and measurement of available heavy metals in waters, soils or sediments, whereas DGT with liquid binding phase is primarily
used in the in situ analysis of heavy metals in waters. In this paper, rhizosphere soils of sugarcane were collected in Guangxi and the
concentrations of cadmium (Cd) were determined by DGT with a solid-state binding phase of chelex100 ( chelex]100-DGT) and
modified DGT with a liquid binding phase of sodium polyacrylate (CDM-PAAS-DGT). The result showed that the Cd contents in soils
measured by DGT with both binding phases and Cd in the roots, leaves and unpolished stems of sugarcane had significant positive
correlation. The extraction ability of the CDM-PAAAS-DGT was much higher than that of the chelex]00-DGT. In addition, multivariate
analyses were used to assess the impact of pH, cation exchange capacity (CEC) , soil organic matter (OM) and texture. Two principal
components were extracted and the linear regression models were established. The Cd bioavailability in soils could be accurately
predicted by the CDM-PAAAS-DGT technique, which expanded its applicable area.

Key words: diffusive gradients in thin films ( DGT); sodium Polyacrylate ( PAAS); cadmium ( Cd) ; bioavailability; sugarcane;
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VMR | N | KRS, AR ZRE Y X E 4
o B M BRAS T B RS 1 H AT TS
LEAAHMB T AS S A AR T LS T HOR 58
KR, BAHE R DCT 25 B IR A EHME | ik
Je A PR B TR A LA AR B T i —
SHRFSE. Li % E ] 0,020 mol - L™ R AL
WEREER AN (PSS) IR M E5 A 41, Fan 2610 il FH R
ITREN (PAAS) WA 45 G A0, BBV & T 7K f4&
HARESH Cu A1 Cd, 3275 1 DGT &2 iy 1R P F1
KGR, WASZES A DCT BARWE 29, E
ZRN T LR E MM KR &R T R
?)I'\“J(W,ISW .

154 1 R & AT e 18 B ki ) CDM-PAAS-
DGT HARR FHF M K B 20~ £ 3E-H EEEY R
S 4 i AR WA R BT SR RS, AR SRR
PG5 Y - S HEA T S b 25 S FURAE 43 BT, 41T iz
Fl CDM-PAAS-DGT E ARV L3 Cd I AE1A7 3L
P, 775 chelex100-DGT A & 25 5L 40 L4, 73 By
+4% pH | CEC, A ML & & 5 AL M B2 B X 2
Fh5 PR Cd & i 5 685 25 AN Cd &tz ]
PE:iA N

1 #MR5EFZE

1.1 SEEAbR

DA P BRIRAE Y G 25 ATF RN & e G
B 25 WORINA , FIH23REN RS (GPS) N, TR
TLRECR A 18 AN, BHERBEIFE R4 72 4.

WM H TR 43 A i R R4 (AR ) | b b A
o3 (Z2) FUANTT B (i), A RK FE 53 P sk L&
BRI R AU H RS, SR G T
FoKME, FHIEACR T, 23 5 FH AN G5 0 0 M TR S)
JEH 174 ZEARERAS. 1E 103°C AR 10 min, X5
£ 70°C FHET 2BAEE R AE SO R 1 mm G
0. TR AT AR FRE 0.25 ~0.30 g 1Y
FEPIRE A THALTED , INA 7 mL ¥ HNO, F1 1 mL
30% H,0,. JFE AL 2 h J5 , 37 ShE s, A Sk
TH A Fe B e R e R A e T e , Bl 0 A 25
FG M A ZhiR H RGP R E 65°C LT,
S FT O R AR T A R RSP R R
FEAR)S , TG, 30 min J5, KW 5, 2% #
B TR VA VR R 2 R U IR S5 TR R TR B 0T R & 50
mL, R R8 R DRI ORAE TT T VKAR 2 6k, 15
D[R]SO 2 1

PHR RPN ARPR £, AT/ 3d 2 mm

e IR, 2 FH. W05 AN (] - 4 A 3 A BRAb P o M
SR a, WEESWCH[19]. b E4EE
SR PRI ik RS HIFRIRL 0. 25 ~0.30 ¢ A+
FE AT ALEET A 7 mL % HNO, | 2 mL HF £
1 mL 30% H,0,. THf#2 IR MY it fE. JHiE
30 min Ji , BRIV FH 2% BB R VA R 2 Tk
U R S VRIS TG B 2 R UG O 0 T L AR
R HE, FH 2% 6 M BR A TR Ve A 25 2,
TE S GRS BIRE i T, SRR PR AR I A DK A
AT, FEI.L (R BARORE s .

K0 T A (€ CEM 2 F], Mars: 240/
50) T, WO I AL TAE SN R 1 s, ICP-MS
( [ Agilent 24 F] 7500A) & Cd &, TH#LL I
M T L GBW 10016 ( GSB-7) 2% AE ¥y i 73
SIRTARIEY) 0T (b Bt 1E TTa R AL TR R 5B ) Ml
Cd FRUES, (Fluka, Switzerland ) #5470 & & 5 1
AP0 2 1) oA

F1 BOOERNTIESME
Table 1  Working conditions of microwave digestion

YIRS THERSE R PRI E

Bt /W /min /°C /min
1 800 6 120 2
2 1 600 3 150 3
3 1 600 5 190 20
4 B
1.2 DGT 524
1.2.1 AL A H chelex100-DGT 5 A I 4 1 1%

Cd A=A 3

FREGE 2 mm 5 (9 KT £ 200. 00 ¢, A 400
mL SERPEE S R EEE 1.5 em. BRI ZEK
a3 b R K Rk B 60% LIRS, B E R
CE 48 h. U I gl oK fd R K &k E)
80% ,RAT (i IR FIR HAR TG H; BEEK
B 24 h R EEA. ¥ DGT AR & (DGT
Research Ltd. , Lancaster, UK) F# 4l /K k)5, H
AR R RIRIR T DOT BB 1 (IR
Ab) i, FH TR e R 2 B e A - S 3 Ti ,  f
DGT &8 Fl - 842 fi B 4. 7 BP9 s st ] AR B I
B, A 24 h 5 U L8 A BUE DT 3 H,
PR 2K 222 whk DGT %< &, H DR 40K 5 B R
7K 2. B A DGT 350, #1298 403 5
JZ g AHEN. L5 mL B.0%, 1A 0.8 mL
1 mol-L~" HNOJ&EW K 4s G A S B .OE
iz SR BT RHIREW D #E 24 h P N
A TG A T, B A K A BE 10 £5 )5, ICP-
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MS AR, BARTT:5% CEk[20]. & RA
{HE b E SR A YA R
FIF R (D) B AMZ (M) BENES
J&
M = CC(VHNO3 + V) /f. (1)
A, e.: 1 mol-L™" HNO, ¥ W H 4 )@ W &
(g L") 5 Vo, 1 IRIBES G AL mol-L™" HNO, ¥&
BAAFR (mL) 5V, &5 SRR, — i 0.15 mL;
S B E Y R, — B 0. 8.
FIFH R (2) T8 DCT Ml (F) .
F=M/(txA) (2)
e OB E] (s) 5 AR E () Befihmi AR L A =
2.54 cm?.
FIFH R (3) 8 DCT B E 48k .
eper = FAg/D (3)
L, Ag: U802 12 (0.08 em) -1 S JiE
(0.014 ecm); D. B2 M E & B W 8B R
(10°°,em*+s™").
1.2.2 WAL 4 CDM-PAAS-DGT # R 5E Cd
A B
W15 em JRER HCE ST, LR
B2, 1 % IR T, $ IR Fan 251 Hikb
BRYEOAH-B AT | AifbaE S AHLL S 4% DGT %68
¥ DOT BB A L3 24 h JFHCH. Bl
J5 , 05 mL B SRR RE BT IR R DGT 2% 8 N
A (H 1% ANO, AW TE) & i 8 25

i, E 25 H 1ICP-MS #1705 , 4% B A 03 +
Herbcd F

TR .

M = ¢y Dy At/ Ag

K M. FEAELSEAHENERETHE (pg);
ey TS BB FIREE (pg L") 5 Dy AHHEE
BEFWY AL (107, em®-s™" )5 A P U A
(em®); t: — MY HE (s); Ag: VB AE
(DBL) J&J (em).
1.3 Seitoth

iz Ffl EXCEL 2007 , SPSS 16. 0 X} AT 356 k47
#5501 32 F Origin 8. 0 #7244,

2 HRE5H

2.1  HIEFRIEME R AR 25 X Cd fYE 4

SKHE R GPS SE AL, W PEA VLR, 4 Bl 7E
5 1) R 1] 3R S AR T o oH REAE R A
FThngk 2 iR, SRAEMY L IERE S pH YEHY (3. 88 ~
7.4, AR S REEE N 1.62% ~6.07% ,CEC i
Bl oM :13. 19 ~16. 17 mol-kg ™", 4 Wik 41 1% 4 . b
Ki8.41% ~38.14% , ¥iki 10.71% ~67.31% | 1
#010.62% ~70.84% , LIEF Y45 Cd JE K.
0.16 ~2.70 mg-kg ™' ARIEICHR[23 ], H (KT H
K ArHE(0. 3 mg-kg ™) MR 6 S AT EZE
TYARMES ZHARE (1 mg-kg ') Z I ALAEA 10
A T ERE = SRR 2 4.

F2 TEEAHR

Table 2 Physico-chemical characteristics of selected soil

A pH OM/% CEC _ EETAD __ e

/mol -kg Bk % WKL/ % kL % /mg-kg

1 7.01 4.07 15.10 18.45 10. 71 70. 84 0.16
2 4.07 2.99 14.10 20. 89 22. 14 56.97 0. 84
3 5.93 3.56 14.75 28.97 16. 90 54.13 0.22
4 7.41 5.84 16.17 16.93 17.17 65.90 0.26
5 3.86 2.55 13.19 36. 72 20. 14 43.14 2.70
6 5.84 6.07 14.21 29.17 13.93 56.90 0.24
7 4.62 5.62 14.26 8.41 67.31 24.28 0.48
8 5.49 5.04 14.34 35.71 13.93 50. 36 0.47
9 5.94 3.03 15.12 23.93 54.68 21.39 0.30
10 6.73 3.91 16. 10 25.59 35.72 38.69 0.78
11 6.78 2.97 16. 10 30. 07 35.87 34.06 0.36
12 6. 62 4.55 15.13 18.83 42,34 38.83 0.85
13 3.94 4.49 14.31 21.97 23.93 54.10 0.30
14 3.88 1.62 14.47 21. 84 20. 71 57.45 0.67
15 6. 68 2.84 14.77 15.02 25.08 59.90 0.30
16 4.60 4.68 15.03 15.29 31.48 53.23 0.38
17 6.19 5.70 14.30 38. 14 51.24 10. 62 0.61
18 5.52 4.72 14. 89 18. 10 16. 41 65.49 1.25
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GFE25 X Cd EEME 1 iR, G825 K
W Cd & Ve B R AR (0.09 £0.00) ~ (0.53 +
0.01)mg-kg ™', 2£(0.03 £0.00) ~ (0.50 +0.01)
mg-kg ™' A M (0.02 £ 0.00) ~ (0.12 = 0.00)
mg-kg ™. G 25 X Cd R ERE ) AN T LA
> 28 > . L pH 25k 7.01, 7.41 M
6.68, T4 Cd L& 40 h 0.16, 0.26 A1 0.30
mg-kg 'BF, HHE 25 X Cd B SERE I R K i
%, 7E+345 pH 43510 4. 62 F113.94, +4E Cd &
3524 0. 48 mg-kg ™' F10. 30 mg-kg "I, G825 X
Cd 1Y & R R T R K 25 .
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Accumulation of Cd to sugarcane

Fig. 1

2.2 HEPAEN Cd SRS HED Cd ARETEZ
SIFSES
B 25, ZERE) b Cd Fi 5 A RS
Cd FEZER D BAE 2 ~4 (o /NE S HUS
4345 ) Fr 7. CDM-PAAS-DGT # chelex100-DGT
PER A RS Cd F VI 12.05 ~97.76
peg- L7 H14.28 ~54.86 wg-L ™', CDM-PAAS-DGT %}
Cd 2 HURE 71 i & 58 T chelex100-DGT. 5 ## 25
1 Cd &5 DGT $2HLM Cd AR Z 18] 5¢ & i
AR T e R
root-Cd(#R) =0.005 7 PAAS-DGT-Cd + 0. 076 1
=0.005 7 chelex100-DGT-Cd + 0. 097 3
stem-Cd(2£) =0.0057 PAAS-DGT-Cd - 0. 041 5
=0. 01chelex100-DGT-Cd - 0. 024 2
leaf-Cd(#) =0.01 PAAS-DGT-Cd + 0. 025 2
=0.000 1 chelex100-DGT-Cd - 0. 000 2
HHE25 1 Cd &85 DGT 2l Cd A3ES&
HZAIFHOC R BN 3 fion. (A sRAH G Hr ki
F a<0.01 BEAKFT, G225 RN, ZER0)
Cd &5 2 a4 4 DT BN A RS Cd & &
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Fig. 2 Relationships between Cd concentrations

in roots and available Cd in soils
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Fig. 3 Relationships between Cd concentrations

in stems and available Cd in soils
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Fig. 4 Relationships between Cd concentrations
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*E:rCDM—PAAS—DCT = 0.754 > reaconcr = 0.731
e
= :Tepwpansoer = 0-979 > 7 eaconer = 0. 971
Mr enctesioonct = 0- 727 > repypaasner = 0. 709
&3 A¥E25 P Cd2ES5 DGT REE Cd HRE
LEZEBEXRH (n=72)
Table 3 Correlation coefficients obtained from linear regression

plots of accumulations in sugarcane and DGT measurements of Cd

TiH R E -
PAAS-DGT 0.754** 0.979"* 0.709 * *
chelex100-DGT 0.731** 0.971"* 0.727"°*
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Fig. 5 Linear regression of Cd in soils analyzed by

PAAS-DGT and chelex100-DGT
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