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Evaluation of cadmium phytoavailability in soils from a zinc smelting area in Hezhang County, Guizhou
Province, using diffusive gradients in thin films and conventional chemical extractions

GAO Hui"2, SONG Jing"?", LU Ming—chao"?, ZHANG Sha"?, ZHANG Qiang®*, LIU Ling—fei®, LONG Jian®
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China; 2.University of Chinese Academy of Sciences, Beijing 100049, China; 3.Guizhou Normal University, Guiyang 550001, China;
4.Guizhou Academy of Environmental Science and Design, Guiyang 550000, China )

Abstract: This study aimed to investigate Cd phytoavailability by comparing diffusive gradients in thin films(DGT ) with five conventional
chemical extractants (HNO;, DTPA, LMWOAs, HCI, and CaCl,). Twenty types of calcareous soil contaminated by mining were collected
from Guizhou Province, and three tropical crops( potato, cabbage, and maize ) were selected for a pot experiment. The results show that (1)
the soils had been polluted by zinc smelting; (2 )the bioconcentration factors of potato and cabbage were very similar and that of maize was
considerably lower than those of potato and cabbage, with average values for potato, cabbage, and maize of 0.105 3, 0.105 8, and 0.007 9,
respectively; (3) simple and multiple linear regression analysis shows that concentrations determined by DGT were more highly correlated

with the Cd concentrations in the edible parts of the three crops than were the concentrations in the five chemical extracts, and were unaf—
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fected by soil physical and chemical properties; (4) CaCl,—extractable concentrations showed a good relationship with the Cd concentrations

in the edible parts of potato and cabbage, and HNO; extraction also showed a significant relationship with the Cd concentrations in the edi—

ble parts of the three crops. The present study verifies that the DGT technique may be superior to conventional extraction methods for evalu—

ating Cd phytoavailability in field—contaminated calcareous soils, but CaCl, and HNO; extractions can be selected for assessing phytoavail—

ability when taking into account the crop species, pollution level, cost, and the simplicity of the extractions.

Keywords: chemical extraction; diffusive gradients in thin films technique; soils with multiple contaminants; cadmium; phytoavailability
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Table 1 Physicochemical properties of historically contaminated soils
+ st pH  HHUS/g-kg'  CEClemol-kg  Kikid /% Cd Frid/mg-kg' 4 Nig-kg' 4 Plg-kg™ 4 Kig-kg™

1 7.73 42.55 3593 68.50 8.73 233 1.34 7.81
2 7.75 61.74 26.82 59.30 9.14 223 1.12 7.87
3 7.86 68.80 22.13 55.20 9.93 2.16 1.02 7.56
4 7.88 72.69 18.09 30.80 10.30 2.14 0.76 7.35
5 7.85 87.35 12.84 28.60 11.00 2.04 0.70 5.37
6 745 52.90 25.21 66.90 2.14 2.49 1.17 10.39
7 7.62 82.52 23.32 44.80 17.30 245 1.39 791
8 7.68 120.18 20.51 36.60 34.20 2.78 1.46 7.27
9 7.84 140.76 16.50 52.90 47.50 2.69 1.38 5.78
10 7.78 210.72 22.63 47.60 60.20 3.55 1.39 6.78
11 7.81 55.51 24.00 61.90 6.24 2.27 1.81 5.37
12 7.74 55.24 2448 57.90 7.29 1.83 1.81 5.18
13 7.79 52.75 23.20 53.80 8.11 1.62 1.69 6.38
14 7.69 48.43 20.69 44.30 9.79 1.41 1.34 6.33
15 741 45.37 20.29 31.50 10.70 1.31 1.32 6.71
16 7.80 42.41 19.93 44.20 4.12 1.62 0.96 8.35
17 7.76 42.99 20.80 48.80 14.70 1.85 1.07 11.13
18 7.64 54.21 20.94 51.50 32.90 2.00 1.32 14.51
19 7.27 64.17 22.59 31.00 51.00 2.17 1.60 16.02
20 6.12 66.83 23.08 33.80 64.70 2.22 1.80 17.53
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Figure 1 Different pools of heavy metals in soils
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Table 2 Procedures for Five Chemical Extraction Methods Adopted in this study
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Figure 2 Cd concentration in different crops of edible parts
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Table 3 Reactive and directly available metal in test soil samples

eI HNO, HC1 DTPA CaCl, LMWOAs
SESE 13.58 7.36 5.66 0.28 0.56

FoME 14851 02378 06183 00013 00026
ERIORg 7.73 3.11 3.45 0.02 0.04
90%5-hifd  35.41 29.26 15.91 0.24 2.06
RME 44.37 40.55 27.33 4.81 735

& 4 DCT MARHREGS Cd RESIEM AT RIS
Cd EE—TTi&E
Table 4 Soil-plant simple regression models for Cd based on DGT

Cd and chemical extraction Cd concentration in soils

BES ElEpE R
lg[Cda)= 0.673 9*¥1g/HNO:—Cd]-0.546 1 0.656
0.451 6¥1g[HC1-Cd]-0.131 1 0.616
0.701 1#¥1g[DTPA-Cd]-0.296 8 0.714
0.311 8*1gLMWOAs-Cd]+0.496 4 0.757
0.346 2*1g[CaCl,-Cd]-0.687 7 0.805
0.380 9*1g[DGT-Cd]-0.022 8 0.880
19 Cpan]= 1.231 3#1g[HNOs-Cd]-1.225 5 0.681
0.764 6¥1g[HC1-Cd]-0.435 0.616
1.238 4¥1g[DTPA-Cd]-0.745 4 0.690
0.311 8*1gLMWOAs-Cd]+0.496 4 0.723
0.622 7#¥1g[CaCl~Cd]+1.012 5 0.808
0.679 7*1g[DGT-Cd]-0.263 6 0.870
1¢[Cdi]= 0.818 5*1g/HNO;~Cd]~1.855 7 0512
0.622 5*¥1g[HC1-Cd]-1.392 1 0.641
0.914 9*¥1g[DTPA-Cd]-1.589 4 0.654
0.404 6¥1gLMWOAs—Cd]-0.557 1 0.684
0.434 3*1g[CaCl,-Cd]-0.333 9 0.676
0.679 7*1g[DGT-Cd]-0.263 6 0.813

1 n=20;%* IR AR R 5L P<0.001,

UL T, DCT 3R BUH AU i B AR (R 5=0.813)
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Table 5 Soil-plant multiple regression model for Cd based on DGT

Cd and chemical extraction Cd concentration in soils

YEYIZE A (a5 R
le Celpyu]= 0.36%1g[DGT-Cd]-0.07pH+0.54 0.880
0.53*1g[HNOs-Cd]-0.36pH+2.34 0.822
0.33*1g[HCl —Cd]-0.31pH+2.28 0.703
0.55*1g[DTPA-Cd]-0.29pH+1.98 0.796
0.30%1g[CaCL,~Cd]-0.14pH+1.71 0.813
0.26*1g[LMWOAs-Cd]-0.21pH+2.05 0.789
1e[Cl i ]= 0.59%1g[DGT-Cd}-0.26pH+1.74 0.880
0.94%1g[HNO,-Cd]-0.71pH+4.45 0.874
0.50%1¢fHC1-Cd]-0.69pH+4.99 0.686
0.92#1g[DTPA-Cd]-0.61pH+4.12 0.811
0.51*1g[CaCl,-Cd]-0.37pH+3.61 0.824
0.41#g[LMWOAs-Cd]-0.51pH+4.34 0.788
1g[Cdl )= 0.46*1g[DGT-Cd]-0.10pH-0.42 0.810
0.61#1g[HNO,-Cd]-0.51pH+2.14 0.764
0.48*1g[HCI-Cd]-0.37pH+1.51 0.706
0.71#1g[DTPA-Cd]-0.38pH+1.46 0.729
0.36*1g[CaCL,~Cd]-0.25pH+1.42 0.687

0.33*1g[ LMWOAs-Cd]-0.29pH+1.59 0.710

T :n=20; %% FoR [ R 4L P<0.001,
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