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Washing
HUANG Xi-hua' > WEI Ze-bin' GUO Xiaodang' SHI XueHeng' WU Qiang'

(1. Key Laboratory on Eco-Agriculture of the Ministry of Agriculture College of Natural Resources and Environment South China
Agricultural University Guangzhou 510642 China; 2. Huizhou Environmental Protection Bureau Huizhou 516001 China)

Abstract: Combining the different soil remediation technologies can overcome the shortcoming of a single technique for example the
combination of phyto-extraction with chemical washing can enhance the phytoextraction and build up an effective technology. In a pot
experiment the co—crop of Sedum alfredii and Zea mays was conducted chemical washing was also applied with different mixtures of
chelators (MC). Metals amounts washed by leaching the uptake of metals by plants and the metals contents remained in soils were
determined. Results showed that the co—crop combining with 10 mmoleL ™' MC washing removed the highest amount of Zn and Cd and
after 2 crops the removal rates reached 6. 0% and 40. 46% of the soil total metal respectively for Zn and Cd which were higher than
those for the only co-planting. Soil analysis showed that the two successive co-crops with MC washings decreased soil Cd Zn and Pb by
27.8% 44.6% 12.6% 46.5% and 3.6% 5. 7% respectively. Chemical washing with 50 mmol*L ™" MC affected the growth of S.
alfredii and resulted in higher metal contents in thereafter leachate water than the other less concentrated washing agents. EDDS (S

S -ethylenediaminedisuccinic acid) enhanced the phytoextraction of Cd and Zn but did not effectively wash Pb. Zn and Cd removal
mainly depended on phytoextraction while Pb removal relied on MC-washing in this combined technology by which the multi-metals
contamination problem could be resolved.

Key words:co—crop; phytoextraction; soil washing; Sedum alfredii; Zea mays; mixture of chelators
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Table 1  Selected properties of the soil used in this study
N/gekg™! P/gekg ™! K/gekg ™' /g kg ™! DTPA-Ph/mg-kg ' pH
19.7 1.13 13.29 32.44 91. 60 4.13
Zn/mg'kg’] Cd/mg'kg’] Pb/mg'kg’1 DTP/\—Zn/mg'kg’l DTPA—Cd/mg'lq;’l
989. 6 1.256 1161 87.23 0.3728
@ (Sedum alfredii 2
Hance) 7Zn/Cd 21 Table 2 Experiments design for pot trial
0) (Zea mays)
Huidan4 * . cK
MC-0 MC 0 mmol+L ™'
(MC) (MC) 10 mm
MC-20 MC 20 mmol+L "'
N JEDTA : EDTA: KCI MC50 MC 50 mmoleL !
=10:1:2:3( ) Zn/ MC EDTA EDDS(
Cd MC ME=20 S S -ethylenediaminedisuccinic acid)
20 mmol*L ™!
12 KH,PO, ( )
1.2.1 1 i :N 100 mgkg™'; P
80 mgekg '; K 100 mgekg ™"
Zn/Cd - ( Sedum
alfredii H) (Zea mays) .2006 11 3
5 (2 6
3 3 2 15 .2007
5 mm ( ¢ =20 1 23 40d 2(
cm H =23 cm 5 kg ( ) 117 d) MC 2 L
1 ke ( 30
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mL/min) ( D
COD.Zn.Pb  Cd ; 23
5d 4 .2007 3 2 24 COD
1 cm 25
1.4
Excel
70°C SAS8. 0
Zn.Cd Pb
1.2.2 2 + 2
1 2.1
.2007 4 1 1 2
1 KH, PO,
1 .6 9 2 5d  3). 1
3 (6 9.14.19 ) 24 ( 4 MCH0 MC-=20
) . MC-50 2
25 ( 50
) mmol L' 2
1.3 C 3).
3 D /gepot !
Table 3 Biomass of S. alfredii and Z. mays/g*pot ="
1 2 1 2
CK 6.75 +0.61 a 4.86+1.03 a 43.13£1.35 a 33.50 +4.96 a
MCH0 7.23+1.55 a 4.28 0.67 a 46.66 +7.19 a 31.03 +3.06 a
MC-=20 7.68 +1.68 a 4.20+£0.29 a 48.62 £3.36 a 23.54 £6.77 a
ME=20 7.01+1.28 a 4.31+0.60 a 47.62 £10.26 a 31.80+2.10 a
MC-50 6.74 +1.89 a 0.86 +0.24 b 43.05£7.65 a 23.81+7.44 a
1) Duncan (p =0.05)
2.2 Zn 6% ;
Zn.Cd Pb MCH0 ME-=20 Cd Pb
4. 1.2 Zn 12 977 8% 15% . 2
mgekg ™' 10 221 mgekg ™ MC-=20 Cd
Zn 10 000 mgekg™'; 1 Cd Zn  Cd 10
211 mg-kg ™' 2 Cd mmol*L "'
1 (C 4) Cd Zn Cd
1 MCHO 1 Zn.Cd
4 Zn.Cd Pb /mgekg !
Table 4 Zn Cd and Pb concentrations in the shoot of S. alfredii /mg+kg ™'
1 2
Zn Cd Pb Zn Cd Pb
CK 14 598 £483 a 253.8+16.6 a 234.6 £2.8 a 10221 £474 a 55.11 £15.41 a 175.6 £54.1 ab
MCH0 15455 +1038 a 274.4 +17.0 a 270.7 £20.8 a 11945 £410 a 61.80 £17.22 a 161.1 +10.0 ab
MC=20 13822 +33 a 211.6 +23.3 a 228.9+9.7 a 11764 +1 004 a 53.16 £15.41 a 120.6 £29.9 ab
ME-=20 14 330 +995 a 258.4+29.9 a 252.7+22.2 a 13755 1490 a 70.87 £21.39 a 215.7+13.7 a
MC-50 12977 +837 a 212.9+19.7 a 233.4+£28.6 a 11844 +1647 a 85.28 +15.06 a 95.33 £30.77 b
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Pb ( ) (GB 130782001 Cd: 0.5 mgekg ' Pb:
1 5.0 mg*kg™'). Zn 7Zn
Zn.Cd
Pb Zn. Cd Pb Zn (45 ~ 80
574.9 . 1.323 11.71 mgekg ') *°
mgekg ™' Zn.Cd Pb 7
496.5 . 1.296  38.40 mgekg "' MCH0.-MC20 ME=0
(NY 5252002: Cd <3 Zn MC40 MC-=20
mg+kg ™' Pb<100 mg+kg ';Zn ) 2 Cd MC40. MC=20 MC-50
Pb MCHO0 MC=20
10 mmol+L™" 20
2 Zn.Cd Pb mmol*L "' MC
( 5). ME=20 Zn
43.94 mg+kg ' 50 mg+kg ' 2 Zn
(GB 131064991); 4 Zn cd ( 5) cd MCH0
50 mgekg ", MCH0 cd 0.1 MC20 . MC-50
mgekg ' (GB 27622005) Pb MC-0
0.1 mgekg™'. Pb MC=20
0.2 mg/kg (GB 2762- MC
2005). Cd. Ph ( 5)
5 2 Zn.Cd Pb /mgekg ™!
Table 5 Zn Cd and Pb concentrations in tissues of Z. mays/mg*kg '
Zn Cd Pb Zn Cd Pb
CK 65.39£1.75 a 0.1785+0.0419 b  1.352+0.081 a 378.6 £38.6 a 1.167 £0.268 a 15.62 +2.19 ab
MCH0 54.86 £6.09 ab  0.0404 £0.0121 ¢ 1.294 £0.249 a 319.7£30.0 a 0.708 £0.042 ab 15.72 £4.51 ab
MC-=20 50.33+£2.33 ab  0.1644+0.0396 b 0.5344+0.1054b 267.6+32.2 a 0.470 £0. 119 b 14.15 £3.72 ab
ME-=20 43.94 +£3.80 b 0.3779 £0.0201 a  1.413 £0.027 a 351.8 £40.7 a 0.778 £0.285 ab 28.59 +8.47 a
MC-50 63.57 £5.67 a 0.2059 £0.0415b 0.4157 £0.0255 b 363.4+£22.7 a 0.768 £0. 120 ab 7.33+£0.58 b
2.3 MC-
6 10 Zn.Cd.Pb
Zn Cd 10 mmolL ™'
Zn Cd Zn Cd
1
6 /mg*pot !
Table 6 Zn Cd and Pb uptake by shoots of S. alfredii and Z. mays/mg*pot ~'
Zn Cd Pb Zn Cd Pb
CK 97.87 £6. 69 1.704 £0. 160 1.586 0. 154 24.42 +1.46 0.0559 +0.008 9 0.7972 +0.077 3
MCH0 114.0 £28.4 1.907 £0. 329 2.039 £0.571 27.78 £7.51 0.0632+0.0118 0.8545+0.1806
1 MC-=20 106.2 +23.4 1.532 +0. 179 1.788 +0.445 26.93 £2.13 0.0704 +0.0123  0.964 8 +0.1022
ME-20 100. 6 £20.9 1.747 +0. 248 1. 830 £0. 484 24.54 £4.89 0.043 4 +£0.005 2 1.025 £0. 173
MC-50 90.74 +31. 15 1.395 +0.414 1.708 +0. 689 22.85 +4.49 0.0610 £0.013 5 0.9617 +£0.2213
CK 41.58 £10.67 a 0.2642+0.1030 a 0.8829 +0.4102a 10.58+1.98 a 0.0304 £0.0054 a 0.4090 £0.017 4 ab
MCH0 50.71 £6.74a  0.2615+0.0708 a 0.6970+0.1355 ab 8.85+1.30a 0.0190+0.0017 a 0.4351 +0.2378 ab
2 MC-=20 49.73 £6.56 a  0.2173 +0.0510 a 0.5128 +0.1462 ab 5.77£0.42a 0.0142+0.0039 a 0.2316+0.0408 b
ME-=20 60.37 £12.88 a 0.3282+0.1211a 0.9407 +0.1707 a  9.42+0.23 a 0.0283 £0.0172a 0.6010+0.0298 a
MC-50 10.97 £3.99b  0.0778 £0.0315b 0.0943 +0.0475b 8.18+2.78 a 0.0177 £0.0071 a 0.1580+0.0541 b
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2 MC-50 Zn 1.408.1.590 . 0.513 mg*L™'
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7 /mgepot ™'
Table 7 Metal removal by phytoextraction and soil washing/mg*pot ~'
/%
CK 122.3+7.2 a — 50.55 +8.64 a — 175.3 0.6 b 3.54%
MCH0 141.8 £21.2 a 39.28 £5.31 a 59.56 £6.57 a 53.37+9.13 b 296.9 £27.3 a 6. 00
Zn MC20 133.1+21.6 a 32.36 £2.94 a 53.58 £5.04 a 79.59 £17.05 b 307.6 £19.1 a 6.22
ME=20 125.1+16.4 a 28.81 £3.49 a 66.65 +15.80 a 57.28 £5.21 b 284.2+10.7 a 5.74
MC-50 113.6 +£26.8 a 44.10 £7.64 a 19.14 +£1.87 b 133.1+15.2 a 314.7 £30.3 a 6.36
CK 1.760 £0. 154 a — 0.2946 +0.098 6 a — 1.926 £0.072 a 30. 66
MCH0 1.970+0.324 a 0.1432+0.0196 b 0.2805 +0.0709 a 0.1282 +0.0257 b 2.541 £0.380 a 40. 46
Cd MC20 1.602+0.182a 0.1328+0.0143 b 0.2268 £0.0497 a 0.2202 +0.0480 b 2.161 £0.225 a 34.41
ME20 1.791 £0.246 a 0.1154 +£0.0102 b 0.3471+0.1276 a 0.1252+0.0239 b 2.466 +0.200 a 39.27
MC-50 1.456+0.401a 0.1954+0.0122 a 0.0954 +0.0247 a 0.4208 +0.1020 a 2.220 £0.445 a 35.35
CK 2.383 0. 166 a — 1.292 £0.399 a — 3.643 £0.236 e 0. 06
MCHO 2.863 +£0.400 a 46.97 £5.82 b 0.9870 +0.204 3 ab 52.76 £5.44 ¢ 106.4 +2.5 ¢ 1.83
Pb MC20 2.753£0.344 a 57.54 £5.38 b 0.6672 +0. 1103 ab 76.42 £6.22 b 141.7 4.6 b 2.44
ME-20 2.855+0.317 a 10.18 1. 15 ¢ 1.341 £0.371 a 11.67 £0.54 d 25.77+1.23d 0.44
MC-50 2.670 £0.514 a 84.84 +11.45 a 0.2523 +0.0121 b 118.7 £10.7 a 215.1£13.1 a 3.70
Cd MC20 (1) ME=20 Ph
MC20 « 7).
Zn  Cd EDDS
Zn Cd MCHO Pb.
1.7 1.3
Pb Zn
Pb Pb 5.74% ~6.36% Cd
Pb « 7). MC 35.35% ~40.46% Pb 0.44%
Pb Pb ~3.70% .
MC-50 59 2.6
Zn Cd MCHO Pb
29 .
ME  MC MC EDTA DTPA 8.
EDDS. ME=20 MC=20 .
Pb Zn.Cd Pb
ME-20 Pb 12.6% ~16.5% \27.8% ~44.6%
8 DTPA /mgekg ™!
Table 8 Total metal and DTPA -extractable-metal concentraction of soil after the different treatments/mgekg ™'
Cd Pb
1 2 1 2 1 2
989.6 1.256 1161
CK 977.2 £5.7a 899.0 +7.3a 0.9367 £0.0253a  0.746 0 £0.052 lab 1142 +4a 1118 +12a
MCH0 934.5 £19. 1ab 865.2 4. 7ab 0.7829 £0.097 la 0.6959 +£0.066 9b 1106 +28a 1122 +16a
MC-20 949.5 +14. 8ab 834.5 +10.3b 0.8449 +0.077 1la  0.7806 +0.085 5ab 1117 +11a 1124 +9a
ME-=20 961.5 £20. 1ab 857.0 +11.5ab  0.878 7 +0.0770a  0.738 3 £0. 053 7ab 1124 +12a 1119 +15a
MC-50 915.0 £27.2b 826.4 +29.3b 0.8828 +0.0985a  0.9060 +£0.016 7a 1103 +£32a 1095 £19a
87.23 0.3728 91. 60
CK 78.57 £0.33a 43.46 3. 14a 0.2101 +0.0159bc  0.1611 +£0.018 3a 78.51 £2.78b 63.32 £9.98a
DTPA MCHO 76.92 £2.22a 38.04 +£5.57ab  0.2119 £0.0383bc 0.1125 +0.029 6ab  83.71 £2.81b 71.34 £6. 19a
MC-=20 72.06 £3. 64a 31.34 £1.09b 0.1845+0.0231c  0.0889 +0.008 3b 93.68 £2.27a 65.00 £3.81a
ME-20 79.17 £2.32a 37.13 £1.60ab  0.2643 £0.007 lab 0.1114 +0.017 7ab  97. 83 +2.46a 71.50 £4. 62a
MC-50 78.99 £ 1. 64a 34.13 £2.23b 0.2830+0.0034a  0.1283 +0.020 1ab  97.66 0. 63a 69.30 £6.28a
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