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Effects of organic chelates on zinc uptake and accumulation by Thlaspi caeru-

lescens and Sedum al fredii
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Abstract : Chelate-enhanced phytoextraction is one of the most promising technologies to remove heavy metals from soil, which
adds chelates to enhance hyperaccummulation by plants. The key of the technology is to choose suitable chelates and the
combining-hyperaccummulator. Several studies have documented that chelating agents such as ethylene diamine triacetic acid
(EDTA) and citric acid can be used to increase metal mobility, thereby enhancing phytoextraction, with the special emphasis
on EDTA due to it’s significant enhancing effect. But EDTA is not cheap and can cause underground water contamination, so
“greener” or/and cheaper enhancing chelates are to be exploited. Pot experiments were conducted to examine the effects of
various organic chelates, including EDTA (ethylenediamine tetraacetic aicd), citric acid, acetic acid, oxalic acid, monosodium
glutamate waste water (MGWW) and a mixture of additives (molar ratio of citric acid, MGWW, EDTA and KCl =10: 1: 2:
3), on Zn uptake by two Zn-hyperaccumulating plants T'hlaspi caerulescens and Sedum alfredii. The soil used for the
experiment was collected from a paddy field that has been contaminated by heavy metal-laden mine water from a lead/zinc mine

in the northern Guangdong Province of China. The application rate was 6 mmol equivalent per kg soil except for the mixed
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additives, which was applied in a series of concentrations varied from 2 to 14 mmol equivalent per kg soil. The results show
that addition of chelates increased water- and NH,NOj-extractable Zn in the soil, and the capacity of chelates to mobilize Zn
was in the following decreasing order: EDTA>mixed additives>>MGWW >organic acids. Except for MGWW and acetic acid ,
all the chelates enhanced the growth of Thlaspi caerulescens, especially the mixed additives. However, only EDTA and the
mixed additives at 6 mmol/kg had effects on increasing the biomass of Sedum alfredii. Addition of the mixed additives at 6~10
mmol/kg increased the Zn uptake by Thilaspi caerulescens and the accumulation of Zn in the above-ground portion of the plant,
While EDTA and the mixed additives at 10 mmol/kg significantly increased Zn uptake by Sedum alfredii and the accumulation
of Zn in the above-ground portion of the plant. Zn extraction efficiency of Sedum alfredii was higher than that of Thiaspi
caerulescens. This work suggests that the use of mixed additives at 10 mmol/kg to treat the contaminated soils for the growth
of Sedum alfredii gives the best effects on the clean-up of the investigated Zn-contaminated soil among all the treatments in
this study because it reduces the environmental risk due to secondary contamination by EDTA while maximizing the removal of
Zn from the contaminated soil.
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Table 1 Basic properties of the metal contaminated paddy soil from Lechang
N P K CEC Zn Cd Pb Cu
Organic matter Total-N Total-P Total-K pH (emol /kg) Total-Zn Total-Cd Total-Pb Total-Cu
(g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
5.53 3.03 0.961 12.5 7.54 18.4 1427 7.46 4110 80
EDTA. ( ,  68.94g /L,pH5. 23), . . (
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Table 2 Effect of different chelates on the water- and NH4;NO;- extractable Zn content in soil
7Zn NH;NO; Zn
Water-extractable Zn(mg/kg) NH;NOj;-extractable Zn(mg/kg)
Treatment
T. caerulescens S. alfredii T. caerulescens S. alfredii
CK 0.034£0.014 e 0.06440.040 f 0.60540.011 d 0.474=+0.046 e
EDTA 33.5740.49 a 43.85+1.90 a 38.53+£1.73 a 46.38+1.44 a
Citric acid 0.03540.004 e 0.56540.020 f 0.5934+0.013 d 1.027+0.012 ¢
acetic acid 0.271£0.074 e 0.03140.010 f 0.89340.020 d 0.480+0.034 e
oxalic acid 0.105£0.028 e 0.06240.010 0.58940.024 d 0.528£0.013 e
MGWW 1.593+£0.167 d 1.140+0. 030 { 2.29540.132d 1. 766+£0. 050 e
I mixed reagent I 2.215+0.091 d 2.18040.092 f 2.297+0.100d 2.571+0.076 ¢
I mixed reagent I 5.141£0.57 ¢ 6.272+0.363 ¢ 5.305+0.332 ¢ 7.36040.451 d
I Mixed reagent Il 8.08340.080 b 9.02940.404 d 12.5384+0.226 b 9.890+0.254 ¢
N mixed reagent V 16.35+0.55 ¢ 19.3040.64 b
Non-plant 0.242+0.022 0.871+0.033

.+

; mean =+ STD;
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(p=0.05),
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Duncan’s test (p=0.05), means followed by the same letter were not significantly different; MGWW  monosodium glutamate waste water;
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Table 3 Effect of different chelates on the biomass of Thlaspi caerulescens and Sedum alfredii (DW, g/pot)
T. caerulescens S. alfredii
treatment
Shoot Root Total biomass Leaf Stem Root Total biomass
CK 3.13 cde 0. 37 be 3.50 cd 3. 31 abc 2.78 ab 0.31 a 6. 40 ab
EDTA 3. 34 bed 0. 44 ab 3.78 ¢ 3.47 ab 2.94 a 0.30 a 6.70 a
Citric acid 3. 36 bed 0.42 be 3.78 ¢ 2. 67 abc 2.46 ab 0.25 a 5. 37 be
Acetic acid 2.42 e 0.26d 2.68 ¢ 2.41 ¢ 2.16 b 0.23 a 4.80 ¢
Oxalic acid 3. 26 bede 0.33 cd 3. 60 cd 2.58 be 2.16 b 0.25a 4.99 ¢
MGWW 2.89 de 0.26d 3.15d 1.57d 1.43 ¢ 0.13 b 3.13d
I Mixed reagent I 3. 89 abc 0.42 be 4.31 be 2. 88 abc 2.64 ab 0.23 a 5.74 b
I Mixed reagent I 4. 14 abc 0.52 a 4. 65 ab 2. 78 abc 2.70 ab 0.31 a 5.78 b
Il Mixed reagent Il 4.62 a 0.52 a 5.13 a 3.53a 2.93a 0.28 a 6.73 a
NV Mixed reagent N 2. 88 abc 2.28 ab 0.28 a 5.43 be
2.3 Zn
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Fig. 3 Accumulation of Zn in the shoot and roots of Thiaspi caerulescens (a) and Sedum affredii (b)
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Table 4 Zn extraction efficiency # of one crop of Thlaspi caerulescens and Sedum affredii''>’
[ I Il V
Treatment K EDTA Citric acid ~ Acetic acid  Oxalic acid ~ MGWW Mixed Mixed Mixed l\/hxed‘
reagent | reagent I reagent Il reagent V
T. caerulescens 1.2040.32 1.574£0.19 1.4140.17 0.9940.06 1.0940.42 0.93+0.04 1.7040.18 2.1340.17 2.1040.32 —
S. affredii 2.21+£0.24 2.96+0.32 1.904+0.11 1.5540.15 1.66+0.11 0.92+0.07 2.07£0.10 1.90+0.18 2.414+0.13 1.9840.27

pas Lis], = Zn /(( Zn — Zn

)X )

According to Yang et al'¥5, Zn extraction efficiency =Zn accumulation in plant shoot/((total Zn in soil—Zn standard of agricultural soil) X soil

+

3

weight) ; MGWW : monosodium glutamate waste water; The values in the table were mean4 standard deviation
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