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Effects of three kinds of chelating agents on U and Cd phytoremediation in Brassica juncea L.

CHEN Li"?, WANG Dan'*', LONG Chan'?, CUI Zheng—xu'”?

(1.College of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China; 2.State Defense Key
Laboratory of the Nuclear Waste and Environmental Security, Southwest University of Science and Technology, Mianyang 621010, China)
Abstract: To explore the effects of chelating agents on phytoremediation in U-Cd contaminated soil, a pot experiment was performed to
study the effects of 3 chelating agents (EDDS, OA, and CA) and their additive concentrations (0, 2.5, 5.0, and 7.5 mmol -kg™") on U and Cd
extraction, translocation, and accumulation in Brassica juncea L. The growth of B. juncea was affected by the type and concentration of che-
lating agents. EDDS was strongly toxic to B. juncea and its positive effects increased with concentration. The application of 2.5 mmol « kg™
OA and CA increased the net weight of B. juncea. The addition of 7.5 mmol - kg™ OA and CA inhibited the growth of B. juncea. The chelating
agents had a positive effect on U and Cd uptake and translocation in B. juncea. Applying 7.5 mmol - kg”' CA maximally increased the U con-
tent by 6.03 times and 2.84 times of the original aboveground and total content, with levels of 9.71 mg-kg™" and 20.63 mg- kg™, respectively,
attained. Applying 5.0 mmol - kg™ EDDS increased the Cd content by 4.67 times and 2.35 times the original aboveground and total content,

with levels of 382.2 mg - kg™ and 328.2 mg « kg™, respectively, attained. The maximum value of the U translocation factor (0.118) was
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achieved when CA concentration was 7.5 mmol - kg™, 2.93 times that of CK. EDDS had the greatest effect on the transport of Cd. Based on

the results of U and Cd bioaccumulation, it was concluded that CA had the greatest effect on the accumulation of U, while EDDS had the

greatest effect on the accumulation of Cd and also affected that of U. The addition of CA and EDDS, respectively, enhanced the available

content of U and Cd in soil. These results suggested that chelating agents could improve the efficiency of phytoremediation with B. juncea in

soil contaminated with U and Cd.

Keywords: chelating agent; Brassica juncea L; uranium; cadmium; bioaccumulation
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Figure 1 Effects of EDDS,0A and CA on biomass of Brassica juncea L.
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Table 1 Effects of different cheating agents treatments on U concentration and translocation factor of Brassica juncea L.

Ab 3 i b R /mg - kg iR EHRAH 5 /mg - kg BARRAN T i /mg - kg 12 ZH(TF)
CK 1.61£0.19¢ 40.14x4.7de 7.27+1.23d 0.040
EDDS 2.5 mmol -kg™' 2.03+0.13¢ 47.634.1cd 8.75+0.56d 0.043
EDDS 5 mmol-kg' 6.53+0.81b 97.01+5.52a 20.11+4.15a 0.067
EDDS 7.5 mmol kg™ 3.7+0.81cd 88.75+7.19ab 15.99+1.54b 0.041
OA 2.5 mmol -kg' 1.69+0.44e 32.53+2.64e 6.03+0.01d 0.052
OA 5 mmol-kg™ 1.95+0.19¢ 34.77+3.05e 6.65+0.68d 0.056
OA 7.5 mmol -kg™' 2.32+0.29de 32.72+5.58e 6.76+1.18d 0.071
CA 2.5 mmol - kg™ 2.12+0.44e 48.82+7.3¢cd 8.52+0.79d 0.045
CA 5 mmol -kg™ 4.13+1.82¢ 55.99+5.43¢ 11.86+1.68¢ 0.076
CA 7.5 mmol -kg™ 9.71+1.4a 83.38+7.87b 20.63+1.81a 0.118

TE R B A P R bR 22 (n=3) s AN A) T BERIR 0.05 /K1 F 22 53 825 (LSD K86 ) , T 1] o

Note: Data in the table showed mean=standard deviation(n=3) ; Different letters refer to significant differences at 0.05 level (LSD test) , the same below.
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Table 2 Effects of different cheating agents treatments on U bioaccumulation quantity and transfer quantity factor of Brassica juncea L.

Qb3 b bR R e R E AR e AR A g ia i RAL
CK 16.54+2.25¢ 71.05+11.23ef 87.59+13.45d 0.23
EDDS 2.5 mmol -kg™ 19.66+2.43de 79.35+5.3de 99.02+5.74cd 0.25
EDDS 5 mmol - kg™ 57.53+6.81b 149.22+29.86a 206.74+28.29a 0.40
EDDS 7.5 mmol - kg™ 30.58+10.11cd 122.25+22.24b¢ 152.83+32.28h 0.25
OA 2.5 mmol kg™ 20.37+8.18de 61.86+1.94ef 82.22+9.99d 0.33
0A 5 mmol - kg™ 21.45+3.63de 63.11£8.02ef 84.57+5.84d 0.35
OA 7.5 mmol -kg™' 22.21+1.13de 53.25+5.42f 75.45+6.16d 0.42
CA 2.5 mmol - kg™ 27.15+6.49de 98.67+17.24cd 125.82+12be 0.29
CA 5 mmol-kg™ 42.04+14.4¢ 104+8.75¢ 146.04+5.85b 0.41
CA 7.5 mmol - kg™ 89.36+10.4a 134.3+7.3ab 223.66+17.61a 0.66
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Table 3 Effects of different cheating agents treatments on Cd concentration and translocation factor of Brassica juncea L.

Ab3g b b R4 i /mg - kg iR A /mg - kg PARRER S i /mg - kg 328 ZH(TF)
CK 81.87+12.89f 9.17+£1.29¢ 71.19+13.21e 8.928
EDDS 2.5 mmol -kg™' 197.21x15.61¢ 13.8+2.13b 170.1+12.28¢ 14.488
EDDS 5 mmol - kg™ 382.2+25.52a 18.6+2.82a 328.2+26.26a 20.997
EDDS 7.5 mmol - kg™ 302.52+35.69h 16.6+1.81a 261.24+30.91b 18.482
OA 2.5 mmol -kg™' 109.4+7.14de 8.58+1.2¢ 95.1+5.92de 12.909
OA 5 mmol -kg™ 114.82+9.65d 9.73£1.92¢ 99.73+7.68d 12.175
0A 7.5 mmol -kg™! 114.38+10.33d 11.23+1.01be 99.33+8.36d 10.289
CA 2.5 mmol - kg™ 82.22+6.16¢ 9.24+0.68¢ 72.25+5.48e 8.927
CA 5 mmol kg™ 84.15+5.78e 10.29+0.76¢ 73.08+6.36e 8.183
CA 7.5 mmol - kg™ 116.29+19.12d 13.33+1.91b 101.08+17.53d 9.006

L IT SR AR AN AR R T X B R B 2 25 S mmol -kg' EDDS LI | b [ 35 K FAARER AR 3 i ik 2]

(P<0.05) , 2B OA AbFEPD ] T IF S0 il ) 5 4 o
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R BGR BN 0.66, S XF B 2.85 i , &5 T HAth
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T EDDS, iz, HoR —F AR R 85 A 419 /)N
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el M EDDS K Z .
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SR PR TR AL BESUCR A 22 5% . 78 CA
SRR B R B T L R RS Y
B Th A8 CA ¥R JE N 7.5 mmol « kg™ I} 1k 21 I H
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Berp A RS R k. T 7E EDDS AR HL T B %
W BE T i, e A RS R BT R BRI
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Table 4 Effects of different cheating agents treatments on Cd bioaccumulation quantity and transfer quantity factor of Brassica juncea L.

Jb 3 o bR R AR A g iR R AR A g LR VSIEITE ST Feinit AR
CK 841.63+109.21d 16.23+1.35¢ 857.85+113.75d 51.85
EDDS 2.5 mmol -kg™' 1903.97+146.26¢ 22.89+1.91ab 1 926.85+146.55¢ 83.55
EDDS 5 mmol-kg™ 3 388.75+506.64a 28.81+7.89a 3 417.57+499.28a 128.18
EDDS 7.5 mmol - kg™ 2 478.97+565.36b 22.67+2.68ab 2 501.64+566.52b 109.59
OA 2.5 mmol - kg™ 1 280.86+190.94d 16.44+3.11c 1297.3£187.95d 81.47
OA 5 mmol-kg' 1 253.82+100.55d 17.46+2.28bc 1271.27+£102.41d 72.27
OA 7.5 mmol - kg™ 1097.63+80.86d 18.49+2.86bc 1116.12+81.67d 60.18
CA 2.5 mmol -kg™ 1053.02+141.8d 18.64+1.49bc 1071.66+142.99d 56.4
CA 5 mmol-kg™ 895.72+177.87d 19.12+1.39be 914.84+179.07d 46.63
CA 7.5 mmol -kg™ 1071.73+£166.87d 21.87+5.53be 1093.61+£161.39d 53.01

%5 EDDS . OA N CA X HIEHHEMIB S EMHMT (mg-kg™)
Table 5 Effects of EDDS,OA and CA on mass ratio of available

uranium and cadmium in soil (mg-kg™")

et ARl R G e i) AT R T
mmol-kg! mg-kg™ mg-kg™
CK 71.53%5.18e 8.23+0.51¢
EDDS 25 81.34x7.19de 10.22+0.78b
EDDS 5 101.4+10.18b 13.23+1.18a
EDDS 75 96.88+9.81he 12.08+1.03a
0A 25 75.5+5.15de 8.41:0.46¢
0A 5 77.5+7.83de 8.560.36¢
0A 75 78.33+5.96de 8.840.33¢
CA 25 86.145.66¢d 8.35+0.41¢
CA 5 120.1+14.59a 8.740.94¢
CA 75 125.83+9.58a 9.2:0.66bc

X IR 1.61 £ 1 OA | CA 4bFEXT + 38 v A3 23S
ORI 2. BT, CA TRk 1
rF AT A% 2 Bl A R A A, EDDS 2 5 b o Rk
B RO A T OA b FR XT3 Ak + 8 g s
il 1) e T A A2

3 g

LB 52 5 8 v e o B 5 50 T LA A R Y
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