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Removal of Cd from irrigation water by plant pond + wetland + adsorption pond systems

HE Zhong—xiang"*’, DONG Si—jun'*?, LIU Shou—tao"*’, LI Dan—-yang"*’, PENG Ou"**, LIU Xiao—li'**, TIE Bo—qing"**"

(1. College of Resources and Environment of Hunan Agricultural University, Changsha 410128, China; 2. The Engineering Technology Re-
search Center of Water Pollution Purification of Irrigation Water Source, Hunan Province, Changsha 410128, China; 3. Key Laboratory of
Southern Original Agro—Environmental Pollution Prevention and Control, Ministry of Agriculture and Rural Affairs, Changsha 410128, China)

Abstract: A field experiment was conducted in order to reduce the input of Cd into farmland from irrigation water and reduce Cd pollution
in farmland soil. A multistage constructed wetland planted with Pontederia cordata, Myriophyllum verticillatum, and wild Zizania was evalu-
ated for Cd removal ability when dealing with irrigation water in a mining area containing Cd exceeding standard values and the distribution
of Cd in wetlands was analyzed. The results showed that during October 2018 to September 2019, the total Cd average inflow was 6.35 pg-
L. After purification by the wetland systems, a removal efficiency of 86.58%, 90.37%, and 81.54% was achieved for the dissolved Cd, par-
ticulate Cd, and total suspended solids, respectively. The particulate Cd inflow had a significant positive correlation with suspended solids,
and suspended solids had a significant positive correlation with the inflow velocity. The total inputs of Cd from irrigation water and atmo-
spheric sedimentation were 859.61 g and 95.34 g, respectively, and the interception by the wetland systems was 865.52 g. Specifically, the
interception of Cd from high to low by each system was as follows : first plant pond (544.64 g) > third free wetland with an adsorption tank
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(167.62 g) > second plant pond(156.26 g). All three wetland plants had a considerable enrichment effect on Cd, and the concentration de-

creased with the direction of water flow. The maximum Cd concentrations in the first and second plant pond sediments reached 11.05 mg-

kg™ and 4.75 mg - kg™, respectively. However, weak acid—soluble Cd occupied a large proportion in the sediment which had a risk of re-

lease into water. In general, the multistage constructed wetland system can effectively reduce Cd concentration in irrigation water from typi-

cal mining areas and reduce the irrigation input flux of Cd to farmland soil.

Keywords: plant pond; irrigation water; Cd; wetland plant; sediment; atmospheric deposition
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Figure 2 Concentration and removal rate of two Cd forms in wetland inlet and outlet



AT, A5 AR A I+ N T+ R o 3t R 0 6 K PR e Cd 1 R BRSUR 1297
F1 BMERTHKPARERE CAIRERERE
Table 1 Concentration and removal rate of different forms of Cd in the effluent of each unit in the wetland
B 4kt cd EBRAR AT Cd Lk AT Cd Lk
Units Total Cd/pg+L™  Removal rate/%  Dissolved Cd/pg-L"  Removal rate/% Particulated Cd/pg- L™ Removal rate/ %
ek 6.35+3.07a 3.13+1.53a 3.22+2.01a
— RN 3.63+2.14b 42.83+15.23 2.06+0.94h 34.18+10.11 1.57+0.70b 51.24+10.54
R YE 1.88+0.62¢ 70.33£11.16 1.13+0.43¢ 63.89+15.39 0.75+0.22¢ 76.70+9.12
SN T 1.10+0.28d 82.66+6.91 0.58+0.33d 81.46+9.07 0.52+0.39¢d 83.85+5.14
RIS 0.73+0.41d 88.50+5.17 0.42+0.27d 86.58+8.83 0.31+0.27d 90.37+4.14

T AR NE FRHCFA [ AR 22 5 5.2 (P<0.05) , T[] s Bl A P4 (E b2 (n=22) .

Note:Different lowercase letters indicate significant differences among different treatments(P<0.05). The same below;Results are means and S.D(n=22).
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Figure 7 Changes in Cd on three wetland plant and mean biomass
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Table 2 Estimated of Cd flux intercepted by each unit in the wetland (g)

Z 50 50 Units T4 Plants JEE R Sediment T3t 3 5T+ W Ffth Substrate+adsorption tank S5 Total
— G AEY I 47.138.18 497.51+153.60 — 544.64+161.78
YT 20.62+4.52 135.64+20.88 — 156.26+24.40

RN TR 10.60+2.29 — 157.02+91.18 167.62+91.47

TE Bl I E R 22 (n=3)

Note: Results are means and S.D(n=3).
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Table 3 Estimation of input and output fluxes, inflow and outflow of wetlands in each month

i T LKA RS A A

Time Atmospheric deposition/g Irrigation/g Output/g Inlet flow/m’-d"' Outlet flow/m*-d™
2018.11 9.18+0.24 57.68+28.17 5.17+1.03 353.22+21.25 341.39+23.28
2018.12 8.58+0.17 54.25+31.43 7.29+5.25 340.63+17.52 307.61+16.43
2019.01 10.76+0.29 38.97+31.73 5.23+3.87 310.66+13.50 301.02+25.97
2019.02 11.80+0.53 26.34+2.55 3.20+0.49 286.73+17.39 271.73+21.52
2019.03 9.23+0.41 55.13+47.94 10.50+5.56 381.00+34.52 350.35+32.54
2019.04 7.64+0.18 75.42+18.24 6.11+0.82 392.60+61.20 366.96+27.19
2019.05 7.81+0.47 100.32+6.63 8.19+1.89 420.02+89.16 371.89+28.43
2019.06 6.58+0.20 118.37+£23.21 10.43+4.11 461.61+54.47 406.68+34.88
2019.07 6.02+0.15 148.44+107.65 13.22+£12.59 472.51+143.49 416.07+48.55
2019.08 7.99+0.51 96.61+15.19 6.55+0.08 430.54+44.71 367.31+33.20
2019.09 9.75+0.16 88.08+13.54 10.54+£5.11 401.45+19.51 325.66+24.16

Bt 95.34+3.31 859.61+326.30 86.43+42.34 — —

T B P E bR 122 (2 n=3, %4 Jy n=6)
Note : Results are means and S.D(¥n=3,%%n=6).
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Figure 8 Cd mass balance of each unit in wetland systems
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