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Effects of plant pond and constructed wetland system on irrigation water purification and rice cadmium control
LIU Shou—tao'**, HE Zhong—xiang"**, XU Meng'*?, LI Dan—yang"*’, LUO Hai—yan"*’, LIU Xiao—li"*?, TIE Bai—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, Changsha 410128, China)

Abstract: To reduce the input of cadmium(Cd) into farmland with irrigation water and reduce Cd pollution in farmland and rice content, a
field experiment was carried out to evaluate the effects of a three—level constructed wetland planted with Pontederia cordata, Myriophyllum
verticillatum, and Hydrilla verticillata on Cd uptake ability when Cd exceeded standard irrigation water in amining area(the average Cd con-
centration was ~6.65 pg+L™"). The effects of dry and wet deposition flux on system purification were also analyzed. The results showed that
the three aquatic plants had good removal ability of Cd, and total and soluble Cd concentrations in the irrigation water decreased significant-
ly after wetland treatment. The average removal rate of total Cd in the system was 70% and soluble Cd was 91%; therefore, there was less
Cd polluted water flowing into the farmland. The Cd concentration in the wetland inflow fluctuated with rainfall; however, the removal abili-

ty of Cd in the wetland system was not affected. Rainfall was linearly negatively correlated with dry sedimentation and linearly positively
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correlated with wet sedimentation Cd content. During the observation period, the total input of Cd in the plant pond system was 428.46 g,

whereas the dry and wet deposition fluxes were 20.52 g and 57.60 g, respectively, and the Cd retained by the wetland system accounted for

87.9% of the total input. Dry and wet deposition are sources of Cd input, and they have no significant effects on the operation of the wet-

land. Under normal wetland operation, compared with the rice in the untreated irrigated area, the Cd content in rice roots, stem sheaths,

leaves, rice husks, and brown rice in the irrigated area decreased by 5.96, 3.83, 2.42, 0.40 mg-kg™', and 0.12 mg-kg™', respectively. The re-

search results provide scientific reference and data support for Cd pollution irrigation water purification, reduction of farmland heavy metal

input, and food safety production in typical mining areas.

Keywords : plant pond; farmland irrigation water; cadmium; wetland plant; rice; atmospheric dry and wet deposition
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Figure 1 Distribution of water quality sampling points




1062

URIEIRCX iy F38EF5H

B JEA KRS A IR R U, Cd 35 55{E 0 0.95+0.13
mg-keg™', pH 4 6.03+0.08",
1.1.2 JEBE 7K S RS A

AFF 5 DCHE T 7K P CRPAEI K I Sh 7K Sk ] b i T
K, 7K pH 9% 3h 5 FRIAE 6.0~8.0 Z 18], K I A7 A
R A AR, I XA YE N TR R A 2
5.5 km, FECFUERKE S JE Cd bR 2~5f5. FEA L
T TR A S AR AT Y b R K R o R 1
BV K L T T R FE R H R TR FH X IR 2 A4
SR B, BRI PR E 3ASEAT, it 6 MR TR /NX B
A/PNXAEFH 27 m?, K 6 m, 75 4.5 m,
1.1.3 A

IO fa  UR B et B st 42,
—% GRSy IR R AR e IR R, SR
LN U b o R T 3 R A i PR g AR R Sk (14 -
18R AE 12 1 B 1) R AR 285 B2 R 27 k- m >, IR S A
I DS P AR 2 8 R 780 gom
1.2 R A%
1.2.1 JKEEREE

W 4D KEERAE AL (E 1), 1 3K, 20
—RAEYIE KT, 3 S AR E K T, 4 =g
FMEPA TR K. BERCREE VIR KFER 1 L
1R 20 YRR o BT RS 1 K AE — 3843 H
0.45 wm & B8 , B8 100 mL Jiin il R O A7 R
T3 — T IN 1% TR V& pH LRAF, i 16 AR e 7 i i
PR f# 7 (H) 677—2013) AT A o AKBER R 7
WMo 6 BT~ B (GTA120, 3E[E Varian) #E1 7
W
1.2.2 MY R S 08

W R FE %S R G, HK i 18 4 51
WE 6 MR A FURFE AL, 8 MK BER AR S, 41
TNt RBORAE S . 1R EUORAE K BT A IR 3
PR, ERRARR . SRS S B Sk K Pk iR 4 2 i e
+ HHEE T AREE 3R IR R A TR 2 03
B4 UK AE PN 3 Fe T S AR b . T 105+
2 CAT 1 h,65 CHEEE TR . SR 5 w4k
TEHUEARE SRR, 2 A B AR P RAF . R RE SR
PO A R IR A B2 (HNOs: HC10,=4: 1, V/V) {83
AT % . ] ICP-OES (3 [ PE8300) Ml 5 #H )4 i
Cd &,
1.2.3 KFERESCREE S b

KA B SR AR AR A L e R K /N Y i AR
VARG LB KW BRI T T8, F

105+2 CAF 1 h,65 CHEZEE FifE . FEA KT
Ji e A% Ml 5 5 A A o COK B I 28 7 7% ) (NY 147—
1988) Bkt , 73 B BEK R4 72, BT A3 A ok 16 2 100
H i, a3 A A B4 & B & KRR 4
TRA R (HNOs: HCIO,=4: DIRE TN EX . R
K ICP-OES (£ [E PE8300) I & Cd #e i
1.2.4 RATIBUIRERE S RE S 0

A FETE AL R G0 A BRI TR I e 1
AR T B AR AN AR AT B2 | A2 77 (1 ZR-3901
R4 [ B R R R A T IR UTRERE o W 5y R TG
WERSYy, ToH A S ZRI5Ye IR . AR A IR DR AE
RELCNBEEH , 2 T NAE 2 60 em, 51249 30 em) IR
£ RAESR HAE B F T 10% B9 R RIZ 0 24 h )5
ZB TR E T FEAL R H 2017 44 J1 16 H—
20174£9 1 17 H , 3155 d, 48 7 [l 1 7k, Ttk
A8 TV OB FRE AN TUTRESL P B I | R S S
PIBCHS SR e B oK R gk T TR RE |
B ULVED FE MR L RS 2 5 205 YRV Hh 2% B AT
I I B 3% 28 S0 % A7 25 P R DTRER A H TR T
AN B R~ 25 L I SCAR A Y Bl SR 00 =, 5800
FEST, 53 1 LR O SRR B 3 A1 TR i 2 A7
o SRR B SRR S 2% TR S = 5 R T4 Cd M
RS Cd I 43 BT , A5 ot 4 ) G M V6 A IR T
fif 2 T A (H) 677—2013) o B 5 R T I 04 o
SR~ 841 (GTA120, 32 [ Varian) HEA T E
1.3 #iEaE

(DAL R G i TR K Cd 1 L BRR

i

Ni+
N X100% (1)

22 POy 0l 2% A0 3B 00 E T UK Cd Y 2 BR AL
B, % NS 1RSSR K CAMREE  pg- L'

(2) N TR TR IR Cd i f 4 A =

M=Q/S (2)
A :Mﬂﬂﬁ??ﬁ%ﬁi,mg'm'z ca’'; Q R R AR I
BB R AT BB vh e b 8 45 R U R Y B i
mg-a”'; S ARFEAR ATARIAT AR, m?,

B B 32 A0 PR FH Microsoft Excel 2013 5 £ &
75 5 8 FM 4y B is i SPSS(Statistical Product and Ser-
vice Solutions, 19.0) i1} .

2 ERG5HH

2.1 EYYER RS EBKP CAHEBRIR
WFFE T 201744 H 16 H—20174£9 F 17 H W

Pl‘:



KUAE s 55 O+ AT ST T e SRR R 0 B

1063

FERAE T 23 RIKEE, A~D 2351 4 4 A HEE K CRAE 5.1
IKEEH B, A P AT 745 Cd Wk AR AL a1 2 Fr /s o
KA At Cd JL AT VA ZS Cd ¥R 2 I B i % 3)
Hi i GB 5084—1992 #E I K /K BT br o , W HA 18] 23 1k
RAE B KRR S AR IR BGR ) 16 I (Cd>5.00 g
L) (E2A) , #EE K b 4t S T 38 Cd FE i AT 4
Wi+ N TR 2R 48 AL H PR I B b SR R [

CAVTE /g1
O N & & ® O o =~
CAVEE /gL
I R T S N
w

EERE

451 C
401
351
30
251
20
1.5+
1.0+
051

0 L L L ]

15 20 25
RAEREL

CAVkJE /g L

[«
W
(=]

o~ 4

FkaH . Rg K 4R Cd ¥k T F R 0.99~2.50
wg e L7 HE K 2.02 wg- L7, ATVAZS Cd W EE L B
0.08~0.37 pg- L, ¥{H 4 0.20 pg- L (K 2D) , Kk
JEWA IR

& 3 4 AT AL A R+ N TR b R GEXT 4 i
Cd ¥ BRFRIK T0% , 5 A4S Cd F-H LBRF F ik
91% , n] Wiz ¥E+ N T3 R GexhE K b Cd &

O 1
0 5 10 15 20 25
FFEUEL
77D
6l
T 51
"
Ea
ool
=
S 27
ik
0- 1 1 1 1 1 1
0 5 10 15 20 25
FFEUEL

& A

B2 B R RERFI CAREREZURERL

Figure 2 Variation of two Cd forms in different sampling points of wetland
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Figure 6 Relationship between wet deposition Cd flux and rainfall
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