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Tab.1 Constructed wetland-pond circulating water system basic data
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Tab.2 Constructed wetlands in different periods of temperature, pH value, dissolved oxygen

A B 1

Time period 1

I} [ g 2
Time period 2

) [ B2 3
Time period 3

I [ B 4
Time period 4

W) Bt 5

Time period 5

SEA4REE/°C - Average temperature
-4 pH Average pH 7.770 £0.714°
S AME/ (mg/L) Average DO 1.854 +0.510*

31.365 £0.720°  28.140 £0.694" 25.200 £1.042¢ 22.950 +0.824% 17.868 +1.082°
7.415 +£0.428"
2.039 +0.373"

6.447 +0.390"
1.680 +0.265°

6.805 +0.476"
2.260 +0.425"

6.801 +0.629*
1.958 +0.314"

TE: AT EARA IR ZoR 4 A7 35 22 5 (P <0.05)

Notes: Values in each row with different superscripts are significantly different (P <0.05)
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Tab.3 Constructed wetland inlet and outlet water quality index
8.15 8.30 9.14 9.29 10.14 10.29

TN/(mg/L)  #f/K Water inlet ~ 3.897 +0.204°  4.337 £0.115"  4.540 £0.053"  3.990 +0.161*  3.327 +0.129* 2,390 +0. 154*
H7K Water outlet  3.640 +0.190°  3.443 £0.182"  3.617 +0.236"  3.387 +£0.337"  2.853 +0.337"  2.110 £0.200"
NO; ~-N/(mg/L) /K Water inlet ~ 0.230 £0.046°  0.283 £0.040°  0.447 =0.049°  0.357 £0.047*  0.287 +0.025"  0.223 0.038"
Hi7k Water outlet  0.200 £+0.060°  0.197 £0.040°  0.313 £0.021®  0.243 £0.047°  0.217 +0.047"  0.207 0. 040"
TP/(mg/L) /K Water inlet  0.277 £0.035"  0.280 +0.066"  0.350 £0.070°  0.493 £0.035"  0.407 +£0.025*  0.327 +0. 040"
Hi7K Water outlet  0.263 £0.023°  0.237 0.067°  0.273 £0.035*  0.277 £0.032"  0.323 £0.032"  0.280 +0. 046"
PO,*~-P/(mg/L) /K Water inlet  0.015+0.004*  0.038 £0.012°  0.058 +0.006°  0.072 £0.011*  0.077 £0.012*  0.049 £0.018°
Hi7k Water outlet  0.011 £0.002°  0.030 £0.009°  0.038 £0.005"  0.051 £0.012*  0.055 +0.012>  0.038 +0.008"
CODy,/(mg/L) 7K Water inlet ~ 8.973 +0.140°  8.45 £0.120°  9.427 +0.189"  11.387 +£0.420° 10.383 +0.135° 7.853 £0.281°
Hi7K Water outlet  8.880 £0.205°  8.293 £0.085"  9.237 +0.211*  9.570 £0.173"  8.997 £0.173"  6.507 +0.715"
B/ (ng/L)Cu /K Water inlet 4,105 £0.204°  3.758 +0.193"  2.94+0.339"  2.165 £0.187°  1.665 £0.054*  1.820 +0.029"
Hi7K Water outlet 2,479 £0.051"  2.232 +0.060°  1.419 +0.030"  1.256 £0.035"  1.024 £0.091"  1.147 +0. 105"
Y/ (ug/L)Pb  #EK Water inlet  1.825 £0.061°  1.455 £0.055"  0.940 +0.048"  0.725 £0.017°  0.744 £0.043"  0.580 =0. 345"
Hi7K Water outlet  0.794 £0.028"  0.084 =0.017>  0.132+0.004"  0.135 +0.011"  0.138 £0.007"  0.231 0. 112°
W/ (ng/L)As /K Water inlet  8.324 £0.324°  9.657 +0.516"  8.378 +0.462"  7.154 £0.208"  9.465 +0.574"  8.998 +0. 135"
Hi7K Water outlet  8.758 £0.186"  10.124 £0.293*  8.964 +0.313*  7.859 +0.352*  10.874 +0.358* 10.268 +0.356"

4%/ (ng/L)Cr  HE/K Water inlet N N N N N N

H7K Water outlet N N N N N N

TE - [RIZ Y [l — K B AR A HE R K 1B _ERR AR FR I AF7E 35 22 5 (P <0.05) 3 N FIRIZERAR TR I 77 6 A b B, AR AR 21,

T, T

Notes: The same column of the same water quality indicators of the water inlet and outlet data superscript of the difference between the groups

showed significant differences (P <0.05) ; N indicates that the result is below the detection limit of the detection method and is not detected and

can not be calculated, the same below

F4 FRXBALRMMNEEEERUENILL

Tab.4 Comparison of removal efficiency of heavy metals by different types of constructed wetlands

] ZBRE Removal rate 7Ky 6145/ (mm/d) SHXG
Wetland type HilCu 45 Pb & Cr Hydraulic loading Reference object
FAFEETET Composite vertical subsurface flow 0.417  0.772 N 278.000 ARUKAWFFE This research
ZEM T (B5) Surface flow(B5) 0.058 0.555 0.900 46.751 Bt YANG Jun
TP (C &%) Vertical subsurface flow(C system)  0.358  0.524  0.390 49.628 e8] CAO Tingting
KWL (B Z&248) Horizontal subsurface flow(B system) 0.382  0.441  0.392 49.628 # e (8) CAO Tingting
R + R Surface flow + surface flow 0.380  0.440  0.940 46.751 #9631 GE Guanghuan

12

—
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48/ @mg/kg) Content

http: //www. shhydxxb. com

m4 Cr B A As B4} Pb O 4 Cu

8.30

& 2

9.14

9.29

H# Date

FEHEHAERRAPRESERE
Fig.2 The content of heavy metals in the roots of Polygonum hydropiper at different time
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Fig.3 The content of heavy metals in the roots of Pontederia cordata L. at different time
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Fig.4 The content of heavy metals in the roots of Thalia dealbata Fraser at different time

x5 ZHEVRERNAEEEEMNESRER
Tab.5 Enrichment rate of different heavy metals in three plant roots mg/ (kg - d)
f#% Cr fift As 5 Pb i Cu
IKZFL Polygonum hydropiper 0.039 £0.014° 0.037 £0.022° 0.045 +£0.013* 0.075 £0.031*
R HE Pontederia cordata 1. 0.044 £0.016" 0.055 £0.034* -0.005 +0.004" -0.059 =0.035%
B 7L Thalia dealbata Frase 0.040 £0.012* 0.032 +0.020" 0.032 0. 026" 0.095 +0. 049"

TE - RISV AR R R 4L A7 16 3% 25 5 (P <0.05)

Notes: Values in each column with different superscripts are significantly different (P <0.05)

2.4 ANTEMAREMRAMEERMEERE
MEEIR

PASE —UCRAE IR e 0 vp 4% 3 2 i 5 B A
fH. MBS .6.7 Al M, KSR Z B T 5 Joxt
B AT I R AR RCR R BT X
A SRR AN W W o R 2 e AR 2R R T R X
A SRR B Oy W] 2, AR 2 B T8 S XAl Ay
= ARTCH R s B VR A S R R AR BT

s AP —E W RO . AR Z B I B i
X ) B R RO S U, B AR 2 BT S X E
BRI AR LA

W 6 B, AEOF SR N, JK SR AR B 3
2 IRULIIDICE SUE ST PN 8N N i D
IORNHIICE SRS SNEPIRIY N e I
ISEEEPICE SUE S PN

http: //www. shhydxxb. com



536 (BRI CIN SN S 27 %
- 4% Cr 00 A i as
240
7.5
220
200 6.0
g
£ 180
S 4.5
g 815 8.30 9.14 9.29 10.14 10.29 8.15 8.30 9.14 9.29 10.14 10.29
ﬁ 01 ¥ g B {
4
35 T 36 \\
y .|- l' .|_
30 T 33 ~
25 30
8.15 8.30 9.14 9.29 10.14 10.29 8.15 8.30 9.14 9.29 10.14 10.29
HHH Date
E5 KFRZFMEERELESE
Fig.5 Concentration of heavy metals near the root of Polygonum hydropiper
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Fig.7 Concentration of heavy metals near the root of Thalia dealbata Frase
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Tab.6 The enrichment rate of different heavy metals in the matrix near the three plant roots

mg/ (kg - d)
& Cr fifl As % Ph i Cu
Ik Polygonum hydropiper 0.800 +0.150* -0.023 +0.016° 0.013 +0.009* 0.067 +0.023*
A Pontederia cordata L. 0.987 +0.196° 0.000 +0.002° 0.067 +0.035" 0.040 +0.051*
P J4E Thalia dealbata Frase 0.307 =0.179" 0.008 +0.001" 0.013 +0.008" -0.040 £0.013"

TE - RV AR R R 4Ll A7 16 B 3% 25 5 (P <0.05)

Notes: Values in each column with different superscripts are significantly different (P <0.05)

2.5 ATEMKE EYRAURERPEE
&R EKMERAFHEXME
2.5.1  NTBHu/K R b 2% B G w2 PR AR 5 KR
iSRRIV EPS S

WK 7 FioR A HR KR R R E R RS
KR pH 52 25 G0RH 56 5 B Y R BR AR 5K i B
FIEMSE, 5 pH 2R E A
2.5.2 ANTIBMAHPRRULERh 5 H )R
[EF StE Y 78RR VY P d

N 8 JrR , KM AR A 1) 7 AR R

KL A 3 UM OG5 X B R AR a R S pH B
A U G 5 R A 1) ' A R pHL LR A I 3 T
RO MR REAR ZR N 4 B R S K i 2 R
UL EPEPUR TR USSP S et T AR EP S
FEAJAEHE 2 X 4 A R G  pH 12 1 35 1
LEPSIPORTINICE ST SOV SRR E Y ESNS
1,3 BRI AR 2R B T B0 B 4 R AR R
KR pH B RN R A S
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RT ALEMKGEHFRESRERZTSKRNERFSHNEXRY

Tab.7 Correlation coefficient of heavy metal removal rate and water

environment factor parameters in constructed wetland water

% (Cr) fili (As) i (Ph) i (Cu)
T m 0.855" 0.156 0.089
pH m -0.931"" -0.762" 0.061
Do m 0.808 0.093 0.544

T em B — AR R, OB TR " 7 12 0.01 A7 (CBUN) R EHEOE, ™ 72 0. 05 /K- (RU) b R AHC; R A

Notes: m can not be calculated because at least one variable is constant

correlated at 0. 05 level (bilateral) , the same below

3 ik

3.1 AL FEKEEERBERIRSH

TIEKAAR B 7K 5B 56 2R B K™ i o 2
G, il K FRRE(GB 11607—89) Xt 51 4 J& 15
(B Bl VBT SRS ) 20t T AR PR E(EL. R K
PR s s G & AR TR HH R, Gk At A
5t 7K A PP BE RS AR 21 (9 35 ] A2 T 5 0 e

* %

*

is significantly correlated at 0. 01 level (bilateral) , * is significantly

HA T 24 2% B R B e T A 2 T T e (3
4)  UIHIABIFE 95 A 3 HER N T % 5 4
JB B BRAETE — B 10 MK A v B o 7
TG, H A 5 O W] 76 T 4 e 8 A A 9 17
DU VORI 27 e R AL IS AL A T, % /K R By pH
TV A TR, 23 H B 26 7 42 U 1 B i
G170 SRS A TR X K R R R
KA pH 2 I R —F (£ T) .

xS AREVREMAMEERPEESRESERSKRERAFSHMBEXRY

Tab.8 Correlation coefficient of enrichment rate and water environment factor

of different plant roots and s near the root matrix

# Cr fifl As - Pb 4 Cu
T ~0.870 Z0.39%4 ~0.973" ~0.948 "
pH ~0.890 " ~0.485 ~0.950 ~0.994% *
LG Do ~0.214 0.199 ~0.231 ~0.125
#(Cr) fifi (As) 75 (Pb) i (Cu)
T ~0.882" ~0.934" ~0.030 ~0.441
pH ~0.868 ~0.844 ~0.090 ~0.213
€6 Do ~0.234 ~0.579 0.155 ~0.612
# (Cr) fii (As) #5(Pb) i (Cu)
T ~0.786 ~0.644 ~0.972" ~0.945°
pH ~0.813 ~0.440 ~0.942" ~0.867
HG Do ~0.200 ~0.868 ~0.405 ~0.545
#(Cr) fifi (As) 5 (Pb) i (Cu)
T ~0.163 0.114 ~0.787 ~0.334
pH ~0.113 0.109 ~0.835 ~0.462
u Do ~0.113 0.109 ~0.835 ~0.462
# (Cr) fifi (As) #5(Pb) i (Cu)
T ~0.719 0.069 ~0.317 0.502
pH ~0.707 0.285 ~0.471 0.555
a Do ~0.207 ~0.487 0.132 ~0.134
#(Cr) fifi (As) 75 (Pb) i (Cu)
T 0.335 0.283 ~0.290 0.420
HJ pH 0.172 0.151 ~0.331 ~0.446
Do 0.699 0.330 0.030 0.773

LG AAFREM AR, L] IR SRR MHE R, CC AR BR AT R, CTERR AT R ML HE 5, HG R MR R H LRI
AEAR AR BT FE ST

Notes: LG stands for Polygonum hydropiper roots, L] stands for matrix near the root of Polygonum hydropipe, CG stands for Pontederia cordata L.
roots, CJ stands for matrix near the root of P. cordata, HG stands for T. dealbata roots, HJ stands for matrix near the root of Thalia dealbata Frase
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Heavy metal accumulation in roots and substrates of different plants in
constructed wetlands and their correlations with environmental factors

ZHU Jiabin', LI Bing'*, HOU Yiran®, YU Jiahui' , ZHANG Chenglong' , ZHU Jian'"
(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, Jiangsu, China; 2. Freshwater Fisheries Research
Center, Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Minisiry of Agriculture, Wuxi 214081,

Jiangsu, China)

Abstract; In order to study the effect of composite vertical subsurface flow constructed wetlands on the
removal of heavy metals in pond aquaculture water, the correlation between different plant roots and their
substrates near roots on heavy metal enrichment effect, different environmental factors and heavy metal
enrichment rate were analyzed by measuring water quality index and heavy metal. The results showed that the
removal efficiencies of Pb and Cu in constructed wetlands were 77. 20% and 41. 70% , respectively.
Compared with other types of wetlands, the composite vertical subsurface flow constructed wetlands had some
advantages for the removal of Pb and Cu; the As was released in wetland with an average release rate of
8.40% . The roots of Polygonum hydropiper and Thalia dealbata Fraser have enrichment effect on Cr, As, Pb
and Cu, and the roots of Pontederia cordata L. have only enrichment of Cr and As. The substrates near the
roots of Polygonum hydropiper, Pontederia cordata L. , and Thalia dealbata Fraser have a good enrichment
effect on chromium, and among them, the maximum rate of the concentration of Pontederia cordata L. to
chromium is 0. 987mg/ (kg + d). The enrichment rate of Pb and Cu in Polygonum hydropiper root was
negatively correlated with temperature and the enrichment rate of Cr and Cu was negatively correlated with
pH; the enrichment rate of Cr and As in Pontederia cordata 1.. root was negatively correlated with
temperature ; the enrichment rate of Pb in Thalia dealbata Fraser root was negatively correlated with
temperature and pH, the enrichment rate of Cu was negatively correlated with temperature. The results of this
study provide a theoretical basis and reference for the application of composite vertical subsurface flow
constructed wetlands and the selection of wetland plants from the perspective of heavy metal removal.

Key words: constructed wetland; heavy metal ; aquaculture water; root; substrate
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