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Fig.1 Cross-section of integrated vertical flow constructed wetland"'®!

99.95%17) 50%!!%!
60%
40%
1.3
1000~1 500 m*-d™! 1034 m?
7.5h 1286 mm-d' 1%
3
3
3
2
HDPE( )
19.65
m 18.65 m 19.15m

(Zantedeschia aethiopica)
(TBypha orientalis)

(Cyperus papyrus)

(Canna indica)
(Common Rush)
(Phragmites australis)
(Dracaena sanderiana) (Arundo donax

Var. Versicolor)

(Cyperus
alternifolius) (Vetiver zizanioides)
(Lythrum salicaria)
1.4
2007  2—12 (As

Ba Cd Cr Cu Li Mn Ni Pb Zn)

2 2
1 8:00—11:30
5L
BAIRD PS 6
ICP-AES  ( )
0.45 pm
1
30 mL 1 ml (
)
2
() (As
Ba Cd Cr Cu Li Mn Ni Pb Zn)2007 2—I12
1 2
11 2—12
As 4 0.031
mg-L? 4 0.020
mgL’ 6 7
0.002 mg-L" 6
2—12 Ba
9 0.221 mgL"
12 0.152 mg'L™"
3 0.067 mg'L"
6 0.007 mg-L"!
4 2—12 cd
0.001 mg-L™"
2 0.001 mgL’ 3—12
27 12 Cr
3 0.005 mgL™’
3 0.004 mgL"
6 8 9 10 11
2—12 Cu
8 0.018 mgL"
8 0.012 mgL"
4 5 0.002 mg-L™"
3 45 0.001 mg-L"!
Li Cu 2—12
5 0.006
mgL’ 3 5
0.003 mg-L"! 2 6 7
8 11 0.003 mg-L"
4 0.001 mg-L™"
2—12 Mn

7 0.030 mgL”’



2470 19 10 2010 10
9 0.025 mg-L" Pb Zn
4 0.007 mgL" [14]
4 12 0.003 mg-L™ 1 2
6—12 1 10 GB
2—s5 ) Ni 3838—2002 Cu Zn
2, 0.006 mgL" 11 Pb II—III I
3, 0.002mgL"
5 0.002 mg'L" 2
5 Ba Mn Zn Li Cu As
6—12 2—5 ) Pb Cr Ni Cd
Pb 8 0.013 10
mgL" 45 0.008
mg-L™? 2 0.003 10
mg-L”! 3
2—12 Zn 3
5 0.052 mg-L"
0.034 mgL"
10 0.004 mg-L"!
10 0.001 mg'L™"
10
10 2007 2—12
GB As ( 2 2)
3838—2002 111
10 (6—10 )
1 2007 2—I12
Tab 1 Annual changes of heavy metals contents in the influence and effluence of the Sanjiao lake
integrated vertical-flow constructed wetland (Feb. 2007-Dec. 2007) mgL’
p(AS) p(Ba) p(Cd) p(Cr) p(Cu) p(Li) p(Mn) p(Ni) p(Pb) p(Zn)
2 0.003 0.069 0.001 0.000 0.008 0.003 0.025 0.006 0.003 0.042
2 0.001 0.061 0.001 0.000 0.004 0.002 0.005 0.001 0.002 0.034
3 0.004 0.067 0.001 0.005 0.003 0.004 0.040 0.005 0.012 0.030
3 0.001 0.061 0.000 0.004 0.001 0.003 0.022 0.002 0.000 0.020
4 0.031 0.069 0.000 0.002 0.002 0.003 0.007 0.003 0.020 0.073
4 0.020 0.057 0.000 0.001 0.001 0.001 0.003 0.001 0.008 0.014
5 0.005 0.080 0.001 0.001 0.002 0.006 0.079 0.002 0.016 0.052
5 0.002 0.039 0.000 0.001 0.001 0.003 0.000 0.000 0.008 0.013
6 0.002 0.104 0.001 0.003 0.008 0.003 0.020 - - 0.025
6 - 0.007 0.000 - 0.006 0.002 0.017 - - 0.009
7 0.002 0.095 0.001 - 0.004 0.003 0.030 - - 0.006
7 0.001 0.069 0.000 - 0.002 0.002 0.010 - - 0.001
8 0.006 0.120 0.001 0.001 0.018 0.003 0.159 - 0.013 0.050
8 - 0.074 0.000 0.000 0.012 0.002 0.022 - 0.003 0.042
9 0.010 0.221 0.001 0.003 0.009 0.005 0.044 - - 0.059
9 0.002 0.127 0.000 - 0.005 0.002 0.025 - - 0.020
10 0.003 0.160 0.001 0.003 0.003 0.002 0.012 - 0.002 0.004
10 - 0.077 0.000 - 0.002 0.002 0.006 - - 0.001
11 0.003 0.173 0.001 0.002 0.006 0.003 0.038 - 0.002 0.024
11 0.001 0.101 0.000 - 0.002 0.002 0.007 - 0.000 0.016
12 0.005 0.182 0.001 0.000 0.008 0.002 0.054 - 0.002 0.043
12 0.001 0.152 0.000 -- 0.003 0.002 0.003 - 0.000 0.025
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2007
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Tab2 The average monthly removal rate of heavy metals in the Sanjiao lake integrated vertical-flow constructed

wetland IVCW  during Feb. 2007 to Dec. 2007 %
As Ba Cd Cr Cu Li Mn Ni Pb Zn
2 66.67 11.38 0 0 50 24.15 80 76.41 33.33 19.16
3 75.00 8.70 100 14.52 66.67 21.09 45 60 100 31.97
4 36.14 17.39 0 50 50 66.67 57.80 68.37 59.55 80.82
5 61.49 51.19 100 0 50 50 100 100 50 74.54
6 100 93.28 100 100 25 4.00 14.29 0 0 64.00
7 4091 27.37 100 0 50 33.30 66.67 0 0 86.44
8 100 38.33 100 100 31.28 33.33 86.16 0 76.92 16.00
9 80.58 42.70 100 100 45.56 59.57 42.79 0 0 66.10
10 100 52.00 100 100 33.33 0 50 0 100 71.43
11 66.67 41.45 100 100 65.45 33.30 82.01 0 100 31.91
12 30 16.39 100 0 62.50 0 94.83 0 100 41.86
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Fig.2 Annual changes heavy metals in the influence and effluence of the Sanjiao lake integrated
vertical-flow constructed wetland (Feb. 2007-Dec. 2007)
-1
2007 2—12 (  000lmgL') 2 4
73.40% Cd 81.82%
Ba ( 2 2) Cr cd 25 7 12
Cr 6 8 9 10 11
6—11 )
2007 2—12 Cr 51.32%( 2
36.38% 2)
cd ( 2 2 «d Cu ()



2472

19 10 2010 10

48.16%( 2 2)

Ni
27.71%( 2 2)
5—11 Ni
60% Ni
6 7 8 Pb
Pb
56.35%( 2 2)
2007 2—12
Zn ( 2 2)
@47 )
2007 2—12
53.11%
10
Cd

Mn Pb Zn Cr Cu Ba Li Ni

[J]. , 1996, 15(6): 516-522.
GUO Mingxin, LI Wangqing. A study on elimination pattern of nirogrn
in wastewater in land treatment system(FWCS) of Tianjin City[J]. En-
vironmental Chemistry, 1996, 15(6):516-522.

[1. ,2002, 13(2): 24-28.

CAO Xiangdong, WANG Baozhen, LAN Yunlan, et al. Removal of
nitrogen and phosporus in the pond-wetland combined system[J]. Re-
search of Environmental Sciences, 2000, 13(2): 224-28.
GERSBERG R M, ELKINS B V, GOLDMAN C R. Nitrogen Removal
in artificial wetland[J]. Water Research, 1983, 17: 1009-1014.
JENNIFER A S, ANDREW H B, CHRISTOPHER A S. An evaluation
of a constructed wetland to treat waste water from a dairy farm in
Maryland[J]. Ecological Engineering, 2000, 14(1/2): 199-206.
ARMSTRONG R. Oxygen diffusion from the roots of some British
bog plants[J]. Nature, 1964, 204(1964): 801-802.

[J]. : ,2003, 36(1): 12-16.
WU Zhenbin, ZHAN Dehao, ZHANG Sheng, et al. Design method
and purification efficiency of integrated vertical flow constructed wet-
land[J]. Journal of Wuhan University of Hydraulic and Electric Engi-
neering, 2003, 36(1): 12-16.

> > 5

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[J]. , 2004, 23(4): 757-760.

WU Zhenbin, XU Guanglai , ZHOU Peijiang, et al. Removal effects of
nitrogen in integrated vertical-flow constructed wetland sewage treat-
ing system[J]. Journal of Agro-environmental Science, 2004, 23(4):
757-760.

s s , . [J].

, 2001, 25(1): 28-34.

WU Zhenbin, CHEN Huirong, HE Feng, et al. Primary studies on the
purification efficiency of phosphorus by means of constructed wetland
system[J]. ACTA Hydrobiologica Sinica, 2001, 25(1): 28-34.

s s , . [J].

, 2007, 23(1): 44-48.

QIAO Shengying, JIANG lJingye, XIANG Wu, et al. Heavy metals
pollution in lakes of Wuhan city[J]. Water Resources Protection, 2007,
23(1): 44-48.

) . . As, s
[J]. , 2008, 26(1): 128-138.
LI Renwei, LI Yuan. Environmental and sedimentological survey
along the coast of Bohai Gulf[J]. Acta Sedimentologica Sinica, 2008,
26(1): 128-138.

[J1. ,2002, 15(6): 1-4.
HUANG Liang, LI Wei, WU Yin, et al. Distribution of heavy metals
in aquatic plants of some lakes in the[J]. Research of environmental
sciences, 2002, 15(6): 1-4.
[J]. : , 2005, 35(1):

91-96.
DONG Deming, LU Yongzheng, LI Yu. The distribution of heavy
metals in the surface sediments in parts of rivers and lakes in Jilin
Province[J]. Journal of Jilin University: Earth Science Edition, 2005,
35(1): 91-96.

, . (1.
, 2008, 35(3): 469-472.
SANG Wenjiao, CHENG Jianjun. Assessment on pollution status of
heavy metal in sediment of Moshui Lake in Wuhan[J]. Journal of An-
hui Agricultural University, 2008, 35(3): 469-472.

[J]. , 2002, 13(6): 715-718.
WU Zhenbin, CHENG Shuiping, HE Feng, et al. Design and purifica-
tion performance of vertical-flow constructed wetland[J]. Chinese
Journal of Applied Ecology, 2002, 13(6): 715-718.
[J]. , 2006, 29(11): 109-111.
DOU Lei, ZHOU Yongzhang, CAI Limei, et al. Removal of heavy
metals from AMD by constructed wetlands[J]. Environmental Science
& Technology, 2006, 29(11): 109-111.
[J1. , 2008, 24(4): 62-65.

ZHANC Xiangling, ZHANC Sheng, FU Guiping, et al. Application of
integrated verticar-flow constructed wetland in restoration of lake Wa-
ter in Lakeside Campus[J]. China water wastewater, 2008, 24(4):
62-65.

[J]. ,2002, 8(4): 430-434.
ZHAO Wenyu, WU Zhenbin, CHENG Shuiping, et al. Purification of
phthalic acid esters(PAEs) by integrated vertical constructed wet-
lands[J]. Chinese Journal of Applied & Environmental Biology, 2002,
8(4): 430-434.



2473

[18] , s . and nitrogen changes in integrated constructed wetland at the initial
[J1. ,2002, 11(3): 280-283. stage of operation[J]. Resources and environment in the Yangtze Basin,
HE Feng, WU Zhenbin, FU Guiping, et al. Phys-chemical character 2002, 11(3): 280-283.

The effect of integrated vertical-flow constructed wetland on removal of heavy
metals in Sanjiao Lake (Wuhan) over annual time periods

HU Shenghual, ZHANG Tingl’ 2, ZHOU Qiaohongl, HE Fengl, LIANG Weil, WU Zhenbin'"

1. State Key Lab of Fresh Water Ecology and Biotechnology, Institute of Hydrobiology, The Chinese Academy of Sciences, Wuhan 430072, China;

2. Graduate University of Chinese Academy of Sciences, Beijing 100039, China

Abstract: This paper reported the results of monitoring 10 kinds of heavy metals in the influence and effluence of the integrated
vertical-flow constructed wetland IVCW during Feb. 2007-Dec. 2007 which was constructed for improving water quality of Sanjiao
lake in Wuhan, China. The results showed that the concentrations of detected heavy metals in the influent were lower than the stan-
dards of water quality and their concentration order was: Ba Mn Zn Li Cu As Pb Cr Ni Cd. Although the concentra-
tion of heavy metals in the influent was low, the significant removal efficiency by IVCW was observed. The order of removal rate in
the effluence was Cd As Mn Pb Zn Cr Cu Ba Li Ni. The experimental results suggested that [IVCW was beneficial
to improve water quality of the polluted water bodies and restore the aquatic ecosystem.

Key words: integrated vertical-flow constructed wetland (IVCW); heavy metal element; removal; annual survey
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