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Application of a recycled standing combined constructed wetland system for the treatment of heavy metals

from mixed wastewater in a rural area

FENG Xu', YANG Yang'*, ZHENG Zhe', TANG Xiao—yan', ZHANG Xiao—meng', DAI Yu-nii', XIONG Chun—hui'

(1.Department of Ecology, Jinan University, Guangzhou 510632, China; 2.Engineering Research Center of Tropical and Subtropical Aquat-
ic Ecological Engineering, Ministry of Education, Jinan University, Guangzhou 510632, China)

Abstract: With the aim to solve problems caused by disordered drainage of heavy metals from mixed wastewater and the difficulty of cen-
tralized treatment in rural areas, a new type of recycled standing combined constructed wetland system (RSCCWS) with the advantages of a
small footprint, simple operation, and easy maintenance was used in this study to treat heavy metals wastewater. The objectives of this re-
search were to study the treatment of a RSCCWS for mixed wastewater containing heavy metals and general water pollutants and the effect
of different operating conditions on the RSCCWS performance. The results showed that average removal efficiencies of COD¢,, TN, TP, and
TSS were 82.83%, 27.67%, 64.64%, and 92.58%, respectively, under the operation conditions of a 6—hour run time and 30—-minute circula-
tion time. Simultaneously, the average removal efficiencies of As, Cd, Pb, Cu, and Zn were 50.01%, 62.43%, 91.02%, 63.37%, and
51.92%, respectively. Moreover, the removal loads of heavy metals were up to 2.4, 12.1, 160.9, 1 214.9, and 1 989.0 mg-m™-d™, respec-
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tively, which were 4 to 27 times greater compared with those of other research. The changes in pH, COD¢,, and circulation time had no sig-

nificant effect on the removal efficiency of heavy metals (P>0.05). When the run time was extended to 24 hours, increased removal rates of

four kinds of heavy metals, except Zn, were observed compared with those of the 6=hour run time. With the advantages of high and quick re-

moval of heavy metals, the RSCCWS has great potential in treating heavy metals from mixed wastewater in rural areas.

Keywords: recycled standing combined constructed wetlands; heavy metals; mixed wastewater; influence factors
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Table 2 Detection methods of pollutants and heavy metals

yioalll Bt Tk BHHRIUE
COD., B R B A2 1 GB/T 11914—1989
TN PP R R P - 52N L EE: GB/T 11894—1989
TP BT GB/T 11893—1989
TSS ok GB/T 11901—1989
HA IR O GB/T 7479—1987
[TEE SIMT IO GB/T 11894—1989

EaE  R-E R - R -1CP-MS  GB/T 7475—1987

TE KRR A i S T4 el IR IR M E T R R E A

*1 EEENMESREMIRAKRE (pg-L™)

Table 1 Background concentration of heavy metal and actual concentration (pg-L™")

ARG As Cd Pb Cu Zn
KR 87.80+8.59 9.38+0.99 85.0+7.1 922.52+59.16 1832.30+142.17

TR 17.15+6.26 0.55+0.40

4.44+3.13 2.72+2.52 48.68+36.84
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Table 3 Removal efficiencies and concentration of different pollutants by RSCCWS

&b ik HK HK LBREI% LBRE1%
" (FE4:JE A e ) (EEJEEmME) (FE 4R i) (EEJEHME)
pH 6.73+0.19a 6.93+0.16a 6.71+0.11a — —
DO/mg- 1" 2.26+0.65a 5.39+0.94c¢ 3.54+0.26b — —
T/C 18.99+1.99a 19.23+1.29a 19.45+1.38a — —
S & /uS-em™ 589.29+28.5a 472.31+56.1b 466.79+63.42b — —
LR /%0 0.32+0.05a 0.26+0.02b 0.23+0.03¢ — —
COD¢/mg- L 135.1+48.0a 25.1+8.0b 22.7+3.5b 81.42 82.83
TN/mg-L"! 30.0+2.53a 20.5+2.1b 21.7+0.9b 31.67 27.67
A Img- L 28.65+3.97a 8.96+3.71b 10.67+1.46b 68.67 64.64
fili A /mg - L 1.26+0.83a 12.14+1.35b 12.04+0.67b — —
TSS/mg-L"! 202.0+21.2a 21.4+4.0b 15.3+1.4c 89.41 92.58
TP/mg-L"! 3.16+0.33a 2.01+0.17b 1.23+0.32¢ 36.39 61.79

T AE /NG FhEa b o ROR SRR ERE K Z [ B AT 3122 53 (P<0.05) 3 “—"Fos ok , Bl #3575 U mean+SD ;n=8.
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Figure 2 The concentration and removal efficiency of heavy metals in the influent and effluent
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A pH {EL B W BRF), A BIF58 N T3 1y S v P A 5
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Table 4 The existing forms and proportion of heavy metals

in sewage (%)

SRS As cd Pb Cu Zn
R 475 65.7 19.2 33.7 60.6
BTEA 52.5 34.3 80.8 66.3 39.4

2.3 ARIZHETRSCCWSHEL BRIERITR
RSCCWS FEAS ] 28 7 % 5 Fh 5 42 i Y 22 B K
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Fh i X B 4 @ B L BRICR N . 255k B, RSCCWS Xt
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PRI B AS 23 RE TR 122 28 G 6 B 4 i A 22 PR AR, o
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JE T BRI H RS YW ) 25 BRAICR I R i — DR 5K .
Bz AT IHA] AN 6 h K % 24 h )5, As . Cd . Pb £ Cu f)
o % B 210 (P<0.05) , 34 22 [ % h 87.96% |
88.51%. 100% #1 94.47%, 4y % # 0 T 37.95%.
26.08% .8.98% F1131.10%, Ifii Zn [ 24 hF-¥ L K 5
A BTN, AERT 6 h A F IR B 22 5% (P>0.05) .
FESEBRIaATH, AT LARR S RS Y R0 o 4 i) K
SR, RAE VR 1 R RS A T ]
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Table 5 Removal efficiency of heavy metals in different conditions (% )

EEE EHBAT pH=6 pH=9 COD¢=300 mg- L™ T=15 min T=45 min Iaf7Ifa]=24 h
As 50.01+3.63a 53.21+3.11a 50.65+2.47a 48.63+4.27a 68.37+15.31a  60.23+2.01a 87.91+4.93h
Cd 62.43+3.31a 60.82+3.48a 63.43+4.79a 62.32+3.28a 70.12+9.58a  67.01%9.68a 88.51+3.27h
Ph 91.0243.56a 90.53+3.02a 93.53+3.11a 90.53+1.86a 93.58+1.0la  95.25+2.82a 100b
Cu 63.37£9.21a 58.3+6.85a 62.42+7.84a 66.16+3.13a 66.89+3.91a  83.65+14.03a 94.1+2.66b
Zn 51.92+2.59a 50.09+3.36a 52.20+2.72a 52.32+1.38a 59.25+5.25a  59.31%5.71a 53.80+2.73a

HEARRMNEFEEa b o FR AR RS T4 48 LR 2 0 A B #2257 (P<0.05) sn=4.



201943 A o i, 5 DR ST AL A AN IR X R AR A R K 4 R i R 6717
6 AEALEHNESENER AR
Table 6 Removal loading of heavy metals by different constructed wetlands
X . As/ Cd/ Ph/ Cu/ Zn/ ANPROK AL, KRR ) )
Z\‘ ¥ . /Ll 2 H
ESRN mg-m’z-d’l mg-m’z-d’l mg-m’z-d’l mg-m’z-d’l mg-m’z-d’l m-d™! Hia]/d IiA/m Lz
[43] — 0.2 1.2 0.6 7.4 70.00 2.50 800.00 A FLI KT
[45] — 33.1 — 117.3 178.4 0.02 4.00 0.42 WA
[46] — 1.8 — — — 440.64 2.36 1732.98 I+ 1 B v
[44] — — 53.5 99.5 65.0 500.00 1.00 1000.00 =& FL I+ M
[27] — — — 59.5 27355 5.63 4.00 47.50 T LK R
[42] 5.496 — — — — 0.002 5.00 0.07 e N
[41] -0.05 — — 0.0425 0.89 11 800 4.65 31300 EJIN
[33] — — 5.47 13.88 41.6 0.001 14 7 0.004 T KT IR
ABFE 92.4 12.1 160.9 1214.9 1989.0 0.96 0.25 0.48 RSCCWS
BB A IR E AR
SHA R R A A ST LU R Rl A A 26(16):73.
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