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Evaluating the Lead Adsorption Performance of Six Wetlands Substrates in Wastewater Treatment
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Abstract : Constructed wetlands are widely used as sewage ecological treatment technology for the treatment of domestic sewage, industrial
wastewater, mining and oil exploitation wastewater. In this research, we evaluate Ph** adsorption performance of wetlands substrates in
wastewater containing lead and screened out suitable wetlands substrates to treat special heavy metal wastewater, absorption of lead on the
substrates of zeolite, gravel, magnetite, haydite, quartz sand and pearlite were evaluated. The results showed that the zeolite, magnetic iron ore
and gravel had good removal effects:the removal rate of zeolite and magnetic iron ore were up to 99% and the removal rate of gravel was
above 92% at Ph** concentration of 200 mg+L™". The Pb** adsorption abilities followed as:zeolite >magnetite >gravel >quartz sand >perlite >
haydite. Ph** concentration in wastewater treated by magnetite and zeolite could meet the integrated wastewater discharge standard
(GB 8978—1996)( <1.0 mg-L™"). Adsorption of Pb** on zeolite, magnetic iron ore and gravel followed well the Langmuir equation , while
the Freundlich equation is more suitable for descripting the Isothermal adsorption of magnetic iron ore. The adsorption capacity of zeolite to
Pb** was higher than magnetic iron ore and gravel. On taking the adsorption effect and economic performance into consideration, gravel is the
best wetlands substrates for the treatment of Ph** in wastewater, and the adsorption effect can be further improved by adding certain amount of
zeolite.

Keywords: substrates of wetlands; wastewater containing lead; adsorption performance
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Figure 1 Experiment device of lead adsorption in the presence of

different substrates
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Table 1 Some physic—chemical properties of different substrates

AL A W 1 kAT 50521 47 A9y
B g cm™ 1.80 4.67 2.66 0.10~0.14 1.40~1.65 (M) 2.20~2.30
K Hi/geom™ 0.95 2.40 1.85 0.11~0.15 — 175

L 1.60 458 — — — 2.66

JEI 1% — 0.15 — - 0.38

FLEBR /% 30~50 47 — — - 4347

HE R HIH — — — — =4x10* —

T (BLIG) 4~5 8 — — — 7.50

LSRR (=97 vy 1 €/
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Table 2 pH of different wetland substrates and its effect on pH of

simulated wastewater containing lead at inlet and outlet

HORHAFR HUEL pH {H oK pH 7k pH {8
A 8.74 5.86~5.97 7.98~8.11
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Kaphr 7.52 5.86~5.97 5.48~5.63
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Table 3 Comparison of different wetland substrates on the cumulative adsorption of Ph* from simulated wastewater containing lead(mg-g™)

isf A

HUELZ B ESAUiR
4 6 8 10 12 14 16

WA 0.082 0.089 0.092 0.090 0.092 0.089 0.092 0.089 0.72
e 0.075 0.081 0.084 0.082 0.082 0.077 0.079 0.076 0.64
3 el 0.073 0.079 0.082 0.080 0.080 0.079 0.081 0.079 0.63
Bk 1.200 1.040 0.600 0.540 0.270 0.150 0.100 0.072 3.97
Faphr 0.240 0.220 0.140 0.085 0.042 0.026 0.015 0.009 0.79
FaE AT 0.083 0.071 0.054 0.042 0.029 0.021 0.014 0.011 0.33
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Figure 2 Ph*" adsorption effects of simulated wastewater containing lead in the presence of different substrates
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Table 4 Pb* adsorption isotherm curve equation and the related

parameters of zeolite , magnetic iron ore and gravel
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Ph(I)

% FOR W EACE - R FKF

TESE IS XA BLR I BN i 5 e — 5
— B OL T Langmuir 7575 AT LU I [ (A 1 5 B £
JRAP Y AR R, AN Langmuir S50 ff 75 A5
DI, AR Ph> e U R R oA il A7 > Rk
WA >R AT o TR TR AT LA S 2% r v i
Ph>RE B ORI A1, (H TP RE 518,
TR Z 3 BN, rR B A N TR Ak B
FEBOK R, SRR DR B A —E R A .

3 g

(1) Wb A RERRD™ A FIER AT X P> 8 W B 50 R A
U, BRI E] 92%L) I, H AR Efa S5l
W RS0 2B kA RERR T R A I R R B A
RV YN

(2)FEMA AT 25, 7KV BE hy 200 mg+ L
FEATIE ARG Ph (AL B KN R i A7 > TE R 1>
WA > Jtb> B> I Mk 2 Bk, L Rk A
AR IAS] (57KERGHEBRE) (GB 8978—
1996)(<1.0mg-L"),

(3)ZEEH B EBRRMATERE S bR , TR 2
N TIBHIAEFR R K P> B AR S 2 e R R ik A7 ]
BB A —E A

(OAMFFE LA T TLAE IR b IEDRE X 4 1 i
BREVEFE,  (ELIRZ A P A e SEDRE SR A AN > 25 %) B
TN RIS Y, A er s 5L R4 T R A R —
HA5E

Brgh A TR R THIRVIE IR 48 T SR, [R5 F)
TIRTGTIF IR B ME R TP AR A SR
FEAb R 53 9 Bl , 18—



Bk 5E.%: 6 RNRA LRI & B K P IR AT LB 645

S

(1] AR, o . P X 5 A R AR RS P BIE 9 0], I3 T 2
iz, 2010, 4(2) :373-376.

LUO He-min, CAO Guo—pu. Study on adsorption characteristics of acti—
vated carbon to leaded wastewater[J]. Chinese Journal of Environmental
Engineering, 2010, 4(2) :373-376.

[2] 220, R4 0, BeAeisl. IR IO A B RR M 5 B K (D). ABE T
FE2AR, 2007, 1(11):51-54.

LI Zhong—guo, LI Jin—hui, DUAN Hua-bo. Treatment of acidic lead -
containing wastewater by depositing together with barium salt[J]. Chi—
nese Journal of Environmental Engineering, 2007, 1(11):51-54.

[3] Kobya M, Demirbas E, Senturk E, et al. Adsorption of heavy metal ions
from aqueous solutions by activated carbon prepared from apricot stone
[J]. Bioresource Technology, 2005, 96(13):1518-1521.

[41B PR, BN, T8, 48 W MOL B R i 2 A 5 IR
IKI]. BREERLEAFSE, 2011, 24(9) - 1023-1028.

ZHAO Qing-liang, XIA Xiao—qing, WANG Guang-zhi, et al. Lead -
laden wastewater treatment with zeolite and a modified material ANJ.
SIC[]]. Research of Environmental Sciences, 2011, 24(9):1023-1028.

[5]1 % IE, Sakadevan K, Bavor J. Cd*, Cu® il Zn*%} A Tt S il ik AE
PRS2, FREERRE, 2000, 21(4):110-112.

HUANG Zheng, Sakadevan K, Bavor J. Cd**, Cu** and Zn*" influence on
denitrification in constructed wetland[J]. Environmental Science, 2000,
21(4):110-112.

[6] 235N, 2R 200, RIS, 4. 32 N#E (Canna indica Linn. ) FP52E

(Phragmites australis L. ) N T 38 HXS 55 A= 36 75 7K R SCR Kol
P A B ASARARIT]. ROV FRBER} 2222 4), 2011, 30(2) :358-365.
LI Zhi—gang, LI Su-li, MEI Li—min, et al. Chromium purification effects
on domestic wastewater and physiological changes of Canna indica Linn.
and Phragmites australis L. in constructed wetlands|J]. Journal of A gro—
Environment Science, 2011, 30(2):358-365.

[71 Yeh T Y, Chou C C, Pan C T. Heavy metal removal within pilot—scale
constructed wetlands receiving river water contaminated by confined
swine operations|J]. Desalination, 2009, 249( 1) :368-373.

[8] A M, BRI, A, 4. B0 A Tl Al A 3 15 7K S e K

BEAR BT AL PRI 224412, 2010, 29(7 ) : 1362-1368.
LI Zhi—gang, HUANG Hai-lian, LI Su-li, et al. Effects of chromium on
purification of domestic wastewater and its accumulation in constructed
wetlands[J]. Journal of A gro—Environment Science, 2010, 29(7) 1362~
1368.

(91 WrfRyL. X A%, M W, S bR EE 4 JE KO IR P i R
TELE T REE R AR )] BREERL, 2011, 32(4) 1 1202-1209.

JIN Zhen—jiang, LIU Jie, XIAO Yu, et al. Spatial difference of microbial
community structure and enzyme activity in constructed wetlands re —
celving wastewater containing heavy metals[J]. Environmental Science,
2011, 32(4):1202-12009.

[10] Park N, Kim J H, Cho J. Organic matter, anion, and metal wastewater
treatment in Damyang surface —flow constructed wetlands in Korea[J].
Ecological Engineering, 2008, 32(1):68-71.

[U1] I sdsiss, BAREER, WS EE, 55, TEM T i AL I 3R Seid L Y R R KL
JSLAIBIFSELT]. B AE S0, 1992, 3(2):190-194.

YE Zhi-hong, CHEN Gui-zhu, LAN Chong—yu, et al. Effect of treating
Pb/Zn mine wastewater with typha latifolia purification pond system][J].
Chinese Journal of Appllied Ecology, 1992,3(2):190-194.

(21 #0308, I, Al R, 45, A TR A0 AL VAR 42 2 K 1

RUEEAMITLIL 42358127, 2001, 20(4) : 16-19.
ZHAO Wen-rui, YANG Bing, ZHU Xin-min, et al. The stability of
constructed wetland in treating heavy metal wastewater released from a
Pb/Zn mine at Fankou of Guangdong Province[J]. Ecologic Science,
2001,20(4):16-19.

[I3] BRI, AL, 3 ¥, 55, S0 A N TR M S HE K B4k PR
WEFEL]. TolkkAb3E, 2012, 32(2) :41-43.

CAO You-ming, ZHU Qi-hong, DAI Tao, et al. Study on the effect of
phnom penh ophiopogon artificial wetlands on the treatment of lead -
bearing wastewater|J]. Industrial Water Treatment, 2012, 32( 2).41-43.

(14 G, FVERHT. 25 L A T35 e Tl Bk b g PRI, 1
JHAEA 24, 2002, 13(2) :224-228.

JI Guo—dong, SUN Tie—heng, LI Shun. Constructed wetland and tis ap—
plication for industrial wastewater treatment[J|. Chinese Journal of Ap—
plied Ecology, 2002, 13(2):224-228.

[IS)ARBRTE, i 52, %8 Al A IR R LR BRI, 57K
%, 2008(10 ) : 37-40.

ZHU Tie—qun, XIE Meng, YUAN Hang. Substrates in constructed wet—
lands and its decontamination mechanism[]J]. Water Saving Irrigation,
2008(10):37-40.

[16] A= [EDFr, BERE 0%, AP, 55, pH X REAE IR 30 B 0 4 v 52
()], FREERLEMFST, 2009, 22(11): 1329-1333.

LI Guo—xin, XUE Pei—ying, LI Qing—zhao, et al. Effect of pH on cad-
mium bio—sorption by Myriophyllum spicatum|]]. Research of Environ—
mental Sciences, 2009, 22(11):1329-1333.

(V7] AR, S I, o, 45 JURP T SR B A i s et
(4RI, PREERL, 2005, 26(1):51-55.

YUAN Dong-hai, JING Li—jie, GAO Shi—xiang, et al. Analysis on the
removal efficiency of phosphorus in some substrates used in construct—

ed wetland systems[J]. Environmental Science, 2005, 26(1):51-55.



