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Comparison of Purification Performance in Tidal Flow and Horizontal Subsurface Flow Constructed Wetlands
LU Tao', WU Shu-biao", LIU Ming-hui', JU Xin—-xin%, CHANG Yong—jiang®, CHEN Li', DONG Ren-jie'

(1.College of Engineering, China Agricultural University, Beijing 100083, China; 2.College of Water Conservancy & Civil Engineering, China
Agricultural University, Beijing 100083, China; 3.College of Agriculture and Biotechnology, China Agricultural University, Beijing 100193,
China)

Abstract: Three laboratory—scale constructed wetlands (CWs ), namely, tidal flow CW, planted and unplanted horizontal subsurface flow
CWs, were set up comparing the purification performance in this study. At the same influent concentration, the results showed that tidal flow
operation can improve the oxygen condition in the wetland bed. COD, and ammonium removal were approximately 94% and 95% in tidal
flow CW, respectively. In planted horizontal subsurface flow constructed wetland, the COD¢,, ammonium and the total nitrogen removal effi—
ciency were proven to be 76%, 49% and 51% because of the positive effect of plants. The removal efficiencies of COD,, ammonium and to—
tal nitrogen in unplanted horizontal subsurface flow constructed wetland were only 70%, 34% and 36%, respectively. Microbial activity was

! which was improved significantly in the wetlands with tidal flow operation, nearly three times to the horizontal subsurface flow

0.3 mg-g~
constructed wetlands. The microbial nitrification intensity was found to be interrelated with the ammonium removal efficiencies which
showed nitrification activity was the main way of ammonium removal. Moreover, the microbial nitrification intensity can be used as an impor—
tant indicator to reflect the ammonium removal capacity of wetlands.

Keywords: constructed wetlands; tidal flow; horizontal subsurface flow; purification performance; matrix microbial characteristic
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Table 1 Water quality of influent wastewater
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Figure 1 Schematic diagram of the experimental laboratory—scale wetlands including planted HSSFCW (a),
unplanted HSSFCW (b ) and TFCW (¢ )
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Figure 2 The dynamics of DO, ORP and pH in the influent and

effluent of the three laboratory—scale wetlands
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influent and effluent of the three laboratory—scale wetlands
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the three laboratory—scale wetlands



AV W ORI TS 2K A IR A 1623

M R RS B FeAIG , R 2.14 mg-kg'-h,
3 e

I N TR s 477 2, KRR B b 4
 CIRHRIRRY S ARE T, it 7T A AL
YR R 2 BRACR . Wa S5 i T g5 7K
AR AR RE IR T TINGE, R BRI TR TR M
KA AARE ST ot TGN TR A 2 A RE T,
REREE 2 A DL S 2 AU A LBty A, s
N T3 P B A ) SR A PR A A T i SR )
ARG B TR S PR (3R 2) o 1tk J5 2 T B
A B TS 5 15 K A ML B o i F A R
AL S SRS AR VE AN AT 430, — 7 A P A=
K S ALY RE AR, 55— s Kb
LRIk R =R~ STRUR Gt/ L (SIS - G
YIRS TR R , SRR AL R BRI, A5 )
W N LIw s b A W i i v 34 B B T KT v
WA TR (& 5), HXFCODe Hl NH;-N fy 22ty
AU RS, XA RO 11 5K 1
TN T30 PR A SR AN 2 ) T A

%2 3 MR RGHFHERMEE
Table 2 Average microbial activity in the

three laboratory—scale wetlands

PN e N IR 0.08
TCAHPI AR Tt 0.06
TR T 0.12

N TR BAT B (9 T5 G R BRACR,
IEAEAL AR ZE T 75 7K I, A L TR GE KRR
IRLTE: N 131 1k 5 % NEI DN YR8 D A ]
R BONA R BEZ AR . R AL TR 2
THUR , UG 22— SO A7 1 % | R R S L 2
B, B A AN T AR BR . Rk, 76+
MBI B K FL5 K mRATA B DI, 947 T
PR AT LGRS HB A O, Ol B AL
— MR T KA B

ARG A 4 25 P A i A i B8 5 6z
KBV R LR AR EANML A, ST LA K
FHSCPEI T A, 3 N T3 5L o A P g A A
P58 SR A R L BRACR B R F ISR R (]
7), MR KL r=0.89(P<0.05) . AAE BT RN, BAR
N TR 2 B LR AR A —, TR AR

100F R
© ST ST A

O KT
A Wity

folsd
(=)

NH:-N £B3R/%
B N
CI> (=}

[\ 3
(=)
T

(=]

0 Oil OI.2 OI.3 OI.4 OI.S OI.6
AL is E /mg - kg™ h ™!
7 HURESRRERENEXME
Figure 7 Correlativity of nitrification intensity and

ammonium removal efficiency

JBT P 2 B AT AR T L T AR ) ) W B A i)
A AR TS, (ER A B I A A A TR 32 2 A 2 U
BRIERAS o AR U A 5 B R /N 32 0 PR A SR A PR3
SO, TS SRR T RO AR TN U R A P
PR Iig A (K B, M i 7 A AR LBR . M
TE A S A DR AR AR AT T DN T30 e PR P i 1 T A
AR Z B, SRR RRECR SR TR, A
I, FEA R TN TR 75 K A PR G e, BE St AR
Wit P 1 P s JRE S T AR g o I i 2 SR Bk D 1Y
— N EH R

PaARaE ™, {0 S R O fE AR
KBRI 5% AT, HE ARG A T e
PRI AT G 2 AR B R R R R X, g — 2
AR T RIS P B A A, DT i v A T3
RARBIER . A, JOAYI K- TR I 0 bl
IR, BRI 22 | R IR W s AL B A
P PR, A A AB R L BRR B (ARAT K
PRI R R AR DR A AR R AR R R A B A
PRAIERSEE , H K A BN 2 BRI AN o8 4, il
AR Ay T M 58 2 AR IR T 58 20 ) S A AR FE
RZIR B AL B R LR, it — U 1
R AT AT RO A TR R A (i B E 3 05
A BT AU E M p AL A S AL RE D , kT A
GRS BN WS AP 18
4 g

AT WK R TIRHR , L
JCHE KRN TR A DA% AR FEAH ALK K 5
BIAEIE XTS5 Y RBRAE I EA TRV BB T

(DN T IR COD, FE A bR



1624

R S it Y 5 32 E5F 8

1 5B 94%FN 95% , KT B EL K SE TN TR b
Sy L A0 VR AL AR DX 3007 S 4 R e LR R B
RIKF] 51% ,CODe FE A LIRFEN T6%F 49% , T
KRR N T COD, A MM A LB AR
B2, 9 70% 34%F1 36% .

()Y 117 )7 AT AR AR 1 i 0 b PN R 1Y)
AL A M F A AR E D A R S U g
P W TR P TG TN 0.3 mg- g, 355
AT T IE LY 3 1%

(3) T3t 35 e ol A= A s e P88 R X6 7 114 2 L
R HA S ARG BB AE N T p R 2
Bk ) B SR SR A I AR VE T, ELBE i fb o
JEE RISy S e b S SRR R BB T 1) — A EE B A

S

[1]Brix H. How ‘green’are aquaculture, constructed wetlands and conven—
tional wastewater treatment systems?[J]. Water Science and Technology,
1999, 40(3) :45-50.

[2] Vymazal J. Cycling N. Natural and constructed wetlands: Nutrients, met—
als and management|[M]. Backhuys, 2005.

[3] Garcia J, Rousseau D P L, Morato J, et al. Contaminant removal process—
es in subsurface—flow constructed wetlands: A review[J]. Critical Re—
views in Environmental Science and Technology, 2010, 40 (7):561—
661.

[4] K-, S, DUIRZE. N TR Aa i ae )], W12, 2002, 14
(2):25-31.

CHENG Shui —ping, WU Zhen —bin, KUANG Qi —jun. Macrophytes in
artificial wetland[J]. Journal of Lake Sciences, 2002, 14(2).25-31.

[5] Zhao Y, Sun G, Allen S. Purification capacity of a highly loaded labora—
tory scale tidal flow reed bed system with effluent recirculation[J]. Sci—
ence of the Total Environment, 2004, 330(1):1-8.

[6] Brix H. Treatment of wastewater in the rhizosphere of wetland plants—the
root—zone method[J]. Water Science and Technology, 1987, 19(1-2):
107-118.

[7] Job G, Biddlestone A, Gray K. Treatment of high strength agricultural
and industrial effluents using reed bed treatment systems[J]. Chemical
Engineering Research and Design, 1991, 69(3):187-189.

[8] Sun G, Zhao Y, Allen S. Enhanced removal of organic matter and ammo—
niacal —nitrogen in a column experiment of tidal flow constructed wet—
land system[J]. Journal of Biotechnology, 2005, 115(2):189-197.

[9] Behrends L, Houke L, Bailey E, et al. Reciprocating constructed wet—
lands for treating industrial, municipal and agricultural wastewater[J].
Water Science and Technology, 2001, 34(5):399-405.

[10] Wu S, Zhang D, Austin D, et al. Evaluation of a lab—scale tidal flow
constructed wetland performance : Oxygen transfer capacity, organic
matter and ammonium removal[J|. Ecological Engineering, 2011, 37
(11):1789-1795.

[11] FE e, skatt. A TR AR P A Sl Al i B2 XS HE 5.
IERL-2A 4], 2006, 26(2) :225-229.

WANG Xiao—juan, ZHANG Rong-she. Study on intensity of microor—

ganism nitrification and denitrification in constructed wetlands[J]. Acia
Scientiae Circumstantiae, 2006, 26(2 ) :225-229.

[120 AR, XA, 2RI s, 5. FIR A T2 L AL A0S S AL st BE AT

SEL01 SRS A, 2007, 29(1) 3743,
ZHENG Ren-hong, DENG Shi-huai, LI Yuan—wei, et al. Study on in—
tensity of nitrification and denitrification in horizontal subsurface flow
constructed wetlands|J]. Environmental Pollution & Control, 2007, 29
(1):37-43.

[13] TR, TR e B, AR, LR A T FE B A P i PR Ak

AP FRIER A2, 2008, 27(2) : 7537,
XU De-fu, XU Jian—ming, LI Ying—xue. The microbial activity of the
substrates in constructed wetland and its effect on the removal of nitro—
gen from wastewater[J]. Journal of Agro—Environment Science, 2008,
27(2):753-757.

(14, 22 g, B0 B, 45 S A E A TR AL ST AL Tm AT
). BRI 5 R, 2008, 31(10) : 29-33.

HE Qi-li, LIANG Wei, HE Feng, et al. Substrate intensity of biochem—
istry action in intergrated vertical flow constructed wetland[J]. Environ—
mental Science & Technology, 2008, 31(10):29-33.

[15] Adam G, Duncan H. Development of a sensitive and rapid method for
the measurement of total microbial activity using fluorescein diacetate
(FDA) in a range of soils[J]. Soil Biology and Biochemistry, 2001, 33
(7):943-951.

[16] China E. Analysis methods for water and wastewater| M]. Beijing :
Chinese Environmental Science Press, 2002.

(7150 B Sk, W 55, % 26T H R TR M5 KAL 1R SE 6
b5 RAEAAE L. ABERL2, 2005, 26(1) :47-50.

HE Feng, WU Zhen—bin, TAO Jing, et al. Nitrification and denitrifica—
tion in the integrated vertical flow constructed wetlands[J]. Environ-
mental Science, 2005, 26(1):47-50.

(18] TR ARIGE, SRR, R T, 5. WA T T RS 7K Ak PR R

WFFE[I]. B E gL 23R, 2012, 16(6) : 110-116.
ZHANG Dong-xiao, WU Shu-biao, SONG Yu-li, et al. Wastewater pu—
rification experiment study of a lab—scale tidal flow constructed wet—
land[J). Journal of China Agricultural University, 2012, 16(6):110-
116.

[19] Hammer D A. Constructed wetlands for wastewater treatment : Munici—
pal, industrial and agricultural : CRC. 1989.

[20] Liang W, Wu Z, Cheng S, et al. Roles of substrate microorganisms and
urease activities in wastewater purification in a constructed wetland
system[J]. Ecological Engineering, 2003,21(2):191-195.

[21] Reddy K, Rao P, Jessup R. The effect of carbon mineralization on deni-
trification kinetics in mineral and organic soils[]]. Soil Science Society
of America Journal, 1982, 46(1):62-68.

[22] Brix H. Gas exchange through the soil —atmosphere interphase and
through dead culms of "phragmites australis" in a constructed reed bed
receiving domestic sewagel[J]. Water Research, 1990, 24(2 ) :259-266.

[23] Vymazal J. Constructed wetlands for wastewater treatment in Europe//
Nutrient management in agricultural watersheds: A wetlands solution[M].
2005.

[24] Wu S, Lv T, Li C, et al. Effect of nitrate on sulphur transformations de—
pending on carbon load in Laboratory—Scale Wetlands Treating Artifi—

cial SewagelJ]. Advanced Materials Research, 2012, 518:1902-1912.



