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the vertical flow constructed wetland

B, K A 0.5 m*-(m?-d) ! R F 1 m®(m?-d) ! B, NOS-N A 2= B A8 b # /N, K g G fap 4k
BARE R G A AR 0 IR AR EE, BRI T R AL R N B AT, (H T R GK D) i m S BoK
I TR a5, U 505 G W ok o8 e ok B HE R SE DT R S XTNOG-N Y 25 BR AR
AR AN B USO K B e A 0.25 mP(m?d) T AN E] 1 mP(m*d)! B, 35 RGEXTNOS-N 1 L FR R
[ 15 2G5 T 1.00% F1 3.38%, X uE W 1] R 48 2 F IR -5 3 O AL U E U RE e 1 8 R 4
XINOS-N [ B, I H 2K ) g 3 R B 3 25 ORI . 3 5 RGEXTNOS-N 1 2 B F AR 241K
T25R% . ARV R, KRN T ERFERME T, 35 2G4 P05 Je P 1 L BRR
T 25 R, FEUE RN B R IEAS R, 1 NOS-N [ S BRACRFEAC . 2K g 6 A A
0.25 m*-(m?>-d) AN F] 1 m*-(m*d) " B}, 25 RGENNON LB 35 250 B4R T 2.00% i
0.89%, IXIEB A5 BT B AR ASCR R RR IS . KRR A NS 5 8] RS B2 rp ol 3 5 REEXTNOS-N

(1 23 BRI AR 5 o
23 EERALEBMISKE TN BEBRER

Wil 5 7K g o ff e AE , 3 B R G K
TN B EBREHEME 4 iR, 1 S8 RGEK
ity 0.25, 0.5 11 m*(m?d)' ST, TN
F - K BEAE T 1.25, 3.61 A15.49mgL",
SHBR RN 83.4% . 76.0% F 63.8%., 25
i R G AE K 1 i 025, 0.5 Al 1 m*(m>d) !
MIFAE T, TN A2 KRB 2k 80 T 172,
531 f16.34mg L', FIEBRERN 77.5%. 64.6%
H158.5%, 351 RGEAEK I TN 025, 0.5
AT m*(m>d)" BT, TN BYF3 H Kk E
A E T 0.89, 3.70 Ml 5.21 mgLt, SE¥ k&
Br% N 88.7% . 75.6% F 65.8%.

3E RGN TN B & B 2 AE K J1 17 faf
0.25m’ (m*-d)"' Bgm, AE&ET 0.5m™ (m*d)”

025 m’ - (m? - d) H/KH)E =l 0.5 m® - (m? - d) " ki E
O 1m? - (m? - d)y ' HKHkE = 0.25m* - (m? - d) ' LB
- 0.5 m3 . (mz . d)—lzlgjt%: e | m3 . (mz . d)—1£%$

10 100
I5R%E | 29R% 35 RG

9F ! , 190
~ sp TN | eea_o 180
2ot ! : 170 <
o ! s
E 61 : : 160 3%
B st ! ! 150 %
§ 4t X X 140 2
= 3t : I 130
E 1 1

2r i 1 120

1F : : 110

o L ) |

12345 12345 12345 0
AKFERE AL TR
B4 FERALEMITKH TN BEBRER
Fig. 4 Removal effect of TN in sewage by the vertical flow

constructed wetland



114 P45 7K T o ek R A e 1 3 N TR M R A5 7K T R KSR 5 2633

A1 m*(m*d)'s AR FE H N TR o T R . UTYE A O B A ) R 4 ST
YER ZBRis KPR R, Hb, AEYBA S A TR RS0 50%~80%, H H /K 1 6 faf B 2
b, K7 far AR BT A R F R BAR . 4K I35 0.25 m*-(m*d)” B E] 1 m*-(m*>d)™" B,
3ERGX TN B EBRR D HIEIET 19.53%. 19.05% F122.88%, 1RHL F 5% TN 12 R SUR 2Kk T
g 1 B2 M 30K o 31X B2 i T A W R 32 7K b DO R K J7 45 B8 5 1] A s i 5, 7K g 7 oy 44
KEF, SFEEALK T DO WRIE, 4K i EAEE, ZmiiEw B aAGE ), S8 TN LB
fi%; MRS HMHR 025 m*(m>d) ' B, 35RGEX INMERESHIL 1 SREM25 25 m T
5.36% F1 11.18% . 57K J3 G fif 4% K E) 1 m’-(m*d)™" IF, 35 REGEXF TN B BRI 1 15 REGEM
25 RS 2.00% F1 7.35%. DL ERESEAE SRR, AW . YRR LR R -5 SR R AR A
PR T 35 RGN TN W RBRECR, BREE KT iR, RE8eEa TR, IETERK I f
Tr AR A 0 3 P i DL ROR AR - R RO AR TR, I b e B TN B A T 47 A ok R 48R .

24 BEERALEHITISKA TP HIERYR

P S BTR BRI B, 3 o O e
ARG KH TP By R HE M. 1 52 A - 05w - (M- d) P ERE & Tme(m? - dy ERE
BiAE K 1R 025, 0.5 F 1 m*-(m>d)™" 1Y 4% 024 TSRG 41 25A% | 35R4 ;§°
R TP T KK S B T 007, — ol RS
0.09 fil 0.1 mg-L", FIILBRHKN 89.6% . 864% %, o6l : L : 170 &
W772%. 250 R G A KA A 025, S | 5 1 Z
0.5 1 1 m*(m>d)y' & T, TPHTFHmAK  E ! : o &
W4 BIAE T 008, 0.14 M 01SmgL, ¥ E | : dl 12
B LB RN 87.8% . 79.3% Fl 69.5%. 3 515 0.04 : : 110
ARGALK T Giar F9 025, 0.5 Rl 1 m’(m*d)”" fY 234 | 12345 | 12345 ‘
AT, TP B4 KR B 43 A ) T 0.08 KRR
0.09 1 0.09 mg-L™", P LBRFILF T 88.4%. 5 EERALENISKS TP WEBRYER
84.8% F1 80.4%., Fig. 5 Removal effect of TP in sewage by the vertical flow

345 R G 15k i TP By 35 I AR AE (R K g constructed wetland

BT R, B AR K 0 BT B B 25 R R AR AR AR . N TR b e T K R i o B Y 5 B 3
3F T BT . R W R S R . ARSI S, K R R AR B S A VR AR
XK, PRE N N AR JF SR, AP AR T R BRI R G N BB, IR AR % 1 SR AT £ Bk I i
i B, MK S S A EAE , S RS R G IR A R R, B MMM RREE . MK T
fif K 0.25 m* (m*d)" M 1 m*(m>d)" B, 35 RGN TP LR 25 R0 T 0.60%
H110.9%, 33Xk B A W) e 0 P e BE BT RE A8 B2 /8 RGN TP (9 L BRACR . I H 24 /K J7 17 47 42 v I 4
25 R T 5, I B A= W e N W e R B AR R 2K T 67 A SR M 25 B TP A A A e R RCR .
1 5 RS0 35 RGTE 3 MOKFI U 50F T, X TP A9 5 B SUR K BIARBE &, 3358 B IR 480 - 55 35 I il
TE TR X 2R 50 2Bk TP BSR4 55 .
25 EEARALEBHMISKPRESENY L CODit) HEBRYR

WK 6w, BEE KM kas, 3 ERGE 5 /KH COD B ZLRFAME . 1 5B RS
KR F A 0.25, 0.5 il 1 m*(m>d)" BT, HizKe COD HikE] T 3.64. 5.06 £15.80mg-L™", COD
I EBRFIRE]IT 92.1% . 89.6% 1 88.1%. 2 SR RS A /K I gy 025, 0.5F1 1 m*-(m*-d)™" 1Y
T, HkH CODE A Wk 3 T 7.22. 821 #19.73 mg'L™', COD V-2 R Fik3 T 84.5%.
83.1% M1 79.9%. 3 S BH R G AEK 1 Ffihy 025, 0.5 Fl 1 m’-(m*-d)" BT, HKk COD {4



2634 ok L B ¥ W F13 %

ik E T 2.81, 5.51 F16.07 mg' L', COD V-1 025 m’ - (m? - ) HHKHE W 0.5 m? - (e - )t K
O Im' (- HUKIKE - 025 m’ - (- d) K BRR

ZBRFIRBN T 93.8% . 88.5% F1 87.5%. o 05m - (P ERE A - (m? - AP B

3B RGN T5 KT COD HY £ BRARTEK Ty TR 25FE | 25E% |10
7 0.25 m*-(md) ' I, B K ) 6R 4y | it w0
WL X COD I KBRAIF I FIE, FHE 55 | | 1% ¢
AW, AT EAALE RO ERE S | | foo &
il TR, R RsE ES () | | jgg
IR S T R EST, K TR, A §§4-M ; ; 2
WA R, WM RBE R R o | | [
BIEA I, A TFE S A DTS YW i ke 0 s 12345 12345 °
figg 124261, 245K Sy B AL 0.25 m*-(m*-d)! B8 i 3 KRB SRV
1 m*(m*d)" B, 35 RG X COD 1 & Bk % Lk 6 BERALEBMXISKPEIENY
25 RGN RE T 9.32% 17.61%, XUl (B COD it) I EBRIR

W e FIE Pk o I TR BE % 1 5 2R 45 6 COD 1y 2= Fig. 6 Removal effect of organic matter(as COD) in sewage
R (R K R AR L A B A by the vertical flow constructed wetland

P 7R 5T 4 COD 2% 5% 8 Y 32 19 ROCRBS 3 TE W AR AR 7K g S0 I 45 00 A 20 25 AR 3s A 2 e T3 o 14
2Bk COD A AR R AR . 15 RGN 35 REGAE 3 FlOKFGAT 554 T, X COD £ BRFCRIX
B, U B R 4 - 53 7 SO AR TR0 2R 88 £ Bk COD B2 IR /0N

3 g

1) 3 BERGONT5KHNH-N [ 22 BR38F 4 7K ) s iR OB @A,  BARK ) ik 0.5 m?(m*-d)™
BRE 1 m’(m*d) ' B, KRBT XTNO-N [k bR ZpE & /K 1 i 138 K& i T, K
Fgr 0.5 m’(m*+d) " HKE 1 m’(m*d) ' B, RERREIGIE TR, R & T 025 m™(m*d) " BF A £
BRR s 3 B ARG TN B9 LBRRAE 0.25 m*(m*-d) ' iRy, B K I G B3 Rz di (%, HOR R
R K X TP WY 2 bR R AE K 1 ffef 4 0.25 m(m?-d) ' B e i, FL B 25 7K 7 67 47 194 38 i i R A
Xf COD #y 2 BrF ALK I3 5 fif o 0.25 m’-(m*-d) ' W de i, (B 32K A5 A2 i 8 A A BT . {5 7K
FE /K R b 2K PR 3 TS e i E D RO ARG e R AR , 258 3 B RIS AU T R 1Y
TR ZBRACR DL K5 IR B b b B5 K A B i, G 47K ) 54 0.5 m*(m*d) ',

2) A=y e R PR B R B, REAS R IR AR GEXTNH-NL TN, TP Al COD 9 LBRACR, H
FEAR K 3 Bes 2508 F X5 K AR NH-N. TN Al COD Hi 45 8 47 1) 5 bRk R, HiBt & 7K 7 67 fof 1) 34
K, BRFCRZEES , X5 {5 K o TP 2 BR AR 9 250 R W7 & K ) 0 8 TIROK g fafi o IR
8- 57 % A AL T BB 5 B 2 = 1 R S XFNHS-N . NOS-N #l1 TN 9 LBRACR , RURAS T RE 2 14
FREOM AL, RIESHNN LA SRR IEA A5, B AR RARIE . HEI R R, 1Rk
T I X NOS-N A 22 BRESCR AL TARAK 3 Gy, MIAEAERZK 3 S0 77 IREXENHG-N FI TN EAT B4 B R BRACR

& F X #

(1] el B, THEIZE, 55 AR 57K J) 5t N TR 2R B 2 ma 3], rh R EREEREE, 2011, 31(11): 1815-1820.
[2] ULO M, DOTRO G, EBIE Y, et al. Greenhouse gas emission in constructed wetlands for wastewater treatment: A review[J].
Ecological Engineering, 2014, 66(3): 19-35.

[3] DE ROZARI P, GREENWAY M, ELHANANDEH A. Phosphorus removal from secondary sewage and septage using sand



114 P45 7K T o ek R A e 1 3 N TR M R A5 7K T R KSR 5 2635

media amended with biochar in constructed wetland mesocosms[J]. Science of the Total Environment, 2016, 569-570: 123-
133.

[4] KASAK K, TRUU J, OSTONEN 1, et al. Biochar enhances plant growth and nutrient removal in horizontal subsurface flow
constructed wetlands[J]. Science of the Total Environment, 2018, 639: 67-74.

[5] GHOSH D, GOPAL B. Effect of hydraulic retention time on the treatment of secondary effluent in a subsurface flow
constructed wetland[J]. Ecological Engineering, 2010, 36(8): 1044-1051.

[6] SINDILARIU P D, BRINKER A, REITER R. Factors influencing the efficiency of constructed wetlands used for the treatment
of intensive trout farm effluent[J]. Ecological Engineering, 2009, 35(5): 711-722.

(7] 25, FEWEST, dERAE. SR AL B TR SBRAL. DRRCR AR [I]. BREE TR, 2016, 10(2): 637-642.

[8] PROCHASKA C A, ZOUBOULIS A I, ESKRIDGE K M. Performance of pilot-scale vertical-flow constructed wetlands, as
affected by season, substrate, hydraulic load and frequency of application of simulated urban sewage[J]. Ecological
Engineering, 2007, 31(1): 57-66.

[9] PANUVATVANICH A, KOOTTATEP T, KONE D. Hydraulic behaviour of vertical-flow constructed wetland under different
operating conditions[J]. Environmental Technology, 2009, 30(10): 1031-1040.

[10] CHAN K Y, VAN ZWIETEN L, MESZAROS 1, et al. Agronomic values of greenwaste biochar as a soil amendment[J].
Australian Journal of Soil Research, 2007, 45(8): 629.

0] SRHES, W42, Bk, A5, B O IR LA B K ™ SRAE B R B Z R R [J]. Al TR, 2015, 31(9): 235-241.

(12] BEardy, VMR R, M8, 55, AP RP2E 57K ) fr e AT 25 BT M0 S AR D). P95 T RE2412, 2016, 10(6): 2975-
2980.

[13] MOLLE P, LIENARD A, GRASMICK A, et al. Effect of reeds and feeding operations on hydraulic behaviour of vertical flow
constructed wetlands under hydraulic overloads[J]. Water Research, 2006, 40(3): 606-612.

[14] ROUSSEAU D P, VANROLLEGHEM P A, DE P N. Model-based design of horizontal subsurface flow constructed treatment
wetlands: A review[J]. Water Research, 2004, 38(6): 1484-1493.

(15 BEAZ, PRih, SRAA, 55, BRIGAN SEIERE N TR0 AT HE R[], /K AL B R, 2018, 44(1): 13-16.

[16] LIN Y F, JING S R, LEE D Y, et al. Nitrate removal from groundwater using constructed wetlands under various hydraulic
loading rates[J]. Bioresource Technology, 2008, 99(16): 7504-7513.

[17] ZHANG C, YIN Q, WEN Y, et al. Enhanced nitrate removal in self-supplying carbon source constructed wetlands treating
secondary effluent: The roles of plants and plant fermentation broth[J]. Ecological Engineering, 2016, 91: 310-316.

(18] A, FEWEE, XUMER], 55 K ) 25X A2 6 N TR A BRI T 52 75 G /K BCR B2 A D). BREE TRE“# 4R, 2011, 5(4):
757-762.

[19] LI F, LU L, ZHENG X, et al. Enhanced nitrogen removal in constructed wetlands: Effects of dissolved oxygen and step-
feeding[J]. Bioresource Technology, 2014, 169(5): 395-402.

[20] CHANGJJ, WU S Q, DAI Y R, et al. Nitrogen removal from nitrate-laden wastewater by integrated vertical-flow constructed
wetland systems[J]. Ecological Engineering, 2013, 58(10): 192-201.

(210 3R, W27, FRAE, 4. T H N TIRHT K v s R M ek i [0, A RR#, 2016, 28(1): 114-123.


http://dx.doi.org/10.1016/j.scitotenv.2016.06.096
http://dx.doi.org/10.1016/j.scitotenv.2018.05.146
http://dx.doi.org/10.1016/j.ecoleng.2010.04.017
http://dx.doi.org/10.1016/j.ecoleng.2008.11.007
http://dx.doi.org/10.12030/j.cjee.20160220
http://dx.doi.org/10.1016/j.ecoleng.2007.05.007
http://dx.doi.org/10.1016/j.ecoleng.2007.05.007
http://dx.doi.org/10.1080/09593330903051667
http://dx.doi.org/10.1071/SR07109
http://dx.doi.org/10.11975/j.issn.1002-6819.2015.09.036
http://dx.doi.org/10.12030/j.cjee.201501132
http://dx.doi.org/10.1016/j.watres.2005.11.026
http://dx.doi.org/10.1016/j.watres.2003.12.013
http://dx.doi.org/10.1016/j.biortech.2008.02.017
http://dx.doi.org/10.1016/j.ecoleng.2016.02.039
http://dx.doi.org/10.18307/2016.0113
http://dx.doi.org/10.1016/j.scitotenv.2016.06.096
http://dx.doi.org/10.1016/j.scitotenv.2018.05.146
http://dx.doi.org/10.1016/j.ecoleng.2010.04.017
http://dx.doi.org/10.1016/j.ecoleng.2008.11.007
http://dx.doi.org/10.12030/j.cjee.20160220
http://dx.doi.org/10.1016/j.ecoleng.2007.05.007
http://dx.doi.org/10.1016/j.ecoleng.2007.05.007
http://dx.doi.org/10.1080/09593330903051667
http://dx.doi.org/10.1071/SR07109
http://dx.doi.org/10.11975/j.issn.1002-6819.2015.09.036
http://dx.doi.org/10.12030/j.cjee.201501132
http://dx.doi.org/10.1016/j.watres.2005.11.026
http://dx.doi.org/10.1016/j.watres.2003.12.013
http://dx.doi.org/10.1016/j.biortech.2008.02.017
http://dx.doi.org/10.1016/j.ecoleng.2016.02.039
http://dx.doi.org/10.18307/2016.0113

2636 ok L OB ¥ M F13 %

[22] BOJCEVSKA H, TONDERSKI K. Impact of loads, season and plant species on the performance of a tropical constructed
wetland polishing effluent from sugar factory stabilization ponds[J]. Ecological Engineering, 2007, 29(1): 66-76.

[23] YU S, SUN P, ZHENG W, et al. The effect of COD loading on the granule-based enhanced biological phosphorus removal
system and the recoverability[J]. Bioresource Technology, 2014, 171(1): 80-87.

[24] SRIEHT, SRR, MLAAE, 55, ASIRIZK ) B s S0 vk i A 3 b 9 85 e M A% AL S R [ 0], 3R 85E 35 YL 5 B IR, 2018,
40(7): 748-754.

[25] ZE0, Fa4. N TR A& RG05 Y ny bR R[], Tolk/KALEE, 2016, 36(7): 22-25.

[26] AVILA C, MATAMOROS V, REYESCONTRERAS C, et al. Attenuation of emerging organic contaminants in a hybrid
constructed wetland system under different hydraulic loading rates and their associated toxicological effects in wastewater[J].
Science of the Total Environment, 2014, 470-471(2): 1272-1280.

(O Lo i 2 W50, W R, AR BE A )

Effect of hydraulic loading on the degradation of the simulated tail water from

wastewater treatment plant by improved vertical flow constructed wetland

SUN Yaping', ZHOU Pincheng', YUAN Minzhong?, WANG Yuechang®, CUI Lihua""

1. College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China
2. Guangdong Environmental Protection Engineering Research and Design Institute Co. Ltd., Cuangzhou 510635, China
3. Beijing Yuanlangchao Ecological Construction Co. Ltd., Beijing 100012, China

*Corresponding author, E-mail: lihcui@scau.edu.cn

Abstract To study the optimal hydraulic loading of improved vertical flow constructed wetland (VFCW)
degrading the simulated tail water in wastewater treatment plant, three improved VFCW systems were built with
addition of biochar-activated carbon, microorganisms or biochar-activated carbon-microorganisms, respectively.
The effects of different hydraulic loading conditions (0.25, 0.5 and 1 m*-(m?-d)™") on the pollutants removal
from the simulated tail water in wastewater treatment plant were investigated. Results showed that the three
improved VFCW systems had high removal rates of NH;-N, TN, TP, and COD in the tail water of simulated
sewage plant at a low hydraulic loading of 0.25 m*-(m*-d) ™', and the removal rates progressively decreased with
the increase of hydraulic loading. The removal rate of NO;-N by these three improved VFCW systems was
higher at the hydraulic loading of 1 m’:(m*d)”', and the removal rate increased with the increase of the
hydraulic loading, while the increment of removal rate slowed down gradually. The experiment results showed
that biochar-activated carbon modification could improve the removal efficiencies of NH;-N, TN, TP and COD
in VFCW systems, even had a better removal effects for NH,-N, TN and COD at low hydraulic loadings, while
higher TP removal occurred at higher hydraulic loadings. The presence of anaerobic-heterotrophic denitrifying
bacteria could improve the removal effect of NH;-N, NO;-N and TN in VFCW system, and better improvements
were achieved for NO;-N removal occurred at higher hydraulic loadings, while for NH,-N and TN removal at
lower hydraulic loadings. Comprehensive consideration of the simultaneous removal of various pollutants,
0.5 m’-(m*-d)"' was recommended as the optimal hydraulic loading for the three improved VFCW systems.

Keywords vertical flow constructed wetland; hydraulic load; biochar; heterotrophic denitrifying bacteria
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