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Abstract: The removal efficiencies of different pollutants in subsurface flow constructed wetland (SSFW),
surface flow constructed wetland (SFW) and combination flow constructed wetland(CFW) treating sewage
plant effluent were comparatively analysed. The results were analyzed by using a reaction kinetics model. It
is shown that COD, TN, TP are more effectively removed in SSFW than in other two types of wetland,
and the kinetic constants are 0. 29, 0. 20, 0. 28 m/d respectively. The SFW has higher removal rate on
ammonia and the kinetic constant is 0. 12 m/d. Temperature change greatly affects the kinetic constants of
ammonia and total nitrogen removal reaction, whilst the influence on COD and TP are not significant. The
pollutants removal efficiencies decrease greatly with the increase of hydraulic loading and areal loading. The
increment of areal removal mass is reduced with the increase of areal loading in three types of wetland. It is
strongly recommended that the constructed wetland be operated on low pollutants loading condition.
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0.48 18.6 28.3 20.9 47. 19.4 40. 3 0.31 0. 10 0.25
0.16 8.1 17.0 8.0 74, 45.9 74.5 0.22 0. 10 0.22
B 0.32 12.6 23.7 15.5 60. 24.6 50.7 0.29 0.09 0.23
0.48 16. 8 23.7 19.2 45 23.5 38.1 0.29 0.13 0.23
0.16 8.4 21.4 10.4 78. ¢ 46. 3 73.9 0.25 0. 10 0.22
C 0.32 17.1 30.6 19.4 58. 3 25.1 52.6 0.28 0.09 0.24
0. 48 21.2 32.5 24.6 49. 22.8 41.6 0.33 0.12 0.26




http://gks.cqu.edu.cn

114 T RERAE R R % 34 %
2 o4 PEEN T 0.68 g/ (' o) FTVEVAEHALA 0. 42 g/ (' +d),
03 2.3 EReEH
2 S — 3 03 10 15 R A 1 Ky SSFW > CFW
g o SEW . A £ W% HE HLR 197 2 i 5 (% 026 4.
= HELS i « m  0) X B 3 1AL SEW AT A S R AL S
Soal e * %4 {FLAR R 42 63 BLEE L2 I 1O B 5 S I
0 ] 2 SRR o 8028 . BRI W T B a0 SRR A
=0 L s 3445 At DO Jy 0. 2~0. 6 me/L I BRI
] T Sl FBRAIATE 8696 L FLT L 3 ) 2 AL
= B - - ) ] L T i85 0I5 AT BT 00 R O K o >
< o8r - . 28 ‘CIf,SSFW 1 ky b # 0. 28 m/ds /KR
% §§ ° "2:"»6‘;') 15 “CHf ko =0.116 m/d. #I R (9 0 fH Ky 1. 058, 3% &5
fgg °°o s 2 o Leverenz S5 98 45 S — 2, [A) i, V5 30 #8547 DLV 32
Rl G A 27 29 b AR 7 A ) A TS
E AR - o - ) A8 AT ) B9 6 280 47 A T 98 O
B3 NHo—N 84 i 58 £ 53 8 8 (20~25 C) B ik 5 i o B T3k 3.5 g/ (m® e DL 2 A T B IR

JIt 7S« JE AN [ 119 2 3 i it 35 3 e K 119 22 i AR

B

2L REATIE 2.7 g/ (m? - d) , 3 1A 3 3 B 98 T B
R BRI e (AR 2.1 g/ (m*+d)

3 RAERFERLRBEEFHK

HLR/ HKHBE/ (mg+ L™ 1) LR/ % ka /(med™1)
B B B _
(med™D)  gopw SFW CFW SSFW SFW CFW SSFW SFW CFW
0.16 5.0 4.5 4.4 23.0 29.7 32.0 0. 042 0.056 0. 062
A 0.32 3.4 3.1 3.5 19.2 25.5 16.0 0.068 0.094 0.056
0.48 2.7 2.4 2.7 14.3 22.9 15.4 0.074 0.125 0. 080
0.16 2.6 1.8 2.5 12.3 60.4 13.7 0.088 0.148 0. 092
B 0.32 3.1 2.4 3.2 28.4 44.1 26. 4 0.107 0.186 0. 098
0. 48 2.8 2.6 2.9 20.6 27.1 18.4 0.110 0.152 0.098
0.16 1.2 0.9 1.1 41.9 57.7 44.9 0.087 0.137 0. 095
C 0.32 0.3 0.2 0.3 15.2 31.6 23.6 0.053 0.121 0. 086
0.48 0.8 0.8 0.8 9.7 15.5 12.6 0. 049 0.081 0.065
&4 TN FmF & 5 R w % &5 8

HLR/ KRB/ (mgeL™1) LR/ % ka/(med™1)
(med"D) gopw SFW CFW SSFW SFW CFW SSFW SFW CFW
0.16 12.1 18.3 13.77 51.6 27.0 45.0 0.116 0.050 0. 096
A 0.32 8.6 11.5 10.32 12.4 22.9 30.9 0.177 0.083 0.118
0.48 9.5 11.6 10.35 34.3 19. 6 28.4 0.202 0.105 0. 160
0.16 3.3 7.0 4.89 78.0 53.7 67.6 0.242 0.123 0. 180
B 0.32 6.8 10.3 8.75 58.3 36. 8 16.1 0. 280 0.147 0.198
0.48 10.7 14.1 12. 36 41,0 22.1 31.5 0.253 0.120 0.182
0.16 1.6 9.2 6.76 73.7 47.8 61.7 0.214 0. 104 0.153
C 0.32 7.4 9.4 8. 15 41.7 25.6 35.7 0.173 0.095 0. 141
0.48 9.2 10.8 9.99 26.8 14.6 20.6 0.150 0.076 0. 111




http://gks.cqu.edu.cn

A AAEAEFATREA T FRKRELZY R Z T 115
© BT e g 3 I S X A 1 T I 2 TR SR 1 T
o 30| "= r . . NN TN U
= 25| - AT AN ELJ: 6 O T 0 85V
?;? }8 i J,v:0.7.26hu¢+0.99 TR Al ik 0. 65 g/ (m’ «d) , LALBR A7 FlIE 8 Ry 3
& 05¢ R>=0.272 N P VSN 2
Fool———— T o YL 35 B8 T B A S 0. 36 g/ (o).
E WAL A + 2 - d) T2 T P AR S (B 0. 33 g/ (m <),
T 25F
% ‘ = 08
o201 AR s AA A A A = »=0.185Inx+0.448 -"
E st fae—— G 06f R=0.603 X oam  m
2 1L0F T a E 04l
B os| A AA y=0.349Inx+0.744 )
% 0.;) 1 1 1 162:()|15l ] i?. 0.2 i L ‘I&“‘)ﬁ,
i o
= 2 4 6 8 10 =) : : . : A : |
= HR S /g - m - &) s 02 04 06 08 1 12 14
= a0r E AT /(g + m™ - d)
b 25 ot o% S =~ 05r
.E ?(S): (S ooo 5 ‘ 014: y=0.0761nx+0.221 AR "
& - o k!
5 10f %, © 7 y=0625lx+0.813 £ 03
& 05Ff R=0311 ® 02
1 0.0 1 1 1 1 =
Erf 2 4 6 8 10 « 01
= A (e m - ! i A !
ERRH - w - &) H 0702 04 06 08 1 12 14
. o , o :‘E i /(g » m™2 - d!
B4 TN @A H £ F 0 H%H(20~25C) = B g - =)
T 06
] T 05| y=00841x+02505 o HA
2.4 BReyETR T 04 L= URkR Y °
, , ) e ey L, 03
T M s 25 BR R B HLR 09 T 5 0 35 A% = 02 ,
WA 5. B AEFT I 3 FHL 00 T 2 B B 345 51 goip HIEST
H761.2% .33. 6% .37. 5% XF [ 1 ka A 0. 276, = 0204 06 08 1 1214

A /(g + m™ - d)
0.112.0. 130 m/d; i Fitk C/P=6. 6 K. 12 Hp

R B RE S 5 L B S e R R B D
FRER . T MAE BRI VR, 25 mheesx

0T BRAT R Y » DA I 7 i SR P 014 32 T 26 0L F) 25 A 158 3 10 1) S [R) 35 0 10 P B ke 1R
T AT B By 2= BR AU RS AL F 22 i i i b FEXFN 24 B K &% F Arrhenius 2 s, 158 2] 45
R U A I D 8 A TS T L R R ORI R vk i T 0 R R K ke ST B B 0,
Wi S HLR 99 0.16 m/d Bf ARFRECRPET  gnge 6 . 7675 Yoty e BB ITAS 3 R 10 3R 25
SSEW [IBRBAA I 5y 81. 790,83 626 77 700 B sy HLIR AL B 1Y BIRAF & —G8h 1% I . IR

HS5 TP &RA{MTERENY R

UM SURTENCR S C P S AL S 3 AR 2T He P A L B 1 25 I B S
A5 TP Xth &AL R ik FFH
HLR/ K B/ (mg+ L~ 1) LBRER/ % ka /(med™")
5 B Bt )

(m+d™") SSFW SFW CFW SSFW SFW CFW SSFW SFW CFW
0.16 0.38 1.07 0. 94 81.7 49,0 54.9 0.272 0.108 0.128
A 0.32 0.63 1.17 1.15 64.7 34.3 35.7 0.333 0.135 0.141
0.48 0.74 1.04 0.95 40. 9 16.7 23.6 0.253 0. 087 0.129
0.16 0.24 0. 65 0.72 83.6 55.3 50. 4 0.289 0.129 0.112
B 0.32 0.66 1.23 1.09 57.7 21.8 30. 2 0.276 0.079 0.115
0.48 1.01 1. 37 1.25 42. 4 22.0 29.2 0. 265 0.119 0.166
0.16 0. 60 1.28 1.07 7.7 52.5 60. 4 0. 240 0.119 0.148
C 0.32 1.09 1.72 1.62 54.0 27.7 31.9 0. 248 0. 104 0.123

0.48 1.26 1.85 1.91 47.7 23.3 20. 8 0.311 0.127 0.112




http://gks.cqu.edu.cn

116 P RAEHRERKRE IR % 34 &
A6 3APIRM R Bk FE R IR N
COD TN NH; —N TP
e an
ka,zo /(med™ 1) 0 kaso /(med™1) 0 ka,so /(med™ ) 0 ka,so /(med™1) 0

SSFW 0.29 N 0. 20 1. 058 0.075 1. 056 0.28 RHA
SFW 0.10 ANH 0.10 1.074 0.120 1.077 0.11 NS
CFW 0.23 AH] B 0.15 1. 048 0.081 1. 040 0.13 R

BTV EP Y0 PSS ARIE-E NIV ENES ATk NS L SN
HERTRITS: RO REE L7/ PNy €& S S (B TR i
WXt T RARBA TR EBRSCR.

AR v i E T B N T AR R i E R W
BT DTS TR0 26 1R Pl 2 00 38 3t 1o AR ]
TR SR CREBOE. HEREA R BTG Ryt
CREXGE RN CILUEE P R OSSR/ S =V - N
DR A B o HH KK BT H AR o 3t 32K IV AR L BR
PETS BP0k g TN PR SO A TN 5z oz 38 46 4K
1 224 3t 1) L S A% R T B0 v AR R SR TP
B R IATHAZ . AR BRI, 5 R s 4T
1924 36T 5 ARG th K K A IR 2 i

3 “Z®

1)3 Fofrith 789 N T30 b X 35 e 0 19 S BR AT AR A
— RN By 2 AR AL, I T SR A ) AR o R
T BN R B Reano BB RS R E B 0, LS R
AT RL R ASTR] S0 T N T3 b A 2 780 5 3 R OKS Ak 1%
et =%,

DN FA LYY R R 2 Bk T
AL T HE 2 BB, H kao 16509124 0.29,0. 20
0. 28 m/d, {H & 36 I Vi M 6 2 Y 25 BR AR T
B Hokas N 0.12 m/d,

3) U FERT N T b b 2 AN B R L BR A U Y
M) JEL v X 2 THT Y L 5 ) e R, EL IR R S e R 0
A3 1,077 F1 1L 0745 3 BE XA HLY R 8 Y 52
i AS B 2

4)3 B N 00 X 15 G W 1Y 25 BR AR X Bl 4 K
T3 ST B 1Y ORI S T B b X T e ) %) T AR
W 2k B o T AR Y B L KPS BT E B T E (R,
S /NS IR = 7 R T RS =

=24
w

=

=
n Z

o

C1 KWl S8 2. dlA N T30 0 ik B35 K Ak
TR L R BRARAE DR L], IR RL A A
iz, 2010, 30(9) . 1804-1810.
YANG Changming. MA Rui, Miyuki Yamashiro. et

al. A pilot-scale study on removal characteristics of

organic substances in municipal sewage plant effluent by

a hybrid constructed wetland [ J ]. Acta Scientiae
Circumstantiae, 2010, 30(9). 1804-1810.

[2]Wang S, Ma ], B,

characteristics of

Degradation
of

Liu et al.

secondary effluent domestic
wastewater by combined process of ozonation and
biofiltration [ ] J.
2008, 150(1): 109-114.
[ 3 ]de
Characterisation and assessment of water treatment
technologies for reuse [J]. Desalination, 2008, 218(1/

2/3): 92-104.

Journal of Hazardous Materials,

Koning J, Bixio D, Karabelas A, et al

[ 4 ] Taebi A, Droste R L. Performance of an overland flow
system for advanced treatment of wastewater plant
effluent [J]. Journal of Environmental Management,
2008, 88(4): 688-696.

(5] whsmdh . AL FLIBE. 2468 ER A TiRFikis
KT KRR LT ], I g K HEK . 2009, 25
(21): 50-52.

HAN Ruirui, YUAN
Purification of secondary effluent from WWTP by

Linjiang, KONG Haixia.
integrated vertical-flow constructed wetland [J]. China
Water & Wastewater, 2009, 25(21): 50-52.

[6] Lai D Y F, Lam K C. Phosphorus sorption by
sediments in a subtropical constructed wetland receiving
stormwater runoff [J]. Ecological Engineering. 2009,
35(5) . 735-743.

[7]Kumar J] L G, Zhao Y Q. A review on numerous

and

of

for effective, economical

LJ1
Environmental Management, 2011, 92(3): 400-406.
[ 8 I XU, T2 FRA 2%, 55, W8 I AN L0 b B /i A 25
I E AT ] Ab BRI RL A 22 4. 2011, 30(1):
166-170.
LIU Xiaona, DING Aizhong, CHENG Lirong, et al.

modeling approaches

ecological treatment wetlands Journal

Simulation of nitrogen removal in subsurface flow
constructed wetland [ J]. Journal of Agro-Environment
Science, 2011, 30(1): 166-170.

L9 J#, TR O 55 0T G O K IRK 38 i A I
Wb AL AL RE RS L) ). BB # 4, 2010, 30



http://gks.cqu.edu.cn

%44 AR F ATRBRATEREELEZGR LN T 117
(4): 768-774. [15] Zhang L, Zhang L, Liu Y, et al. Effect of limited
YANG Xu, YU Shuili, ZANG Shuying, et al. artificial aeration on constructed wetland treatment of

Efficiency of a subsurface flow constructed wetland in
pretreating a micro-polluted drinking water source [ J].
Acta Scientiae Circumstantiae, 2010, 30(4) . 768-774.

[10] Langergraber G, Giraldi D, Mena ], et al. Recent
developments in numerical modelling of subsurface flow
constructed wetlands [ J ]. Science of the Total
Environment, 2009, 407(13): 3931-3943.

[11] Ouyang Y, Luo S M, Cui L. H. Estimation of nitrogen
dynamics in a vertical-flow constructed wetland [ ] ].
Ecological Engineering, 2011, 37(3): 453-459.

[12] Trang N T D, Konnerup D, Schierup H, et al.
Kinetics of pollutant removal from domestic wastewater
in a tropical horizontal subsurface flow constructed
wetland system: Effects of hydraulic loading rate [ ]].
Ecological Engineering, 2010, 36(4): 527-535.

[13] Saeed T, Sun G. The removal of nitrogen and organics
in vertical flow wetland reactors: Predictive models
[J]. Bioresource Technology, 2011, 102 (2). 1205-
1213.

[14] Rousseau D P L, Vanrolleghem P A, de Pauw N.
Model-based design of horizontal subsurface flow
constructed treatment wetlands: a review [J]. Water

Research, 2004, 38(6): 1484-1493.

(k&% 104 )

[12] Phamte . 25 B BRI - %5, B IR R4 & 1 20 A0 3 o 8K %8

AR I WEFELT]. Tl K AL 3 ,2010,30(7) :24-27.
SUN Lihua, LI Xing, CHEN Jie, et al. Pilot study of
reservoir water treatment with high algae content by UF
combined processes [ J]. Industrial Water Treatment,
2010, 30(7) . 24-27.

[13] Bolto B, Abbt-Braum G, Dixon D, et al. Experimental
evaluation of cationic polyelectrolytes for removing natu-
ral organic matterfrom water [ J]. Water Science and
Technology, 1999, 40 (9).:71-79.

[14] Shon H K, Vigneswaran S, Kim I S, et al. The effect
of pretreatment to ultrafiltration on biologically treated

sewage effluent a detailed effluent organic matter

domestic wastewater [ J]. Desalination, 2010, 250(3):
915-920.

[16] Ong S, Uchiyama K, Inadama D, et al. Performance
evaluation of laboratory scale up-flow constructed
wetlands with different designs and emergent plants
[J]. Bioresource Technology, 2010, 101 (19). 7239-
7244,

[17] Leverenz H L, Haunschild K, Hopes G, et al. Anoxic
treatment wetlands for denitrification [ J ]. Ecological
Engineering, 2010, 36(11). 1544-1551.

(18] B30k, R I8 s Z B L 5. B 2 b A T3 b 15 7K b 2
BORB L] IR T2, 2010, 4(4): 767-770.
JIA Wenlin, WU Juan, WU Aiguo, et al. Effect of
influent C/N ratio on performance of wastewater
treatment in constructed wetlands [J]. Chinese Journal
of Environmental Engineering, 2010, 4(4); 767-770.

[19] Boutilier L, Jamieson R, Gordon R, et al. Adsorption,
sedimentation, and inactivation of E. coli within
wastewater treatment wetlands [J]. Water Research,

2009, 43(17): 4370-4380.

(4 WED)

(EfOM) characterization [ J]. Water Research, 2004,
38(17): 1933-1939.

(150 #5 E 5K PR IC - 15 . B AR G 1 A T AL 390 % 2 B85 e

YR IELT]. FRBERF % ,2008,28(10) :1981-1987.

DONG Bingzhi, ZHANG Qingyuan, FENG Jing. Influ-
ence of powered activated carbon (PAC) pretreatment
on ultrafiltration Membrane flux [J]. Acta Scientiae
Circumstantiae, 2008, 28(10):1981-1987.

[16] Schafer A 1, Schwicker U, Fisher M M, et al. Microfil-
tration of colloids and natural organic matter [J]. Journal
of Membrane Science, 2000, (7).:151-172.

(¥ AREB)



