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The Compound Artificial Wetland and Its Application in
Treating Wastewater in Small Cities and Towns

HE Qiang., WAN Jie , ZHAI Jun, LIANG Jian-jun
(Key Laboratory of Three Gorges Reservoir Region’ s Eco-Environment. Ministry of Education. Chongqing University,

Chongqing 400045, P. R. China)

Abstract: A technology of wastewater treatment-compound artificial wetland was developed in connection
with the characteristics of water pollution in small cities and towns in China. That compound system was
composed of vertical baffled wetland filter under anaerobic conditions and lateral subsurface flow wetland
bed under facultative conditions. By setting up the inner back-flow system, the nature reoxygenation area
and the gravel filler with a particle size of 8~30 mm, the dissolved oxygen(DQO) division in the system was
achieved with the optimization of the flow pattern and the increase of treatment efficiency. The application
results indicated that, under the conditions that the water flow rate was 300~450 m®*/d, COD, NH, —N
and TP concentration of the inffluent were 60~250 mg/L, 4. 5~23 mg/L and 1. 5~8 mg/L respectively.
And these values of the effluent were 20~30 mg/L, 2~4 mg/L and 0. 3~0.5 mg/L respectively at low
temperature and could fall below 30 mg/L, 4 mg/L and 0. 43 mg/L at normal temperature.

Key words: wastewater treatment; vertical baffled wetland; lateral subsurface flow wetland; small city

o /NGB T K A B O A AE K B K BT ZE BUKCEASAGE Y . N T 5 3 5E AL AR AL 1 3 K Ak
TAACTER AZ I P B RN R KB 7 BRI IS 47 A (128 17 88 BRI S5 WL AR 25 5
B2 Y i = A5 AR GETs KA BT /N T LA R A A D (R A A o T B B B O
FMRBOR B A S AT RIRACE RE REERF WA RS R IR X s

WA B :2009-04-16
K AR B AR E R AR B (2003-MOC-NGGP-03) ; B 88 45 75 HE 284121 351 H (SWITCHO018530)
A & R A A5 (1965-) , 59, 208 1 E 2 SR /K5 Y 3 5% - (E-mail) hq0980@ 126. com,

http://gks.cqu.edu.cn



% 5 AT

BEAABAIBALLEPWATFTRALE P LR 123

AR T N TR Z N H . iz kR
A BN TN 1« A 9 Y6 e 8t —+ 000 ) 9 A 0 MR 75
KA R 88 (& W& RS . Z1.200510057047. 2) , i
TE VT4 ) A DR SR PR B 11 58 ) 7 3 14 b i b
b 3 Ch ) A8 A 55 1% 0 1o 8 IR R 2H L IEE Y
3 R 4 (i v B3 1 /K IR 326 FED L B AR AR 4 DX AS [
G C R A OB 7R TOVE 58 WAL BB T I A B T L 3
FRENERAA X T T4 % N TR R
G AL B RE IR B Ptk TI5 KA 18 m T %
FH R W B T N T i A9 75 7K A B R [ s
REARG T o b v B D/ 3 L Ol B T R 2R I AT K R
B RARCAREN . HENZEOR C b EAE B AR £
TR 51 A T 3/ INSRATL 75 K AL B R 28 T R

1 EAHARALEBHRILY

G TN T el ] 7 O 3 4 D 3 A
AN ) R I 96 PR 2B, FE LR T AR A 1 B

=

=

-
=

® @00 @@ ® XK
Ot TLvEs QU T
OMERRE  @HAERK

A1 RAILAETER

1.1 BddriiiEi

B PR th 2 % (— M 5~6 %) T H
T b 2 8, 0 M VSR TR B - 5% B R — R
BB R ] P s IR AR B K IE . Y5 KDL b
YT T R P HE AT BRER T 5K R
fp 3, SRR T A R W A K G B T b i SEURE R
S T R B A I 35 K AE IR R B A P i VE
T R A KRR R JE AL T G S8R 2 A 1)
TR R UE — A5 A PR AR R R 1. TR S 2
0.8~1.2 m ¥ WY R A1 EORL, JF 76 3% 1 % b 38 7K Af
Y. BORPRIARE Bl 8~30 mm, BRAE /M E . B
1 000 2 B AN 18 R B e 5 5 R AR B E I X
K IR A2 R 20 ~30 mm Y B A7, 3L 3 T R AR Rk
Y, RS LR TS BE . BT KT BRI 1T AL
R I S =R Il LTS b B ¥ S SR/ N Ga s/
i R ) W OS5 VE T AT LA 25 B 30 % 22 44 9 COD,

15207841 NH —NL20 % &8 45 11 TP, 5 H & 261
WEFE A o 8 1] T U T A 45 4 R R N 2
FR

B2 HprskIal

1.2 fi@#iEl

A i) 5 T b DR 22 G 2 ) T P 000 v R 1
iR R B AR S A DX 2 s 000 1) 0 A R PN 1A
EVAT S Y S B AR L R R A A5 8] 43 B S S B 1 K
T VA T CREAS 7K Ve TE B3 B A — IR e
TE v 2B SRR A W R SEDRL L R R K AR AR A L AT DL
AR B0 A FE K DX B A R 2 g
MRS —ZBHIRZ Ml HARE AKX AME. AR
SAEX S — 7K 1 K 2 52 488 S K ARV OB IR
JERESA 3~10 mm [ 25 2K 2 . LUK K I 5 %5
A o T AR o s b AR T K A BOPE T AT
i TAE G IR R G A AR R IR R . 2 B A
RAXEEK R 5~8 m, ] 75 7K v I fif S N
0 mg/L{g &% 3 mg/L 47, Kl 3 HARKEHR
O ALK 7K it P T i A R 1 S o ) B

— =5.794 2Ln(x)-2.404 4 @

800 y=3. & n(x)-2.
= o R'=0.9523
= 600 d
0
E 5.00 %
= 4.00 /K 72 JEE2 ~ 3 mm
= 300
2 oo PV hd

’ k4

1.00

0.00

0 1 2 3 4 5 6 7

XK E m
B3 FMAMARIARKELTL

E T 0 i) O R SRR R ) A R (0. 2~
0.5 m) , AR X S FE R W) AR ZR 193 B9 A 4 1
AR LM — SRR E A RE ARG
fif A REDRUETE 0. 5~1.5 mg/L WYE N . BEA AL T
T R R SRR A S AT LA B4 v RO 2 T RN AR X 1
WA S, KR & EYAENE. misK) LR
IEATECHE A3 AT AT 0 0 1] VR A b DR 5 A SEORL 1 3
U R T Bl 2 % A AR R A A S A L BT A S B
40 % 2247 1) COD, 35 % A 47 1) NHY — N 3550 A2 4
(1 TP, 5 g B RUFFE A o 0] 1) 385 70 0 s 1Y
ity B EAE 4 s

http://gks.cqu.edu.cn



124 P REFHR YL KB LTE

% 31 %

i
Hokok| B

ik

B4 MeHRETal

2 RitF kS AHK

T U 0 b U 4 e = H P S B i AT RO,
HRANATREE 450, ZIB g — Rk h 2
L BES R 2 5. AT b 8 ) I A i A
BTN B SR IS L AT DAk s o — 2 AT R
(— RS R 10~15 &), &1 B 5 i\ T H
I KETT,

0] e V5 A D MR 4% B e H P Y R R AT
WoRR LT gifmp s . K& 24, f
BN IR G0 78 3 7K 5 e vk B 450 o a0 4 2R Rl
AR AT LUJE 20 4 P4 181900 28 48« R 348 20 M 1) 7 3t
T b 1) K TED R 2 AT R M R, 5 RS K — A A
Yronie . H B3 B — e 100 %6 ~ 200 %0 #E 1T %
e 7oh ARE A XA —IK K Z & E . 3%
T A LB — 8/ NR A DA IOk i 5 2
b2 .

2 PO Y 3 S BT S 8 A W R Nk K Oy
Kk 1 PR

A1 Eh A K AR X

Y| Prowwa 00 v
KA GfG/(m® e m=2 «d™ D) 1.5~3 0.5~1.0
HRT/h §~15 15~30
HHLHA kgBOD/ (104 « m? « d=1)  750~850 200~250
Bt KB/ m 1.0~1.4 0.3~0.5
Kk /m 0.3/k4 0.07/) 8
H A R PNV
K7 = LR K M2 kK

LI T ST R WL 2 I b T AR Y B 2 2 AT LA

M A 7K T s BEAT T SRS SR T A BIL A A A
Eo NN

A =Q/q @)

N =Q(C, —C)/A (2)

Horp: A DB E AL m* 5 Q Sy it i . m?/d;

q AR, m*/(m® ) Co APEKUTE . g/15C,

A HOKHIE s /1 N AL . kg/(m” » d)
3 BAAR

FUAT 252 6 BN TR 3 50R B 27 1914 I3
L 37 3 0 5% DX S5 T VE DK L B AR S e X
DUt Bt el - B T K ) VIR R X = & 875K
T AR P R Bl 2 LR X 5K )T AE T H AR
SR RE L B R PR bR N2 2 FTR 5

k2 IBIZHRZFIHF

T H Bl

G LSRR/ (m? e m™F + d71) 2~4
B/ (76 +m ™2« d7 D) 0.15~0. 25
BB A/ (GE + m™) 0.08~0.15

N GER/ N 1~2

PAVY 148 ¢ 1L 3 3 380 XS5 IXBE S 95 K T 7
2007 4 4 Zx i 1Y 2 17 Bl B IR B T R AR O I X
DL i el — O B A 5 K AR BT 7E 2008 AFFE R T
Y IB AT A A 2 N R b R G 0 S ROR
301 W B RN EERRFERE L TR

25K BE 2 000 m’ /d, b Ah DY 1|48
LI A P L v T, BRIV K 2 668 m, Iy
B 3 300 mL O EHMEIR 2 944 m, NS fEE T
i D XK Il e B L A S AR P R 10,7 °C L 12
H¥E¥SME N 3.7 °C.7 HEYRE AN 15.9 C. &
T 25 A& ZE RN B T REAR 2 — 8 C L1 L KA
WAk 10 C Lk,

FE A ZEAIG IR B 9 T A TR IR 2 K R
/NAX 300~400 m*/d 7245, 3 Bl 2 AR L CREAN T
KA 7 HiR ) L K Ty 45 B i [a) 2 24 b, oK D 1R
fif 5 0.49(m*/m* « &), FEBx (5 AR FR A 2 m*/m*/
d, PRzt 8UdE A aniE 5— B 7 Fin

200 490
180 | |
o160 [ ?8 g
=140 f |
L 120 160 %
= 100 | 50 &
- 80 118 H
2 60fF_ .. __._. 13
SR SN o T b
2 F H 10

o1
(=} vy N o o [=)} v
b L N N — — i
g o e =
b

(=]

i i)
—e— ik —a— ik

— - YAk —o— KbREK

B S5 f&&TF COD Xrha R

http://gks.cqu.edu.cn



% 5 AT

BEAABAIBALLEPWATFTRALE P LR 125

100
1 90
1 80
70
i1 60
1 50
1 40
1 30
120
110
0

i&l%%/“ll

NH4*-N/ (mg+ L")

—a— K

—o—LBR#

—a—jliK
— - — - —ZFAbRUE

B 6 f&i%F NHf —N Xk

4 100
35 | |
=30 3
=os | >
¥ o2l &
<15 g
=R
05 f—-
o 0
S 2 8§ 8 2 2 17
S
I [
—m— K —a— K
— - — - AR — Y BhiiE
A7 k& T TP £k R
AR IR A3 7K K B AR E | 32 3F 7KK BT iRl

/INe 7K COD ZREE I 3L A FE 20~30 mg/L Z 1], fix
e 40 mg/ L, 4% COD b BEERAE 0% L b I ik
) 87 % ; th /K R AL ALIE B SEATE 2~4 mg/L Z ], i
FRIE 3. 57 mg/L, & FE & A A B R B sh i KL TE
50% ~80% Z I8) . b B E 7K Mk BE I Bh B KL K
FERAR AR E P B BRRAE 740 D b RIR &
PEF TS B3 22 . 183 b 10096 ZE K 7K Fy 45 83 B
] 25 40 h, H K 8 AT A B COBATS K AL B TS Y )
HEBCRRE ) (GB 18918—2002) — 4% A F7ifE .
3.2 TROTHELFER N BB BH—E K7 K

s

ZAE KT IR R ALY 500 m*/d, i Bl
1000 m®/d, i FHEEKFIRX ,FFHSHE 18 °C
A A ERARRIR Y 6~8 C.HEFHKIA,7.8
AR ESSEBAE 35 CL b, WA E RS
41.9 C, Zi5K ) T8 xF X P i AR 3% 5 K kAT
TR Ab B 8] P T ) XV R L 2 A R0 aE I b vk, S
LT Bl DX A 3 1 7K 2 HE RS 28 R A B bR X AR 3
2 $h R85 RO DEAG PR 48 0% 5 AT B L,

TE 7750 A % X K i g 5T, 2 400~
450 m®/d, & K F7 15 B i () 29 34 h, JK J7 B far 0. 27
(m*/m’ « &), 3R FEH 3.6 m*/m °/d, SLBRIEFT
s an & 8— & 10 i

300 100
1 90
250 [0 902000 0-00] 1/

200 M 70
1 60

150 | 150
140
100 | 1130

S == == 120

A aha kA 4 kA 10
0 llllllllllll

s} [i1]
— B K KR
= = - = —YAfR —O— KRR

KR/ %

COD/ (mg- L)

B8 #iETF COD krkaR

20 100

18 |, 190
16 - 80
141 70
12 460
10 g

50
— 140
6f 130

NH4"-N/ (mg - L")
oo
LBRF/%

[
— ik —A&— Kk
______ HARRHE—O— L%

B9 %&TFNHf—NXrkxR

6 100
90

~ S 80
Dol 70 =
& 60 3t
E 3t 50 &
= 140
£ 2r 130

i |

0

—— K —h— K
-GBERIE — - — - — —ZARIE
—O0— L%

B0 FET TP kAR

BT L K G Y Tk B A AL AN R AR
K X2 PR R AE I Bl XA 75 7K 3 R PR ARl R N
HhCs L DL 3l B 1 2 T T K s KR IR R B — .
K COD #1 NH, — N # E 4 #5fa . s 25,
COD A H K £ 5 7E 30 mg/L LA - &4 WL kb
PHRIEARPERIE 85 LA b e ik #) 91. 7%, 847
ek 2 BA AN EBRELE 0% L B, FHE
T6 %A . T Ah s K RV S 4 7E 3. 27 mg/L
A e (A 5. 21 mg/L, KBRBAE 800 ~926 2
6] . 4E7K B Mk B o T 5 mg/L, 7K 71 45 B i [
34 hif &1, K TP ¥ B ] 35 3 Ol 415 /K Ak 7
J95 Y HE RAR ME ) (GB 18918 — 2002) — 2% B %
WE . ETT I R ZE L [ b 100 %, I 48 KK Sy 50 88
A, pE RS TP W BE VT 38— 20 A driE . 1 B M & 4E
YRR TP AR A B4R S, EHY

http://gks.cqu.edu.cn



126 P REFHR YL KB LTE

% 31 %

AR B S - RE K R B R A BT R L (E
HH K Y S v R AR HE R AR E L AT 0. 43 mg/ L

4 5% b

1) 1 i) 7 i 4 b, 08 b 5 18 AR AR DX VR O I
KA A - 2N TR RGN TE I T IR A I R sC B
F A P R85« 3 v T SEURE SR DX PN A A L A
TR RE S A AL A L Ak TS N T
MR A R ER . BTSSR E W AR K &
9 300~450 m’/d, #EKHEE COD.NH, —N K& TP
Syl 60~250 mg/L.4.5~23 mg/L.,1.5~8 mg/
L B0 F AR 7k b CODCNH, —N & TP #y
e BE 4> W AE 20 ~30 mg/L.2~4 mg/L.0.3~0.5
mg/L Z ] # ik b CODNH; —N K TP )k
BE 43 SIMK T 30 mg/L.4 mg/L.0.43 mg/L, i/
FAW TG KA B 15 e Wy HE bR fE ) (GB 18918 —
2002) [ —2 A Frife.

2) 38 1k 7 B i) T T b Y08 15 S 9 A0 A
T VS 9L Y Ml PR 15 T ST TR B 3 L 3G I T V5 K R R b p
P AT R S Rt 25 ) 6 O e KR B b T R T A%
S5V N R G R A AE BB K X . 53 Ak, P L
RGN UE PRIE T e B K B KK

B Lk

(1] F/008, Bl 5 N TIRHE KA FRE R R ILAE T F &
JE M BLRFATF LT . s A= R . 2004,23(1) ¢ 22-29.
WANG SHAO-PENG, WANG HAI-XIA, et al.
Treatment technology of wastewater using constructed
wetland and its present status and future prospects in
China[ J]. Progress In Geography. 2004,23(1); 22-29.

L2 R, BAA AT M5 KA BN 5 BF 5T i
(1. KAk B AR . 2008,34(8) :5-8
WU SHU-BIAO, DONG REN-JIE. The application
and research progress of constructed wetland for
wastewater treatment [ J ]. Technology of Water

Treatment, 2008,34(8) :5-8.

MESIHE RS R IE. R BB IR N LR g L 2

K ah M A B9 (1], FRBER} 22 ,2008,29(8) : 2166-2171.

YE JIAN-FENG, XU ZU-XIN, LI HUAI-ZHENG.

Dynamic rule of organic matter removal in vertical-flow

[3

L

constructed wetland[ J]. Environmental Science, 2008,
29(8): 2166-2171.

[ 4] BR8E, THER, #EE [, 5. B854 PR A T
ARSI FELT ). BREERH# 2006, 27(10): 2009-2013.
YANG LU, WANG SHI-HE, LUO WEI-GUO, et al.
Study on the oxygen condition in subsurface flow
wetlands in operation [ J |. Environmental Science,
2006,27(10): 2009-2013.

[ 5 JJEREMY F, DORIN B, KELLY A R, et al. Nitrogen

removal from domestic wastewater using the marshland

upwelling system[]]. Ecological Engineering, 2006, 27
(1). 22-36.

[ 6 ] VARIGA S, CHONGRAK P. Nitrogen mass balance
and microbial analysis of constructed wetlands treating
municipal landfill leachate[ J]. Bioresource Technology,
2007, 98(3): 565-570.

[ 7] CHRISTINA V, REIMO A, KASPAR N, et al
Dynamics of phosphorus, nitrogen and carbon removal
in a horizontal subsurface flow constructed wetland[ ] ].
Science of the Total Environment, 2007,380: 66-74.

[ 8 JJOSEPH K, FRANK K, GUNNEL D. Nitrogen and
phosphorus removal in substrate-free pilot constructed
wetlands with horizontal surface flow in ugandal[]].
Water, Air & Soil Pollution,2005,7(1-4) ;37-59.

L9 1B, 3R AN T 255 ML A L N 41 i FH B

ROV AKAE PR A ,2007,33(2) : 9-13.
TANG XIAN-QIANG, HUANG SUI-LIANG. Mech-
anisms of pollutant removal in constructed wetlands and
their applications both at home and abroad [ ] ].
Technology of Water Treatment, 2007,33(2): 9-13.

Cro] f %A X2 b2k 5. AN TR A S A X R

WroElT]. BREERL 2 .2006 .27 (6) :1083-1087.
HE LIAN-SHENG, LIU HONG-LIANG, XI BEI-
DOU, et al. Relationship between the nitrogen removal
and oxygen demand in constructed wetlands [ J ].
Environmental Science, 2006,27 (6) :1083-1087.

[11] Jing Shuh Ren, Lin Ying Feng. Seasonal effect on
ammonia nitrogen removal by constructed wetlands
treating polluted river water in southern Taiwan[]].
Environmental Pollution, 2004,127.:291-301.

[12] AWMAYO, JMUTAMBA. Effect of HRT on nitrogen
removal in a coupled HRP and unplanted surface flow
gravel bed constructed wetland [ J ]. Physics and
Chemistry of the Earth,2004,29(15); 1253-1257.

[13] Z=ifE B, ok, o2 9522, 4. P AN iR i5 KA B R 458 T
TR G S R LT . B8 AR 4 AL 4%, 2009, 35
(1) 42-44.

LT XIONG-YONG, ZHANG  FAN, YUAN
YINGLAN, et al. Discussion on technical keys in
designing artificial wetlands wastewater treatment[]].
Environmental Protection Science, 2009,35(1); 42-44.

Cla] fapsm, 2290 3= 848, iR A 30 T s b 3 R b [ X
T KM T2 A 457K HEK 2009,25(8) » 52-54.
HE QIANG, LI JIN-FENG, ZHAI JUN. New-type
compound constructed wetland for treatment of
agricultural park wastewater [ J ]. China Water &
Wastewater, 2009,25(8): 52-54.

C15] F A A, 1 9 S0, 70 Ll 3 ity 30 B0 Kk A 3 ) D
B0, P E A KHEK . 2006,22(2) ¢ 39 -42.

ZHAI JUN, HE QIANG, XIAO HAI-WEN. Design
for lugu lake wastewater treatment plant project in
Liangshan prefecture[J]. China Water & Wastewater,
2006,22(2) .39 -42.

(%% 3 %

http://gks.cqu.edu.cn



