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Effect of the Subsurface Constructed Wetland Evolution into Free Surface Flow
Constructed Wetland on the Removal of Organic Matter, Nitrogen, and

Phosphor in Wastewater

WEI Ze-jun', XIE Jian-ping’, HUANG Yu-ming'

(1. Key Laboratory of Eco-environments in Three Gorges Reservoir Region, Ministry of Education, School of Chemistry and Chemical
Engineering, Southwest University, Chongqing 400715, Chinaj 2. School of Life Science, Southwest University, Chongging 400715,
China)

Abstract: Many previous studies demonstrated that the performance of the subsurface constructed wetlands ( SSCW) for wastewater
treatment was superior to that of the free flow surface constructed wetlands ( FFSCW ). However, our results indicated that the
performance of FFSCW derived from the evolution of SSCW due to clogging for COD, TOC, total nitrogen (TN), and total phosphor
(TP) removal was higher than those of SSCW with the same substrate and plant. The laboratory culture experiments were adopted to
evaluate the effect of the constructed wetland evolution on the organic matter mineralization, nitrification/denitrification as well as
removal of nitrogen and phosphor. It was shown that, after evolution of SSCW into FFSCW, the mineralization rate for organic matter
(as TOC) was 1.82 mg+h ™", and it was 1. 49 mg-h~" for SSCW. The removal efficiency for NO; was 96. 8% , and it was 58. 1% for
SSCW. The abiotic denitrification removal efficiency was 40% , and it was 28.2% for SSCW. In addition, the maximum equilibrium
adsorption capacity of the substrate after evolution for phosphor (as P) was 160 mg-kg™", and it was 140 mg-kg™' for SSCW
substrate. The organic coverage of the substrate was found to be beneficial to phosphor removal. The nitrification ability decreased after
evolution. These results suggest the important effect of constructed wetland evolution on its performance.

Key words ; subsurface constructed wetland; free surface flow constructed wetland; constructed wetland evolution; mineralization of

organic matter; nitrogen removal; phosphor removal

AR, N TARMAE —Fhi e, IRBEFE, & A XA TRHB TR B h i A UL & 8
7 H AR BE ﬁﬁi‘ﬁ”{ﬁﬁﬁtiﬁﬁﬁ*ﬁﬁxiﬂfhiﬂé Fr 3 BRI A A58 38 K WLARGE .
VBRI T A G KA B R T S, A FERTI T AR, BF9E T A TR T K217 5
Tﬁzﬂﬁk%ﬂiﬁ*,%%ﬁkﬁ%ﬁﬂ% AR MO REBIERAL R AR B R
SRR ML O T HOK 8T A AR SR Ger KB AT, hi2Z 2009 4F 28 i v 5 1 whl |,
TURLIAN B A TAR | JECASHE] B P 2 A KR 43 LA
NSRBI B T & W) B AL A DT RE R NV AE TR, N T W BE8. 2011-11-29; £iTEE: 2012-05-09
L A P T B K TR b, e ooy 72120
ML ey 0 2 R R A SR e S BuK RN WFEFE(1985 ~) B, WL S A, EEBTF 5 T Ak TG

. . . Y4 AR ,E-mail ; weizj51 @ swu. edu. cn
TR KA AR, ek s N TR Hb )25 8. 5y, # JEIRIK AR A, E-mail ; yuminghuang2000@ yahoo. com



11 4] BEFAF . WA TR K ALY | R L BR 5 3813

IR TN (D2 ) B K TR ) 7 55 1T 8 2
i HH AR S [ ph 6 T TR b, HXH A AL (COoD
TOC) . BA(TN) . B (TP) W LRI T BA
AH TR DR AR 0 P R TR b, X 5 AWF 9T 45
BARFFE B R, ARSI A M T AR S5 X
AU IE TR A BRI AR L il 5 B 3R S oY T
BURJE PN TR X A L oL se 1 | fisfh/
RAEALEE T (ALFEAE A ims ) | BRBERE S R As Je
PR ORI AT 20 BE R R RE I 22 R, R
PNRRITE: N EPORERiIR e/ D& TSN A
DU N TR B AR B Ak 4 At ds .

1 #MREFZE

1.1 ATBHSER RS

LG R G TR ALR P R KA, Hok
I EE AR A R, ANG KA R S b2 150
m®, FOR L 4y 120 m?. H AR P& 2 40 ~ 80
m’od ARG TP PR A KR DL R
b AR R, AR b R G AL 8 A FH KN Hb R
G, BB AT S AU 15 m®. R R
HE B O B BUR R HU s A R

KELE

HE AT AT 6 BUBHIKIE N 0.7 m, J5 PR
KR 0.5 m, HEURPRIARZ) 20 mm; 4% UGS
AR 1 ~2% WCHE, IAB 5 Ab 2.

15 7K 23 YU it R Tb IR 1 b A A K 2R
SRIGIH AR KA 8 A8, LAAT Uitk K 7 X385
A 8 BB, B Je At U R HE R, A0F
FEHVEE KX G2 kg v B ELAT A R SEORE (BT )
KAEY) (A1) IR Hb, 4308 A1 Fi D2 15 7K KA
R A AT T K.

1.2 JKHE R ITORHEE R 4R

BEASRFE 4 U, I E K | IR H K R 4% 3
BE bR B AR L. 7E AL, D2 BB RT . P R R
Ui 43 oK £ 24 100 ¢ HUBHEE 5 IR & 3575 Al
T b, A T O W ML JEORERE SR A S AR B R 3R
25 ~15 em AL AY/KAL)Z ; D2 REAS Ky A i %
A T R A S BRI W 1. R
w2 I B RORE AR SR, SEURE JE] ] ) B K — [R) R
8RR IR (Al ) SURMRE SR B 5 FH AL B K 45
TR FE AN B i 2, 2% IS0 00 = 4 35 9% R A
1o R sl /R R e 5 Al DA s 2 il 4R o R i e 2 R
18T A= ) TR 7
R RAER RAER

(a) Al (b) D2
1 Al, D2 BRI &R SHETE
Fig. 1 Schematic diagram of substrate sampling sites in Al and D2 wetland

1.3 LRIk

AR AR I SE 0 07 i BRI 50 ¢ SR &=
500 mL #EIEH A 350 mL FCiliE K 1. 157K 1
KM : MgSO, 10. 80 mg-L~" | FeCl, 1.63 mg-L~" |
CaCl, 25.53 mg-L~", KH,PO,0.025 g-L~', NaCl
0.051 g-L°', NH,Cl 0.19 g-L°', F 20°C 150
remin ~EIRFE IR G SR 7R IR AR b T AN [R]R]
SUBUREI E 2R (AN) | R ER A (NO; -N) 5721k
TEO0, BORERTFRE 1 h BV W 2. Ak VR 85
Fri AR O PRI W G 2, B 12 h E K&
P75 pH L, B UMY pH (HZ 8.0 245

FREAAE FH 9256 7 75 BRI S0 o SEDRHIN &S
500 mL HEFEH A, INA 350 mL Fie 57K 2. 57K 2
A : MgSO, 10. 80 mg-L.~" | FeCl, 1.63 mg-L~",
CaCl, 25.53 mg-L™', KH,PO,0.45 g-L~'  KNO,
0.577 g-L™', NaCl 0.051 g-L~', 7% %jH 0.25
g-L7'. A N, H 2% LiL 5o A7 (ORP) <0, %
Hf,F20°C 150 r-min " fEEFE R TR, W E WG
FiFR 7 d JANO, -NAE{k.  FHAHIR] 7 v R 4 BURHRE
oS T R (JE /7 0.10 ~0. 13 MPa ELIRE K
120°C LA F) K 30 min DL E, T ER &M T 5,
DT I/ LR



3814 EZ

B 3B

B RE ST ol 2B S50 5 ik FREL 50 ¢
BUEHINZE 500 mL #EEH P, iNA 350 mL P # 57K
2,F20°C 150 remin EIRFE IR PR IR, T E R
[ BRI 2 TOC S P AR B2 ORERT# 2 1 h B
THRIE 5 20 h APBER LA E Z J5 AKX 1 h(fif ORP
290 —100 mV) B EETESE 1 d K2R 3 d IHCREN
FEWE i, DB SRUE M IR AR I L.

TR B S 56 77 vk PR 50 ¢ S AeAE R 2 R
W R B DR S, 76 50°C FHE 2 b ilE 1 s
FHTSERLC R AN R W ) PERE S50, AN I Ff 55 56
J5 M 350 mL W14 M 50.9 mg-L~"AN /Y
fid 757K 1, 7F 20°C 150 r-min ™ "E IR K PR,
TSR (] JSoR AR 8 AN e BEAR Ak 5 B WG o i 46
J5 8 A 350 mL BERIUG MR Bl 14. 4 mg- L~ (35
W, Hod & MgSO, 10.80 mg-L™', FeCl, 1.63
mg-L.~" | CaCl, 25.53 mg-L~"', KNO, 0.577 g-L™",
NaCl 0.051 g-L~" | #i%ik¥ 0.25 ¢-L™". #£20°C 150
remin~EIREE R IR Y , TS [ B[] 5 R 0 o
WEEARAE. B FE RS AS PAT AR R AT A
XT R, 28 6 BRAE KA R B 2K

Al D2 @ HbAb PRACR LS00 5 2 <l sk P #E
MK T AT AT SE 8, [l — oK 1 e T iz AT 2
7 d, K g% 5. 11, 20, 26 & 38 em-d '
SIS 2 AR AR A R TG K, HE K pH TR
6.77 ~7.86 Z[A], 5 55 W2 | W& f 5l 1, COD e Ji
130. 8 mg-L ™' +50.7 mg-L~' (ZE4LTE . 7.42 ~
237.55 mg-L™"), TOC ¥ ¥ 62.98 mg-L~" +31.0
mg-L ™" (ZEfL{E 0 ~ 128.5 mg-L™"), AN ¥ J&F
25.01 mg-L™" +9.75 mg-L™' (ZE4L{E H: 5. 11 ~
41.28 mg-L™"), TN ¥ & 40.47 mg-L™" + 13.40
mg-L~" (ZE1LIEHE 7. 61 ~61.42 mg-L™") , TP ¥k J&F
3.39 mg-L™" +1.21 mg-L ™" (Z84k{E M .0.49 ~5.79
mg-L1). SRS K 7 3, 43 B AE BE 1 8
HERAEKRE. WEII H o8 pH, COD, TOC, AN,
TN f TP. SZ3esfFse ek 2010 4F 3 H ~2011 4F 3
AT 12 D H 80 RAE 4 K R EKEE 56
#t. Hod KA S em-d " HEET 7 DKL 11
em-d AT 11 HEREESRE 20 em-d T AT 12 M
WL 26 em-d ™' HEFT 20 HEK S5, 38 em-d !
AT 6 NHER LS. KRR 5 5y 13k 0] 5206 %8
frizE. Hodr, pH F 5 #E PHS-3D B pH 3122 |
ORP [ HACH 723 %] HQ20 LDO {5 . TOC &
HACH /A #] 11550 TOC-TN {ill%€ , AN, TN, TP, COD
VR bR A e

1.4 JKJRZem e

MEHL AT, D2 7K 2 i ff FH NaCl 7R Bi
05 T3 oy« T S Mk ) 7 b i ey A 7K A
A — € B S EE (A1 A1 mol+L ™" NaCl 1 L,D2
HIA 1 mol-L~" NaCl 500 mL) & Ab4HiA W5, JT R
THAE [R5 32 b K L 5% (EC) A8 4k, ELBIE
H K L FoRK E B JFOR K R k. H SR E
KB DDS-307 HL AL DL 5 32 0 i ]
YRR
1.5 HdEatr 5ER

% H Microsoft Office Excel, ORIGIN 8. 0 X447
FriE .

2 #R5itie

2.1 Al D2 J M abFRA5CR A

A HR AR K SE B TR R G h i B
AHIFE DR AR i 4 (A1, D2 1) F iy D2 12 Hb
22 2009 A 75 T I ) fE 28 3 AR B F Hi R TN
Hi, Wl SRR D2 W B R e R A4 — B[] Y
b FRASCRREAR LA AT, e A BSR4y, T AR I
12471 a(2010 4E3 H ~2011 43 ) N, D2 J %t
AHHH(COD, TOC) . AN, TN | TP (=R 17051 H
17.88.9.30,0.66,0.72.0.25 g+ (m*-d) ", i Al
JEHLXS A HLYI(COD . TOC) . AN, TN, TP ()£
g0 9k 14.71, 859, 0.77. 0.17., 0.22
g+ (m*d) "' WTLAE AR S Y F AR 2 T
(D2)XHAE LY. TN K TP (42 BRAE 11 5 T8 i 1Y
NTIRHL (AL) , A B, 722 J5 1Y A H 3R T8 T b
(D2)%F AN By BREEMR TR A TR (AL ).
RRVEE R AT T K & e S5 R R, Al
M N2 D2 A T R RS H AL b T BE R[]
25 h DU, D2 A 2.5 h s (B 2) 5 A~
i SIS A A B A 06 L B R R4 SRy Y K
FE T M P A SEBR 7K 745 B B[] (HRT) , BT 2 AT LA
A PIHHRHSEER HRT 28 35 min Z2 47, FI A
1 =24 xnV/Q" b ¢ NI HRT, n 45 MR}
FLBRE, V B AR, Q B b K . AR
AL RS HRT 2928 5 ~7 d, U] AL B HL A
T DR SRy ZE M A A R P . T AT
DL Ml F A R YOS R, AR [ R R R
M U B KRB TS R A I R B
YN T3 bk 9 5 K 45 B st Dl N0 fof b
BOR TR H AT, R RS e R
T BLGE ™ H b 38 T 0 b PN 5 U 37 D 2 AR



11 4] BEFAF . WA TR K ALY | R L BR 5 3815

B3 FERR A T 15 2 L SV ooy 1 BHAR 98 4 TR A5 S
o7 0] o T — MR AR A R A R
PO A% FE 23l HRT B4, 6575 Ye 4 1 25 Bk % 1
T, DR g3 28 I A T IR K A e TR AT
RCFLBR A (7K I S A S T, 7 3 P D 2%, TR
Vo, TR0 135 S 49y -5 100 3t 14 42 fph (s 7 2
RERARIG I, (ER I 2 BRI 5 B fa Ay, T LA
A HEIE IR SCR B, £ 22 HRT RYSEIR
ARWFFEHPIHGEH HRT AH2ZEA K (K 2) , 58] HRT
AN TR PRI M Ak A E 22 S 1 SR 2R T LA
PE— 2L AT R SR SR LIWTHE 2 B b A 1

0L,
1100
—D2
- — Al
1000 -
~ 900 |
g
Q
2wl
= 800
L |‘\
oy g
® og00b 1
! AN —— = -
I~ — === - -
600 - 7

0 100 200 300 400 500 600
B [El/min
B2 Al, D2 BHuskif i £

Fig. 2 Hydraulic residence time distributions of Aland D2
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Fig. 3 Mineralization of organic matters by Al and D2
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