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Fig.1 Plan sketch of experimental set
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Table 1 Water quality of inflow and analyses methods in the experiment

& b5 AL G GrHT
JKIL(C) (6.75£0.35)~(29.15+1.72) 485 2 v
pH (7.6120.10)~(7.73+0.10) YS1450 #4552 pH 11
DO 5 i (mg/L) (4.55+0.66)~(7.07+1.79) YSI550A {45 DO X
NH,—N%H(mg/L)  (0.38+0.10)~(1.35+0.11) IR LL (3%
TN & Hi(mg/L) (0.94+0.27)~(3.75+0.87) B P PR B A 56 A0 23 I B v
TP & (mg/L) (0.050+0.001)~(0.099+0.011) IR FRAN I ML AH MR 40 43 e e P v

CODy, 7 (mg/L)

(4.84+0.37)~(6.82+0.03)

e bR SR TR HOR P

5 TEREAT SURAR AT (R 3 AT p<0.1).0
2 55
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Fig.2 Removal rates of pollutants in constructed wetlands
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0.01), X 5 & AT TX NH, —N [ L B2 R %A W B %
SERA] 3% 28 W N T30 M P A8 0 B 256 TN 1 25
PR E AR . ASE R, FM AT I T
Hh 2 B TN /E AL TR R B N Tl . 34>
A T 5 45 TP A CODw, 25 B8 R i 35 2
S (p>0.05), W N T8 i 2 75 % FhoRE 4 6 25 B
TP F1 CODy 5% Wi AN K o T8 3k 43 B AH DG M f 25 7
FERT, BR N LY 11 TN £ B 5Kl 52 2%
TEA K (n=21, r=0.857, p<<0.05) &k, A T i@ Huxf H:
fih i e 2B R S5 KR A K (p>0.05).
22 ALiRHhERBPHENMEES
201047 H& 201141 H, N Ligh 25
JEZEE/NT 10 em)H B RCE DRI EE AR R I (R

2), fE N TR I b 255 rh, A R A N T i i
AR = TN TR AR e
Wi, 40 B B R B v 430 A 84% (N T Hh
1) 89%( N T3 1 2) F1 89%( N\ i Hb 3); J vk Ky ik
R, AR . SR LG, B R
2~3 MRS, AR, N TR B R p
1 A= 0 B S AR SOk R, TS )
O PRI E R I E R

3NN W R G b 258 0 i 4 v B
W2, Horp, AR 2 b 238 5 i 41 1 4
HiZ . N TR LR TR H 3 (1) |2 5L 5
v, 2 TR A R B I R T BRI sk, O HLAE A
ZEIR B AR, &= A I KT =R
Z, (R EA B 62%. AN Tigh2 F)23
SR BRI A= (4 v R LT AR R, A
ML 1 (n=21,r=0.958, p<<0.01)FI A\ L 3(n=
21,7=0.969, p<<0.01) | J22 3 it 1 (1) 41 1 o #8 5

F2 ALinit FEERPHE..EEMEEHE (cfu/g TER)

Table 2 Number of bacteri, fungi and actinomyces in top substrates of constructed wetlands (cfu/g dry substrate)

SCIGVEHL BRZEY 20104E7 ] 201048 20104E9H 20104E10H  20104E11 /] 20104E12 /) 20114E1 1
a | 2.7x10° 2.6x10° 2.7%x10° 2.3x10° 2.0x10° 1.8x10° 1.8x10°
ATl B 5.0x10° 52x10° 5.1x10° 4.1x10° 3.2x10° 22x10° 1.9x10°
&) 6.3x10° 7.6x10° 8.0x10° 6.2x10° 3.3x10° 1.1x10° 1.0x10°
44 3.1x10° 3.0x10° 3.1x10° 2.9x10° 2.9x10° 2.8x10° 2.9x10°
AT B 1.4x10° 1.3x10° 1.2x10* 9.3x10° 5.2x10° 3.4x10° 2.4x10°
e 4.5%10° 5.8x10° 6.7x10° 4.3x10° 2.2x10° 1.0x10° 1.0x10°
a0 wW 1.6x10° 1.6x10° 1.6x10° 1.2x10° 1.2x10° 0.9x10° 0.9x10°
ANT#3 B W 2.4x10° 2.5x10° 2.3x10° 2.3x10° 2.1x10° 2.0x10° 1.7x10°
& 2.6x10° 3.0x10° 3.9x10° 1.6x10° 0.9x10° 0.3x10° 0.3x10°

AR EAT B EAHCOCR, BN TR 2 B 23R
IR A B AR ) S SR AN A O (n=21, 1=0.698 , p>
0.05).

BTN AR L b i AR . A
3IMANT RGP, N Tt 2 E2ZIEFh R
HHERZ AN TR R R S
HoEZ T oMY, TR b 2L
TL A A B A 2 AR AR, X 5 AT R )
s 1107 O 1 SN 73510 7 1 NG O3 A 0 =2 Y S - N
PR S KR AR R B 3 IR OGO R, A S R B
#HART 0.9, Hp<<0.01. L5415 F1ECH L, M
T b S TR R B A TS R, (AN [
PR R W AR R 3N LR R
(e 3AN N TRl b 22 3 b () i 2 v B L AT

W 72 7 (p<<0.01); JB0 £k B A it o 7K il 1) A4S
BT T HAE ATk B EAR, ik w0 5 K
U 5 IEAH KOG R (p<<0.01), AH I R EL I3 il Ay
0.943( A\ Tt 1), 0.910( A\ T ¥ 3 2) A1 0.891( A
TR 3).

N TR RIS (5L RE /N T 40 em) AR
YIFBERCE R 3 . 2 3 a4, viidh R 2k
TR AR R R AR AR T R R, R AN
B, M= AR ERTE MY,
5 P v Lo s, 20 il R 75.8% (N TR HE 1)
78.7%( N\ L His 2) F1 81.3% (N i@ 3); Hovk Ay
TR, L H R D>, X BEE L. AT
W 2 TR JE BT A AR A 2, (RS R b [R]
e AL (p>0.05). 5 b2 FE 141 R
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Table 3 Number of bacteri, fungi and actinomyces in bottom substrates of constructed wetlands (cfu/gdry substrate)

SRV BEY 20104E7)) 201048 20104E9H 20104E10H  20104E11 /] 20104E12 /) 20114E1 1
a4 w\ 0.5x10° 0.4x10° 0.6x10° 0.5x10° 0.4x10° 0.3x10° 0.3x10°
ATl B 1.3x10° 1.4x10° 1.3x10° 1.0x10° 0.8x10° 0.7x10° 0.4x10°
TR 2.1x10° 2.6%10° 2.8x10° 1.8x10° 0.9x10° 0.4x10° 0.3x10°
a wW 0.9x10° 0.9x10° 0.8x10° 0.8x10° 0.7x10° 0.8x10° 0.8x10°
AT H W 2.4x10° 2.7x10° 2.6x10° 2.1x10° 2.0x10° 1.3x10° 1.0x10°
&) 2.0x10° 2.3x10° 2.5%10° 1.5x10° 0.8x10° 0.3x10° 0.3x10°
@ m 0.5x10° 0.4x10° 0.5x10° 0.5x10° 0.5x10° 0.5x10° 0.5x10°
AT B 1.5x10° 1.5x10° 1.4x10° 1.0x10° 0.9x10° 0.6x10° 0.4x10°
AT 1.6x10° 1.9x10° 1.9x10° 1.1x10° 0.5x10° 0.2x10° 0.2x10°

ABL, T2 3 T ) A R R S KR A AR O
(p<<0.05), #H 5¢ F £ 73 7l 4 0.793( N T #h 1),
0.879( N\ Lt 2)F10.916 (N T 3).

5 BRI B R ACE AR AN ], AR
T At b 2 Jo v TR B R T R A
fHIE 3/ N E 3L i ) R S R A
F(p>0.05). Sy Ak, Bl R 2 I i ) SR
s m TR, (R ER L ERIE TG, 3
R 2 T ) BB AR S K N IR A G
KR (p<0.05), Person AH & R E 433 4 0.956( N T
e 1)20.947( N T3 H 2) A1 0.982( A T Hh 3).
5 EEIE AL, AR T 2 2 5 ik e
B i 2 TR, R B S K AR
HA BEIEARERE>0.9,p<0.01). migtdy
5 DR Ay A TR R A LR K, g A R A
AL

g T S H RN T b A ) R A
S8 N E (7 T4 Z=(12 )R&E3 4
M Hh bR R Z R, I 5T e IR B A A 4 R
o, R 4R,

HER 4 ] %0, Bl A A PRGN D b2 A

R4 ATRGEFEHRRECAELER /g TER)
Table 4 Number of denitrifying bacteria in substrates of

constructed wetlands (cfu/gdry substrate)

SEGIR L HOREA HZE(1H) K12 H)
[R5 2.14x10* 4.68%10°
P o :
N EHE T 2.54x10? 1.32x10?
e FIRFE 4.16x10* 5.17x10°
B R ) )
T2 2.59x10° 4.80x10°
RW=E9) 4.65%10° 3.19%10°
TCH o
TEHE R 7.66x10' 5.32x10"

T ZEE I I OB A A R R A R R, bR
JIT S A AR TR B S R R RS RO, A= L
RN AN TR 2L b
SORHAL A0 B W sk TR A . RPN R
N TR R, B8R B TV b rh SO A4 40 B A
T AT, (R B B

DR, RV N T Mgk 7K P i DO 5 B3R
{HE tH 7Kg e Mo b DO AR AR )48 22, 3 1k
T b A A R A DR I DX, A A O A 4
It 1
23 ALER# EERMTEERPREDMEXR

3NN L b2 38 BT TR 2 56 ot B R A
T2 T AR LA A O AR R KT 0.9
(p<<0.01)o AHXFT-4H BRI K, i N TR Hh 2 Py 2
J5T R ) 4 B AR AN DG (p=>0.05) Ak, L4 AN
i 2 S I I A B R AR A B E A S (p <
0.01)0 Ay T RE—5 70 b1 N T AN [R5 2 o o
A Q2R SR FH BUTRRH O 43 B 7 12 00 Hc i e
AT, SRR, 3 N TR s T A &
RE AR AN IR FE T A ) I 2, AH o6 R 3007 )
4y 0.997( N\ ¥ Hs 1) 1.000( A L ¥ Hb 2) A1 1.000
(N L i 3), 28 Wilk-Lambda A1 Chi-square £ 4 &
I, B F 22K (K S).

5 HAHEX R IR Wilk-Lambda FA Chi-square #&1&

Table 5 Wilk-Lambda and Chi-square tests of canonical

correlation coefficients

I MG AREL Wilk-Lambda X p
A T Hh 1 0.997 0.002 15.594  0.076°
AN Tigih 2 1.000 0.000 29203 0.001"
A TigH 3 1.000 0.000 40.627  0.000”

T THRIRAE 0.05 P L AR "AORAE 0.01 KPR
XK. T
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JRERTE UL s yiay 2 Ay s 20 AR T JEIE 5O Al iR
HE MR R . 5 IR R A 5 2 SNk
6 e

o HMATEMEAXNRMARTRE
Table 6 Estimation formulas of canonical variables and

canonical redundancy rates

ER i A 2 N i

- UIRIE S VAR SR A

N4

AT Uix10°=—0.408x,10.674x,~1.264x;  94.8%  94.2%

Wil vix 10°=-0.198y,10.440y,-1.239y;  83.4% 82.9%
22X 10=-0.120x,-0.503x,70.402y;3 3% 3%

AT U>x10°=-0.126,-0.503x,-0.402 88.3% 88.3%

W2 Vx10=-0.060x+0.173y,-1.113y;  89.7%  89.7%

AL Usx10°=-0.677x,-0.293x,-0.055x;  91.0%  91.0%

W3 V:x10°=-0.085y1-1.019y,+0.102y;  94.7%  94.7%

F N b b 2R 238 0 A A A A
WA AR g o8 AR BUR I, 76 N Wi 1+, 34N
R b 5 SR AR A OGRS, Ik 1R DTk
(-1.264 F1 -1.239) 5 KX, 40 & v1 Mk % (-0.408
HI-0.198)d5c /N o HoAthy AN M JZ A J2 AR it
TWAEP R AR 5 LR AR B 00 R 22 RO, TUH AN
TR 2. AR A R S T TR B TR
B K i e RE A b b R, AR R () TR R
(-0.677) I N, NEEE T, B (-1.019) [ DTk %
K. MARTURAR T4 R, AR 5 UG
% fF R R I 88% LA 1 (¥ b2 B8 i b ik A= i B AR
S, 1 VA AR L 82% LA I (1 R 2 L i
VBRSBTS AR R AL TR R 1 R AR
15 BB, FEARRENS PRI SR an E s (1 A2 1k

W S A 1 N SR AR R 0 A, BEATEE 2
BT, A3 BN TR b2 RN 2 38 0 s i A 1 K
o K38, N TR ERF b i A e
[ PR AR B U R V35 o0 A, TN Tl 2 B R
TP AR B R T L AR B U, AN TR 3 TR
R R P AR A vk AR BRI
TR AR SCHEAT N LY 2 F0N T3t 3 L2
SEF AR A AR 2 TR AT R AR D R {1
HET 3 T DI B , (2 12 DU A SN A
ARG, R, N 9 2 RN T M 3 9 2 i

A B G AN 7R LR 1, A i
AR A5, HERE LR R, MR R BN T
0.9, KU HR 9 A SCIBC L , 2R W] i A A B
UNIIRTA: G SR L RN N AU RS € N RT3 M
JERUR R b A AR TSGR
e

-15 -10 15 20
0 & M A '
AT #H1: V=0.655U-11.69
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4 S
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Fig.3 Relationships between canonical variable U and V

of number of microbe in substrates of constructed wetlands
24 ALiBMPHENMHESSEIEREXRR
3N N M P = B b B E ) i 5 TP
5 B CODw, 75 1 8 AN 55 (p>0.05), #A Ti%
RN IR R LR AR 5K
TR TP 5 R BRI 1 TP Y226, 1 1 DO Fh
S AN T B e 0l 2 A ) AR B Y, B )
R Tt o S 56 Wk b TP B 25 BR otk o R K Y
CODw, 5 B, KA ol A= 4 ml R (A7 LAk
B, 2 5 R B m A AT
WK R E S AN ) Jn AR S i B
HUTT R 1 2 2 B 5 SR B ™, I BB IR R 5 T 3
ML RGN CODw TSR, Bft 3 MB R 4T
) CODw, 2B WA W 1. 22 7 (p>0.05)
AN et b i i A 40 5 NH —N
LERFEAMK. AN TR, EEMT
J2 R Jo A VR ER B KCR H NH —N LR
AN 5 T 7 Jo 22 v F) L R O 55 N —N &
5 HAT 25 M DR (p<<0.05), i W AR R 24
ST P BT AR S NH—N KRR LR
L A oK R 2R 40, AE A3 L5 8 1 1)
I, BB I S NH,—N 840 i w4 i i g it =
B B, I JE T Hh oM NH—N 1) 2Bk BUARSE
I et 7K DO & gy, M T AL R AT,
{EBE K B ) NH —N 55 8, 72 R L B
TOREACAN T R A AE . I ST A5 SR, A
FHN T3 A0 NHL =N 5 S AR IR K AR, AR
FVIERFR B & NHL—N 23 B 1) 2 22k 21, DAt
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3N N b 2R 2 e i e ) ik A A
AL TN KRR IEMRRR(ERT), H LR
JRAP DR S TN L BRI R TR, X
TR T ERERT SRR E, m TR
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Number of Microbe and Relationship between It and Removal of Pollutants
in Constructed Wetlands

DU Gang, HUANG Lei, GAO Xu, LU Yan-yan, LIU Ming, GUO Jin-song
(Key Laboratory of Eco—environment in Three Gorges Reservoir Region, Ministry of Education,

Chongqing University, Chongqing 400045, P.R.China)

Abstract: In order to indicate the number of microbe and its impact on purification efficiencies of pollutants in
constructed wetlands treating slightly polluted river water, two constructed wetlands planted with Arundo
domax and Acorus calamus were built under field conditions, with an unplanted constructed wetland as a con-
trol. The results showed macrophyte played roles in improving removal of ammonium (NH, —N) and total ni-
trogen (TN), but the impact was less on removal of total phosphorus (TP) and permanganate index (CODy).
Microbial quantity in bottom fillers was less than that in top fillers in constructed wetlands. There were signifi-
cantly linear relationships between canonical variable of the number of microbe in top and bottom substrates
in constructed wetland planted with Arundo domax (R*>0.9). The relationship between the number of microbe
and water temperature was significantly positive, and the number of microbe could be improved by planting
macrophyte. There was no significant positive correlation between the number of microbe and NH,—N, TP
and CODu., except TN removal. Relationships between number of microbes and removal of TN could be stim-
ulated by macrophyte, but the impact of macrophyte species on the microbial nitrogen removal process was

not significantly.

Keywords: constructed wetlands; microorganism; slightly polluted water; purification effect



