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Performance of immobilized denitrifying bacteria in constructed wetland for slightly-polluted water treatment
LIN Yan, ZHANG Huan-jie, LIU Xi, YU Lu, ZHU Wen-ying, KONG Hai-nan"

(1.School of Environmental Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China )

Abstract ; Denitrifying bacteria Pseudomonas stutzeri isolated from lab were fixed with PVA and SA and were added to dosing positions (up—
per, lower, upper and lower ) to simulate the release of the nitrate-rich source in low pollution water, aiming to determine the optimal dosing
position.The reasons of enhanced nitrogen removal in microbial community diversity were analyzed by using high-throughput sequencing
technology, and the effect of strengthening efficiency at low temperature was investigated. Results showed that the system dosing in upper
layer got the best performance, and the removal rates of total nitrogen and nitrate were 60.31% and 64.98%, respectively. The results of mi-
crobial diversity index of each system showed that the microbial species diversity in the control system was higher than othes. But overall,
there was little difference between the four systems, and the most abundant phylum was Proteobacteria in each system. And the increased
percentage of Nitrospirain dosing systems was conducive to improve the nitrogen removal. The results showed that the removal rates of total
nitrogen and nitrate in the system dosing in upper layer were 50.86% and 55.06%, respectively, while that in the control system were
24.81% and 27.53% at 15 °C.
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Table 1 Properties of the influent of CWs(mg-L™)

F %K T 45 % Main water quality parameters NO;-N TN coD
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Figure 1 Constructed wetlands at pilot scale
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Figure 2 Total nitrogen removal efficiency in CWs
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Figure 4 The contour of stream function of the

subsurface flow wetland
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0.1~0.3 mg-L* YL N , MAEA AL BE R G151 71 30~50
d, AR ST 3 HALHARSE 4 1 NOz-N ¥ J& I (g {1
FARBERGE 1 SABE RS 2. X ULEH , o e b2
AL —E R Edib T RGEM R A NOz-N
LR
2.1.2 & NT IR At PR GE R AH AR5 HE 3 A
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JESIBEINE E A SR AL R AL B R SE 4 i A5t
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JZ B E E A S A R AL PR SE 4 B fi Ak B
Bl sR TAL B R SE 1 ARG 3. PR, X FERE
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WEH R Gtist i g, AL PR 48 3 A R 4t 4
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Py EhE , N TARHAL PR SE 3 55 4 PN S A B
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Table 2 Denitrification intensity in different CWs(mg-kg™-h™*)

HsfE] Time/d {3/ & Position 4 1 System 1 45 2 System 2 Z4; 3 System 3 Z 4 4 System 4
10 _I-)Z Upper layer 5.43+0.12 4.96+0.21 6.42+0.18 6.03+0.09
)2 Lower layer 5.96+0.17 6.58+0.07 5.03+0.24 5.67+0.13
20 _I-)Z Upper layer 6.22+0.22 6.05+0.12 7.18+0.20 7.12+0.15
T )2 Lower layer 7.06+0.15 9.39+0.04 6.11+0.16 6.28+0.11
40 ) Upper layer 6.04+0.09 6.41+0.15 7.21+0.21 6.81+0.24
)2 Lower layer 6.02+0.14 7.94+0.13 6.32+0.18 6.42+0.27

(Ci=Cp)x(V1+V,)
txmxk

T AR B A =

S o S BTN (B FERY RS TR ER S 1, m - kg™« h; Co Co I A — B SR I [A1J5 , W Mh R ER S AIR L, mg- L5V Vo J3 A F7 1 ik
Bk A AT, Lt gL FRIHE], hsm Sy i A B RE TSt kg s K 3R BUK 7> R k=1-w,w S REBT KA . S BTS K A A I E Jr k HUE B AT S A
A 1 R AT B K AR A E o FREG—5E R REAYZESR ,iC 0 M, 78 105 C R HET 6~7 h A, FRE 3, 10 o0 Md, ZE R & K R AR R

w=(M-Md)/Mx100%
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A BE BRI S 25 SRANAN 5 R BT A M B A O, e
S5 B 3 R R IR R IS S B A T
B
2.1.3 S N i ab I R G Y 2o i

SR FH v 2 0 R MR 4 barcode J3 41 X 43 4%
ARE SR B FEAS 1.2 .3 4( BIXT R RS 1~4)
FIF A% LA ROT 9 558055 1) R 14 057 .13 545,
15 989,14 350 4% ;1 97% AKX EUH 4 4
A FR R GRS I P 2 SR A T 2R R EO B, LA
EIRANER 4 iR o 4 SRR AT 23R 43l 6682 ,6408
6504 5821 4~ OTUs, %I kb4 # Chao Ace Lk J% Shan-
non {EL AT LIS i, 8L 1 Az 3 A8 8B /oK, AT LA

LI 2 0 BRAH N TR b R 48 b W T E W Fh 2 4
P f e, BEVR 8 R AR A 4 % 3 ME 8 E &
/N U JZ B A SO A TR AN T R
e A YA AR AR, BEVE T D

XiF A3 BT 4 /SHE S Simpson {8 AT DAAS A0
HHESEE .

X 4 ASAEPE R GERE S DA T KA T A Y e TR
SERSYHTRT N, 4 AR TR S I UE T 1 2R 22 R
K, Y415 Proteobacteria( Z8FE 1 1] ) .Chloroflexi ( 4#
ST )  Nitrospira( AigfL M€ F ] ) (Acidobacteria( fig
FRGETT)E, H 4 PR ST o5 B el ok, B2 5 i
= A W0 34k Proteobacteria (AR JE B 1)), Hok oy
Chloroflexi (£t & B[] ), HABGUE YT 1257645 H AL 3
ARG B i E A AR, I S TR, AT xT L
K6 AN, XFARS 1 54 ARS 2 ki, Aci-
dobacteria( BRFFFi 1) I =E )5 5 T Bacteroidetes( 3 F
FT), T Nitrospira(fis AL B2 BE R 1), i 4b FE &R
4t 3 HAMM RS 4 H T 1Y Acidobacteria( R FT 1
I'1)5 Nitrospira( i LS HE R 1) A L FlAH 22 A K, 1
¥R T Bacteroidetes(FUAT T ]) , 73 Ah & Ab B R & v
AT PIREVS BT o5 1712814 6045 Gemmatimonadetes( 2
BANTE ] ) .Bacteroidetes (¥ A% ] ) .Chlorobi ( 2% IF
PEN

Proteobacteria( A8 JE &[] ) 2 4 1 H i KA —1,

* 3 ZiRMAERGKEBRBEKRE(mg-LT)
Table 3 Dissolved oxygen in different CWs(mg-L™)

kK Influent v ‘& Position %% 1 System 1 %48 2 System 2 Z 4 3 System 3 Z455 4 System 4

6.31+0.61 _|-)Z Upper layer 4.03+0.52 4.11+0.46 3.91+0.27 4.06+0.74

T JZ Lower layer 1.68+0.14 1.75+0.61 1.57+0.48 1.68+0.79

Hi7k effluent 4.48+0.96 4.26+0.98 4.13+0.92 4.28+0.95

x4 EHSNER
Table 4 Index analysis statistics
v o 0.03
S:T“BT;D Reads 0oTU Ace Chao Coverage Shannon Simpson

1 14 057 6682 24 825(24 085,25 597) 16 192(15 394,17064) 0.687 700 8.33(8.31,8.3) 0.000 4(0.000 4,0.000 5)
2 13545 6408 24 506(23 773,25 271) 15 443(14 669,16 289)  0.689 922 8.29(8.27,8.31)  0.000 5(0.000 4,0.000 5)
3 15989 6504 23 200(22 505,23 924) 15 274(14 525,16 094) 0.738 946  7.98(7.96,8.01)  0.001 6(0.001 4,0.001 8)
4 14 350 5821 17 406(16 858,17 980) 12 125(11 564,12 740)  0.750 801 7.97(7.94,7.99) 0.001 8(0.001 3,0.001 8)

:0.03 ALK ; Reads Sl o AT OTU s B AR 4150 OTU Sy S5t vhizz e i Ak 3 511 K] 43 45 21 1 OTU % H ; Chao . Ace ,Coverage ,
Shannon Simpson & #5510 T 155 B A B R Ge b T P i T BRI BRAE

Notes: The similar level is 0.03; Reads indicate total optimized number of sequences in all OTU;OTU is obtained by optimization sequence dividing;the

(*_lIci,*_hci) in each index of Chao, Ace, Coverage, Shannon, Simpson indicates the lower and upper limit statistically.
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Figure 6 Microbial community barplot at phylum level
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Figure 8 Total nitrogen removal efficiency in CWs
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