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Changes in Microbial Community Structure in Constructed Wetland Under Aeration Condition
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Abstract: Many previous results have shown that there is an improvement of ammonia removal while oxygen level inside wetland is en—
hanced. However, it remained unclear whether artificial aeration could improve the purification efficiency of constructed wetland and how the
redox environment influence microbial community structure. Thus, changes in microbial community structure and activities in integrated ver—
tical—flow constructed wetland(IVCW ) under aeration condition were studied. The results showed that the aerobic microorganisms were the
predominant group among the microbial community in surface substrate of non—aerated IVCW, but the most majority of microorganisms were
concentrated in the 0~20 c¢m substrate layer, indicating that purifying efficiency of the system was limited. Artificial aeration enhanced growth
of microbial community into depth, as well as significantly increased in microbial biomass and activity. The characteristic monounsaturated
fatty acids of aerobic microorganisms were obviously increased, and the surface substrate microbial biomass in down—flow chamber of aerated
system was 2 to 6 times of non—aerated system. The unsaturation degree of total phospholipid fatty acids(PLFAs) significantly increased, in—
dicating that microbial activity also enhanced. The gram-negative bacterial became the predominant group among the microbial community,
so that it had a higher activity and improved pollutants removal. Therefore, further study of microbial adaptation mechanism can provide a
theoretical basis for optimizing constructed wetland system.

Keywords:: integrated vertical-flow constructed wetland(IVCW ); aeration; microbial community structure; phospholipid fatty acids(PLFAs)
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CO, EABMBIR G, i S SRR
I3 55— T, BT LA M AE ) B AR AR A AR
RS ECE BEATE M R RS AT (A8
SN TS Y AR

R A5 SRR, 8 0 EOR R A (B 4R
RN IR A HLAY) R AR AL RE -, T HLRe FH 1] 8k
B S SR I S A E P [R5 8 AT
& REE ATy R E S A N CX Y ) 2 ) &)
BB Li %HET 8 R PR MREIE 225, K
PR 50 20 LS B A AP S R A R T5
W ZBRBOER B VIAHIE . Calheiros S FSY T A [RIAE
YN TR AP AE MBI 19724k, 38 B AR [R) B A
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HEE5FEEHRATIEM (Integrated Vertical flow
Constructed Wetland ,IVCW ) & — 5 25 1 115 b b P
A4, K TFri- B (‘U R B SRR AL K&
SR, R G EA RIFEARBCR B
RATA —E Az ™, PR T IVCW hEREK
L, FIHEMERR 0-A-0 HIFEFHE, 21530
B B 1R = SR, X PR A E A AL T I R
T H3E 1 55 A AL G R B , N TR b SRR 2505
AL LB T AR " 2 H

BT, O FAEG B0 R R, b BB
AIREIE S MR AR R XE . WERERE TR (PLFAs ) 215 A5
A Wy 240 L ) B A AR 4, LA s AT e it AE
WIBEE 5 BME B, BB A8 B A A2 fL BRI AR A 1,
Ut B PR R A R TR G B AR A, R , AR 3
iz i PLFAs £R A SR 42 T A Wy B v 45 4 28
b, DR N TR R 45 2575 B b L

1 #BREFZ

L1 A RS
ARG TRES, HHERPMIRINE &%
HRA IR (IVCW )/ MARFH . HE IVCW R

4t R RS ERAH 8 B 473 (1 mx1 mx0.65 m) F1_E473
(1 mx1 mx0.55 m) BBERT AL, FA7TH . BT A &K
5524 500,400 mm [EH YRS (KifE 4~8 mm),
P FRE A 150 mm BRERA (KR 16~32
mm) , YERHEKZE . TATRMAN_EA7 30 PN 2 AR
ENEMAEH . Hh—EB i T s 8
WATIHARSE, HURE SRS IERE, B
SERARKREIHTE, BCRARSERET,
BAME IR R A 8 h:l6 h, SEHS KR E R 0.25
m’-h™; i — BRI AR RASL, E 1, R
Gritt ko R R/ANX A 1G5 K, R A RN B EEK , K
ik 0.2 m*em2-d, 7K SJEEBFE A 24 h,

1.2 H#mFEE

FEHIREBRI GBS IVCW REEHK | HKK
B REEIRERA 11K,

FECR AL SRR s, FAER 5cem, K 80
cm MARPRCRAEZR P HIRIIEH T . _EATiBERE
10,30.50 em ZbEEST, H3t 12 MM . SREE G 3L BT
[B]S20G2E , F 4 CHKEE NARAE

R ISKIER I R SRR, BN T 1R Z S
JRZ, BN ATt R EBIRZE , SR SRR RS R
S1(F47 5~10 cm) . S2(F 47 25~30 ¢cm ) S3( T 47 45~
50 cm).S4( _F47 45~50 cm).S5( _F47 25~30 ¢cm).S6
(k47 5~10 cm),

T L

E1 EAEEHRALEMASZTE
Figure 1 Schematic diagram of IVCW

1.3 BEBERERAFERHOMIE

WiAgAE DR (PLFAs ) 43 #T 2 B MIDI /2 w]42 4L A9
WeHE AE W5 BR 73 B k>, Ab 3RS A4 i FH Agilent
6890GC/5973MS < Jit Bk AN #4740 A o G AE N
HP-5MS A #E 40454 (0.25 mmx30 mx0.25 pm) ; #E
FEEREE R 250 °C, A Skt ; R FE AR, i
A 0.8 mL-min™, #S R EH 4 S (4hiF 99.999% ) ; 72
FEFHE : M 80 C(f#+F 2 min) A 50 °C+min~* FZE 150
CHREFF 2 min), RJFLL 2.5 Comin? F+Z 195 CUE
¥ 3 min), L 2.5 C-min? F+Z 240 C(FF 5
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min)  JEFIZER 4 min; B R EI(70 V) ; B FIHIE
BE 150 °C; PUARATIREE 230 °C; #e MR 280 °C; 434
775 SIM,
1.4 #iELE

FIF SPSS 13.0 #4757 2504, TRHT BRSNS I5 4
Y L BRACRFFHE PLFAs A% & B/ ; BHA A
SPSS 13.0 XA M D BB FE A M B PN Ye i 25 Bk
B2 BIFEATAE K537 . PLFAs 3% Canoco 4.5 #£47
PCA 28T, TR SRAE i (BB S N PLFAs B SE IR

2 ERE5H51

2.1 FiFETALEMMSELER

H%E 1A i, BS IVCW Xf TSS.COD;.BOD;.
NHi-N ) F B ERBERABRSRZE RS T
4.7% .4.8% .9.8% .8.3%, HABSS5ABRRASEX
BOD; NH:-N -3 R BHFARBEES (P<
0.01), FIFAET IVCW B HLYIMEE AL RE S B 3%
HR, AN, BN TP RERE WA 8 (P>0.05) ;3
HRAmEkER TR, K NO-NKERGHE
Hn(P>0.05)

F1 SFRETEAEERATEMSLHR
Table 1 Pollutants removal of integrated vertical-flow constructed

wetland under aeration

N IVCW IVCW
wpm KR mﬂ;;i/% :aykf;
mgrt? BRI oo BN e

pH 75 6.8 — 6.6 —

TSS 86 8.4 90.2 4.4 94.9%
COD¢, 176 44.9 74.5 36.4 79.3*
BOD;s 40 8.0 80.0 4.1 89.8%*

TN 28 8.4 69.9 7.9 71.8
NH:-N 8.4 2.0 76.2 1.3 84.5%*
NO;-N 0.6 0.30 50.0 0.31 48.3

TP 1.5 0.37 753 0.39 74.0

HE:* P<0.05, ** P<0.01,

2.2 BiESRERTBR AR KA &8

M 2 A 0L, ABRES IVCW 5 A A6 2] #Y
PLFAs M Cy; Bl| Cy 3511 20 Ff, SFEIRFIAEITER 52
HERR TR FR TR e AR I AR | SRR A G BB 1 2 A 1
FBITER o (RECEE R FIAR IR AR X & &R 55.05%~
74.63% , &3 T P Bl B MR BRFP S, k2
AR AR D R AN ST EE AR B ER , AHNT S 2k
9.83%~24.34%F01 9.92%~13.33%, ZAMIFIEIiERF

IRTH ZE NG B R A AR B BIR, 05 B PLFAs
1.39%~2.97%F 2.78%~4.39% , T 3 Bkt AfL F1 jig 15 R
BN & B, A3 4 PLFAs 1 3%, Hh  fufipg
JIiER 16:0 F1 18:0 SZEEARNIER 115:0 B FIAE iR
18:109¢ . 18:1w9t F1 16:109 ML AL IR o

B IVCW L5 kil 21 49 PLFAs 23t 16 F,
AR ARG T 11:0,12:0,13:0,19:0 PUFH 1A
JiBR o A BhBE 1 Fn g i BR A AE X B B 42.59% ~
68.35% , ARSI RGN T 6.28%~12.46% ,(BATH5A
RGBT E WARRRFZ OB RIE AR
HIAEXT S B R 14.07%~29.47% , AR RZGIRE T
4.24%~5.13% ; Z A BB i BR AU AR XS & B8 1.5%~
8.05% , AR A GIRE T 0.11%~5.08% ; T HAh 2k
RUMIBRIIER , AN SZEERG TR PR PS ZE ARG T AR . 25 Sk iR
MEEW R A F B SABIRFEMHEANK(P>
0.05),
2.3 45HERERAER R LLIE S T

FRAE G B BRIE B T8 R A R A B A A=
P o AR SOk A8 F A RFIE BRI AR , LA 115:0.,a15:
0.i16:0.i17:0 fF= 3 22 [X PH o4 40 B8 A9 85 8 g i AR
(GP-PLFA); L) cy17:0.18:1w9c¢ . cy19:0 {35 #i > [
PR 40 T B BERE AR U7 R (GN-PLFA ); D) 18:2006,9 1E
BB FIBR PR R (fungiPLFA)™-8, 2% 2 i3t TR
SE RN BT E WAHE AR I BR (Y HUAE

(115:0+a15:0)/16:0 Jz B T SRAE ¥ 4 B8 B o5 A9 L
B, 3R 2 AW, TTIe BB IE AR IVCW, T47
b H R B P 20 B Y E R ORI RT BB B T R AT
AP AR IB IR R A RR ML TE B AESR,
W R AERE AR R AR A % 5 Bk UL X HEAE T
TR T BT, XRA TP A ST AT
o BIEAG T, BRRARRERABRIRSE K,
HETATM 3 R A RS, RABSY K T4
A S ] R T A B S i3

Jig o R I =X/ o2 X8 7 il A P FE A 85 Hh 2 Lk
A AOFREE . 18:109¢/18: 109t YSB K IR I 555,
NHEA BATHE K BBCAEE . AL RS
AR AEEG K, Hh 5B RENGIY, E15KR
Zlp i B, A VLA AR AR, N AT A Y
W/ EZRA U A REIR A S T _ BT 9221k
P RE 322202 75 IR BRI AR AU 38 A0 25 SR PRI AR,
ELEHYRXWET T E, EE B RS
X FE R ETRFZ , T KRB YRR
RBFEFILRFREN , SBE R R B EZ /e
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PR, (53 TR . SRR IVEW A L, B RUR
ST AT B A, EER SR AMMA TSR] Tk
R/ ATl RIZ X U RRIE R, X AT RER T
BB EEMHE R . B Z, B
RS T IR M M ) BRI , SR T A T
438

B AAR TR/ SHENE MR AR/ N B T 348,
HES KA RIS RS IVEW H, 58S
L TE R , X AR B3 K, R <k — ek
TR R AR, e SR T i A R P A
EREREFFRE RIS

24 BERMEMBTELEMNTL

WAV REIE G5, BV YR RSB A AR X 3=
JE , AT I8 i S A W R B O RFIE RE DT R O AR X & &R
FED1, $#2 B] Findlay SE2f) 43205, Z AR FIAE N
R Je BRI A M BIAR 5 (Group T ) 3 BARHRLFIAE D5 AR
) AT SRAE 47 SR JFEAZ A W) (Group 1T ) 5 S8 g 105 R
(Cru~Cie) FERPAA AT 5 55 2% [ PR A B (Group Il ) 5
X HERR TR (Cr~Coo) , F045 LA 25 Ry SCHE B9 5 7 IR
FER PN B AR 7 AR , W R AE SRB 1 H: th [R 48 4 &
(GrouplV ),

GGt TR G AR IVCW &R s

R 2 RSMARS IVCW ERA PLFAs BT &8 (%) AR FFE PLFAs BIEL{E

Table 2 Relative content of substrate PLFAs and ratios of characteristic PLFAs(% ) in aerated and non-aerated IVCW

- RES IVCW B IVCW
S1 S2 S3 S4 S5 S6 S1 S2 S3 S4 S5 S6
11:0 0.06 0.11 0.09 0.17 0.31 0.08 0 0* 0 0* 0%* 0
12:0 0.22 0.33 0.12 0.08 0.27 0.19 0* O** 0 0 0%* 0*
13:0 0.05 0 0 0 0 0 0 0 0 0 0 0
14:0 1.49 1.77 3.21 271 2.12 1.04 0.31%%  0.89**  1.05%*  1.90* 2.05 1.16
i15:0 5.20 4.93 422 4.04 3.72 3.85 348 4.36 3.86 5.05 5.67 2.87
al5:0 4.16 4.77 3.19 3.20 2.99 3.23 3.96 451 494 3.44 3.63 1.73*
15:0 0.50 0.62 0.99 0.58 0.46 0.37 0.34 0.49 0.42 0.71 0.61 0.41
116:0 1.73 1.96 1.89 1.72 1.75 1.63 2.11 2.30 1.55 2.17 224 1.88
16:109 12.24 12.55 7.44 4.63 8.29 8.81 8.86 11.25 9.89 8.38* 9.08 10.73
16:0 41.27 39.90 38.67 4120  41.77 3433 27.76%* 29.67*  40.35 43.38 41.90 37.24
i17:0 1.52 1.67 1.59 1.42 1.48 1.52 227 221 1.58 1.89 1.90 1.62
cyl7:0 2.64 3.12 2.84 1.38 222 2.09 421%*  5.10% 2.83 0.08**  5.17** 2.38
17:0 0.18 0.25 1.18 0.23 0.27 0.39 0.59* 0.45* 0.20* 0.38 0.14 0.30
18209 2.97 191 1.42 1.39 1.45 2.88 8.05%* 247 1.67 1.50 226%  6.03**
18:1w9¢ 6.00 532 291 2.15 3.30 4.44 9.41%* 7.37 3.14 2.46 1.80 8.46*
18:109t 5.08 6.47 4.46 3.06 413 6.60  11.20%* 10.20* 4.96 3.24 3.57 7.62
18:0 13.19 13.05 24.32 30.64 23.88 27.01 14.32 15.80 22.03 23.07 16.80  15.76*
cyl19:0 0.99 1.27 1.47 1.39 1.61 1.47 2.94%%  2.92%x 1.52 236%  3.17** 1.70
19:0 0.18 0 0 0 0 0 0* 0 0 0 0 0
20:0 0.34 0 0 0 0 0.06 0.20 0 0 0 0 0.11*
BB R RR 56.50 55.05 66.32 74.63 68.04 62.63  42.59* 46.36* 6343 68.35 60.75 54.27
BRI IR 23.32 24.34 14.80 9.83 15.73 19.85 2947  28.83 17.99 14.07* 1445  26.82%
ZAMFIRRRTER 2.97 191 1.42 1.39 1.45 2.88 8.05%* 2.47 1.67 1.50 226%  6.03**
SCEENR IR 12.60 13.33 10.88 10.39 9.92 10.22 11.81 13.38 11.92 12.55 13.44 8.09
HARNRRR 3.63 4.39 431 2.78 3.83 3.57 7.15 8.02 435 2.44 8.35 4.08
A B FNRITR 0.98 0.98 2.26 0.97 1.03 0.84 0.93 0.94 0.63 1.08 0.75 0.71
(i15:0+a15:0)/16:0 0.23 0.24 0.19 0.18 0.16 0.21 0.27 0.30 0.22 0.20 0.22 0.12
18:109¢/18:109t 1.18 0.82 0.65 0.70 0.80 0.67 0.84 0.72 0.63 0.76 0.50 1.11
BRI IR S BENRRER 185 1.83 1.36 0.95 1.58 1.94 2.50 2.15 1.51 1.12 1.07 3.32

1 #P<0.05, **P<0.01, BEIRARMIRRE v 42 R A LA R - LUBRE: DU AR (o FORTURER B 43 TR AL B )4 s B a #1 1 20 Bl SCHERY
SSHAGANTEAY 5 oy MIFORINABEREITER IR AR ¢ TRt R 0 RAEH
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YT RESSFFAFAE PLFAs FAHXT £ 54X F 5, 0
Kl 2 Fin. FILAE W, RS IVCW B IR
LR AR, Group I 76 Fr A #E s P LU B3 B &, o
BRBTER & B/ 9.83%~24.34%; HIKJZ Group I Al
GrouplV, 435I &5 B g AR & & 1Y 8.45%~11.68%F1
4.29%~6.06% ; Group I Ff &5 LbBilEe/lN, AELEIERTER
ERM 3%, Wi EAZMAEY T b IR, FTRE
S B FHEK A A A LTS G A, B R o X
A N T B R R DO, 7R 522 R
2 IR 5 4R, TE U R ER B, A T B ol A%
WA KR, A YT BB BERFE PLFAs i 4 Xt 3=
B, BT BB EYRER/N. HE 27
W, ER—ZEmE L, T4 B ME Y i FRE
PLFAs 4%t FE¥E T LT, R\EHHH T
BRBEMEDNAYER P FEE . WEERE
FERIBEIN, &8 A AFAE PLFAs 6% £ 5 8
EAL, TP RZEAHE PLFAs R4 Xt £ BN
JRIZH) 3~5 1%,

TEBRS IVCW RGEH, Group I it (5 el , By
SBRAER & B 14.07%~29.47% , SNBSS R GRS
T 4.24%~5.13% ;Group I &5 S A B & B 1Y 1.5%~

30F
® o5t _
% —
?;{ 20 B A
§ 15}
=
= 10}
ﬂ% 5 _ E_E —E

0 i
s1 2 s3 S4 S5 s6

300 B
R 25} %
i
?;{ 20 [
B
215}
=
= 10t
SEE 7

0 H
s1 S2 s3 sS4 S5 s6

REER

8.05%, BMABRRGA —ENRE; SREEN
Group Il #1 Group IV (4 L f51] 5 AN BR SR Ge Xt L s AH HE
ZHIAK, TR RIE T IR LN 3 22 [ PHE A B
SRB R/, MAFE PLFAs (4% = B AT
DIEH, TSRt S 8 B33 | TARS BTN
&, REETFITMEEEHE PLFAs 4 X £ 58
NBESRGEERZN 2~6 1%, RUBRSIER T BB
YR, X5 2 #1(i15:0+a15:0)/16:0 HE T
R EE R —3
2.5 BEBERERAERMIER 23 547

B SAREES IVCW B YR J% PLFAs /Y
FA M (PCA) QN 3 Pis . HHsE—Fmi4 PCl
HITTERE R 56.4%, HEANBFABHTR (16:109,18:
1w9c, 18:1w9t) JFN B BR (13:0,17:0,19:0,20:0)F
BMARMIEAMXZRE(>0.7), K 18:109t I REEK,
7 0.92; 5 FIAE AR (11:0,16:0,14:0)F £ K1
HERRE (508), 2B FE M4 PC2 MTTHR RN
15.2% , 532 4% BB iR (115:0,a15:0) FI3F P ZEAR 7 R
(cyl7:0) B EKRMIEFR,

MK 3 FTLAER], AR IVCW H B4 AT 47
e =2 PC1 B, AR R SR

=
d 3.000
& 2.000 —E
o [
1.000
0 e N
1 S3

S s2 s4 S5 s6
RAER

B Group 1 ZAZiMEY) EdGroup I EAMEY) [ Group KEMME K& GP 41 N Group IVSRB K H AR & 408
2 BS5FRBS IVCW ERPHEMIERBENZEHLSH

Figure 2 Distributions of different substrate microbial groups in aerated and non—aerated IVCW
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BB 225 s PR 2 RAE R AR AR TR 5 PCI
P BGE A IEAR S, T PR R SR AR 5 PCL
B B B SO, Ul BRI DL AR TR
LR ITRR B 4 AR UE oA &, TR R £
PREMEY . B IVCW FFhRIZ (S1.56) FEER
FERL(S3.84) £ PC2 BT, FATMA AT A
BERBARAH A RER RIS AR IRESHA
7E PCA 73 TF, UEHIBR ST i MR vE 45 1 i e
AL, TATIA R R BRI RGNS PCL 4
IET7 Tl B3R, MR B M AR IR 1611009, 18:
lo9c 18: 109t B FEHLIE N, IR A HE T 17t
FEFERMEYIER . 50, RS AR RGN

1.0

JESHR S4 A5, 78 PC1 %l 67 J7 1) B 22 BIAS K, U BA [a]
HESKEREMEYNBERZ WAL E,
3 iFig
3.1 SIAETEEMEREREMEMIHEE LN
XS HT

DAFRFME PLFAs Y45t 5 B 2 & R BEE
A MR EE T 15 S R BRACR S A T RE2S
BT, BRI 3, MY RAEY RS
)5 TSS.COD..BODs NH;-N TP % R # & § Z
K, Hr 5 BODs 2 BREAH MR .35 (P<0.01) ; A%
A RAEYR S TN.NO;-N LR T8 FH =

PC2(15.2%)

-1.0
-1.0

PC1(56.4%) 1.0

FARGRAE A, S0 (DA O (DDA AR R BRI SIRH FORE

B 3 BSE5ARES IVCW &R PLFAs 9 PCA &
Figure 3 PCA plot of substrate PLFAs in aerated and non—aerated IVCW

R3 FROERUARESHENIRERZ EHBEXSH

Table 3 Correlation coefficients between pollutants removal and different substrate microbial groups

FebR Group | EAZMAY)  Group I IFEIERZMAEY  Group IIREMHE S GP 41 GrouplVSRB MHABREME W E YR

TSS 0.982* 0.986* 0.912 0.969* 0.980*
COD¢ 0.968* 0.987* 0.892 0.982* 0.984*

BODs 0.976* 0.990%* 0.945 0.991** 0.996**

TN 0.796 0.756 0.708 0.777 0.772
NHi-N 0.978* 0.994 %% 0.856 0.984* 0.986*
NO;-N 0.913 0.865 0.972* 0.958* 0.934

TP 0.945 0.963* -0.974* —-0.966* 0.952*

¥ :#P<0.05, **P<0.01
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5o Group Il 5 TSS,COD¢.BODs NH;-N.TP Z£BxZ
B3 M5 ; Group I 5 NO;-N TP 2R 2 [a] i A 1
B, o5 TP LR, B, fEE
T TR e AR B 358 5 5 SR i A M T B2 B
AW B AL YT

3.2 SRR TREWESZN R

N T 5 S e i R S 5t A 2R &
A A Y 58 WY, BRI T i A W e R 5 (B R
AN TEMEER A R LR RESE ) B R R ENBHLA B
YR FE TN U PR A AR A G S b, LR A
[t RIS BOIRIL S E B S T R ETE I A5,
I, 308 A SRR T A 5 R I SR AR, AL AL L ik
AR SR, B AR R R G BT8R

HEARRES IVCW R4 5, RZ 0~10 cm [HFEFER
I KRR EFFE YR RWETE R T i35, H
DI ERAE W R SRR, TR EMTE,
KERERME YA EZEE/L, B TAIE
oS KR EAL, FEMEMNARKZBIR
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