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0.60.10.38 mg- L' F1 10.85 mg- L™ ; {8 55 55 B K A28 K A e 4 MV AR KOHE 2R 0.03 - g7 - 75 I B8 7 X0 A S5 B A 5 0
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Effect of different aeration methods on swine wastewater treated by Oenanthe javanica combined with

microbes in winter

LIU Fang—jian, YANG Hai-long, CHEN Xiao—lu, LI Lin—qiu, ZHOU Hua—bin"

(College of Life and Environmental Science, Wenzhou University, Wenzhou 325000, China)

Abstract: The aim of this research is to study the effect of different aeration methods on swine wastewater treated by Oenanthe javanica
combined with microbes, and the change in the microbial community. Experiments were conducted by circulation, aeration, and standing
(control) groups, and a sample was taken at 7-day intervals during the treatment period of 35 days. The water indices were analyzed by
national standard methods. The microbial community characteristics were analyzed using a high—throughput sequencing technology
(Ilumina MiSeq sequencer). The dissolved oxygen values in the control, aeration, and circulation groups were 0.60, 10.38 mg+ L™ and
10.85 mg- L, respectively. The best growth of Oenanthe javanica was observed in the control group, where a relative growth rate of 0.03 g-
¢ ' +d™" was achieved. The water purification efficiency of the three treatments was significantly different, in this case, the circulation group
showed superior results with the removal rates of chemical oxygen demand (COD), ammonium nitrogen, and total nitrogen at 89.89%,
69.40%, and 77.65%, respectively. The relative abundance of Flavobacterium decreased from 43.21% to 0.16%, while that of
Christensenellaceae and Ruminococcaceae increased significantly. Oenanthe javanica grew well in the treated swine wastewater during
winter. The purification efficiency can be obviously improved by supplementing oxygen through circulation or aeration. After 35 days of
treatment, the microbial diversity in the water increased; Moreover, Flavobacteria and Pseudomonas were identified as the functional
bacteria of denitrification. The proliferation of Clostridiales is also beneficial for the removal of COD.
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IRAEUR T H A& S SRR EZA T,
R 285 DA 5 1) T AR AT I v Wk B A LI K
FE A~ A D P ke EL ot feft AR ) sl 2 P 1
e s, PRHAD R AR SR AT A IR AT RIS
M52 R . M AT, SO X O e P el b 22
(RIBHHE R B PRV (30 0T , 3 e MR ZE 1) A58 4, (e ik
T A Py % R o J BRI DT RR B 4 AR Ak 2 B i, [R]Bs),
AR R A XS YL R R, et T R )
RIS FEX A R Y SR R AR
H A H R 7K A R ) =8 2k IXUHR S A SR 55, DR
AP O CE AT BRI AR . B A
W57 RUIRGE (56 AN FE B RS 2R S icE G
YRR, SR S A7 e i, A2 SR (COD) () 25 B%
R NG 33.90%, ALY - A W45 % COD 1 22 bR
ALK 62.70% AR T3 A= SERF 5 5 A B4 i EM
OLA A FLRR A BERE I i), il LA Bk i
98.79% IR Z . {5 H R XHEY - AE Wi & 1E F G
WFFE , 32 B4 e K AR R () 3 43 AR 4 5 Th g
P E I =X R, KR R s <y =Usm Ak -
TAEYIBRA Ve RS A D . WFFE R KRB R
AT LB A 2L A0 2 38 T AR s A A R s i
SN JAN TR R A 2R ) 3 AR R 2 S A
S5 T A 0 PR A T B AL RCR PRI, R
Y-S B R G B, KT E NS
VAR AEARIR A1 R RERSIE H AR K, A A e 4b
PR BV 1. AR HRTK ST S2 0H FE S K oK™
FRIHIE K GBI KRR PR /K IR BRI K s
PEA- RN PSR KT AR I S S A 4

AR FH KOS58 0 B e, 3 e A P 0k
S AV ) — A R A L DA B A B R X R
PRIEAS R34 =X (G PR RIS X6 K B (R i AR
Sy BTG I U R 254, i XK B AR R A
FEAERIhReEE , LY - e R G B e
PRASE— o (i Ak 7 RN B R

1 #MEEFE

1.1 35454
IK 3% (Oenanthe javanica) iy B ARFEAS , K H
VEIUBKS 10 em Ze 47 MESF I AMIEEOR K S4TI9

faetAi bk . FirA R R T ZRIRK hidt , Z5BRIAEE T

TG FH K A i M T 2 37 B 8 1 K Ak 3Lk £ 2 2
1 2 W #% (Continuous stirred tank reactor, CSTR) H
Ko BB AR BT AR W2 1.
1.2 X5t

RN i S I 81| DOE (B2 S I S R
FHELAL OO ) Gz A7 A 2 2018 4F 12 4 10 H—2019
1T 14 H s R B E R 1] BH— 00 , BRI i B R
5~18 Cs

A (K 1A) X503 &t — 1> 20 LAY s K
R — PR SR ZE I, K VT S ik 2 Kl 4
m [ S BURPAE 2R , 7K 7 5 (AR 28 R T 0 1] 5 7 AR
o, AR R SR RN K TSR 36 k. TS AR A N
0.2 Lemin™, TAE 15 min, {5 1145 min. JRIKLERHEEE
KA TR IRER SN , IR B0 SRR

B AL (18] 1B) KT 3AE AR LRI IR IR A
K ER A EUAR R K TS 36 MR, K FRAE A 580
mmX400 mmx200 mm /K5 , BAE K 20 L. RS
SR, KA IR S A B 12Uk, AR
F % & M 0.05 Lemin™, T/E 15 min, 15 1 45 min.
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Figure 1 Schematic diagram of test equipment

1 iR AKKEIER

Table 1 Quality index of the test water

{2 A5 COD/(mg- 1Y) B A NH-N/(mg-L™") B TP/(mg-1™) A TN/ (mg-L") pH HRA DO/ (mg-17)
405.10+44.60 86.83+3.58 16.28+2.84 138.19+15.60 6.81+0.24 0.36+0.10
http://'www.aed.org.cn — 771 —
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FE 2 I B SRR UL A A E A
1.3 KRIEHRNE

R TT 35 d, iz T AR 7 d RAEE—UOKHE  7E
KA E o R =220 9B 100 mL KRR AT, Hirb 40
mL I AE 20 B, F6 4% K B 5] 1 K 46 rh L, COD L R A
(TN) .2 A (NHs=N) FLEE (TP) B 722 BROK
FE A W 53 B 7 )
1.4 EHERMERENE

TER S0 T U FN A5 A, BAL R SR AR b , I 7K 4%
PETAHMRR T 7K o3 PRat i . SR e KRR 2 1
HE R ZE P 43, B T LR 105 CRE 15 min,
70 CHET 28 it &, FR i T i .
1.5 EMETEERNE

R TF R NS 1B KA b o R =250 51
HURE 200 mL R AT, BUH H 500 mL A 0.22 pum 98 i 5t
IE , K i Power Soil DNA i 7 £ (MO BIO, Cat. No.
12888) i 17 DNA $2 1, $2 G #4225 Ui B 5 ik 17 .
FH 1% B JIE W U5 e A ) DN A ¢ J38 01 4l 55, AR 45 DNA
WP, I ICHE KB BE 2= 1 ng- pl7's B AR A a6 R
() DNA FF % ZHVL KRR B BOR & AT FRA W
14, R H A Barcode bRic 951 9 341F (CCCTACAC-
GACGCTCTTCCGATCTG (barcode) CCTACGGGNGGC-

WGCAG) FiI 805R (GACTGGAGTTCCTTGGCACCC-
5001 (A)COD

400

300

COD/(mg-L™)

200

100

0

0 7 14 21 28 35
IB1 T [E] Time/d
1501 (C)NH:-N

NH:=N/(mg-L™")
N O 5
o (=} (=)

(9%
(=)
T

o

0 7 14 21 28 35
IBATIA] Time/d

GAGAATTCCAGACTACHVGGGTATCTAATCC) X}
V3~V4 X AT 1, PCR 47 3% 3% JT] KAPA HiFi Hot
Start Ready Mix /& £ L DNA R & B R . r=¥ff
FH Beckman DNA Clean Beads 347 4li4t , fii /i Qubit
2.0 X4k J5 (1 PCR 7= # iff 17 7€ 1t , 3 R F Hllumina

PG

MiSeq 715 #6478 Y -
2 ZR5iTie

2.1 BKBEER

I IB T 35 d )5, 16 R 4L FI0R 4 1 7K ik 3
(A FHHEBE K JFARE ) (GB 5084—2005) , —Fihb 35
KT GG W AR A 2 R o A ERZE %5 e
Wi 2 BRASCR i i, COD  NH,—N HI TN £ B 3 43- 51y
89.89% .69.40% F1 77.65% , /~ [d) &b B 5 2% TP Ay 2=
PRICA BB 22 5%

= FhabHE 5 6 COD 9 22 BRACR B &, T3] — By
B Ab PR 8] 22 53 .2 (P<0.05) , Ab 3 7 2 A4 BR i
) % WG 3% 1 52 HAE FIGT COD #4178 540 . BT CoD Y
LB DAY R 208 WA E R 320 T
SRR KR AL F s R A A L DivE
RO AR 22 VAT 7 d, HrE A H COD I L BREN
16.16% , & T WS 41 (8.12% ) G2 (4.90%) . 45
14~35 d, G2 RS A% COD A 2B i T &

301 (B)TP

251

201
151

10|
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5+
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B4 THF ] Time/d
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Figure 2 Changes in concentration of each pollutant in the swine wastewater
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4, X TR A (DO) BB AT B T 3 32 U9
A, T2 55 T COD Al 2B R0, 2840 35 d (1)
Ab 3 F FRL G COD 114 25 B 5%k 89.89% , 7K COD
e 4 40.20 mg- L7

REMELBR A, [F— B B A B 7] 25 55 2
F(P<0.05) , b B 7 =R A B R[] K2 WA 1 38 AR
XF NHo=N ¥ 500 . A7 7 d, =Aab By S0 A R 2
BT R BRASCR , 3 2 p 0 i A A Ak bk
BIRARKY B, R R R R, A g 4
(4 NH;—N Fl TN 25 B 3 28 55 5, 435914 3.04 mg - L' -
d'H7.67 mg-L'-d 7~21 d, JEIREH PR R LR E
RN, EH SBRIATARKEN &, Taes
TR AR 2R A 1 LR FOR R B K A DR
283 35 d WAL BE, G PR 414 NHS—N AT TN Y 25 B 545
1M 69.40% F177.65%
2.2 EWEKERE

M2 /N, H B AR S KRR
PEREFR L 3 22 7, L& BT iE A 2.00 g FH i 225,77
g, I R AP A A A K A 0.03 g -
g e d™, 5 RUIR Y 7E F7 78 R A T AR I8 1 A K s R A
P WEFE R KA b B R R s s R AR
A=A, I T A 4 A i, A6 B BIL G U (TKIN) R
JE 157 54.50 mg- L™ (8 NH:~N 24.70 mg- L)}, I
il B ARIE T, AR S OREE U S R G A K
I NHs—N i A B A8 47 442 9 19 NHE 5 i FBH 255
PEAT A, (8 BH B 7 DI B R bk st i AR PN 5 43
A, NI IR AR o W E ALK TSR AR K
R AT, R BK T S 68 1 5 8 2 7K 5 A 38 g M R T
ZE

T P AN S A ) A KRB A I i S
AREES  LE2AARR)E I i & i AR R
FA SN RUEIR , R BAAE PR N B AL AR A K 2 5
TANE . M LR — 5 R AR T E R R
SLH TG B2 i I B K A 2 S SR N FURE M L)k
R 22 b 1) A P R, - 2 A 2R 2 1T 1 A A s

I BE 7, DT 00 ) A 0 % 2 3 0 I ) I s o —
J5 TR KA H 1) DO e B 255 i KO S AR K iU
Je 19, 6 2 41 R 4L % DO 4351 Ry 10.85 i1 10.38
mg- Lo X SR I S AR PR SRV B X K R 3R 4 R
WA FR) 552 e B, 1 i 300 v AR AR 320 (DO 2 7.00 mg - L)
MR RGBSR AR SER R Y 2 FE RS 4 (DO
H7.50 mg- L) SRR = S AT LR, S
be I SE2IIF 5% 1 15 77 7 14 22 W SR SLInT K b g 2R B
Wi, [ R S B R (DO 4y 2.64 mg- L) FE A HE
25 K EE R R SRR S AN TR S (DO
0.68 mg-L™"), B T H i i A DO MR 520 7K 324
A AE I SCHRIC 28, LR R 75 B — 2B 9T
23 MEMEBTREHTL

W3R 3 R, FE 5 55 2535 21 0.99, 1L BT T
R, T AR Ok 2R SEBR IR BT sh s Wy VR S5 F I B
S B o Chaol #8801 R 6 7 BUE Wy R A =F 1) 45
A R [ 5 NI A A ST SR 3 Y S N 7
=R Ay AR RIS A5 R 1Y) Chaol F8 503 K F
ISR . 7 445 %% (Shannon ) Fl 3 3% 7% 5 54 (Simp-
son)VE R FE /R AE W) Z AR A8 4, BT S AR A
) = BRI 5 BE A O (BB R S WA i R R 22 Ak
MR o Zead 35 d AL B, BT A B I B A 5 ORI =
W RRIE BT, R K SR A A B
Y ZFEVETE .

ATTH A 2 o3 2K X REA AT 43 #r L A ]
3A TN, Ab BT, AR A UL SR T A T T
(Bacteroidetes) (51.04%) , FL ¥k H 2% i '] (Proteo-
bacteria) (26.62%) F1 i 2 B |1 (Actinobacteria)
(13.99%) , HoAt 5 G0 A= 99 o4 JE BE TR 1] (Firmicutes )
(5.24%) o 283135 d BYAL R K AL 3 T 1] 28 % A B
WARE o JEASE S BEARA A JEEBE B T AE — b Ab 28y
KPP G ], FE A AR A g < 4l p
(9 5 FE 0 R 40.029% . 42.16% F143.28% ., N RA
[ Ak 30y =X b & VR FH I D RE &, 18 BRUA OGS = B i
10 BB JB HEA T 200, W 3B /s . FEIRI6 T B iy , %

R2 EWMEKMERE

Table 2 Growth performance of the study plants

A3 Treatments 5} ] Time/d FHARME 5 5 Fresh weight of plants/g W Dry weight of roots/g 2 R Dry weight of shoots/g
RAL B 0 2.00+0.89h 0.13+0.04b 0.19+0.07b
PRI 35 1.89+0.92b 0.10+0.04b 0.13+0.05b
A 35 1.98+0.71b 0.11+0.03b 0.12+0.04b
wrE 35 5.77+1.50a 0.28+0.16a 0.32+0.10a
Vs AR N7 5 A 22 5.5 5 P0.05)
Notes: The different lowercase letters in a column indicate significant difference among treatments at P<0.05.
http://'www.aed.org.cn — 773 —
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Table 3 Sequencing results and diversity indices of different samples

P45 5 Sequencing results

Z RSB R Diversity indices

Tmﬁi%nts leﬂr;ljd PetEsr o i Shannon F§ 4 Simpson &4 Ace L Chaol $8%
OTUs Coverage/% Shannon index Simpson index Ace index Chaol index
AAb 3 0 449 0.99 4.20 0.73 561.66 565.83
e 35 1156 0.99 8.08 0.99 1335.16 1315.35
TEILH 35 1213 0.99 8.15 0.99 1364.00 1366.55
| 35 1194 0.99 8.15 0.98 1330.05 1327.28

TE A5 AR IR B 97% B9 91 U2y — DA 7 28 B0t .

Note : Species level at 97% similarity threshold is defined as one operational taxonomic unit(OTU).

(A)

[ Others
B Actinobacteria

100

80 |

[ Firmicutes
[ Bacteroidetes
60 [ Proteobacteria
[ Tenericutes
40+ [ Spirochaetes

M Euryarchaeota

[ Epsilonbacteraeota
[ Fibrobacteres

[ Verrucomicrobia

20

FEXT = Relative abundance/%

0
%@% %%@é %ﬁ&% ’ @1\%

Kb F Treatments

(B)
E Others
W Pedobacter

B Christensenellaceae

100

80

B Ruminococcaceae
O Rikenellaceae

W Arcobacter

@ Terrisporobacter

60 [

40
B Pseudomonas

B Flavobacterium
W Cellvibrio
W Agromyces

201

X = BE Relative abundance/%

0
S L SR
PSR St
AbF Treatments

B3 AEAAEFXBEMETA)FEB)KELHBEEEMRSH

Figue 3 Bacterial community structure and distribution of the samples in different treatments at phylum (A ) and genus(B) level

o & (Flavobacterium) [ A XF 3 B A 43.19%, A AL
P e, R O R T & (Agromyces) (6.26%) \IH 1L
EK I J& (Terrisporobacter) (2.49% ) F1 AT 17 J& (Pedo-
bacter) (2.48%) . %3k 35 d (Wb B, 16 I1 21 F g < 41
AL & Ay v BT I AR T4 & (Christensenellaceae )
AT BE 43 R 6.96% 1 7.64% . B, I8 B BR
)& (Ruminococcaceae) (6.10% ) A& -

AR P B D0 B s 5 HA 7 R DT S A A 22
Sto EFF BRSPS R, 15 K BT L 2 52 0 i
A WIRETE A5 R R R . A Y v BB AR
EHR 8 BRI s 2 M ) B A ), X S5 i
TS KR IEAT G o T3 AN E 25 52 0 S 2B W v 4
Py 728 Ak, T R AR BB ) 3 Sl Pk 7 22, DA T 40 1)
T T8 % W o A RS RR AR 7 A B o Ak
6 B BE A PR R N 5~18 °C, U o i o A9 6 P A2
S, AR E AT BAT B AR 2R AT P SR
WV ST Qe R RE 1P FER K AR B, I AR
T O] JREREE T TR R . X S A
TG BT Ak AR PR IS B A R W T 1 260

— 774 —

TEAWE S, (BB B4 & (Pseudononas ) 1 FH X
F R 1.82% T &) 0.53% (IS 4H ) F10.69% (1 1
ZH), T A B TER) 3.15% . BN T i 1 ol
R S AL AN B, 0 76 N T3 bl o B Rt A U
LB A WLEE AL NH-N, EUA AR 8 i 20 i 2 11 5 A
i T 11 BE 0170, ] [ 65 SO 1 PR B R 1 F 9
B AEART 10 CRISETT BB T & X5 TN 19 X Bk
AR E] 81.90% ., HA EAFIR R, A HLAMK
B2 5 s A A TR A S 3 IR A OC , NHL-N R B8
AR Z . H a4 COD 7ENT 7T J ] i 4 4
FEE R 7K AL 78 2 (115 22 o KA A
PEPRL AL, DO R34 i fi 28 T 304 W g 460U
NIRRT, AT A HLED D, S8
b 40 T B AR BE VS D . Martin 252900 1 B T
T A 0T V5 K BRI AR AR B, 2 AT (A e A K
(R SR Jovie 32 AR, D Rl 1 = Bt 25 34
FEAR

BRI 8 A AT = B M 43.19% T %51 0.09% (18
) .0.16% (JEIRE) T 0.36% (Fi B4 ; A 1 &
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NI 2.48% T RERN AR AR IS FHAT R
A AEAR IR IR EE T oA A Ve, L2 B A
iR A D , e AR 1 SR Ak TR0 R BT R K
K B PR A, RS E R AR, AL X DO
U, FE R B A R, R A IR R AL RIS 4L DO
43514 0.60.10.85 mg- L™ F110.38 mg- L™, WM EE
IR AT TR Ja AF O = B R BT IA R R4 DO
JE el AR sk

¥ 1 49 (Clostridia) A A7 XT3 M 4.69% Tt 5
40.59% (WS 41 ) .39.56% (E 41 ) 1 38.09% (i &
) MR T IR A R WD, O H 280 R DL
AR, DIPTSR PR 5%, IS 5K L E
B A, LA B S B 9 0 28 IR AR R I8 T AR R [l
TR R TP A YRV S5 F R DA A2 T AN AR X
JEE 38 in 2 Tz R R LA G LA R Y 5
7. T E R E A I AR R YR TR A,
X FREEARAb FLA AR SR A3 I 1 L BT ARG 5 kg

ZEAy Ay G K A ROR S R AR I A
15O, B A KO S A K AR B XS KA
RACRIAR, BB K 3% 15 Y ) ELHE AN o 238
57 e TEAA RS A LR Ty 2t KBk
R AR (R A KOS BOR i AL R
AT B S R R A R TS K A TS 4R
A0 BT AR H A W B A S A E T R A
L HE

3 #ie

(1) 7K TR A ZE X SR B85 7K T A T LA 3 g
Fiite 52 1 , HAT VR A ME G B A A5 AR AR T
1, 0 VAAE PR R S AL H AT DL 5 H6 COD  NH-N
TN B ZBREH

(2) HE A AL B AT DU = A 0 0 8 B s
YLy 1 e il 5 B Ak AR 3 S5 RS 9 7K ) 251 R s
fiff R0 S A AL S A R AR 2 1 AR LR T B —

(3) 2 A2 BA CAn i B M 17 i ) ARG = B Kk A
A HLUE R & IEAR G W A TS S A s Ak T
CUn#& # o1 s A AT 2 ) A AR

Sk
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