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W OE IR UKL ETERAR A, ARSI RN, AR5 T RN . R IR X R
IK A MU S AR TR A ) IR SR AR, A3 T R BRI R i MR 25 AR Ak 5 SRR IR AR IR T R
NP DA R TR I e E R, S EINE N BKEN %0, BRREEFI TR LRE, SCOD R A 1497 mg L',
VFA R HH 359 mg' L', 80.3% MILFAERBLIEME, FERMmHER . Wil du OBk B0 F AL ER . ARIR I U Y i 1
ARG B AR SRR . BB IR R T, JERETT . BAFEITAATE W EBARHET], M FEES 5 R
35.8%~63.0%. 9.9%~43.8% 1 2.6%~31.5%; L HJE N Acinetobacter, Tissierella, Bacteroides i J& , FHXT 3535 K
14.09%~22.5% . 6.4%~14.5% F 1.3%~7.9% . DR KRB S T HA KRR A RENERE BT T TR, BEIR T
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AETE TS KAREIRIE T LA Aok F i e () R K ke B BT 55 . el . BEERSERIIOK, oK 23S
i BRI K AR AZEPRIG H SAHECRA 5 AR E 15K I 19%~2% (8RR, HATETE K2 60% 1tk
2¢ 75 % 1 (Chemical Oxygen Demand, COD). 97% A9 il % (Total Nitrogen, TN) fll 90% F) .1 (Total
Phosphorus, TP) i [ TH/KP, [Hitk, P55 e —FEest A EEK s F- ) B f R RRE IS K A R AR 1Y
FAROTEY, SRR E, XK T, PAREASEEASE, SEIRKBEIRAERIH . AR AR
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B, SEIEAKIGEIRAL, (R EEA MR P SRR AR A BE, 600 TR UAS, 76 KRR HLIX
e N FMERERCR . AL, RACEKAEA SN IR AR, AR IR A B K S A B S 0 K
JEE TR IR I ST
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YIRS AR R E Y, OREE R EAR PR b B RS, B8 T IRAL BRI
i RIEREEXTRK AL . AU R . SRS A IR S, 0T 1R ZR il
RIS SRR, B TS AR KRNI, SRR SR K SR A 2 B A
1 BRI
1.1 REABEEIAEKAVIREN FRAE

AR SO B DR AE R I T 71 PR DR 58 B MR B A IR A RIS, AN SR IA, A VDT
VE . PRAEKBERAMPERT N : pH N 7.6, Bk 7% & (total chemical oxygen demand, TCOD) 24150 000
mg L', A LA %= (soluble chemical oxygen demand, SCOD) 24 270 mg-L™", RLEAHE L (total
solids, TS) & 1 500 mg-L™", #&PEFIRIKRIE (volatile solids, VS) A7 1480 mg-L™".

el I P8 SR R AR TR 58 16 FPAEET ], DUATAT 1 ERE R TSR], AR REE 53]
h 88.3% 1 11.2%; A 69 Fiid)E, hRwEAFATHIE . P/RINERE . B iEE msEss e,
FEXSHEREST IR 87.4% . 6.5% . 2.1% F1 1.1%, 3 1 FH TAHXFREEHEAET 10 ROZHEET /8.

®1 RELAEETIMEDREFE

Table 1 Microbial community abundance of the anaerobic fermentation bacterial agent

YIS e AHXTF /% B33 AHXF /%

JEEEF ] (Firmicutes) 88.28 FLFTH B (Lactobacillus) 87.40
AT BT (Proteobacteria) 11.21 % IR 38 18 i (Ralstonia) 6.55
FUFT TR 7] (Bacteroidota) 0.25 {15 A 7 i (Pseudomonas) 2.06
JiZE 1] (Actinobacteriota) 0.08 % WM 1 R (Stenotrophomonas) 1.07
Wi T ] (Cyanobacteria) 0.05 PR (Listeria) 0.48
BBRATTET ] (Desulfobacterota) 0.02 W i JR (Allorhizobium-Rhizobium) 0.37
PERE T (Verrucomicrobiota) 0.02 S R (deromonas) 0.19
AT AT ] (Deferribacterota) 0.02 KB (Vibrio) 0.13
A 513K ] (Deinococcota) 0.02 [ RIR T & (4zospirillum) 0.12
T ] (Fusobacteriota) 0.02 [T JB (Prevotella_9) 0.08

S PR E AR p KA BT, T fuK S AR 5 Lo BURES W R KIR AT 08 R IR AU N A
W IR A LB . 27K pH A 9.240.3, TCOD 4 (2 900+100) mg-L™", SCOD 4 (300+20) mg-L™",
TS & (1 950£150) mg-L™", VS A (1 200£100) mg-L™", TN & (545+£25) mg-L™', TP & (125+15) mg-L™',
MR (Total Potassium, TK) 4 (3.5+1.7) mg-L™', ZERHHBEECH (1.6£0.8)x10"° MPN-L™", il tft GR%i Ky
(2 650+350) MPN-L ™!,

1.2 LWRE

AMHFE Lg% BN ANE 1 FRRSUZRIRERN 2, AN 2 L, WAHE A 30 rmin™ AHFEHL.
AR AR KR B, TR A8y A e KA i S vy I
1.3 AR

1) PR T IS A s 8 e . FEIENSEERRT, 200078 0. 0.2, 0.4, 0.6, 0.8, 1 mL 0. 2.
4. 6, 8. 10 mL PINRFIBIMEFBRE T T 7 R/KRBEISES:, BuKEN 2 L, KR 20 do FISCERss
REW, 1 mL DUFREFIBONE T, REABRCRIZE, WfE 2~10 mL BT, REABREARCRZE
SRR, HICKERIBI R E N 0.5, 1.0, 1.5, 2.0 f12.5mL, &B% 10d J5, SCOD, VFA %
TERPRYE TR, WO & TE Y 10 d.

TE 5 DM 2 L KB RON N, Zr#m 0.5, 1.0, 1.5, 2.0 #12.5 mL RIREREEHF], 9
35K FI~FS, U BB R BRI BN AL FO. R (20+1) °C FH#EAT A 10 d MIPRAAUR IS
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Fig. 1 Schematic and physical diagram of experimental device

B PEFEEEE 30 rmin', VAR NBINREARRFAERL, EARARIE 70%. BRI EIER, WE TCOD,
SCOD. VFA. ZA. TN, TP %&H8br. £ 0.45 um IS K IFUK ARG KEESIAE 4 C TORAF, JF
£ 3 d INSERGINE . RERERENS, ROVARPLEZAT S min DARIERAIE

2) X IR AU T TR s A R K R SR RS 7E 3 N 2 L BUK AR 28 AN 2.0 mL JRAR
KR BONE R RTASIRHE), HEEEEEE 30 rmin!, REEIRHEFTAT N 70%, 23178 10, 20,
30 °C R M 10 d BYRERBESCR,, SClds-h T1, T2 F1 T3, JFEHE 20 °C FARIRE LBEERIT)
XTHRZH TO, 45 0.45 pum BI85 (19 /K FUK R G /KFERITE 4 °C NIRAE, IEAE 3 d INTERINE . BRI
FEIG, SOV A NIE AR 5 min LURIEREIEE .

3) BUKIPRA K I R I E A S5 T, RN, FEARERUN 2 L IPREAU N 28 N TIR UK I
Sy, DRAAKRERAIENE R 2.0 mL (FHSEE: 1 #fE ) , BidEEE0h 30 rmin ', RABRIEEHEFER 70%,
ik M1, WEEARGIIRA L BEEFIAXTRZL R MO, Al A F—50. B FUK R BRI 1, 5. 10
d B MO, M1 EBER, 412000 r-min™' BLOEPRAIIE, W HGCEREE S .

14 SHAEE

1) AR AT . GBS, DUEYIR ERE T B RS R IR A AT fiff
H 5% 341F(CCTACGGGNGGCWGCAG) fil 805R(GACTACHVGGGTATCTAATCC) X 41 B 16srDNA
() V3V4 XA 14, {8 Tllumina Novaseq 6 000 / Miseq 5 i -l 573 % PE250 / PE150 / PE300 £
AT . I QUME2(Version QIIME2-202202) H 4 #EAT [, I 4% e & By ASV(Amplicon
Sequence Variants) LINAHER . i QIIME2 4xf:1) SILVA138.1 £ls PEXTHEA TR AR AT

2) HAFEHR/M 41512, pH. TS, VS, TCOD. SCOD. Z %, TN, TP f#&MRE I 2m !, i
FHl pH100A %! pH i1 (HACH, Loveland, Colorado, USA) il %€ pH. fdi Fifdf7 HPFFAP &A1& H: (30 mx
0.25 mmx0.25 mm) FIEKHE B TR 5 19 AR (35X (7890B,26 [ Agilent 24 H]) Ml VFA!, UV,,.
E4/E6 /6T (UVS100A, Hi[E Labtech 23 w]) A HlAE . 26 BRIk EER I HL e, £F
e Z R PRI . B L e A E T SR BER A (GO T AEARIE ) (GB7959) Hh
IRt FERIARBEBCR 288 RReel, =450tk PO (Cary Eclipse, 3¢
[ Agilent 23 F])) M5E . FERFRERMBAHCIEL (6890A, L[ Agilent 24H]) ME, @ik . @
¥4 Hypersill BDSC18 (250 mmx4.6 mmx5 um ) , A1 30 °C, SE/MGMEK 254 nm, FshAH R HELK

(75:25, PRFAEL) , WK 0.6 mL-min™', #HEEEA 20 pl.

2 HER5VHS
2.1 REAEEFIEERMENHE

1) PRAEBE R & X TCOD 5 SCOD [ #2 i . A [R) DR 48 A& % B 7 3 i T i 22 7K TCOD 5
SCOD {HAEARIRF R FAS AN E 2 . e R HEABNEFIM ST, TCOD Rk i s ra .
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SXTHREAAL, TN T IRAEREEE R RN 25N, TCOD {HIRENE . Hirh F5 S i gsidsiin T i &1
REKBEFER, H TCOD BEBRFRN 36%, KT F4 SN 280 43.3%, F1. F2 Fll F3 5 KW 2847 HAH
) TCOD LR, 7 67% ifi. iXFh TCOD ZRAbAY2E R AT REE T RRI AN I S 2 K R i o 5 i 4
FRYTUREAE FHUTHE U ) B o0 AR B B /N | SR B TR INRE ) 5 . 33X kit AT LD B /K R B 25
B, BINT RN AN ZURYIE £, XS BRZH PN S o B A A T URAAE I

3000

S 6%
i

10

2000

=k ——F31.5mL —— A ——F31.5mL
2700 ——F10.5mL ——F42.0mL 1800 | ——F10.5mL ——F42.0mL
240 —-—F21.0mL ——F52.5mL 1600l —-—F21.0mL ——F52.5mL
L2100 F £ 1400+
% 13800 = 1200
) g o ]
5 1500} E 1000}
S 1200} § 800 |
900 | 2600 F
600 400
300 F 200
0 0

B fa)/d

(a) TCODZEAL ¥4 % (b) SCODZEAL LA H
B2 FREEFHEMET, TCOD 5 SCOD Kt
Fig.2 Variations of TCOD and SCOD at different doses of bacterial agent

5 TCOD AN[F], SCOD FHUHIRFA A K& RNV, SCOD #& R 2B St F At T
W, FEISIAERa e ieRAS . AN #R NEBIRIREAE 2 PR, — iR R AN T R ORLAE S e
N IBAA R N R, I Bt A T st X453k SCOD WyFt . [FlR, ¥
fEAEK HR A P Sl A D R E AL S A 0 fd, 530 SCOD kb i Ead s R n] e A
FERNRT 3 d, RN NI EZ RN R AR A A s A e, Rk SCOD {EAERT 3 d il
R, 2 EThE, B 2d, BKPEAEEGIS 2 S8t RaEE K, RERRS Ao
FEbR S5 A, SCOD 2 PR, ZImX SR B WHA AT . 6 g, SCOD {EXITE
B3 FRIRFNEM, BES A T, Hidh F5 SUN#sN SCOD WEEfE, & 1800 mg-L™', MiAGIIERIHIXT
ML AR, ARSI IR R L BRI v] LA Ui B NS B A st g, b
AR TRKPRHEYRIEEE, X — s e Rt — e . REAEEER BRI 72K SCOoD i, %%
1) PR 48 % T T A 1 T SR K SCOD AR R . FS M a8 A8 N T 2.5 mL JRE L BERF], A5 = 1)
SCOD ffi, HEW 10 d J& SCOD YRR Z2EAV LT 2.0 mL () F4 [ % #5455 3%, 1 F4 ROV sk F3
f) SCOD fHFERE T 10%. &5 FRIIRE LR IR INAERZ , oG R TR PREHEA USRI KR, A2
PRI IS N ZE —E (i), HACRA R BT

2) PRAE AR AN X R . AR L IR B K @ A AR W 3 fin. T
BUKTP A REEAR, EEYIRN R ER T e B A A mE 3 L, AEHEIFHRR
147 mg L™ FFAPUEF R, fmisg] 342 mg L' AR R, PRAEK B AR E A5 Rk (R
200 mg- L' AR, DAk e i f ik il H e il A I o AEAR SOt A8 PR AR R T v 77) B P A PR A
M, RIRALIE S —B B, WX —BBe ™A & S A MU A R 8 TR R R, R St K i
TRl PRI, JRAETERZ SO R B ik e, (RAEAS SO A AR R ] DA R R R P SRR

i, AR TRACHRAECR . IS INPRE R B I SO 2 =R S B i i TR, O 10 d J& FS L
PR R EEAR T 342 mg L7, MR ETXIEZH) 198 mg- L', YAN ZE migr i, MOKTERE K

PR A = R e P P R 2R IR T IR AR FRAY M . I, PRAEUA IR T A AN REAS W At
HABMRRERK IR, X TR RK A E IR AR AT STRECR , 225 AR5 SO A B T
e —2PIEl] . 5 SCOD Z6MBL, AASIN 0.5 mL (4 PRARUA e BRI a0t T LA e BRK r Y 2 VB i ik B 4T
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27%, 1 F5 5 F4 MR Rk R R 5 400
2%, ik, 7EREIRALBFAIE S 2.0 mL )5, 350 |
T R A R AR RE I B S A A LR ool
3) R RTEEABE AT VEA 2B 27
PRAR S I A A X K. VFA (B2 AN IA] 4 & 200y
Fs . SRR FA AU DA A e fhnT 150 f
Nt AEPIR BN AN, AR w00k o
FOPR PR RIS T DA RAIL TR, (RN ol Torom
T VFA (BRI A Y VFA BURE AL, 0 2 ;J.ﬁ\ /6d 8 10
JLRE 10 d J5 MIRFF IR Y 62.16 mg-L™ {584 il 2 o e
116.84 mg-L . TiLEVR I T 4L R 0 6 J B3 TEERENET, AARRARENEL
%%W . VFA lél/‘] f,”\ 1 ﬁﬁﬁ E% T ULHEJ{ éﬂ . %:ZE@ ® /fk Fig. 3 Var1a.t1ons of ammonia n1tro.gen concentration at
. . different doses of bacterial agent
SRR T B K PR AR 2 I B P PR I B ELA R A1
PR, SN & BER R R BOE T IR R VEA 1Y 450
Fel, (B F4 (19 2 mL $45E FS /9 2.5 mL aoo [T AL ——E3LsmL
Bf, VFA F=i fIFH SR AT, 150 [ P2 1.0 mL —o— F5 2.5 mL
4) PR BERRIBEE X TN 5 TP 180 o ~ sl :
PR AR R0 B X B K TP 5 TN (B A5 MR A o
5 iR, 6 ANTREZER TN R RRIELESS 2 by £
AR, BB, (H7ERS IR T = 2000
HErE REEFEH R4S pH 1 9.2 TR R 1507
8.1~8.4, UALALTHRIESAE, HILH iR & 100 -
R SE TN R, Hi FERN B R TEN sop ° , . . . .
ke, BRFRISERA TR (K 3). BT 0 2 46 8 10
CRTERARLIAN, TR PR R v P
FEAGHEAN, TN (9 SE0GE NS T AL, (E 4 AREFSNET, VFA REKREHZE

PR T TN 5 e B 1A AV A 5 Fig.4 Variations of VFA con_centration at different dosages of
TP WL EE TN GRS, KNS 2 KT Wk bacterial agent

EEWENEINKE, &4 TP JREWE AN, FO~F2 AERN 2 d )5, TP i) EA Ry, i
F3~F5 411 TP B8N, Hrep FS 417807 10 d J&5 TP ik Ras, A% 159 mg' L™, X]hE

O HA B3 F3 1.5mL [ Y= BB F3 1.5 mL
500 EAF10.5mL E2F42.0 mL 180 - EAF105mL EIF42.0mL
SSF21.0mL E&F52.5mL ol  SSF210mL EEFS525mL
400
5 140 |
§§ % \ 120
o 7 A 7 ~ r
S N A Al S
a0 N N N - 100 -
£ Nl ? 5 N
> 200 N |7 N g 80f 7 7
‘ um N B N |
X N N r ; 7
N N N N . % %
Nt (N NS N A Z %
R N N NS, N&d %
N N RN N 20 H N % %
N | NH A N N N 7
o LARH [ AME N DN o LA AN A
4 6 8 10 0 2 4 6 8
SR B R)/d SRt al/d
(a) TN (b) TPFLER

5 AEERMET, TN # TP HFRER
Fig. 5 Accumulation of TN and TP at different dosages of bacterial agent
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S EPRE A, BRI 1.5 mL K2 LA b B PRI R R SR R v [ A M A E RS R T8

FRIVER R AR LA L

5) PRI AR AR ZERIA R . 78 (FMETERTAESR) (GB7959-2012)ak/>H1, FER

WA E T SR TEE LB — AN EZHEPR . AHE
FEWEIN T BBK R AN & 8% 10 d Je BR/K A2 KA B
8, 45Ra0EE 2 R, mEAAL, Zad 10 d IR
ARBEG, FKPERGREIT S FERmHIE
e, BRI R SR AR T AR R AL
i, WRIZIR R N RTRE & A ZE R B L
M 2 R/, WS T R AL BE R B SR
, HEBERZE KA RAEY B3 5 TXT IR Fo,
WESE T AMHSEd AR B AT A s Al ek P
IKITEEL.

PEIRAEAS R RS A e v TR B N e 28 10 d IR
ARIS, SCOD. ZAM VFA IR NE 6
e HIEIMTAHL, FA8PRATERZAR Bk i 5IR
ARBEEABOI R IEADE, PR R IR n]
PIE i OK AR R AR A W R 135 B Koy A WL
(KA . VEA B2 e FIEOR 256, H#E M
0 H9hnZ 2 mL APAESEVERT B3, i Y s &
M 2.0 mL ¥4/% 2.5 mL Bf, SCOD {fi. VFA {i
I E R AN B, DRI DR R R 77 114
WHEANE A 1.0 mL-L 2K, EIBKER 1%0.
22 REMRELZEETECEKRELEMN
=A1)

1) XF /KR PRGEEI . SCOD AT LA B3
B RV LR, R IRIEEE IR K
i) SCOD {HARAL NI 7 7. T2k ih ks 2%
HHLYITE R BRI A BOK M, 441 SCOD fATk
#ETE, BEE A R E B A o3 i
SCOD {HIZHT FFEFHAERaE . IR g A
W, RERGE, K SCOD Ry {H il
i, T3 Z1iY SCOD fHAE S 1 KikikF] 1 800
mg- L' AL, T T1 ZHAYIEELCH 1300 mg-L ',
(B34 TR HRZH TO 9 933 mg-L™', &4 1ES05:
4 dJ5 SCOD fH ¥ THE, 4R FEWFE 10 C
230 °C BYEEIN, $RERE T LI K PR A K
B PR AR EE . THIFE 10 °C B, USINREAE L TEE
BRI A 2K 5 0 IR T AN IR B SR K AR e, e
SCOD {HAYF R hArm, WIERIRRE T, KA
RIS T LIAT Bt SR K ok S A ML
TK St

2 TFEETHEMET, BEKWEXFEEHE
Table 2 Fecal coliform values of blackwater at different
dosages of bacterial agents

KEERTTE/d  Fo F1 F2 F3 F4 F5

0 4.0x107° 4.0x107° 4.0x107° 4.0x107° 4.0x107 4.0x107°

10 4.0x10° 04 0.6 3.6 43 43
1250
1000 |
‘T] 750 +
on
£
% 500 |
250 +
O 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5
PRAAR e R A B /mL
Ee6 ARREAEEHIZMET, SCOD. VFA
SREEKPFAR

Fig. 6 Accumulation of SCOD, VFA and ammonia in
blackwater at different dosages of anaerobic
fermentation bacterial agent

2000
1800
1600 [
1400
1200
1000 [
800 -
600 |
400 |
200

SCOD/(mg - L)

0 2 4 6 8 10
SR a)/d
7 TEIEET, SCOD KL
Fig. 7 Variations of SCOD at different temperatures

TR K R R L B2 AN 8 s . A A A Bk BRI R e s, b T1
T2 WZHAERN 4 d Jim, EAEMHEIREADTRERPRAS, T2 MEEMBRLERY 10 d J5iAF] 325 mg L,
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s T T1 R 318 mg-L™', 1 T3 FP& B E ALY
7d e TRE, FRERN 403 meg L, BT HA
S . RGBTSR vT A B A
U, (HE ST T rT e K s S R A LA
W, HREANREEZ,

K9 R4 4l K K e TN AR fk . FE4 )T
1~2 d PSR SE, MTEMER, BRENH
FT R, Hh T3 41 TN URERZ, 5 2 Kiksg
B 422 mg-L', {HHFEMFRERERRZ, 55 10d
YRR 377 mg' L', KT T1 A T2 41,
A RE R R R R T &= R, BE
TN TR, IR T T1 20 TN {H1E% KU B BE
6T T2 #iRdl, HIERMRIR A PGt
R, PORASS EA NI MRS, IR

450

400 |

350

300

250

200 |

150 0 2 4 6 8 10

SN fhl/d

El8 TREIEET, SRRERENEL

Fig. 8 Variations of ammonia nitrogen at
different temperatures

f TN (HARHAR. AFRREE A2 TP B XYL T, (2 T1~T3 fEZERAK, UiHn LR

BRAIHEEER T BRI R 2R A R

440 -
420 t
400 -
~ 380}
n
D 360 |
S 340f
F
3201 —~—T0 20°C
300 F ——T1 10C
- T220°C
280 ——T3 30°C
260 1 1 1 1 1
0 2 4 6 8 10
SN (A)/d
(a) TNZEfkta$h
9

TP/(mg - L)

140 -
120 |
100 |
80 |
60 | ——T0 20C
—~T1 10C
40+ - T220%C
—~ T3 30C
20 . . . . .
0 2 4 6 8 10
SR [E)/d
(b) TPARfk

TEEET, TN # TP Bk

Fig. 9 Variations of TN and TP at different temperatures

UV, sefliK G LR — A E 2865, H5 COD. DOC 454 HA RAFHYOCHRMER2, &l 10 AT
I, PRAUETE 1~2 d N UV, (HRIAZIE(E, BEISPGERRE, 1655 3~5 TIFIARTAE, MR LRk rh ok

AV KRR A LA R L Ve
MIZER . AUERM, KRR, PF AN
TE 254 nm ALSEFSRIGIILE, UV, TR
HIEIR AR RITERT T, XY AR b g
i 30T A B T A TR R ) A X BE 2 TO HR R OK
UV, [HAE RN IREEXT UV, A7 &0,
TR, HAEAR A, R R ORI R
MUK AR YT . T1RIRA1 B /KAY UV254 15
85 RIgARERERE, HEERE UV, ME
5 T2 A1 T3 HICi 3 X0, ERUREX BKPA
MUK SRR BT 0 W 355

E4/B6 {E ] TR C BRI B A E
R, HAB NSRRI R SR

25
——T0 20°C
ol —T1 10
: —-—T220%C
—~—T3 30
S s
=]
10}
045 1 1 1 1 1 1
0 2 4 6 8 10
2 g i) /d

10 AEIRET, UV, B
Fig. 10 Variations of UV254 at different temperatures
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Y, IR EEXT UK E4/E6 (HSZ I ANIE 11 iR 12r
TERAR L BEIRTY], E4/E6 Pu Tl FUAYER N
EURBY BT 0 5 A A L il
=, BEE RN RYHET, /NI SRR L 2
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Fig. 12 Three-dimensional fluorescence spectra of black water at different temperatures
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Table 3 Most probable number of Fecal coliform in
black water at different temperatures

MRS E]/d TO/(MPN-L™") T1/(MPN-L™") T2/(MPN-L™") T3/(MPN-L™")

0 9.2x10° 9.2x10° 9.2x10° 9.2x10°
1 1.7x10" 9.2x10° 1.1x10" 1.3x10"
2 1.9x10" 5.3x10° 7.4x10° 9.1x10°
3 2.1x10"° 3.7x10° 43x10° 8.3x10°
4 2.3%x10° 4.7x10° 2.9%10° 3.5%x10°
5 1.9x10° 7.3x10* 1.3x10° 7.2x10°
6 2.3%x10"° 5900 8.3x10* 5.5%10°
7 2.5%x10" 3700 9300 1.3x10*
2.3%x10" 2 800 4900 8 600
2.3x10" 3300 3100 7 900
10 2.5%10" 3 400 5400 6 400

m, WEWA T Bacteroides WIBIIAIN I, SCRAITTE R — I GBS A R RE, XS
TR TTREGRD AR, TRfRiEL ., WA IR AR T, PRI R Al LU i s SR K P
FERIATERE, AR SR A R BB oS AEHE T T i 22 2B . AESEPRI IR, B ARUERR K Y
PRAALIETRIAD T 7d, DIBRORRKBICERCR, FEhl IR PR 22 4 XU

Xt REK HR e R AR A R RO AR A b AT TSI, Z2RANE 4 FR. MJET EEE 0
FAC DA bR, Wi HGNAET AN =95%, H1% 4 AlAl, TI1~T3 BARIFRMEZORIRAE, R BRAE TR 7

97% VA L., T TO HARBIMIKRA L BER A, it
10 d A&, il o O A LA 2 e F ALK .
FEIH R K B R SR AR A 285 3% Sk
o] e G A O, el R AR AR A
TeEATAER, TO 4 A R B fRAK, T3 41
fer, RRESERAT, AT R 0 R Y K
6, X SRARE IFFEE R —2L

R4 TEIRET, FBKAMNRONRIRARTRER
Table 4 Most probable number of 4scaris
lumbricoides eggs in black water at different

temperatures MPN-L™!
R TR ) /d TO Tl T2 T3
0 2.6x10° 2.6x10° 2.6x10° 2.6x10°
10 1.2x10° 4 11 60
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25 41 (MO) 592541 (M1) [ 47 39 #5 MENSHMERFERIERGOT
10 d WYPREA KL BESEE:, B AK K M % B 18] Ay Table 5 Microbial diversity and the statistics of
1. 5. 10 d BROREER, 257008 BWCRKR A abundance index
E%HTJ‘EKJJEﬂ()\ DIMO(ZVL\@? 1.d i MO éH)\ DIMI A Reads  Richness  Simpson Shannon Coverage
(KB# 1 d By M1 4l), DSMOCARE 5 d (5 MO 4H). BW 76843 624 0.123 4.68 1
DSMI(AE 5 d i) M1 2H), DIOMO(Af 10 d ) DIMO 84338 649 0.125 4.64 1
MO ). DIOMI(A % 10 d f) M1 4), £ 12 000 DIMI 19960 1276 00217 691 1
;é(r;r;%i};ﬁ%@mﬁ MUGEMITRCEIIRE 0 oo s ooees  ass 1
Ly \ \ —~— D5M1 76 468 1194 0.0322 6.7 1
1) A YV Z R e W R . ik 5]
%[] , %1;&{)”“1#“2'_(9/\] Coverage E[’E‘f&f}]j\] 1, %%%LZ DIOMO 71 067 682 0.076 6 4.71 1
1

KA SE A6 TREA PR, Kligss:  DIOMD 83976 1038 0.0396 659
ATLAR WU AR RAE IR B B, Richness 15
¥4 T OTUs, ACE. Chaol 3 Fif%k, HAGM S FRIIFEA M RUE YRR TS B ; Simpson F540R1
Shannon 88T LI HRENEG A YA 2060, Simpson F5%GH/)N, Shannon FE4GHA, M ZRIAREA A
YIREEZAEMERGETT . FRATAL, FERUSINERIZS 4L (FO) N, BliE ROVEHE 3G, Richness $85011%
A E TR AL, RS AP AR S E IR B BINERBEEA (F1)
Richness $8505 25 A WA TR, RIS AL FEA A T LA R R EAR A 5 . Bl I
i, AR Simpson FEEUSK TS A4, 1 Shannon F8EA/NT4S A4, FRBAGSINE T LI EEAC R Y
BGR/EZEE N

2) AET KR T o BT IR S A AN 17 P, 761 KL, MO 5 M1 754
TR B OCSTRT TR, DL AT TRIERERT . AFRT] . DR, X 53R IEED 85 Rk
PR G PRI BRI 1250, A RK IR A R R, KT ARG . 7= Cleh FE e &
BER 1 2B S 5K RmRAd e, B 2ZAETE STRERNED T, AR AR 3
SEAGRE SR RAAHEG, SRR 1 d JERREAS T IERERE T TR TR 63.0% $2 2 83.3%, 1Mi=S 4
FJEERE R T B R R 2 53.0%, FHIREUR I w A I as infe it 7 oK B RE R 1 E 48 o 7E O i
(10 d), JEBERET TR FBEA FTREAL, 25 F4H 5 5020 73 IR 35.8% F1 47.8%, X W] /&l THERN =
W, BOKPRIARIEE AR IR ORI, REM AR S ET I, XERER T 10 A il S
W ESE SRR MEZRINE T IR, HS 50N it e, PR FEES R4S
SEEAH AR, R T TR T 1R

[_Tlothers roteobacteria
A7 ARV GIER, FLAERRAATI, P beulttmsenis £ B
BT HEAR T ROVEI (10 d), REFERVE, 100 =
2RSS SRG ORI RGO, '
A LAY P BRI AT R TR 102 o
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5 MR RER S SRS AL A Fig. 17 Relative abundance of microbial community at
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Tissierella & VWL T R EEZLE G, AIP2ARmE . MR . BRSE UKL, XA LIS RA —E MR E- . 5
Gb, BEERNGHT, AT RIKIEUK A ) —LE i J@ SR B ETREAIR, 40 Ruminococcus F1 Romboutsia. AR5
R, X 2 MBI WEBYATE, Ruminococcus FIHLIELRA XM Romboutsia 5 VREFIFGA I B
HROVHAT, 25 HHN Ruminococcus WIAHXTFEEEH 34% TF%ZE 0.5%, Romboutsia WIAHXTEEENH 16% T
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Fig. 18 Relative abundance of microbial community at genus level

IR AL AR R AR RN R R E S AR KZER . BINRAELRRAG, SRR
i Dysgonomonas, i%Z=—FA] IARIEMATTER . AR FAVYNEED Y, RUPE KRR FIZRE
JEHA BERIHER, AR TRRERTEHY ., Acinetobacter WIANXT FFEELET IR E K BE B 77 Jr Lk
X, MHHFZS A4 18%, SCEAREUEIE 3.2%, JEHZ 10 d R, 25 FI4IRIRE 14%, SCRRLr
RZE 1.5%, X FIADE LT RS I mT ARG 6 Acinetobacter X SEUR R MIIG K, I HiZME 1
Ruminococcus 1 Romboutsia WiFh & IR FTAREL .,

3 Zhig

1) HE PR AR A IR A 75 AR In it v AR g PR /K DR AR At R o () 7K A AR P BRAscit , (B3 — e K
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2) NENRET, PRAERBERE A BRI E LR EA FOARR, {B4E 10, 20, 30 C F, #FnJLIMETER
IKREEK SR FRAIRICR: . TR, XK UK A VEA | A RO B . 3R
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3) INAE BRI SLIH 525 AL, TR IKE b, —F AR R R AOOCEET TR, 5y
PUARIT T RZRERE T ATIAT T ZSIERT, AEXT=EREST52h 35.8%~63.0% . 9.9%~43.8% . 2.6%~31.5%.
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Influence of anaerobic fermentation bacterial agents on the effectiveness of
anaerobic fermentation and harmlessness of blackwater
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Abstract In order to safely and resourceful utilization of rural blackwater, the anaerobic fermentation bacterial
agents were added in the blackwater, the effects of bacterial dosage and fermentation temperature on the
conversion of organic matter and the inactivation effect of pathogenic microorganisms in black water were
investigated, and the changes in the microbial community structure of the fermentation system were analysed,
respectively. The results showed that anaerobic fermentation bacterial agents significantly promoted the
anaerobic fermentation of black water, and the optimal dosage was 1%o of black water. The high temperature
was conducive to the fermentation process, the highest SCOD and VFA accumulation were 1497 mg-L™" and
359 mg-L™', respectively; 80.3% of cellulose was degraded, and the counts of Fecal coliform and Ascaris
lumbricoides egg met the requirements of harmlessness. At lower temperatures, the microbial activity decreased,
but still exhibited a considerable promotional effect. In the fermentation system, Firmicutes, Bacteroidota and
Proteobacteria were the main dominant phyla, with relative abundances of 35.8%~63.0%, 9.9%~43.8%, and
2.6%~31.5%, respectively; and the dominant genera were Acinetobacter, Tissierella, and Bacteroides, with
relative abundances of 14.0%~22.5%, 6.4%~14.5%, and 1.3%~7.9%, respectively. 22.5%, 6.4%~14.5% and
1.3%~7.9%, respectively. The addition of anaerobic fermentation agents increased the abundance of the
Firmicutes with hydrolytic acidification function and decreased the abundance of the Bacteroidota. Meanwhile,
it increased the abundance of the Dysgonomonas with the function of degrading lignin and cellulose, and
decreased the abundance of the Acinetobacter, Ruminococcus, and Romboutsia. This study provides a reference
for the application of anaerobic fermentation bacterial agents to promote the anaerobic fermentation of
blackwater, control odour production and effectively achieve the harmlessness and resourcefulness of
blackwater.

Keywords rural domestic wastewater; anaerobic fermentation of blackwater; anaerobic fermentation
bacterial agent; conversion of organic matter; harmlessness effect; microbial community structure
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