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i B REERIOKRIERE N E R R R G RSMKIR, TG IeH COD FIFARCR, SLBliEIR L. 1E5R
SN [E K S AL PRI B T AS K B e e A Al 1, SR /MR E /B /-4 (anaerobic/anoxic/oxic, AY0) RFE
FET5 Ve K SR IS WAE R M U5 A I ARG FR s . S5 SRR, S [R] BRI i 1o A 3L B T 4515 Ve BROK S D8 i e K
R AR TC L E R . BUKMHAL SN 165 °C. 30 min, FIAT5UE% COD # H SR 1 Fivs &g, 14
B3k 44.23% F 48.92%., VASZER TAR TR A A HA/K A B BEACPF (165 °CL 30 min) JIFFoH75 6 BAOK 0 T Ay 1Bk U 3
ITHEESARE . 115 PR AU R TR BE R R 0.6% B, ZR G0 TN 2 Bk 2 5 R S Al Ak 3 R B 5 AT 3K 79.629% Al
17.55 mg N-(g VSS-h)', S8 FRANET B A MEREA 2 o XF ELAMI IR hy L TRAN B S A eI 254, 51 A5 IR UK A U
W, AL E AT £ 2 18.55%, H R AALBRBEE Dechloromonas X E L 3.04% Wi £ 3.72%, HilATE eIk
fif g T SR AL R A AL R S A W R AR ARG, MR THE AR IR HSCR . 25, 15 TRHOK IR IRAE A AR IR T
WERTE AYO REASIEYERE, SRIL RS IR TESS A, SCEUTS IR B UL BRI - R TH5 K B F- i 2 AR
KHEIR RIATEIE; PUKMPWALLEE; AINAE; SMRIE

VERTE A B AR R =, I5 ISR ISR FHC SR A 15K AL BE TR EE BN AE . Titit 2025 43K IE
PG URAF ATk 9x107 t (LLE7KER 80% 1) o Tz & A HUEWMANRE S MA N S Y5 KA
MR, s A . 1Bl BUKMETAEE o] IR A 5 Je A HLaR" . V5 oK i
ALFEFA (thermal hydrolysis pretreatment, THP) J&EFr/K ISR AT /K A BT 2L 51 18 Tk
ARz —H, FIRTEIREA 165~175 C /KPUEHE 30~60 min f5, AIMUBERRZYE, MEAWIREL, SR RTFAIWY)
BRI N RIS, g R PERRITR (volatile fatty acids, VFAs) ), i 58 A F 5 Wy i 3 BORTA
Mo SRRy, FRETGKAE) SR K COD/N BARAMRIET, i e H &M% iHER R, 85T
AMMHEE . A RIE . Jageit, e —29 A HEEGRERIRIET R B2 23.28 kgm™, X ToEEK:
KIIEIEK AR AS

AL GERBIR A AT — o R L BRI IR G 2 ], LRI KRR A= ™ . A AR R &
PP IE IR ECR BRI 4. 4T THP AEINE s e A ML, 83 i AR RS 2 WA .
I, 7E THP ZbFEAFRIAT5 UMK (SRR TS IeROKRIER) hE SAPET, ARG KA
FPEAN T 2R MIR, I e S BS Pe el 1) (R i S MR I B 2 . AR, T5ieuk
ISR E A HLBRIRRT R AS LR CFRENAHIT, R nlib 3.85 mg (g VSS-h)'M, WU %P BigE R, 1%
80 °C. 90 min FIiHFIRHVKIFIERHT A/O T A IRt , ARG KRN EHEhbrE. EATERE, 15
VUK FRIEIR A — SRR AR, SN IRHUK RIS TSRS A BE et Srimsdl b
RGMREZ BT . BRICLISE, THP SR iSle A M R RUK ORI R R, 157
POKMAIER H COD W THP R (130~170 °C) KT ] (10~60 min) B85 AH 2, SR M55 &
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THP I B AT g R AR A AU A 8, OO IR T K S A pL el Ak, i ER
X R RE R A e E AT, BT 5 e P R TR 45k . BRI, RIS TR R R s It A
VI RGSRER R, KA Bh s R MK A E A AL eI iy T AR

AT B AE A5 PR RIS IR E VIR R R G R, R PUK R S5 e Buk g
AR A0 SOAECHERIAHIEOC R HIR, LACTRENAXTIR, A5 Ve oK RIS oA S MR T IR 8 i 4ay
144 (anaerobic/anoxic/oxic, A*/O) RGMADINIATERE R E YIRS RIREM , RT5 e oK g I E
VI E RS MU — e e S
1 #RERE
1.1 SER[ER

THIRPK RIS . TR T5 Je I H PEPY A VY& IR Tiis K b3 AYO T A R bt , o i
(1.0 mm) J&5, BMRPIRWERLIE TUIRERK,, LOK 5 30830 10% ., THP b4 F . B 2.5 L RN
10% BT 15 Je I s e s e SO 28 (KCF-5, Jba a0 BRI SC AR A BRA R , 03 F 125, 145,
165 Fl1 185 °C #&M4 FHUKf#ALIE 30 min; RHANEZHR)S, T 10000 rmin™', 4 C FE.L> 10 min (5804R,
4% Eppendorf) , _FIFR R ANGIE UK AEIER o
1.2 XRE

AYO RN ASARARCA 30 L, bR . SRECHURNLF £ M2 53 38 4.20, 9.02 F116.70 L,
I A R B R LR 1, K 5B E] 235 2.0 4.3 1 8.0 hy YRS [ F A5 PR AN a3k He 2051
2.6 F1 0.6, A*/O RGEHFNHIEH A iR T5KFR 448, H MLSS 7 5.98 g'L™', MLVSS /293 gL',
MLVSS/MLSS=0.49, i#E2kizfriiE], #Hi5)e MLSS #5203 gL'
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Fig. 1 Schematic diagram of the A%/O system unit

RV KA 50 L-d™' . BEELa At T 120 d, MRIEHAOKFZES, KSR 5 ME,
S BHEt T 2RO R R AR 1 iR .
1.3 SEESE

ANA] THP W R 15 I HUK ISR R i AR . SO A s R AR i R A THP JRLEE 23R 125,
145, 165 Fl1 185 °C ()i 30 min) il IS5 RUK ISR . X505 e e ais KA i, [
FEEABON 1.0 L, IS THBRTANIN NaNO, W50 4G NaNO; YR 40 mg N-L™', Fidid BrEisjeii
IR USRI AW 4H COD/N iy 8, ¥Iuh pH (HIYT 2 7.5 247, A N, I8, LL 30 min [H]FE
BURE, MIE NO, N, NO,-N F1 COD &, F:LL MLVSS FAFfMA- Yk,
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Table 1 Operation modes and influent quality of A*/O reactor

KIS E

K WA sfTH B :
COD/(mg-L™") TN/mgL"') %H&/(mgLl') CODN

Pl 7K RN I 346 30.2 26.9 11.46

TeHMIR I 253 53.13 50.8 4.77
. LR I 370 4735 43.87 7.82
ShRiEK .

0.3%IEM \% 408 66.8 60.7 6.11

0.6% & \Y 555 67 56.7 8.28

DIREA IS . ESaT TR, A A 25 B BeRe s SRS B SR D RE R (R B R P . S it el
Er R EE S BRDJANOVIC ZEU #iti s, &AL (ammonia oxidizing bacterium, AOB) FLIV AR
ERSAL A (nitrite oxidizing bacterium, NOB) {GHIELTE N : I AYO RW#FHEE 400 mL EHI50E, LA
3000 r'min”' Z.0> 5 min (TDSM-WS, gL =S ARAF) , MUE 3 K FEsO e niGa ks e
TSI RERR R, T AR KEEZE 400 mL. KK IFLERT, FBEAR P IARIHHE N 30 mg N-L™' Y
NH,Cl ¥ (3% 20 mg N-L™' i) NaNO, %) llE AOB (3 NOB &) , 2 il 75 fift S8 RN B 431k 2.0~
3.0 mg-L™" 1 30 °C, JFIEYY pH Ny 7.50~8.40, IiE NH,-N 5 NO, -N WAL H R, Kb 1% i 2
R N AYO B HIAE 800 mL G5 YR, LA 3 000 romin' B0 5 min (TDSM-WS, IS HYEL
W EAERABRAED) , VA 3 W KPR RS e R E AR, WG NO,-N WA 20 mg N-L™',
COD ¥ JE R 200 mg- L™, VAT pH K 7.5 247, A N, 4ERFELEIEE, IIIE NO,-N fil COD ¥k ARk
R, FRIEVESILL MLVSS FNEMEE Y.

1.4 Stk

NH,"-N F1 NO, -N 43 5IR FHAN IR /O E AT N- (1-2583E) -2 0 6O E s NO, =N &
K HPESMI O (UV2600, i JLJERTER A FRA R U7, COD il R PG IR % . SR (total
nitrogen, TN) FLEHE (total phosphorus, TP) Wl 735K B E T BRBRER E A 2253 O CRE L AT B R 4
TEARRRE YL s BABCRA Lowry 3, DIAE TS AV bR B VEAs Il R s ki
Fetaskl®, TS, VS, MLSS il MLVSS RS HZEE .

TSUEHUK IR = AR PR (F-7000, HARESAE H L HIMERT Wi, iz
BUNR . kK (E,) FCEIEK (E) 43515 250~550 nm #1 200~500 nm, 3K 5 nm, $HHE K
12 000 nm-min~" . 2R AN E SR DS GIX A 532 (fluorescence regional integration, FRI) 2%,

1.5 EVEEERES

X A5ABA TR BRI G URREAEA T 16S rRNA FEFINY, LIFSEIG TS I i s ah A A, 16k
757 H DNA $#2#BCR ] E.Z.N.ATM Mag-Bind Soil DNA Kit (OMEGA, b F ka4 A) 1250 &34
BAETFMIAT; SR 1% Bilse e ikt DNA fysesedt, IHTHSESMMHEEEE T (NanoDrop 2000, &
FEER CHRBHEA D) M DNA W 4G, LIFREUY DNA AR, R V3-V4 514 (7751 338F: 5'-
ACTCCTAGGGGAGGCAGCAG-3’H1806R: 5>-GGACTACHVGGGTWTATAAT-3") £ PCR 1Y (GeneAmp®
9700, ZEFEHN HAEYRGH S (L) ARAR]) #47 PCR ¥ 1. 17 1llumina MiSeq f= i ]
-G S TIN IFXEE E TAE T (VA TAE TR A TR A FD) o

2 FR5ITL

2.1 THP BEX S RAKERIE KA IR

ANA] THP R EE (125, 145, 165 1 185 C) il FrisT5 e BUKMISIAFIE WL 2., THP (O EHITE
Tt COD s, SCOD MREEHGS;, WG Ie/K M M Rk, i3k 2 I, FESNSEIA 30 min B,
WE#E THP Y& 3G, 5 eBUKMIgl -+ COD, A A VFAs S8 2B ina# . H THP R H
125 °C F+Z 165 C i, COD % (SCOD/TCOD) H 38.49% /N ZE 44.23%; #t—4:4E THP REE
185 C, COD AR 1.48% ., FRFE WgEds i, A SIFAS BE R COD iR, A%k
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Table 2 Comparison of the characteristics of thermal hydrolysis supernatant at

different temperatures gL
e ‘ POK IR
3 8 5 J5iie
125 C 145 C 165 C 185 C
T 63.27+0.78 60.85+0.39 65.22+0.29 67.56+0.12 76.31+0.55
COD
S 1.12+0.09 23.42+0.18 26.10+0.31 29.88+0.53 34.88+0.80
T 31.37+0.56 33.07+0.17 35.78+0.28 42.60+0.77 52.50+0.32
HAR
S 0.10+0.02 14.72+0.22 16.92+0.16 20.84+0.60 23.97+0.50
T 3.13+0.15 3.09+0.12 3.294+0.34 4.07+£0.23 5.44+0.08
N
S 0.08+0.01 1.73+£0.08 1.84+0.13 2.20+0.25 3.21+0.05
T 0.42+0.09 0.49+0.05 0.53+0.06 0.51+0.05 0.52+0.11
TP
S 0.06+0.01 0.33+0.02 0.27+0.03 0.17+0.01 0.13+0.01

VFAs — 0.10+0.02 1.26+0.14 1.51+0.05 2.50+0.37 4.05+0.52
e TIOREES, SIUERIEER.

YIRS FEANIA Y, AT 50%~60%2, AR THP IRET, & ERIATS IR E AR
R R 44.51% (125 °C) . 47.29% (145 °C) . 48.92% (165 °C) K1 45.66% (185 °C) . fEid FHY
THP JEJE T (185 °C) , FEFIFUKMZR FRFEM T2 A v] RS E L B AR [ R & A Maillard S0
FrE™, THP R E H 125 C FH%E 185 C, WM TN ( 1.73£0.08) gL' & ¥ % (3.21£0.05)
gL, ULIAE A RS AT TN 8. RJR] THP S &35 R PUK gAY COD/N £ 11~13,
E T EYZBR TN TR COD/N (COD/N=6) P, PTG IR H#UK SR A E MBI TS

TEAE THP BE T, 15U UK RIS s A A WL B = 4E9 s EILIE 2. HIEl 2(a)~(d) AT,

8000 8 000
6000 6000
4000 4000
2000 2000
200 0 200 0 200
250 300 350 400 450 500 550 250 300 350 400 450 500 550 250 300 350 400 450 500 550
Em/nm Em/nm Em/nm
(a) 125C (b) 145C (c) 165C
2000 100% I 5% A A v = | o i || e e | g e RS |
‘0
6000 80%
60%
4000 .=
40%
2000
20%
200 0 0%
250 300 350 400 450 500 550 145 165 185
Em/nm WRE/C
(d) 185°C (e) PG IBBUME

B2 SRR =TSR RHIE

Fig. 2 Three-dimensional fluorescence spectroscopy of thermal hydrolyzed sludge filtrate
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75 THP V% B B e EER A ML AR i, THP SR 125 °C THE 185 °C i, J5iRRukfigierh X (&
R MV X (JEFEIRSS) SMERFA DI E S B R. H FRI 8T 5 UK AR 4 XA
B LEAT R (ULE 2(e)) , Bfi%E THP IREERSEIN, ZEWREfmAad (1. TRIVIX) St 86.28%
(125 °C) M2 60.02% (185 °C) 5 MIXERFEMEAHL b EL/ill i 125 °C 1Y 13.72% M A 15.13% (145 C)
23.35% (165 °C) 1 39.98% (185 °C) , 5 STUCHEY %> s 456, AWM BN, HEIERRILEE
PERIZ & ARG Maillard Sy ] GESEFRIAT5 U THP B2 OERE A I I BB A s, R, RE ek
IR UETR RS M DR S I MERR A S T s B ] A A T e SO R GE PRIV E 2
2.2 THP BES MK ERER R ARSI

SRR , TR rhER R SA DR R, R ANIIoKgE R Ny FA, %
A, AT S A 20 R R R B9 MLRRJR (W1 VFAs) o {HOR[R] THP Y BE 4514 F (975 U8 Bk fif g v v
VFAs AR (£ 2) o FHFEANE THP IR T I5Te oK ISRAE A MURRIEA R iEfeERE, TR E
TGRS, 25 L 3,

40 40

CoD i , COD
35| 1(NO, -N) 0~150 min NO, -N 300 35l g0 9 180 min NO,-N 1300
ol y=—0.22x+38.24 NO,-N 20l e NO,-N
= {270 _ = 1270
= 25H T = 25 T
%D 1240 jo %ﬂ 1240 :‘D
E(’ 20 H é E 20 F E
ad _ . = ~
= st r(NO, -N) 150-300min =3 2 15) r(NO, -N) 180~300 min | , 3
® y=0.03x+8.57 O = 3=-0.03x+8.41 O
10 H 10 H
{180 1180
st 5t
0 I 1 1 1 1 1 1 1 1 1 1 150 O 1 1 1 1 1 1 1 1 1 1 1 150
0 30 60 90 120 150 180 210 240 270 300 0 30 60 90 120 150 180 210 240 270 300
s} [&] /min i [A] /min
(a) 125C (b) 145%C
40 40
COD r(NO,~N) 0~270 min CoD
351 r(NO,-N) 0~210 min NO,™-N 1300 354 3=—0.13x+31.37 NO,-N {300
30| y=-0.15x+32.87 NO,-N 30 L NO,-N
~ {270 _ ~ 1270 _
= 25h 0 = 95t T
2 r(NO, -N) 210~300 min] , 5, & ap B
< 20} 1=—0.03x+9.77 E < 20 ] £
= a ® 3
® 15 {1210 © B 157 {210 @
® © = ©
10 H 10 H
1180 1180
5t sk
O 1 1 1 1 1 1 1 1 1 1 it 150 0 N 1 1 1 1 1 1 1 1 1 1 150
0 30 60 90 120 150 180 210 240 270 300 0 30 60 90 120 150 180 210 240 270 300
FiF 1] /min i ] /min
(c) 165C (d) 185%C

B3 TERKRRE TSRAKEERRNRECEREPIRT T
Fig. 3 Substance changes during denitrification of thermal hydrolyzed sludge filtrate with
different thermal hydrolysis temperatures

F R 3 ATAL, AN[R] THP B 15 e K i 8 TR i K L RORE Ak 3 %%, 4351k 3.08. 2.86., 2.93 I
3.27 mg-(g VSS-h)!, AL, THP JREXHGIRHUKMARIER HR LR IC B g e . teah, g
H COD b ath5 NO, -N AR fbiaditiir, BRI, e R iR, N
RITHFEI A 5 T IS E A VEAs 55, JEIAN 2R s . & A Sl i a L. (a8
B, AF THP IEE N SIe UK ISR ARRIRRT, Y088 NO, -N FLZE, H NO, -N LR g H el
ik 10 mg-L™' FIIEERY BFF iRIA AN Rl LI 8 NO, -N FRESma R B, DA A HUE o i
ALBRIEIT (N . 2R . RS nIRAFEE I NO, -N 4kl NO, -N 3%, MRS I NO, -N FHZ
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M4, THP RERT R, PRUEAHR] CON/TN R FRTS I ARPUERAEA P (A1 VFAs 55) SRk, wirk
AL RN, S NO, -N SRR B 5L R H
2.3 ERBUKMEERXT AYO0 RGRREMREAIS

51 TSR T AR H THP 5040 165 °C. 30 min, HAHFZEHAIR] THP IR FisTeRuk g
TR K A R T i 352, B AR LR THP 454 R i 45 I A575 U8 UK i 8 TR AE by MR %)
AYO RGN HSEBRA IG5 KRR . /MR AYO RGiIE4T 120 d, ELHsfT4E R ILAE 4. B 1 BB
(1~25d) >k H B 6% K, F¥iEk COD/N A

1146, Jish 14 d G AL BEACR B TRE , K I 2 11 FEN T &Y
goof —= H#EKEOD -~ ili/kCOD

COD ¥ Ji£ 4y 20.88+8.57 mg'L™', TN Ml NH,- = 700 ,;ﬁ.
N S350 (5.75+4.06) F1 (1.09+0.50) mg-L™", 53882 AR ] ]
COD il TN 5% 43 ik %] 93.89% Fil 80.96%., 2 e r-'a-._ffﬁ_“',*..m.-;E P e |
£ oo S G VE ke SE 4 N O 2 »
S BE (26~32 d) REbRTSRKEITINBE, Hivk T 00F Ty, | n .

S A B o il st
COT/N F%i 4.77, &ﬂ; COD il TN M#EF Bt R RN RN
345 FEsen, 4300 (19.98+4.31) Fl (15.68+ T, 80p ~ HUKNH, + HkNO, o
335)mg'L'; Hit/k TN F3L NO,-NEfE £ OOf i s AT A

“ S R Wi

K CODN IS, fLAERFA R Liibh = P
SRR USRI At AT AU 2, T T T TR

A TN LB T, SMEE: (33~ 2 gggj;/d "
68 d) ML SRS KK T I A A 2, R . ‘V“ 105 “jj’:j‘ e
y‘jﬁl\ﬁi}%:/‘/}?\, ﬁﬂ‘?ﬂiﬁ:’7j( COD/N j\j 782’ i%\i/ﬂ);ﬁﬁfj‘ lg. ariations in (§] qual O Itluent an

effluent of the A%/O system
TN LERHRIETHE 80.43%

ARG ITIHUK R IE T E I AMRIRARLRE, TESSIVIEL (69~97 d) , LA 0.3% FMAFE IR ITE Je i
KBV, JLFTHRALAY COD 2 7K 34 COD 1 36.11%. H TFi5 R BOK Mg 2 fE— & i TN (&
6.60 mg-L") , S8tk CODN HAE THEARKFE (Zh 6.1) . izfThasE &40 7K COD Fl TN 43510
(63.73+£32.12) 1 (31.3246.13) mg-L™", TN LFRFE TR 53.16%. M TIE, fEH R COD/N FIfAR
IRFIBARN TN RBRR, W REZT S L DI RERR i AT N N o 2 TS Je UK e, ELVS IR OK FRE IR T
PEBERRIEATIA AN o 25V BYEE (98~123 d) K5 e UK e AR TR AT 2 0.6%, btk
75 e PROK 7 U AR BE B COD 29 /5 . COD 1% 49.84%, 7K COD F1 TN 43 51l ik 3] 554.63+87.94 Fll
67.03+11.67 mg-L™'. 7ERUEMINS, 7K TN FEZ (13.90+4.25) mg-L™', TN KERFIL 79.26%, SHrEc
TN KBRFME . ZHU U i5eds s, DS TREERRIE MR TN KBRFEH 65.3% $#2F+% 77.5%. %L
frid, @G, UG TRHOKEERCA IMRIFEAILZ) 50% 7K COD RISl BAFA)EYII A RCR
RS IEROKIRIER I I FER G K COD Fl TN fFfisr G0 49.84% F1 21.67%, (HIEFI5IRHUKfiF
JEWEY) COD/N 252k 11~13, 35 ARA MR 2 bRT5KH TN BEES. 734, TEBECIV A EL V
47K COD WeEEFIFTG e UK FRIER N A TG BT T, 33X EBER A5 I HOK SIS b oA — e Bk
MANLY . AR RN, G MRIEESEER AT RE ST HIK COD MR, WnEf4sEKe"
TSIR ARBTG5, I, ARG TRHOK ISR 52 22l A I A RS MIERT , TR DT fig
P MEA: WA TS SRR 7K COD e EEAR Ak
2.4 SRAKERERT IR E PRI E AT

FERFT TS P PR SR RO T TS TR T I RE B TR PR BRI, FE 4% B BERS g 1B TIN5 45 T R B B KT
P, UL 5. LITG I IROK AR Rk AN IR I SE IV B BEFIEE V B Be AOB 1 NOB fie K 1453510 3.14 Fil
2.96 mg N-(g VSS-h)™", FHE TN ZBRENVE R AMRIERY BE (M BE) |, 3G TEBIREAKZ 37.219% F119.25%
JRUEHIRBOKIRIER AN I T E AOB o RIEMEZ 2, HARS K NH, N 3EF 1 mg- L™, " ILfEfk
PEREARZ RN WM, X5 WU 55 WF5eas R—3 ki AIbRE A IR, AL s ER R — T T
M TG IR HOK g T AR I S R AL A0 B ) BRIV E NS Kb RESRFR X DO HIsEdr, 3
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ﬁﬁﬁ’fﬁéﬂ]ﬁﬁ/ﬂﬁiﬁg%%{&, %*ﬁﬁﬂﬁgé‘%ﬂ:%ﬁ ~ ;(2) I AOB B NOB [ e fifb i
R AARIURE A5 AT AL P 16 B 4 A% B 348 = 1sf (
. s a0 |

>
W LB IE YT . RN 2 AT z
COD/N % 7.82 (B T BB , fk R msfl E
R 14.73 mg N-(g VSS-h) ' #1E 17.97 mg =
N-(g VSS-h)", #2852 22%. XHTFHEIV, fefk ke
TR RN B TS e RO IRIER)S , A
F AR, FRIRZT 32.89%, XAl fER M TI578M
TR DS I AN 2 HRCH AR B i A T3 7 A T
H, BEBBE TN LBRRAA IR (& 4) o it
T Te K R IR AR RN (Bt V) , COD/N
IKF) 8.27, AHILETETERGE 17.55 mg N-(g VSS-h) ', SHBMAHIT, 1E75 IR BUKMIERAE MM IE AL BR
SERRYG KIS, AT R Tk 16.01 mg N-(g VSS-h) "B, Tiii5 st & BEm i S s 7.94 mg
N-(g VSS-h) "™ B TAMIE . AIUL, DS IeROKIE R E Do MkIR T 4idF R Gt s iMfeRe 1, Mok &
SLMAMERE
2.5 IS RIK RIS B R LR SN
5L, TS5 iR oK e s BA S 2 ETe 5 15 IR POK SRS e e T TS
T RUE YRR B KA AR AN 6 Fis.
[ Others [ Subgroup_10 [ Phaselicystis[lll Devosia W sMmi402 [ Ahniella
[ Gemmobacter  [__|Ellin6067 ~ [ SWB02 [ Trichococcus [ Dokdonella [0 Azospira

B Ferruginibacter [0 Nitrosomonas|[l Nitrospira  [L0] Candidatus_Competibacter[___] Rhodobacter [___] Dechloromonas
[ Hyphomicrobium [ Thauera [ oM27 clade[”_] Phaeodactylibacter

I BN

MBI BB BB BBV BBV
El5 RGEERMEREMEINEIEEL

Fig. 5 Variations in activity of the functional microorganism at
different stages of the system
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Fig. 6 Various in microbial community structure at the genus level in stage I and stage V
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Effect of thermal hydrolyzed sludge filtrate as an external carbon source on
the performance and microbial community structure of a biological nitrogen
removal system
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School of Municipal and Environmental Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China
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Abstract Thermal hydrolyzed sludge filtrate (THSF) can be used as an external carbon source for biological
nitrogen removal system, which can improve the efficiency of COD utilization in sludge and achieve the
resourceful utilization of sludge. Based on the exploration of the characteristics of THSF obtained at different
thermal hydrolysis pretreatment temperatures, the effect of THSF as an external carbon source on the biological
nitrogen removal process was investigated by using a lab-scale anaerobic/anoxic/oxic(A*O) system. The results
showed that there was no significant difference in the maximum specific denitrification rate of THSF obtained
from different thermal hydrolysis pretreatment temperatures. Under the thermal hydrolysis pretreatment
conditions of 165 °C and 30 min, the COD and protein dissolution rates in the waste-activated sludge were
higher, which could be up to 44.23% and 48.92%, respectively. The THSF obtained from the thermal hydrolysis
pretreatment conditions (165 °C, 30 min) used in the actual project was used as the external carbon source for
continuous testing. The TN removal efficiency and maximum denitrification rate of the system reached up to
79.62% and 17.55 mg N-(g VSS-h)™" at 0.6% volumetric addition ratio of the THSF, which were comparable to
the denitrification performance when sodium acetate was added. Comparing the microbial community structure
when the external carbon source was sodium acetate, the relative abundance of conventional denitrifying
bacteria increased to 18.55% after the introduction of THSF, and the relative abundance of denitrifying
phosphorus-removing bacteria Dechloromonas increased from 3.04% to 3.72%, which indicated that the THSF
could strengthen the coupling between denitrifying process and biological phosphorus-removing process, and
then enhance the efficiency of the utilization of organic carbon source. In conclusion, the THSF as an external
carbon source can significantly enhance the denitrification performance of A*/O system and strengthen the
structure of denitrifying bacterial community, which in turn can achieve the recycling of sludge resources and
simultaneously enhance the removal efficiency of wastewater nutrient.

Keywords waste-activated sludge; thermal hydrolysis pretreatment; biological nutrient removal; external
carbon sources
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