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Fe ARG I ki X5 PNVA JBORE TS 1 A S 3 R M i A
Yy Pk AE By 520

TR, @A, 2ay O AR, BT, AaTA
LA RHR 2 BREERR 2 15 TR B, A 215000, 2. it £ 34 AV TR PR HG AR 58007 6 5 TR
. RM 2150005 3. VLR ECK AR B A 5 BERR R G137 L 95215009

B OE IR WAEAL/K A & A AL (partial nitritation/anammox, PN/A) YUk: 15 U8 W AS [ Ty B B B X via B2 A1) i)
MU, EMRRAUT S SBRA RS LM, Ak, BT PN/A JOk 15 U8 R G re R ob i F A9 R s, &
FEMEACERE . B S MR EPS XHIRE vh el g ma R, JFE R TR s R RS RR IR E AT AT M . S5 R
PN/A UKL V5 U6 78 25~30 °C B I 20 M e e fF , P38 0 Gl e B 238 W) 35 3] 73.48% ;AR b oy 2 90 ) PN/A B9 I 281
AE, MEBEARAL, HX R A EBRREM K, 12 C LU AR S ECOE Y B R LR R T R 40.6%, HRVHIE
FERFE 30 C, FHRRERFEHAEWRE 26627%: SGompertz 81 1] 4 8 -4 16 5 R 48 B 2Bk 77 LA M
T R 5 R S BR A AR OC R, LS TS AT R B R I AE 0.995 DA o 38 2 43 AT T EE X AR 0 9 M S i)
KB, R EEST PN/A RIS U6 1 AOB.. AnAOB L NOB B #EiG PEFZ AR, AnAOB XHIR IR MR, 7£ 12 C
7 CHE, AR E R g(TN) 4 518 0.40 mg-(g-h) ™ A1 0.74 mg-(g-h)™", HIXF 30 CHf, ¢(TN) FFET 93.42%
H187.83%, 7F 20~30 C i, EPS Ghifil TB, LB, SBA /AR E, WEMEZE 12°C LI, EPS S &40
SRR N . EEM 60 25 58 3 0, IR VT il ¥4 TB-EPS 431 0 2 {0 2 R S 4R 14 i .

KHEIR PN/A ORISR s IR vhh s ESE TRV AR s T RE SR i 1

MATETG KA, CLAREYR 45 . BRI LSO A O I < TR R BRASE B 0, R R
V5 K Ab BB AR MR A B SR 0 R A& A AL T 7. (anaerobic ammonium oxidation, anammox, J& fi] 5 N
AMX) VE R B B A B, I RAREAEAR . s . V5™ & DS e 2o pF e st 7l
S WA Ak /IR L A AL 1.7 (partial nitritation/anammox, PN/A) 42 5T AMX (19 8.7 5 K I A4 R, H:
PLILE RIS A E L TE (AOB) A B/ A W AsRR L, 1 5 IR AR & AL T (AnAOB) F1J I 4E
G 114 IV i P2 £ R0 TR A% 1 R R A RS . AOB il AnAOB 1 i A% b [ & PN/A T 258 5 A R AR

PN/A 25 € U I 300 ¥ A T 00 6 R v e B 2l R Ll K A 3, (BT Kk T
Ui 200 T T B R PR, AR AR R ARIR . ROKIRER R SRR, TEARIRE SRR
10 C et %, AW RY], AnAOB fic f: A K IR B2 S 30~40 °C, TR T B3 25 B I S 0 i i
s BHEE: 2022-02-24; FAHHEA: 2022-07-02
HEETR: EEARMFEESITH (51878430); 11774 HARRI R4 W LW H (BK20211339) 5 195 m & H ARl 3L 41 L
Wi H (21KIB610016); # M T 414 & Je BLH: 6 Fr 01 H (SS202114)

T—EE: T RE N (1998 —), L, M+ BF5KE, 2023486226@qq.com; DRBIE(EE: F @ 3% (1973 —), L+, #H 4%,
wjf302@163.com
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AnAOB I 11 . 475 B 2BV BIF 5% A [] f9 4 T 55 s %F AnAOB 1E PEBUS2 I, % I AnAOB T 11 5 W I i
JEZ IAFAE B O 6 &, BIVRR IR IR K, AnAOB 7% PR . 5 /K I A I 3 45 PN/A T2
BB B AT R PR AR, TR bl X PNV/A IR RE BY S AT TR IR AT

B T BRI PN/A RGE T URI TS TG 1, 02 B BELS 1 DL X ML AR A W (EPS) 9748
b o U BB W P R A R R R B s, R R ) 9 e 4 e RARAK, B o R IR P T 1
PhESC R KA. AT R, & KIRIERT IR )5, AnAOB 1Y id I B RIS , PN/A UKLYS e 78
IR B E AL BCR T a2 ™, LAURENI %5 V5 i 128 45 [ A R 2 3 0 IR A B 94k, & 3R
AMX FR G2 0] LA 52 10~15 °C AL o (L BE op i X PNVA 75 U i) I MR e LA R B0 A= 0 b 8 1l ) 1)
SCUR 1 AT T . EPS E A B2k 9 10 40 0 4 R ks 15 8 B4 T B A G 40, FE PNVA V5 TR R Giis f1ad
T IR K AR R B AR AR, S i VAL S AR R AR AR SR, FAEARIRE K A B FE R, PN/A R
N 7 B EPS FRIE 1 ARG B T4 B 9E . VT 4R SR BE RN (quorum sensing, QS) A4 Ay 41 TR 32 i BY — A
FEBZR 0, WA HANE AN A5 0 TR AR S B AW . PRS2 8 1 .
AnAOB A S84 FERE G SAA L A= K3 R M EPS 70 W85 QS Ao, #E—2 T EPS 5 QS Y
M EAEA BT PN/A T 28 PR TR .

AWFFEHEET PN/A PORLT5 I6 2 40 78 48 R R v o DO DO N AWK Z /e ), RGEFHET M
e B2 o DA BN [ g e T W 22 X PNVA JB0RE 5 2 1 AOB . AnAOB il NOB {if 14 K B B[R] Bip [] 24 07 11
SR R M BB M n AT s S TR S5 R G MR A iy B fRREAL, 4387 T EPS X i B by
FRmE R, R PNVA T 2578 200 15 7Kk A 3 g 7 D it v JE o7 o) 3 3 00 2 vy it e e e PR i S 5
1 #MR5E%

1.1 SEWEEMEITEHE

AT R I P &, AR
TR 2 L& 1), 7K R T 46 25 8 Hh B i s o

BRI, BRGRERIERME T ELE Rk CE
AR, FETURTOVE X JeK s faihi K, 5 —
U 2 P SRR T ) ) Tp b 5 TS AR A ] 4
S, AL Ve ORI R A RN IR L

FE 5 e O SL5 W I R R B PN/A =
RIS IE, BERE 6, AR N 1.0 mm, i ..
5L %8 15 U8 iV B (MLSS) #0045 gL, S T
MLVSS/MLSS & 0.88, SVL{H7F 52 mL-g ' & E1 XBRERE
., BREA R TTREERE . Fig. 1 Schematic and photo of the experimental setup

FEA LI R A R K B R TR W T 100 mg- L™, ANSMIAHLER I, JK 345 B I ) (HRT)
1.5h, ZAM g FEAE 1.63 kg (m™d) ' HAKEAT TOLINER 1 iR, LI S A, & 1B
BHTE 30 € FARAEBAT 1~30d, JALL 4 NP BLIRTEMEEE (5. 10, 18 123 C ) b fTRER S E, %
SEUR B o X PNVA B &R E (9 52 R L R T bl e PNVA B P BB SIS B . 18] pH RS E AE
7.43~7.74, ViAo B VR BE4E 4R AE 0.8~1.4 mg' L,

1.2 EMaEE

NH,-N, NO,-N. NO, -N Hl TN ¥ J& 7 5 R FH A FGRFDE B 1k L AN 6L | N-(1-283%)-
o U G B RN S R B AR -5 AR A G EE DN E o pH RIS i 4 (DO) 43 il >R FH % 4% =X pH Tt
(METTLER TOLEDO) 1 HACH HQ30d 74 ¥ fift A% o
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18 3ttt U S 0 I E iR EE v il X PNVA 15 e F1 SMEBTIREA
U AL PR e B 52 m DL I 3R A S W Y UE AR Table 1 Operating parameters of the reactor at different
flo, BLURBRES % SCHRY. AR 19 30 °C 431 cperationa] sages

W% 25, 20, 12, 7°C, BUZMEPARE g o0 HKNHINGES R

TR T2 4 10 mL, 35 A4 1 it MR wRmel) NN

I 1~30 100 30 1.63
Jie FE A9 150 mL #EFE LA, A0A 90 mL S i i s 7
K (pH=7.6~7.8), I & THLIFEIRH, =) T e 100 » 1.63
¥ o 160 rmin's &[5 10 min 8% 20 min, H prpe ”
= SR A= T R A S PN = 7 35 N (1 PO A W =) 08 100 3 1.63
A, IFTEAREAERE, 09116 "
T HE G B R R AS A6 EPS BY S Vo L3 20 1.63
AW T HE BURL T O 1 5K 45 A 1 TB-EPS s ;
] 2 P J4S A 1) LB-EPS Ml i 40 2 35 Y A A 1 o' 30 1.63

S-EPSP), Jf:3Rk H = 4k 5 ik (EEM) i iE 1747
B, RS U8 i A0 3R A 4 (EPS) SR A H BE-NaOH (LU MR B, 5 (1 & (PN) Fit 2 8 (PS) 43 312k H
Lowry 125 1A 28 iy - 1 v ) o 2

1.3 fEHRITE

K HER S50 % SR RE AT T00 N5 R IR A ERe . O HES SR L 4P, madlle AR
Fram AR o T A A A R R DR (q(NH, -N)) . S A BELEUR (g(NO,™-N)), WS AR R
FUH R (g(NO,™-N)) FILEL & FL B A 3% (g(TN))(BL N/MLVSS 31), P47 h mg-(g-h)', HEFESE
SCHR™,

2 #HR518
2.1 EEMEX PN/A RGEITHEES

AN TR B vy 5 R R R T R AN AE AT R AR WA 2 B R . BS TR BE (1~30d) , KRR EE R
PN/A UKL TS Je 4570 T 30 °C i, REGuistrthaeiae , SR P LR RYEFFTE 73.48% /o4 .
S LB BE 31~38d) , IR ZE 25°C, RAEMAMEREA B I B, £ 39 KK E ) 30 C
B4, BAEEBRRGEEREE . WK 2(c) i, ANO, -N/ATN t— & 7E 0.11 47 .

W BL, ARG 70 KH 30 CHIBE2C, Bf77d5, BAEHERA THK, M
73.64% [% & 65.32%, ANO,-N/ATN{H L F+% 0.15. W5 REEERE £ 30 C 54217 30d, X—
WY B AR R R 72.06%, MAEBRRTE2d NIKE F 73.26%. ANO, -N/ATN {f Ik 454 & 1
0.11, WA BNARZ i (IR b 0 4R K

IV EL, ES 109 K, JRIEH 30 CFRIRE 12 Cisfr 7d. WA, HOKEREEBRH &Y
) 82.52% 2 Jil T K 2 67.62%. €] 2(b) "H il BBURA B LT (H 6.68% T2 8.61%), ANO, -N/ATN
T2 0.15, WK 2(d) TR A LEBER L SR LR AmEA TR, Kb R LRETEE 5835%.
MG, RGAE30 C KM TR E1730d, DA LRBEEZWEA R 61.28% 1247, 55 1H B
it B EREAH EL T T 16.6%.

5V BB (148~155 d) F, JREEM 30 C AR 7 °C, FFIEIL 23 °C, REMATERERE TR, 7d
W, BAEBRETHEZE 40.6%, 1M ANO, -N/ATN BI{E M 0.12 F FFZ 0.30, & 25 576 % 2 0.67
kg-(m*d)', RGTEL 156 KWKE 2 30 C iaf730d )5, A BAERRINKE £ 66.27%, 55 1K
BEHEL, BAEBRER TR 21.6%, B&id7CWiEE, BRERFIEEWKE 2 30 C, ANO,-N/
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Fig. 2 Variations of nitrogen removal performance during temperature fluctuation and recovery process
ATN £ TR, % ANO; -N/ATN V- Y{EZ 2 0.15, B T BTt 13 38.73%.

SGompertz A5 %1 ¥ B iy 4005 1 S R VA 0 2 1 S 300 oA 20 3R A e ik ot AR 1 AR S R T
R AU 5 1 2 8 AR R R B 5 R DL R R R S BR A 22 (S R R B SC &R, TR R KL R 30
0.9951 F10.9984, 4N 3 s, ARILEHIEAFAFIE, 7 °C FLBRAH P ER AR 0.67kg (m*-d) ',
it & 4805 FUNAEL 2 0.66 kg:(m-d) "o TN AH 15 52 46 (K BAT AR AF BORH S, SR WITIZASE 0 m] LAAR 47 b
WIRE S AR E R . BIEAE 25~30 °C, HALBRAMAAHXRE, BEMKTF20C, BA
BRG0P EE B (8] 3(a) ) o M BERR MR AR, B S BR A R R LR R U K (B 3(b)) o R
SGompertz I X i B 5 R G DA LR, DUSOR BERE IR 5 8 A 23 B 7 fer 28 46 B R 4 i 9006 %K
A DL RS b TR IS AT h R G E A7 LR i il B AR A P i iR s AT 24
2.2 REAEI PN/A REGIEITRRER R E 53 47

AT IS B Be, BEAPERETC I AR AL, X580 RERAEN WEST 4 R — B, PN/A JFURLIS ¢
ZARIRICIS , AR AT B R 35 CREZR 25 °C . AIFREY, W22, 4. 6 C W3S
AMX R G AMEREA 2 AW B, HU ST R OT 5T BT, AnAOB Y AE ¥ S I A% Tl B 7E 1 d
M 30 C FEZ 25 °C, BEATERETTA R .

T8 TR S I v P il B MO (0) Rk FAEWURL 5 U8 Ay U, FLBE A I 38 A I AR i 4 )
il % AnAOB %% AOB. NOB X it & 5 fin i/, 76 IR 2% 7F T AnAOB (19 35 4 B 5 52 4il i 1 11,
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1.3 - 0.6
o I RA ZER A A DR EBR SRR
2 1.2 —— SGompertz{il & i1k T 05k — SGompertzfll ik
S} o
- L1 N
g E o4t
g 1.0 | %o
= = 03
- <
% 08 g 02}
& &
0.7 F Moot
oy ®
B L e
* 06 R=0.995 1 oh R=0.998 4
0'5 1 1 1 1 1 1 1 1 1 1 1
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REC R 25/°C
(a) B 5V DA LR Al A Hh 2k (b) W25 5 R Bt fr B AR 0L A il 2%

E 3 SGompertz RIS BRESREEBR AT E )L

Fig. 3 Regression curve between TNRR and temperature fitted by the SGompertz model
LOTTI %" B WfF 5% B 1IFE 55 AnAOB 1 0 1B AE AR (1020 C) FHE I, 20°C 38 5§ A 0 /2 52 i)
PNA R G AR 4r Tk . I 35 °C [& 3] 20 °C , & S EUE W& i KOs R P, (B
P/NA [ i tPAT AT SE B T 71.4% 19 8 B A R PY, i 5ARBESE I 45 i AR AL . A 58 PN/A UKL 5
Ve AE X — i BEYE [ N A2 fk, AOB Fl AnAOB #BHE ff +¢ K47 (9 P G f i A= W I i | , 15 45 T
PN/A ORL IR PR 450, AOB i T UKL Fe A2, NOB BB H 5, o TR EILIX, AnAOB fi
TR A%, IR AR R 0 4% o 45 #4115 AnAOB 1] LA A2 [ I8 1Y wh by B2, AR B9 2 BE 25 °C A LA
LB R R LR R, 705104 6.60 mg-(g'h) ™ Al 77.84%. i PN/A UKL 15 I8 Al 3d S A% I 9
1k, FE AnAOB [ d iR AT F2 1,

AWFFEAGR S, AnAOB TG PEZ AT, H BEV il B2 56 R BE SR o T AB M ZE R R N R R, A
WFFEIESE, 7610 °C F, EkE AMX 24, WAL 2 $ 30 AnAOB % #: F & 75%, 1L4h,
P B R B2 B R, AOB IEPERCIN M, A MR AR TR, S EOUBUR TG U8 A 0% 3 TR G
AnAOB W EAFZS /N, ffIEAE 4 AZ 20 3F — 2L il . AINA SF0F58 23, 15 °C B AOB i 4
K%, AOBJZSESIHAERB D, FEATNERSNZm NS E, MK AnAOB IEPE, i 34 |
T NOB pyAEKPY, MR, dEFifese gk (PN) &S BL PN/A B & A SCHERT 3 . TREEAE 10 °C
F 15 °C %&1F, AOB, NOB MG &R T [, {H NOB A& PEA:1E M T AOB™!, AWML, 1
R 7 °C F112 °C B AOB AU 2 A AL SR T, NOB XIS EREh F1 O, MIZE F s g, (538 £ 54
£, FECANOJ AN/ATN {H SR, X3 hn PN/A UKL V5 P AR i 17 R 42 A xE i

TEARBF T, 24 PN/A BRI JE B E] 7 °C J5, AnAOB XJ A5 A1y | BTG P A0 A% I R 4%
HBAZ F) WA L IX 3R T AR W R IR B RO R R R, B MR G A R A AR A, AP
ARG P AR B ] P T & e AR A . IR R A5 PO B 5 & BLAE IR 20~33 °C R, SBR i #
B IR A AL TERERE Em AL, SAA KT 032 gN-(gVSS-d) !, YA ZE 10 C I, SAA % 33 °C if
T R 91%. BV I BE VR B2 3 A= 0 1% M IR C I WK . B HEIRAS . SARIIE ST 45 R R F A 0L
23 ARIBETIEREEYEESH

PN/A UKL 5 U rh 2y i o A 0 0h T B2 728 A 1% o 07 AS 56 4 — 3K, ASBIF SR 38 o 3 B oA (W) BE 5 F R
RAIOCE M (B4, wBRRESHMAEDEENCR . HIE 4() 7T W, 7£ 30 C Fl25 C &
g(NH,"-N) [ 5 A3 B e AR, 43 910 6.60 mg-(g-h) ™'l 7.48 mg-(g-h) ™!, 25 °C i M & ] g 2%
RS U6 A 2 A AT 2 K IRIR I 2 80 T Fam e AT A IS, X 5 KAWAGOSHI 45 1) Wi
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Fig. 4 The influence of different temperature on the change of nitrogen concentration

AP, 7. 12 F120 € B g(NH-N) A R E R, MK 3.91 mg(g-h) .

£ 30 °C F1 25 C AR L E AR I IS IR Eh AR R, MR EERE 2 12 C Al 7 C B, B ol 3
PRSI AR R, HIREE AR, AR R R M m (18] 4(b)), HBTE e ik ) 25.30~28.25 mg L™,
g(NO,~-N) AR R 34 i, 43535 2 0.91 mg-(g-h)™ A1 1.22 mg-(g-h)™", PRI, 7K il R 56 vk B 184 in (1A
4(c))o X R UITEMUIRE T NOB HA B iy id 4, &840 W AH &S A % NOB F AL iUAE iR+, &
g(TN) .2 T % (B 4(d)). TE 12 °C #1 7 C B, g(TN) 43 514 0.40 mg-(g-h) ' #1 0.74 mg-(g-h) ', HHXF
TRABIRIE R 25 C B, ¢(TN) FFET 94.13% 1 89.13%, X 5 i & whifi X PN/A WURLYS U 2 221517
B 52 ) LA TR A ot . HER SR P TN R R, AR AL 2, IE S AnAOB X IG IR 5 Jin 4
& X AT RE R T AR AMIX e 5 0 S il 0% P R A1 % B O 5 DR % i T B T 5, DT A )
TR R, SEOTMAANH RS KUMAR 42 4 & 3, AnAOB BTG HEZEME T 10 °C W23 4%
SEA il

28 FRRR, IREEXT PN/A ki Je s AOB. AnAOB L K NOB # LT P2 i AN [\, 4% Fh 2l BE i
IR (0, NO, -N 45) iR R AT 3 22 5, MR b i, DhRemUE WA e SE 4 5
) PR %
2.4 EPS XI5 B H 5 #9057 £ 2

A ST 3B 1R EE vhas R SR B B EPS A B AT AL M . W f#l 5 fras, TB-EPS #l LB-EPS 1
PS & &AW, 5 T =4 MR &S H , AT PN AT PS /AR I B K 40 it [a] 47 5t % 5 A RE & 1%
i, [, 3441 AnAOB Al TB-EPS ' EPS W& 4fifiF 1%t , f#f EPS /M2 E N FiaE .



2442 ok L B ¥ W Fl6 &

350 350
300 [__|rs 4PN 300t [ |ps ZZPN
250 | 250 |
® 200} ® 200}
on en
g g
> 150}t > 150}
Ay (=9
=3} m
100 100
50t 50}
0 ; | | 0 przzzzzza Z 2 |
S-EPS LB-EPS TB-EPS S-EPS LB-EPS TB-EPS
(a) 28,30 C (b) 45745 ,20°C
350 350
300 [ |ps ZAPN 300 1ps ZAPN
250 | 250t
—‘§1) 200 7?0 200 |
on on
£ 150} £ 150}
wn 2]
Ay ey
= 100t =100
50} 501
2 w2z | o Lz pzzz |
S-EPS LB-EPS TB-EPS S-EPS LB-EPS TB-EPS
(¢) B115K,12C (d) Z152K,7 C

E5 ARIRETPNAFRSES EPSHESFMEEMNT K
Fig. 5 Variation of EPS contentiin PN/A granular sludge at different temperatures

TE S 56 A AR IR b o5 B B, PNVA SR 75 8 M 30 °C B 2 20 °C I}, EPS i K 3 24/ FEAR o AF
Ak T4 PN/A BURLT5 YR 28 1730 € 28/ % 12 °C J5, EPS MEE: 30 C ¥ T 12.14%, LB JE
MBS RN R kA S Y2 AR EE v (7 °C) , EPS BLE ARG TR Y 50%,
TB 28 H R KRS K 2 268.36 mg-g', SBJZM LB JZ M LM L EHES 30 °C K 20 °C H L #R I
AHGK . PR IEK) iR, R B EPS & w SiREAE A, LN IRA EPS & & T
B, RETRER, 28 B, BERAS S, XELEZH TEMREARE T MAY 5
WY T Z 14 EPS ok W X A EE AR ALY, MWARSCEGZE LA, EPS XM E MR A K BRI ER, H
A+ EPS i s 0 25 el A ORc 5 D AL T 454, TS D UTREPEAS 22, B B A MERE G AL

AnAOB i@ Ji IRV, QS {5543 38 ixb WO A% 241 T 41 b RS 1Y) 485 F RV 1 B 1 i B i DA SRR R
PO IR P A 2 5 o) 40 TR T A AR 4 Y IR T BB S A WA T 2 QS AR S 4 1
SKIHTY EPS, E IR EE K BUAE 25 °C 554 T BkAL i 22 A FR N TR (AHLs, Acyl-homoserine lactones) & i,
Y HT AR Pt SAM & 2539 /i, 5 30 AnAOB JH T F o4 38 TR G 88 15 5 43 F AHLs 19 % &t 3 fm B2,
AHLs 7E AnAOB W #f U E Y RE T B A HLZAEH, AHLs 00 T AnAOB TR Hf i RE e 5L e 1Y &
i, AT T PN BB, ZHAO Z509 & Bl AMX kL5 8 52 I #§ 7 &% AHLs 9 b 1 4 PN Al
PS 5 853 il 2 3] 33.5% H1 48.6% HIAE FEE . QS 5 EPS 95 & i F O #2 15 PNA T 20 JIid & 1 fiE
PR T B0 L

R T2 TR EPS A4y, iz F 4RS00 (EEM) 258 T 12 °C S 7 C 5 A b h i EPS,
PIKEIN EPS & A M9 G ED BT . AN [R5t A B AR Rl A9 4y ot , i J32 0 3R 7R oA X 35 &8 K
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Fig. 6 Variation of EEM fluorescence spectra of EPS extracted from PN/A granular sludge at low temperatures
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Effect of short-term low-temperature shock on the denitrification efficiency of
PN/A granular sludge and its microbial performance
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Abstract  Different functional bacterial groups in normal temperature partial nitritation/anammox (PN/A)
granular sludge have different response mechanisms to temperature, which can-easily lead to an imbalance of the
denitrification system under low temperature conditions. In this study, the stress effects of PN/A granular sludge
system under temperature shock were investigated, including the response of denitrification performance,
microbial activity and EPS to temperature shock, and the feasibility. of system performance recovery after
temperature shock was also investigated. The results showed that PN/A granular sludge had the best performed
on denitrification at 25~30 °C, with an average total nitrogen removal rate of 73.48%, and low temperature
shock could inhibit PN/A denitrification performance, the lower the temperature was, the greater the effect on
the total nitrogen removal rate was. The low-temperature shock below 12°C could lead to the decrease of the
average TN removal rate to 40.6%, even when the temperature rose back to 30°C, the average TN removal rate
only returned to 66.27%. The SGompertz model could effectively fit the relationship between temperature and
total nitrogen removal load, as well as the relationship between temperature reduction and total nitrogen removal
load varaition, with the determination coefficients R’ above 0.995. The effects of temperature on the activity of
AOB, AnAOB and NOB flora in PN/A granular sludge were different, and AnAOB was more sensitive to low
temperature. At 12 °C and 7 °C, total nitrogen specific degradation rate (¢(TN)) was 0.40 mg-(g-h)™" and
0.74 mg-(g-h)™', respectively, which decreased by 93.42% and 93.42% compared with that at 30 °C. The total
amount of EPS and TB, LB and SBfractions were essentially stable at 20~30 °C. When the temperature dropped
below 12 °C, the total amount of EPS and each EPS fraction increased significantly. According to the EEM
analysis, low temperature could stimulate TB-EPS to secrete more tryptophan-like protein substances.

Keywords PN/A granular sludge; low temperature shock; continuous flow reactor; functional microbial

activity
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