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Effects of Temperature on Nitrogen Removal Performance and Sludge
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Abstract:

difficulty in biomass retention, and low activity of Anammox bacteria (AnAOB) caused by temperature

Anaerobic ammonia oxidation (Anammox) technology has the limitations such as

fluctuations in mainstream municipal wastewater treatment. It is feasible to adopt Anammox-—
hydroxyapatite (Anammox—HAP) granular sludge with high biomass concentration and stronger
environmental resistance to achieve nitrogen removal in mainstream wastewater. An Anammox—HAP
reactor had operated for 176 days to treat mainstream wastewater to investigate the nitrogen removal
performance and Anammox—HAP granular sludge characteristics at different temperatures. First,
mainstream wastewater from municipal wastewater treatment plant by reducing total nitrogen (TN)
concentration was simulated, and the nitrogen loading rate (NLR) was kept at 3.2 g/(L-d). At 18-35 °C,
the concentration of TN in the effluent was stable lower than 15 mg/L. and maintained excellent nitrogen

removal performance at high nitrogen load conditions; At 13-18 °C, the removal rate of TN was
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significantly reduced, and the minimum was reduced to 46.4% at 13 “C. After the temperature increased,

the removal rate of TN recovered to a maximum of 77.8% at 30 “C, indicating that the decrease in the

activity of AnAOB caused by low temperature was reversible. The removal rate of phosphorus in the

reactor during decreasing the temperature was 20.2%, and the HAP characteristics were stable at low

temperature. However, the VSS/TSS of Anammox—HAP granular sludge decreased with a drop of

temperature.

Key words: Anammox;
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Fig.1 Schematic diagram of EGSB reactor device
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mg/L, B 32 VR B2 25 A, O3l 2ok 3% AP (K HRT
1545 SV 28 B NLR S 3. 2 of (L+d) , 38 A5 B AR IR i 2%
FER B AR AT N i Pk BB AR S0 B S I B
DIPRSE 51 4 NLR 3. 2 of (L-d) PR ZE 1. 7 g/(L-
d), EEEERE 448 T NLR 2R TR, %
FAI X S Ny 75 P BB 1 52 ) 2 A5 AT . MR B
A% S B a4 A7 B0 45 il #E 7K NO, -N/NH,'-N {H 7E
1.1~1. 322 d],

#1 EGSBRIEEEMERMIEITR Y
Tab.1 Operating conditions of EGSB reactor in

each stage

X TN/ |HRT/| TP/ | NLR/ )
M| Bsral/d T/°C
(mg-L™")| h |(mg-L7)|(g-L"-d™)

I 1~19 [400~70(4~0.5/40~ 10 32 35

| 20 ~ 100 70 0.5 10 32 30~18
I |101~124 70 0.5 10 32 18~13
IV [125~176 70  [05~1| 10 1.7~3.2 |15~ 30

1.4 SWmMBREFIE

5 R U o8 K L 220,45 pum U8 B3 0B IS R
FH B AR 7800 5 2 A AR S A A R
LA EE o S DUAS A TR) L B A5 14 T ORI U AR
A5 Ak, 7E EGSB I #5 AN [7] 5 J3 18 JORE F1 S A
A PR B A R T3 16, 58 4R A Je R4 T 00k V5 e bk
GIAT o SR AR HE 7 120 5 UKL 5 U8 (4 44 Ve BT
AR (VSS) FLE B VR A (TSS) ¥k B2, Fokr V5 e i T
ok R 3 o T S AR AR O
2 #R5itw
2.1 AEEET Anammox-HAP BBt T 1EEE

HI 19 d(BrBe 1 )oK SVA R B2 M 400 mg/L %
Wi R 2 70 mg/L, [F] A 45 % HRT, 4E+F NLR 7€ 3. 2
g/ (Lod) , DABEABLAk B 5= 378 38k 117 95 7K (4 4 30032 47 1k
e EIZBY B K A A AW S R R 7 5
mg/L LAF , TN -4 2 B #8555 85% , F- 14 NRR 15 5
2.7 ¢/(Led) o BBt I AR AR Rr K Bk 70
mg/L, B A FEAR ROV #8855 100 K, R 1K
ZIRE M 35 CREIRE 18 °C, /K AT A A

f e BE HR 2K T 5 mg/L, TN 44 25 (5 % K 85. 8%,
N A B A TR R E , 7E F U AR U B A%
AR S LR ERE . BB B H K TN R B
BHUIETF 15 mg/L, 6 & BT /K AL 3T V5 Ye M HE ik
FRUE) (GB 18918—2002) i —2 A hiifE. vl UL, R
1) B ALROGT 52 7 g 118 ot 2 B VA0 AT 1 LRE i) L SR T A
WF 9 B 4aH | iR AR A R S R R Ak i AR R R B
&S AT E S T aata ce e B2 J e S |
] B2 S 0 25 N B Anammox—HAP Wk V5 R 2L 4=
FEHE B8 B T5 YRR BE AT USRI IR X AnAOB 5 1
AR ) 7 TRT R ), DA A5 5 g AR IR T AT R
5 re 25510 O SR i
2.2 {KEX Anammox-HAP MH8ERI 2N A [k E
BB IR TG K A& KRR T 15 °C,
HE— 5T FANEE X T Anammox—HAP Vi
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Fig.2 Effect of low temperature on EGSB reactor and

performance recovery
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R, 2 BRRCR AL, 7E 13 CH [ 2 46.4%
MNEE 125 KIF 4R (BrBeIV ) | i i 328 9 42 T A 1k
52 AnAOB [3E M , TR S 5 i B AR g . 2
SN T BE P T 2 30 CCHF, TN 25 [ 3 i 1 A LA 3A
3 77.8% , KR FEY AnAOB 15 & nl 32,
EJE: TN 22 B 3R SR A 8 B B L A 9 /K F , 2L
DA AT R 2 e iR A TP Y R ) 3 Ak S B N A PN AR
YL, 5 H AnAOB 1% HA SRk &2,
N2 Fr7s , Anammox—HAP ki /5 e E 4% ) 12
o FH T DR AT AL RN 32 3 kT V5 K I 9, AR T
ZUURT5 U8 RN 38 1 J0RL 75 U6, Anammox—HAP $9UkL
15 U6 ELAT W AL B, SR T A B R AR )

JO I 2R A RS [ Bk e 1 R 445 44 R A 0 A
R EL L. FECAMHGET , Anammox—HAP
RS e B AE 7 CRUMR AR TR R F T MRR R I
8 S 00 5 2801 e HL K W AR R R Anammox—
HAP FE R ALRE & 1 — Bl PNA-HAP T. 227 &
TR B 2R T A LB R =1k 0.87 g/(L-d) .
TEARBFIE R TEE MR E 18 CJRSE T 2.7 ¢/(L-d)
Y75 NRR DA R AR 5 1 B JS BR 44 (85. 8%) , A itk —
A BEAR TR 28 13 °C, B AU R T R AR AR H2
i 3 FHE AT LLE AnAOB IG R 12 #T Ik &2, 1E— B
T Anammox—HAP Uk V5 U F T = 3 35 15 7K I &
HAn k.

%2 Anammox-HAP B S 1 B S 45

Tab.2 Summary of nitrogen removal performance of Anammox-HAP

WREErC | #KTIN/(mg L) | RIAS 15 R NRRAg-L'-d™) | TNXERF/% | i847Hf(E)/d
25 1500 EGSB'" Anammox—HAP 16.74 83.7+4.8 220
15 625/1 375 EGSB" Anammox—HAP 8.45 +0.49 >80 250
7 250~260 EGSB® Anammox—-HAP 0.9~3.1 84~92 >200
25+1 500 ALRM™ PNA-HAP 0.36 = 0.05 80 + 6.0 153
25 36~41 ALRM™! PNA-HAP 0.13 63.38 111
25+1 42~375 ALRM® PNA-HAP 0.87~1.28 63.2~83.9 100
30~18 70 EGSB Anammox—HAP 2.7 85.8 80
13 70 EGSB Anammox—HAP 1.5 46.4 25
2.3 Anammox-HAP Fi$ii5 R iR EE . HEFEME, RS ERNEf S, %
2.3.1 Wik EAR{L A B KBV B v T K R B B B, 1

1 3 0 S g g 4 32 17 ol e v K v B
FLRBRRM AR, BT (FT 10 d) B E K #vk
M 40 mg/L % 2 10 mg/L, I 75 J5 Ze i A28 . il
10 d 52 I #5% A B 25 B R N 63% % 28 229% , EEIH A
TR R B 1 B AT A A5 SN AR P9 pH R B 1T HAP
g i PR T B R Y pHL, U TS O 0 25 R R
Ko 565 10 RS , RNV A AE BT e vh B 1 - 35 2%
Rk 20. 2%, BB/ AT REIE AN 2 B T RS B0
b, 32 LB K A AETE it B b 2237 2 pH AR
F4 5 0 (5 25 5200 2 HAP 1 K (8D L 1% RN R R B
pH F-YIM{E R 7. 8, W A F 5K, 32 R 214
TARSIE W HAP, 59k HAP 0] DLAE % A T A fif {4
BN LT B AR B R Eh W B T AR, (B I iz
38 H 2 AT AT v A BRI T
pH FZK FAF BT R0 g rh sl 2D B B T R e U
TR T RS, B AU HUE Y AR K ST T L
HITTER |, 7] A 2 440 o S R st % 40 ot 1) T 22 2 T

IO g T URE 75 e I AR A2 SIS 19 52 e B TS T AL
M. HAPAE R —Hfb 2zt Bis e i tE ey o
BLA W), g At R 5 A0 pHL &g SO T B DL R K
(4 2 IO B[]0 AR A 58 4 R 10 IR 5% 2% 10 O A 1) 1
HAP B9 % -

100 <k 120

= g0 —thK

= L SR EUN
%60 f- =
< ol o0 JQ_:
| i : .
%— 201 Brr L mal toaar L L _._-\_..'\,-"'";'-_-' 5 30 #
& VS e v s L S

0 20 40 60 80 100 120 140 160

t/d
B3 EGSBRMZKHIEITIHEHRH HKBHRERH
ERENTL
Fig.3 Change of phosphorus concentration and its
removal rate during operation of EGSB
2.3.2 PRiT5IRRMIE RS
Kl 4 R T EAS AR BE 4514 T Anammox—HAP
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WOk TG e R Gtz b RWIE BN Z . BT
w39], $E R A B AT 5 I A PE BE BY Anammox—HAP §i
DRERI Y | EAN SN LRI Vb R IR N = oy 8T U RN
B 1 IF e JREE M35 “CRE 2230 °CL 4T 10 d )5,
LTS I BRI IR IF R & A B A8 4k, 7825 °C
TaEAT 25 dJE , BURLTG Ufe B 2160 W s , AR B T
GERERY , & 3 FURE 2 T 1) A ) RE VR BE U/ N o T i
AT A 13 "CI URL T Y Y 0 6 FR iR A I 21 68,48
S E e, HORON A N R B A i 2R R5 U, Pk
158 b B Y IR Ay I T, BORL TS e 5% T L) HAP
DUVEW B TCHLIE AR o 3 2 WA IR I vk B2 4%
T, AnAOB (5 PEREAIG , 304 W 0 A il i e
NS U R o A ) B S A A T, R R
BRI L W AR I Ah IR SR T Bk
Y00 3 P AR AN SR A W (EPS) 43 Wb B RIS, 52 T
IR A AR FEOR 5 e A e AR 22,
SO g ) TR DU 1 A R P ot v ik 7

c. 13°C(5122K%)

a.30 ‘C(5F29°K)
4 AERETRESENFHTRARMESEN
Fig.4 Apparent morphology change of granular sludge in

b. 25 C(H59K)

the reactor at different temperatures

2.3.3  Anammox—HAP Fk; {5 e i A 1k

K5 A AR R B 458 T Anammox—HAP UKL 5
PR TSS K VSS AL i il . S E m IR AT
Anammox—HAP $5 k7 V5 e A Lb , Bl 7 7K & 1 I
Anammox—~HAP FURLI5 I8 4 TSS F1 VSS B g B A, T
VSS 32 Bt B B 52 00 B 802 o e TR DA 35 "CREAIR
Z 15 CHYERE R, BURLTS Jé TSS # B2 M 272. 49 ¢/L
I/ 2 208. 94 oL, [H 2R TS U6 HAP TCHLAL 5
TEAN AL B HE AR AL IR AN 8 35, IO 7 L A1
WeRER, JURE 5 U6 T i HAP INAZ AN 5 i i, 7613 °C
9 2% 1T B0 s PN AURE 175 108 1 ~F- 34 T e 32 Oy
317. 3 m/h, BRI N 0K TS U8 1 O 1 e R 47 .
Anammox—HAP UKL V5 8 ¥ B 1Y A8 1k 32 ZAR BLAE AR
i 2% 15 T A= W AR BERE D s o 7E 35 CTR,

Anammox—HAP 57 75 I8 B VSS 2k 47. 09 o/, 1M B
HIRFEWZ AL TR, RNAR R N7 VSS B kb, 78
15 C TN 16. 39 g/l 31X 3 B AE AR IR e & 2%
T, AnAOB B W AR 8 32 AR 8 53 1ok 26 0 4 i
VSRR AE T RS e 3R )2 A4 W A JEE B AR 3 EPS &7
A L, SR R AR AR 2, R
PR T (4. 8 m/h) 2T AR W IE A E—
AT o B A IR R A BEAR, UKL S U (1) VSS/TSS {H.
M 17% BB T 8%, 4 B s I 4 X A= W) 2 1 45 B i
FIBEEAR . TR IE SR IR L FE rp i TR
FECT RN A N A T B AT B IR 1 34. 8%,
VL AEAR R R B for 25T, R0 2 48 3 IR S b 2
B 1 o B R AT K 7R SEBR I th 75 2% &
0785 08 SRR AT 671 i LA A B SR

0.5 M TSS
VSS 300

VSS/TSS
0. 200
150
0.
100
0.1 -
0 0
0 15 20

1 25 30 35 40
T/°C
5 AEIRET KB KA RVSSFTSS MK
Fig.5 Change of VSS and TSS of granular sludge in the
reactor at different temperatures

2.4 Anammox-HAP AT X R HITKLEBMER

H A& 5 b a] LUAS I 21 Anammox 2 P& A 77 (1) i
FESE AR R )z L 2 AE-5~4 CRYT IR R DT
Wb ( EZEE & N Kuenenia Brocadia . Jettenia) , UL
60~80 “C 143l 25 45 W o PR 8 b SR R I (R
N Kuenenia . Brocadia . Scalindua)™ o R0 , 16 & X
PR A& SEA T A0 TE PRS2 T W2, L) Kuenenia 18 J& 4
), Hode AR A IR 35 °C, 2R BE R 22 10 “CAN
7 CHF AL R 7. 5% Fl 4. 2% )35 K H IR SR Ak
GRS PET s 25 R BT V5 7K B B Rl 21 A2 Ak
T 2l LA e 2R Ak BRAL AR5 3K, FE 5 K AL BT 2w
X DR AR AR A TR A A B v Y K, AIFSE R B A
T5KAE B {58 s R4S B 7 AN IR SA R AL T w
T 44 (Kuenenia stuttgartiensis | Brocadia . Jettenia
H1 Anammoxoglobus ) A] LAFE 10 ~35 °C 1L BE Vil
IBAT AR BT d A R B 7E 30~40 °CL

W

VSS/TSS

[\e)

VSS . TSS/(g-1.7")
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R TE T 7K IR BE BRI 25 1 T e A B B AR i 1%
PEo TEAWFSE T Ah PN ] O B AR e J3E % %
TR AR 5 R U8 v ) IR 4 2 S8 A TR & L) unclassified
Brocadiaceae N £ , M FERIA T 82. 80%", i% K
SR A T AR P 1 B ) 5 AN B A, B %5 T
SRS Ve BE RN 85 7E 35 CAFFiatT, HA %
R 25 15 T 3 A7 R A = AR Y IE 5 v v R e B
unclassified Brocadiaceae J& LB & , L E SR T
TG AR A AT, HAE P AT BEAHA H WA IR
A A B — FETC IR R S BR AL BT R . R Z
WF9E L AER] TARIR T KA A A BRI PR,
{2 38 o 0 1 A ) o O B I T R DL AR IR 5 |
B PR AR EA TR TR P 2k o kLR — b I 3 4R
This5 e 45 B B8 1 09 A SR it L (B2 7E 10 °C R
12,5 CH AR T K IE 17, B 7 S 805 s vz
FURH S AR 3 255 | EORL A % o bR B
125 JCHLLH 319 Anammox—HAP ik A8 2 4l Anammox
TORLTS Ve n] LA 325 1 o UKL A HLACPE BE L BE 4 19 37T
R BE R ARG T e AN oy Bt /A O i - 2 2R W) o
B IR S DR A B A M RE AL . ARF A TR
Ji£ M\ 35 “CR% 2 18 °CHY, XT Anammox [ i (14 RE %
AW A2, TS IR 18 CRE 2 13 CI, TN
B A6\ 85% I 22 46. 4% . KWL Z 1 £ W)+ W] LA
HIH L B AR X AnA OB {6 V£ 1 A AS RIS 0, DI
B DR S0 s BB PR o SR TITIRLIE 11K, AnAOB ¥ 14
13— T RS EPS 182D, EPS LR KK —+E 78
AR SR AR e A R B EE R T L IR R T RE TG
At ¢ Anammox FURE (1) S5 K6 R /N [R] B A 75 e
H S RRETE R S BT ER S I E IR T,
UKL TS Y8 Hh (9 A= ) B e oK 03 85 U1 01 A8 S 2R TS
e, I Bt 7K S0 e 3 s e i ok o T UL A
LTS U 5 R TR s BB Lk i A O
JEHAEA ZEARIE S5, A Anammox-HAP URL
A 4 Anammox FIURLT5 P8 J2 — AR +F Anammox £2
SEIBAT A RO
3 “Z#

@ £ 18~35 ‘CLA I 3.2 g/(L-d) 1 5 1 i 55
P17 B i 7K TN MR B2 <15 mg/L, W 2 KO TS 7K
AE BTG YW HEOhR 1 ) (GB 18918—2002) Y — 4%
ABRIfE,

@ AE 13~18 C, R % 19 TN 25 Bk % ] i [

fI%, 76 13 "CRE 2 46. 4% Bl IR EHETE 230 °C, TN
R E AT 77.8%, W KR SR
AnAOB JiPE T RESE T 1)

@ Anammox—-HAP S W 2% 75 F i 1 3o 72 F i
XL BRFE N 20. 2% FEMKGIRSMF R, HAP %A
5y T LRI A, Y0k V5 e vk RS e EARIR S8 T
J2 7 2 et A 0 i R B R T R MR ATK o
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