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Effect of Temperature on the Response Characteristics of Shortcut Nitrification

Granular Sludge

LUO Yuan-ling'?*, YANG Zhao-hui'*, XU Zheng-yong'*>, ZHOU Ling-jun'”, HUANG Jing'?*, XIAO Yong'?,
ZENG Guang-ming'?, WANG Li-ke'"

(1. College of Environmental Science and Engineering, Hunan University, Changsha 410082, China; 2. Key Laboratory of
Environmental Biology and Pollution Control ( Hunan University) , Ministry of Education, Changsha 410082, China)

Abstract: The experiment was carried out in a sequencing batch reactor (SBR) , using granular sludge with 90% shortcut nitrification
accumulation ratio, which had been cultivated by the laboratory to seed the reactor. The effects of temperature on characteristics,
stability, nitrogen conversion properties and activity of short-cut nitrification granular sludge were investigated. The results show that
the temperature has a significant influence on structure and short-cut nitrification performance of short-cut nitrification granular sludge.
30°C was the optimum temperature for shortcut nitrification granular sludge cultivation, and the granules were more compact which led

better flocculation and settleability. SVI and average diameter of sludge reached up to 39 mL-g™'

and 3. 03 mm, respectively. The
nitrification accumulation was maintained at 96. 17% during this period. When the temperature was at 25°C , the granules changed to a
loose-structure along with the electronegativity increased as well as the hydrophobicity decreased, which was due to the increase of EPS
and decreased ratio of protein to polysaccharide. The granules disintegrated during this period, at the same time, the nitrification
accumulation ratio was below 35% . Tt can be seen that the shortcut nitrification performance was destroyed. At 15°C, the shortcut
nitrification sludge also disintegrated and had a looser structure. However, the oxygen penetration depth increased at a lower
temperature, which made the relative quantity of ammonia oxidizing bacteria (AOB) in reactor increased, the nitrification accumulation
was around 68% ultimately.

Key words : temperature ; shortcut nitrification granular sludge; partial nitrification; stability; activity
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Table 1 ~ Composition of the synthetic wastewater used in this study

By WeRE/mg- 17" || B4 W%/ mg-1."!
(NH,),S0, 377 ZnS0, +7H, 0 0. 044
KH, PO, 33 CoCl, -6H,0 0.033
NaHCO, 1050 MnCl, -4H,0 0. 102
% b FdEAm CuSO, -5H,0 0.032
CaCl, -2H,0 0.18 FeSO, -7H,0 0.010
MgSO, -7H, 0 0.30 EDTA 0.010
NiCl, -6H,0 0.019

1.2 SEdEE

ARSI TR %) SBR S 36 B AN & 1 TR,
BHRAEBS LRI A VLB A, N EAR 15
cm,% 45 cm. N2 A K E IR )Z 18 o R R E
RGBT TE 15 ~30°C. PR A AL
PFE AR SN N IAAR 52 2R A EEH RS0 pH
H1 DO HLFL 4 %, ( PHG-217D, SJG-208 , b &5 .
L BEASALR 3 A AL Skl DO #EfiIAE 1.2 ~
2.0 mg-L'. i@ pH P8 15t N B 0.5 mol-L~!
Na, CO, 1 1 mol-L~" HCI FYFEH K5 S 7% 1) pH
¥RITE 7.5 ~7. 8. 3k PLC(PCL-812 PG, EH) &
45, % 10 min REE—IK pH DO IR 5.

I R MR RS s 2. KA 3. HIKEE; 4. pH &I
5. PEdESE; 6. 454t (pH,DO,t,0RP,NH; -N,NO, -N,NO; -N) ;
7. SBR WYSNT; 8. A SRLEHL; 9. IREEIHTIA; 10, AT
s 11, kR
E1 SBR REEETE
Fig. 1  Schematic chart of the SBR rector
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SIS 3 ANB B, A B B RS I AE 30°C (1
~25d) ,B BrBORE FHl7E 25°C (26 ~57 d) ,30%C
(58 ~96 d) ,C BBl EEFEHIFE 15°C (97 ~160 d).
TE A BB, EAT I AF AL 0RL 5 e X 1 3 AR 1 1
FERITESY, BIZE S AE 4 24 b (4 B[] P o g i L 5ol
R 2 25°CH 15°C , WERTE 5 ~ 6 DGR N R #% 1Y
SISO, Sz B SBR B93E 4T AN 360 min,
Horp gl & K B E] 80 min; BEHY ] 240 min; PITE
F18] 30 min; HEZK A [E] 10 min. SBR HEK L% &
H50% ,fHi15 [ N #4519 HRT 24 12 h.
1.4 st H 507k

NH," -N NO, -N FINO; -N f4 ¥ B F 20 6ot
TIASI ). MLSS 2R FH b o 51 535 0 22 , SVI R
DUREIE DN € |, 15 U8 43 A R FHOGAT It ( Mastersizer,
Malvern 2000, UK) . FLAEE H K A LA ML iR
FIE A5 R R 20 b 480 T o R AR B A0 e 2 451 A O 12k
HEAT. EPS [ BS HUS: IR Liu 2561 BT 3k (4 7 15 34647
22 M FH T L (5 w2 ) 2R 5 R Folin-
W53 ((Lowry J7 3%) Ml %2, VA4 IML3E 85 H 0 b UE
W' Zeta LR Zeta FEAIALINAE.
2 HR55H
201 T S A O 5 8 R ) R )

ANTR] L B BT A Ak UKL V5 8 1) R Nk 2
FIE7R. N gz 47490 390 30 il A Sk 1) 15 8 78 AR
(SVI) A 113 mL-g™' IR & 15 M & (MLSS) K
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4024 mg-L~" (&1 2). MW H#HTE 10 d B, S0
DAL %) ST e A7 75 Y 1 VA B %% 223 852 mg- L1, T
TSV BPRAR I R 2,39 mm, I H EA B IFHITT
FEPERE(SVI =81 mL-g™"). 7EBEJG I 11 ~25 d 1Y,
A b 50 5 U8 Y TR BE 4 R AR e, 2l 3752
mg-L™" 5 e R AR B Wi K, F kAR R 3. 03 mm
(222), UUEPERE R IF, SVI 454575 39 mL-g ", T4l
ARRIURL V5 U8 M BB AR . 2 S, S I A 1 IR R &
25°C 3547 32 d J& , I PRI il Ak J00RE 75 e vk B
WA T R, SN # R TS R AR R, /D s e
B PR 42, MLSS [ %3 468 mg-L~",SVI T+ & 43
mL-g ™" RSN 25 IR BRI T & 30°C, 3247 39 d
Je , WABAL RS e O R R AT B PERE. Z )5 B R
o7 i BRI PR 22 15°C , O # Hh S0 Ak S0k 5 U 1)
HeE 3 797 mg L' [ %3 286 mg-L~", IAH AL WiokL
TSV IFIRE B T AR IR 15 U G5 A AR AN 1, -3
RN 1.97 mm,SVI 94 55 mL-¢ ™' ,i54763 d )7,
THEE.
#2 FEBET SBR & 52 TR L BUR 5 TR 1
Table 2 Characteristics of granular sludge in SBR

reactor during the experiment

A Vi A=Y 'gjl\Ei B N EIL
NIRRT Bt A T w00 BB C
R 30°C (25 d 15°C (63 d

N 5D S0 (o (63 d)
SFEHPRAE/mm 3.03 2.67 3.04 1.97
MLSS/mg- L~ 3752 3468 3797 3286
SVI/mL-g ™! 39 43 37 55
Zeta/mV -14.68 -16.73 -14.52 ~17.70

FirBE A [T BB [ BrC

4500 150

30°C | 25°C 30°C 15°C

4000 —e— MLSS ] 120

- 3500 TN s

2 3000 1% %

7 £

@ 2500} =

2 v

2000 +

L L 1 I I I 1 U
20 40 60 80 100 1200 140 160
FHi/d

1500 ¢

1 000
0

B2 REFRIEITEREH SVIF MLSS B
Fig.2 Variations of SVI and MLSS during the experiment
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SRR T PTG VR 2 M R A SR R IR AR A
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Fig.3  Concentration of EPS and protein/carbohydrate

at different temperatures
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e BT 22 A
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EAL IR R R R H SR WA R Eh AL 22, R
WAH b B R, Hoh o a e R E =
[NO, -N]/[NO,-N] (NO,-N = NO; -N + NO; -N),
HELZIAE >50% , sUA S0 T Fa R hE .

Ffr BEA it BEB B B:C
120
20l 30C 25°C 30°C 15°C
¢ NHs-N - 100
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N JiEfmg 17!
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TX 340
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Fig.4 Variation of N concentration and nitrite accumulation ratio in effluent

SRS 25 d, g I S AE 30°C, R 1%
BrBt, S NO, -N B R K Ais b B 2%
96. 17% . HH7KNH, -Nf P 1.8 mg-L™", 1K
NO; -N4EHF7E 2.0 mg- L' LI R, i 28 B B A1
JEFEE AL PR RE. 2 )5 BN A% 1R A W R E B =
25°C , TRIEFRALI 7 d 9, H /K I A AR 2R R A e
F 51% R REE W AR, ZERE)E 122 d Y,
SV R R AL 58 I, K NH, -N A ik
HEFFAE 9.0 mg- L™, M /K NO, -NIREZ A T+ &
28.93 mg-L~", WAL BRAE 35% LN, RGEH

AR AL, TR RGN RS AL PERE  E R
Bt B e, SOKE B #5TR A 0 IR 2 30°C.
TERESE Y 39 d N, R G010 Al AL B B R i 4 K,
VAR RS PERE AR 2K . B BE B 384T 71 d
Jei K RN 25 TR A5 P L B B 2 15°C . 7R TR BRI
7 d W, MKW RFEEREM, HA
37.86% ,Bififs IV HIHEAT | 2R GEg0 i I B o 2% A
WA AR R LA A 68% FiAi.

TE A By BRI, BEAT Al Ak UKL 5 Y8 %o I AR
TERY ST 7 , BIAE A BT 240 ARSI P R R
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mg- (g-h) =" FEMAYFE I A, NO, -N (/¥ B2 75 AN [
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