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Influence of preservation temperature on the
characteristics of Anammox granular sludge

Baoshan Xing, Qiong Guo, Jue Zhang, Lixin Guo, and Rencun Jin

College of Life and Environmental Sciences, Hangzhou Normal University, Hangzhou 310036, Zhejiang, China

Abstract: To study the effect of preservation temperature on the characteristics of anaerobic ammonium oxidation
(Anammox) granules and optimize the preservation temperature of Anammox granules, the Anammox granules were
cultivated in an upflow anaerobic sludge bed reactor through adjusting the hydraulic retention times, and the inorganic
carbon with KHCO3/NaHCO; was alternately supplied. Subsequently, the enriched Anammox granules were preserved at
—40, 4 and 35 °C, and ambient temperature of (27+4) °‘C. NaHCOj; can be used as the inorganic carbon for the growth of
anaerobic ammonium oxidizing bacterium (AnAOB). The best preservation temperature was 4 C for maintaining
Anammox biomass, Anammox activity, settleability, and the integrity of the Anammox granule and AnAOB cell structure.
During the preservation period, the first-order exponential decay model can simulate the decay of Anammox biomass and
activity, and the decay coefficients (ban) of Anammox biomass and activity had positive correlation with the degree of
AnAOB cell lysis. Meanwhile, the rate of Anammox biomass decay was larger than that of Anammox activity. The ratio of
protein to polysaccharide in extracellular polymeric substances and heme ¢ cannot effectively indicate the changes of
Anammox granules settleability and activity, respectively, and the bioactivity has a negative association with the degree of
AnAOB cell lysis.

Keywords: Anammox, granular sludge, preservation temperature, granule characteristics
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Fig. 1 Schematic diagram of the experimental reactor and test procedure. The scale bar in R;—R, = 1.5 mm.
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Fig. 2 Performance of nitrogen loading/removal rate and applied HRT in a UASB reactor during the cultivation of
Anammox granules.
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Fig. 3 Decay kinetic simulation curves of Anammox
granules under different preservation temperature.

2 REEEWLE (AnAOB) TR HFSH
Table 2 Decay Kkinetic parameters of anaerobic
ammonium-oxidizing bacteria (AnAOB)

Temperature ban T

Sludge ) (1/d) ) References
Anammox 20 0.001 693 [27]
sludge 35 0.0021 330 [27]
gzzrg“emox 35 0.0048 145 [28]
Anammox 542 0.045 11 [8]
flocculent 1542 0.033 25 [8]
sludge 3042 0.068 17 [8]

-40 0.009 2 76 This study
Anammox 4 0.009 0 77 This study
granules 27+4 0.021 33 This study

35 0.024 29 This study
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Table 3 Diameters of Anammox granules in R;—R, during the preservation period

Time (d) Diameter (mm) R, R, R; Ry
Maximum 6.54
1 Minimum 0.19
X +£s 1.46+1.10 (241)
Maximum 6.50 6.06 5.39 4.46
51 Minimum 0.18 0.16 0.14 0.19
X +s 1.72+£1.28 (314) 1.69+1.36 (323) 1.16£1.06 (345) 1.04+0.84 (444)
Maximum 6.11 5.67 5.44 4.92
107 Minimum 0.24 0.28 0.30 0.38
X +£s 1.86£1.40 (216) 1.88+1.27 (272) 1.56£1.16 (289) 1.28+0.85 (328)

Values between brackets represent the number of granular sludge tested.
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U, Wesh, WOkTS Ue EPS H PN/PS REA A4S
JR RS 8 B UL R RE , PN/PS (B R IR e
RGP IHETI . PN RRRIREE /N T PS,
AN PN/PS {E3G T, i AH L 1 JURL TS 8
MIULREVEREIF A B s ORIE0S 1, PN BEin g i
KF PS, PN/PS {EISGN, TiAH I 4 0K TS Y T
FedeRe s 22 (R 1. Wik, PYEFYE PN/PS A
RE B T e R POk i5 R A UURE PR RE, TR 48 A
2 G BRI Ve R A2 7 Ak A0 AN PN 0 45 4 2 7 5
BEHEEEZINE,
225 BHHEESNT

TEARFE AT RIAI , Ri—Ry IR A & A AL
Hii5 e TEM ML R 4 s, K 4A 1]
M, ARG IGEYBE, AnAOB NERIE BiIHERTE
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FEEEM) 84k, b, Ry N AnAOB L2340
JIf0 5 % 240 B e 4 AT PRS2, TR 4B H g Sk B
/s Ry N AnAOB AifIE MR A BE, M4
SEALARFIN TR (F 4C). Hi & 4D A1 4E n] %1 .

R; Al Ry N B AnAOB 41 i ik A1 4 i
s, T Ry N AnAOB JUAFRFER K.
FR2ATHL, Ri=Ry [ ban K/ANIF R Ry>Rs>
R; >R,, 5 Ri—R4 N AnAOB VA FLEE iF A1 5C,
HEMT GG UE T — B S D s FORE UL 45 5L . [R]B,
N RIG-5ER BE T AnAOB 4 045 4 (1975 4k, , 3k —
AN T Ry—Ra 15 U 36 P4 8 A8 1 D9 76 JL AL

B4 REHFKRY R-R,AREEEUTRISREF BEE
Fig. 4 TEM images of Anammox granules from R;—R, on the 1st day (A), R, (B), R, (C), R; (D) and R4 (E) on the
107th day. The scale bar in A= 0.2 um; in B, C, D, and E = 0.5 pm.
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Table 4 Elemental composition and atomic ratios of the Anammox granules from R;—R, during the
preservation period

. . . C (%) H (%) N (%) 0O (%) H/C C/N o/C
Time (d) Theoretical value

49.8 8.3 8.7 332 2.00 6.67 0.50

1 R|—Ry 33.0 5.8 5.6 55.7 2.09 6.89 1.27

51 R, 38.6 6.8 7.2 47.3 2.11 6.24 0.92

R, 38.7 6.8 7.2 47.3 2.10 6.25 0.92

R; 36.7 6.3 5.9 51.1 2.07 7.31 1.05

Ry 38.9 6.6 6.0 48.5 2.04 7.62 0.93

107 R, 38.3 6.6 6.9 48.2 2.05 6.44 0.94

R, 38.6 6.5 6.9 48.1 2.01 6.52 0.93

R; 37.5 6.6 6.1 49.7 2.12 7.19 0.99

Ry 37.3 6.5 5.4 50.8 2.09 8.04 1.02

Note: ~ CH,00 5Ny 152,

2.2.6 JTEAIT
T o 4B RS U R AR S A e R A

ST HME ARG, O JLE A LS A M N; Ry N
C/H/N/O JLZE A 4t AL R AT 1 ; Ry N

B, AT )5 A W 2 ) RE A 1 40 B T 3 A R
Sy BT AR A JC R A4 5 R BT BE TR 4 Ml T 3 41
Sy ST, UEBUR TS e N EE T g
PR, B, PoRT5 e A Ak,
AN EE AR F R AR . PRI B, X
R,—Ry W IR A E A AR5 R TOC & 0 #r, 45
U 4 7R . Strous 2P HIEFR AnAOB HYZH
Ma4>F2h CH2005No.15, B ELAH N 9 C/H/N/O
JLER A S HAE IS E . R B B s KA &
ARG e C/HN BT RS ME, O JC
i RIS PR, Ri—Ry N C/H/N JTR
H Ay LB, 1 O JTE T & H A B A TR
W, TRA BRI ] R —Ry WA S,
H Ry, Ry MRS Z , Ry WILT AL,
XFE S AnAOB #H i i e B2 A O . kb, 4
L5 A R T {58 8 0 A0 M 2H 43 9 A TBUAR, 5 i
hii5lle C/H/N/O JTRAR LG, RV, R,
1 Ry N C/H/N/O 24k [RI 2, Hor C/N/H JLER A
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C/H/N/O JUH A4 b 55 1 Ry Fl R,
N C/H/N/O JLE A/t b asAdlm . R aT,
IREAHEERTMELH R, . Ry F1 Ry WA DESI,
Ry WICAIA L #E— R I A B S 4
VI AR 2H 57 RE % o8 G b 4 7 35 Je PR e ot 72 A
C/H/N/O Wy ZE AL LA , 3 1 ) 5 AN W) ORI B2
Ry—Ry N & A 19 S0y 2R RURI VA FE L, 8% J X
AT R AT — 2B 4 T T PR R

3 &%

TE DR A A E AL RIS e RE 2B BE, KHCO;
Al NaHCO; # ] {E & AnAOB = K 1 TCHLER U5
Horp, BRPREANFHXT 2%, AIE R KSR AnAOB
A TEALBR IR o 76 DR AU AR Ak U 75 e O e
BrEt, M40 C. (27+4) CHI35 ‘C, 4 C
Bt AR 1 R PR R A L, DR PR RR AL,
K TG IR B FE L EE 8 /N , TEM WMLEER DL B4
FE R A E AL ORI TR PR B B, — B S el 4
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