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SCERT A E WA 1 B, A PLBEES G K, A RERFIN 33 L, N AR A,
g BN AR LA i B M ABER Bh . SEE B AT 1~5 d UTE M R 2R TS YR A BE 2 h 813 2 1 O R N e
o, LAk R AR TS TR R R . 2 R R Ui, BRI R A . B g TR A R
RV BT A E T, EE R HIE (30£1) C. R idE DO 7E 3~4 mg'L™', pH Ny 7.8~8.2, XL #Fiz
1500 5 BB, BARSEULE 1.

P T x®1 REHFEITIR
Q = Table 1 Operating conditions in the reactor
o %5 e B AR BHRRE DO/
ﬁo & e BB BWE/  HRTH Bl . pH
@ . o HK -1 s o1y (mg L)
o 22 (mg-L™) (kg:(m™-d) )
o | |peum
JE B T 9ol% 2R [(1~54d) 50 4 0.5 3~4 7.8~8.2
HE KA Hop i _@
O I (6~35 d) 50 2 1 3~4 7.8~8.2
- -\ M@36~42d) 50 3 0.75 34 7882
1 XBRERTZRIZE
. . V@43~47d) 50 4 0.5 34 7.8~82
Fig. 1 Experimental apparatus and process scheme chart
V (48~99 d) 50 2 1 3~4 7.8~8.2

1.2 SKIAK. TR &LER

SIS KR HIAN TR B ToHL S BE K, A AW E (LN 8 50 mg L™, KR Z 8
P 7K pH 8.0 BE/K i IR B R R IR — A . SRS . BIREE MGE I EmT R RS R
R BRI AS AL ZRTG e, RS AR B2 70%.

SR MR 2 L BE R, O &4 TR G MR, R =4 000 m*m>, LB
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Fig. 2 Apparent changes of carriers during different periods
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Fig. 3 Performance of the reactor before and after biofilm formation
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Fig. 4 SEM images of carriers

22 RMNBIBEITHEE
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B U, SAE AR R i 4% ) DO/NH; A LIRS & 4E4F, 5056024 DO/NH/MF 0.2 B, ABRS & 4k
FEW iS4k . BARTROLI 451 75 % S i 50k 15 Y 52 7 5 H il 2 4% ) DO/NH; LA SE 3R A Ak - 5 A5
REEE S H i

FEES . IV BB S0 2% H i NAR A3 BT R, i ARGE Sy A A AR RCR [l BRI R AE 1K iz
T4, DO/NH; SR I X 7 il £k 1 28 i 858, H By #% HRT B[l 2 h, BIEE V B Bro iz B Bz A
TG i 2 6 1) JO Ve B RS R AIG, (E A R 46 AR R AE 85 d BT FRAE 70% LA Ly 7 86~98 d N
FRFE 65% LA b, 3 U B R WK BB A AU AEFE W AS AL R o BbAh, O v R 2 B R R i &
50.87%, KA AMWEGEH D& HE, EAR T, TR EHE I (8 2(e)),  [RIETEDE P
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pR 2 —, XS5AHEIE 4 AL
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Oy AT R N BB A AL A0 B0 O . 7RSI REAT 5. 32, 100 d FHEATSEES , A5 IE 5 Ao . AR
2~ (@) A 5 AR R ITTREAA L, E AR 8.68. 823, 9.12mg (L-h) ',
T W WA, AN PR ER 77 Ak R i 5 d 19 6.6 mg-(L-h)! [ 100 d A 1.4 mg-(L-h)™", XAl fES2
F T S 0 o R DR A AR AL TR I FE A R R BN, BT vk B A BRI . FH BT 5(c) T, VA
1E 0~90 min N #, {HME A B0 SHEFER, B R FFE, X0l B R & & A A B A 20 2R i
i R A SRR 5Bk . X 5 IR P A ) B IR AR A AU R I AEFE TR AR T AR Y, NI R B
MR ER = A HORFRAR A 5 SR — 8, SUE LSRG HURsRE: =B s %50 510 5.31, 237, 1.66 mg-(L-h)™",
XYL R AT, R e R 2, s B N ER A A A A BRI, SO R
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Fig. 5 Activity of functional microbes
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B 6 MTEIIN T AET 1K T B UE IRV Z R T a5 2 . EZEIEASIE R ] (Proteobacteria)
1% % W ] (Planctomycets). ) #F W ] (Bacteroidetes). %% %5 B 1] (Chloroflexi). M ¥ B ]
(acidobacteria). %5 W W] (Armatimonadetes) . PEFLE ] (verrucomicrobia), JEREWE ] (firmicutes). ¥
KB A Re AW B AR B 1] B B 10.63% ¥4 00 & 20.20% . PR AR 2 E AT T 7E 1) i e 1) = B
W Hy 5.70% 4 hn 2 27.70%.

Ryt — 20 Ay B RN As AR YR RE AR AL, X KRR S DD RE AR W S SR BEEAT T b .
1 BUE A X 2 A9 AOB 5 NOB(Nitrosomonas F Nitrospira) 53 i i A4 Wy Fh e AR B P |y 2 2 ] T,
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H: W) & T Nitrosomonas & & R 0.45%, [R] I, 100

R AOB/NOB 1y [t , A= ¥/ ' AOB/NOB

FOECAI H 3.03, AW £ BG4 T AOB, i T [ others

NOB#E/b . BCBiH]. fEKWE(Th .yl s | B Frmcaies

R T — 24 AR BE, NOB [H 4k T2 4 = B et

WP L % B B K . B T AOB AN = & Ciiorofon

NOB 2 5h, il 47 16 47 it f A JH 10 G Al 40 5 = B8 Prciomccis

Acinetobacter — i B I\ g 5 32 R Ak T 20 7F ol Wl Proteobacteria

AW T, AcinetobacterTE £ W) I B W H

£, FHEH014% K58 T 2.57%. H K Tk 0

VAP AE . AT Acinetobacter ) 4 19 s

FEEAE A il U 2E A 7 S SR A Ak o Y AT RHERINSIE  BICA34 ditg e,
HAF—HRAYIE, SO A IR AR A A A 2 B 6 MAEMBETLER () B EE

W% . Hrh Candidatus Kuenenia ¥ f 5 . & Fig. 6 Taxonomic classification of the bacterial

Yy B v Candidatus Kuenenia 3 [ ik % 25.13%. communities at a phylum level

W S S AT , BURE b B Bl A A B A B

R2 FENGEMEEE
G, IR R TR, BRI UK A ;

Table 2 Abundance of Functional bacteria

s, Al TRAZXEELEKE %, ZHANG
PR g RAL R, A BT AE R E A v RE

YA /%

Nitrosomonas Nitrospira  Candidatus_Kuenenia

AL, X NOB Y i fie i T IR S & AL
IS B R 2 o S RS B R EOR P RS SR B

0 e 1.55 0.24 4.05
34 R 0.45 0.15 25.13

Pk Je K s 5. JRFE T REA 2 4. B SoHemh
M5 A B AR IR SR S BT . R 4.05%; UG RR A IEDRE (10 mmx 10 mmx10 mm) R84
Ko, BB IR 2 ]I K (K55 28 1 R 5 J1 i DR 480 3R B8 i 3B RE 3 A DR AR 0 Ak 1A A K 1 43 [
Ko AWFIEEERE R S EH AR (15 mmx15 mmx15 mm) 7] DA Ry R 8 & A AL B 78 S B 25 [R] 1)
W 2 $ LT A 2s ], T AR AR BH AR AL . AHMAD %509 TF 58 2 FL 8k R ~F (R g 3L ) %o [/ 25 il
A A R G A B g i B 2 I, AL SRR B 2 15 mm>10 mm>5S mm. KL, 7EIRA
A L-MBBR & Z 0, DR R KAk, (H AR R T A feadk— 2T . ms Ak a3 8 R
e B B AT BE R T IEORE A A AR N, RS AR A B A P R SR A R, B B D TR
KA.
3 %ig

1) ZAL%E B HURHR LB S LR BURRE# B 24k, Al FHOBHER . RN 3 KT
BURL R LRG0, 25 A O N DR BB 1) SR AR, 3B T o S A JEORE, SEOREE 8 A 7
W, 2530 d B AE W R

2) 7EAREE v B (50 mg L' NH-N) K () 52 v 2w, 18
¥, 4 DO/NHI{HTE 0.09~0.20 I, MFAS AL R R B iF, NAR %
# DO/NH;BIEE I, WA AL B RAG fr T %

3) BB R AEAE Y 2454, K AOB, PIElJE NOB, Wil 2R AR AIH .

4 Y T AOB £ J& NOB 1Y 35, AOB /& £ My . BLAh, AW BIEFE IR A DAk
B, T H 4.05% 8% 25.13%.

1 5 ) DO/NH;RE 52 BU A i £ 1 e A 4
FfAEIs 2 86.13%, NOB G FFE; Fifi



%57 TEAAE : REEBORE T AT AL T Z AP 3l b Has 1 aLe 2519

& £ X #

[1] TURK O, MAVINIC D S. Benefits of using selective inhibition to remove nitrogen from highly nitrogenous wastes[J].
Environmental Technology Letters, 1987, 8: 419-426.

[2] BLACKBURNE R, YUAN Z, KELLER ]J. Partial nitrification to nitrite using low dissolved oxygen concentration as the main
selection factor[J]. Biodegradation, 2008, 19(2): 303-312.

[3] VAN HULLE S W H, VANDEWEYER H J P, MEESSCHAERT B D, et al. Engineering aspects and practical application of
autotrophic nitrogen removal from nitrogen rich streams[J]. Chemical Engineering Journal, 2010, 162(1): 1-20.

[4] HELLINGA C, SCHELLEN A A J C, MULDER J W, et al. The sharon process: An innovative method for nitrogen removal
from ammonium-rich waste water[J]. Water Science and Technology, 1998, 37(9): 135-142.

[5] ANTHONISEN A C, LOEHR R C, PRAKASAM T B S, et al. Inhibition of nitrification by ammonia and nitrous-acid[J].
Journal -Water Pollution Control Federation, 1976, 48(5): 835-852.

[6] ZHOU Y, OEHMEN A, LIM M, et al. The role of nitrite and free nitrous acid (FNA) in wastewater treatment plants[J]. Water
Research, 2011, 45(15): 4672-4682.

[7] VILLAVERDE S, GARCIA-ENCINA P A, FDZ-POLANCO F. Influence of pH over nitrifying biofilm activity in submerged
biofilters[J]. Water Research (Oxford), 1997, 31(5): 1180-1186.

[8] LAURENI M, FALAS P, ROBIN O, et al. Mainstream partial nitritation and anammox: Long-term process stability and
effluent quality at low temperatures[J]. Water Research, 2016, 101: 628-639.

[9] BROCKMANN D, MORGENROTH E. Evaluating operating conditions for outcompeting nitrite oxidizers and maintaining
partial nitrification in biofilm systems using biofilm modeling and monte carlo filtering[J]. Water Research, 2010, 44(6): 1995-
2009.

[10] HARREMOES P. Criteria for nitrification in fixed film reactors[J]. Water Science and Technology, 1982, 14(1/2): 167-187.
[11] LAURENI M, WEISSBRODT D G, VILLEZ K, et al. Biomass segregation between biofilm and flocs improves the control of
nitrite-oxidizing bacteria in mainstream partial nitritation and anammox processes[J]. Water Research, 2019, 154: 104-116.

[12] GUERRERO J, GUISASOLA A, BAEZA J A. The nature of the carbon source rules the competition between PAO and
denitrifiers in systems for simultaneous biological nitrogen and phosphorus removal[J]. Water Research, 2011, 45(16): 4793-
4802.

(13] ET7, FrE, BRER, 4. HRTXCSTRIEAH LR 5 JErERERZ A [I]. FREERL, 2020, 41(4): 1794-1800.

[14) TUHUIS L, HUISMAN J L, HEKKELMAN H D, et al. Formation of nitrifying biofilms on small suspended particles in airlift
reactors[J]. Biotechnology and Bioengineering, 1995, 47(5): 585-595.

[15] O'TOOLE G G, KAPLAN H B, KOLTER R. Biofilm formation as microbial development[J]. Annual Review of
Microbiology, 2000, 54(1): 49-79.

[16] SGEAk, £15EFH. MBBRA [FISFURHE IR S 8 KRN LRI FE (D], KAEBRECAR, 2020, 46(6): 95-99.

[17] /NG, XUBE, XI55, 25, T 2 P8 57 2% T CANONC T 25 A B v {1 e 88 A SR /K R L 0 sl 0. 3R T R 2R,

2020, 14(6): 1545-1553.


http://dx.doi.org/10.1080/09593338709384500
http://dx.doi.org/10.1007/s10532-007-9136-4
http://dx.doi.org/10.1016/j.watres.2011.06.025
http://dx.doi.org/10.1016/j.watres.2011.06.025
http://dx.doi.org/10.1016/S0043-1354(96)00376-4
http://dx.doi.org/10.1016/j.watres.2016.05.005
http://dx.doi.org/10.1016/j.watres.2009.12.010
http://dx.doi.org/10.1016/j.watres.2018.12.051
http://dx.doi.org/10.1016/j.watres.2011.06.019
http://dx.doi.org/10.1002/bit.260470511
http://dx.doi.org/10.1146/annurev.micro.54.1.49
http://dx.doi.org/10.1146/annurev.micro.54.1.49
http://dx.doi.org/10.12030/j.cjee.201908062
http://dx.doi.org/10.1080/09593338709384500
http://dx.doi.org/10.1007/s10532-007-9136-4
http://dx.doi.org/10.1016/j.watres.2011.06.025
http://dx.doi.org/10.1016/j.watres.2011.06.025
http://dx.doi.org/10.1016/S0043-1354(96)00376-4
http://dx.doi.org/10.1016/j.watres.2016.05.005
http://dx.doi.org/10.1016/j.watres.2009.12.010
http://dx.doi.org/10.1016/j.watres.2018.12.051
http://dx.doi.org/10.1016/j.watres.2011.06.019
http://dx.doi.org/10.1002/bit.260470511
http://dx.doi.org/10.1146/annurev.micro.54.1.49
http://dx.doi.org/10.1146/annurev.micro.54.1.49
http://dx.doi.org/10.12030/j.cjee.201908062

2520 o T OB MR %15 %

[18] CUI B, YANG Q, LIU X, et al. The effect of dissolved oxygen concentration on long-term stability of partial nitrification
process[J]. Journal of Environmental Sciences, 2020, 90: 343-351.

[19] B, T, 227, 5. DO/NH,-NJ## SLIMBBR T 204 & 15 K RS AL [I]. Hr PG, 2017, 37(12): 4511-4517.

[20] BARTROLI A, PEREZ J, CARRERA J. Applying ratio control in a continuous granular reactor to achieve full nitritation
under stable operating conditions[J]. Environmental Science & Technology, 2010, 44(23): 8930-8935.

[21] BIAN W, ZHANG S, ZHANG Y, et al. Achieving nitritation in a continuous moving bed biofilm reactor at different
temperatures through ratio control[J]. Bioresource Technology, 2017, 226: 73-79.

[22] VAZQUEZ-PADN J R, FIGUEROA M, CAMPOS J L, et al. Nitrifying granular systems: A suitable technology to obtain
stable partial nitrification at room temperature[J]. Separation and Purification Technology, 2010, 74(2): 178-186.

(23] P22, 550, BRAN 42, 45 AU fr iR Sl o0 3l T 35 K R AR A AL - IR S = Ak DA mAS A s m (7). h [ SRR 2, 2017,
37(2): 520-525.

[24] TR, TKAS, BAILE, 25 R4 F CANON T 20 IS shifoe[0]. BREERL2, 2009, 30(6): 1689-1694.

[25] PREZ J, LAURENI M, VAN LOOSDRECHT M C M, et al. The role of the external mass transfer resistance in nitrite
oxidizing bacteria repression in biofilm-based partial nitritation/anammox reactors[J]. Water Research, 2020, 186: 116348.

[26] BIAN W, LI J, HOU A, et al. Rapidly startup of partial nitrification in sequencing batch reactor and microbiological
analysis[J]. Desalination and Water Treatment, 2016, 57(44): 21062-21070.

[27] ZHANG X, LI D, LIANG Y, et al. Performance and microbial community of completely autotrophic nitrogen removal over
nitrite (CANON) process in two membrane bioreactors (MBR) fed with different substrate levels[J]. Bioresource Technology,
2014, 152: 185-191.

(28] EFHN, Edear, B4, 5. IR bE Acinetobacter sp. 153 B %8 MR AR 'hEFREFRIE, 2017, 37(11): 4241-
4250.

(291 BRI, 2O, XU, 45, S oRan fo-Ar S S AL IR R PRI ST BE IR (D] BREERM-2 S HOAR, 2020, 43(5): 41-48.

[30] YANG L, YANG L, REN Y, et al. Isolation and characterization of three heterotrophic nitrifying-aerobic denitrifying bacteria
from a sequencing batch reactor[J]. Annals of Microbiology, 2016, 66(2): 737-747.

[31] ZHANG L, ZHANG S, PENG Y, et al. Nitrogen removal performance and microbial distribution in pilot- and full-scale
integrated fixed-biofilm activated sludge reactors based on nitritation-anammox process[J]. Bioresource Technology, 2015,
196: 448-453.

[32] ZHANG X, CHEN X, ZHANG C, et al. Effect of filling fraction on the performance of sponge-based moving bed biofilm
reactor[J]. Bioresource Technology, 2016, 219: 762-767.

[33] GU W, WANG L, LIU Y, et al. Anammox bacteria enrichment and denitrification in moving bed biofilm reactors packed with
different buoyant carriers: Performances and mechanisms[J]. Science of the Total Environment, 2020, 719: 137277.

[34] AHMAD M, LIU S, MAHMOOD N, et al. Synergic adsorption-biodegradation by an advanced carrier for enhanced removal

of high-strength nitrogen and refractory organics[J]. ACS Applied Materials & Interfaces, 2017, 9(15): 13188-13200.
(FT A% % )


http://dx.doi.org/10.1016/j.jes.2019.12.012
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.12.013
http://dx.doi.org/10.1016/j.biortech.2016.12.014
http://dx.doi.org/10.1016/j.seppur.2010.06.003
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.02.015
http://dx.doi.org/10.3321/j.issn:0250-3301.2009.06.022
http://dx.doi.org/10.1016/j.watres.2020.116348
http://dx.doi.org/10.1016/j.biortech.2013.10.110
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.11.029
http://dx.doi.org/10.1007/s13213-015-1161-7
http://dx.doi.org/10.1016/j.biortech.2015.07.090
http://dx.doi.org/10.1016/j.biortech.2016.08.031
http://dx.doi.org/10.1016/j.scitotenv.2020.137277
http://dx.doi.org/10.1016/j.jes.2019.12.012
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.12.013
http://dx.doi.org/10.1016/j.biortech.2016.12.014
http://dx.doi.org/10.1016/j.seppur.2010.06.003
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.02.015
http://dx.doi.org/10.3321/j.issn:0250-3301.2009.06.022
http://dx.doi.org/10.1016/j.watres.2020.116348
http://dx.doi.org/10.1016/j.biortech.2013.10.110
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.11.029
http://dx.doi.org/10.1007/s13213-015-1161-7
http://dx.doi.org/10.1016/j.biortech.2015.07.090
http://dx.doi.org/10.1016/j.biortech.2016.08.031
http://dx.doi.org/10.1016/j.scitotenv.2020.137277

%57 TEAAE : REEBORE T AT AL T Z AP 3l b Has 1 aLe 2521

Fast start-up of nitrosation biofilm process and its performance with low
strength sewage

WANG Qian', SONG Jiajun', GUO Zhihan', GUO Kaicheng', LIU Wenru'**, SHEN Yaoliang'**"

1. School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China
2. Jiangsu Collaborative Innovation Center of Water Treatment Technology and Material, Suzhou 215009, China
3. Key Laboratory of Environmental Science and Engineering of Jiangsu Province, Suzhou 215009, China

*Corresponding author, E-mail: ylshen@mail.usts.edu.cn

Abstract The growth of biofilm on carriers and the stability of nitrification in the reactor were studied by
inoculation of nitrifying floc sludge at low ammonia concentration with porous gel carriers, and the microbial
population structure in the reactor was analyzed with high throughput sequencing technology. The results
showed that large amounts of suspended flocs entered the carriers during the. initial 1~3 days, and almost no
flocs appeared in the reactor. Then the microorganisms inside the carriers grew continuously from the inside to
the outside, and the apparent color of the carriers deepened continuously. On the 30th day, the mature biofilm
was successfully formed, and its surface was brick red. When the ratio of DO to NH; ranged from 0.09~0.2 and
the volume load of ammonia nitrogen was 1 kg-(m’-d)™, nitrite accumulation rate reached to 86%. With the
increase of the ratio of DO to NHj, a slight decrease of nitrite accumulation rate occurred. The batch tests
showed that AOB could use dissolved oxygen to form a barrier to consume oxygen on the surface of the biofilm
by controlling the value of DO/NH;, and the dissolved oxygen in the internal biofilm was limited, and the
purpose of inhibiting NOB was achieved. The results of microbial analysis showed that the ratio of AOB to
NOB in the biofilm was 3, and AOB played a-dominant role in Nitrifying bacteria. In addition, the ANAMMOX
bacteria were enriched in the biofilm, and the abundance increased to 25.13% after 34 d, which was consistent
with the increase of total nitrogen removal rate in the reactor.
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