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M ZE:. ATMBBRART —A#HAALAAMELEZ—NAUTO™, £ A 4325 7%
FOHALBLAR R, ZF BT B A2 E720R, @i A CANON &% #4k k% 42 NAUTO™M =¥ ¢
BANEE . A A A 10% 8 H LT 247 84 d G x NHY — N #9515 B9 T ik 83.40% , & f%
M5 A5 ARt 0.90 kg/(m® - d), R%AEE BT 300 d, ok NH - N R EAKT 30 mg/L, & &
Fo TN B % 4 53k 3] 95. 06% #7 89. 71% , TN £ i 5 % & Tik 1.21 kg/(m’ - d), &5 H 4k
MHBEMAEREF NAUTOM ZE B3R )6, R AAH (AOB) f2 R AR AL H (AnAOB) #;
R RGP R E A AR IEATN B E 5 53k ) 16.80% F0 23. 17% , o 2% F 4k 1 B 055 82 2
A4 (NOB) A= KA 4L 8 ( DNB) 4k s 2h ¥ 41, BAS AL 8 3 B AL 3.66% , JL-F k40l NOB,
NAUTO™ L% & 3h ot 1845 3547 45 & GEATHE B AL R 4 T AAMLAM TR AN,
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Start-up by Inoculation and Stable Operation Control of NAUTO™ Autotrophic
Denitrification Process
GUAN Yong-jie, WU Di, ZHOU Jia-zhong, HAN Wen-jie, SUN Qing-hua
(Research Institute of Biofilm, Qingdao Spring Water Treatment Co. Lid., Qingdao 266555, China)
Abstract: Based on MBBR process, a new type of autotrophic denitrification process—NAUTO™
was developed. The start-up and stable operation of NAUTO™ used for the treatment of reject water was
introduced. The start-up time of NAUTO™ process was shortened by inoculating CANON suspension
carrier. The removal rate of NH,” — N reached to 83. 40% and the TN removal load exceeded 0. 90 kg/
(m® - d) within 84 days after inoculated with only 10% seeding carriers. More than 300 days of stable
operation, the concentration of NH,” — N in effluent was below 30 mg/L, the removal rates of ammonia
nitrogen and TN were 95. 06% and 89. 71% , respectively, and the maximum removal load of TN was
1.21 kg/(m’ - d). The result of high-throughput sequencing showed that after the successful start-up of
NAUTO™ process, ammonia oxidizing bacteria ( AOB) and anaerobic ammonia oxidizing bacteria
(AnAOB) became the dominant bacterium in the system, and the abundance reached to 16.80% and
23.17% respectively in the stable operation stage. While the main interfering bacterium, nitrite oxidizing

bacteria ( NOB) and denitrification bacteria ( DNB), were successfully inhibited. The abundance of
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denitrification bacteria was only 3.66% , and almost no NOB was detected. NAUTO™ process has the

advantages of short start-up time, high nitrogen removal load and stable operation control, which is

suitable for the engineering application.
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L2 A SR (CANON) 248 AE A N #58 Y
FIFE AL (AOB) FilR A & A1k 1 ( AnAOB) /Y
PARIVER it A s A, AR LR, B
il CANON .20 & 28 i 2y i FH T o 24 AU /K Ak
A0 Tl R KNS PR A R 3 A R
kP BUEE] 2014 4F EHRGE B9 R AT B 3R
R T RIS KA B #1100 FE i E
JA s TR D F5% T 20 R, — Bz
Tt 308 6 P U, S O S A A (ANAMMOX) i
A s 12, Wiy % BE4EJ} DokHaven 5 7K fY
ANAMMOX J 74 J sl ] K ik 3.5 4R e o A
Strass ¥57K ) ) DEMON T2 j5 ghitE] 0. 5 41,
Jb 3 v R V5 AR A B IR AR SR A P st S R Dy
0.5 ~1AE . Fr RIS [ FR I T/ 12 18 FH Y
AT I it (R & ) R, eAh, I R 5N
SfL 40 B (NOB) 18 K, 2 R IR fff 238 1T
BT RAIG R GET5 Ve MERR B, 75 e A e DR A 4
R PSR IR R N T T AN KR EET. #
BIRAYIE T2 (MBBR ) LAY (4 A5 ) 5 53 2% 43 A
ML BEME A RUE 42 AOB il AnAOB, s ik T iP5
ISR MR R G 2 oh i B i B At R A
FMATZMAB T ZEZIERNZ —, EHERHET
MBBR ) CANON T ZAb# 5K 5 i 1k L iE
W, B AR MM EH AN TR S %
1 NAUTO™ =%

NAUTO™ | I F MBBR 1 CANON T2, 7F B
— N PR SR I 4l MBBR T %, {45 AOB 5
AnAOB TERF 4K T a A FE P 0l 9 P Fr g < 5%
PFF B TR AR Y S TS B (0 A= ) L, A1
S N EBERA, 4331 AOB il AnAOB ()4 K & 41
T R 25, BERS A AR W 5 P () s 2 A IV A £k R
ARAL RN, BT EIF 84 SPR - T &Y, H A%
H(25£0.5) mm, 710 £1) mm, HEEHES
KR AR R TR > 800 m*/m’ , 444 (K &b B
FH B IR O B TR 34k ) (C/T 461—2014) 170l
FRife o

NAUTO™,

quick start-up; stable operation; autotrophic

2 At ik
2.1 RBEBMHIE

NAUTO™ 5 i 285 PR HI R 65 00l 1, 41815
(IR, AU 24 m' HRCEBDY 22 m'
2.0 mx3.0 mx4. 0 m, [ A4 T
5 IR R G AR W . k0 T4 e 30
F 1 | I 5 P8 R A U0 40% , b I
CANON BFefh, 7 14 KLY 10% | R 5 bR Bl
F470.60 ky/(m* « d) 3 HoABE R BL VR 40 1A 2L 25 i
L7 AL BT H 0.65 ke/ (m' - d) AR
T ER >98.50% ,
2.2 HBKE

R RIS K PR AR A B
BB R BB TR L) L LK IR
WL L. WA BL S (T, B TEHL AR
BRI B PR VR R T R R ok
BOD,/COD <0. 4, # /KB /TN >4. 5,

x1 HUKRKR
Tab.1 Reject water quality mg -+ L~
iH |[NH -N| COD BOD, S TN
Kl 1340 ~540 100 ~650 | 100 ~180 |50 ~ 100|360 ~550

2.3 EHRERSTAE

NH4+ - Néﬂ&lﬂ%ﬂ%%%ﬁ/f,l\lof - N:N -
(1= Z58E) - S oy L s NOy - N Ah g3
JEICREVE s IR « PR BRAE 7 71T <2 1% COD « HE AR TR B
5 pH {H/DO/ORP/ 5 FF . WTW Multi3430 2 £k il
FEFTE + H CM448 TN 7E ; BOD, « FRifEfi B
2.4 HEENF

e e I a3 ) A R IO W ik TR 2
DNA it 1% Bl 5E e v Vi RG: T i 412 5k 1A 2 1)
SEREME, AT Qubit 3.0 DNA 32077 & Il 25 (4] 41
DNA #¢J# . PCR 4345 514 % 341F/805R . PCR
WA 2240 FE DNA #ipk (10 ng),15 pL 2 x EasyPfu
SuperMix,1 pL 5|47 341F (10 wmol/L),1 pL 5|%)
80SR (10 pmol/L) , B AIELIAK T 30 wL, {778
% PCR MY, H—4% PCR ¥ 427 a0 T .94 C i
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AR 3 min; 5 MESRE T 3 DHrB, B 94 .45 F165
C 43 BIRE 30 .20 .30 5520 ML E 3 B EL,
B 94 55 Fi172 °C R4 HE4E 20 20 30 5372 °C A& A4E
15 min, 5548 PCR P HEFEP 4N F 095 °C HiAs 1
3 min;5 NMEHEL T 3 R E, B 94 .55 F1 72 TR
AR EE 20 20 30 5372 CA4EMf 5 min, PCR ;=
Yk 17 B B B R vk, G 0 DNA B )ik R &
(SanPrep) Xt PCR 7F=#y i# 47 [B1 Ui, F| A Qubit 3. 0
DNA A5 3 77) 85 % M1 DNA R 474 B 5
AMFE A DNA 55 10 ng, 2 EHLIN T R EE Ry 20
pmol/L, i i+ Illumina MiSeq ¥ H5E N EEEN T,

K FH Usearch10 JE47 i i1 OTU 326101 St is
I E TR O AT i (QC) |, A RBRAF & 2
KT T A R B AR R TS R TR T )
HEFT AR 23 A, 93 73 45/ 73 2 3050 (OTU , AH A
KT 0.97),
2.5 TFEMEXS

HRIE 1 1 T BE L K AR R I ST R 40 R 3 A B
Br(angR 2 fom) , A iloh lE R ( 1) (B fr 4
() s, B SRR SEE1T,
MLSS <0.3 g/L, JZ i 28 N IR ETE 30 ~35 C. %A
B KK S g R K . B A
FBR T (BT, BV A b 2 a4 o
5 I I P i AL B VR R T AL, B 1R AR
JR Aot JRE T b S Ik R B AR

®2 EBFWERIZITSH

Tab.2  Operating parameters at each phase

N e/ | #KEA DO/
T 0
R R G | (mg L) | (g - L)
Wl | 1~10 0.35 340 ~461 | 1~1.5
BrEeT | 11~84 | 0.35~2.5 | 437~518 | 2-~3
KrBeIl | 85 ~418 2.5 439 ~540 | 3 ~4

3 Z£R5it#%
3.1 NAUTO™ TEHIB RS
RGBT Ml N AR AR s 1T
3B, s 17 420 d, b PRALCR M A far 4 A 1
M2 frs. TEBTEL 1, i CANON 297 414 1%
NEHTIAEE , R AR B 1 st R
RBIFBIREA B W B A LR, B RS —TF
TR 22 B M R AF A B AU, TN 25 B 25 BR 1A A
(ARL,)3i.%] 0. 11 kg/(m® - d), TN [ (NRE)
5 54.58% ,NH, - N 2[&%(AOE) 53] 65.79% ,

th7K NO; =N I NO; — N ¥R EES(E 73500 7. 25 il
27.95 mg/L, BB I, N4 T+ E K i i, 255 84
KB, TN LA FAA >0.90 kg/(m® - d) , TN F
FREBRRIT A 76. 67% 1 83. 40% , H /K Wil 4
R IRZAR T 6. 34 mg/L, REFEATE BT
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Fig.1 Nitrogen concentration of influent and effluent
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Fig.2  Total nitrogen removal load and pH change
in the system

T s 7] T E R R G RS ML R AR G
HAOK BRSOl . B BTk T 334 d, 1]
KRBT (AILy ) HERFAE 1,13 ~ 1,42 ke/
(m® - d), SAEBRERGAT >1.00 kg/(m® - d)
HK AR A 100 mg/L MK E 30 mg/L L
T RZH K TN RERSERELE 70 mg/L LATR , RGNS
SRR TN ) 2 B 2R 73 1] 1k 5] 95. 06% H1 89. 71%
TN ZER AT e ik 1. 21 ke/(m’ - d) , A BRALR

it b 4 CANON T2 25 A T % 1o i (L 3%
3) A BALKBRAMALZNF 1.2 kg/(m® - d),
MAWFE O 22355 1. 21 kg/(m® - d), JF H, 3T
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MBBR 1 NAUTO™ T 23 i ik S Hh 752, 7]

fifi TN 25 B 34 1. 60 kg/ (m?

JI R AR 2 SRR
%3 CANON TZHIT#EMHA
Tab.3 Engineering application of CANON process

<) XFEN A SR

EREAE | frE [y | SRR

(kg -m™ +d™)
ST R | a7 2% Olburgen 600 1.2
SBR HHF] Strass | 500 0.7
MBR 1% % Ruhrgebiet 660 0.4
SBR %i-1 Glarnerland | 400 0.6
Bk %% Hattingen 102 1.0
AW | {2[E Mechernich 80 0.6

AOB }z AnAOB J&7& %k NAUTO™ T2 A L%
B, R, AT AOB F11 AnAOB 75 AN ¥ 52
M B HEA T Z2MF8E . T AOB 1 AnAOB ¥ A
IR, MRS pH H 23520 HCO, 1 CO, Z [H] %%
AR & S EWNTH ALK R A-F === R A ]
FICHLBR U8 B4 A o TR, BT Ak B A T Ak T B
(L CaCO, 1) FAE B2 3878, 43 B35 2 2 300 mg/L
F10.01 mol/L, pH {E ik i vl fie B AR B 541k, A
28 5 R IR ER TTLvE ", Wk 25 7F B P 4R M 1 2 1
S 485 Wi Tt A 2SS R 5 T ) A s, T 3 SO R AR
TR, I, &4 pH EAERLE 8.0, Q& 2 fr
7N, RGE K pH (H4ERF7E 8.2 24, K pH (AR
FEE 7.3 ~7.6 Z (8], BB 1k T 207 2k Ak 45
PRUE R GEA B [ AR 1817 1) G4

PRUEAE G A B SO0 B L2, R AR 3 A W) R
VS BT REFIRE A OCHE WA /N U B 2 A
AT, W0 B 3k R s fii A W R 7, #2
1 O RO BE AR, BT 01, 8 T B 1k AR R
T R, LA 1.7 m’/(m® - h) BEEBA
FBR AT I, B AR R E R A
J i JRE , AR B R EE R TF A 6 m*/(m® - h) L
SRAL BRI AL S R . OF B, RGN
LIRS R ZEFLIE S, S T W] — DO T [ AN [R] g
R BERE BOR TR R e 1 AR T
3.2 CANON ZE &

TEIRS o B b R G819 CANON FRAE R 4L Ry, a
(ANO; - N/ANH,; - N) #{H K 0.07,/NF 0. 11 1

IS s Ryn v, (ATN/ANO, — N) ¥{E Hy 11. 36, K F
8 X —HE(E (WLIE 3) o Uh B S g £ o [R] B A AE
iEfL(DN) i, o T TR B A i &

=]
n, &=

S5 A A U= F A R A R A A A
ANAMMOXE%&‘%%O R Ak 2 i G R 15 2 R
A AE X R g LB TN stk %l 5.11% ~
7.32% 0 IR A A A AR T A BTN (9 5T #ik 2 00 oy
92.68% ~94.89% . i B SR ALAE AT LA DR &
FEAL AR NO, B JF R N, B2 R4 TN 3R

HRORRREAR K TN He S8 BAT 2 8 3L

o EWDN EECANON —Rpn =R 116

|‘ | I]‘

9r
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Fig.3 Removal contribution rate of CANON and DN
process for TN and characteristic coefficient
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Fig.4  Biofilm changes on suspended carriers with time
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100 d B iF 3R B AR W I 4R W I B, SR
214035472 200 d A R E E Gk 200 wm, 2K
L4035 475 300 d, B PE H AR b TS R B A 2T
[ER TR

Rl PSR BN WE K& e BT
W Bt 2 %A fL W& Nitrosomonas H1 K %8 & & 1L &
Candidatus Kuenenia — N Z G HE (WLES5) ,
Hr | Nitrosomonas 1 /KA RGP H WL 2840
[ RO R NI 5N () 2 W VA (T AR T o R ¢
CANON J Jif 7 it A= 4, K655 s 45 N1 F 5 % 3L
Nitrosomonas J&[ AOB E.A& — € 1 =5 & & it %2 fiE
J1,1% 4 CANON [ Jif g 52 B ey 48 2 of i 47 E 4
Frfa s 9 &b 267 47 35 5E T BE A, Candidatus
Kuenenia 52— Fh | IZAFAE TR K FREE b 1) IR AH 2 4
AR, T A W08 % & i TR R R R
R IE MR T IZAFAE IR & AL R b s b o H
TAS B g itk K Ay e T AR, RS A — Y
HREE T, B I # & AnAOB Al B H A —
SE M 4B N 32 V. RO ZE R UASB J i
TRALFR Cd** K Cd®" 3 B 55 0 A s 3 38 BVt 7
KM AnAOB &4 Candidatus Kuenenia , JF
—RAIE 1% s i B W &R i 2 . 3,
Yang % FEE IR T2 4719 CANON J 7 25 th 2% 31
BIPEFEY AnAOB N Candidatus Kuenenia , Ui W] M Fh
Ja& 8 R AR 28 S AL TR AT RE X IR PR A — 2 it ]
P B AT G 2P B SE

25 ®m Nitrosomonas B Candidatus Kuenenia
20l B Nitrolancea(NOB) EDNB
Q15
X
# 10
5 [
0

1 50

100
t/d

200 300

5 WEMERE

Fig.5 Microbial percentage on suspended carriers

AR 1 R, B EAR L&A K
AOB, FFEiA 5 19.00% , 5 FZ L H i ; 24t
50 d 53R, ZELH AnAOB JF iR L R, AOB FI
AnAOB St[a] sl A Wy b (i L3 A, 25 20 31
13.80% #19. 10% ; 284k 100 d #yiz 4T, BVA L FR 7L
M EAAE] 1,05 kg/(m® - d), AnAOB (14 Ji £ 35 5|

19.30% ,{H AOB fy=F FE AR % 10. 10% ; Fa € 517
My B 945 200 K FIES 300 K, AOB I AnAOB f5%¢
PR¥F 8 B 3 B, 20 51 10.20% | 16.80% Al
20.12% 23.17% .

Bl % 2R GEA5 17 [R] 38 o B 20 22 Bt far R A 2
T, B IR AR A W T 4R 1% 25 AE 41, AnAOB =E i %
ARG TR E, 1 AOB = B il sl Kk, 78 i i
PETHI BT — 2 BB 0 R AIG, T AE AR E B AT A ]
BRI o TR T RE R AE £ 42 -] AnAOB %%
SN ERG B R T AOB, AOB 7 B V7 4R R AR 25 7
s G EAL T fERRE AT IR T i ik —
HARTE, FE AnAOB BT AN S R LA 2, 7] i 2
R RSB E & DO, AnAOB £ J i T2 5E 1l AOB £
JE BT 5 o

FEAE YU E D RIS 1 AR b IR A —
WARAEAL T, AR 1.56% ~5.20% , Fa g ia 17
M BEORERTE 3. 66% 24 . M T 5 /K PAEAE— R Wk
FERIAT ALY, HoK o AT RS A E DL R AR BT LA
Gy 9k i R A TR, 3% 55 2 W0 AG T B — 3, HU:
A WL AU B AT, AR BRI T s i A BT 1 0
A IE R TLSE AR NOB , 2 55 56 R S Ak 42 il 2 5
L2y
4 i

© R 10% RS, 20t 84 d J5 IR 3h
NAUTO™ T2, i 25 bk 25 L 4 o 25 51 0. 90 kg/
(m’ - d) , A ELRF N 83.40% ;Fa s T i, &
KA <30 mg/L.TN <70 mg/L, X} 40 A Fl i
R E KBRS 518 95. 06% 1 89. 71% .

@ B pH {E AR5 B, A R R T
BT BBAREEIR AR YR R R UE T R G AE R AT
TR EET.

@ HEREIBITH B, BIE & L AOB FI
AnAOB 1 =F & 43 % 7] 35 16. 80% 1 23. 17% , & %5
WL AN A7 1€ NOB, S fi fb 18 3 £ 7E 1.56% ~
5.20% , Z 553 B H R a5 O U o

@ RA NAUTO™ 38 it $:R shidk, i shit
), AR R BR A AR far 5, B AT 4 fR 4, 35 1
FHOC T WA s FnisA T,

SZ 3k
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