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Study on Nitrogen Removal and Shift of Microbial Community
by Anammox Process under Different Cultivating Conditions
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Abstract: In order to improve the adaption capacity of the Anammox bacteria on a variety of operating conditions, and also to
expand the scope of application in practice, the nitrogen removal performance as well as the shift and transformation of Anammox
bacteria population under different environmental conditions were studied. The experimental data of 292 days showed that the
Anammox reactor could operate efficiently under the conditions of adequate inorganic carbon source, ambient temperature and
high—salt concentration. Under the ambient temperature of (23 + 2)°C and sludge concentration of 22 g~MLSS/L, the maximum
nitrogen loading rate (NLR) was as high as 20.5 kg/m’ * d. According to the DNA results, KU2 accounted for 75% of the microbial
population in the Anammox reactor at this running stage, indicating the strong survival capacity of this kind of bacteria under the
conditions of low temperature and high NLR. Besides, when the influent NaCl concentration was 30 g/L, Anammox reactor could
still be efficient for nitrogen removal, but DNA results exhibited that at this stage the proportion of KI2 in the reactor dropped to
36.5%, indicating that the high salinity water had negative effect on KU2 enrichment. Long—term cultivation of these kinds of
Anammox bacteria under high salt concentrations was still poorly understood and should be investigated in the future.
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1.1 ETREBRETEYE
SEE SR A — b R R A A A Anammox [

Nidy, ARAEBASSL, BARAIEA IRk
SRV =AW, RS A
FREHITE (23+2) CTE (33+1) T, #K
pHA (7.2 £ 2) MR /K i 85 31 ] 3% A R
a5, BN R AELIZIT, KB TEEW
ZHRHBREEFINER (430%~50%89415 ) , B
I PR 8, 2 0 v Y ) B A T DA B o s L
W, EENSEIRYP, BdAHKkER
W L BOK S Bt el (HRT ) SR RS
RAM . LHILHFT292d, BIEREBEITEME,
1,

R1 BIEXH
BBt ¢/d HRT/ THLBIR E /mg - L 7/°C NaCl # & /mg - L'
Ao (rE—) 0~24 10~3.3 222 33+ 0
FRENER ()  25~110 3.8~1.5 (22 +£2)~220 3311 0
E=iR (=) 111~202 1.5~1.03 150+5 (33 1)~(23£2) 0
EEr (BB ) 203~292 1.74 1505 (23 £2)~(28 £ 2) 4-30

1.2 MiRKRSLEAK

B FE A LR AP R A 80% B B B I AF 5T
FE P22 LYUR B AL it R %
5 B K Anammox X B 787, 55 45 209% 89 F 2
BE—125 LW RZHEBHEEREBH L
Wit = B %€ R Anammox LR 7%, FRIARRIR AOMKE K
4g-MLSS/L, SEHFRHANTHBEK, EKRG

4K : NH,-N 300~663 mg/L, NO,~N 309-620 mg/L,

KHCO,0.125~2 g/L,, KH,PO, 54 mg/L, FeSO, - 7TH,0
9 mg/L, EDTA 5 mg/L, JCHLEEEEW2 ml/L (NaCl
500 mg/L, KCI 700 mg/L, CaCl -+ 2H,0 700 mg/L,
MgSO, - 7H,0 500 mg/l), # & 76 £ 1 mlL
(CuSO, + 5H,0 0.25 mg/L, ZnSO, + 7H,0 0.43 mg/L,
Co(Cl, + 6H,0 0.24 mg/L, MnCl, + 4H,0 0.99 mg/L,
NaMoO, * 2H,0 0.22 mg/L, NiCl, » 6H,0 0.19 mg/L,
NaSeO, 0.11 mg/l., H,BO, 0.014 mg/L)

1.3 BEFURSHHE

NH,-N HI B0 BRI AR AR BE R B L vk 10 3

NO-NRFAAFE BRI E , NO-NR 55
Jt ( ultraviolet spectrophotometric screening )
o TRHTAINEESE . pHIL. DOWE( AL
4% %1 2% ROLLER PUMP RP-2000, METTLED

TOLEDO 320 pH Meter. pH/DO meter D55,

1.3.1 DNARIRAPCRY ¥ /2T, ¥H
TDNARBBIREA A T-20 CHRRES, Bk
HABEEBRARETHITHE, BRA
ISOILZE 4 ( Wako, Osaka, Japan) Xt JT 4 B 4
DNANEAGHITIRIR, FIFHE40E596F (IE
51 ¥ : 5-GGAGAGTTAGATCTTGGCTCAG-3")Fi
1492r () [6 5] ¥ : 5'-GGTTACCTTGTTACGACT-
3% I Phusion DNAR & # ( FINNZYMES,
Finland ) Xf16SIRNAZEHHEATY 18, 2 J5ARHELL
THEGHTPCRY ML : HAE98 CTF#4TH
AH30s, HRMHITES CTH #10s, 51 CFH
H20s, 72 CTP4835s, BEHFIT25K, HE
72 CFBJG AT EMS min, TEHITSK. &
Ji 1 A ] 5 SVEE I MIPCRVE HE & 4 ( Promega,
USA) My sér=ytiraifk,

132 16SIRNAKA R L &R MA  ifbfarE
Al B % 32 3l pBluescript IT KS+J EcoR V3 [N 3¢
J& ( Stratagene, USA) , KB H#DHI0B#E M
HFRI BRI, BV AT, B
MEOT R BB AL . R I 3130« B 2 B A R
BigDye V3.1 i 71| ( Applied Biosystems,
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213 MREZEEHE HMAEYHRCIFE,
Anammox B B 38 H I8 & K 30~40 €', BR—
B2z 28 FBSE ) Anammox B IO AL, (HEH
%E%’iﬁ%ﬁ‘?i&ﬁ?AnammwﬁﬁE‘J%ﬁﬁﬁﬁﬁ
B, PR T R M92 A% i BRAK 2 13 2%
BE, DIBRMNSBAEZRAG TSR EE
1o TEFFRRII24 dh, RERRETE (33+1) <,
BHREHKEAATEI2kgNm’ - d, HEH
RAFX16£03 kg N/m® + do ZJE B BIER
A% R BE LABY IR RAS S R MM R B
filo A Anammox B B HRME IR IR EE, [RAK
KSR EER70 mg/LHF K HRTEL3 h, [A
BRIREEM (33+1) CHEE (23+2) T, 8
R, BRI B B0 Anammox SN 25
R EMERE, X015 BB Anammox B 7] L% 37 H5E R
RIS . M 154 dIF 4A 3 o FEARHRT S 5%
SREHKERAAFE205 kg N/m' - d, AL
RURIBYLF, HI/KNO-NKETEIO mg/LUA T, K
N RS TELL A F3LE 17308, W RN SSEER
KU T REBRBMREERR. RS2
PITEARIR A T A B A i A B3R, 5K
JFH, aIEZRUTILE . £EEHBREN R
i CICHBE 150 mg/L) , W] LA Anammox & 7E
BT K pHEE 3 R 8241 T — B4R B b A
A, 878 Anammox B 7E B HE WA A T ABAT LULE
WA A H; KB AnammoxBH (22 g-
MLSS/L) HJ [ R #% @ RGBT IR ML R FRERD
3% (KU2) , DNAGMITEESRER, a3
JFEBAKU2 (RESHRTFX) .

214 MEWHENKR SEHRERKEEAAMIR
FEARTEN B — 45 BR BT K, B4R — o 07
N FHESERLMT B FEYI4LIR K Anammox B ,
FHAESEAA T THBABE, AWAELE
FELE . AT AM T LB A AR B AT
HIHRGE MDA HRGE, HIEET RN, &

87K S ININaCIR AR B 2 Bk FR8E , AR H
—ERASLE, RNEREREDR (23+2) T, A
A ERIFIGZ AT, RAASA—Eis B, K
AR B5IRHIE LI M1 o-MLSS/L, 7EEIAHIFEE
W, FREFKAMIAE (82+01) kgNm' - d, [RIAT
BAREHAKNaCIHEES /1. E 18 /L, BEAER
RIGARMERFAE (85+2) %, AMFESUREGE, 2k
SEHRFNaCIIR B 320 /L, 4bHRERREAL,
HK WA BRI X FI280 mg/L, TREIH B
IKEITTIERRHE K AT R 3R, R SRR
. NERNB/KEHB AR, 230 dFF 1A
Ktk BEREREL100 mg/L, RIFAEIET
HhE, THALRERRI00%, fEHETFRN4d,
R I K A B R 100 mg/LE 600 mg/L., X
Pt R EN B A6, ki
AnammoxB TS TEE B BIIKE , 4k&EnisEk b
EE0L, #KBANRHAERFIES kg N’ - d,
KT EFRRFEI0 mg/LLL T, R ASTE IS
HFREBIT—NH, M RERE, BERME
A (45+0.1) kgN/m’ - do

Xf HHA 2 E R LR, 4SBT BT BB G
HREE A BAME ., Kartal B, et al'E NaClYE
30 /LR T AR R R B R AR
1.0 kg N/m’ « d; Dapena~Mora A, et al ™ fENaCl#t
B R30 /LI EMH T AR RS R AR R
0.3 kg N/m’ -+ d; 2B 53 7E NaCl¥ & 430 g/L 1
FAFT Pk ) 6 B 1 B £ 77 4.6 kg N - d,
X R BHCA L RERM R R E T MR KBRE R
i, HILRSREEFINA, RORARSEN
R, BOE . TR,
22 HEYEBNTIBEL

XA R FRA R T A YA BT B LRt
A BT IHRATER N 28 B pLIE, il
DNASF I B e 3 AN B3R EE 454 F Anammox /X
PiEs N ERERE, THREERILE2,
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F2 ARMBREEBARENEROTL

oTU *3) BRE OMOM/%  BER— RS RS HEND
12
1 Planctomycete KSU-1 AB057453 100-99 1(1/47)  0(0/32)  0(0/52)
(12/34)
Uncultured anoxic sludge
AB054007 100-99
bacterium KU2 14 24 19
2 3 (3/34)
Candidatus Kuenenia (14/47) (24/32) (19/52)
CT573071 100-99
stuttgartiensis
Uncultured bacterium clone
F1529971 100-99
MABRDTUIS
3 Uncultured bacterium clone 13
FJ529937 99 0(0/47)y 0(0/32) 0(0/52)
NBDTUI7 (13/34)
Uncultured bacterium clone PIHI12 FJ416451 96
Uncultured bacterium clone
EF654707 99
KIST-1JY038
4
Uncultured bacterium clone: A2 AB462403 99 1(1/34) 7(@/47)  0(0/32) 0(0/52)
Uncultured bacterium clone: A AB194898 99
Uncultured bacterium clone:
AB434256 100-99
AnSal-04
Uncultured bacterium clone:
5 AB430333 99 0(0/34) 0(0/47) 0(0/32) 5(5/52)
AnDHS-2
Uncultured bacterium clone Ge64 FJ710714 99
Uncultured bacterium clone
FM213063 100-99
H2SRC239x
6 Uncultured bacterium clone B38 EU234164 100-99 0(0/34) 0 (0/47) 0 (0/32) 5(5/52)
Uncultured bacterium cloneKD3-123 ~ AY188302 97

AnammoxB KSU-1 ( AB057453") LA & 5 16S
RNA & [H F % B uncultured bacterium clone
MABROTU18 (FJ529971), NBDTU17 (FJ529937),
P1H12 (FJ416451) F B¢ i AHAUEE (1 OTU3 e v
B AL RE, H 9l 35% (12/34) A1 38%
(13/34), R BETHBKIE AN EFf# Anammox 3R
SRR ARTEERE (M52kg N/m' - dFHEIE11.8
kg Nim' - d) , RREE§ PO S Re B TR
%4k, BIKU2 (AB0540077) . Candidatus Kuenenia
stuttgartiensis (CT573071) MOTU4R K T 41 34
B, OTU3MN 2% 45, I S 96 25 2 o] LA A
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WA AT M REUAAT T AT, Ah, mIRAM
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BFF Anammox T. 2 7EAL TR = & U 7k B I 2 BR v
Mo TEREM0 4, BIEFGHARERA
Bt KUATS AR SR H 536.5%/ L, Wite
DNAZTHT &5 W, AnSal-04 (AB434256), AnDHS-2
(AB430333) L) J Ge64 (F1710714) 29 510%, mih
BZRIRETEHRE, X 5Crocetti et al FFRLE R E
AARKALIME . Kartal et ™ML, B
JK & B¥ Candidatus Kuenenia stuttgartiensis{E4E515
A 1 Anammox ¥ M 1Y [F] Bt BT LA IE R £ BE & ik
30 g/L, SRMEARMTH, FHEHTERYML
J& . KUK Ho 5 R IR PR 236.5%, UiBH#EK

HEENKRNEEREAEEBEENL ., A%
Anammox B8 X i £E PR IS B IE B K B REAR LAY
R ML, R E—B5T,

3 #ig

AR ET T AFFE LM T Anammox T2,
IR R R R R B R L . V884
AT T B E. EELVBRENE. EiRH
BRI B, RN AS B B B A
A, HEIR FHREANMIA20.5 kg Nm® - d, 8
X EER IR RIEN, FEERE N30 LT, WA
AT IR EHEIFTE (45£0.1) kg N/’ + d, 1K
BT RAERRE RS, AL, DNAZSRE
B, KU2TE&ABr B 938 2 RN 28 N A 2 B
BE, ULH S BB T AR B0 1 R & R ERAE S
i%?%ﬂg%lﬁt?@AnammOX%Xj/—)\Egﬁ/iIﬁﬂﬁﬁ
HEREEEEY

2% X #k
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