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Community Structure and Activity Analysis of the Nitrifiers in Raw Sewage of

Wastewater Treatment Plants

YU Li-fang, DU Qian-qian, FU Xue-tao, ZHANG Ru, LI Wen-jiang, PENG Dang-cong

(Key Laboratory of Northwest Water Resources, Environment and Ecology of Ministry of Education, Xi’an University of Architecture
and Technology, Xi’an 710055, China)

Abstract; The communities and activity of nitrifiers collected from the raw sewage of the 2" and 3™ wastewater treatment plants
(WWTP) in Xi’an were investigated. FISH results indicated that the (AOB + NOB)/EUB percentages were (5.35 £2.1)% and(6.0
+2.8)% in the 2™ and 3™ WWTP, respectively. The dominant AOB was Nitrosomonas europaea/ Nitrosococcus mobilis lineage and the
dominant NOB was Nitrospira, the sub-dominant NOB was Niirobacter, and coexisted with Niirococcus, Nitrospina. Respirometric
assays showed that the influent nitrifiers were active following a 2-16 hour period of metabolic induction. The ammonium utilized rate
was (0.32+0.12) mg-(L+h) "' and (0.43 £0.17) mg-(L-h) ™", nitrite utilized rate was (0. 71 +0. 18) mg-(L-h) " and (0. 58
£0.27) mg-(L-h) ™' for nitrifers in raw sewage fed to the 2™
active in the raw sewage, and played the role of natural continuous seeding in the activated sludge system. Based on the nitrification
activity, the estimated continuous seeding intensity of AOB and NOB was 0.08-0.09 g-(g-d) ' and 0.11-0.24 g-(g-d) ",

respectively.

and 3" WWTP, respectively. Therefore, nitrifiers were present and

Key words :raw sewage ; nitrobacteria; community structure; nitrification performance; continuous seeding
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Table 1  Probes used for FISH and the corresponding hybridization conditions

TREF 2Pk WEPHI(5'-3") b—tk itk 5345 /%
NSO1225 CGC CAT TGT ATT ACG TGT GA Ammonia oxidizing beta-proteobacteria 35
Nsv443 CCG TGA CCG TTT CGT TCC G Nitroso-spira, -lobus, -vibrio 30
Nmv TCC TCA GAG ACT ACG CGG Nitrosomonas europaea/ Nitrosococcus mobiles lineage 35
Ntspa662 GGA ATT CCG CGC TCC TCT Nitrospira 35
Comp Ntspa662 GGA ATT CCG CTC TCC TCT Competitor for Ntspa662 —
NIT3 CCT GTG CTC CAT GCT CCG Nitrobacter 40
Comp NIT3 CCT GTG CTC CAG GCT CCG Competitor for NIT3 —
Ntcoc206 CGG TGC GAG CTT GCA AGC Nitrococcus mobilis 10
Ntspn693 TTC CCA ATA TCA ACG CAT T Nitrospina gracilis 20
EUB338 GCT GCC TCC CGT AGG AGT Most bacteria 0~40
EUB338 1l GCA GCC ACC CGT AGG TGT Planctomycetales 0~40
EUB338 1l GCT GCC ACC CGT AGG TGT Verrucomicrobiles 0~40
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Fig. 1 FISH images of the raw sewage samples

HT T3 T 75 7K AR SR U 3 Tl SR K A AR 3
K, A B — AR 2 S A AT BT LK i A
ARAT AT REAE IR 5 /K A I ik ool e rh o= 2 AR
— PN AT 5 K Ak T R AR TR AOIR S (ELR
T 5K AR R BT | Sl g K ik o A
FAERRKEE BB A U 2 AU R AN I ik
IETTTS KR DT i P TR B B0 A1 1 — E 1Y 4%
1 ABRIRTT 57K Fb i A B A B DR U5 155 ik — 20
PEAESIHT. Brion 55 R BUMCTT 5 K T RS AL T 1 2
e 5 HREZKAE I 14 i 55 T AR EAH O, JIR 55 T ARUBOARS ,
P T e JEE

P 2 A& 3 43 53 S A5 K T k7K i AOB Al
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Fig. 2 AOB community structure in raw sewage
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Fig. 3 NOB community structure in raw sewage
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Nitrospira 2 Wi 15 e & 4 1 NOB 1 fL # &
J 1200 S B RS P Y VI R I R R A
DBV BRT i AL R AP AE T T 57Kk . ik 245 S [
FERT DAF K/ 50 06 W it B, Nitrobacter J& T 1-
strategists , Nitrospira J& T K-strategistsm’ 21—
ST 975 7K PP SIS R P SR AR T RIS DN 75 92 O A
B, 5 1 5 18 28 8 v A R 5k Tk R — Rt IR T 1
mg- L™, B 7E 16 35 0 R G P Nitrospira 5
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TEAL DS TR RS 8 R G2, 5 SRR th ki {9
AKAHE AR AL TR 5 15 T R e b A A A T
8 LB A s 7K e e A TR R P 75 Ul ) i S i
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VXnilriﬁers

KN, g WIEAC TR LEE R IR g (g-d) 75 0,
3G KA BT H KL - d 7 X e N
YT AK S R, mg- L7 V RIS K AL
BT AW R, Ly X e SR PETS U8 RS
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%2 MR 35 5 =I5 K S5 VY
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Table 2 Nitrification activity of raw sewage, activated sludge and continuous seeding intensity

B3] T H AOB NOB
-7 KRGS RE/mg- (Leh) ~! 0.32 £0. 12 0.71 £0. 18
HRT =0.54 d 1T /mg: (L-h) ! 7.32 +1.60 5.50 +0. 31
SRT =12d PEEEERTRE /g (g-d) 7! 0.08 0.24
=15 PGS RE/mg- (L-h) ~! 0.43 £0.17 0.58 +0.27
HRT =0.75 d 1EETS 8 /mg- (L-h) ! 6.26+1.78 7.32£1.51
SRT =18 d SRR g (god) ! 0.09 0.11
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B 515 Ye AR T AR 5% BT R A i Vs K Ab B ) i
Tt 8 2 52 3 K rP R £ R B 5 3 M 0 VR A L TR Tk
JE R RZIA I BRI, 5 6 % R 3 T Ve T i b
R 2 KR A 17T A 7K rh i Ak AT ) 22 2k
Jof 2 B ] i

{HIXSELEE 5 Tee 45 JH2E 2 IR UEK 5 16
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— XA G . 5 — 7 A 5 R AT R R
A A K 1G5 e RGP RS AL B B s
(AR /L FR 3T KT A B R B 3 5 T R
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Larsen %52/ 75 2008 4E (A1 57 45 5 b 2 B Al 1k
G HE: A R R A8 AL AT L 3G 7 e — e i A
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i, BEZK P A R 2 AL R HE AR DTS . Y
e, PTG PR R K5 K AL BT A BT JE H 2 )
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TR X5 K AL BE T 384T B0

3 it

(1) P = 4 =15 /KA 3T Sk gL
T oG T B SF- XS BOFT 23 HE [ (AOB + NOB)/
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