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Bacterial Community Shifts and Nltrogen Removal Characterlstlcs for a SNAD
Process Treatlng Anaerobic- Dlg,ester quuor of SWlne WasteWater (ADLSW) m

a ContmuOus-Flow Biofilm Reactor (CFBR) g |~ ; ;
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Abstract: To realize a simultaneous partial nitrification, ANAMMOX ( anaerobic ammonium oxidation) , and denitrification ( SNAD))
process treating anaerobic digester liquor of swine wastewater ( ADLSW) in a continuous-flow biofilm reactor ( CFBR), we first
gradually increased the influent ammonium ( NH, -N) concentration, and then enhanced the ADLSW ratio in the influent during
operation; dissolved oxygen (DO) was controlled at (0.4 +0.1) mg-L™" by adjusting the air flow rate, and the temperature was kept
at (30 £1)°C. Meanwhile, high-throughput sequencing and quantitative PCR ( polymerase chain reaction) techniques were used to
analyze the bacterial community shifts and the amount of dominant nitrogen removal bacteria. The results demonstrated that a successful
start-up of the SNAD process was accomplished in 150 d, and replacement of the actual biogas slurry was completed in 298 d. The
effluent (NO, -N + NO, -N)/ANH, -N value was less than 0. 11, and the average removal rates of NH, -N and TN ( total nitrogen)
increased to 63.26% and 55.71%, respectively. Moreover, high-throughput sequencing results demonstrated that the dominant
microbial populations at phylum level were Chloroflexi ( with a relative abundance of 50.78% ), Proteobacteria (13.34% ), and
Planctomycetes (9.26% ). The relative abundance of Nitrosomonas increased from 1.55% to 1.98% . In addition, the relative
abundance of Candidatus _Brocadia and Candidatus _Kuenenia increased from 0.01% and ( <0.01% ) to 4.66% and 4.18%,
respectively, and the relative abundance of Denitratisoma increased from ( <0.01% ) to 2.06% . Meanwhile, qPCR analysis showed
that the amounts of ammonia-oxidizing bacteria, ANAMMOX, and denitrifying bacteria increased significantly compared with the
inoculated sludge. An efficient and stable nitrogen removal rate can be achieved, and the follow-up processing cost can be reduced, by
application of the SNAD treatment process for ADLSW.

Key words : simultaneous partial nitrification, ANAMMOX, and denitrification (SNAD) ; anaerobic digester liquor of swine wastewater
(ADLSW) ; high-throughput sequencing; quantitative PCR; bacterial community shifts
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Fig. 1 Schematic diagram of the experimental apparatus
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Table 1 Key water quality indicators of the influent
N KB
Wt KA/ d - - — — —
NH, -N/mg-L COD/mg-L TN/mg-L TP/mg-L pH
1 ~40 188 ~213 200 ~350 194 ~219 20 ~40 7.5~8.0
Jash 40 ~90 288 ~317 200 ~350 295 ~332 20 ~40 7.5~8.0
90 ~ 180 440 ~ 468 200 ~350 450 ~474 20 ~40 7.5~8.0
180 ~226 440 ~464 200 ~350 448 ~482 20 ~50 6.0~7.0
TR 0 226 ~274 443 ~ 464 200 ~350 458 ~480 20 ~50 6.0~7.0
274 ~326 455 ~473 200 ~350 464 ~484 20 ~50 6.0~7.0
NO; -NRHIEE A JOE L 5 s NO, -NSR T N-(1-2%5 PCR MR G Ja H 2% BRIE R BRI AL Ik A I , R

) - T ROCEE T TN SR R R 3o B 1R B0 - 45 A1
JEYERE L COD T R H BT 7L . DO Ml pH
53 ) R 1 JPB-607A A #5 =L 7% fif 4 43 B A 0
pHTestr30 pii} pH T E . JiFE % (FA) BIE S
# Anthonisen -1 7 #2114,
1.4 YR oM

Sy BIBAEFG U8 (45 R S1) SNAD T 21K
JA BRI B Ve (i 5 S2) LA BIR O e o)
B BTG UEAE iR (450 S3) TR N - 20C 7%
URORAT. R DNA PR 48 B0 & (0 Mﬁ“)ﬁ
R A 19 B B e EE/M”@ TEB?EE’J;EI
ZH DNA. X2 16S fRNA #E47 PCR #"8 I%_zﬁ-
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806R! ( GGACTACHVGGGTWTCTAAT B g
LE 95°c%ﬁ‘ﬁ“'r$3 min, 95°C7EHE 30 5 ,/55°C i K 30
s 7%°c TEMR 45 S5k 27 MR, ﬂzF‘mc A gEfh 10 )
min @M?‘Fnuﬂ’ﬁfi‘f’ﬂﬁ 3HEE, %H#ﬂizﬁ’j

AxyPrepDNA BEJKE 01 Wil & (AXYGEN 24 7)) Ui
[l PCR 774117 S e Jk ) 2L 5 dk 45 R B PCR
FE H QuantiFluor™-ST # 4 5¢ Ot & # R 4t
(Promega 7\ ) ) #F 17 K I % & Y Tlumina
Miseq RGN 7 ( B REEYELRELARL
Fl). o I- %anger Lt 7/E Q\Zﬁﬁﬁj\ﬁf%
(http://www. i-sanger. com/) 43 HF %i. {{E fif FH
UPARSE #cf/, #4056 97 % HYFH L XTF?%}’# - OTU

RIS UCHIME BRI B3 % A 1. jaTﬁ%@Jﬁ
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079% AT iy OTU 156 2 51 HEAT 1 23 41t
ﬁ%’]éﬁﬁﬁéﬁiﬁﬁ phylunr/( l—J) class (2) %ﬂ’ genus
i) fpiAE L < ’
1.5 qPCR é}%f ~ 3
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Bﬁﬁtlﬁ%l%ﬁ PCR P 341" 2 FISR 3 W)

TS | M S AT R )
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Table 2 Primers of RCR

EIE/EA2N

WAL P51 57| P
F338-GC ACTCCTACGGGAGGCAG . g
16S il A
806R GGACTACHVGGGTWTCTAAT
CTO189fA/B GGAGRAAAGCAGGGGATCG
CTO189fC GGAGGAAAGTAGGGGATCG CTO BAMHE
CTO654r CTAGCYTTGTAGTTTCAAACGC
nirS4F-GC CCGCCGCGCGGLCGGGLGGGGLGGGGG nirS A
nirS6R CGTTGAACTTRCCGGT
NSRI1113f CCTGCTTTCAGTTGCTACCG " g
NSR A2 T
NSR1264r GTTTGCAGCGCTTTGTACCG
Amx368{-GC CGTCCTCTCAGACCARCTACTG e e Sl
mx! AMX REA R AR
Amx820r AAAACCCCTCTACTTAGTGCCC
%3 PCRERNEER
Table 3 Amplification program of PCR
FEH TAs A (RER) B K AE A SR AR
16S 94°C /5 min 94C /30s 55°C /1.5 min 72°C/1 min
CTO 94°C /5 min 94 /30s 58°C/1 min 72°C/1 min
AMX 94°C/5 min 94C /30s 52°C/1 min 72°C/1 min
NSR 94°C /5 min 94C /30s 50°C/1 min 72°C/2 min
nirS 94°C/5 min 94°C /30s 58°C/1 min 72°C/2 min
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i, #Ecr“%%ﬂlﬂ FA YREE RIS 8. 5 migsls” i _AOB
E’J{%&F @J?fﬂ?ﬁ&“‘ ¥ I SR Sere)
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A~ 1. ELB5 5 1 2 1 P S e R

IETHIAGE I, AOB AYTE R B , R AR A E At
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