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Abstracty Four laboratory scale autotrophic nl'trogen I‘PYI"IIIOVHI bioreactors were 1mplemented to investigate performance dlfferen(’e@ and
mic r(&blal rhécharfism8, under different temperatures (30, 25 204 and 15°C). Thé results showed thatithe reactor performance under
30°C was hlgher than othets. When the temperature decreased fr_gm 30°C to 25°C, total nltrogen removal efficiency reduced from 73%
to 66%4 and total mtrogen removal rate from 2.29 kg« (m’ d) to 1.72 kg- (m -d) 7', The morphology and particle size of the
sludge did not change significantly (SMD; from 80. 85 wm to 79. 95 wm). When the temperature was 20°C , the total nitrogen removal
efficieney reduced to 42% , the total nitrogen removal rate reduced to 1. 18 kg+(m®+d) ™', and the sludge disintegration phenomenon
occurred with particle size reduction (SMD: 63.21 pm). When the temperature was 15°C, the total nitrogen removal efficiency
reduced to 37% , and the total nitrogen removal rate got as low as 1. 00 kg- (m’-d) ~'. In addition to that, the reactor operation was
difficult. The analysis of microbial community structure showed that the influence of temperature on anaerobic ammonia oxidizing
bacteria is greater than that on ammonia oxidizing bacteria. This sensitivity to temperature of the anaerobic ammonia oxidizing bacteria
was the main reason for the decreased performance under low temperature conditions.

Key words: temperature; swine wastewater; autotrophic nitrogen removal; anaerobic ammonia oxidizing ( ANAMMOX ) ; microbial

community structure
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| Table 1 (;haracleristi'(;s of digested swine wastewateieffluent usedas influent in the experimental autotrophic nitrogen removal reactors
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' - CoD #=7 BoD, NH; -N NO;-N NO; -N
P /mg-L~! /mg-L"! /mg-L~! /mg-L~! /mg-L~!
S8 7.2~8.5 350 ~ 800 200 ~220 400 ~ 600 0.1~1.0 0.1~3.0

1.2 RWVERIIETT

RELIRE R 4 NAMERR S LS FAN
TEER N A%, SEFUNE 1 BfR. BN a% th A HLBE 3
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Fig. 1 Schematics of internal loop air-lift reactor
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NH, -N, NO, -NFINO; -N¥& &% 4 A shifi 5h
5L (AA3, + Luebbe, Norderstedt,
Germany) illl %2 ; pH % ] PHSJ-3C & pH i (& #
PHSJ-3C, Bt s R A8 A R /) M 5E s DO,
TR WTW L S 6 AL (MIQ/TC 2020X7,
WTW Company, Germany ) 7EZEII%E .
1.4 I5YHHE

RN AR B AT 2 100 d, HUCH 45 B A% 1 15 .
R R S 108% ( ZEISS, Discovery V8, Germany ) X}
HRIE A& #HATMEE . R QICPIC #i Ji 1Y
(Sympatec GmbH, Germany ) X} {5 g it K7 4% 43 Fii Fl
KL SR AT
1.5 EiE i)y

WA A5 R 4 A SOV ERs 1T 2 100 d
5, 4y B Ay 4 N Seed ($2 Fh 5 ). T30
(ANR30) ., T25 ( ANR25) . T20 ( ANR20) FI T15
(ANRIS). ff] PCR 4 AY HATE ) 165 (RNA 3
A, PHIKZR N 50 pl, E45 0.5 units Ex Tﬁq DNA

Bran

polymerase (TaKaRa, Dalian, China), 10 pL 1 X E)EA:
; F it

Taq, “la_alding k;pf'f“er‘,‘ ( TaKaRa , Dalian, ?E.hipé’},- §f’ML
ANTR mix (TaKzliRéll Dalian, China)4*2" p:L ofeach
primer (10 dimol -L™") , 10 ~ 100 ng tf;rfiplateJDNA.
FHE A BUEHE (95°C) 3min, AEHE(94€) 30

s B (507 )60 s, FER (73°C) 60 €, 30 A~ B 52

SEAJ(720€) 10 min. H545BE IR PCR 7 4y 1 HES:
PEREHEATIR &, M E. Z. N. AL TM 237 (19 Gel
Extraction Kit #EZ MG ] & VIR B PCR 1R &
FEW). AR RIIR A PCR P29 Tllumina 272385
B UThRER I, R HiSeq2500 #EAT B 250 bp
FE. BRI RAACAE YE B k2%
SCHR[15].

2 HZREHW

2.1 A[FENEEE ANR 20 8l A fE

4 4~ ANR JZ i % ( ANR30, ANR25, ANR20 Al
ANRI15) 19 iz 17 Wk B2 43 i 42 0 78 30, 25, 20 #0
15°C, #F/KNH, -N¥ &5 160 ~ 450 mg-L~', HRT
FOEFE3 h, VA EIZEITT 100 d. SLE SRR,
MR H K =& (NH, -N . NO, -NFINO; -N) #e & i
5 DO VREE. ST b B B o 8 DR AT A VR %
TRIEK Z A R TR T 3 ANR T.25, AR IR 42U
AR A AS TR B B¢ L ATK: ANR30 . ANR25 Al ANR20
A BT RS HPIASBYBE, ANRIS 200 3 By
B, 4% B B0 BN A% 1B AT O an B 2 Fn gk 2
7R,

MR FEE N 30°C B (ANR30 [ g% ), B—FrE
(0 ~40 d) K PRI AL 5 50% , #FKNH, -N
WE N 144 ~272 mg-[fl , ﬁﬂ(/ﬁﬁﬁﬁ(nitmgen
loading rate, NLR) & (1.72 +0.22) kg+(m’-d) ™",
B BEE ] DO W BEAE 0.55 mg L™ 247, RAE
%% 3% 2 (‘ammonia removal rate, ARR) & (1.10 +
0.35)kg-(m’+d) ", BE BRI R (total nitrogen
TNRR ) H (0.80 = 0.22)
kg-(m’-d) ", & A % B % ( ammonia removal
efficiency, ARE)7E 36% ~ 88% 2 [a], M & %
(total nitrogen removal efficiency, TNRE) 7E 26% ~
65% Z ], JRNignisfT R AR, I AL RE I Bl
R, XOTRESEH TN A s T i RS, iE K
UM B R FLIE B AR AR v Wi, B BT 35 K
NH; -NVEEEH 76 mg:L™", HKNOL-NAINO, NV
BEAMHIH 13 fge L 130 mg-L~". 45 1W B (41 ~
100 d) , #E/KAT00% ‘PE:%&, DO ¥ B2 & 151 080 ~
1.20 mg- L~/ (NH,; -NWJE 330 ~532 mg: "', NLR
H(3.13 £0.85)Kg- (m'd) ', B NLR @i,
ARR % i i 7. (2. 62 0.39) kg- (m™~d) ",
TNRR 353 (2. 29 +0.80 Jkg- (m’-d) ~; ke ARES
F1 TNRE 35584 FL93% Y]

25°C T Mies ( ANR25) 45— B BE (0 ~ 46 A, i
K 4 AL I 15 1L 50%), NH NV 72 144 ~
284 mg-L~' Z[], DO WEESFIFE0. 5 mg- L' 24
B BESE 44 NLR M (1.83 £0.25) kg+(m’-d) ',
ARR e %1% 2R J5 328 5 38 0 45 J5 8 2 7E (0,96 =
0.40)kg- (m’-d) ~", 3 TNRR 4 (0.71 £0.32)
kg-(m’+-d) "', ARE I TNRE 7E 18% ~77% F111%
~64% Z A1 3, RN gz frEREANFR e, oK
NH, -N¥KJE#E5 (101 mg-L™") , ENO; -NFINO; -N
WK, 25 BB (47 ~ 100 d) , #EK PRI L
Wb 2 100% , NH, -N ¥ N 274 ~ 424
mg-L™", [AIEH N KBRS R, DO #6174 0.8 ~ 1.0
mg-L- 'YL H. 7E55 By BL, NLR $2 @ %) (2.99 =
0.33)kg-(m’-d) ', Ffi#F NLR A& 5, ARR &
PE, WFREE (2.02 +0.51) kg-(m’-d) ",
TNRR #2755 (1.72 £0.39) kg- (m*-d) ~". BLH B
Ja W N AR SEIAR B 21T, ARE I BB TE 74%
Zifi, TNRE F2ETE 60% 47 .

MV s AT R EE R 20°C (ANR20) , 25 —Biy
BL(0 ~60 d)#&Hl DO M EFE 0.4 ~0.6 mg-L~", i
KRR AL 5 HE 50% , NH, -N#REE R (212 +
46)mg-L~", NLR ~(1.70 £0.34)mg-L"". BLTEL
ARR F1 TNRR 43 %] 4 (0.92 +0.31) kg+(m’-d) ™'

removal rate,
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Fig. 2 Performance of autotrophic nitrogen removal processes treating digested swine wastewater at different temperatures
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Fig. 3  Sludge morphology of autotrophic nitrogen removal processes treating digested swine wastewater at different temperatures
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Fig. 4 Sludge particle size distribution of autotrophic nitrogen removal processes treating digested swine wastewater at different temperatures
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Table 3 Comparison of nitrogen loading rates and autotrophic nitrogen removal rates in one-stage reactors at different temperatures

R BAERER ENUE HRT

JFE =S EAKIEA IREE/C Sege (med) 1 Vkge (anded) ! e b Ja shatr R
CSTR AR K 28 +1 3.3 2.83 86 0.9 [26]
CSTR B IRE K 25 2.5 2.02 81 6 [7]
SBNR A g K 25-34 1.32 0.7 76 4 [27]
SR R 21 — 0.57 — 12 35C &M FIash [25]
AR IREN IR 21 — 0.56 — 12 35CHM TR

SBR A IRE K 15 0.7 0.2 29 6 20°C%&PFF IR 3N [28]
RBC AR 15 — 0.5 — .09 M 29°C ZFHiFEARE] 15C [25]

1) CSTR: continuous stirred tank reactor, ¥%%:4i$ < W #%; SBNR: single-stage biological nitrogen removal reactor, H.2% A= 4 it 0 52 N % ; SR
suspended growth reactor, B IFA KN %% ; AR :attached growth reactor, Ffl#5 4K W %% ; SBR:sequencing batch reactor, FFltzU N #%; RBC.
rotating biological contactor, A= 455 #k X N #%

RARRAF T REER. iSRRI W, BRAI5 R R IRA R TR E L. 5k
UUREYERE, M5 JRRITTREVERESORGE TS IRIESON.  RASBOR, SR B AR, A A T IR A A
AR RN, TR B A R A RBIIEEAT . ST, 15 IR 5 R BLAR
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