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AR V5 7K B H AN R 3 — 225K o R 15 KV B AR A AR, AR e B8 AR 6 1 KOG A 0 ot R Wil £
AR K B A (TN) AR AR, R R 2R W5 /KA mNHRER . T KB ARBE
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SEEREE R 4 41 SBR, H LAY AIEE SR AELT5 . HARAEBEI N 48 L, REZHWWME 1
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BA R . WEIR SN O BETR . T AR K I # 1 FTEIKEEHETH COD 5NO;-NKRE
EHEMEYERKFERMETE, WAHERBI Table 1 COD and NO3-N concentration under
B, AR T A A 1R difforent water quality
1.4 #ERs2IE BRIEZEA COD/(mg'L™) NO;-N/(mgL")  COD:N
VS0 04 S A A 15 U TR 5 W23 0 BT R LTt 450 100 45
SEIZATH) SBREEZIG, WU Y5 Yl 22 UIVE | LR 500 100 5
BLOEBR BIWEW, MAE KIS HIREEATILE | e 650 100 6.5
B, B EEW, BEE ERPRED 3K, HERE 650 100 6.5

DUBA PR 15 U T AS Bk R Ak W . g Kk T
W5 5P E T 500 mL 7 EfE R, IIAAR S NOS-N F1 COD OB /K W, $E 56150 LUTC 2 77 .

FH HCI1 5% NaOH # ¥ & 08 15 pH 4 6.5, FF I rh 52258 A S min AU LBRIR G T ES, Z
Je P A AR AR IR A R R 1 B . 2 MR R TEIRURRE L KRR, A e 34 e
FIJefE o KENO;-N Al COD #% SBR Pt /K ¥ JE 43 B L A% 50 mL ¥ 4 i, 76N FF LRI, ST EDEESE AT
PO, IR O E TR EERS i i b, 3 150 rmin™'. #%J5 SBR A4 HLRL FE W 3E 1 741
WELE:, WEE N 22 °C, RESTE e fEaE 551k T izfr, B 160 min, o, S i fb s Za 44 i
x ()5,

Co-C,
V:éag (1)
A VAREEEER, g(gh™; C, MEIENO-N EINO;-N ¥, ¢ L' C, A LS NO;-N 5iNO;-N
WPE, gL Cyyss NRAWRIRIE LR IZEIARWE, gL'  HBEE, h.
1.5 SDhiEE

WG Ie YA B B, 9 K B AE MR ASCHTH 1 IRKFE, R FENO;-N. COD. pH; Jf 78 BTl
FBRE R A3 IR DO, AR R i1k R 58 E #5817 .

MLSS, MLVSS >k H 8 &k 5 NH;-N SR H 0 [0 70 6B B 5 NOS-N R FH 584 et B ik
NO;-N 2R N-(1 Z85%)-& Z e BE L 3 COD SR A E 4% R AP vL U, I B R FK AR IR B2 1H 2 5 pH SR
JH pHTestr 30 & pH 0 % 5 1% %K ] Multi 3620 WTW B i A0 &

2 #HR512
2.1 YL RtE]

PLCTREN . LW 52 B FD AR N A ALAR IR, A SR At R 2 s, 5 RO K PR

£ 5 NO;-N L K NO;-N B, 0] 52 il Ak 1 94k 58

e B IR I AR I B R R R T #2 RELAEOULE

Table 2 Period for domestication of denitrifying bacteria

ME2HR. HE2AH, LRIk AT
W, FERER YL A R, DI R R 2

i AY YIERTH/d MLSS/(g- L") MLVSS/(g-L™") MLVSS:MLSS

2RI 2 5. AR EW, M Fom,  CERoT 26 L% 0746
WA, R LR 0 2 3 2350 078
EEOYAS . BRI T L mmEy 275 223 0812
VRSS9 A 1] 0 A 5 L 44 35 0795

22 FAERENREETRE
DL R AN BRI EY , NH;-N. NO;-N. NO;-N Fl N,O (A8 fb 5 B un el 2 fif s o LA 2R M A ik U5
F, NO;-N i H S BIFEA#, #£ 60 min P eEBgE R A b oebe . XU, AHIRE: MY i 2 B ) s i 2,
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¥ R B4R R 0.050 g-(gh) s

NO,-N ¥ J& S 38 Jin J5 v 2> o 78 )2 0 FF IR
50 min PN, NO,-N ¥ & % 8 36 i £ 50 4% 9
NO;-NJL- P ##E R 5, L R{E 5 & K 23.2
mg L™ )5, NO-NMWEZ# FHEN 0. X
R, TERAHALRT, AR SR TR KT A
FRER R R HOR , FEOVAHREE MR, e
Vi R AR R 23.29%, HOMBRIRFE R, A
K RNO-N BRIk .

KBTS, A N,O & 0.002 8
mg L, FHASNO MR HB 2 MEME, o
S B AE 10 min A1 50 min, JHAH M 1.23 mg-L!
F11.60 mg-L™', N,O Y™ A= I T 7. A IR £k (1) i
Ji o SR N,O B dk ST, Tl R R A Uk
F 5 N,O TR IEART E, MR N0 &
PR Ry i Y R A e T

KA, NHI-N W BE LT R R, Ui
NH;-N ¥ & A5 {6 1] L Z 0 .

DL B R IR T, 25 46 AR AR f0 1% 50 4n
K3 R LASEEMBRIERT, 5 280 ki R
AR B, NO3-N 7E 70 min P iR 3 8% Sz il 1k 5¢
e, PR AR ZE R 0.031 g (g'h) ' NO;-N
e FEAE 70 min PN 3K B Fx KAH 19.5 mg- L™, Bi#x
AR R B R 19.5%; M5, NO,-N ik &
BT R 0.

NH;-N ¥ LR EER . A N,0 &
H 0.001 mg L' H#AS N,O LR & 7E 20 min
N GE TFE ] 0.63 mg- L'y 2 )5 2218 T 2k
KAH 125 mg Ly WG IFIRSEE TR, ZER
gE, W 0.67 mg L7,

DA 2500 A B U R, A48 A5 19 28 AL A% 10
WE 4 FroR o LA 0 R Bk T, NOS-N i
132 A#, 7E 80 min N Bk AL oE e, T
Yy Ak % 0.034 g-(g-h) ', 7 0~140 min
W, NO,-N ¥ B Je 38 hn 5 82> . 7€ 70 min Y,
NO;-N 1 2 ik %) 42.5 mg L', i WAl R 3k
FUER 425%; G, NO;-N W EEZ NN
0. NH;-N ¥k B 78 J o 3 (e 4k Re e e o 0 S
WIS N0 EEN 0.023 mg L', ##4 N,O

—0— NO,-NyJi
—— NO,-Nifi
w0} —A NH, NI

HEWNIL (mg - L)
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Fig. 2 Variations of indices in reactor with sodium acetate
as carbon source
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Fig. 3 Variations of indices in reactor with ethanol
as the carbon source
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L BB A BRI 4 A5 478 A 1 ol I
K5 s o LLBERE N 8IS, NOS-N 7 70 min 1004 S NO-NHkfE
P o S AL 5 L P L I A =l
0.026 g-(g'h)'c NO;-N fEz KL R{E N Tmg L, @
S5 5 R B 5 7.0% , R ZXNO;-N L35 g %
B 0. & of

NH;-N & J32 78 S 1 3 8] e R R o < 201
AN BHE N 0.0025ug Ly 5 28 kb 0 O = S .
FHAL, VERRAS NLO B B 87E 10 min PN HGE T 0 20 40 60 80 100 120 140 160
#] 044 mg'L™, ZJ5 218 T 24K K AH 0.66 BLRLAS [l /min
mg-L, WS REEREE. BS5 BEREARKEFHTRESASERNTK
23 FREBEMNE BRSO Fig. 5 Variations of indices in reactor with sucrose as the

1 GE O IR 15 K AL T o, R Farbon soure
ffb-J A tb T2, Hod R B 0 80 2 bRk T 2K B WL B F o i 4 o AR KI5 K 0 kKA BLA e
JEE 3 3 K, 7E Ak BT IR R V5 K A AR R TS K AR BB 24, 1E K COD e AR AR T 250 mg L,
BOD; Wi # 1% 7 100 mg-L™'s iy, ¥5KT B9 [F 20 IR A BR B RCR 2 th T IR AL 5 R T/
ML 5 Grad B4k, JEHAFIF K TN 5B8, $E2NH;-N 70 2k 0 2 HEAhR e, Rk, 4
T 15 7K B Mo 28T 3k e AR T AR IR YR B B, e A 38 0 AN AR VR AT R T RS Ak R IR 2R AT
PRAEA 15 7K A B it 4 7K 260 25 A SR Bm HE K

il 1R 6 30 I 6 935 ] 1k B A Ak 0 S Ak S i A R 2t o b, ] Ak S il Ak e 2008 BUA MLAEUL &
Y, sAuREEA T, AL AR R R A N Sk G Ak 24 P R B 4% (dissimilatory nitrate reduction to
ammonium, DNRA)™!, # 8L bt f b, fEEREh 4 X (1) Mg AR R o /U, MR A TR
AR R . O AH R Eh A S . — A A RUE I | AR AT AU R T A

NO; - NO, - NO - N,O = N, 2)

ASErh, FEARFBRIESMT , NH-N R EE ARG S0 A AR L, B Sy B 1l P e f e . A A
FEUT KB, fERAE L A, NHI-N FINO,-N ¥k AR & & A 35 A0 4k . ;ORI h, 7F R 2e s 3
B GAALIR R AL/NF-200 mV., X DO, AR Z Rk IR 35 45) ., REE FEBR T HNOG-N [1]
R A TR $h iR IR B A2 2 4h, 823 & A= th DNRA FE U, [5) B Bt 26k o iz il b v
H % DNRA fig 1", YANG %" )\ il 4k 75 U v 73 2t Pseudomonas stutzeri D6 T Pk , 3 i 45 1l
C/N . DO, BRiEFIE (ZWR . HEWE . B %5 1FRIE 7 H DNRAMEH] . MEA 5256
NH;-N W& B IR & A W0 A8k . Bt AT i, A 528 vh S i Akt 8 b S JR i Ak 72 (X (1)

DL RN . QT . 5 %60 W5 R IREME by e 8 1) 25 BT R A G2 A7 i B P, NOS-N A Lb 5 i 0 % 43 3
0.05, 0.03, 0.03 #10.02 g (g'hy'c Hrh, CRRENNBRIRNS, FfiFfl s A e, £ w8 IR
Z, FEWEERNE . KRR, LY S AL SR OB A, B A S RRIG A E
VIR, 0 S BEAE R e R 00 2o 2 v 75 B S e A o SRR A R TR R A . A A BEAE IR AR
ALY, FRETRE LS WA E b A e LAREAR . 25 125, SOl Ab 40 v s A0 A0 75 31 79 i iR
FUATP; 275220, PR ERIE A = FR R 1E B B A I 158 T S5l 52 5 W e Aol RS il ALY IR, A
ML 25 R 2, B E M R 4%, IO SR W et . kvl 0, W 1 DA T
LA SME o FALR A FERE, AALYSS R SR, SR ML R 5%E .

i 1 2~ 5 A U HY, & nY S S N, BOny s 34 BENOL-N LR . LANOS-N i &I
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M A AL B R, NOS-N R UE T8 M i ik o 78 5 W R A, NOS-N 35 H Bt B f R A L, Wk B
WA EERIL, JFEEET 0o WA NIRRT, S ANO-NERRE K, H42.5%, LR
LBERZ, I35k 23.2% F119.5%, FEMER/N, {UN 7.0%.

HERFEERNE, IWE 2~E ST n] IR, 754 P40 T, X501 NO;-N ¥ 1 2 78
NO;-N B[R AR S B 3K 21 B KRB AT o 58 4% die KRR R AE I 20 0 X0 1 1 NOS-N ¥ JB2 22 15 R0 22 J ) 5 1
B f R, 23 5 ANOS-N . FINO;-N, £/, 4R

J5 FIINO:-N 8 2 NOS-N 52 B 2, E1 5 Lo LN BN, oo
NO;-N 119 B 5 [ fiff 33 =5 (BRI Nir Tl 1) o6 fif 30 %) Z 0035f .

WK 6 frn. 78 SBR ZRANT, *MNO-N fix K S 0030 Ff .

BURME, NOJ-N F B fif- i % th 0.041 g-(g-h) ' TR 2 ooy ]

% % 0.016 g-(z-h) ", H1 NOS-N [ fift i 2 i, %5 B 000y

NO;-N A2 i 545 51 i NO;-N [ ift 33 2% H 0.036 & 2212

g(gh) !y BHEMENO-N 4T E, NO-N 0:005 I

(¥ I fige 7 2% %5 /0 1% Ky 0.036 g-(gh) ', Tl L 0

NO;-N (1) B A R AR IE AN BB &2, BMNO,-N LR L A it
W TR T . X FW, NOS-N Y [ i =i 5 6 NO,-NRAMENZSHNSHHNETH
FNO;-N 1y Fig. 6 Analysis of kinetic parameters at maximum

accumulation of NO,-N

MHEFIEBMAEM T, NO;-NERHEFZ
AT 5 04 H 75 25 DA A R B 1) S B A, S (A IR AS FEL P S TNOS-N PO e Ah i SR 4
N AR AR P2 AR 138 R B R IR B AT, NO;-N FINOS-N 7E IR ¥ HL 7 B3R ¥ B il s 4+, 1T Nar i
X L 1 SR R 758 T Nir BN [RIE, AG SfE Ak 4 R AR R N R A A Nar B, TR Nir i
Wt 2 A A K NOS-N [1]NO-N ¥ AL 968 71, W Comamonadaceae J&™" . 33X $EERB ¥ 15 NOL-N (1)
R it V% J5 T NO-N, AT 5 350 A NOS-N by R 9 52 Al Ak B &0 72 P i BENOS-N 285 27 FL R L 4
GE SV AEMI SR LA SR . FBE . 8 260 00 55 Al 5 1) S il A it A bt e B T AR IR A IR 42

H e Y5 PP 2 S BUYNOL-N e KA R AE A 22 S S oL R PR RAE AR Z 522 v, TR
WR . S RIER BB ZNO-NE; HTR. k. SRS H A& 2= IRk
B, TEARSLE Y, AW IR e, RSkt 2 HNO-N i KL R E & 4 Fiik i 2 B, L
MMRZ, FMimD . AR e, AVARGE RSB, XF Nar B F1 Nir B9 55 1)
A AR NO;-N HINO;-N P 3 R i 22 (E AN [R], FF T BINOS-N FLEAE N [R] 1l IR B 24 08 72 )
BT, R R A A TR R, KR R RSSO YT S Y Nar BT Nir il 1Y)
B A, T ENO,-N R BE A A4 B A8k, LU SEP LB, 78 LL SR AN I Ry e 8 1Y) )L
Hfb AN, Thauera J& 5 FF, i Thauera " Nar [ )50 22 LU Nir i 22 ;1 GLASS %8P & 8t ,
DL 35 25 45 R i R 08 SR A 4R B P Comamonadaceae J& W) 5 35, 1M Comamonadaceae J& W 1 — 38
Pk, W Acidovorax facilis #% , JFAE4& Nir il 250, X85 B0 E W R, NO,-NH EHME
Wk HR, FERE T AP RS h, AR R E T R B a0 i NOS-N R R B
%, XFEIN, NO-NFH R T 5MA MM MIEF A C, B 5HAARE RS F06C, Wik
FE . pH. ik A I N [A] 4
3 i

1) BT ACAT 75 7K Ak PR3k 7 o 3 b A7 7 B A 2 A TR, mT 3 ok 500 A A sk D58 L P e 35 K Ak B
R HATRE B TN LERF



59 FYEEISE . BRUSRIEXS AR 15 /K S M A A RACR A 2 2337

2) KRR, W, FANE, FEWERTVE D SN Inas IR o, B i Ak B 0 52 SRS 2 14 B a) 4 ) A
17. 24, 26, 30d, H 2R84k 50514 0.050, 0.031. 0.034 F10.026 g-(g-h)", ENAY R Eh ik J5

AR PR

3) FE A AL L AR T, AN ER R B T A WA R S A R, TR R IR AR, M B A R
EN BTN

4) VAR AN RR R, e KRS R SR R RN 42.5%; 111 LA Z BN AN C B R B WA, e KT il
MRER R BRI Z , AN 23.2% F119.5%; DAFERE MBRIERT, SR AR ER R 2R /N, (UK 7.0%.

2 F X

(1] XUBHT. DI B, MRS LA RIS AR BAR AR [0]. 287K K, 2017, 43(6): 1-3.

(2] S hERM TS AR AL B R G 7 22 M. dEat: fb2 Tl ik, 2017.

(3] AZSFREEINAIT, AL DA S BRI AT ST IRl 2 s 5 AR A A 35 15 K A BEHE AR ERYIE RI[R]. 2018,

(4] e N RN & R IR BUR), vh AR A RN ) [ 52 i M A S G s S /K A B35 e b fE: GB
18918-2002[S]. b5t i EIFRSERL 2= ) iRFE, 2002.

(5] v AR A f 1R 2 B, b A R[] [ 52 0 ek s B A 0 A 2 8 Jms. 3 AN K BT : GB 50014-
2006[S]. Jba: HE TR H AL, 2016.

(6] ATELH, BRAEONE, TAREE, 5. FYBUIRIR BE AR 16 V5 /K IR SR A ST (D). R8T TR, 2019, 37(4): 48-51.

(71 8RR IR V5 /K A3 SEBRAE A T /K BT /INF B HE A R R R X R 0], 47K HEZK, 1999, 25(2): 11-13.

(8] JBMEML. AIHFEETHK-EPIAL FER M. dbnt: th EEE ST 1At 2006.

(9] SkAZN. HOKTA(T)M]. SHR. Jbat: PRSIl T AL, 2015.

(101 R ZFRSE LA SR, AR AN M I 37712 M. 4R b at: v PR e, 2002.

[11] ZHAO Y F, MIAO J, REN X, et al. Effect of organic carbon on the production of biofuel nitrous oxide during the
denitrification process[J]. International Journal of Environmental Science and Technology, 2018, 15(2): 461-470.

[12] ATEBA, BARA:, T AiE, 45 15K Al i R AR AR i AR AR T]. PREERLF:, 2011, 32(6): 1660-1664.

[13] CASTRO-BARROS C M, JIA M, VAN LOOSDRECHT M C, et al. Evaluating the potential for dissimilatory nitrate reduction
by anammox bacteria for municipal wastewater treatment[J]. Bioresource Technology, 2017, 233: 363-372.

[14] ALMEIDA J S, REIS M, CARRONDO M. Competition between nitrate and nitrite reduction in denitrification by
Pseudomonas fluorescens[J]. Biotechnology and Bioengineering, 1995, 46(5): 476-484.

[15] THOMSEN J K, GEEST T, COX R P. Mass-spectrometric studies of the effect of pH on the accumulation of intermediates in
denitrification by paracoccus-denitrificans[J]. Applied and Environmental Microbiology, 1994, 60(2): 536-541.

[16] HAMLIN H J, MICHAELS J T, BEAULATON C M, et al. Comparing denitrification rates and carbon sources in commercial
scale upflow denitrification biological filters in aquaculture[J]. Aquacultural Engineering, 2008, 38(2): 79-92.

[17] AN SM, GARDNER W S. Dissimilatory nitrate reduction to ammonium (DNRA) as a nitrogen link, versus denitrification as a
sink in a shallow estuary (Laguna Madre/Baffin Bay, Texas)[J]. Marine Ecology Progress Series, 2002, 237: 41-50.

[18] YANG X P, WANG S M, ZHOU L X. Effect of carbon source, C/N ratio, nitrate and dissolved oxygen concentration on nitrite
and ammonium production from denitrification process by Pseudomonasstutzeri D6[J]. Bioresource Technology, 2012, 104:
65-72.

[19] GESJ,PENG Y Z, WANG S Y, et al. Nitrite accumulation under constant temperature in anoxic denitrification process: The


http://dx.doi.org/10.3969/j.issn.1002-8471.2017.06.001
http://dx.doi.org/10.1007/s13762-017-1397-9
http://dx.doi.org/10.1016/j.biortech.2017.02.063
http://dx.doi.org/10.1002/bit.260460512
http://dx.doi.org/10.1128/AEM.60.2.536-541.1994
http://dx.doi.org/10.1016/j.aquaeng.2007.11.003
http://dx.doi.org/10.3354/meps237041
http://dx.doi.org/10.1016/j.biortech.2011.10.026
http://dx.doi.org/10.3969/j.issn.1002-8471.2017.06.001
http://dx.doi.org/10.1007/s13762-017-1397-9
http://dx.doi.org/10.1016/j.biortech.2017.02.063
http://dx.doi.org/10.1002/bit.260460512
http://dx.doi.org/10.1128/AEM.60.2.536-541.1994
http://dx.doi.org/10.1016/j.aquaeng.2007.11.003
http://dx.doi.org/10.3354/meps237041
http://dx.doi.org/10.1016/j.biortech.2011.10.026

2338 ok L B ¥ W 145

effects of carbon sources and COD/NO;-N[J]. Bioresource Technology, 2012, 114: 137-143.

[20] GLASS C, SILVERSTEIN J. Denitrification kinetics of high nitrate concentration water: pH effect on inhibition and nitrite
accumulation[J]. Water Research, 1998, 32(3): 831-839.

[21] PAN Y T, NI B J, BOND P L, et al. Electron competition among nitrogen oxides reduction during methanol-utilizing
denitrification in wastewater treatment[J]. Water Research, 2013, 47(10): 3273-3281.

[22] GABARRO J, GONZALEZ-CARCAMO P, RUSCALLEDA M, et al. Anoxic phases are the main N,O contributor in partial
nitritation reactors treating high nitrogen loads with alternate aeration[J]. Bioresource Technology, 2014, 163: 92-99.

[23] LU H J, CHANDRAN K, STENSEL D. Microbial ecology of denitrification in biological wastewater treatment[J]. Water
Research, 2014, 64: 237-254.

[24] GLASS C, SILVERSTEIN J, OH J. Inhibition of denitrification in activated sludge by nitrite[J]. Water Environment Research,
1997, 69(6): 1086-1093.

(25] a7, G Thn, TRARTE. HHBE S0 A W A IR TE S AH P B v A LU AR D). i ISR 724 (1 SRR, 2002, 31(3): 41-
44.

(Lo 4. 2B, ARBEAR)

Effect of carbon sources on nitrogen removal in denitrification process of rural

wastewater
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Abstract  Aiming at the common problems of insufficient carbon source in rural domestic wastewater, the
effects of different organic carbon sources in denitrification process were studied. SBR reactor was used to study
its denitrification rate and variation of nitrogen element indices when sodium acetate, ethanol, glucose and
sucrose were taken as carbon sources and COD/N value was controlled at 4.5, 5, 6.5 and 6.5, respectively. The
results showed that when sodium acetate, ethanol, glucose or sucrose were added, the average denitrification
rates were 0.050, 0.031, 0.034 and 0.026 g-(g-h)", respectively. The more complex the organic structure, the
more complex the metabolic process and the longer the time required for denitrification. When sodium acetate,
ethanol, glucose, or sucrose were added and the nitrate was completely consumed, the nitrite accumulation
reached the maximum value at 50, 70, 70 and 70 min, respectively. When glucose was used as the carbon
source, the maximum nitrite accumulation rate was 42.5%. When sodium acetate or ethanol were used as the
carbon source, the maximum nitrite accumulation rate were 23.2% and 19.5%, respectively. When sucrose was
used as the carbon source, the maximum nitrite accumulation rate was the smallest with a value of 7.0%. The
results of this study can provide a reference for the selection of external carbon sources in the process of low-
concentration rural sewage treatment.

Keywords low-concentration wastewater; nitrite; denitrification; carbon source; SBR


http://dx.doi.org/10.1016/j.biortech.2012.03.016
http://dx.doi.org/10.1016/S0043-1354(97)00260-1
http://dx.doi.org/10.1016/j.watres.2013.02.054
http://dx.doi.org/10.1016/j.biortech.2014.04.019
http://dx.doi.org/10.1016/j.watres.2014.06.042
http://dx.doi.org/10.1016/j.watres.2014.06.042
http://dx.doi.org/10.2175/106143097X125803
http://dx.doi.org/10.1016/j.biortech.2012.03.016
http://dx.doi.org/10.1016/S0043-1354(97)00260-1
http://dx.doi.org/10.1016/j.watres.2013.02.054
http://dx.doi.org/10.1016/j.biortech.2014.04.019
http://dx.doi.org/10.1016/j.watres.2014.06.042
http://dx.doi.org/10.1016/j.watres.2014.06.042
http://dx.doi.org/10.2175/106143097X125803



