‘E]ﬁ%DJ"E_ fﬁ:iﬁl*ﬁ%‘-ﬂ; %£15% F3H 2021438

Eco-Environmental Chinese Journal of Vol. 15, No.3 Mar. 2021
Knowledge Web Environmental Engineering

@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074
OIS wERE. KTRHE
FEEEE DOI 10.12030/.cjee.202006057 hESES X703 SCRRARIRUS A

FU Kunming, JIN Yiran, LIU Fanqi, et al. Effect of the proportion of nitrite on denitrification and N,O release[J]. Chinese
Journal of Environmental Engineering, 2021, 15(3): 946-953.

WEAH IR i B XS RAE AL Iz N,O BB 52 i

AR, e R, M LE, AR, ¥ A F
AR AR T SRE TR TR A0 T WK RS S/K B F P E S LI, P -mis KB ARIE L O,
Jt 5T 100044

B—EHE . HEW981—), B, W+, sl #rerm . EARFERAR RS, E-mail: fukunming@163.com
SHEEEHS

# FE AR N,O KRB HGX — M, W5 T A RINOS-N (b S 40 B A 72 2 N,O B i 52
Ml o FECRIE D] IR R W E SR 100 mg L7 AUA T, U8 NOS-N BT 7 e il EAT HE U SC 58, 43 0 % 48 T g
O I 2 R R R R A ARl . S5 IR R, BEE W IANOL-N &M T, AR AR TR . HiR, NOS-N #
3 i s (] A 2 S T R B AR BB . B0 EANOL-N 5 HoBis , NOG-N Ffi i R, NO;-N 2% . Bi%
FIAENOL-N 5 iy Fh s, N,O M BSR4 | FIUER S ey 1 RIARG A0 3e X 8 Wi 186 0K, dc v 49 9l o 18.828 mg-(g-h) ™
22,123 mg-L ™' 1 24.05%., Bf#E ¥ LENOL-N LAY TS, W7 B WAS 2 (free nitrous acid, FNA) ¥ BE B T =7, AATfi
FEN,O A KRERE,

KR WRIERER; Mmifk; WFREEANER (FNA); N0

JI R V5 K A B A R A A AT, R AR AU B R R e TS K HE R T A R G T
e E A R AR AR AL 2 A fR Y Hodr, RO RTES AR, DU PLEK IR
YE R o IR T 7= BE A 40 B A5 A%, ) R 7 Al R 25 8 JEL [ (nitrate reductase, Nar), V. fiff fig £ i85 Ji i
(nitrite reductase, Nir), — A4k & L il i (nitric oxide reductase, Nor) £ 45 fb Y. % it JiL [i§§ (nitrous oxide
reductase, Nos) 12 5, FENO-N & L0 J7 R NP B il Ak 9 v ) 7= ) NLO J& — B i i == AR,
AR a0 N0 S 21 22 HEM ) 2R EUHEAEY BT, HAE KPR B B0 — A%, R 3k
2Pk 0.3 GV R, N,O ryHERE I H #3551 FE K BUN R E A

NLO 1 A s i Al o B g o (8] 7= ) 22—, Y HLd T s 38/ 1 AR i e, BE AT i 3 NLO 1 R
25 H AL AL EEAH L, NOS-N 25 5 52 Nos B A6 ¥, Ml N,O Bk R, FEN,0 i)
RO Z o1 R W], NO-N 25| A A B v NLO R B AR L GBI 3 . ok i
ARG R N,O YRR, N A B BRIIE N D LS8 AR 1 I R AR v NLO Y 7 AR HLBR R AT T R A
GE B ] BN 2 A LA NLO HET A 38R I AN A o ASBIFSE LA 0 e, AR R IE]

RREBRE—HMEANT, WAENONHAFX L =M EH, Wil T &5 KNNO;-N, NO;-N,

N,O e B DL S FE S8 A WL e Wy vk B (UL COD i) SR 48 bR 224k, 48 T AN [l 90 i 2% 44 %8 I A Ak
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R A RCR B, R9E T NOS-N (5 H X RS A 52 e, #5110 23 7 X NLO 7= AR Y52 e . A
AT T Ry ¥ il B i Ak B h NLO I HE R 5%
1 #MR5R%
1.1 XBWHE

K 500 mL ) FOR AT HER S S . B 5 A Y SBR RN g A WK IE I T LA A
IR R AT IR AW . AR IS e rh AR Bk i, W HASTE, 8o . KR BER,
I KIG FRREEATOLTE . B0 . KBR IS, A 3 . ¥ RBR FIE MR TS Y8 T 500 mL )™
A, AA 20 mg-L™' NH,CI(UA N i), 8 mg-L™' NaH,PO,(LA P i), 10 mgL' BEEHR T, HERY2)
PATC B TR W o ] 3 mol- L™ HC1 A1 NaOH #i i75 ¥ 8 15 pH o 6.5 R4 A 2 HEAR S A8 i) i 2 %
R, MRS SRR T TR TP RRLEE A S min AR, UEBRIBSBRPEA, BAHE Tk
B 2MBEE, Mt S m A A S T2 1T . ¥ NOS-N. NO-N FIAE & A Hli5 4 ¥ (Lh COD
T 4% JT 55 W BE 43 0 BC 8 50 mL MR A8, TE SO R IR I, SEEDEST AT RS, IR DS TR
PPy EHEATHRE, R 150 rminT' . [RIE, BOECSEAT SISO S 45 R BN BOPAT SR Y
V- EMH

12 BITEH =1 REIVENO;-N K EE B S0 035 47 S
S 1 PR R VR B R 22 °C . MLSS Table 1. Operational conditions at different

I MLVSS 43 51 % 2.62 g'Lfl 1 2.35 g'Lflo Sy initial NO5-N concentrations mg-L™!
f£ COD/N Lt 6.5 By A T #tAT, Hrhieaf YO NO-N NO;-N FNA
BLYS Sy e ¥ (B COD i) % 650 mg'Ls ' 2 109 0 100 0

A SEH K HNOS-N 8RR Y L) ] 100 > 9 00039
UE LK WS R 100 mg-L™', HARTEAR N1 100 10 % 00077
B . FEAS R ENA JHHE45 SR T4 1 100 2 0 00134
TR R, BERE 10 min BUIKRE IR 25 4% 100 40 60 00308
T K Fi 6 bR (NO;-N. NO-N. A B N,0), 100 100 0 0.076 9

2100 min, 5 YCHORE 45 0 Jm ) 7 1 R T A
AT LA SERN AU
1.3 i E RN TG E

ASLEG Y, A5 R R R AR 2 KRB KR 43 A7 75 i ) U 34T . NOS-N SR I 5¢4h
IO s NOZ-N R N-(1-Z545)- 24 8Ot YL 3 COD SR H IR H 2 a8 NLO SR FH AR IR
vk WA NJO R & B S 3% 1 GC-2014 18 1 10 25 - 4 1 #E 47 4 5 pH 2R J] Testr 30 %
pH T #EAT 4t

FENA B 2 B (1) 4735

Crna =

C
e »
+e /Q73+T) ] ()P

R Con MUFBI I RIRYEIE , L5 Cono WAL RIRRERVEIE , me'L's T M, C.
o 2 0 s 0B M I3 (20~ (5) HEFTHHIE0s 46 A8 2 ot 71
(6) HEATHHEE s N,O B KL AL A4 Bt (7) HEAT I3

NO;-N

rNir,e = 14 X 1 (2)

'No; N

rNir,e = 14 X 1 (3)
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I'NnO-
rNor,e = l\i(:'-N X 1 (4)
'N,O-
Nos,e = NiZN x1 (5)

iﬁ:l:‘:l: 'Nare~ Nire~r Nore ~ rNos,e%;lJIJy‘j Nar\ Nir\ NOI\ Nos E@%%?ﬁ%ﬂéﬁ%’ mmol.(g.h.L)il; No;-N~
'NO;-N~ TNONA ero.Nﬁj\jtlJIJﬂ‘jNO;-N\ NO;-N. NO. N,0 HIIHFE &, mg'(g'h)’]o

Txe
R =

x 100% (©6)

rNar,e+rNir,e+anr,e+rNos,e
A RAW TR r WA AEACEERYHE T IHFEE A, mmol-(g-hL) ',

A
n= g, % 100% @)

K g NO | KRR, 4 W N,O e KFLERE, mg L' Ap MERARNEIE LA, mgL'.
2 HERERWH

2.1 #IIENO;-N b 3 A J SR B9 820
AR IENOL-N Bt — S I B0 T, A BB PIIANOS-N W8, i wbs 5 R[], i
AFAINO-N AR & 1 s . BB LAl A, ZEARIPIERNOS-N [ 45F F, NO-N A8 fh B A 2
LA, BIRIMT, BEEPIIANO-N (F I HE R, NO-N [y B e, B A 16 i
BRI E . HNO-NHIHI AW R 0, 5 10mg-L"6f, HINO-N 5 B A Z L Hl N 0%. 5%
10% B, A Ak i B2 7E 100 min P R S5 . T S WIEANOS-N [ 20% . 40% F1 100% I, [ 1 ¥ 7
100 min Z5 A, HHIANOL-N (5 LR 100% B, SEAg AL H8 i P, NOL-N 7E 50 min I BRI %2 0. 41
ANO;-N (7N 0%, 10%. 20%. 40%. 100% XL FINO-N BE3R43°8 0.021 4, 0.022 1, 0.024 3,
0.0254. 0.0317 f10.0470 g (g'h) "' EKRAHAISAR BIIL AL 2 25 RASALA AR R i = ansX (8) iz o
NO;<N = NO;-N - N, ®)
e (8) Y, NOG-N W Z WM R Ak B, TR L HNO-N, F#F T N — R hi . #A R
EFANO-N, W i it # HFF 20 Ihy, SOl A PSR AR TR 4k 7. Bk, #IHNO-N
EONRN e = R R AT Y Oy e S e A O B YR TR A e B U e SRR = X N e~y [V e 7o
AFEFEENOS-N (5 &R, S %8 ANO;-N (R4 gl i 2 fiis . Hedb, B WILANOS-N
FL 2T (WA NOS-NJE FE 4 100 mg L' i, RGN EEHFTNO-N B Alfl, Hik, Aihstik
JE FNO;-N ¥ B Y2 LI UL), NO;-N 76 80 min PTG M52 ES, FRMEE R 438 0.032 5. 0.0329,
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Fig. 1 Variations of nitrogen in the bioreactors at different
initial NO,-N concentrations
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Fig.2 Variations of NO;-N in the bioreactors at different
initial NO,-N concentrations
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0.037 5. 0.040 2 1 0.050 1 g-(g-h)'c HULFAT UL, Bl W EENOS-N 7 LAY FHm . W04 NO;-N ik B [%
ik, Jnzid FE I NOG-N B Al . X EZEM AT 2 SR . B e, M Nir i1 &, Nar filf
PR F AR AU E SR, B, W MCTTNO-N VR BER SEAR BIRE AR LR, FETS RV RTRE A LIS
YWy (e BE (DL COD i) — R MIIE B0, BIAE 45 A9 B 7 R 0007 A () i 8 — 2 i, i 2k
(NO;-N) /b, o s e ple, U] i 75 Bsf i) /0>
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Fig.3 ~ Variations of NO,-N in the bioreactors at different

initial NO,-N concentrations
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Fig. 4 Generation of N,O in the bioreactors at different initial
NO;-N concentrations
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fF, NO;-N FINO;-N 52 4= 4 B i (1 A Qs 5 #2439 an =X (9) =X (10) P o
24NO; +5C¢H,,05 — 12N, 1 +30CO, 1 +240H" + 18H,0 ©)
8NO; + C4H,,04 — 4N, T +6CO, T +80H™ + 2H,0 (10)
Heg st (9) A1k (10) FT A, 1 mol NO3-N i W T i 1) A 25 B2 1 mol NOS-N FiTis i 1.674%
I, 7ENO-N M —ERIAM T, WIHANO-N &b, IASLiHFE AR IR b, HBAF A COD
LM AR, MNO-N FINO,-N R fif 58 2 )5 . A N,O R R @k, SRFAA L. B
RIS, Y0 ) R K HAERIE TR 0T, N,O MRS 2 e T i 5 BRI A ka3 o
ERERNRE, BEVIHNO-N TR, RAET R N,O i LR I (Elk &, Wi e X
PEREMEA N,O 2, HAEME 100 min B, RETP R LB LI 0A, A #IHENO,-N
A TR, N,O BB R RS . N,O I R B S B Wi FH &, H N0 W LR Bk,
BARBUE N 2 PR . HA Y0 IENOL-N i EVEZ HIH 100% B, N,O fie K%L 383k 5] 24.05%.

&2 TEHIHENO-N HEETREZFA N0 57151

Table 2 Kinetic analysis of bioreactors at different initial NO;-N concentrations

FIAENOZ-N/(mg-L™) N,OF ZI{E/(mg-L ") N,OF B2 /(mg-(g+h)™") N,OFRMRHE R/ (mg- (g-h) ) N,Of kb3 /%

0 5.012 1.280 — 5.44
5 7.712 1.969 — 7.85
10 8.293 2.352 2.353 8.70
20 11.235 4.781 5.093 11.28
40 15.232 9.722 5.249 15.32
100 22.123 18.828 7914 24.05

AR B & W IR NOS-N 5 & F (00 5. 10, 20, 40) F & FNA 43 %)~ 0.001 1~0.032 7.,
0.006 2~0.035 8., 0.009 3~0.036'3., 0.016 0~0.039 1, 0.031 2~0.050 9, i #] 43 NO;-N [ [t >4 100% I,
W FNA 5535 0.070 8. [H I, ENA ¥ B Bfi 5 47 4 NOS-N #& B2 (19 T =i Th s, X hifF e B8N0 72
A A IR R A SR R, ENA MR B9 TH s AT ] Nos B A3 1, 9805 HSE e 1 B9 fE
g1, #EMREOR S 2 RS KA R BN, Ki ™A,

25 SR A T A FEL T T AR RN L T A R AR S FToR . BT NO ZEMIRT 10 °C KL R A&7 AR
R I, ATUCHTEARSELS T, R B P A S I NO MR R4, R Nir i A1 Nor il

~ p Nar B Nir & Nor [M Nos % 80 Nar E Nir Nor MM Nos
. 9f . |
3 % 70 .
< 8r N L %
N % 3
Syar X . ¥
R q % & 50t 8
s 6f §\\ 3 %
g A e N
E 57 R 40t N
N & & N
04 3 = 30t N
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2l 3 \
z, N 201 N
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Fig. 5 Electron consumption rate and distribution rate of denitrification enzymes at different initial NO,-N concentrations
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() R SR AH S . B S AT UL, BEE R AR NOS-N (5 HL A ASWi 8 i, Nar, Nir A1 Nor % HL -4 #E 8%
BEARZEMI ., XREE, PIIHNO-N AR M, W R ASE BT TE CoD /b, AEA
£ COD I/ E W& — @ M AE DL T, H 7 A9 AT A5 3 A0E 5 g, 30 T o 17 3o o SR bl . B0 R
NO,-N i 0%. 5%. 10%. 20% F 40% I} 5z fif§ A W (4 o, 7 9 46 L 41 53 531 24 1:0.169:0.169:0.151
1:0.168:0.168:0.143, 1:0.209:0.209:0.182, 1:0.222:0.222:0.172 F1 1:0.210:0.210:0.111., 454 1€ 5(b)
Al UL, Bl BT AR NOS-N (5 b A FH S, Nir i A1l Nos il 22 1] 1) FEL 7430 A1 SR 9% 22 5 1 K . k2 it
Nos il 55 4 B T-AE 1055, X bk S EOF 210 N,O 7B L Z, BINO;-N 5 N,O 7 A= 4 Ak W
FRRH SR

BIHANOL-N &5 He iy T e 2 FNA VR FE 1 Tk, R S il A i Fi, - 20 A R R A U, 3
K N,O 724, XUt , NO,-N il FNA 5 N,0 Z Al — & AR, HEHIMEREXLR, %
TE/ENO;-N i /& FNA FEIN,O /=AU R 7 M) A 7 i — D5 .
3 &g

D) #H A R W B R 100 mg L', BEE W AANO-NREE I T+, RS e J AR T . H
Hr, NO,-N ¥R Bl I [) S22 5 S 0 5 s Y s WIHANOL-N 7 By, NOG-N i U3 B R, NOL-N
MEAdL

2) N,O BREFEA 25 G T R 3 . BEE W1 IR NOS-N (F LU i F+ &5, N,O iy F1 2 it 2 8
P, Bk 18.828 mg-(g-h) s N,O B R mfE A Wil ok, i KoM 22.123 mg-L™'; N,O B9#Efb 2% i
K E 24.05%.

3) BEE VI HANOS-N i by Thm, FNA R &, 20 N,O A LR . FNA K B Al i 2 T 2
N,O Rt BRI .
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Abstract  Aiming at the problem of large amount of N,O release during sewage treatment, the effects of
different NO,-N ratios on the denitrification process and N,O release were studied. At the total nitrogen
concentration of 100 mg-L™', the change of NO;-N proportion was performed to conduct batch experiment. The
reactor denitrification rate and nitrogen index variations were studied. The results show that the denitrification
efficiency increased with the increase of the initial NO;-N ratio, in which the NO;-N concentration basically
increased first and then decreased. The higher the initial NO,-N ratio, the faster the degradation rate of NO;-N
and the more NOS-N accumulation. With the increase of the initial NO3-N ratio, the accumulation rate,
maximum accumulation value and conversion rate of N,O both gradually increased. The highest values were
18.828 mg-(g-h)™', 22.123 mg-L™" and 24.05%, respectively. As the initial NO;-N ratio increased, the
concentration of free nitrous acid (FNA) increased, resulting in more N,O accumulation. FNA concentration
may be the cause of the large N,O accumulation.

Keywords nitrite; denitrification; free nitrous acid(FNA); N,O
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