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Fig. 1 Diagram of pilot-scale plant and reactors

S50 FHZK B N R 22 SR K T HET %1 SHEAKKE
B SEBRAE TS K. FROK O FEaX s ﬁ Table 1 Characteristics of influent wastewater
'l[L, s \E JE N EEe %'E'—‘ o N s L\ ~, jﬁ N
iw‘l_‘,#ﬁﬁ/i?&lfrﬁam jﬂi‘:ﬂﬁilﬂ s JEZ’?E s COD ™ NN o
AR V5 7K COD Bl . C/NRRIEES,, HHEZKR (mg-L™") (mg-L™") (mg'L™"
IR JE AR FEAT 121 B R HOK BB B L% 1, W 148.90~250.60 34.98-55.87  23.09~39.43  2.89~6.08

Horpr, COD W #{H 4 199.0 mg-L™', COD/TN  yiyfi 198.95 45.19 30.78 4.43
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443, RELAEIFR C/N FEK . FESZIRIIE], KIEH 11.3~15.5 C, F¥HR 12,73 C, #HFKEE O N
1.02m*-d™", V5 G R 0.23 kg-(kg-d) (WA COD it), 75 U8/ ki & (MLSS) 4 2 300~3 000 mg-L™',
2) R B 184 B a7 S8, N3N 1¢S5 Rk A SBR 2 B AT, A4k 0 g0 B an Al
1(b) FrR , S AbSe g4 B an il 1(c) s o SEgefli s M vs e (Rl 8 L) 433 U H AY/O A
B U E A B 4, 7E SBR EE i B UTYE 30 min, HF FVEWCHES A SRS K S IR
FHEDIVE 30 min, HEH L3S, SR ANAGERFRM N T RCK , R A b R
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Fig.2 Influent/effluent quality and removal efficiency of A%/O equipment

1) COD ABrfEil. fESLHMIME, #7K COD ¥IfRFFTE 150~250 mg-L™", “FI¥E R 198.95 mg- L™,
H K R B 2(a) BT o HCECE AR B IR B T Ok TS K AL TS Y 4 HE RS i (GB 18918-
2002)) —Z& A B HEAR ME (COD<50 mg-L™"), W7 3227 mg L' {HZ, MERRENMAE L
F, MK COD HBANE, AYO RS COD £ BRZFAmAL, — M h 80%~85%, A WfH Z AL T 80%,
-1 PR N 83.7%, X R WIEA RGN COD BRI ik R sg I &, SRRV, Hikk
COD i R, 3 M5 Je fl A= Wy vl FE ok 047 AR K R i W o /b, DA BAR T B (2 0 1) 3 1 32 38 411
il FTLL, TERFLRMR COD K ZE T, IGPETS TR M3 KO RN T o M T80, SHEVR B 47141
7 B R RIS, AN R G0 MLSS B i T BRI KE . BEE R G A%, v Ap e
Wyt R B R A LA R IR D, SRR SR COD B R RAL ., [H2, T se s bk ok
COD B, FrLh KA REE 2 —2% A BHERAR I

2) NH;-N K BRE &L o 58560 309 [ NH;-N (9 2F K 4% 2 4n & 2(b) BT 7R o NH-N A9 2 7K ik 52 R 30~
40 mg-L™', HZKNH;-NEEA N 0mg L, “FHRERFEN 99.0%, H A Bl #F 7K NH;-N ¥ B2 1 % 20 ifii 7=
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AL, XU AR IR C/N R B K & A R AL B R N o WI2E A AT Ry, TR R A T
AOB F1NOB & H =B AEY), #E /KK CON IEA S HARKEE, kit TR H# MM ERKE
B2 B BRI, FEV AR AR TS T, TR AN B AR R s Oy — T, AT R R R AR
DO ANMETF 2.5 mg L™, 40 A1k i s 2202 PR, A8 A A 2k 7 IR Ui v U ™), ]
AL ARTR AL . Bt DOy, LA, MEEIR [oRE, NH-N B LR AR 32 BB .

3) TN LFRfE O, SEge I TN Byt K AE SLan &l 2(c) Bt o SE5G R iE 7K TN R 40~50 mg- L™,
J& T — M TG K AL BT K A BRI TSR B C/N BAIK, COD/TN B9°F-¥{E . 4.43, FEFERR IR
ARBEN ., HIL, MWHIAKSRE, &M T AYO RGN TN ) BRRC R E 2. BB,
7K TN RB A2 3K 2] BT K Ab 3475 G Wy HE o br ) (GB 18918-2002) — 4% A 1Y HE A% 1 (TN<
15mg- L"), SCEGHAE P H K TN A 20 mg L™ 247, HEE2 BB 30 mg L E L. LBRFR
s A (@) iR
r+R
1o =R 4)

FESNELGL » o 100%, P R N 250% AYis 45 T80 R, TN LB R BIS{E R N 77.8%, {H5E
s R, RIRAK ON K0 F TN (B RAUHR 50%~73%, “F-¥) BN 56.5%, W AWk, 45
A HTSCWNH-N 2RI, AT LA, 7k TN & . 2 B8 0 K 19 J5 P 7E T2 NOZ-N FINO;-N 14
EBRFCR AL, BV 325, B 2(d) BT 0L, 7K H BINOS-N #e B 5 1 K TN M BE AR, 78
LB, XUESE T A RCR 22 I, D1 nlA S, SRS EACR Z MR LR
34—l T RMAEE T 5 RBMAEY, M8 CONSEKE, SRIEA 2 SBU M 17"
N A2 B PR s IR AR AT 5 R A Ak SR A O A TR 1 27 B P 0, RO Ak N A R B
TRENY R R T3 DO S BER A, P EADRE R i DO Al A B A ML, BN EREIAEE X RaF Ak
PR AR ) FEARBFSE B4 DO 4 0.61 mg- L', ORP A 93 mV, —f&ik& b DO K
0.2~0.3mg'L™', ORP K-100~+100mV, AL T 1 DO i i 51 i O ik A8 PR 45 1 4518 o
22 COD 5@ZHAERUAE

W RE AL R 7E AYO H A B IR AR T o IR 1T L B T A R T
(% 1(a) T DO~B) 43 B, WU KT8 b, I 38 b 7K BT 48 b5 1Y A8 AL AL R PE M R Ge 45 Be A R
N AR o K TN R DL 2 2,

T]:

&2 OAREIEAKRNAER
Table 2 Water quality test results along the process

WOFFAIE - COD/(mg'L™")  NH;-N/(mgL') NO;-NA(mg'L') NO;-N/(mgL') DO/(mgL") ORP/mV

PEIK 204.80 24.90 0.47 0.048 — —
PRAH ) F 62.67 13.32 0.84 0.078 0 225
&= RiiA | 28.59 6.14 9.18 0.199 0.68 93
S A 25.58 2.08 13.54 0.003 433 157
otk 23.10 1.02 14.49 0.033 — —

FENO;-N Jrifil, iy RS ol LAE 2], D R TNO-N R EHEAL, A HINO-N Ay
H, HXPFHK IN BmAR, Fik, AXNO-N #EAT 4Nl 5 54T .

1) COD I Us FR AL B . #E7K COD 2 204.80 mg- L™, TEANEIGE r 4 100% B T4 F , #EAIR
A Y COD W2 8 113.95 mg-L™' Z247, 1 R4 (1) H 7K COD 24 62.67 mg-L™, X & HIAT 45.0% 1Y
COD TE IR A B Be i I #6 ,  H: 3 S A bl A5 2 R v 0 DR AEURE Wl o ZE N DAL LE R Ol 250% IF, #F A



1372 o T OB MR %15 %

fift %0 M ) COD N X4 o 42.06 mg-L™" A2 4, i ik 403 1% 4 7K COD & 28.59 mg-L™', BRI A 32.0% iy
COD 7r @A By Be gl I 46, H FZ A PR e fb s iy o e, 19K Gad if S0 /i — i, COD
YALE TR, REREDENSFAMADHTAENYFRH. B, fF COD B 44 FiARM
KW, FHEBAYAH T A SRR A Y —— LA B 0 e RS, Bk, X5 R AL AR
YR, X COD 2 B ISR A B i

2) NO;-N MR AL AL . 7F R S 250% W 00T, i ABREAINO;-N ¥R BN 2 4 11.78 mg L™
Ay, TR A T AYNOS-N R 9.18 mg- L, BMUNA 22% F£ A7 INO-N HRJE N N, #A Ik
P B EoR . BT ERM, B 5 1 gL NO-N 88 54 N, 75 24 COD h 2.86. gL', %
P2 S 6 v B A2 S SR FE A COD N 13.47 mgeL™!, FRiE EIRJRAYNOG-N K 4.71 mg-L™', {HSZPRIA R
FINO;-N UK 2.60 mg- L™, RHISAEN 55%. X ULBH 45% 2247 IR R Ak A i 1 A B AR K
TEHH By Rk A A2 B LA R A RO R T, TS 2 RO A R o O R O 1 D R
S — T, RSB M DO I & (R 2), AT A AR U W Ah TS, S AE Ak g
AT P T A K N B A A B g PR Bk TR A T A R AR, S e R R AR O s Sy — O, R
B A 40 P ZE IR . /R DO PR R & M2 2], (A5 S Ak B By i s R BRI, BTl 7E SR
R4 A0 [ 1 i Stk K 7 455 B4 B[R] (HRT) B, BB W Sl A SOz i SR NOG-N i 2D o DL 1 R 7 If 1
JR RS B0 K PNO-N [ =5 . TN ANk .

3) NH;-N B VR R AL AL o 7F » i 100% . R 2 250% BT 00T, DRAECHL . ik 40 1 /K (9 NH; -
N BE N 2453 51 R 12.96 mg L™ Fil 6.49 mg L™, AU 5 R . Sl ST A9 H 7K NH-N Rk B #2390
FFAIX 2 BB K AR AR SO 8 I . FEGF SR, NH-N i 6.14 mg L' F&{IKF) 2.08 mg-L™', %
TUUH KRR 1.02 mg L, SRR E] T—Z0 A% ZE, NH-N<8 mg-L™") Bybrifi. mtbal W, 1%
AR CN KT, AYO RGN AL BRI A 2 B K K5 .
23 MURNzIHEF

fif§ £k 2 N Monod J7 2 1 52 56 25 AL S 25 SR & 3 Frn . B 3(a) R, MK FR NH-N WK &
B, A RN A A R, R A TR 3 e K HLAS BENHG-N U BE A9 A I R I, NH-N
e R i s 1) A A A il 2 T (R LR s (H Y NHG-N MR R AR S S mg L™ BT, Bl fb 5 iy e SR 4 2
Jl R W, 4% B[] 1) B PN A1) L S A % 5 N -N VR B2 SR AT 4804 (& 3(b)), 18- BIMIR IR 5518 T mo il ik
Monod K #, 1= (5) frn.

4508 9S
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VR (808 0+ 8y | ) )
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- e Z s
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Fig. 3 Monod equation fitting of nitrification reaction
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W Vg A 4508 9 mg-(gh) ", BIIR KA fkH K 4.508 9 mg-(g'h) s kg 4 0.808 0 mg-L™', HI
*MNH;-N e B2 R R 0.808 0 mg L™ I, il Ak J52 v 3K 2 A W {1 114 50% .

DINCER 5" fYRFFE R T, 720 C R, viggpmae N 47.92 mg-(gh) ", kg 4 5.14mgL 7ty AW
AT R A BAR T IbE . XU, EMRIRMAMT, St Nz 8 Egm, SEumKasil s
RARMRBEAL, 0070 A BN R B A5 1 T A s Ak R N DA R A 1) R T e e AT, AR R
FES o X — PG R AT RE L . ARIR AR C/N 254 94k 1 376 P 75 e X 4R 28 v NHG-NR B 1Y 2846 A Bl
B, U YNH-N R AR 2R R A KT, AR A B AR o 45 AYO Hik 3256 A9 1
BLA AT, AR O/N K, NH-N B9 B 5 9% JL T O000F i) @ 22 5 0 ke, W6 P75 Jfe X NH;-N
RS 13 W PR A R B AR AL, R B R HAE T 3R NH-N VR B A A8 fb R SRR IRTRAIR O/N it
K A X6 i Ak 3 R 1 5 ) = AR A i R L A b TR I R
24 REUREHHE

1) NO;-N ¥ B BR il 55 148 T KA Ak Monod J7 FE L& o #E T FE L R AL R B, Bl TR0 il S0k
& 28 ANO;-N-0.6ANO;-N, % 3 3 7 52 B 9 6 J5 1 NO;-N 96 U0 NO;-N 1% VH i A5 £k 175 ¢ 4n &
4(a) 78 o MNO;-N WK FEAE 10 mg-L™' LA W), S A W 9 iy, L Sl Ak 2RO 25 Bl B
NO;-N ¥ B2 (g B AR 98/, i iy i Z0m B0 — 45 B2 NO-N MR JETE S mg L™ 2247 B, Afk
BRI U5 32 BINO-N e BE i IR FR 1, BORTF 0 2R T e, 24242 . NOS-N 11 1 B A% A 17 15 4n
K 4(b) Fzs o WNEG AR, 2R it # i, NO-N IRAE B iR JFCA N, WA hiEid . NO;-N
SR JFNO;-N, NO;-N B A N,, Hrph ) J5& IREAER, Wik, &Rt fErh 2 HiNo,-N
TR, NOS-N Mk i KRR A F] 11.81 mg L.

FENO;-N Ve B BR il 25 14 T, S i 1k Monod J5 F2 B9 A 40l 4(c) FT7R o B T 280 v i mae N
5961 9 mg-(g-h)!, F/RLIAM T RARMEHEFN 5961 9mg-(gh) s k'g N 2.041 6 mgL", F
7N YNOG-N W BEREAIL R 2.041 6 mg L™ B LU S il Ak 52 I 3 6 B AR I (ELY 50% 5 R* 4 0.938 25,

40 ¢ 14 ~ 6
~ 35 ~ 12} . =
[ G N o5
= 30 \ 2ot / \. 2
g 25 g sl _/ \ éﬂ 4 yjf.%l 9x/(2.041 6+x)
a 20 ) =6} / <t R2=0.938 25
2 N §3)// \ E
o O o 4l T
z st \'\.\_‘ Z of \ = !
) i v Y o, " P S S
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 0 5 10 15 20 25 30 35
SR SR ) /min SAHAR SN H T /min NO,-NifJi/(mg - L)
(a) NO-N¥ B it [z vy B[] ) A2 £k (b) NO;-Nf J3 [ 5 17 o [l (19 25 £k (c) NOS-Nyf Rl 4614 T
St fMonod 75 bl &

4 RFH1CRE Monod 7512l & (NO3-N iR B BR 1)
Fig. 4 Monod equation fitting of denitrification (NO;-N concentration inhibition) reaction

2) T Y BR il 25 44 T [ i 4k Monod 7 BE4UG o Anl&l 5 s, ZEBR VR U B B R BRI R B, NO;-N
HJE FINO,-N ¥ B2 I FEARER B B A 2 SO BE . 58 1 BB IR 1 sk 70 /2, SRS A6 s g il DA DA e Gk
AT 2 Bk IE B AR, NOG-N ¥ B FINO,-N ¥k B FR AR B R g% . X455 o 55 0
MBS AE R — B, 454 COD My A8 4k (1] 5(a)) X 5K #E4T 434, AT LLE B, >4 COD Bk H
50 mg-L™' ZE 47, COD FRMRAEHEIT UGS, JifE 36 mg L' A A AT, XA fd, T
JS 8 A A T ) ) e 5T ke /L, 5 B g A A R I W R AR

e Yt e 5 Ay FR ol B 2R B 1) S A Ak Monod 7 BBV 1B L W& 5(d) B o 31 122 280 g i max M
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Fig. 5 Monod equation fitting of denitrification (carbon source inhibition) reaction
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Nitrogen removal efficiency and Kkinetics of A*O process treating low
temperature and low C/N ratio municipal wastewater
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Research Center for Low Carbon Technology of Water Environment, School of Environment & Natural Resources, Renmin
University of China, Beijing 100872, China
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Abstract It is difficult to denitrify low temperature and low C/N municipal wastewater. A pilot-scale A*/O
plant was used to explore the influence of low-temperature and low-C/N ratio of influent on nitrogen removal,
and bioreaction kinetics was combined to conduct the evaluation. The results show that the low temperature and
low C/N ratio of influent had slight effect on the removal of COD and NH,-N, the effluent could meet the
discharge standard of first class A (GB 18918-2002). These influent conditions had a large impact on the
removal of TN, and an average TN removal rate was only 56.5%, which was attributed to the inhibition of the
denitrification process. The experiment results along the process show that high DO and the lack of carbon
source were the main reasons for the poor denitrification effect. The results of kinetics fitting show that for the
influent of low-temperature and low-C/N ratio, the specific nitrification rate and specific denitrification rate were
significantly lower than the values under normal conditions, and the specific denitrification rate was sensitive to
the change of NO;-N concentration.

Keywords A?/O process; low temperature; low C/N ratio; nitrogen removal; reaction kinetics
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