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Synergetic Inhibitory Effect of Free Ammonia and Aeration Phase Length

Control on the Activity of Nitrifying Bacteria

SUN Hong-wei', LU Xin-tao', WEI Xue-fen', ZHAO Hua-nan', MA Juan', FANG Xiao-hang"
(1. School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. South China
Institute of Environmental Sciences, Ministry of Environmental Protection, Guangzhou 510655, China)

Abstract: Three sequencing batch reactors (SBRs) labeled with R,, ., R

inhibition effect of free ammonia (FA) and length of aeration phase on the activity of ammonia-oxidizing bacteria (AOB) and nitrite-

b @and Ry . were employed to investigate the synergetic
oxidizing bacteria (NOB) after shortcut nitritation was achieved in the systems. The experiments were conducted under the conditions
of three FA concentrations (0.5, 5.1, 10.1 mg-L™") combined with three kinds of aeration time (7, : the time when ammonia

oxidation was completed; t,,..,: 30 min ahead of the time when ammonia oxidation was completed; ¢ 30 min exceeded when the

Exceed *
time ammonia oxidation was completed ). It was found that short-cut nitrification could be successfully established in three reactors with
a FA level of 10.1 mg-L™". > Ryeeq with

operational cycles of 56, 62 and 72, respectively. Compared to AOB, NOB in the three reactors was observed to be more sensitive to

Meanwhile, the speed of achieving nitritation was in the sequence of R,, . > Rp..
FA, resulting in AOB activity higher than NOB activity throughout the whole experimental period. Moreover, there was great difference
in the activity coefficient (77) between AOB and NOB. The activity coefficients of AOB were in the order of Myp.. > Mrecceed > MrAbead
with the values of 104.4% , 100% and 85.8% , respectively. Nevertheless, the activity coefficients of NOB were in the order of
Nierceed > Miseer > Mianead With the values of 71.2% , 64.9% and 50.2% , respectively.

Key words: free ammonia; aeration length; nitrite accumulation ratio; activity of nitrifying bacteria
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Table 1  Characteristics of real domestic wastewater used in this study
i H COD/mg-L ! NH, -N/mg-1.~! NO; -N/mg-L"! pH
Fieni| 147.7 ~315.6 29.4 ~44.6 0.05 ~0.25 7.1~7.8
FEHE 203.3 40.7 0. 07 7.4

1.2 %

K SEBRAE G T KON A5 Y AT 914k, DAy
] 20 d. 15 RYIMEEE RS, Y958 A 3 4> SBR [
(GPINFRIRA Ry LSS HAF R R 0 » HALSS
WA} 30 min 5BE; Ryyeq s LSS 30 min {5705
) BN # TG TR EE A2 500 mg- L' 224, R T 3R
FRANFIBE ST E] 3 A S N A8 1 T AW« 8 56, IRl IS
] Ry il Ry, eea »30 min JRa3h R ypeua- Hk > e Ry

TA A TR (3 3 7 2 S P 42 s e e ) T o A 2 17
LR L Ry Ry, B BRAS TS ILES 50
S (Ry.) 1 SALZS BT 30 min FSBRS(R,,.,) W
oA, BT, Ryyord 2REEIZ AT 30 min, (512, I015
TRYELE RS 30 min (RSB IT 40

WRPEIR 5515 R FA e BEB6 B (38 1 18 1 90 B
NH," -N#RJE | pH [N ) , #1505 3 i,
HARIZFT A L2 2.

%2 31 SBR RMFETSH"
Table 2 Operational parameters of the three SBRs

oy EATHTE

BT (n=20) BBl (n=20) BB (n=52)
NH, -N/mg-L"! 30.0 5.0 75.0 £6.3 90.00 +27
T/C 18.0 0.8 25.0 0.5 28.00 £0.5
pH 7.7+0.2 8.0%0.15 8.15+0.15
FA/mg-L " 0.5+0.15 5.0 +£0.45 10.00 £2.4
MLVSS/mg-L ! 2500 +280 2800 £210 3000 +200

1) FRAPEAN I+ DR 225 n N R G 1T R

1.3 sy B Rk Jr ik
MR 100 mL ZKARE , F A2 B g 4R ik
TEACHR AR WITE 105°C B MEAE YL = 4 5, Y2 H1 5 DU
T MLSS. #RJG7E 600°C (1) 3 i Pt E4E 8 8 3
Ja i & MLVSS. 3 385 i /KB NH, -N | NO; -N |
NO, -N, COD ¥k FH [ S AR5 g sz, WTw-
Multi 3420 7 {XKE 0 pH . DO F1if BE .
FA MBI L (1) .
17 [NH;-N] x 10"

FA = ﬁexp( 6 334 )HOPH

273 + T

(1)

K, FA N B AW, mg L' [NHS-N] N

NH, -N¥&E mg-L~'; T H IRE,°C; pH >~ pH {H.
AOB JEPEMIHE L (2) .

(SAOR, - SAOR,))

]x 100%
SAOR,,

MNaosise: = [1 +

(2)
K, Maonsn N AOB {1, % ; SAOR, R n ik
JEIIBR S S A SAOR (A N/VSS 3) L g (g+d) 7'
SAOR,, J55 M iR 5 B B B 45 SR I SAOR 134
fH(LLN/VSS i) ,g-(g-d) .
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K NH, -NWe B 22 R BR. X T Ry P Ry » B2
AR o B2 P, K NH, N ¥R 4y BIE T 5.0

120

2.1

mg-L 7" F12.5 mg-L™". BARIEKNH, NI S I 5
KHH TR TR, Ry 1 Ry A T R
FINH, -N 2 Bk

XFF Ry 280, FA WRE M B T 19 0.5
mg- L' BAEEBINB D951 mg- L', FRif—2
BB M9 10. 1 mg-L~". FERVEE T AL, B8R
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mg-L~" R FA X AOB Ji5-PE A 4, i SCik 28Rk
A8, BB 1 AOB 9 FA 1 il 115 [l )2 10 ~ 150
mg L~ HIE ST R ARG, it A 72 JEE
JKNH," -NYe B3 /b R B] AOB X FA 4= 1 3d Ly
PE. XTEE Ry o T Ry IR I IR G2 | 0 F SRS
[ FE A2, T LAskES FA X AOB B4 S k.

BBt 1 i B¢ 11
100 - g NHs*N xltvk

— ) — RI wum{k

—_— R.-\h-:adl‘ﬂ 71(

=== Rl.vs\'wd UJ *

80

60

NH,*-N/mg L™

40

20

it BRI

™ =, 2 h’ﬂ '
| ﬁ[’?\f .ﬁ’«v'w”“ R

Z1T

E 1 37 SBR R4t NH; -NHEBRBR

Fig. 1  Ammonia removal in the three SBRs

2.2 FA RBA WA ) AR T 52 10 2 5 fr) 5% Ml

B2 iR TR FA WREEBT B, R s+ Ried F1
Ryyood R GRAL R A (R AR L. 3 RGP,
FEREE T AL AR 4 T, NO, -NB o 2Rk ™
Y1 (3 DNRGAEBBL T AL, NO, -N e B {8 53 51
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Fig. 2 Evolution of nitrite, nitrate and NiAR in the system under different FA concentrations
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Table 3 Contrast of achieving and maintaining shortcut nitrification under three aeration patterns

2% SRR S AR A S R E H AL AT o
T BT R A BT H B
Riyaen 55 30 62
R \pead 21 35 36 56
Riyeeed 62 20 72

2.3 SBR RZGuHAIE N A R AL LA

T NG AE I SBR &R G AN AL W A
Ko skl iore B 3 A T Ry N 4 AN LR
Wi (5 6, 37, 63 Al 69 J& 1) FA, NH, -N,
NO; -N. NO, -N. pH #1 DO 78k A (T R,
F Ry ood WILTY VA N G AL S R, W AH
L ARBFTE LA Ry, A BIIEAT ) .

M 3 AT LAE A SN #6174 A~ L ]
JINH, -Nfe J3 247 it F2 7 i [0 388 00 17 320 3457 A A1, B2 <

SEU ) HKNH, -NHEES M 0.5 mg-L™'LLF. 7B
556 F1 37 JAIA, A AL 45 A T BNO, -N Uk B U {E
(551 H 16.9 mg-[f1 M 57.2 mg-[fl ), A
NO, -NFH 2 | RHINH, -N 3 Z 4 A L A NO,; -N. 4%
MAESE 37, 63 F1 69 JAI, A Ak 25 At i BENO, -N
U HATESS 63 F169 JAIH ,NO, N ) Bl
5 (43509 44.3 mg-L ™' F150.0 mg-L~") {EHL i3]
NO,; -N ) 1 2, 3 B NH, -N #% % 1L & NO,; -N I
NO, -N, HHPNO, -NKy EZ = 8. X i,
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Fig. 3 Typical variations of nitrogen at different stages of FA in the Ry, system
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