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Degradation kinetics of pollutants and microbial communities in shortcut nitrification
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Abstract; The degradation kinetics of ammonia nitrogen and COD and the microbial communities in an intermittent-
flow shortcut nitrification reactor were investigated to remove ammonia and organic matters from landfill leachate.
The results show that when pH=6.5-8.5, the degradation of ammonia conforms to the Michaelis-Menten model
while the COD degradation is suitable for Aiba kinetic model. With the increase of pH, the maximum degradation
rate and saturation constants of ammonia and COD increase first and then decrease, reaching the maximum values
when pH=7.5. The results indicate that the degradations of ammonia and COD are influenced by pH, and the
optimum pH should be controlled between 7.5 and 8.0. In addition, the degradation rate and the maximum
degradation rate of COD are 5.6-11.3 and 12.4 -16.8 times higher than those of ammonia in the shortcut
nitrification process, respectively. This may be because that the high concentration of organic matters in influent
leads to the heterotrophic bacteria to grow faster than autotrophic bacteria in the biological system. Finally, the
domain species of ammonia oxidizing bacteria ( AOB) in the reactor are Nitrosomonas europaea ATCC19178,
Nitrosomonas stercoris and Nitrosospira sp. PM2, accounted for 66% together, indicating that the AOB was the
predominant species for ammonia removal in this intermittent-flow shortcut nitrification reactor.
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Tab.1 Water quality of landfill leachate and its diluent mg - L
&K pH CoD p(NH,"-N) p(NO,”-N) p(NO;™-N) p('IN)
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70r *P=y=7.770 9x; R=0.998 2
 ps:y=10.670 9x; R*=0.998 6

+ piy=4.087 3x; R’=0.983 8
o pay=7.043 6x; R=0.998 6
701 " Psy=8.630 9x; R*=0.999 2
v pay=11.485 5x; R°=0.993 3

2 ERG53®
2.1 pH XM EEEMREERNINT
TERRV R R EE p, ~ps 5002 20.1.37.9,
57.2.74.4 F1 100 mg/L, JEEH 30 °C &4 F, pH A[F]
It ARt s 12 280 E 2 s AT LA
MR TR T A 20~ 100 mg/L, A[H pH &1
T, B ZU A U o TR R, 2 R i R A R
WA p, ~ps BEPIG BB R, 24 pH M 6.5
W2 8.5 I, G U firp o R 1) H RS G IS TN
WA RIS Y, 2 pH A 5.0~ 8.0 i, & AL
BUREHE pH BN, pH Hy 8.0~ 10,08 4 S Ak %
B pH 30T 98/, B pH 24 8.0 B & & A Ak R h
6.6 mg/ (L -h) , X 5AHFFT A28 R FA—FL
- pry=4.458 2x; R*=0.994 1
o py=17.027 3x; R*=0.998 5

o0 * Py=9-301 8x; R*=0.999 1
A L pay=13.369 lx; R’=0.989 7

60F © psy=12.103 6x; R=0.999 8 60 | o psy=13.796 4x; R=0.992 6 80 . psiy=17.672 Tx; R=0.997 6
70}
~ 50 ~ 50 ~eof
%ﬂ 40+ p P 40 P 50+
<30} 2 =30 <40
S8 QU SN
] T =30+
520 §20 ool
10 10 10f
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
t/h t/h t/h
(a) pH=6.5 (b) pH=7.0 (¢) pH=7.5

- py=3.716 4x; R’=0.9852
» p2y=6.370 9x; R’=0.998 5

707 pry=8.336 4x: R=0.998 7 707
[ pay=10.689 1x; R*=0.989 8 i
0T | piy=13.321 8x: R=0.982 | : 60
zZ 50 [ 7 —
=40l il E
;”40 7 4
=30+ =3
2 I 2
200 . : g2
10t
0 I 2 3 4 5
t/h
(d) pH=8.0

KBl J1 AR 2 (4) B, A BIASTE] pH 1Y
PG TR 3 Fis, 3 125800k 2 iR,

M 2 %0, pH M 6.5 32 8.5 i, & A fie K
fife R | SRR B K AR e 5 98/ 24 pH
K75 Wik K, AR 42.7 me/(L - h) Al
177.3 mg/L, % pH N 6.5 23 S8 T 43. 6% il
42.9% 33X Ut W TE S R A Ak o 78 b 2 AU B K I i
R 5 R B4 7 pH A K, 1R pH A i

—_ W
o O o o ©
T T T T T

O.

o pizy=3.558 2x; R’=0.996 2
o p2y=6.014 6x; R’=0.998 2
~ pxy=7.860 Ox; R’=0.999 4

. pay=10.574 6x; R*=0.999 6
o psiy=11.825 4x; R’=0.999 1

t/h
(e) pH=8.5

p,=20.1 mg -L™";p,=37.9 mg/L;p,=57.2 mg/Lsp, =74.4 mg/L;p, =100 mg/L
E2 FARASEVMBRERE THMEEMLZL

Fig.2 Degradation of NH,"—N under different initial concentrations
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Tab.2 Kinetic parameters of NH,” —N degradation

Tinax” Ky/
pH R?
(mg-L™'*h™") (mg L")
6.5 24.1 101.1 0.973 4
7.0 32.2 138.3 0.991 2
7.5 42.7 177.3 0.970 1
8.0 35.1 170.6 0.995 9
8.5 30.9 155.1 0.995 8
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o pH=6.5;y=4.195 8x+0.041 5; R*=0.980 5
035 ° pH=7.0;y=4.301 9x+0.031 1; R°=0.991 2
» pH=7.5;y=4.148 6x+0.023 4; R*=0.970 0
* pH=8.0;=4.861 1x+0.028 5; R*=0.995 9
« pH=8.5;y=5.024 6x+0.032 4; R*=0.995
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Fig.3 Fitting curves of NH," =N degradation under different pH
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Fig4 Degradation of COD under different initial concentrations
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Tab.3  Kinetic parameters of COD degradation

Tmax” Ks/ Ky
pH R?
(mg-L7'+h™") (mg-L7") (mg-L7")
6.5 301.1 632.6 935.4 0.988 9
7.0 653.9 907.9 1187.4 0.992 3
7.5 719.2 920.4 1 404.2 0.991 7
8.0 467.2 821.7 1329.6 0.995 8
8.5 392.6 623.0 1 256.9 0.977 2
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FR AT LB AR AL R COD Y Re figk sk 3
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AWK h SRR ER Y, B EY RS
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PR PRI AR RGP A L AL 5
FEHA KA (128.2 mg/ (g +h) ) L& T HEATREAL L
VY A SRR AGTR (7.2 mg/ (g +h)).
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Tab.4  Comparison of the degradation parameters of COD and

ammonia
- o A o RMHRER R
/(mg-L"h™") 1, /(mg L7 Kg/(mg-L7")
SRR K 3.6~17.7 24.2~42.7 101.1~77.3
COD [ %0 20.2~201.6 301.1~719.2  623.0~920.4

2.3 REHRMEYREE ST
KM S0 R 3 P s S B iR B 0.8 ~
1.2 mg/L, [A] it 7K A= ) 22 6 1 7K vb Al 28 20 o
WL TR A, WA S AR REAR g FAE 50%
~90% , Ut IZ A W) 3 G b L) SO T R A AL
r“ R TR A Y R G b R RS A RN Y
#47, R H PCR ﬁﬂm‘m)ﬁ[ﬁﬁiﬁmwf Bt Lk
1 100 ATEREI T B 25 5 GenBank %04 4
BLAST #E47 L X, 43 B i Ak B F S FL T o Lo Ao, 285
R s R,
%5 EEHKEY RS E ST

Tab.5 Proportions of AOB and NOB in an intermittent flow reactor

18 Magnetospirillum magneticum AMB—1 NC_007626.1
19 Methylibium petroleiphilum PM1

Fe 5 [LRL B Jroils i /%
1 Nitrosomonas europaea ATCC19178  NR_040879.1 34
2 Nitrosomonas stercorts AB_900133.1 25
3 Nirospina moscoviensis X82558 NR_117368.1 13
4 Nitrosospira sp.PM2 FN_394323.1 7
5 Micrococcus mobilis KU_860096.1 4
6 Alkaliphilus metalliredigens QYMF ~ NC_009633.1 2
7 Anaerolinea thermophila UNI-1 NC_014960.1 2
8 Paracoccus denitrificans PD1222 NC_008687.1 2
9 Aromatoleum aromaticum EbN1 NC_006513.1 1
10 Thauera sp. MZ1T NC_011662.2 1
11 Anoxybacillus flavithermus WK1 NC_011567.1 1
12 Burkholderia xenovorans 1L.B400 NC_007952.1 1
13 Dehalococcoides sp. BAV1 NC_009455.1 1
14 Delftia acidovorans SPH—1 NC_010002.1 1
15 Desulfitobacterium hafniense DCB-2  NC_011830.1 1
16 Flavobacterium johnsoniae UW101 ~ NC_009441.1 1
17 Nitrococcus mobilis 1.35510 NR_114606.1 1

1
1

NC_008825.1

M5 AR TSI R E A RO A A
H 19 FivgE A = Nitrosomonas europ-aea ATCCI19178
Nitrosomonas ~ stercoris . Nirospina moscoviensis  X82558
luteus NCTC 2665
Alkaliphilus metalliredigens QYMF | Anaerolinea thermophi-
la UNI-1 } Paracoccus denitrificans PD1222 HEiks
AR s TR AN R A ST R RGP
SEUIRERITP , M HAL S SRR & AR N (11%).

EEZEIIRERE PP, Nitrosomonas europaea AT-

Nitrosospira sp. PM2 . Micro-coccus
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CC19178 ., Nitrosomonas stercoris 1 Nitrosospira sp.
PM2 #JE T AOB T, L [k 66% , R IX RS H
RCHBIFEM.IX 3 KEREHN EE R H A AR
A SR fE SRR R SR Y R G
JERR AL RN B EZERY T RE. 73 4h, Nirospina moscou-
iensis X82558 i AR i35 13% , iX S T4 HEJ& T i
TR ER S AL A ( mitrite-oxidizing bacteria, NOB) , %L1
RER RS AS R AR, XU AEY R4
NOB Jf-8A7 58 et UK, SN b [a) I A7 A6 7 42
FEAHAL SO

3 % %

1) 7 pH 1y 6.5~ 8.5 i, 2 AU B M 45 5 K [CH
B, 1M COD Bl T Aiba 3122551 bl pH
B, S EA COD 1 i P ifp o A48 15 1 11 B K 5
IS REAR, pH R 7.5 B 35 31 de KA. 3 10 ] e
WAL R, A COD [ 5% pH S K, i
4 pH BT 7.5~8.0.

2) )&k ik 7K AR ) B s AR ) b 3 AOB T
Bt Nitrosomonas europaea ATCC19178 | Nitrosomonas
stercoris Al Nitrosospira sp.PM2 M s EE ik 66% , Vi
B AOB T2 f £ B AL EHE X R HEA A T
JERER AL RN BR AL

5% Xk

[1] AZIZ S Q, AZIZ H A, YUSOFFM S, et al. Landfill leachate treatment
using powdered activated carbon augmented sequencing batch reactor
(SBR) process: Optimization by response surface methodology [ J ].
Journal of Hazardous Materials, 2011, 18. 404—413.

[2] PENG Y Z, ZHANG S J, ZENG W, et al. Organic removal by
denitrification and methanogenesis and nitrogen removal by
nitritation from landfill leachate [ J |. Water Research, 2008, 42:
883-892.

[3] BERNET N, SANCHEZ O, DABERT P, et al. Effect of solid hold-
up on nitrite  accumulation in a biofilm reactor-molecular
characterization of nitrifying comm-unities [ J]. Water Science and
Technology, 2004, 49(11/12) . 123-130.

[4] BOUGARD D, BERENT N, CHENEBY D, et al. Nitrification of a
high strength wastewater in an inverse turbulent bed reactor: Effect
of temperature on nitrite accumulation [ J ]. Process Biochemistry,
2006, 41(1): 106—-113.

[5] PENG Y, ZHU G. Biological nitrogen removal with nitrification and

[

denitrification via nitrite pathway [ J]. Applied Microbiology and
Biotechnology, 2006, 1. 15-26.

[6] HELLINGA C, SCHELLEN J W, MULDER M C, et al. The
SHARON process: An innovative method for nitrogen removal from
ammonium-rich waste water [ J ]. Water Science and Technology,
1998, 37. 135-142.

[7] RUIZ G, JEISON D, CHAMY R. Nitrification with high nitrite

accumulation for the treatment of wastewater with high ammonia

concentration[ J |. Water Research, 2003, 37(6) . 1371-1377.

FDZ-POLANCO F, VILLAVERDE S, GARCIA P A. Temperature

effect on nitrifying bacteria activity in biofilters: Activation and free

I8

[

ammonia inhibition [ J]. Water Science and Technology, 1994, 30

(11): 121-130.

[9] YOON H J, KIM D J. Nitrification and nitrite accumulation
characteristics of high strength ammonia wastewater in a biological
aerated filter [ J ]. Journal of Chemical Technology and
Biotechnology, 2003, 78. 377-383.

[10] KIM D J, LEE D I, JURG K. Effect of temperature and free
ammonia on nitrification and nitrite accumulation in landfill leachate
and analysis of its nitrifying bacterial community by FISH [ ] ].
Bioresource Technology, 2006, 97 459-468.

[11] WIESMANN U. Biological nitrogen removal form waste-water[ J].
Advances in Biochemical Engineering-Biotech-nology, 1994, 51:
113-154.

[12] KATARZYNA K, LEDAKOWICZ S. Kinetics of nitrogen removal
from sanitary landfill leachate [ J]. Bioprocess and Biosystems
Engineering, 2006, 29(5/6) :291-304.

[13]ZUMFT W G. Cell biology and molecular basis of denitri-fication
[J]. Microbiology and Molecular Biology Reviews, 1997, 61(4) .
533-616.

[14]COELHO M A Z, RUSSO C, ARAUJO O Q F. Optimi-zation of a
sequencing batch reactor for biological nitrogen removal[ J]. Water
Research, 2000, 34(10) ;: 2809-2817.

[ 15]GODON J J, ZUMSTEIN E, DABERT P, et al. Molecular microbial
diversity in an anaerobic diversity in an anaer-obic digester as
determined by small-subunit r-DNA sequence analysis[J]. Applied and
Environmental Micro-biology, 1997, 63(7) : 2802-2813.

[ 16 ] WATANABE K, TERAMOTO M, HARAYAMA S, et al. An outbreak
of non-flocculating catabolic populations caused the breakdown of a
phenol-digesting ~ activated-sludge  process [ J ]. Applied and
Environmental Micro-biology, 1999, 65(7) ; 2813-2819.

[17]MICHAELIS L, MENTEN M. Diekinetik der invertin-wirkung[ J].
Biochemische Zeitschrift, 1913, 49. 333-369.

[18]AIBA S, SHODA M, NAGATANI M. Kinetics of product inhibition
in alcohol fermentation [ J ]. Biotechnology and Bioengineering,
1968, 10 845-864.

(191284, FRERIE, BEHmIE, S5 BRI pH {EXT CANON T 25 4

RORIYSEM[J]. P EZKHEK, 2015, 31(3) :13-18.
LI Dong, SU Qingling, LIANG Yuhai, et al. Effect of alkalinity and
pH value on performance of completely autotrophic Nitrogen removal
over nitrite process[ J]. China Water & Wastewater, 2015, 31(3) :
13-18.

[20] Bk, #TF, JAIdEsa, A5 01 dsr 0% DB 2 B AR A AL s ol [
R[] RIE Tl R 2244, 2006, 38(6) :931-934.

LU Bin, YANG Kai, ZHOU Peijiang, et al. Factors effecting shortcut
nitrification for treatment of advanced stage landfill leachate [ J].
Journal of Harbin Institute of Technology, 2006, 38(6) :931-934.

(211 E80%, B, SEA. BB AL T AR Ak id B b H R i)

REDF[I]F85835 Qe 5Piif, 2003, 25(6):332-335. DOL:
10.15985/j.cnki.1001-3865.2003.06. 005.
ZUO Jianwu, YANG Yang, MENG Aihong. Study on short-cut
nitrification process and its affecting factors under high ammonia
concentration condition[ J]. Huanjing Wuran Yu Fangzhi, 2003, 25
(6) :332-335. DOI:10.15985/j.cnki. 1001-3865.2003.06.005.

[22]147%, W=k, pH RIS AL A0 T e B2 X A R AL R S [T
Fags TR, 2017, 11(5) : 2660-2665.

YANG Hong, YAO Renda.Effects of pH level and nitrifying bacteria
concentration on ammonia oxidation rate [ J]. Chinese Journal of
Environmental Engineering, 2017, 11(5) : 2660-2665.

[23] V%, WA ZE, BRI, S YRR s R
HARBA[ 1] P EBERA, 2007, 27(4) ; 524-528.

YIN Jun, TAN Xuejun, WANG Xuefeng, et al. Variation of oxygen
uptake rate in organic matter biodegradation and nitrification [ J ].
China Environmental Science, 2007, 27(4) : 524-528.

(mE x H)



