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Research progress of N, O emission mechanism and emission reduction influencing factors in biological nitrogen removal
process HE Deming .YIN Zhizuan, LIU Changqing . WANG Didi . KONG Lingying.(School of Environmental
and Municipal Engineering ,Qingdao University of Technology ,Qingdao Shandong 266033)

Abstract: Besides N, , large amount of N, O, a kind of strong greenhouse gas, can be also generated in the
biological nitrogen removal process for wastewater treatment, which is the main anthropogenic discharge source of
N, O in the atmosphere. Reducing the generation of N, O during biological nitrogen removal process has become a new
challenge for the wastewater treatment industry, which has rapidly become an international research hotspot in recent
years. In this paper. the emission mechanisms and emission pathways of N,O in conventional and novel biological
nitrogen removal processes were summarized,and the emission factor of N, O for different biological nitrogen removal
processes were compared. The result showed that the emission factors of novel biological nitrogen removal processes
such as simultaneous nitrification-denitrification ( SND), partial nitrification-denitrification ( PND) and partial
nitrificationranammox (PNA) were much higher than that of conventional two stage nitrification-denitrification
process. Considering the N, emission mechanism, the N, O emission reduction influencing factors for different
biological nitrogen removal processes were further discussed. Moreover, the future research directions of N,O
emission reduction in wastewater biological treatment were prospected.
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Table 1 Factors influencing N, O emission reduction in
biological nitrogen removal processes

N, O
: R ( )
/ . .C/N.pH
SND N .C/N
PND N .C/N
PNA
3.1 /
, / N, O
[56] .
N, O R o
45.6 g/(m® « d) N, O
78.6,117.6 g/(m?® + d)
84% 96%. N,O
[59-60] ,SUN [6174224
N,O s
NZ O 3 SUN [62]543 SBR
0.6 mg/L 1.2 mg/L,
N, O 61%.,
90 % N,O

30 %"

’

60

621543
o

(C/N

pH(6~7)
N,O

b

3.1

[63]21

/

DA

AO
3.0

641589

SBR 30 min

min 60 min

90 min

,  N,O

N, O

( ,

[63]26-27
°

N, O

)>5.2)

N, OR
N, O . SONG

N, O
44% N,O

b

(AO)

(OD)

[31]2383

o

LEE
N2 O

N, OR nosZ

SBR )

N? (’) [61]4224-4226,[64]581 MASU_

, OD N,O

’

b

. SUN

N, O

3.2
3.2.1

0.25%,

SND

NZO

AO

Ng O
OD
OD

[61]4224-4226

) OD

AO  SBR

SND

[65]

b

(0.5 mg/L)

9

. ZHANG
SBR

2/3, LIANG

[66]

N;
1.37%

[501550-553

SND

AO
OD 1.4,

N, O

O

2.69%.

N, O

VC/N

SND

AO

,» N,O

« 1057 -



43 8 2021 8
( Lo C/N(4.7)  SND )
N, O , N, O AOB .
C/N T, NH,OH . N, O
. 41.2% 90.3%, . ,
N, O 91%., PNA , N, O
3.2.2 PND / .
PND N, O , N,O
o AOB 0 ,
N?O [45]5051 N ()
’ 0.5 rng/L 2.5 .
mg/L. . (1) AOA., .
[67]
Ng () o 1\]2 O
, 0.6~1.2 mg/L
Nz ()
, N, O o ) N,O
N, OR
, N, O 1, ZHANG [
2057, , °
nos | ) N,O ’
’ Nz OR ’
. N, O
N, O o
s N, O ,
3.2.3 PNA
NZ ()
, PNA N;O o
N, o
PNA ,  PNA N, O )
. PNA N, O ) '
Ly N, O :
NH, OH N, O, N0 ’
0.35 mg/L 0.80 mg/L. N:O °
3 N, O . P
JUAN [52]29
1.0 mg/L 4.5 mg/L, NZ 0 [1] PACHAURI R K,ALLEN M R,BARROS V R, et al.Contri-
bution of Working Groups | ., I and [l to the Fifth Assess-
0 0
6'0A Z.ZA ’ 7.5 mg/L, ment Report of the Intergovernmental Panel on Climate
N O ° Change[ R].Geneva;IPCC,2014.
N, O JIN G T [2] RAVISHANKARA A R.DANIEL J S,PORTMANN R W.Ni-
57 mg/L 36 mg/L, trous oxide (N;O): the dominant ozone-depleting substance
[48]127 emitted in the 21st century[]J].Science,2009,326(5949) :123-

54% N,O . ZHANG
55~130 mg/L ,
N, O

N, O
+ 1058 -

[3]

[4]

125.

DAELMAN M R, VAN VOORTHUIZEN E M., VAN DONGEN
L G, et al. Methane and nitrous oxide emissions from municipal
wastewater treatment - results from a long-term study[]]. Water
Science and Technology ,2013,67(10) :2350-2355.

LI L,LING Y,WANG H,et al.N,O emission in partial nitrita-



N, O

[5]

[6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

tion-anammox process| J |. Chinese Chemical Letters, 2020, 31
.

YE L.NI B J,LAW Y,et al. A novel methodology to quantify
nitrous oxide emissions from full-scale wastewater treatment
systems with surface aerators[ ] ]. Water Research, 2014, 48
257-268.

ZHAN X,HU Z.WU G.Greenhouse gas emission and mitiga-
tion in municipal wastewater treatment plants[ M ]. London:
IWA Publishing,2018.

MUTHURAMAN G,RAMU A G,MCADAM E, et al.Sustain-
able removal of N, O by mediated electrocatalytic reduction at
ambient temperature electro-scrubbing using electrogenerated
Ni( I ) electron mediator[ J].Journal of Hazardous Materials,
2019,378.:120765.

MASSARA T M.MALAMIS S.GUISASOLA A.et al. A re-
view on nitrous oxide N, O emissions during biological nutrient
removal from municipal wastewater and sludge reject water[ J].
Science of the Total Environment,2017,596,/597.

GONG Y K,PENG Y Z,WANG S Y.,et al.Production of N,O

in two biologic nitrogen removal processes: a comparison be-

[J].Frontiers of Environmental Science & Engineering,2014,8
(4):589-597.

AHN J H,KWAN T,CHANDRAN K.Comparison of partial
and full nitrification processes applied for treating high-
strength nitrogen wastewaters: microbial ecology through ni-
trous oxide production[J].Environmental Science &. Technol-
0ogy.2011,45(7).

BLUM ] M,JENSEN M M, SMETS B F.Nitrous oxide pro-
duction in intermittently aerated Partial Nitritation-Anammox
reactor:oxic N2 O production dominates and relates with am-
monia removal rate[ J ]. Chemical Engineering Journal, 2018,
335:458-466.

STEIN L Y.Insights into the physiology of ammonia-oxidizing
microorganisms [ J ]. Current Opinion in Chemical Biology,
2019,49:9-15.

ZABOROWSKA E,LU X,MAKINIA ]J.Strategies for mitiga-
ting nitrous oxide production and decreasing the carbon foot-
print of a full-scale combined nitrogen and phosphorus remov-
al activated sludge system[]]. Water Research,2019,162:53-
63.

FAN X Y,GAO J F,PAN K L,et al. Temporal dynamics of
bacterial communities and predicted nitrogen metabolism
genes in a full-scale wastewater treatment plant[ J ].RSC Ad-
vances,2017,7(89) :56317-56327.

MI W, ZHAO J,DING X, et al. Treatment performance., ni-
trous oxide production and microbial community under low-
ammonium wastewater in a CANON process[ ] ]. Water Sci-
ence & Technology,2017,76(12) ;34683477

MIAO J,SHI Y, ZENG D, et al. Enhanced shortcut nitrogen

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

removal and metagenomic analysis of functional microbial
communities in a double sludge system treating ammonium-
rich wastewater [ J ]. Environmental Technology, 2018, 41
(14) . 1877-1887.
KONG Q,LIANG S,ZHANG J,et al.N;O emission in a par-
tial nitrification system:dynamic emission characteristics and
the ammonium-oxidizing bacteria community[ ] ]. Bioresource
Technology,2013,127:400-406
KOZLOWSKI J A.PRICE J,STEIN L Y.Revision of N,O-
producing pathways in the ammonia-oxidizing bacterium Ni-
trosomonas europaea ATCC 19718 ] ]. Applied and Environ-
mental Microbiology,2014,80(16):4930-4935.
WUNDERLIN P, MOHN ], JOSS A, et al. Mechanisms of
N, O production in biological wastewater treatment under ni-
trifying and denitrifying conditions[ J ]. Water Research,2012,
46(4).1027-1037.
LAW Y.NIBJ,LANT P,et al.N,O production rate of an en-
riched ammonia-oxidising bacteria culture exponentially corre-
lates to its ammonia oxidation rate[ ] ]. Water Research,2012,
46(10) :3409-3419.
LAW Y, YE L,PAN Y, et al. Nitrous oxide emissions from
wastewater treatment processes [ J ]. Philosophical Transac-
tions of the Royal Society B: Biological Sciences, 2012, 367
(1593) :1265-1277.
RODRIGUEZ CABALLERO A, PIJUAN M. N;O and NO
emissions from a partial nitrification sequencing batch reac-
tor; exploring dynamics, sources and minimization mecha-
nisms[ J].Water Research,2013,47(9):3131-3140.
TERADA A,SUGAWARA S,HOJO K, et al. Hybrid nitrous
oxide production from a partial nitrifying bioreactor: hydrox-
ylamine interactions with nitrite[ J].Environmental Science &.
Technology,2017,51(5).
ZHU BARKER X,CAVAZOS A R,OSTROM N E,et al. The
importance of abiotic reactions for nitrous oxide production
[J].Biogeochemistry,2015,126(3) ;251-267.
DUAN H, YE L, ERLER D, et al. Quantifying nitrous oxide
production pathways in wastewater treatment systems using
isotope technology - a critical review [ ]J]. Water Research,
2017,122.96-113.
PAN Y,YE L,NI B J, et al. Effect of pH on N,O reduction
and accumulation during denitrification by methanol utilizing
denitrifiers[ J ]. Water Research,2012,46(15) :4832-4840.

(A .2017,36(8).
OTTE S,GROBBEN N G,ROBERTSON L A, et al. Nitrous
oxide production by Alcaligenes faecalis under transient and
dynamic aerobic and anaerobic conditions[ J]. Applied and En-
vironmental Microbiology,1996,62(7) :2421-2426.
SUENAGA T.RIYA S,HOSOMI M. et al.Biokinetic charac-

terization and activities of Ny O-reducing bacteria in response

+ 1059 -



43 8 2021 8

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

to various oxygen levels[ J]. Frontiers in Microbiology, 2018,
9:697.

YOKOYAMA K,YUMURA M,HONDA T,et al.Character-
ization of denitrification and net Ny O-reduction properties of
novel aerobically N;O-reducing bacteria[ J]. Soil Science and
Plant Nutrition,2016,62(3) :230-239.

SONG K, HARPER W F, HORI T, et al. Impact of carbon
sources on nitrous oxide emission and microbial community
structure in an anoxic/oxic activated sludge system[]].Clean
Technologies and Environmental Policy,2015,17(8).

JUNG M Y, WELL R, MIN D, et al.Isotopic signatures of
N, O produced by ammonia-oxidizing archaea from soils[ ] ].
The ISME Journal,2014,8(5):1115-1125.

STIEGLMEIER M.MOOSHAMMER M,KITZLER B.et al.
Aerobic nitrous oxide production through N-nitrosating hybrid
formation in ammonia-oxidizing archaeal J]. The ISME Jour-
nal,2014,8(5):1135-1146.

REN Y,NGO H H,GUO W,et al.Linking the nitrous oxide
production and mitigation with the microbial community in
wastewater treatment:; a review [ J ]. Bioresource Technology
Reports,2019,7.:100191-100201.

YANG W,ZHAO Q, LU H,et al. Sulfide-driven autotrophic
denitrification significantly reduces N2 emissions[ ] ]. Water
Research,2016,90:176-184.

XING L,OU L,ZHANG Y,et al.Nitrogen removal and N, O
emission during low carbon wastewater treatment using the
multiple A/O process[ ] ]. Water, Air, & Soil Pollution,2017,
228(9) :367.

PARK J H,SHIN H S,LEE I S.et al.Denitrification of high
NO3 -N containing wastewater using elemental sulfur; nitro-
gen loading rate and N; O production[ ] ].Environmental Tech-
nology,2002,23(1) :53-65.

LI C,LIANG S,ZHANG J.et al.N, O reduction during munic-
ipal wastewater treatment using a two-sludge SBR system ac-
climatized with propionate[ J ].Chemical Engineering Journal,
2013,222.353-360.

CHAI H, XIANG Y.,CHEN R.et al. Enhanced simultaneous
nitrification and denitrification in treating low carbon-to-nitro-
gen ratio wastewater:treatment performance and nitrogen re-
moval pathway[ J].Bioresource Technology,2019,280.

YANG L,WANG X H,XIAO Q.et al.Kinetic characteristics
and N, O production of a heterotrophic nitrifying bacterium
Pseudomonas putida YH capable of tolerating adverse envi-
ronmental conditions[ J . Journal of Chemical Technology &-
Biotechnology,2019,94(12) :3941-3950.

YANG L,REN Y X,ZHAO S Q.et al.Isolation and character-
ization of three heterotrophic nitrifying-aerobic denitrifying
bacteria from a sequencing batch reactor[ J].Annals of Micro-
biology,2016,66(2) : 737-747.

N, O

’ ’

1060 -

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[52]

[53]

[56]

[Jl »2016,35(12) :4020-4025.

DU R,PENG Y,CAO S, et al.Characteristic of nitrous oxide
production in partial denitrification process with high nitrite
accumulation[ ] ]. Bioresource Technology,2016,203:341-347.
YAN P,LIK,GUO J S,et al. Toward N, O emission reduction
in a single-stage CANON coupled with denitrification;investi-
gation on nitrite simultaneous production and consumption
and nitrogen transformation[ J].Chemosphere,2019,228;485-
494.

s , , N, O

0l ,2018,39(11).
OKABE S,0OSHIKI M, TAKAHASHI Y,et al.N,O emission
from a partial nitrification-anammox process and identification
of a key biological process of N, O emission from anammox
granules[ ] . Water Research,2011,45(19).
KAMPSCHREUR M J, VAN D W, WIELDERS H A, et al.
Dynamics of nitric oxide and nitrous oxide emission during
full-scale reject water treatment[ ] ]. Water Research,2008,42
(3.
ZHANG W,WANG D, JIN Y.Effects of inorganic carbon on
the nitrous oxide emissions and microbial diversity of an anae-
robic ammonia oxidation reactor[ ] ].Bioresource Technology,
2018,250.
RATHNAYAKE R D,SONG Y, TUMENDELGER A.et al.
Source identification of nitrous oxide on autotrophic partial ni-
trification in a granular sludge reactor[ J]. Water Research,
2013,47(19).
ZHANG F,LI P,CHEN M, et al.Effect of operational modes
on nitrogen removal and nitrous oxide emission in the process
of simultaneous nitrification and denitrification[ J]. Chemical
Engineering Journal,2015,280.
CHUA F J D.SUN F,.MUKHERJEE M.et al.Comparison of
nitrous oxide emission between a partial and full nitrification
enriched ammonia-oxidising culture[ ] ]. Chemosphere, 2019,
220:974-982.
PIJUAN M, TORA J,RODRIGUEZ CABALLERO A, et al.
Effect of process parameters and operational mode on nitrous
oxide emissions from a nitritation reactor treating reject
wastewater[ ] ].Water Research,2014,49.
DESLOOVER J,DE CLIPPELEIR H,BOECKX P,et al.Floc-
based sequential partial nitritation and anammox at full scale
with contrasting N> O emissions[ J |. Water Research,2011,45
(9).2811-2821.
. . .o LJl

,2014,33(6) :1589-1595.
CONNAN R,DABERT P.MOYA ESPINOSA M, et al.Cou-
pling of partial nitritation and anammox in two-and one-stage
systems: process operation, N2 O emission and microbial com-

munity[ J |.Journal of Cleaner Production,2018,203:559-573.

9 )



N, O

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[66]

[67]

[68]

[69]

[70]

[71]

L1l ,2011,31(11) :2354-2360.
, . DO N, O
LIl ,2020,42(5) :565-568.
N, O [ ,2015,37(7) :18-22.
, , . .SBR N, O
L. .2020,38(7) :51-57.

. . .o N, O
[l +2018,36(6) :52-57.
SUN S C,BAO Z Y,SUN D Z.Study on emission characteris—
tics and reduction strategy of nitrous oxide during wastewater
treatment by different processes[ ] ]. Environmental Science
and Pollution Research,2015,22(6).
SUN S, CHENG X, LIU Y, et al. Influence of operational
modes and aeration rates on N; O emission from urban sewage
treatment using a pilot-scale sequencing batch reactor[ J].In-
ternational Biodeterioration &. Biodegradation,2013,85.
LEE Y Y,CHOI H,CHO K S.Effects of carbon source,C/N
ratio, nitrate, temperature,and pH on N, O emission and func-
tional denitrifying genes during heterotrophic denitrification
[J].Journal of Environmental Science and Health, Part A,
2019,54(1).
MASUDA S, SANO I, HOJO T, et al. The comparison of
greenhouse gas emissions in sewage treatment plants with dif-
ferent treatment processes[ J].Chemosphere,2018,193.

N: O [l (
31(1):95-99.
LIANG H.LI X, WANG S, et al.Effects of carbon source on

), 2001,

N, O production in the process of simultaneous nitrification
and denitrification via nitrite by aerobic granular sludge[ ] ].
Applied Environmental Biotechnology,2016,1(2) :1-8.

N, O
,2015,66(11) :4652-4660.

0.
N, O [J].
ZHANG X, WANG X,ZHANG J,et al. Reduction of nitrous

,2018,36(10) :59-63.

oxide emissions from partial nitrification process by using in-
novative carbon source (mannitol) [ J]. Bioresource Technolo-
gy,2016,218:789-795.

LV Y.JU K,SUN T,et al.Effect of the dissolved oxygen con-
centration on the N, emission from an autotrophic partial
nitritation reactor treating high-ammonium wastewater[ J].In-
ternational Biodeterioration & Biodegradation,2016,114:209-
215.

JIN Y, WANG D Q,ZHANG W ].Effects of substrates on
N; O emissions in an anaerobic ammonium oxidation (anam-

mox) reactor[ J].SpringerPlus,2016,5:741.

( :2020-08-25)

(
(2]

(3]

[4]

L6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

1045

[yl ,
2017,36(10):1938-1975.
LIANG J,FENG C T,ZENG G M, et al.Spatial distribution
and source identification of heavy metals in surface soils in a
typical coal mine city, Lianyuan, China[ J]. Environmental Pol-
lution,2017,225:681-690.
PADOAN E,ROME C,AJMONE MARSAN F.Bioaccessibility
and size distribution of metals in road dust and roadside soils
along a peri-urban transect[ ] ]. Science of the Total Envrion-
ment,2017,601/602.:89-98.
BALTAS H,SIRIN M,GOKBAYRAK E,et al. A case study on
pollution and a human health risk assessment of heavy metals
in agricultural soils around Sinop Province, Turkey[ ] ].Chemo-
sphere,2020,241:125015.
LIU E F.WANG X Y,LIU H J,et al.Chemical speciation, pol-
lution and ecological risk of toxic metals in readily washed off
road dust in a megacity (Nanjing) , China[ J].Ecotoxicology and
Environmental Safety,2019,173.381-392.

i ’ ’

[Jl. .2005,24(12) :1499-1502.
[Jl. ,2008,23(5):509-516.
[J]. ,2017,38(10): 4169~
4177.
[Jl. .
2016,31(2).
L1 ,2019,40(8) :3753-
3763.
. NN N [R].
,1969.
LJ]. ,2010,21(11):2965-
2970.
(1] ,2010,19(10) ; 2408~
2413.
Lyl ,
2019,56(2).
LI ,2014,34(12) 3076~
3083.

WEIC Y,WEN H L.Geochemical baselines of heavy metals in
the sediments of two large freshwater lakes in China:implica-
tions for contamination character and history[ J].Environmen-
tal Geochemistry and Health,2012,34(6) :737-748.

,2012,32(10) :3144-3153.

(1l
. [M].
»1990.
( :2020-11-25)

« 1061 -



