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Abstract:FourparallelSBRswereestablishedtotreatsyntheticwastewaterwithpresetconcentrationsof
freeammonia(FA)(0.5,5,10and15mg/L),includingS0.5,S5,S10andS15.Thefoursystemsremoved
ammoniawellthroughouttheexperiment(averagevalueof98.7%).TheinhibitionofFAbynitrite-
oxidizingbacteria(NOB)combinedwithprocesscontrolwasusedtoachieveanitritepathwayinS10and
S15.Duringtheinitiationofthenitritepathway,theaccumulationrate(NAR)increaseddramaticallyto
90.3%onday79inS10andto90.5%onday139inS15.ForS10onday80~250andS15onday140~250,
theaverageNARsweresteadyatapproximately98.8% and98.2%,respectively.High-throughput
sequencingofthe16SrRNAgeneplayedanever-increasingroleinanalyzingtherelativeabundanceand
structureofthenitrifyingbacteriainthesesamples.Theresultsshowedthatthechangesintheabundance
ofAOBandNOBwereconsistentwithourexperimentalresults.FAaffectednotonlytherelative
abundanceofAOBandNOB,butalsotheactivityofNOB.AlthoughAOBandNOBcoexistedinthefour
systems,AOBwasstillthemainnitrifyingbacteria.WefoundthatalowerabundanceofAOBhadahigher
microbialutilizationcapacityofammoniasubstrateat15mgFA/L.
Keywords:freeammonia (FA);partialnitrification;high-throughputsequencing;ammonia-oxidizing
bacteria(AOB);nitrite-oxidizingbacteria(NOB)

游离氨对活性污泥系统中硝化性能和硝化群落结构的影响
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摘 要:建立了4个平行的SBR处理合成废水,游离氨(FA)浓度分别为0.5、5、10、15mg/L,命名

为S0.5、S5、S10和S15,4个系统的脱氮性能在整个实验过程中均很好(平均值为98.7%),利用FA对

亚硝酸氧化细菌(NOB)的抑制作用,结合过程控制,成功在S10和S15系统中实现短程硝化。在建立

短程硝化途径的过程中,S10的NAR在第79天迅速达到90.3%,S15的NAR在139天迅速达到

90.5%。在S10的80~250d和S15的140~250d中,平均NAR分别稳定在98.8%和98.2%左右。



用16SrRNA基因的高通量测序技术分析样本中硝化细菌的相对丰度和结构,结果表明,AOB和

NOB丰度的变化与试验结果一致。FA不仅可以显著影响AOB和NOB的相对丰度,而且还可以

抑制NOB活性。此外,还发现较低的AOB含量在FA浓度为15mg/L时具有较高的氨底物微生

物利用能力。
关键词:游离氨;短程硝化;高通量测序;氨氧化细菌;亚硝酸氧化细菌
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  Freeammonia (FA),aformofammonia
nitrogen (NH+4—N),is widely present in
municipal/industrialwastewater.Commonly,Eq.
(1)isusedtocalculatetheconcentrationofFA[1].

FA=1714
[NH+4—N]×10pH

exp 6334
273+T  +10pH

(1)

  Therearepositiverelationshipsbetweenthe
concentrationofFAandNH+4—N,andthepHand
T(temperature)basedonEq.(1).

FAhasasignificanteffectonthenitrogen
removalperformanceinthebiologicalnutrient
removal(BNR)pathway,becauseFAcanaffect
the activity of nitrifying bacteria (including
ammonia-oxidizingbacteria (AOB)andnitrite-
oxidizing bacteria (NOB))[1-4]. The earliest
inhibition threshold levels were reported by
Anthonisenetal.[1],whodemonstratedthatAOB
andNOBareinhibitedby10~150mgFA/Land
0.1~1.0 mgFA/L,respectively.Considerable
researchhasfocusedontheinhibitionofAOBand
NOBactivity[5-8].Thesestudiesmainlyexplored
howtoachieveeffectivepartialnitrificationduring
aerobicnitrificationusingthegapintheinhibitory
concentrationofFA between AOB and NOB.
Nitrification,atwo-stepmicrobialprocess,isthe
oxidationofammoniatonitritebyAOBandof
nitritetonitratebyNOB[9-12].Partialnitrification
isusuallyachievedbyusingthedifferencein
activitybetweenAOBandNOB,soammoniais
onlyoxidizedtonitrite[13-15].Overseveraldecades,

muchresearchhasbeenperformedonstabilizing
partialnitrificationinBNRsystemstoremove
nitrogenfromhighammonianitrogenwastewater
byadjustingtheconcentrationofFAtoaspecific

levelthatinhibitsNOBratherthanAOB[16-18].
Itiswidelyacknowledgedthatthenitrogen

removalperformanceinBNRsystemsisaffectedby
theactivityofnitrifyingbacteria[19-20].Fromthe
perspectiveofthebiologicalinhibitionmechanism,

therelativeabundanceandstructureofnitrifying
bacteria in the sewage treatment system is
significantlyinfluencedbytheconcentrationofFA.
Recently,Illumina high-throughput sequencing
(HTS)technologywasusedtogainanin-depth
understandingofcharacteristicsofthemicrobial
communityinthewatertreatmentsystem.During
pastyears,muchliteraturefocusedontherelative
abundanceandthestructureofthe nitrifying
bacteriacausedbyFAintheBNRprocess[21-23].
Thesestudiesrevealedthattherelativeabundance
andstructureofnitrifyingbacteriaaresignificantly
affectedat2.9~50.1mgFA/L.

AlthoughexplorationoftheeffectsofFAon
nitrifyingbacteriaduringaerobicnitrificationis
increasinglysuccessful,thereisstillatechnical
probleminthatthereisnoconsistentthreshold
levelatwhichFAinhibitsAOBandNOB.Thus,it
isessentialandurgenttoinvestigateaconsistent
levelatwhich FAinhibits AOBand NOBin
biologicalsystems.Mostreportedstudiesfocused
onthenitrifyingbacteriainwastewatertreatment
bioreactorswitharandomFAconcentrationrange
(theconcentrationofFAdependsonthequalityof
the wastewater). Few studies investigated
nitrifyingbacteriainthebioreactorunderthe
precisely controlled concentration of FA.In
addition,althoughpreviousstudiesrevealedthat
FAhasadverseeffectsonthemicrobialactivityand
stabilityofsludge,detailedinformationonthe
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mechanismsby whichitaccomplishedthiswas
limitedtovarioussludgecharacteristicsandthe
structureofthemicrobialcommunitycausedbythe
concentration of FA. To eliminate these
drawbacks,itisindispensabletosystematically
assessthe variety and structure of nitrifying
bacteria ofrelative abundance under different
concentrationsofFAduringaerobicnitrification.

Duringourexperiment,wefilledfourparallel
sequencingbatchreactors(SBRs)withprecisely
controlledFAconcentrationsof0.5,5,10and15
mg/L.Activatedsludge(AS)wasusedtotame
microorganismsexposedtoaspecificconcentration
ofFAintheSBRs.First,thelong-termnitrogen
removalperformanceoftheSBRswasinvestigated.
A method wasexploredtosuccessfullyachieve
rapidandstablepartialnitrificationintheSBRata
high concentration of FA. The variety and
structureofAOBandNOBofrelativeabundancein
theSBRswithdifferentconcentrationsofFAand
therelatedmechanismswereexaminedindetail
usinghigh-throughputsequencingofthe16SrRNA
gene.Theinformationobtainedhasimplications
forthebiologicalmechanismofnitrogenremoval
andthemechanismbywhichFAinhibitsnitrifying
bacteria.

1 Materialandmethods
1.1 Batchexperimentsdesignandoperation

Four4LparallelSBRswith0.5,5,10and15
mg/L,concentrationsofFA wereoperatedto
enrichthemicrobialcommunity.Theconcentration
ofammonia,thetemperatureandthepH were
adjustedtoobtaindifferentconcentrationsofFA.
EverycycleofthefourSBRsconsistedof5min
filling,aerobicreaction,anoxicreaction,settling,

5mindecanting,andanidlingperiod.Theaerobic
reaction,anoxicreaction,settlingandidlingperiod
wereflexible because ofthe differentinitial
concentrationsofFA.

The nitrification and denitrification were
performedbyadjustingtheORP,pHandDO.The
pHwasadjustedbytheadditionof0.1mol/LHCl
and0.4mol/LNaOH.Thetemperaturecontrol
systemwasusedtocontrolthetemperatureinthe
SBR.TheDOconcentrationsinthefourSBRs
were maintainedat1.0~2.5 mg/L byanair
compressorduringaeration and bycontinuous
stirringat150r/min bya mechanicalstirrer
rotating during the anoxicreaction.Table 1
summarizesthereactoroperation.

Table1 OperationalconditionswithvariableconcentrationsofFAinfourSBRs

FA/

(mg·L-1)
NH+4—N/

(mg·L-1)

TherunningtimeofeachstageofSBR/min

Cycle Filling Aeration Hypoxia Setting Decantation

Operationalparameters

MLSS/

(mg·L-1)
Temperature/℃ pH

DO/

(mg·L-1)

0.5 040 620 5 270 300 40 5 3900 20±2.0 7.5±0.2 1.0~2.5

5 090 710 5 300 360 40 5 4400 25±2.0 8.0±0.2 1.0~2.5

10 130 810 5 360 420 20 5 4500 30±2.0 8.0±0.2 1.0~2.5

15 055 570 5 240 300 20 5 4400 35±2.0 8.5±0.2 1.0~2.5

  Activated sludge with a mixed liquor
suspendedsolid (MLSS)of3000 mg/L was
collectedatalocaldomesticsewagetreatmentplant
(WWTP)inLanzhou,Gansutostartupthebatch
reactors.

ThefourSBRswereoperatedfor250days
undertheabovementionedconcentrationsofFA.

Aftersustainedlong-termsteadytreatmentbythe
reactors,fouracclimatedactivatedsludgesamples,

S0.5,S5,S10andS15,wereobtained.Onday240,

12sampleswerecollectedfromthefourSBRs(3
samplesfromeachSBR).Thecollectedsamples
wereimmediatelymixedwithabsoluteethanolata
1∶1volumeratio,andplacedinarefrigerator,
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wheretheyweremaintainedat-20℃forDNA
extraction.
1.2 Syntheticmedia

Nutrientsandtraceelementsinthesynthetic
mediasupportmicrobialgrowthinthereactors.The
synthetic mediacontains (adaptedfrom Kuaiet
al.[24]).115mg/LNH4Cl,385mg/LCH3COONa,

26mg/LofK2HPO4andKH2PO4,and2mLoftrace
elementssolution.5.07mgMgSO4·7H2O,1.26
mgNa2MoO·2H2O,2.49mgFeSO4·7H2O,

0.41mgCoCl2·6H2O,0.44mgZnSO4·7H2O,

0.31mgMnSO4·4H2O,0.43mgCaSO4·2H2O,

0.25mgCuSO4,1.88mgEDTAand0.25mg
NaClwerecontainedperliterinthetraceelements
solution.
1.3 Analyticalmeasurements

TheconcentrationsofNH+4—N,NO-2—N,

NO-3—N and COD were measured every 30
minutesto determinethe performance ofthe
reactor. These parameters were monitored
simultaneously in both influent and effluent
throughoutthe experiment.Standard methods
(APHA[25])wereusedto measure NH+4—N,

NO-3—N,NO-2—N,CODandMLVSS.ThepH/

oxi340analyzer(WTW,Germany)wasusedto
measurethepH,DOandtemperature.
1.4 Calculations

TheconcentrationofFA wascalculatedby
Eq.(1).

Theammoniaoxidationrate (AOR)was
calculatedbyEq.(2).

AOR(mgN/gVSS·min)=
[NH+4—Ninf]-[NH+4—Neff]

MLVSS×t
(2)

  The nitrite oxidationrate (NOR)was
calculatedbyEq.(3).

NOR(mgN/gVSS·min)=
[NO-2-Neff]-[NO-2-Ninf]

MLVSS×t
(3)

  Thenitriteaccumulationrate (NAR)was
calculatedbyEq.(4).

NAR(%)= NO-2—Neff
[NO-2-Neff]+[NO-3-Neff]×

100%

(4)

  WhereNH+4—Ninfand NH+4—Neffarethe
ammoniaconcentrations(mg/L)intheinfluentand
theeffluent,respectively;NO-2—NinfandNO-2—

Neffarethenitriteconcentrations(mg/L)inthe
influentandtheeffluent,respectively;NO-3—Neff
isthenitrateconcentrationintheeffluent(mg/L);

Tisthetemperature(℃);tistherunningtime
(min);andMLVSSisthemixedliquidvolatile
suspendedsolids(mg/L).
1.5 DNAextractionsteps,PCRquantificationand

high-throughputsequencing
  First,a10mLASsamplefixedwithabsolute
ethanolwascentrifugedat12000r/minfor10min.
TheobtainedsedimentwasusedforsubsequentDNA
extraction.Wefollowedthemanualstepstoextract
DNA with FastDNATM Spin Kitfor Soil (MP
Biomedicals,USA).Agarosegelelectrophoresiswas
usedtoassessthequalityoftheDNAandaNanoDrop
spectrophotometer(ThermoFisherScientific,USA)

wasusedtomeasuretheconcentrationofDNA.The
extractedDNAsampleswerestoredintherefrigerator
at-80℃.TheV3-V4hypervariableregionofthe
16SrRNAgenewastargetedforPCRusingthe338F
(5'-ACTCCTACGGGCAGCA-3')forwardprimerand
the806R (5'-GGACTACHVGGGTWTCTAAT-3')

reverseprimer.Thethermocyclerwasoperatedwithan
initialdenaturationat98℃and2min,followedby25
cyclesofdenaturationat98℃for15s,annealingat55
℃for30s,extensionat72℃for30s,andafinal
elongationat72℃for5min.

AgencourtAMPureBeads(BeckmanCoulter,

Indianapolis,IN)andPicoGreendsDNAAssayKit
(Invitrogen,Carlsbad,CA,USA)wereusedto
purify and quantify the PCR amplicons,

respectively.Theamplicons werecombinedin
equal amounts and double-ended 2×300 bp
sequencing was performed using theIllumina
MiSeqplatform and MiSeq kit V3 from the
Shanghai Personal Biotechnology Co., Ltd.
(Shanghai,China).QIMMEsoftwarewasusedto
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classifyandquantifytheeffectivesequencesandthe
sequencewithasimilaritythresholdhigherthan
97% was classified as the same operational
taxonomicunit(OTU).

2 Resultanddiscussion
2.1 NitrogenremovalperformanceinSBRs

Welaunchedastudytoexplorethelong-term
nitrogenremovalperformancecausedbyvariable
concentrationsofFAinSBRs.Fig.1showsthe
NH+4—Nconcentrationsintheinfluentandeffluent
andtheNH+4—NremovalefficiencyinthefourSBRs
throughouttheexperiment.S0.5~S15wasfedinthe
influentwithaverageNH+4—Nconcentrationsof40,

90,130and55mg/L,respectively.LowNH+4—N
concentrationsof0.7,1.1,1.2and0.7mg/Lin
S0.5~S15,respectively,werefoundintheeffluent
inthefourSBRsthroughouttheexperiment.A
high ammoniaremovalefficiency of98.1%,

98.8%,99.0%and98.8%inS0.5~S15(averaging
98.7%),respectively,wasobtainedatthevariable
FAconcentrations.Itisclearthatthevariable
concentration of FA in the SBRs had an
insignificantimpact on the NH+4—N removal
efficiency.Theresultconfirmedthediscoveryof
Vadiveluetal.[2]thattheactivityofammonia-
oxidizingbacteria (AOB)is minimallyaffected
whentheconcentrationofFAislowerthan16mg/

L.However,ourfindingsdirectlycontradicted
thoseofCaoetal.[22],whofoundadownward
trendin the removal efficiency of NH+4—N
(99.5% to 38.8%) with the increased
concentrationofFA(2.9~19.5mg/L).

Thebiologicalreactionrateisstronglyaffected
bytheconcentrationofFA.Paststudiesproved
thatAORandNORshowasharpdownwardtrend
whentheconcentrationofFAishigherthan25
mg/L[26-28].Inourstudy,wealsofoundthat
variationintheconcentrationofFAsignificantly
affectsthe AOR and NOR duringnitrification
throughout the experiments. A considerable
increaseinAORoccurredfrom0.038mgN/gVSS

Fig.1 TheinfluentandeffluentconcentrationofNH+
4 —N

andNH+
4 —NremovalefficiencyinSBRsduringthe

operationalperiod
 

·minat0.5mg/L(S0.5)toamaximumof0.093
mgN/gVSS·minat10mg/L (S10),andthen
slightlydeclinedto0.073mgN/gVSS·minat
15mgFA/L (S15). However,the NOR was
maintainedat0.038±0.009inS0.5andS5and
0.012±0.004inS10andS15(Fig.2).TheAORwas
stillmaintainedatahighlevelof0.073-0.093
mgN/gVSS·mineventhoughtheconcentrationof
FA washigherthan10 mg/L,indicatingthat
stable and efficient NH+4—N removal was
achieved.

Fig.2 EffectofconcentrationofFAonAORandNAR
 

AhighlevelofNH+4—Nremovalefficiency
(above98%)wasobservedinthefourSBRs,

demonstratingthatNH+4—Nisremoved,toa
greatextent,duringnitrificationanddenitrification
intheSBR.Therefore,theSBRisausefulreactor
to remove NH+4—N from high nitrogen
wastewater.
2.2 AchievinganitratepathwayinS0.5andS5anda

nitratepathwayinS10andS15fornitrogenremoval
2.2.1 AchievinganitratepathwayinS0.5andS5
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atalowerconcentrationofFA
InS0.5andS5,theSBRswereoperatedfor250

daysbyadjustingthepH,DOandtemperatureto
switchbetweenaerobicandanaerobic.Inthe
nitrifiedeffluent,thenitriteconcentrationswere
0.38mg/Land0.51mg/L,thenitrateconcentrations
were28.2mg/Land66.5mg/L,andNARandthe
accumulationrateofnitratewere0.57%and0.50%,

98.8%and99.1%intheS0.5andS5,respectively
(Fig.3).Extremelylow NAR and nitrate
accumulationindicatedthatcompletenitrification
wasobtainedinS0.5andS5.Simultaneously,the
results indicated that the NH+4—N removal
efficiencywasnotaffectedbytheriseofFA
concentration(0.5to5mg/L)andfullnitrification
wasachievedinbothS0.5 andS5.Theresults
showedthatnitrifyingbacteriacouldquicklyadapt
tospecificconcentrationsofFA.

Fig.3 NitrogenremovalperformanceinSBRsalong
theoperationalperiod

 

TheconcentrationsofFAinS0.5andS5were
0.5and5mg/L,thatwerebothwithinandalso
muchhigherthantheinhibitionthresholdofFAon
NOB(beginat0.1~1.0 mg/L)reportedby
Anthonisenetal.[1].However,obviousnitrite

accumulationwasnotfoundinS0.5andS5(Fig.3
(a)),showingthatNOBactivitycouldnotbe
inhibitedsignificantlywhentheFAislowerthan5
mg/L.Ourresearchfullyconfirmedtheconclusion
of Vadivivelu et al.[2], who also found no

significantdecreaseofNOBactivityfrom0to4
mgFA/L,indicatingthatalowconcentrationof
FAhasasmallinhibitoryeffectonNOB.
Inaddition,nitriteaccumulationdidnotoccur

inS0.5andS5eventhoughwestrictlycontrolledthe
processineachSBRcyclewithin250days.Our
findingwasconsistentwithCaoetal.[22].There
wasnoobviousnitriteaccumulationbyapplying
processcontrolafter29cyclesat2.9and5.6
mgFA/L,butthey also achieved high total
nitrogenremovalefficiencyaveragingover99%.
However,Vlaemincketal.[13] obtainedstable
nitriteaccumulationandhighnitrogenremoval
efficiencywhentheconcentrationofFAwashigher
than3mg/L,meaningthatNOBsufferedfrom
strongsuppression.
2.2.2 Initiatingthenitritepathwayatahigh
concentrationofFAinS10andS15

Inthenitrifiedeffluent,aremarkabledecline
tookplaceintheNO-3-Nconcentrationfrom80.8
to1.0mg/Land47.2to1.1mg/LinS10andS15,

respectively(Fig.4).However,theNO-2 -N
concentrationincreasedconsiderably,from0.07to
81.2mg/Land0.18to48.3mg/LinS10andS15,

respectively,indicatingtheaccumulationofnitrite
inS10andS15.TheNARdramaticallywentupto
90.3%onday79inS10and90.5%onday139in
S15,andthenitrateaccumulationratedecreasedto
1.1%onday79inS10and2.3%onday139inS15,

respectively(Fig.4).TheincreaseofNARwith
thedeclineofnitrateaccumulationshowedthat
NOBactivity wasgreatlyinhibitedandpartial
nitrification was successfully achieved. AOB
graduallybecamethedominantbacteria,because
NOB wasinhibited,forminganew nitrifying
bacteriastructure.S10andS15successfullyachieved
partialnitrificationatahighconcentrationofFA.

The nitrite pathway was successfully
establishedat10mgFA/Land15mgFA/L,and
S10achievedthenitritepathwayfasterthanS15
(Fig.4).NOBactivitywasstronglyinhibitedin
S15andS10,whileAOBactivitywasreducedmore
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inS15thanS10,leadingtothedeclineofthe
oxidationrateoftheammonia,andincreasingthe
realizationtimeofthenitritepathway.Boththe
continuousammoniaoxidation processandthe
nitriteaccumulationindicatedthatAOBactivity
wasntgreatlyaffectedby10and15mgFA/L,

whichconfirmedthatAOBismoretolerantofFA
thanNOB.

Fig.4 NitrogenremovalperformanceinSBRsalong
theoperationalperiod

 

Althoughseveralauthorsanalyzedtheinhibitory
thresholdsofFAonAOBandNOB,aconsistent
inhibitorythresholdwasnotobtained.Forexample,

thefirstinhibitionthresholdlevelofFAonAOBand
NOBreportedbyAnthonisenetal.[1]was10~15mg/
Land0.1~1.0mg/L,respectively.Kimetal.[4]

suggestedthatonlyNOBwasinhibited,whileAOB
couldstilloxidizeammoniumtonitriteat14~17mgFA/

L.VanHulleetal.[27]reportedthatAOBactivitywas
notinhibitedinSHARONreactorsat70-300mgFA/L.

Vadiveluetal.[2]foundthattheinhibitory
effectofFAonNOBstartedfrom1mg/Land
stoppedgrowingwhenitwashigherthan6mg/L.
Incomparison,Vadiveluetal.[3]revealedthatthe
inhibitoryeffectofFAonAOBstartedat16mg/

L.Ourresearchandpreviousstudiesshowedthat
FAconcentrationsatS10 andS15 canstrongly
inhibitNOBactivity,buthavelittleeffectonAOB
activity.
2.2.3 Maintainingthenitritepathwayatahigh

concentrationofFAinS10andS15
Duringtheperiodthenitritepathway was

maintained(S10onday80~250andS15onday
140~250),themainproductinthenitrification
wasnitrite(81.2and48.3mg/L),thenitrate
concentrationwasstillmaintainedatthebottom
level(1.0and1.1mg/L)andtheNARsremained
stableat98.8%for170daysand98.2%for110
daysin S10 and S15,respectively (Fig.4).
Therefore,wecanconcludethat10mgFA/Land
15mgFA/LcancontinuetoinhibitNOBactivity,

andthenitriteconversionprocesswasstrongly
inhibited.

Inthisstudy,theselectiveinhibitionathigh
concentrationofFAcombinedwithprocesscontrol
isabasicmethodtoachieveandstabilizethenitrite
pathwayinthetreatmentofsyntheticwastewater
intheSBR.
2.3 Confirmation ofthedominantnitrifying

bacterialpopulation
  Nitrifyingbacteriaplaysacrucialrolein
nitrogenremovalinthe SBR.Therefore,we
analyzedtherelativeabundanceandstructureofthe
nitrifying bacteria to better understand the
microbialroleinnitrificationusinghigh-throughput
sequencing.Considerablestudieshavereported
that five kinds of AOB (Nitrosomonas,

Nitrosococcus, Nitrosospira, Nitrosolobus and
Nitrosovibrio) and four kinds of NOB
(Nitrococcus, Nitrospira, Nitrobacter and
Nitrospira)were widelyfoundinthesewage
treatmentsystem[29-32].Inthiswork,wefoundtwo
typesofnitrifyingbacteria(Nitrosomonas(AOB)

andNitrospira(NOB)),whichwereregardedas
thedominantnitrifyingbacteriain WWTPs,as
reported.Awidespreadandreliableconsensusthat
NOBisevenmoresensitivetoFAinhibitionthan
AOB was reached and applied in numerous
studies[6,13,23].

Asdepictedin Fig.5(a),the relative
abundanceof AOB and NOBsufferedfrom a
significant change by the variation in the
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concentration of FA,influencingthe nitrogen
removal.Surprisingly,wefoundthatAOBactivity
wasnotinhibited,butenhancedatS10 withthe
increasing concentration of FA. AOB first
increasedsharplyfrom0.13%inS0.5to3.17%in
S10andthendecreasedto0.60inS15,butNOB
linearlydecreasedfrom6.14%inS0.5to0.96%in
S15andhadasignificantnegativerelationshipwith
concentrationsofFA (y=-0.3x+5.3,R2=
0.72).Thereasonfortheentirelydifferenttrend
couldbethatFAcanserveasamatrixforAOBto
increase its relative abundance when the
concentrationofFAislowerthan10mg/L,but
FAreachedthethresholdforinhibitingAOBand
made its abundance decrease when the
concentrationofFA washigherthan10mg/L.
However,theinhibitionthresholdofNOBwas0.5
mgFA/L.Thus,therewasagradualdeclineinthe
abundance of NOB with the increasing
concentration of FA. The results were in
agreementwithAORandNARunderthefourFA
treatmentsandconfirmedthatNOBwasevenmore
sensitivetoFAinhibitionthanAOB.

Furthermore,it wasclearthatthat NOB
Nitrospirawasthedominantnitrifier(AOB/NOB
<1)atFAbelow5mg/L,andledtocomplete
oxidation of ammonia to nitrate. But AOB
Nitrosomonaswasthepredominantnitrifier(AOB/

NOB=2.03)at10mgFA/L,andresultedin
sufficientoxidationofammoniatonitrite.Astable
nitritepathwaywasmaintainedat15mgFA/L
withhigherAOR(0.073mgN/gVSS·min)than
NOR (0.017 mgN/gVSS·min)althoughthe
relativeabundanceofNOBNitrospira (0.95%)

was higherthan AOB Nitrosomonas (0.6%)
(AOB/NOB=0.63)(Fig.5(a)and(b)).Inother
words,ahigherabundanceofNOBNitrospirahad
loweractivityofutilizingthenitritesubstrate,

indicatingthatthe NOB activity wasstrongly
inhibitedinS15.However,AOB Nitrosomonas
exhibitedtheoppositetrend.Forexample,the
lowerabundancehadahighermicrobialutilization

capacityoftheammoniasubstrate.Thus,itwas
stillabletomaketheAORhigherthantheNOR
whentheAOBabundancewasgreaterthanthatof
the NOB and remain stable during the
ammoxidationprocess.Similarinhibitorythreshold
levelsofFAonNOB werereportedbySunet
al.[32],whoobtainedanitritepathwayofover90%
at16.3mgFA/LintheUASB-SBRsystemtreating
landfillleachateandintenseoppressionoccurredof
FAonNOBactivity.

Fig.5 Distributionandrelativeabundanceof
AOBandNOB,AOB/NOBandNARinSBRs

 

Based on theresults,we can draw the
conclusionthatFAcanaffectnotonlytherelative
abundanceofAOBandNOB,butalsotheNOB
activity.However,AOR decreases with AOB
abundance.Thus,wecannotconcludethatAOB
activityisinhibitedat15mgFA/L.Moreover,by
adjustingtheconcentrationofFA,promotingAOB
but suppressing NOB, stable short-range
nitrificationwassuccessfullyachieved.

3 Conclusions
TheSBRisanefficientandstablereactorto

remove ammonia from synthetic wastewater.
Stablepartialnitrificationwassuccessfullyachieved
intheSBRathighconcentrationsofFA(10and15
mgFA/L).AlthoughAOBandNOBcoexistinthe
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foursystems,AOBisstillthe mainnitrifying
bacteria.Thisfindingemphasizestheimportanceof
cultivatingtheappropriate bacteriato achieve
short-rangenitrification.FAcanaffectnotonlythe
relativeabundanceofAOBandNOBbutalsothe
activityofNOB.Furthermore,wefoundthata
lowerabundanceofAOBhadahighermicrobial
utilizationcapacityofammoniasubstrateat15
mgFA/L.
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