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Abstract

Temperature has a known effect on ammonia oxidizing bacteria (AOB) activities,
reducing its ammonia oxidizing rate (AOR) when temperature is lowered. However,
little is known concerning its effect on,® and NO emissions which are produced
during ammonia oxidation having a greenhouse effect. To study this, an AOB enriched
partial nitrification sequencing batch reactor (PN-SBR) was operated within a two
step-wise feed under 5 different temperatures (30-25-20-15-10°C). A decrease on the
specific AOR 6AOR) was detected when decreasing the temperatyf@.esissions

were also affected by the temperature but only the ones produced during the first
aeration of the cycle, when AOBs shifted from a period of low activity to a period of
high activity. NO emission factors (%) detected during the second aerobic phase were
similar among all temperatures tested and lower than the emissions detected during the
first aerated phase. The averag®©Nemission factor was in the range of 0.15 - 0.70%
N,O-N/NH;-N oxidized in the first aeration phase and 0.14 - 0.15%
N,O-N/NH;"-N-oxidized in the second aeration phase at 10 to 30 °C, respectively. On
the other hand, NO emissions were very similar under all temperatures resulting in 0.03

- 0.06% of NH"-N oxidized.

Keywords

Temperature effect, ammonia oxidizing bacterigQNNO, ammonia oxidizing rate
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1. Introduction

Fugitive nitrous oxide (MD) and nitric oxide (NO) emissions can occur during
nitrification because of the activity of ammonia idizing bacteria (AOB)
(Rodriguez-Caballero and Pijuan, 2013)ONs one of the most important greenhouse
gas (GHG) having approximately 300 times strongammng potential than that of GO
On the other hand, NO is another detrimental bypcodhich is toxic for the activities
of microbes and has harmful effects on the ozoperl@Vang et al., 2016). Both,®8
and NO are mainly produced and emitted during firo&iion and can have a
considerable effect on the carbon footprint fronst@aater treatment systems (Sun et
al., 2017; Spinelli et al., 2018)..8 and NO can be formed via two pathways by AOB:
(i) the hydroxylamine (NBDH) oxidation pathway (Tallec et al., 2006; Law &b,
2012b), andi{) the nitrifier denitrification pathway (Shaw et,&006; Ishii et al., 2014,
Massara et al., 2018). Significant amount of rededras been conducted to unravel
what are the factors affecting® emissions. In this sense, nitrite concentrapbhand
DO have been identified as key parameters affettiage emissions (Shaw et al., 2006;
Pijuan et al., 2014; Rathnayake et al., 2015). Hawndonely few studies have focused
on the parameters affecting NO emissions and omeflaionship existing between NO
and NO (Ribera-Guardia and Pijuan, 2017). Rodriguez-Gatmaand Pijuan (2013)
observed that mitigation strategies foxONresulted in an increase of NO in a reactor
enriched with AOB, which highlights the importaned monitoring both gases

simultaneously.

Partial nitrification (PN) conducted by AOB domiedt systems is widely
implemented for saving carbon and energy whenitgagject wastewater and having

highly feasible and efficient conversion of ammotwvanitrite (Ge et al., 2015). The
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optimal temperature for PN-SBR is found aroun8C3tavoring the dominantly growth
of AOB as compared to that of nitrite oxidizing te&x&a (NOB) (Hellinga et al.,
1998). However, some studies have also indicatatl ghrtial nitritation can still be
achieved under lower temperatures, with AOB donmigain the system (Guo et al.,
2010).

Temperature acts as a key parameter which can egvaffect ammonium
oxidation rate (AOR) during PN (Weon et al., 2084n et al., 2008; Guo et al., 2010).
On the other hand, the differences caused by deogedaemperature can also affect
many other aspects, such as AOB growth rate, enayraativities related to the
nitrification process, the concentration of freenaomia (FA) and/or free nitrous acid
(FNA) which can further affect the performance df @&abarro et al., 2012), as well as
the equilibrium solubilities of PO and NO.

Firstly, AOR was shown to have an exponentiallyatieh with temperature in a
PN-SBR treating domestic wastewater in a range &b 35C (Guo et al., 2010).
Moreover, AOR increased with the increased tempegah a range of 10 to 30 °C (Kim
et al., 2008). There are some studies also suggésiat temperature may have an effect
on N,O production in PN. Recently, two different studes/e tried to better understand
its role on the RO emission in two laboratory nitrifying reactorgdting low strength
wastewater (Chen et al., 2016; Reino et al., 20CHhgn et al., (2016) found different
emission factors when operating a simultaneousficgtion and denitrification SBR
within a temperature range from 21°C and 31 °Qitrgaynthetic domestic wastewater,
being the highest emission detected at higher testyoe. In the same line, Reino et al.,
(2017) found different emission factors when opegaé PN reactor under low strength

of ammonia and nitrite at A€, 15°C and 26C. In their studies, the highest emission
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factor corresponded to the highest temperaturedeshich also resulted in the highest
AOR. In another study, the effect of the tempemtwas assessed in a mix culture
performing both nitrification and denitrificatioma the largest PO was found at 1&
(Hu et al., 2011). Furthermore, in a full-scaleifying biofilter, N,O emission was found
to be 2.1 times higher in winter than that in summkich shows an opposite trend of
N.O compared to the temperature (Bollon et al., 20E&m these studies it is still
unclear if temperature can have a direct effecmrssions a part of the one that has on
AOR. Also, the effect of temperature on NO is unkno

In this study, the effect of temperature shiftsNy® and NO and their correlation
with AOR was studied by using an AOB dominated FBRSreating synthetic reject
wastewater. The reactor was exposed for 3 weedkacht of the 5 different temperatures
(30-25-20-15-10 °C) tested and its performanceeims$ of emissions and chemical

changes was periodically monitored.

2. Materials and M ethods

2.1. Configuration of the PN-SBR

A cylindrical SBR treating synthetic reject wastésva(1 g NH'-N /L) was used to
develop PN system enriched with AOB. The wastewataracteristics were of a
typical reject wastewater and modified from Kuadaverstraete (1998): 5.63 g/L of
NH4HCO; for, 0.064 g/L of each KKHPO, and KHPO, and trace element. The recipe of
trace element solution (g/L) is composed by: 1.23TE, 0.55 ZnSQ- 7H0, 0.4
CoChk- 6H,0, 1.27 MnC}: 4H,0, 0.40 CuS® 5H,0, 0.05 NaMo4- 2H,0, 1.37 CaGk
2H,0, 1.25 FeG 6H0 and 44.40 MgS® 7H,0O. The PN-SBR was inoculated with

mixed liquor sludge from a local domestic wastewateatment plant (WWTP) located
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at the municipality of Girona (Spain). Before stagtthe tests, the reactor was operated
for more than 2 years at 30°C , mimicking the terafuee conditions for treating reject
wastewater. AOB was highly enriched with more tl&90 of the total abundance
which was quantified through fluorescence in sigbridization (FISH) (Ribera-Guardia
and Pijuan, 2017).

The effect of temperature shifts onand NO emissions was assessed under five
different temperatures: 30°C, which was the noerlperature, and four progressively
decreased temperatures as follows: 25°C, 20°C, d33Q0°C. The reactor was operated
for more than 3 weeks at each temperature.

The operational mode was set as: settling (132,degant (15 min, withdraw 2L
of supernatant), pre-aeration (15min), feed 1 (A b% sec), aeration 1 (AER1), feed 2 (1
min 15 sec), aeration 2 (AER2), purge (0-2 min adicg to the MLVSS concentration).
Pre-aeration phase was only implemented when nrargtiN,O and NO emissions, in
order to remove the dissolved® and NO produced in the settling phase. During the
feed phases (both feed 1 and feed 2), 1L of syictimfluent was pumped into the reactor
respectively resulting in an 8L working volume afiised 2. Aeration phases at 30°C and
25°C were set at 105 min and 103 min in AER1 an&2Eespectively. However, AOR
dropped with the decrease of the temperature &,2B°C and 10°C. Thus, to maintain a
certain ammonia oxidation and an equally HRT, tem@ion time was extended and
settling time was correspondingly reduced. Thetamrdime was fixed at 120 min, 180
min and 300 min at 2C, 15°C and 10C respectively. For the cycles conducted at 15°C,
the cycle time was extended to 8h to allow a cotepbidation of ammonium. In the
case of the cycles conducted at 10°C, only theféed was supplied and the cycle was

also extended to 8h.
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During the pre-aeration and the two aeration phaB&3 was automatically
controlled within the range of 1.5-2.0 mg/Dby adding air or nitrogen gas at 5L/min.
The air or N flow was supplied through the bottom of the SBRéWthe DO was higher
than 2.0 mg/L, air stopped ang Was switched on to keep the DO within the selected
range and maintain a constant flux at 5.0L of gais./pH was also controlled by PLC
when its value was below 7.0 by adding NaHQOM). The temperature of the reactor

was controlled at each desired set-point by usiwgtar jacket.

2.2. Analytical methods and gaseous measurements

Two cycle studies per week were conducted resuititigcycle studies carried out at
each temperature. Samples for the analysis M NO,-N and NQ-N were taken
during the cycle studies and filtered with 0.22unilipbre filters. No NQ'-N was
detected in any of the aeration phases (< 1%) amghy of the temperatures tested.
Samples were analyzed using ion chromatography500& DIONEX). Mixed liquor
suspended solids (MLSS) and volatile MLSS (MLVS®)evdetermined as described in
standard methods (APHA, 2005).

N,O and NO emissions were measured using commer@atylable online gas
analyzers Servomex 4900 and ECO physics CLD60.eotisely. Off gas from the
headspace of SBR was collected continuously ansedahrough a condensation unit
before reaching the online analyzer. The two areay/zvere installed in series and data
was logged with a 5 seconds interval. The loweed®in limit for the NO and NO

analyzer was 0.1 ppmv and 0.01 ppmv respectively.

2.3. Calculation of gaseous productions
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Specific ammonia oxidation ratesAOR) was calculated as shown in eq.1. The
relationship betweersAOR and temperature can be described in the siieqblif
Arrhenius equation (S6zen et al., 1996) as eq.2:

SAOR = dCypt consumea/ (dE X MLVSS) (eq.1)
Tr = Trpgz - 07293 (eq.2)

where total consumed ammonia concentratiog§ - ), solids concentration

consumed
(MLVSS) and aeration timed( is time interval, min), ther is reaction rate (i.e.
maximum sAOR, determined by the slope of ammonia concewoimatilong with the
aeration time) at the temperature T (°K) ahds the temperature coefficient. The
ammonia oxidation reaction presented a zero-oreigetion kinetics after the feed was
added into the reactor. Mixed liqguor samples waken at 0, 10 min,1/4 (25min at 3D
and 25C, 30min at 28C, 45min at 15C and 75min at 1%C), 1/2 (50min at 36C and
25°C, 60min at 28C, 90min at 15C and 150min at 1%C), 3/4 (75min at 36C and 25C,
90min at 26C, 135min at 15C and 225min at 1%C) and end of aeration time in each
aeration phase. Thg\OR could be determined by the absolute value reddr fitting
(ammonia concentration and time stand for 'y’ axidéspectively).
The equations used to calculate the emission,Gf (¢q.3) and NO (eq.4) are detailed

below.

Cny0 = 28(g/mol) - 107 - Cy, o (ppmv) /RT (eq.3)

Cno = 14(g/mol) - 107% - Cyo (ppmv)/RT (eq.4)
where% is the NO or NO molar volume being 0.0431 at 4D, 0.0423 at 1%,

0.0416 at 28C, 0.0409 at 2%, 0.0402 at 3{T).
The emission factor (EF) of both,®@ and NO was calculated as described in eq.5 and

eq 6.
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EFn,0 = . Cn,0 Qgas dt /mNHI X 100% (eq.5)
0

ti

EFno = Cno Qgas dt /mNHI X 100% (eq.6)
to

Where tis aeration time at each temperature (detailedeatian 2.1), ¢ is the time
while the aeration starts in both AER1 (pre-aeratime used to remove dissolve gases
produced during settling and not considered incdleulations) and AER2. g is the

gas flow rate (5.0 L/min) anehy,+ is the total ammonia oxidized in each aeration
phasemNHI: (G - C)V;, while G and G are the NH'-N concentration at the

beginning and end of each aeration phasds Vthe working volume at each aeration

phase (AER1=7L and AER2=8L).

2.4. Microbial analysis

Fluorescence in situ hybridization (FISH) was perfed at the end of the
experiment as detailed in Nielsen et al. (2009ngisCyt5-labelled EUBmix and
Cyt3-labelled AOBmix for labeling all bacteria am8lOBs respectively, AOBmix
contains equal amounts of Ns01225, NEU and NmV ggoBamples were visualized
using Nikon CS1 confocal laser-scanning micros¢@iesM, Plan-Apochromat 63 x oll
(NA1.4) objective). Thirty images were selected aqphntified using the software

DAIME (Daims et al., 2006).

2.5. Statistical analysis
The statistical analysis was conducted with theultesobtained with all the

temperatures except for the 30°C. This temperatiae excluded from the analysis
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because the reactor had been operated under itipetature for more than 2 years and
the biomass adaptation under this temperature iffaseiht than the adaptation under the
other temperatures. The averaged emission fadieach temperature were processed in

statistical analysis by using IBM SPSS Statistits 2

3. Results

3.1 Theperformance of PN-SBR at different temperatures

After each aerobic phase, the reactor achieved nimsme 90% of ammonia
conversion to nitrite (except for the 10°C expeninghere ammonia accumulated). In all
temperatures, nitrate concentration was negligiidéch indicated that the nitritation
performance of the system was not disturbed byedatng the temperature. The nitrogen
transformations as well as the AOR measured duhiagperational period at different
temperatures are shown in Fig. S1.

MLVSS was measured throughout the study, havingvanage concentration of 1.5
g/L. According to eq.2, the maximusAOR was calculated for each temperature and

results are plotted in Fig. 1.

Fig.1

A relatively highsAOR was achieved in the AOB-enriched SBR at tentpesa of
30, 25 and 20°C. Decreasing the temperature at ttbi@ed a 50% decrease in the
SAOR which was further decreased to almost negkgiéVels when the temperature was
decreased to 10°C. The relationship betw&®@R and temperature was found to be

exponential which is consistent with Guo et alQ1@). However, in this case, two

10
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different correlations were distinguished, onetimperatures of 30- 20°C and another
one for the lowest temperatures tested (15- 10PAl% is in agreement with Weon et al.
(2004) who also found a transition on ##&R occurring in the range of 17-12°C.

AOB abundance was also detected through FISH tqubrand the result indicated
that the volume fraction of AOB of the bacteriahmounity was 96.7% with congruency
of 96.0%.A micrograph taken from one of the FISH sample arapions is shown in Fig.
S2. FISH results are comparable to the previoudystii Ribera Guardia and Pijuan
(2017) for a similar SBR operating at 30°C. Alseglet al. (2011), showed in their study
that AOB concentration and community compositioth kot change when shifting the

temperature from 22 to 32.

3.2 N2O and NO emission at different temperatures
3.2.1 NO and NO emission profiles

The cycle started with a 15 min pre-aeration ph@se# shown in the graphs
presented), where airfNvas supplied to remove the dissolvegONand NO that was
produced during the setting phase as was prewoudemonstrated by
Rodriguez-Caballero et al., (2013). At the endlo$ t15 min, when ammonium was
always undetectable, the first feed started. Fgh@vs the BO and NO emission rates as
well as the ammonium concentration profiles fromMER1 (feed 1 is also included) and

the AER2 (feed 2 is also included).

Fig.2

11
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NO started to be produced as soon as ammonium énkereeactor (Fig. 2a). In all
the cycles except for the one conducted at 10°@&seons during AER1 were higher than
those from AER2. Also, they were produced durirgyftist 20-40 minutes of the aeration
period in the form of a peak despite ammonium bgiregsent during almost all the
aeration phase (Fig. 2c). This@peak emission pattern is also reported in otluelies.
Kong et al (2013) studied a PN for treating higlersgth ammonium wastewater aG2
and found that the majority of the;® was detected as a peak at the beginning of the
aeration phase and stabilized in a lower levelndyitie rest of the aeration phase. Ju et al,
(2015) also reported an initiab® peak but in that case it seemed to be linkededAOR
that also decreased together with thgONproduction rate. However, in our study,
ammonia oxidation was constant during all the @&amgteriod (Fig. 2c), indicating that
N.O emissions are not directly linked to AOR. Our biyyesis is that pO emissions are
linked to the supply of feed into the reactor. Wiiea first feed enters the reactor, the
system has been without ammonium for more 120 nungidering the settling time and
the pre-aeration phase). The sudden increase obaram with the first feed, implies a
change on AOB activity, moving from a low activggriod (without ammonia) to a high
activity period. This change in activity seems éaresponsible for the emissions detected
at the beginning of AER1. On the other hand, emmssifrom AER2 are much lower
despite also having a supply of ammonium with thieamce of feed-2 into the reactor.
The difference here is that ammonium is presenhénreactor for almost all the first
aeration, so AOBs are active most of the time Ileefbe second feed enters the reactor.
Therefore, when ammonium is supplied during feeith® change on AOB activity might
be not as significant as in AER1, which could expthe lower emissions detected during

this period. In order to validate this hypotheaisest was conducted in the reactor when

12
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operating at 30°C, where pulses of ammonium wepplgad when ammonium was

depleted (Fig. 3a) and when ammonium was stillgarem the reactor (Fig. 3b).

Fig.3

The NO production rate during the first minutes aft@uése of ammonia was added
was higher in the tests where ammonia was addey &2® min, when there was not
remaining ammonia in the reactor (Fig. 3a).

Transient conditions have been already shown tarergnNO production in AOBSs.
Yu et al. (2010) suggested thatOcould be stimulated during the recovery from anox
to aerobic conditions, especially when a suddeft §bim a low to a high AOB activity
occurred. The trigger of JD peak emission in AER1 might correlate with theation of
microbial activity during the transition of low toigh activity as well as enzymatic
activities which can also be affected by tempemtur

On the other hand, NO emissions occurred while anumo was present in the
reactor and seem to be linked to its oxidation (gvanal., 2016). The emission profile
was very similar between AER1 and AER2. Higher eroiss were found at higher
temperature tests but those were linked to theehigl®OR.

N>O and NO emissions from both aeration phases afytble were calculated under
each temperature and are shown in Fig. 40 mission during AER1 was always
significantly higher than in AER2 (Fig. 4a). Afteach decrease of temperaturg©ON
emission was firstly reduced to a lower level (lowean the average & emission) but
increased afterwards in the cases of temperatur@n@520°C which indicated that an

adaptation period was needed and this period dastdseveral days after a decrease of

13
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temperature. However, the maxim@ROR (Fig. 1) did not change significantly during
the cycles conducted under the same temperatuggesting that emissions were not
only linked to AOR but possibly to the adaptatianthe new temperature applied.
Interestingly, the increase on,® emissions was not observed at 15°C and 10°C,
probably because the ammonium oxidation rate &etbemperatures was already very

low (Hu et al., 2011).

Fig.4

NO emission during temperature decreasing tesshasvn in Fig. 4b. Emissions
were lower than those of.® and no significant differences were observed betw
AER1 and AER2. The highest NO emission rate wasidowhen the reactor was
operating at 30 and 25 °C, however NO decreased wperated at 25 and 20 °C. After
operating under T10 for several weeks, the maxin@diR was very low, which lead

the lowest NO emission rate.

3.2.3 NO and NO emission factors

In order to compare the emissions obtained amongxperiments and between the
two aeration periods, the,® and NO emission factors (EF) were calculatedjiaré out
the productive capacities of,8-N and NO-N during total NH-N oxidation. Table 1
presents a summary with the average emission faotuained from all the cycle studies

conducted under each temperature.

Table 1

14
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Interestingly, temperature seems to have an effiectmissions occurring during
AERL1. Except for emissions found at 30°C (which wees reactor normal operational
temperature), the highest® emission factor was found at®5decreasing afterwards
with each decrease of temperature.

However, no effect was observed in emissions frdaiRa, which were very similar
among all the temperatures. A possible explandtorthis behavior could be that a
decrease of temperature has an effect during theion of the metabolism of AOB that
causes and increase on emissions. However, thease is not observed at 15°C or 10°C,
probably because the ammonium oxidation rate aettemperatures is already very low,
and the change from low to high activity when ammon becomes available is
minimized by the low temperature.

Interestingly, the NO emissions detected duringwhele cycle are not affected by
temperature. It is still unclear how AOB produce M@d the correlation with JO
emissions. Indeed, a recent study already showlesett behavior between J® and
NO emissions in a similar AOB culture (Ribera-Guarahd Pijuan, 2017). NO seems to
be more related to the oxidation of ammonium wiNk© could be more related to

changes on biomass activity driven by the preseheenmonium.

4. Discussion

4.1 Effect of temperature on nitrification
Temperature plays a key role on the activity ofroties and a clear example is that
oxidation of NH' is clearly affected by its changes (Fig. 2c). Haeterial activity

decreases with a decrease in temperature andicaitish is very limited when

15
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wastewater temperature is below°@0(Kim et al., 2006). The highesiAOR is
normally found at around 30 °C as shown in stuslieh as the one of Randall and Buth
(1984), that followed nitrification activity withithe range of 5 to 3&. They found the
maximum AOR occurring at approximately®80and nitrification rate was reduced to
50% at 12C. In our experiments the maROR dropped more than half when operating
at 15 and 10°C (Fig. 1, yellow line), suggestingt ttihe activity of different nitrifying
microbial communities can be differently affectgdtémperature.

Temperature can also affect the competition amaifigreint microbial groups as it
is the case between AOB and NOB. It is well knohait tAOB has a faster growth rate
than NOB at temperatures around 30°C favoring thplementation of the nitrite
pathway when working under this temperature (Hg#iet al., 1998). Also, temperature
is an important factor that regulates the equilibori between ammonium and free
ammonia (FA), the true substrate for AOB (Suzukiakét 1974). The higher the
temperature, the more concentration of FA.

Several studies have assessed the effect of dewetmmperature on partial
nitrification systems. Guo et al. (2010) found tbath the rate of nitrite accumulation
and the oxidation of NH decreased with the decreasing temperature butapart
nitrification was still predominant at low temparss in a long term operation.
Lochematter et al. (2014) also maintained the, Nfathway in a reactor at 15°C by
using intermittent aeration. Similarly, in our syudo deterioration of the nitrite
pathway was found in any of the temperatures teatetl nitrate was never detected.
This is probably due to the high abundance of A@Bhe microbial community that
was enriched by operating the reactor at 30°C fong period of time and with a high

strength wastewater.
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4.2 Temper atur e effect on N,O and NO emissions

Unravelling the true effect of temperature opONand NO emissions by AOB is
challenging because it has a direct effect on AQiklwhas been demonstrated to have
a relationship with B{O emissions. The relationship between different AQ& caused
by temperature shifts) and NO andNemissions have been reported in literature, and
found to be linear (Ribera-Guardia and Pijuan, 2@td exponential (Law et al., 2012a)
respectively. In our study, the temperature presargignificant correlation wittAOR
in both aeration phases (p<0.05) respectively ftseéearson correlation in Table S1, N
refers the numbers of total cycle studies, no ABRR set at 1TT). When analyzing the
relationship between temperature and overall ogoiessions, no correlation was found.
However when correlation between temperature ai@@l\Was assessed for each aeration
phase, a significant correlation was found in AE@%0.05), decreasing emissions
when temperature decreased. (in the range of 2ZB)%G). There was no significant
correlation between NO and temperature and thesemnigactors were much lower than
those of NO emission.

Chen et al., (2016) reported,® emission factor of 8.07% at 31°C which was 2
times higher than the one found at 21°C. Reind.gR817) further hypothesised that
different kinetic dependency of the ammonia mongexase (AMO) enzyme and the
hydroxylamine oxidoreductase (HAO) enzyme were ciffé by shifting temperature
within the range of 10 to 20°C.

They suggested that the limiting step for ammom@lation could have changed

from AMO to HAO when the temperature was undetC@hich might have promoted

17



393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

the accumulation of hydroxylamine and further teggd NO emission resulting in 3.7 £
0.5% at 20°C while 1.5 + 0.3%,@/TN was detected at 10°C.

It also has to be taken into account that tempezaghifts can alter the equilibrium
of ammonia and free ammonia (FA) concentratiorhim gystem which have an effect
on the performance of PN (Shi et al.,, 2011). AlSO solubility increases while
temperature decreases within the range of 15%6 8®eiss and Price, 1980). However,
we believe these parameters did not affect ourteesthe air/N flow rate was set as
5L/min in our system which most likely striped mo$the NO and NO from the liquid
phase. Also, after each feed, the FA was 11.22398 mg FA/L (average NFN
concentration was 120mg/L and pH 8) when operaan80 and 15°C. However, no
significant difference was found in ER® in AER2 (Table 1) when considering the
N.O and NO emission of TN oxidized, which suggestat tthis range of FA
concentrations do not have an impact on the enmssamund.

The emissions detected in our study have been &ttilputed to the metabolism of
AOB. However, a previous study found a consideraidesase of BD emissions when
treating real reject wastewater as compared to ottes found with synthetic reject
wastewater (Wang et al.,, 2014). These increasgd &missions were attributed to
heterotrophic denitrification which was very actiwénen the reactor operated at DO
concentrations of 0.5 mg/L. Real reject wastewaian have a small fraction of
biodegradable COD allowing the development of divadenitrifying community. How
temperature affects emissions from this commumitgains unknown and more research

is needed to fully clarify the role of temperaturanixed microbial communities.

5. Conclusions
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A laboratory scale PN-SBR enriched with AOB wasdute explore the pD and
NO emissions under different temperatures (fronC3@°10°C). The main conclusions
obtained are:

a) N.O emissions were related to the transient conditipom a low activity period
(with no ammonium) to a high activity period (wha&mmonium was supplied in the
reactor) and these transient conditions were maunéeal in the first aeration phase.

b) Under all the temperatures testedONproduction rate in the first aeration phase was
higher than the one found in the second aerati@sghdespite the same amount of
ammonium being oxidized in each phase.

c) Temperature has an effect on thgONemissions from the first aerated phase in the
range of 25 to 10°C, resulting in highesxONbeing produced at higher temperatures.
On the other hand, NO is not affected by tempegatur

d) Ammonium oxidation was not correlated with@Iproduction as opposite to NO that

was produced when ammonium was being oxidized.
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Table 1. N,O and NO emission factor (ER®-N or EF NO-N/ NH*-N oxidized, % )

Temperature 30 25 20 15 10
Aerl 0.30+£0.10 0.70£0.21 0.62+0.43 0.43+0.15 0.15+0.00
o Aer2 0.14+0.04 0.15+0.05 0.15%+0.05 0.14+0.03
Aerl 0.04+0.02 0.05+0.01 0.03+0.00 0.03+0.01 )
NO

Aer2 0.06+0.02 0.06+0.01 0.04+0.00 0.04+0.01

Below detection limit

26



578

579
580

E 1'6__ = sAOR

g 1.4 - maxAORSlo

@ 1. - maxAOR, T20-T30

> 1.2- maxAOR_ T10-T15

o0 |

Z 1.0-

w -

é 0.8 - (1-293) (T-293)

Qé e I =T, I} = T;°0

< 0.6 0 =1.027 0 =1.023

= " R>=0.63 R>=0.98

E . — InT:r293'e(T-293)

F 024 0 =1.26

= 002 R? =0.88

10 15 20 25 30

£81 Temperature (°C)

582 Fig. 1. Maximum sAOR obtained under each temperature tested. Plotéces are
583 SAOR from all the cycle studies including AER1 andR2 conducted under each
584  temperature and are represented with the stan@ardtihn.

585

27



0 10 20 30 40 S0 60 70 80 90 100

T T T T T T T T T T T

0.6 - b
(@)
04 .
= PR
= 02 . b
g . .
) ‘r\\“ -
g€ 00 F--—--=-"= T T o o —
~ 1 1 1 1 1 1 1 1 1 1 1
E 0.6 — T304
= T25
0.4 - -+ T20]
02k T15]
0.0 [.Km.__,‘ — - -T10
: —l 1 1 1 1 1 1 1 |J- |‘- |- ]

0 10 20 30 40 50 60 70 80 90 100
Time (min)

0 10 20 30 40 50 60 70 80 90 100

0.012 F T T T T T ]
b
0.009 - (b) 5
_0.006
=
‘£ 0.003
2°0.000
Z0.012
S 0.009
0.006
0.003 .
0‘000 1 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Time (min)
0 10 20 30 40 50 60 70 80 90 100
150 _I T T T T T T T T T T ]
120 _ﬁ ¥ X X (c)_
90 o s
~ 60 - i
-
o 30 - v i
£ e} ¥
z (| = 1 1 1 1 I ] 1 I 1 | B
o = o T30V T20]]
g 120w g T25 + TI5]
90 - a X T10[]
60 - s
30 g .
0 kL 1 1 1 1 1 1 1 T 1 1 ¥
0 10 20 30 40 50 60 70 80 90 100
Time (min)

586 Fig. 2. N,O production rate (a), NO production rate (b) artd, NN concentration (c)
587  obtained during AER1 (yellow background) and AERAiIfe background) from the last
588  cycle study obtained under each temperature. ReBolin temperature 10°C are only
589  plotted during aeration 1 since the cycle configoradid not have AER?2.

590

28



0 50 100 150 200 250 300 350 0 20 40 60 80 100 120 140 160 180

160 F T T T T T T ] 160 F T T T T T T T T ]
S 140, + + @@ 1 Suof + + (b))
E” 120 B %‘3 120 —
Sr0p + . 1 S0 o+ N + .
% 80r 1 % 80 .
= 60 * 4 =60t i
zZ o0F o+ 1 Z a0} +
20 F N + . 20 F * * :
- 0 o 1 o+ 1 + 1 Lt ~ 0 m 1 1 1 L 1 1 1 1 L]
£ 0.05 £ 0.05- .
£ ] P
En 0.04 En 0.04 _l 1 l N0
R ~ | NO i
z 0.03 z 0.03
o 0.02 o 0.02} -
z 4
S 0.01 = 0.011 —
E] E B Na
ON 0.00 1 I 1 1 1 1 1 1 ON ALY 1 1 1 1 1 | 1 | 1 I
Z 0 50 100 150 200 250 300 350 z 0 20 40 60 80 100 120 140 160 180

591 Fig. 3. NoO and NO emission profiles and ammonia concentratio two tests were
592  different pulses of ammonia where applied at déffeitime intervals: a) Every 120 min
593  and b) every 60 min.

594

29



60 80 100 120

40

60 80 100 120

40

T T T
~
=
- -’
I_ 1 1 1 1 1 1 1 1 1 1 1
(=] <] & oy o > [—] [*<] & - [a\] >
= & S S = 3 = £ 8 S < 3
(—} —] [—] [—] [—} [—} [—] [—} =) [—} [—} [—]
(SSA 8/3w N-ON) ON (SSA 3/3w N-ON) ON

~
<
~

C 1 " 1 " 1 1 1 1 1 " 1 " 1 " 1 " 1
S ® ¢ T 84 S = ® v T g S
- [—] [—] [—] [—] [—] - [—] [—] [—] [—] [—)

(SSA 3/8w N-O°N) O°N (SSA 8/8w N-O°N) O°N

60 80 100 120

40

Day (d)

Day (d)

595

Fig. 4. Total specific NO (a) and NO (b) emission in the different cycledsts
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performed under each temperature. AER1 and AERZXlaogvn in yellow and white
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background respectively.
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N,O and NO were measured in PN-SBR in the range of 30-10°C.
N,O peak emissions were related to the transition from low to high activity.
N,O emissions were affected by temperature in the first aeration.

NO emissions were not affected by temperature.





