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Abstract

This paper aimed to compare household waste, gedapay solids, food waste, pig slaughterhousegsud
and green algae regarding processes ruling nitrafjgramic during composting. For each waste, three
composting simulations were performed in parahethiree similar reactors (300L), each one undesrestant
aeration rate. The aeration flows applied were atsagd between 100 and 1100 L/h. The initial waste #he
compost were characterized through the measureroétiteir contents in dry matter, total carbon, If@hl and
total ammoniacal nitrogen, nitrite and nitrate. Ighl and total ammoniacal nitrogen and nitrite anitdate
were measured in leachates and in condensate&nomonia and nitrous oxide emissions were monitaned
continue. The cumulated emissions in ammonia anditious oxide were given for each waste and aheac
aeration rate. The paper focused on process of aificaiion and on transformations and transfer atblt
ammoniacal nitrogen. The parameters of nitrous exdchissions were not investigated. The removal ohte
total Kjeldahl nitrogen was shown being closelyitie the ammonification rate. Ammonification wasdatled
thanks to the calculation of the ratio of biodegdalé carbon to organic nitrogen content of the éipddable
fraction. The wastes were shown to differ signifity regarding their ammonification ability. Nitreg
balances were calculated by subtracting nitrogessels from nitrogen removed from material. Defairits
nitrogen balances were assumed to correspond teergion of nitrate even nitrite into molecular agen and
then to the previous conversion by nitrificationtofal ammoniacal nitrogen. The pool of total amrmoal
nitrogen, i.e. total ammoniacal nitrogen initiatlgntained in waste plus total ammoniacal nitroggdeased by
ammonification, was calculated for each experim&hen, this pool was used as the referring amaurhe
calculation of the rates of accumulation, strippamgl nitrification of total ammoniacal nitrogen.p@eated pig
solids were characterised by a high ability to awglate total ammoniacal nitrogen. Whatever the gjaiste
striping rate depended mostly on the aerationaateon the pool concentration in biofilm. The fiitétion rate
was observed as all the higher as the concentratidotal ammoniacal nitrogen the initial waste was low.
Thus, household waste and green algae exhibitedigiest nitrification rates. This result could mehat in
case of low concentrations in total ammoniacalogién, a nitrifying biomass was already developedi that
this biomass consumed it. In contrast, in caseigl koncentrations, this could traduce some diffies for

nitrifying microorganisms to develop.

Keywords: Organic waste, composting, nitrogen dynamic, amfization, nitrification, ammonia emissions,

nitrous oxide emissions.
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1. Introduction

Concern with nitrogen dynamic in composting aimsdentify the ways allowing to reduce ammonia and
nitrous oxide emissions either by keeping nitroogrecompost or through its conversion into molecul@rogen.
Indeed, nitrous oxide is a powerful greenhouse agas ammonia emissions contribute to bad odoursndrou
composting plants and take part to the eutroplunatif ecosystems and to acid rains. More, lossestriogen
reduce the fertilizer value of the compost.

In their review on environmental impacts of biolalji treatments of organic waste, Mallard et al.0@0
estimated ammonia emissions during composting aréud kg N-NH/Mg DM for green waste and around 4.5
for wastewater sludge, between 0.6 and 1.2 fordimld waste, between 1.4 and 9.4 for pig and cattlaure
and between 4 and 6 for biowaste. Komilis and H2006) found that these emissions were 2, 4.4 arid)34-
NHs/Mg DM for respectively paper, green waste and fa@dte whereas Pagans et al. (2006) found thas thes
emissions were 0.47, 0.17 and 7.67 kg N3Nty OM for respectively organic fraction of munieipsolid
waste, raw sludge and animal by-products. Emissidrrstrous oxide, expressed as equivalent @garding
green house effect, range between 2 and 50 kgM@ODM for biowaste, between 5 and 125 for houséhol
waste, between 10 and 1700 for pig and cattle neaand around 340 for wastewater sludge (Mallardl.et
2006).

These results indicated that there is a wide variadf ammonia and nitrous oxide emission resulfiogn
different waste nature and composting conditions

Assuming microorganisms use 15-30 parts of carloorefich part of nitrogen, low C/N ratios were often
considered being responsible for higher emissidrasyononia (Okereke and Meints, 1985, Pagans e2@06,
Tiquia and Tam, 2000, Zhu, 2007), whereas high @fids would allow to immobilize and even fix nigen
(Liang et al., 2006). However, as reported by Kinamn and Witter (1989), many authors did not oleseinvy
reduction of ammonia emissions as C/N was increa3éwn, some claimed for the account of the
biodegradabilities of carbon and nitrogen instebitlsacchemical concentrations (Liang et al., 20Pé&illat et al.,
2005; Paré et al., 1998). Indeed, Liang et al. §2@bserved that the addition of sucrose reduceedggn losses
during composting of manure with straw whereas dlelition of paper had low influence on ammonia
volatilization. Liang et al. (2006) also reportdwt Subair (1995) and Witter (1986) found that Ewounts of
glucose were effective in reducing emissions of;Nitien composting liquid hog manure and sewage sludg

with straw.
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Many papers also dealt with the influence of theaten rate, the temperature and the pH on the stoms
of ammonia. Thus ammonia emissions were foundhallhigher as the aeration rates (de Guardia e2G083;
Kdrner and Stegmann, 2003; Liang et al., 2004) t¢heperatures (Pagans et al., 2006; Witter and 2-6eal,
1987) and the pH (Beck-Friis et al., 2001; Crorjale 2002; Ekinci et al., 2000; Pagans et alQ&@vere high.

Waste nature and composting conditions were inyattd in order to account for nitrification and
denitrification too.The concentrations of nitrite and nitrate measimetbmposting materials were usually low
(Lemus and Lau, 2002), which could result whetbdotv nitrification rates or most probably to deffitation
following nitrification. In addition, since moleau nitrogen produced through denitrification is loampared
to N, concentration in air, denitrification can not kesidy quantified by measurement of M exhaust gazes.
Then, nitrification and denitrification were usyalktonsidered on basis of a qualitative approachnwihe
nitrogen balance was not coherent. The oxygen corat®n, the concentration in NHMNH; and the
temperature in composting material were invokeadoount for nitrification and denitrification ratéBishop
and Godfrey, 1983; Eiland et al., 2001; Kdrnerlgtl®99; Kérner and Stegmann, 2003; Tiquia and ,T2000;
Wong et al., 2001). The increase of nitrate, whestnof the biodegradable matter was biodegradedndush
the concentration in total ammoniacal nitrogen Hreltemperature decreased, was interpreted as daagp
both the availability of oxygen and the achievenmndptimal temperatures for nitrification. In cosmt, others
considered denitrification occurred even when oxiygencentration was higher than 15% and they attt
the increase of nitrate to a slow-down of denitdfion resulting from a diminishing of biodegradabkganic
matter (Lemus and Lau, 2002; Liang et al., 2006).

In agreement with theory, ammonification leadsi® ftelease of total ammoniacal nitrogen, which teafs
to total ammoniacal nitrogen initially present lretwaste. Then, this pool of total ammoniacal gigrois either
immobilized as organic nitrogen, accumulates in post, is emitted as ammonia or is converted intate
then molecular nitrogen through nitrification anendrification. Thus, the removal of nitrogen framaterial
results mostly from the transformations and thadfer of total ammoniacal nitrogen. However, fewogrs (de
Guardia et al., 2008) took into account the amadimirganic nitrogen ammonified in the calculatidrtte rates
of accumulation, stripping and nitrification.

More, although Martins and Dewes (1992) underliied influence of ammonification on ammonia
emissions and although the peak of ammonia emsstmeurred when biological activity was maximum
(Kérner et al., 1997), i.e. at the peak of matergmhperature (Bhoyar et al., 1979), the correlabetween

ammonification and organic matter biodegradations weoor studied. However, in agreement with the
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assumption that ammonification was closely tiedadoon biodegradation and to organic nitrogen curdéthe

biodegradable fraction, de Guardia et al. (2008) laang et al. (2006) assumed a correlation betvagganic

nitrogen ammonifiedANorg, and organic carbon removed;org:

ANorg = ACorg x[1/(TC/ Norg)]

with TC/Norg, the ratio of carbon to organic nitesgof either the biodegraded fraction (Liang et 2006)

or of the initial substrates (de Guardia et alQ&0

This state of the art showed that there was stiked for a better understanding of processesgruiinogen

dynamic during composting. This study aimed to caragfive organic waste, i.e. household waste, sdger

pig solids, food waste, pig slaughterhouse sludyk green algae, regarding their behaviour towardarac

nitrogen mineralization, ammonia striping, INHNH; accumulation in compost, nitrification and defiitation.

Composting conditions like aeration and temperatweye also investigated as potential parameters of

ammonification, accumulation, striping and nitréftmon. Composting experiments were performed inpiddits

under forced aeration.

Nomenclature

Chio biodegradable carbon

Cbio/Nbio C/N ratio of the biodegradable fraction

COD chemical oxygen demand
Ccv coefficient of variation
CI/N carbon to nitrogen ratio
DM dry matter

FwW food waste

GA green algae

HW household waste

NH,"/NH; total ammoniacal nitrogen

N-nit nitrogenifiétd
KN Kjedahl nitrogen

Norg organic nitnoge

N® nitrite

NO nitrate
oM organic matter content
OMq initial content in organic matter
P pool of NH/NH; contained in

initial waste and released by ammonificati
PSS pig slaughterhouse sludg
SPS separated pigsoli

DN

NH3 ammonia TC total carbon
N,O nitrous oxide WC wood chips
2. Methods

2.1. Materials used and performance of experiment

The waste were collected on site less than 24hréefach composting simulation. The household waste

(HW) was collected at a composting plant (Launaptla Brittany, France). After three days in a totg

drum, the household waste were submitted to mecabsrting to extract impurities. Finally, they neamixed
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with yard waste to achieve their composting. Het#y was sampled after mechanical sorting and before
composting. The food waste (FW) was collected edfateria. The separated pig solids (SPS) werelsanap a

pig livestock. They corresponded to the solid facbbtained following centrifugation of pig slurryhe pig
slaughterhouse sludge (PSS) was collected at tis¢ewater treatment plant of a slaughterhouse. Taeng
algae (GA) were collected on the beach of St Mi@reGréves in Brittany. They were rinsed then,rardifor
24h before the composting experiments. The houdelakte, the food waste, the pig slaughterhousigslu
and the green algae were mixed with calibrated weogs (WC), which dimensions ranged between 18®b a
30 mm. Moisture content of the mixtures was congaribetween 56 and 70%. In the case of PSS, thgeslud
was sampled between January and October of the gaane Except for PSS, the same waste was loaded in
three similar reactors. These consisted in insdlaidindrical chambers (300L) in which air was bloat the
bottom then crossed the material. A constant aeratite was applied on each reactor meaning thevimlir of
each waste was studied as it was submitted to thifisgent aeration rates. The aeration rates weraprised
between 100 and 1100 L/h. The value of the highesttion flow was chosen on basis of airflows aguplt
real scale. The medium and the lowest ones weeetsel in order to, whether limit biodegradationnttsa to
oxygen supply (PSS at 105 L/h), or achieve compi&ebilisation i.e. avoid limitation by drying tdast the
material. The in-coming airflow, the material terrgtere and its total mass were measured in contimueks

to respectively a volumetric gas meter, three P@i@bes and weigh sensors. The exhaust gases olaeted

at the top of the reactors and the condensatestbmere trapped in bottle condensers. The condenaat the
leachates were weighed every day then, analysattedtrations of oxygen, carbon dioxide, methanenania
and nitrous oxide were measured in both the in-ngrand out-going airflows. The emissions of ammaveae
measured for each waste and at each aeration retee&s nitrous oxide emissions were measured figr on
household waste, food waste and green algae. Theriadlawas turned once, twice or three times during
composting. The composting was stopped when thgarxgonsumption rate seemed constant and arouad zer
The experiments lasted from 27 to 50 days. Theldetating to initial and final characteristicbtbe mixtures

and to experimental conditions were given in Tdbie Part 1 of this pair of articles.

2.2.  Pretreatmentsand chemical characterization of the waste and of the mixtures

As much as possible, in order to reduce lossesigiirarying, the chemical characterization was &gjpdin
moistened waste i.e. without any drying. Thus, rigkinto account its low particle dimensions, seferaig
solids and composted ones were characterized witmudrying neither grinding. The characterizatadrthe

composted mixtures containing wood chips made aibks i.e. under or over-estimate one of its conguus.

6
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Thus, for mixtures of green algae with wood chtps, strategy consisted to separate the compostsi fram
the wood chips by mechanical sieving and even mawgaration. For mixtures of household waste wittod
chips and pig slaughterhouse sludge with wood chipschanical screening was coupled with aqueous
extractions. For food waste, the initial waste #me mixture obtained after composting were drieshtground
before characterization. Taking into account wobg<€ pieces dimensions and that they biodegradasesl
than studied waste, the method assumed that the whips were inert meaning wood chips obtainedr afte
composting were not characterized. Whatever theérpegment, the same was applied on initial andpmsted
waste.

Thus, as mentioned earlier, separated pig solidscamposted ones were characterized without anpgiry
neither grinding. Fresh and composted green algae wut in a food grinder without any drying, ahdrt, they
were characterized. Taking into account that thapmsted household waste and composted pig slabghitss
sludge remained adsorbed on the wood chips, theratgn was achieved thanks to mechanical sievingled
with aqueous extractions. Such extraction alsocedlosses through drying since volatile compowttiorbed
on solids, i.e. composted waste or wood chips, wagped in the aqueous extracts. Then, the aquedtesct
was characterized with the standard methods ugelijfods. The solids were dried then analysed. glubal
composition was obtained by adding each phaseibatiom. Taking into account sanitary risks, i.athpgens
and odours, initial food waste and composted megur.e. food waste plus wood chips, were not stibchio
aqueous extractions. The high dimensions of foodtevgarticles led to dry then grind initial wasteda
composted mixtures before their chemical charaagadn. In this case, the wood chips were assumed i
regarding the duration of the experiments and tlemtribution was subtracted from the characteignat
applied on the final global mixture i.e. compostedd waste plus wood chips

The initial and composted wastes were charactefi@etheir content in dry matter (DM), organic neatt
(OM), total carbon (TC), chemical oxygen demand pg(Kjeldahl nitrogen (NK), total ammoniacal nitrerg
(NH4'/NH,), nitrite (NGy) and nitrate (N@). Whatever the waste, the compost or the compastetlire, three
samples at the minimum were pre-treated then ap@lysthe coefficient of variation (CV) was inferito 5%,
then the analysis was registered. If not, sometiatidi samples were submitted to pre-treatmentaaradysis.

In the case of analysis practised on moistenedriahtthe heterogeneity was higher than for driad ground
materials, which led to characterize 5 to 15 sampdeget CV inferior to 5%.
The contents in TC, COD, NK, NFHNH;, NO, and NQ', of the condensates and of the leachates, were

measured too. Each sample collected was analyred times leading to CV inferior to 5%.
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Detalils relating to the pre-treatments and standathods applied for chemical characterization vggven

in Part 1.

2.3. Methodsfor calculation of the rates of ammonification, accumulation, stripping and nitrification

Organic nitrogen content was obtained by subtrgctital ammoniacal nitrogen from Kjeldahl nitrogen.
Then, thanks to the knowledge of the mass of wiastded in the reactor and of the mass of the cotagdos
waste and thanks to characterizations applied tialimand composted waste, it was possible to d¢aleuthe
mass of organic nitrogen in the initial waste amthie composted one. The rate of ammonification etmained
by dividing the mass of organic nitrogen removedrducomposting by the mass of organic nitrogenaioed
in initial waste.

Ammonification leading to the release of total ammigal nitrogen and the removal of nitrogen from
material being due at first to the transformatiamsl to the transfer of total ammoniacal nitrogeigyfe 1),
both were considered in the calculation of the sabé accumulation, striping and nitrification oftab
ammoniacal nitrogen. Then, the pool P was defiretha addition of the mass of total ammoniacabgin

contained in initial waste plus the mass of totah@niacal nitrogen released by ammonification:
P= N_NH4+/NH30 + ANorg .

The mass of total ammoniacal nitrogen releasedvatly ammonificationANorg, corresponded to the mass
of organic nitrogen removed during composting asthtioned above.

Thus, the accumulation rate was the ratio of theshtd total ammoniacal nitrogen contained in cortgzbs
waste to the mass of pool P i.e. the mass of &mtahoniacal nitrogen contained in initial waste pghes mass of
total ammoniacal nitrogen released by ammonificatimth potentially participating to accumulation.

The striping rate was the ratio of the mass obgitn emitted as ammonia to the mass of total amanahi
nitrogen, which could potentially be emitted ilee tmass of the pool P. Considering that nitrogetroimdensates
was mostly as NiH/NH; and that it came from condensation of the out-gajag, it was added to nitrogen
emitted as ammonia.

In agreement with Figure 1, total ammoniacal nigrodgransformed by nitrification can be calculated b
subtracting from the pool P the masses of total amatal nitrogen accumulated plus the mass of total
ammoniacal nitrogen striped as ammonia plus totamaniacal nitrogen collected in condensates and in

leachates. Then, as for the calculation of thesrafeaccumulation and striping, the rate of nitafion was
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calculated by dividing the mass of total ammoniat&ogen nitrified by the mass of P i.e. the masotal

ammoniacal nitrogen which could be potentially sfanmed by nitrification.

Figure 1 here

3. Results and discussion

3.1. Chemical characteristics of the initial and composted waste

The chemical characteristics of household wastpars¢ed pig solids, food waste, pig slaughterhouse
sludge, green algae and wood chips were given lieTain Part 1. Considering all the studied wattte,mean
value of TC was 572.1 g/kg OM with a coefficient \wdriation (CV) equal to 9% and the mean of COD
concentrations was 1570 g/€g OM with a CV equal to 18.0%. In contrast, thaste differed significantly to
each other regards to their contents in organidcemand in Kjeldahl and total ammoniacal nitrog€hus, OM
content was the lowest for green algae, 53.3% Did, the highest for food waste, 91.4% DM. The N-NK
concentrations ranged between 17 and 60 g N-NK/kgdorresponding respectively to household waste and
pig slaughterhouse sludge. The highest concentsaiio N-NH,"/NH; were observed for separated pig solids
and pig slaughterhouse sludge whereas,'WH; was under detection level (0.01 g/kg DM) in houddh
waste. Since drying was responsible for high logsdetal ammoniacal nitrogen, and taking into astothat
not any aqueous extraction was practiced for foadtey N-NH'/NH; was not measured within. The chemical
characterization showed that the wood chips différem the waste mainly regards to their contemtsiirogen,
which were inferior to 1.0 g N-NK/kg DM and undegtection level for NEf/NHs. No nitrate neither nitrite
were detected in the initial substrates.

The chemical characteristics of composted waste \geren in Table 3 in Part 1. During composting th
concentrations in N-NK and N-NANH; increased or decreased depending on the wasteratite aeration

rate. No nitrate neither nitrite were detectechim tomposted waste.

3.2.  Ammonia and nitrous oxide emissions

The cumulated emissions of ammonia and nitrouseoridasured on green algae were given Figures 2a and
2b as an illustration of Nftand NO emission profiles. As it was often mentionediterature, the peaks of NH
and NO occurred either at the peaks of oxygen consumpéte or after material turning.

The highest levels of ammonia emissions were olsefor pig slaughterhouse sludge, between 4.8 érid 3

g N-NHs/kg OM, (Table 1). They ranged between 2.9 and 10.8 g N®$HOM, for the food waste and the
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green algae (Table 1). The ammonia emissions virerdotvest for the separated pig solids and the éfmld
waste i.e. inferior to 1.7 g N-N¥kg OM, for SPS and to 0.1 for HW (Table 1). These dataegyith ranges
reported by Mallard et al. (2006). For a given wasicept for pig slaughterhouse sludge, the lasfserogen
as ammonia emissions were all the higher as tregiaerrate applied was high, which was in agreernétt
literature (de Guardia et al., 2008; Kdrner andy®i@nn, 2003; Liang et al., 2004). However, thiséase with
aeration rate depended on the waste too. Indeisdntitease was significant for food waste, pigigleterhouse
sludge and green algae and almost negligible farséloold waste (Table 1). More, for pig slaughtesieou
sludge, although nitrogen emitted as ammonia,in.@as plus condensates, accounted for more thé# &0
nitrogen removed from material at the two highest#on rates, there was a decrease of ammonissiemss
from 36.1 to 26.4 g N-Nklkg OM, while the aeration rate was increased from 4860861 /h (Table 1). This
decrease could be due to a lower ammonificatiom aatL066 L/h than at 486 L/h (Table 2), which magult
from limitation of biodegradation because of a leigkinetic of drying at 1066 L/h.

Concerning nitrous oxide emissions, these wereigiblg during composting of household waste andifoo
waste. They ranged between 2.2 and 4.5 g,0/kg OM, for the green algae i.e. in the same range as ammo

emissions (Table 1).

Figure 2 here

Table 1 here

3.3.  Nitrogen balance

Taking into account neither nitrite nor nitrate edound in initial waste and in composts, totafagen in
initial waste and composts corresponded to Kjeldattbgen. Initial contents in Kjeldahl nitrogen daiits
removal rates were given in Table 1 for each waSéparated pig solids were characterized by lowoxeain
rates of initial content in nitrogen, between 5r&l 8.3%, whereas these were comprised betweenadil7
43.1%, 43.3 and 57.0%, 48.4 and 66.2% and 39.66&r8% for respectively household waste, food waste,
slaughterhouse sludge and green algae (Table ¥ndcomposting, nitrogen was either kept, eithgrosted
from material in leachates or emitted as ammonisgus oxide and molecular nitrogen in exhaust gakesses
of nitrogen as percent nitrogen removed from makesiere also given in Table 1. The nitrogen losises
leachates depended mostly on the amount of leaxhateon one hand on the substrates, their meistointent
and their water holding capacity, and on the otbaraeration flow. However, the nitrogen losseteacthates
also depend on nitrogen dynamic in the compostiagerial i.e. on transformations and transfer ofogjén.
Table 1 shows that, in this study, these losses withe higher as the aeration rate was low. JTthese losses

10
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represented until 50% of nitrogen removed from sligughterhouse sludge at 105L/h. Losses as ammonia
represented from 0 to 83% of nitrogen removed. dimaulated losses of nitrogen i.e. in the leachatethe
condensates, as ammonia and as nitrous oxide, rtecbfor 1 to 91% of nitrogen removed from the miate
Except for pig slaughterhouse sludge, more than 45%itrogen removed was always lacking in nitrogen
balance (Table 1). For the household waste, thisuttewas even superior to 97% (Table 1). N lacking
nitrogen balance was considered as molecular mitrogmitted following nitrification and denitrifidgan as
usually assumed in literature. Figure 3 gives lustilation of the concentrations in N-NK in initiakste and of
nitrogen kept in material, lost in leachates andtteshas NH, N,O and N in each experiment performed. In
case of separated pig solids and pig slaughtertgludge, nitrous oxide was not measured and itasasunted

as N emissions. Thus, nitrogen removed from materiad amitted mainly as Nor household waste and green

algae whereas it was emitted mainly assNibt pig slaughterhouse sludge (Figure 3).
Figure 3 here

3.4. Influence of ammonification on nitrogen removal and on ammonia emissions

Taking into account that the total ammoniacal gjgno was not quantified in the food waste and coteglos
ones, food waste was excluded from part of the¥ahg discussion.

The ammonification rates were given in Table 2. entioned earlier, the removal of nitrogen from
material results at first from the transformati@msl the transfer of total ammoniacal nitrogen (Fégl). More,
ammonification leads to the release of total amiacadi nitrogen. Then, ammonification has a potential
influence on removal rates of nitrogen from matefeure 4 confirmed this influence. Indeed, teenoval rate
of Kjeldahl nitrogen was shown closely correlatenl the removal rate of organic nitrogen through
ammonification. Thus, the removal rates of Kjeldaltogen and the ammonification rates were arotofb
for household waste and between 50 and 70% forslaigghterhouse sludge and green algae. Separaed pi
solids exhibited some negative ammonification rat€hus, in the case of separated pig solids, the
immobilization of total ammoniacal nitrogen as origanitrogen in biomass and humic substances waarsu
to its release by ammonification. In contrast, Household waste, pig slaughterhouse sludge anch gigae,
immobilization was lower than ammonification. It svaot possible to identify any direct influence thé
aeration rate on the removal rate of Kjeldahl gjgo (Table 1) neither on the ammonification rateb(€ 2).

Table 2 here

Figure 4 here
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In literature, many authors suggested that amneatifin was linked to the biodegradation of the piga
matter. Liang et al. (2004roposed a linear relationship between both as:

ANorg = ATC x[1/(C,,, / Ny, )]

with ANorg, the amount of organic nitrogen ammonifiedimyircompostingATC, the amount of carbon
removed during composting, ari} /Ny, the ratio of carbon to nitrogen concentrationghef biodegraded
fraction.ATC was previously calculated in Part 1. BatHorg andATC are given in Table 2. Figure 5 gives an
illustration of ANorg as function oATC. Although the regression coefficients of theetin correlations are low
for pig slaughterhouse sludge and separated pidssdh./Nyo ratios were calculated for each waste thanks to
the measurement of the slopes corresponding t&€fdNui,)] (Table 2). Figure 5 illustrates well that the
ammonification ability differs significantly fromne waste to another. Thus, the green algae wergvalsee
which biodegradation was responsible for the highesoval in organic nitrogen, i.e. the higheseask in total
ammoniacal nitrogen, per unit mass of carbon rewmhok®wever, although §/Ny, was lower for green algae
than for pig slaughterhouse sludge, 5 against ib@ge sbiodegradability of pig slaughterhouse sludgenuch
higher than the one of green algae, the compostimgg slaughterhouse sludge until stabilisatioll vélease
more total ammoniacal nitrogen than green algaecdnmtrast, taking into account thatdNy, ratio was
superior for household waste than for green aldd@gainst 5, and that the biodegradability of ebotd waste
was superior to the one of green algae, composiirfgousehold waste was responsible for a loweraselef
total ammoniacal nitrogen than green algae. Thathagvalue of G/Ny, obtained for separated pig solids
illustrated that for separated pig solids, immaition of total ammoniacal nitrogen as organicogién was
higher than ammonification.

Figure5 here

For a given waste, the proposed relationship shthvas the total ammoniacal nitrogen released by
ammonificationis all the higher as /Ny, is low and as biodegradation rate is high, leagiotentially to
higher emissions of ammonia. Figure 6a confirmed the ammonia emissions were all the lower agdtie
Chio/Npio Was high. However, it was not possible to obsexmg reduction of ammonia emissions when the
content in biodegradable carbon increased (Fighjel6 contrast, the ammonia emissions were alhtgker as
Npio contained in initial material was high (Figure 6€hen, here, the decrease of ammonia emissions when
Cuio/Nbio increased was due to the decreasewgfrither than to the increase qfC

Figure 6 here
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3.5.  Accumulation versus striping or nitrification of NH, /NH;

The rates of accumulation, striping and nitrifioatiwere calculated for each experiment in ordedéntify
the parameters ruling the transformations of thel podefined as total ammoniacal nitrogen initiadbntained
in waste plus total ammoniacal nitrogen release@rynonification. The accumulation rate, the stgprate
and the nitrification rate were represented on féguas function of the aeration rate, the conegintn of the
pool P in the biofilm, the mean temperature of eterial during composting and its content in bgrdeable
carbon. The concentration of P in the biofilm wasmeated by dividing the amount of P by the meaam of
water in the material during composting:

mH,0, .., = [mH,0, +mH,0_,]/2.

The mean temperature, the maximum temperature f@dnean content in water in the material during
composting are given in Table 3.

At first, it can be noted that separated pig sabdsharacterised by a high ability to retain J¥NH; (Figure
7a), pig slaughterhouse by a high sensitivity tgpistg (Figure 7b) and household waste and gregaeaby a
high ability to nitrification (Figure 7c).

Considering processes, it seemed that the accuomnlaite decreased slightly when the aeration rate
increased (Figure 7a). Except for household wastbgh were characterized by a high ability to ifytrthe
accumulation rate decreased strongly when the gmudentration increased (Figure 7d). These resaltiéirm
the influence of ammonification rate on ammoniassioins and are in agreement with the basic knowlexhg
mass transfer between liquid and gaseous phaseaslhot possible to find any evident influencehaf mean
temperature (Figure 7g) and of the initial confarttiodegradable carbon (Figure 7j) on the accutinriaate.

As result of the decrease of accumulation whenatiiation rate and the pool concentration increased,
Figures 7b and 7e confirmed the increase of thgirslr rate when the aeration rate and the pool eotnation
increased. In opposition to assumptions of theditee, the mean and the maximum temperatures €Tabl
Figure 7h) were not evident parameters of ammomigsons. Thus, the striping rate of separatedspigls
was inferior to 10% whereas its mean temperaturanglcomposting was around 50°C. It was not foung a
correlation between the striping rate and theah@ontent in biodegradable carbon (figure 7k).

The nitrification rate seemed poorly influencedtbg aeration rate (Figure 7c). It should be metibthat,
except for pig slaughterhouse sludge at 105 L#,akygen supply was never limiting (Part 1) , magrthat
such limitation could not be invoked to explain tfiscards regards to nitrification rates. The loscr@ase of

the nitrification rate of pig slaughterhouse sludg®en the aeration rate was increased was a refsitt low
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ability to retain total ammoniacal nitrogen andhigh sensitivity to striping. Although it is nob ®vident, it
seemed that the rate of nitrification decreasedmwiie pool concentration increased (Figure 7f), trat
nitrification was maximum when temperature was athw5°C and decreased with lower or higher
temperatures (Figure 7i). This result agreed witt#rdture in which high concentrations in total aomiacal
nitrogen and high temperatures were assumed toddavn and even inhibit nitrification (Bishop and @@y,
1983; Eiland et al., 2001; Kérner et al., 1999; ik@irand Stegmann, 2003; Tiquia and Tam, 2000; Vébrag.,
2001). The content in biodegradable carbon (Figlyevas not found influent of nitrification processeither
the pH of the initial wastes, ranging between 616 &.7.

Back considering specific behaviour of each waste,separated pig solids were characterised byl hi
ability to retain NH'/NH; (Figure 7a), which was supported by a medium coination of NH/NH; in the
biofilm (Figure 7d). Comparing to other wastes &udd separated pig solids were constituted of fiswid
particles. Thus, assuming a high specific surfdais, last may also explain this high retention citya As
result of its high accumulation capacity, the stigprate of separated pig solids was low and poselysitive to
the aeration rate (Figure 7b). Other parametess fikk and conductivity should be investigated ineortb
explain its behaviour and especially its low nit@tion ability.

The pig slaughterhouse sludge were characterizetidiy rather high ability to striping (Figure 7hyhich
can be explained by their higher concentrationbllify’/NH; in comparison with the other waste (Figure 7e).
These higher concentrations explained its low acdation ability too (Figure 7d). At 105 L/h, the pdf pig
slaughterhouse sludge ranged between 8.4 and Bid.ugh the pH at 105 L/h was higher than at 486 H066
L/h, ammonia striping was lower. The increase efstriping rate with the aeration rate was intaguies being
responsible for the simultaneous decrease of itsraalation (Figure 7a) and nitrifying (Figure 7djildies.
However, the nitrifying ability of pig slaughterheri sludge reached 25% at the lowest aeration 18t l(/h)
which could mean that pig slaughterhouse sludgealsés to nitrify provided the residence time of NNH;
was sufficient. In other words, in the case of gligughterhouse sludge, the nitrification kinetiersed lower
than the striping one leading to low nitrificatioates. However, further specific experiments areded for
explaining this behaviour regarding nitrification.

The household wastes were characterized by thegir ddbility to nitrification (Figure 7c) which reded their
accumulation and striping abilities around zerd.tAé total ammoniacal nitrogen released by amnizatibn
was nitrified. The higher ability to nitrificationf household waste coincided with an initial corication in

NH,"/NH; around zero (Table 1 in Part 1) which could méws titrification was already in progress in irlitia
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substrates and that a nitrifying biomass was ajrgamesent within. The household waste are chaiiaetéby a
high content in paper i.e. cellulose, which coaddur the development of nitrifying microorganistos.

Finally, the green algae were characterized by tiagher high ability to nitrification (Figure 7c)his could
be partly explained by the fact that these algaelde in seawaters with high concentrations in phosus and
nitrogen. As for household waste, this ability @idted with low concentrations in NHNH; in initial materials
(Table 1 in Part 1). Although the striping ratéggoeen algae were rather low, their increase withaeration
rate was also favoured by the rather high conctomsin NH,"/NH; in the biofilm (Figure 7e).

Figure7 here

Taking into account the previous observations hitrification rate was represented as functionhef initial
concentration in total ammoniacal nitrogen in treste. Figure 8 let think that the concentratioN i, /NH3 in
the initial waste was an indicator of the nitrificen ability of the waste. Indeed, the higher wéss t
concentration in the waste, the lower was the wabibty to nitrification. Thus, the low concenti@ts in
NH,/NHs in initial materials could mean that nitrifying miorganisms are already present within and that
nitrification is already in progress. Moreover, igoncentrations of NAYNH; could mean that nitrifying
microorganisms develop very slowly as demonstratedlouin et al. (1990). These results also sugtjest
nitrification ability is an intrinsic property ohé waste and then that process conditions havwe aftuence on
this ability. However, further experiments shoutdgerformed in order to characterise the nitrifyilgmass in
the waste. These should be completed by a chearichbiochemical characterisation in order to idgntipH,
conductivity or some biochemical fractions influeddhe development of the nitrifying microorganisms

Figure 8 here

4. Conclusion

Household waste, separated pig solids, food wastg,slaughterhouse sludge and green algae were
compared regarding processes ruling nitrogen dymamcomposting. The removal rate of total nitrogess
demonstrated being closely correlated to the amfication rate. The ratio of biodegradable carbon to
ammonifiable organic nitrogen,,&@Npi,, Was calculated for each waste. The green algae rgsponsible for
the highest release of total ammoniacal nitrogerup& mass carbon biodegraded whereas househait vesd
to the lowest one. In contrast, the biodegradaticseparated pig solids led to the immobilizatidiNél ;”/NH;.

The waste content in ammonifiable organic nitrogég,, and the aeration rate applied were found the most
predominant parameters of ammonia emissions. Niftrogalances showed that losses in leachates and as

ammonia and nitrous oxide accounted for 1 to 91%nitfogen removed from material. Except for pig
15



10

11

slaughterhouse sludge, the gap between nitrogeovexhfrom material and losses in leachates andhasoaia
and nitrous oxide exceeded 45% meaning a largegbaritrogen removed was nitrified, then, transerto
atmosphere as molecular nitrogen. Neither aerasitmnor biodegradable carbon content were foufhgeint of
nitrification rate. In contrast, the high nitrifitan rates of household waste and of green algaeided with
the lowest concentration in total ammoniacal ninoig initial waste. Then, nitrification rate was faliolosely
correlated to this concentration. This could méwsat,tin case of low concentration in total ammoalagtrogen

in initial waste, nitrification was already in pmegs and that in case of high concentrations,fyiig
microorganisms develop slowly. Further experimemise to be performed in order to quantify nitrifyin
microorganisms and to investigate if their develepmwas correlated with chemical or biochemical

characteristics of the wastes.
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Table 1:
Ammonia and nitrous oxide emissions and nitrogdarize

Initial N
Aeration N,O and NH; content Removal Losses in nltrqgen as Closure in
rate eMISSIoNs in N- rate of percent total nitrogen nitrogen’
NK N-NK removed from material (%)
gh- 9N g Nikg ) 5
L/h NHs/kg N,O/kg OM % Leachs Cond” N,O NH; %
OM,! OM, 0
HW 117 0.0 0.0 22.4 36.7 2.3 0.0 0.1 0.0 -97.6
394 0.1 0.0 22.4 43.1 0.2 1.3 0.0 0.0 -98.5
746 0.1 0.0 22.4 41.3 0.2 0.8 0.0 0.0 -99.0
SPS 166 11 nnr 43.1 5.8 0.0 35.2 nm 109 -53.9
226 1.0 nm 43.1 5.9 0.0 27.0 nm 13.0 -60.1
443 1.7 nm 43.1 8.3 0.0 25.0 nm 234 -51.6
FW 138 55 0.1 43.4 57.0 131 12.9 05 094 -64.1
372 8.1 0.0 43.4 43.3 11.6 12.5 0.0 304 -454
773 10.8 0.0 43.4 50.9 4.4 9.6 0.0 39.2 -46.8
PSS 105 4.8 nm 61.1 48.4 48.4 0.0 nm 16.2 -354
486 36.1 nm 73.8 66.2 10.5 17.6 nm 56.3 -15.7
1066 26.5 nm 55.0 57.5 7.1 0.5 nm 83.3 -9.2
GA 156 2.9 2.2 65.9 42.6 0.0 0.0 8.0 105 -81.5
391 6.6 4.5 65.9 39.6 0.0 0.0 17.3 253 -57.5
721 9.3 3.6 65.9 56.3 0.0 0.0 96 250 -654
Mean 6.5 9.5 39 228 -58.8
Max. 36.1 4.5 48.4 352 173 833 -9.2
Min. 0 0.0 0.0 0.0 0.0 0.0 -99.0
1 NH; in gases plus condensates
?| eachates
3Condensates

* Closure in nitrogen: [(Losses in nitrogen in lestels + condensates and agONand NH) — (Nitrogen
removed from material)]*100/(Nitrogen removed fromaterial)
®>nm: not measured
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Table 2

Ammonification rate and Cbio/Nbio ratio of the bagpfadable fraction

Aeration rate Ammonification rate ATC ANorg. Cbio/Nbio
L/h % g C/kg OMq g N/kg OMq
HW 117 36.7 415.4 8.2
394 43.1 427.4 9.7
746 41.3 380.6 9.3 45
Mean 407.8 9.1
CV (%) 6.0 8.3
SPS 166 -4.8 196.2 -1.4
226 -7.5 210.6 2.1
443 -0.6 208.7 -0.2 -166
Mean 205.2 -1.7
CV (%) 3.8 -31.2
PSS 105 63.5 330.3 335
486 71.4 287.7 44.8
1066 52.0 328.3 21.0 10
Mean 3154 33.1
CV (%) 7.6 36.0
GA 156 55.9 208.2 35.9
391 50.2 197 32.2
721 62.1 178.2 39.9 5
Mean 194.5 36.0
CV (%) 7.8 10.7
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Table 3

Mean temperature, maximum temperature and meaemointwater in material during composting

Mean content in

Aeration rate T mean T max
water
L/h °C °C kg H,O/m? reactor
HW 117 38.5 55.2 198.5
394 34.8 57.2 186.7
746 34.4 57.1 169.8
SPS 166 51.5 66.5 275.0
226 47.6 65.5 285.0
443 47.1 64.2 279.8
FW 138 35.4 48.3 124.3
372 32.6 47.3 118.8
773 32.3 48.0 117.8
PSS 105 45.6 53.4 367.6
486 459 68.4 354.3
1066 43.4 66.7 317.7
GA 156 29.8 53.5 106.5
391 27.8 40.7 105.0
721 24.5 34.5 90.2
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During composting Final

Initial

NH, N,O N,O N,

Denitrification
NO; NO, NO;
Striping
Nitrification
NH,*/NH, NH,*/NH, NH,*/NH,
Immobilization
Ammonification

N organic N organic

Accumulation in material and transfer to leachates
Biological transformation
Transfer to atmosphere

Figure 1: Nitrogen transformations and transfemsngucomposting.
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Cumulated emissions of
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Figure 2: Cumulated emissions of ammonia and rétaxide during composting of green algae.
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Figure 5: Organic nitrogen removal as functionafoon removal.
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