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Abstract

Ammonia emissions were quantified for the labana&rale composting of
three typical organic wastes with medium nitrogentent: organic fraction of
municipal solid wastes, raw sludge and anaerolyicidjested sludge; and the
composting of two wastes with high nitrogen contanimal by-products from
slaughterhouses and partially hydrolysed hair ftoenleather industry. All the wastes
were mixed with the proper amount of bulking agé&mhmonia emitted in the
composting of the five wastes investigated revealsttong dependence on
temperature, with a distinct pattern found in amia@missions for each waste in the
thermophilic first stage of composting (exponenitigrease of ammonia emitted when
increasing temperature) than that of the mesopinilad stage (linear increase of
ammonia emissions when increasing temperature3oAgosting needs high
temperatures to ensure the sanitisation of congrabttmmonia emissions are one of
the main environmental impacts associated to cotimgpand responsible for obtaining
compost with a low agronomical quality, it is prgpd that sanitisation is conducted

after the first stage in large-scale compostingifess by a proper temperature control.

Capsule:
Ammonia emission pattern and correlation with pssagemperature are presented for

the composting process of different organic wastes.

Keywords: Ammonia emissions, Composting, Organic wastes;éds Temperature,

Sanitisation.
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1. Introduction

In recent years, composting has been presentaa esvironmentally friendly
and sustainable alternative to manage and recygn@ solid wastes, with the aim of
obtaining a quality organic product, known as costptm be used as organic
amendment in agriculture. Composting presents, tierysome associated
environmental impacts, being the generation ofytedl or odorous gaseous emissions
one of the major concerns in developed countrieg(;11993).

Ammonia is one of the main compounds responsdrigéneration of offensive
odours and atmospheric pollution when compostigguoic wastes with high nitrogen
content. Although the detection and recognitioesholds for ammonia are relatively
high (17 ppmv and 37 ppmv respectively, Busca asthifho, 2003) ammonia gas is
the main compound found in exhaust gases from cetimgp except for carbon dioxide
(Beck-Friis et al., 2001), in concentrations weleothe threshold limit (Elwell et al.,
2002; Hong and Park, 2004). Ammonia gas can calisase effects on vegetation and
can be converted to )N, a powerful greenhouse gas (Krupa, 2003).

Ammonia emissions from several sources such asttiek production (Dore et
al., 2004; Scholtens et al., 2004), manure apjpdicad soil (Webb, 2001), fertilizer
utilization (Sommer et al., 2004) and other indassources (Sutton et al., 2000) have
been extensively studied. Additionally, ammoniatabeent by means of different
technigues based on adsorption, absorption anddioall processes is also well
documented in literature, being biofiltration orfeétee options more widely reported

(Liang et al., 2000; Sheridan et al., 2002).
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However, except for animal manures, there is a tddnowledge about the
ammonia emissions from composting, especially wdrganic wastes of different
biochemical composition are considered. A few sisidionducted on the ammonia
emissions derived from the composting process hameluded that temperature, pH,
and initial ammonium content are the most imporgarameters affecting the amount
of nitrogen emitted as ammonia, since high tempegaand pH favour ammonia
volatilization by displacing N/NH; equilibrium to ammonia. Simultaneously, it is
widely reported that high temperature inhibit thigification process (Grunditz and
Dalhammar, 2001), and thereby, the possibilityaimmonia volatilization is high.
Thus, Beck-Friis et al. (2001) observed that am@aennissions started when
thermophilic temperatures (> 45°C) and high pH (@& coexist in the compost
environment, resulting in a total loss of nitrogeithin 24-33% of the initial nitrogen
content. Similarly, Cronje et al. (2002) determirledt the nitrogen losses for organic
mixtures with an initial pH < 6.2 were below 4%tbé initial nitrogen content.
Nevertheless, it must be emphasized that pH coistiolpractice very difficult during a
composting process, whereas temperature contrdde@onducted once the sanitisation
requirements are fulfilled (European CommissiorQ220J.S. Environmental Protection
Agency, 1995). In other works, the strategy of gsan intermittent aeration are tested
and proved to be effective in decreasing the amanemissions (Elwell et al., 2002),
however, this causes an oxygen limitation in thelaie process and a loss of biological
activity.

The objectives of this work are: i) to determine #mmonia emissions in the
composting process of three typically compostedega®rganic fraction of municipal

solid wastes, dewatered raw sludge and anaeroptigksted sludge and two organic
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wastes selected because of its extremely highga@tr@ontent: animal by-products from
slaughterhouses and hydrolysed hair from the legttoeluction industry, ii) to

correlate the ammonia emissions with the procespdeature, especially the distinction
between the mesophilic and thermophilic temperatamges, which are of crucial
interest in the sanitisation of the final compasgtio establish a qualitative pattern of
temperature control in the composting processdeoto minimise the ammonia
emissions and therefore, to reduce the environrhienpect associated and to improve

the agronomical quality of compost.

2. Materialsand methods

2.1. Composted wastes

Five organic wastes were used in the compostingraxents: source-separated
organic fraction of municipal solid waste (OFMSWjtained from the composting
plant of Jorba (Barcelona, Spain); dewatered ramgd (RS) a mixture of primary and
activated sludge from the urban wastewater treatpiant of La Garriga (Barcelona,
Spain); dewatered anaerobically digested sludgeS)Am the urban wastewater
treatment plant of La Llagosta (Barcelona, Span)mal by-products (AP) consisting
of slaughterhouse wastes composed of rejectedgpaaabbit and chicken (mainly
viscera, feather and other organs) obtained fractimposting plant of Jorba
(Barcelona, Spain); and partially hydrolysed hHiHj from a factory specialized in
leather production from cow skins in Igualada (Béwoa, Spain). Table 1 presents the

main initial characteristics of the composted nrigts OFMSW and AP were
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composted as they were obtained, since its irgtiaracteristics were appropriate for
composting (Table 1). In the case of wastewatatgd (RS and ADS) wood chips from
a local carpentry were used as inert bulking ageatvolumetric ratio 1:1 (bulking
agent:sludge), which was previously found as ogtiorasludge composting (Gea et al.,
2003). The main function of bulking agent was toviie an adequate porosity to
sludge, and it was not substantially degraded ulatb@ratory composting conditions.
HH was mixed with RS (1:1 weight ratio) to act asdulum in the composting process
since in previous experiments with HH alone (datbsmown) there was no composting
activity probably due to the strong chemical treatitrapplied to cow skins to remove
and hydrolyse hair. This mixture HH:RS were therediwith wood chips in a

volumetric ratio 1:1.

2.2. Composting experiments

All wastes were composted in a 30-L laboratory tea@ scheme of the
composting reactor is shown in Figure 1. Air wagpdied to the reactor by a suction-
type blower (air flow 5 L mirf) to maintain the oxygen content in the composting
material over 10%. Oxygen content in the compogtiadgerial was measured with an
oxygen sensor (Sensox, Sensotran, Spain). Ammonigeatrations of the exhaust gas
from the composting reactor were measured onlinanbglectrochemical gas sensor
(Bionics Instrument Co, Tokyo, Japan). Temperatofdee composting materials were
monitored during the composting period using a®-densor located at the centre of
the composter since the variability of temperataiees at different positions of the

composter was within the range of 5-10% (Gea e¢2@04). All the values were
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displayed and recorded with a personal computaye@ minutes. Moisture content
was initially adjusted and maintained between 4% @luring all the experiments
(adding tap water when necessary), since it isidersd optimal for composting (Haug,
1993).

Two replications for each waste were conductedulepresented in this paper
correspond to one replication. Differences of amime@missions and temperature
profiles between composting replications were mrdnge of 10-20%. Composting
experiments were finished when either compostingperature was near ambient

temperature (< 30°C) or ammonia emissions werg(4080 mg NH m™).

2.3. Analytical methods

Moisture content, dry matter content, organic eratbntent, N-Kjeldhal, carbon
content, C/N ratio, pH and electrical conductiwitgre determined according to the
standard procedures (U.S. Department of Agricultume U.S. Composting Council,
2001). The composter material was manually homagenprior to sampling and a
representative portion of the material (1 L) wasduas sample for analytical
determinations.

Respiration index was determined using a statigiremeter based on the model
previously described by lanotti et al. (1993) aolibiving the modifications and
recommendations given by the U.S. Department ofcAure and U.S. Composting
Council (2001). Values of respiration index areresged as mg of oxygen consumed g

! organic matter hand are presented as an average of three replicate
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3. Results and discussion

3.1. Composting experiments

Five organic wastes were composted at laboratalesmder controlled
conditions. The wastes were selected accordinigetdailowing criterion: a first group
of wastes consisting of OFMSW, RS and ADS as thstmommonly processed wastes
in composting plants, with a medium-to-low nitrogamtent from 2 to 3% and a C/N
ratio from 10 to 20 (Table 1); and a second graupastes composed of AP and HH
selected by their high nitrogen content (4-7%) artow C/N ratio (5-10), for which
composting appears as a sustainable and enviroalyeniendly management
technology, since nowadays these wastes are taidfjlled or incinerated.

Temperature profiles for the five wastes compoaredoresented in Figures 2a
to 6a. In the case of OFMSW, RS and ADS the themtiogange (initial stage) of
temperatures was quickly achieved and maintaine@-todays (Figures 2a, 3a and 4a,
respectively). This period was followed by a meslpmaturation phase (final stage),
which corresponded to a typical composting tempeegprofile at laboratory scale. In
the case of AP and HH, the thermophilic phase wagdr (Figures 5a and 6a). This
was probably due to the combination of organic coumgls found in these wastes, In
which organic matter is mainly composed of easdgrddable and energetic
compounds such as protein and fats, and large asotinrganic nitrogen are
available.

In any case, it is clear that the characteristich® wastes composted and the

temperature profiles obtained indicate that compgss a suitable technology to treat
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these wastes and to recycle them into stabilisddsanitised compost. It is particularly
interesting the fact that the initial respiratiowlices for the wastes considered were in
the range of active materials and indicated a hmylobic biological activity (California
Compost Quality Council, 2001). On the other hanshould be pointed out that
although sanitisation requirements were not felfilat laboratory-scale (European
Commission, 2001; U.S. Environmental Protectionigye 1995), it is likely that a

complete sanitisation may be easily achieved &stdle (Haug, 1993).

3.2. Ammonia emissions

Ammonia emissions were quantified in the compostihthe five wastes
studied. Results are shown in Figures 2a to 6all tases, a peak in the ammonia
emissions was observed in coincidence with thentbphilic stage. In fact, ammonia
emissions have been proposed in some works aslmator of the biological activity
of composting materials with high nitrogen cont@n&o et al., 1995). Among the first
group of wastes, OFMSW and ADS showed similar cotraéons of ammonia in
exhaust gases, with maximum values within 500-76(\#; m™, which are in
accordance with other works performed with wastigls similar nitrogen content such
as household waste (Beck-Friis et al., 2001) amy d@anure (Hong et al., 2002). On
the contrary, ammonia emissions of RS were loweannwtompared to OFMSW or ADS
(Fig. 3a) with maximum emissions in the range d iy NH; m 3, The reason for this
low ammonia emissions was not clear, since temypexgirofile and the initial
characteristics of RS such as nitrogen content,r@fid or pH were similar to that of

ADS. A possible explanation may be a high initiahtent of easily biodegradable
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nitrogen forms in ADS since it is well known thaganic nitrogen compounds can be
hydrolysed but not consumed in the anaerobic dgesind that there is an important
release of ammonia (Nah et al., 2000; SalminenRantiala, 2002). Therefore, when
composting ADS a high emission of ammonia was nredsn the initial high
temperature phase but little was lost later bectheseontent of ammonium probably
corresponded to little digestible organic N. Howewe the case of RS ammonia
emission was lower during the initial phase witgrhiemperature and the ammonia
emission was relatively higher in later phasesipbsdue to transformation of
digestible organic N to ammonium.

The second group included AP and HH, wastes wih hitrogen content, low
C/N ratio and a relatively high pH (Table 1). Asidze seen in Figures 5a and 6a,
ammonia emissions were very high, especially aettteof the thermophilic stage of
the composting process, in which values of 30000486 NH m were detected.
Table 2 summarise the cumulative ammonia emissamngd for each waste composted.
These results were higher than those found indhgosting of other high-nitrogen
wastes, such as fish wastes with an initial nitrogentent of 9.23% and a C/N ratio of
7 (Liao et al., 1997) and fish-processing sludgenan initial nitrogen content of 9.3%
and a C/N ratio of 4 (Nakasaki et al., 2000). Hogreit must be pointed that, to our
acknowledge, this is the first study on the comipgsdtf AP and HH. From our results,
it seems clear that an imbalance in the initial @itb provoked a release of high
amounts of nitrogen as ammonia, as it has beemtegppreviously (Tiquia and Tam,

2000).
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3.3. Influence of process temperature on ammonia emissions

Two main factors determine the ammonia emissionriseé composting of a
given waste: temperature and pH. High temperatifieeta ammonia volatilization and
at a higher pH, non-volatile ammonium ions are eoted to the volatile ammonia
form. The control of pH in a composting processrnly possible by using acid
amendments such as bauxite residues (Qiao and39a@) br even biodegradable
plastics (Nakasaki et al., 2000) or by precipig@mmonia into struvite crystals by
addition of Mg and P salts (Jeong and Kim, 200&yydver, these methods are usually
expensive at full-scale or the amendment matemalg be not available. Additionally,
in previous experiments (data not shown) we obsktivat the wastes with an initial
slightly alkaline pH maintain this value during #ike process. This was the case of RS,
ADS, AP and HH in which pH values were usuallyhe tange of 7.5-8.5. In the case
of OFMSW, with a slightly acidic initial pH, thelaline range of pH was also achieved
in few hours (data not shown).

On the contrary, temperature in the compostinggse can be easily measured
on-line and controlled by changing the aerationmegor the turning frequency (Haug,
1993). In Figures 2b to 6b, the ammonia emissidiseved in the composting of each
waste studied are presented vs. process temperAttireugh there was some
dispersion in experimental data, it can be obsetiwatduring the first thermophilic
stage of composting an exponential fit could batpesdy correlated between
temperature and ammonia emissions (significant®& Probability level), whereas the
trend during the final stage of composting (maimkysophilic) was linear (significant at

0.05 probability level). The correlation coefficterior each waste and stage are
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presented in Table 3. The exponential growth ugsetéscribe the ammonia emissions
of the initial stage is supported by the fact thatbiological activity of the initial
mixtures is very high as it is shown by the redmraindex values (Table 1). This
demonstrates that the material is fully active fribva very first moment of the
composting process causing a rapid increase ofaenpe to reach thermophilic
values. These results were not observed in RS cstmgoin which an exponential fit
was also suitable for the final stage (althoughstbpe was significantly lower than that
of initial stage), and could not be confirmed floe first stage of HH composting,
because of a lack of experimental data in thisoperAlthough the effect of compost
temperature on ammonia emissions is not clearlgrstdod (Beck-Friis et al., 2001) a
possible explanation for the ammonia emissionepats that at the initial stage of
composting, degradation of large amounts of edstdglegradable organic compounds
with high nitrogen content provoke a release of amiangas which is exponentially-
dependent on temperature as it is expected foistyedle ammonia. On the contrary, at
the final stage of composting, nitrogen is bounddmplex organic molecules and
involved in humification processes (Baddi et ab02; Paredes et al., 2002), which
prevents ammonia release and volatilisation. Maggeoas temperature is an excellent
indicator of the biological activity of the compiog} process (Haug, 1993), the fact that
ammonia emissions were exponentially correlatet teinperature can be related to an
exponential microbial growth in the first stagecoimposting, which provoked a
significant generation of metabolic heat. In raatto this, it should be pointed that
although several studies on microbial communitlesamposting have been carried out
and the evolution of specific microorganisms hagerbpresented using several

techniques (Gamo and Shoji, 1999; Herrmann andr§H&97; Ishii and Takii, 2003;
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Tang et al., 2004: Tiquia et al., 2002), it is @ntdthat a reliable measure of the total
active biomass in a composting process is stikitar A high percentage of non-
culturable microorganisms and the complexity oflgipg some advanced
microbiological techniques to a composting envirenirare the main difficulties found
in monitoring composting biological profiles. Indlcontext, indirect parameters related
to biological activity such as oxygen uptake r&ed et al., 2004) or ammonia
emissions presented in this work can be usefiiemtonitoring of the global activity of

the composting process.

3.4. Implications on compost sanitisation

The control of temperature in the composting psedeas one restriction: the
sanitisation of compost. Time-temperature cond#ifor pathogen inactivation prior to
compost application to soil are required by intéoral environmental agencies
(European Commission, 2001; U.S. Environmentaldetain Agency, 1995), however,
the moment of sanitisation is not specified in éhedernational rules. On the other
hand, methods for minimizing ammonia evolutionxha&ust gas, and thus for
maximizing ammonia retention in the compost, wdwgdiavourable from the
standpoint of preserving the fertilizer element emdvoid atmospheric pollution and
odour nuisance. From the results obtained in thidysa temperature control at full-
scale should be based on maintaining a relatiwytemperature during the first stage
of the process (50-55°C) where ammonia emissianbar and to fulfil the sanitisation

requirements at the final stage of composting dftermaximum activity has been
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achieved. The objective of this control would bertimimise ammonia losses during the

composting process to improve the quality of thegost and to reduce treatment costs.

4. Conclusions

A quantitative study on the ammonia emissions gpeced in the composting of
five organic wastes was carried out. The main agichs are:
1) Ammonia emissions exhibited a similar relatiapshkith temperature profile for each
waste. However, the total amount of ammonia emittad as expected directly related
to the C/N ratio of the waste.
2) Ammonia emissions pattern in the compostindheffive wastes investigated
strongly depended on process temperature. Howtneetrend observed in the
thermophilic initial stage of composting showedeaponential increase when process
temperature increases, whereas a linear correla@sfound for ammonia emissions
and temperature in the final mesophilic stage efabmposting process.
3) Sanitisation of the compost is required prioapplication and it is achieved by
maintained high temperature during a period of timeéarge-scale composting
operations, sanitisation should be conducted #feemitial thermophilic stage. This
would reduce ammonia emissions, environmental itnglihe composting process and
the cost of exhaust gases treatment.
4) Optimal temperatures for the composting proaesslation to the reduction of
ammonia emissions should be investigated for eadtenn order to obtain compost

with the maximum nitrogen content.
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5) Temperature appears to be the most suitablengdea to control ammonia emissions
when composting of organic wastes. However, thecefif pH on ammonia emissions
and the combination of temperature-pH effects shbelthe aim of future studies on

composting organic wastes.
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Tables

Table 1: Initial characteristics of the different wastextores composted. OFMSW:
Organic Fraction of Municipal Solid Waste; RS: R&ludge; ADS: Anaerobically

Digested Sludge; AP: Animal by-Products; HH: Hygsad Hair.

Parameter OFMSW RS ADS AP HH
Moisture (%) 46.7 61.8 62.4 55.0 55.4
Dry Matter (%) 53.3 38.2 37.6 45.0 44.6
Organic Matter (% dry basis) 67.3 57.7 52.5 69.1 60.1
N-Kjeldhal (% dry basis) 2.2 2.5 2.6 4.3 6.1
N-NH," (% dry basis) 0.21 0.47 0.66 0.54 0.30
CIN ratio 17 13 11 8.8 5.4
pH 6.1 7.1 7.6 8.0 8.2
Electrical conductivity (mS ci) 3.0 1.8 21 5.6 3.4

Respiration index
3.82 6.68 3.74 4,74 3.22
(mg O g™ organic matter 1)




22

Table 2: Cumulative ammonia emissions for the differenst@amixtures composted
(referred to initial weights of waste, dry matterganic matter and nitrogen). OFMSW:
Organic Fraction of Municipal Solid Waste; RS: R&ludge; ADS: Anaerobically

Digested Sludge; AP: Animal by-Products; HH: Hygsad Hair.

Organic Waste OFMSW RS ADS AP HH

Ammonia emitted (g Nklkg™ waste) 0.17 0.04 023 2.39 10.3

. . _l
Ammonia emitted (g Nklkg™ dry matter) 0.32 010 0.60 5 30 20.7

. . _l -
Ammonia emitted (g Nklkg ™ organic matter) 0.47 017 1.16 767 34.4

Ammonia emitted (g N&lkg™ N) 1.4 040 2.3 14.1  33.8
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1 Table3: Correlations found between ammonia emissionsemgerature for the
2 different waste mixtures composted. OFMSW: Org&maxction of Municipal Solid
3 Waste; RS: Raw Sludge; ADS: Anaerobically Digesadige; AP: Animal by-

4  Products; HH: Hydrolysed Hair.

5
6
7
Correlation ammonia emissions vs. temperature*
Organic Waste First stage (thermophilic) Final stagesophilic)
NH; emitted = 0.40exp(0.13T) NH;3 emitted = -122+5.0T
OFMSW
(R? = 0.96) (R*=0.94)
NH; emitted = 1.12E-31exp(1.26T) NH3 emitted = 0.37exp(0.10T)
RS (R? = 0.89) (R*=0.92)
NH; emitted = 0.22exp(0.13T) NH; emitted = -108+5.6T
APS (R* = 0.89) (R*=0.80)
NH3 emitted = 0.10exp(0.15T) NH3 emitted = -694+46T
A (R*=0.85) (R?=0.82)
NH3; emitted = -5270+212T
HH not determined
(R*=0.85)
8

9 * Temperature in °C and ammonia emissions in mg M#

10
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Figure Legends

Figure 1. Scheme of the composting reactor. 1-Air inletLeachates outlet, 3-
Temperature probe, 4-Air pump to oxygen and ammsearsors, 5-Thermal insulation,
6-Perforated plate, A-Composting volume, B-Leachatdlection and air supply.
Figure 2: Evolution of ammonia emissions and temperatutéeéncomposting of
Organic Fraction of Municipal Solid Waste. A) Evaun during composting time. B)
Correlation ammonia emissions vs. temperature.

Figure 3: Evolution of ammonia emissions and temperatutbeéncomposting of Raw
Sludge. A) Evolution during composting time. B) @dation ammonia emissions vs.
temperature.

Figure 4: Evolution of ammonia emissions and temperatutéeéncomposting of
Anaerobically Digested Sludge. A) Evolution duric@mposting time. B) Correlation
ammonia emissions vs. temperature.

Figure5: Evolution of ammonia emissions and temperatutbencomposting of
Animal by-Products. A) Evolution during compostitige. B) Correlation ammonia
emissions vs. temperature.

Figure 6: Evolution of ammonia emissions and temperatutb@ncomposting of
Hydrolysed Hair. A) Evolution during composting #oB) Correlation ammonia

emissions vs. temperature.
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Figure 1: Pagans et al.
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Figure 2: Pagans et al.
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1 Figure3: Pagans et al.
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Figure 4: Pagans et al.
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Figure5: Pagans et al.
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Figure 6: Pagans et al.
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