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Abstract

A study was conducted to investigate the utilizatad mature compost as a
biofilter media for the removal of ammonia from teehaust gases of the composting
process. Source-selected organic fraction of mpaicisolid wastes, digested
wastewater sludge and animal by-products were cetadadn a pilot-scale reactor and
the exhaust gas was treated in a biofilter. Du¢hto high ammonia adsorption and
absorption capacity of the compost media, no detastart-up phase was observed and
high removal efficiencies were achieved from thgibeing of the experiments. A
global ammonia removal efficiency of 95.9% was ot#d in the biofilter for a loading
rate range of 846-67100 mg M biofilter- hi*. However, an important reduction of
ammonia removal was observed when the waste gdaiged high NH concentration
(more than 2000 mg NH1®), which corresponded with the case of animal lydpcts

composting.

Keywords. Ammonia removal, Biofiltration, Compost media, r@gosting, Organic

solid wastes.



1. Introduction

At present, solid waste management is becominglaagbroblem in developed
countries. Composting is an environmentally frigntdchnology to treat and recycle
organic wastes. Composting is not only used forottganic fraction of municipal solid
wastes, but is also applied to residuals comingnfnedustrial activities. Municipal or
industrial wastewater sludge [1] and animal by-pidd [2] are examples of organic
solid wastes susceptible to composting.

At present, odor emissions and atmospheric poliuice the most common
problems associated with composting of organic egasnh large-scale facilities.
Composting installations present numerous odorcesurincluding the reception and
handling of materials, active composting, stockingil etc. Exhaust gases from
composting are usually characterized by high floates and low pollutant
concentrations. Ammonia has received much atterisoih can be easily identified from
other composting odors, often represents the matrogen gas emitted during
composting and it can be released in large amoDatgtadation of protein, urea or uric
acid produces ammonium [3]. In this process, plhperature and moisture content
determine the NBINH," balance and hence the ammonia emission. Nitrogsses
from composting material normally imply a poor agsmical quality of the final
compost and environmental pollution problems, sagldor nuisance and acid rain [4].
Ammonia emissions in a composting process of omémiction of municipal solid
wastes varies between 18 to 150 gsNWg* waste [5], while ammonia concentrations
up to 700 mg Nkt mi® have been reported in exhaust gases from sludgpasting [6].

Among the available technologies for gas treatmerdfiltration is an odor

reduction technique that can be adapted to reduicgs®ns from composting processes



[7]. It is considered a suitable technology in terwf waste recycling, emissions
reduction, and low construction and operating cof®$. In a biofilter, a

contaminated/odorous gas stream passes througthogibally enriched layer of a filter
material such as soil, wood chips, compost or mixadterials, followed by
biodegradation of the absorbed/adsorbed pollutdiie byproducts of microbial
oxidation are primarily water, carbon dioxide, mmesalts, some volatile organic
compounds and microbial biomass [9].

Several important variables affect the performan€ea biofilter. Microbial
activity is affected by moisture content, pH, nemti limitation, temperature and
microbiology of the biofilter medium. Compost-basededia have been used
extensively in recent years because they have @mpicrobial communities capable
of degrading several pollutants, and they have gweater retention properties and a
suitable organic matter content. Mature compostianede inexpensive and readily
available; therefore their use in biofilters is @aod option in composting facilities.
Additional nutrients are not usually required foofhters based on compost because it
has significant amounts of organic nitrogen ancekothicronutrients. At the same time,
the high ammonia content in most composting gasgplies enough nitrogen for
biofilters used on composting plants [6]. Compast be mixed with bulking agents to
avoid high pressure drop, clogging and flow chalimgland to increase its durability
[9, 10].

Biofilters permit a high removal of ammonia, usyalound 95-98% on a wide
variety of support materials, either organic orrgamic [11]. Lianget al. (2000)
investigated the long-term ammonia removal usingp@post biofilter and achieving

removal efficiencies above 95% with loads rangingrf 0.33 to 16.25 mg Nkg



media®-H* and empty bed retention time (EBRT) ranging frah83to 78 s [10]. Other
studies on biofiltration of exhaust gases in conipgsfacilities indicate reductions of
98% for an average loading rate of 10180 mgMtf biofilter-h* and an EBRT of 16 s
[12, 13]. There is, however, a lack of knowledgeowbthe operational limits of
biofiltration when treating odorous waste gases taiomg high ammonia
concentrations [14], such as some of the compastdrials in Spain.

This work studies the efficiency of a compost biefi for the removal of
ammonia from the exhaust gases of the compostingeps of source-selected organic
fraction of municipal solid wastes (OFMSW), digestwastewater sludge (DS) and

animal by-products (AP).

2. Materialsand Methods
2.1. Organic wastes composted

OFMSW was obtained from the municipal compostinganpl of Jorba
(Barcelona, Spain); DS was obtained from the umvastewater treatment plant of La
Llagosta (Barcelona, Spain); and AP, consistingegdcted parts of chicken and rabbit
(viscera, carcasses, feathers, etc.), were obtdinadthe municipal composting plant
of Jorba (Barcelona, Spain). All wastes were mdpualixed with bulking agents
(chopped pruning waste) to ensure an optimal pyrasid moisture content. In the case

of OFMSW two volumetric ratios of bulking agent:wea¢5:1, 1:1) were tested.

2.2. Experimental set-up
OFMSW, DS and AP were composted in a thermally lated 30-dm

laboratory reactor. Air was supplied to the readtdermittently by a suction-type



blower (Sensotran, Spain, model GCYA/BA) to conttble content of oxygen
(Sensotran, Spain, model Sensox 6C) in the commpstiaterial to ensure aerobic
conditions (oxygen concentration above 10%). Tloevbl extracted the air (5 drmint

1) through the compost mass and discharged the skigas to a pilot-scale biofilter
filled with mature compost as a biofilter mediunmovin-flow direction was selected to
improve moisture control. Since temperature ofgaffes from the composting reactor
was below 35°C, it was not necessary to cool ddwengas entering the biofilter and it
operated within a mesophilic temperature rangeutjinout the whole experimental
period. A scheme of the composting and biofiltratsystem is shown in Figure 1.

The biofilter was constructed with circular methdate pipe, and its dimensions
were: height 1.2 m and diameter 0.2 m. The meduhdeas 0.23 m, resulting in a total
bed volume of 7.2 dina volumetric loading rate of 0.69 drdm® media- mift and a
gas retention time of 86 s. Initial properties lod mature compost used as the biofilter
media are shown in Table 1.

Two runs were conducted for each waste compostedeach run lasted about 1
week. Experiments were carried out continuouslyaloout 2 months. This paper only
presents the results of the most significant teste for each waste. Differences of
ammonia emissions, temperature profiles and ammbiotration among replicate

composting experiments were in the range of 10-20%.

2.3. Analytical methods
Ammonia concentrations of the exhaust gas fronttmposting reactor and the
biofiltration process were measured online by attebchemical gas sensor (Bionics

Instrument Co, Tokyo, Japan). Temperatures of tbenposting materials were



monitored during the composting period with a Ptpd@be (Desin, Spain, model SR-
NOH). All the values were displayed and recordethwai personal computer every 30
minutes using a commercial data logger (Desin, r§p&AS-8000). Values of
elimination capacity and removal efficiency aresgmted as an average of 6 values
obtained during a period of 3 hours.

Periodic measures of the temperature and pressapeatross the media were
carried out manually using a digital thermometearfhia, mod. Checktemp) and a U-
type water manometer.

Physico-chemical properties of the biofilter composedia were analyzed
before and after the biofiltration process for daieing moisture content (MC) on a
wet basis, organic matter content (OM), respirometrdex (RI), organic nitrogen and
NH;*-N content, carbon/nitrogen ratio (C/N), pH andctieal conductivity. These

parameters were analyzed according to acceptecoasefh5].

3. Results and Discussion

Properties of the compost material before and aftemonths of biofilter
operation are shown in Table 1. The MC increasenh finitial value of 40.4% to final
value of 60.8% due to the absorption of moistucenfithe exhaust gas. It is reported
that exhaust gases from composting are usuallyrvgaterated [6]. The value of pH
and electrical conductivity did not change sigrfidy. While some authors [16] have
reported that compost biofiltration of ammonia tesli in the acidification of the
support material, it was found by others [14] thAbut 50% of the ammonia was
nitrified and the other 50% remained in the filleedium as ammonium. In our case,

the NH,"-N concentration increasexb the compost media absorbed ammonia and the



organic nitrogen slightly decreased. Similar resulere obtained by Liang al. (2000)
[10]. The biofilter media's C/N ratio decreasedtlas effluent gas from composting
reactor was biofiltered. Biological activity (measd as RI) increased throughout the
biofiltration process demonstrating the growth af active biomass during the
experiments. The increase in the RI value can be tueither a reactivation of
biological activity of the compost media itself tw the formation of new active
biological colonies resulting from the biofiltratigorocess.

The biofilter operated in the mesophilic range (erature between 15 and
26°C). Although temperature in the biofilter waseafed by ambient temperature, the
values were in the optimum range reported for amancgmoval within 15 and 35°C
[6].

The pressure drop exhibited an increase of 17 mmterwdue to the gradual
clogging and compaction of the compost particléss Tact was more evident when the
loading rate and the moisture content of the packmaterial increased. However, the
value of the pressure drop did not increase tatigalrvalue during the whole period of
the experiment and no channelling phenomena weserogd.

Temperature profiles of the compost reactor fohea@eriment are presented in
Figures 2, 3, 4 and 5. Temperature is routinelydus® an indicator of the biological
activity of the composting process. Optimum decositpm takes place in the range of
45-55°C and pathogen inactivation in the compostfasgorable over 55°C. The
temperature of the three wastes reached the théihoo@mnge, which corresponds to a
peak of degradation of fresh organic matter, withire to two days. The maximum
temperatures achieved for OFMSW (5:1), OFMSW (100% and AP were 52.0°C,

58.0°C, 61.2°C and 66.2°C respectively.



Figures 2, 3, 4 and 5 also show the variation ofmama concentration in the
inlet and outlet gas stream of the biofilter and tasulting removal efficiencies for the
four composted wastes. The ammonia inlet concémtraanges from 16 to 36 mg
NHs-m® for OFMSW (5:1), from 5 to 530 mg NHm> for OFMSW (1:1), from 10 to
650 mg NH-m* for DS, and from 60 to 3150 mg NHn> for AP. The highest
ammonia emissions were observed during compostirgPodue to their high initial
nitrogen content (4.3% in comparison to those foim@®FMSW and DS, which were
2.2% and 2.6% respectively), especially proteiras e easily biodegradable. The low
ammonia losses obtained during composting of OFMSW) could be related to the
high C/N ratio of the mixture, which is one of theain factors controlling NI
availability of the raw composting material [17].

The exhaust gas from the biofilter ranges from @ tog NH-m* for OFMSW
(5:1), from 0 to 39 mg NEm* for OFMSW (1:1), from 0 to 17 mg NHm* for DS,
and from 30 to 590 mg NHmi® for AP. The comparison of cumulative ammonia
emissions before and after biofiltration for thef@eomposted wastes is shown in Table
2.

The highest value of ammonia concentration in timéeti gas stream
corresponded with high values of composting tentpesa showing an intimate
relationship between the composting temperaturete@cdmmonia emissions. Several
studies, such as composting of deep litter [18] emhposting of poultry manure [3],
show that the highest peak of ammonia emissionreaturing the temperature increase
period. According to Sikora (1999), NHsolubility is reduced by 30% when
temperature increases from 40 to 55°C and whennpkeases [19], which causes the

increase of ammonia in the exhaust gas of the cetimgpprocess.



Due to the high ammonia adsorption and absorptapaacty of the compost
media, no start-up period was observed for the vainaf ammonia (Figures 2, 3 and 4,
Table 2). New biofilter material often provides gameatment for the first few days of
operation because it acts as an adsorber [20]efdrer a global removal efficiency of
98.8% was obtained at a global loading rate of @¢6NHs- m* biofilter- h* (day 0-5 for
OFMSW (5:1)), a global removal efficiency of 95.9%4as obtained at a global loading
rate of 7500 mg NEim* biofilter- H* (day 0-6 for OFMSW (1:1)) and a global removal
efficiency of 99.4% was obtained at a global logdimte of 6670 mg Ngm?
biofilter-H* (day 0-6 for DS). Even increasing the global logdmate to 67100 mg
NHs- m biofilter- hi* (day 0-4 for AP), the removal efficiency only $itty decreased to
a global value of 89.5%. However, for AP from dagr} the removal efficiency in the
biofilter strongly dropped to an average value 6f{740 (ranging from 90% at the
beginning of this period to some values well beRB9%6 at the end of this period). This
phenomenon may be explained by two possible cad3dbe compost biofilter might
have reached its maximum ammonia adsorption anorj@iien capacity i.e., during this
period, as adsorption and absorption capacities ppobably saturated, ammonia
removal may only be possible by biological degremtatHowever, in this case it would
be expected a more sudden rise in the ammonia ewaten in the exhaust gas from
the biofilter; 2) therefore, it is more probablethmicrobial activity was inhibited by
waste gases containing high ammonia concentra{e2800 mg-rii). According to
Hartikainenet al. (1996) toxification of the biofilter can cause el in the removal
efficiency for ammonia at a waste gas concentrdéwal exceeding 45-50 mg NH®
[21]. On the contrary, Smet al. (2000) reported no toxicity effect of ammonia be t

nitrifying activity of the biofilter even at ammamconcentrations up to 550 mg NhB
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% [14]. However, a recent study on the modelizatadnammonia biofiltration, has
reported that high concentrations of free ammomithe support material can strongly
inhibit the biological activity of a biofilter [22]This fact can explain the observed low
elimination capacities at low loading rates (Fig6je Nevertheless, a combination of
the two causes considered, jointly with other plme@oon such as mass transfer
limitation [23], can be responsible for the dropsetved in the ammonia removal
efficiency.

No significant leachate production in the biofilias observed in the case of
OFMSW or DS, as expected, since no water and migriadditions were carried out.
Only in the case of AP 1.9 dhof leachate were collected, which was probably tue
the high temperature achieved in the compostingcga® which favoured water
evaporation and transport to the biofilter mediaewmehit condensed. The characteristics
of this leachate were only determined once, resyiti: pH 8.46, electrical conductivity
26.6 mS-cnt and NH'-N concentration 8.5 g-df Assuming these values, the
maximum nitrogen concentration in the leachate dowdpresent 20% of the total
ammonia load to the biofilter.

The dependence of ammonia removal rate on loa@it®gis shown in Figure 6.
The maximum ammonia elimination capacity of thefitier was 85200 mg Nk ni®
biofilter-H* at a loading of 96800 mg NH® biofilter- ', The critical load was 27000
mg NHs-mi® biofilter-H'. From this value there is a drop of the ammoniaosl
efficiency and the trend line of observation poifitdtens, relative to the diagonal,
which is typical behaviour of biofilters when openg above critical load conditions
[20]. However, when the system became saturatddotwgical activity was inhibited,

(day 4-9 for AP), it was not capable of eliminatingluent loads lower than the
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estimated critical load. This fact should be takén account in the design of biofilters
treating high ammonia loading rates, especiallgamposting plants, where operational

conditions and wastes composted can be variable.

4. Conclusions

Several conclusions can be obtained from this study

1) Biofiltration technology using compost as bit#il media can effectively remove
most of the ammonia content from the compostinggse of source-selected organic
fraction of municipal solid wastes and digested texater sludge, achieving removal
efficiencies over 95%.

2) The maximum levels of ammonia in exhaust gasegsponded to periods when the
highest temperatures were achieved in the comgpptiocess, which are usually within
the thermophilic range.

3) No start-up phase in the biofilter was obserfigedhe removal of ammonia probably
due to the high ammonia adsorption and absorpapadty of the compost media.

4) In the case of animal by-products, only a parganoval of ammonia was obtained
due to the high ammonia emissions. This is an itapbrobservation with regard to the
biofiltration of composting gases with high ammoodacentrations.

5) After achieving a high inlet concentration andnulative loading of the biofilter,
performance declined. The exact cause of the riealias not determined. It could
simply be a result of exceedance of the adsorpéiod absorption capacity of the
biofilter, or build-up of by-products that ultim&tanhibited biological activity. This is
of especial importance in composting plants, whie operational conditions (for

instance, bulking agents used, volumetric ratio bodking agent) or the wastes
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composted can be variable. Further research isssane in the field of biological
treatment of highly polluted ammonia gas streamdetermine the exact conditions for
the inhibition of the ammonia biofiltration usingraplex support materials such as
compost and treating real exhaust gases.

6) The optimization of the initial composting mixdg is also a key factor in the
conservation of nitrogen in compost. This will pérto reduce ammonia emissions to

be treated in the biofiltration process.
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Tables

Table 1: Properties of biofilter media before and after tiailtration period.

Parameter Initial Final
Moisture content (% wb) 40.40 60.80
Organic matter content (% db) 59.69 48.57
pH 8.70 8.98
Electrical conductivity (mS- ci) 3.33 3.95
Organic-N (% db) 3.46 3.28
NH."-N (% db) 0.33 0.93
C/N 8.72 6.40
Respirometric index (mg £y OM™- h 1.03 1.82

)

wb: wet basis; db: dry basis.
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Table 2: Cumulative ammonia emissions (before and afterilteof, global loading
rate, global elimination capacity and the resulghgpal removal efficiency for the four

composted wastes

Cumulative NH emissions _ Elimination
3 Loading Rate _ Removal
(mg NH;- ni°) Capacity o
(mg NH: Efficiency
Before After N L (mg NH:
o o m’ biofilter- h~) N L (%)
biofilter biofilter m biofilter- h~)
OFMSW (5:1) 773 11.3 846 829 98.8
OFMSW (1:1) 6310 289 7500 7170 95.9
DS 8510 89.2 6670 6580 99.4
AP (day 0-4) 53400 4580 67100 61300 89.5
(day 4-9) 36100 15300 37500 21700 46.7
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Figure L egends

Figure 1. Scheme of the pilot scale composting and biafilbn system. 1-Composter;
2-Biofilter; 3-Air inlet; 4-Leachates outlet; 5-Tgrarature probe; 6-Exhaust gas from
composter and inlet biofilter gas; 7-Suction typeweer; 8-Ammonia sensor; 9-Oxygen
sensor; 10-Compost media; 11-Sampling ports; 12dvieater; 13-Outlet biofilter gas;
14-Data logger and control system; 15-Personal coenp

Figure 2. Ammonia emissions in inlet (circles) and outletafgles) gas streams of
biofilter, average removal efficiency (squares) atemperature (solid line) of
composting process of source-selected organiddraof municipal solid wastes (5:1).
Figure 3: Ammonia emissions in inlet (circles) and outletafgles) gas streams of
biofilter, average removal efficiency (squares) atemperature (solid line) of
composting process of source-selected organiddracf municipal solid wastes (1:1).
Figure 4. Ammonia emissions in inlet (circles) and outletafhgles) gas streams of
biofilter, average removal efficiency (squares) atemperature (solid line) of
composting process of digested wastewater sludge.

Figure 5: Ammonia emissions in inlet (circles) and outletafhgles) gas streams of
biofilter, average removal efficiency (squares) atemperature (solid line) of
composting process of animal by-products.

Figure 6. Average elimination capacity of the compost Wiefi for different loading
rates during composting of source-selected orglaation of municipal solid wastes,
digested wastewater sludge and animal by-produday (Q-4) (circles) and during

composting of animal by-products (day 4-9) (triasyl
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Figure 1: Pagans et al.
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Figure 2: Paganset al.
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Figure 3: Paganset al.
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Figure 4: Paganset al.
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Figure5: Paganset al.
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Figure 6: Paganset al.
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