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Abstract

A tailor-made apparatus called ammoniometer haven bapplied to the study of
ammonia adsorption, absorption and biodegradatidive different organic materials
(compost, coconut fiber, bark, pruning wastes aedt)pobtained from full-scale
biofilters in operation in several waste treatm@fnts. The results showed that
absorption could be represented by a Henry's lawali equation, with values of the
Henry coefficient significantly higher (from 1866 t1.5320) than that of pure water
(1498). Adsorption data was successfully fitted.amgmuir and Freundlich isotherms
and maximum adsorption capacity varies from 1.06L&@®1 mg NH/g dry media.
Ammonia biodegradation rates for each organic n@tewere also calculated.
Biodegradation rates varied from 0.67 to 7.82 mgs/kiéH media/d depending on the
material tested. The data obtained showed impodiffietences in the behaviour of the
biofilter organic media, which has important implions in the design and modelling

of these systems.
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Introduction
Gaseous emissions in composting facilities areabéei (Eitzer, 1995), being ammonia
one of the main compounds responsible for generatib offensive odours and
atmospheric pollution when managing organic wadtsicipal solid waste treatment
plants usually treat polluted gaseous emissionsdiiitration, a suitable technology for
pollution abatement, particularly for air streamghwlow contaminant concentration
and high flow rates. In a biofilter, a contamindtetbrous gas stream passes through a
biologically enriched layer of a filter material duas soil, wood chips, compost or
mixed materials, followed by a biodegradation af #bsorbed/adsorbed pollutant. The
guality of the biofilter media has been reportedas of the key factors in the biofilter
performance. The most common situation in munichxdte treatment plants is the use
of organic materials because of their high avdilgbtand low cost (Pagans et al., 2005;
Pagans et al., 2006). Among the operational adgastaf using organic materials it is
pointed the presence of complex microbial commesitapable of degrading several
pollutants, a high water retention capacity andlaleke organic matter and nutrients for
microorganisms (Devinny et al., 1999). In fact,réhes abundant literature on the high
capacity of biofilters packed with organic matesiauch as compost for ammonia
elimination (Liang et al., 2000; Pagans et al.,20@ark et al., 2002; Smet et al., 2000).
The determination of the biodegradation rate ofilbép materials permits to know
the real biofiltration capacity and to anticipate toehaviour of the biofilter in the case
of a flow fluctuation or a change in concentratwinpollutants, especially in waste
treatment plants (Lang and Lager, 1992; Schlegelmet al., 2005). However, when
biodegradation rates are calculated it is necegsacgnsider adsorption and absorption
phenomena. These phenomena are believe to play aole in the performance of

biofilters, especially under transient conditionrssbhock loading, since absorption and



adsorption may act as buffer for biological actiiBarona et al., 2005; Mcnevin and
Barford 2001). Additionally, operation of biofilerns usually conducted at a moisture
level of the packing material around 50-70% (Deyinand Deshusses, 1999),
conditions in which the prevalence of adsorptiomlesorption mechanisms is not clear.
To our knowledge, only few studies have been fotuse the adsorption of some
pollutants in compost or peat (Delhoménie et 02 Mcnevin and Barford 1998),

being the absorption and the combined adsorptieorghion studies very scarce and
usually conducted on synthetic or well-defined geaoric materials (Helminen et al.,

2000).

The objective of this work is to determine the ammadiodegradation rate and
the adsorption and absorption capacity of fiveedéht organic materials (compost,
coconut fiber, bark, pruning wastes and peat) usebiofilters of full-scale waste
treatment plants. To fulfil this objective, a newpesific apparatus called
“ammoniometer” was designed and an experimentatguhaore was developed. The
ammoniometer is essentially a batch-mode solidcstaspirometer (Barrena et al.,
2005) in which the measure of oxygen has been isutest by ammonia. The analytical
procedure is based on the monitoring of ammonia aqgacentration present in the

headspace of a flask containing an organic matetehded for biofiltration.

Materialsand Methods

Organic materials

Experiments were conducted with five different arigamaterials commonly used in
biofiltration units of full-scale municipal wastesaitment plants. Compost from sludge
was obtained from the municipal composting planimba (Barcelona, Spain), coconut

fiber and peat were obtained from a municipal waseatment plant located in



Barcelona (Spain), bark was obtained from the mpaicomposting plant of Botarell
(Tarragona, Spain) and pruning wastes were obtanwed the municipal composting
plant of Castelldefels (Barcelona, Spain). The mealgewere sampled during the period
of May-December of 2005. At least five differentiqts of the full-scale biofilters
studied were sampled at different depth. The riesulsample (5 kg) was manually

mixed to obtain a homogeneous unique sample fdr eiadilter.

Experimental set-up
Experimental data were obtained in a tailor-madeagegtus called “ammoniometer”.
The apparatus consisted of a sealed flask (500 olume) containing the organic
support and equipped with an ammonia sensor moaI1A0 from Vaisala (Helsinki,
Finland) connected to a data logger and a persmmaputer to register data of ammonia
concentration in the headspace of the flask (in ppAmmonia gas (99.9% purity,
Carburos Metdlicos, Barcelona, Spain) was pumpeslith the organic support in a
down-flow mode. A digital mass flowmeter model Bkborst Hi-Tec F-201C-RAA-
11-E (Ruurlo, the Netherlands) was used to intredart exact amount of pure ammonia
in the flask. The operating range of the mass fleten(0.2-10 mL/min) ensured a high
precision in ammonia additions. The setup alsoushetl a water bath in order to carry
out the experiments at a fixed value of temperatwigch was set at 25°C for all the
experiments. A scheme of the ammoniometer is pteden Figure 1.

In all the experiments ammonia concentration wasrded every 15 s and the
duration of each run was 10 h for adsorption argbgdtion experiments and 24 h for
biodegradation experiments. After the ammonia reggliwere finished, the total

volume of free air space in each sample flask wasrohined by filling the flask with



deionised water with 3 drops/L of TwéeR0 (Sharlau, Barcelona, Spain) to avoid the

formation of air bubbles.

Adsorption, absorption and biodegradation experitaen

Sample preparation

The organic materials used for adsorption experimerere previously oven-dried at
105°C to constant weight to ensure that the méaterés completely dry and that

absorption and biodegradation were not presentabsorption experiments, moisture
content was adjusted to the field capacity of thatemal by adding pure water to

saturation of the sample to avoid direct ammoniaogation on the organic solid

material surface. In the combined adsorption-alismrpexperiments the moisture

content was adjusted to the required value. Inetleeperiments, the organic materials
samples were previously sterilized using sodiundet&harlau, Barcelona, Spain) in a
10% (w/w) ratio to remove the interferences of dgital activity in the adsorption-

absorption measurements. The efficiency of sodiumdeato sterilize the organic

samples was checked by measuring the respirataexiof the sample. In all cases, no

respiration activity was detected for sterilizedthgtes.

Analytical procedure of adsorption and absorptigpegiments

The ammoniometer flask was filled with approxiniat®0-20 g of each conditioned

organic material. Afterwards, a known amount of amra gas was introduced to the
system and the drop of ammonia concentration irnéaglspace was monitored until the
equilibrium was reached (ammonia concentration tems Several ammonia inputs

were introduced for each experiment in order tcawbtifferent equilibrium data of



ammonia concentration in the organic media (sdhdse) and the flask headspace (gas

phase).

Analytical procedure of biodegradation experiments

The ammoniometer flask was filled with approximatdl0-20 g of each organic
material. A known amount of ammonia gas was inteeduto the system and the drop
of ammonia concentration in the headspace was oredituntil the equilibrium was
reached. After reaching the adsorption and absorgquilibrium conditions, there was
a linear decline in ammonia concentration as atesthe biodegradation of ammonia.

The Ammonia Biodegradation Rate (ABR) was deterchingt different
equilibrium ammonia concentration selected in refatto the normal operational
conditions for each biofilter in order to obtainrepresentative rate of ammonia
biodegradation in the full-scale biofilter. Additially, the ABR was also determined for
pruning waste and peat for different free ammoRi&) (concentration to determine the
operational limits of the biological activity indfiltration, since FA is considered the
main responsible of inhibition of nitrifying microganisms (Baquerizo et al., 2005;
Villaverde et al., 1997).

In order to verify that the observed decrease afhama concentration is only
due to biodegradation, parallel control biodegradatexperiments with sterilized
material (using sodium azide 10% w/w) were carmed for each organic material.
Using sterilized samples, ammonia concentratiorareed constant once the adsorption

and absorption equilibrium was reached.



Numerical procedures

Adsorption and absorption experiments

The equilibrium parameters were determined by ipigtithe equilibrium data of
ammonia concentration in the solid and gas phake. asorption experimental data
were fitted to Langmuir and Freundlich isothermgjy&ions 1 and 2 respectively),
since they are the most common patterns used éaligting adsorption performance in
biofiltration (Delhoménie et al., 2002; Helminenakt, 2000). The absorption data were
linearly fitted to a Henry's law equation (Equati@), in which the fundamental
parameter is the Henry coefficient expressed asmeersionless air/water partition
coefficient (Ky) (Kuhne et al., 2005). All the fitted curves andrameters of the
equations were obtained using the software Sigmaflsion 8.0 for Windows (SPSS

Inc. 2002).

CsmKL Gi

Langmuir isothermCs=
1+KL Ci

1)

where: G is the concentration of ammonia adsorbed on the gag NHs/g dry media),
Csmis the maximum adsorption capacity (mg dHdry media), €is the concentration
of ammonia in gas phase (mg M) and K_is the equilibrium adsorption constant for

Langmuir model (ffmg NH).

Freundlich isotherm:Cs=Ke Ci" (2)

where: K is the Freundlich empirical constant ([((mg §H' (m*)"/g dry media) and n

is the Freundlich isotherm exponent (dimensionless)

Henry’s law equationKw :ﬂ (3)



where: Ky is the Henry's law constant (dimensionless) ang i€ the ammonia
concentration in water (mg N#n® water).

Biodegradation experiments

The ammonia biodegradation rate (ABR) was calcdldtem the slope in a linear
segment on the chart of ammonia concentration sxplease (ppm versus time, by

using Equation 4, after the adsorption/absorptounldrium was reached.

V P17m24

Ammonia biodegradation rateABR=
RT X 10°

(4)

where: ABR is the ammonia biodegradation rate (niy/k organic material/d), V is
the volume of air in flask (mL), P is the atmospb@ressure at elevation measurements
(atm), 17 corresponds to the molecular weight ofmamia, m is the slope of change in
ammonia concentration (ppfh); 24 is the conversion factor from minutes tgsgjR is
the ideal gas constant (0.08206 L atm/mol/K), This temperature (K), X is the wet
weight of organic material (g) and °1& the conversion factor from pprto absolute
value.

For all the experiments (adsorption, absorption aratlegradation), several
replications were carried out for each experimeotaldition tested. Experimental error

for the calculated parameters was never higher 1086

Analytical methods

Physico-chemical properties of the organic supmoaterials were analyzed for the
determination of moisture content, organic mattamntent, bulk density, pH, electrical

conductivity and NK'-N content according to the standards procedureS (U
Department of Agriculture and US Composting Coyn2001). Respiration index,

which measures the rate of oxygen consumption efltiomass and it is used as a
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measure of the biological activity of a sample, w@dstermined using a static
respirometer previously described (Barrena et 2005; Gea et al., 2004). Briefly,
respiration index is a measure of oxygen uptake etpressed as g of oxygen

consumed per kg of organic matter and hour.

Results and Discussion

Organic materials tested

The main characteristics of the five organic matsrstudied are presented in Table 1.
Compost presented the highest bulk density andldiest organic matter content,
which is typical for stabilized compost (Barrenakt 2006). The values of bulk density
(0.4-0.7 g/cm) are similar to other organic and inorganic malsrcharacterized in the
literature as a potential biofilter media (Kim &t @000; Ramirez et al., 2003)loisture
data is referred to the moisture content at the emanof material sampling. The pH
near-neutral values were similar among the orgaraterials tested and in the typical
range for packing materials with a wide variety bzfcterial activity (Devinny and
Deshusses, 1999). However, the electrical condtgctiypresented significant
differences, which may be an indication of a d#far biofilm composition in the
organic supports, since the determination of atadticonductivity in solid samples is
based on an aqueous extract.

The biological activity of the organic materials svanalyzed by the respiration
index, a common technique to determine the aerabtwity of biologically active
materials (Gea et al., 2004). The results showetesdifferences among the materials
tested, nevertheless, the five materials can bsidered biologically active and suitable

for biofiltration (Barrena et al., 2006).
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Adsorption of ammonia on organic materials

A summary of the results of the adsorption isotrersrshown in Table 2. In the case of
compost, pruning wastes and peat, the experimdatal could be fitted to a Langmuir
isotherm, whereas in the case of coconut fibefFteendlich isotherm model provided
a better correlation coefficient. Bark adsorpticattern admitted both Langmuir and
Freundlich fitting, although the correlation coei#int was low in both cases. The
results obtained in this work are in accordancé wgcent results on the adsorption of
hydrogen sulphide and toluene on organic matenahsch have also shown that both
Langmuir and Freundlich isotherms can represerdratien experimental data (Barona
et al., 2005; Mcnevin and Barford, 1998). This faets been also observed in the
ammonia adsorption on inorganic materials (BuschRistarino, 2003).

It can be seen in Table 2 that bark showed a maxiadsorption capacity one
order of magnitude higher than those found fordatieer materials. However, it must be
pointed that the plateau of the adsorption isotheunve (adsorption saturation) could
not be reached in some experiments due to theakimit of the ammonia sensor.
Nevertheless, the data used in this work for adswrpnodelling was determined for a
range of 0-800 mg N¥m*, which is the typical operational range of ammonia

concentration for biofilters of waste treatmentnpg¢a(Schlegelmilch et al., 2005).

Absorption of ammonia in organic materials

The results obtained for the determination of thenmy coefficient (expressed as a
water/air partition coefficient at 25°C) for thevdi materials are presented in Table 3,
jointly with experimental data (obtained with theamoniometer) and bibliographical
data of the Henry coefficient for ammonia absorbadpure water. It can be observed

again that there are significant differences in thenry coefficients for the five



12

materials tested. Bark presented the high absorptEpacity, but the other three
materials (compost, coconut fiber and pruning wastéso showed higher capacities
than that of ammonia on pure water (either detezthiexperimentally or obtained from
literature). Only in the case of peat the Henryfedent is similar to that of water.
These results are in contradiction with theoreticabnsiderations, because
thermodynamically, as both phases (air and watet)the pollutant gas (ammonia) are
the same, the Henry coefficient should only depemdemperature (Omur-Ozbek and
Dietrich, 2005). This finding is an important faglated to organic materials, which
according to these results can act as more efti@dsorbers than pure water (for
instance, in chemical scrubbers). Although the aed®r this is not clear, it can be
hypothesized that since water in an organic masrigresent in the form of a biofilm,
the absorption capacity and thus the Henry coefiiccan be altered according to the
chemical composition of the biofilm, which can aintsoluble organic and inorganic
materials. However, an attempt to correlate therjAeaefficient with two characteristic
properties of the biofilm such as pH and electroahductivity did not show a well-
defined tendency. Anyway, it can be concluded Hizorption capacity is likely to
depend on the specific chemical composition of bhefilm in organic materials
intended for biofiltration. Recently, other authohmve found similar results of
significant difference in the solubility and Hemgylaw constants of some pollutants at
different biofilm composition (Davison et al., 20@mur-Ozbek and Dietrich, 2005).
As can be inferred from Tables 3 and 4 a linearetaiion (f=0.98) between
maximum adsorption capacity & and Henry coefficient can be obtained (data not
shown), indicating that the higheg{s the higher the Henry coefficient is. Although

more research would be necessary, this fact mighitate that there is a synergistic
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effect between absorption and adsorption of ammipn@ganic materials with a high

capacity to absorb/adsorb ammonia.

Combined effect of ammonia adsorption and absamptio

An example of the results obtained for the combiagsbrption-absorption experiments
in the case of coconut fiber is shown in Figures2@gointly with the theoretical
absorption and adsorption curves. Four levels ofistaee were tested: a) 0%:
corresponding to adsorption conditions; b) 37.5%responding to a biofilter with a
low level of moisture; c) 65.8%: a normal moistieeel for the biofilter and d) 88.1%:
field capacity of the material, corresponding te@iption conditions. As can be seen
from the equilibrium curves shown in Figures 2a-tre is a rapid transition from
adsorption governing conditions (Figure 2a) to dsoaption pattern that can be
observed even for low moisture levels (Figure Fgr the normal moisture level of
biofilter operation (Figure 2c) the equilibrium ger appears as a linear Henry-type
model, and the Henry coefficient obtained;(X 3363, correlation coefficient 0.99) is
very similar to that of field capacity (K= 2903, Table 3). These results are similar to
those obtained with the other four tested mate(ddsa not shown).

These observations confirm that under the normataimnal conditions of a
biofilter, absorption may be considered as the @madant mechanism for ammonia
transfer from the gas phase to the biofilm. In #ase, this fact can be explained by the
high solubility of ammonia in water, which is enbad in the biofilm of the materials
tested (high values of the Henry coefficient comregato pure water). This fact has
important implications in biofilter modelling andesign since absorption is not

commonly considered in biofiltration studies.
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Biological degradation

Ammonia biodegradation rate (ABR) for different angc materials

In relation to the control biodegradation experitsefrigure 3 illustrates the ammonia
concentration evolution in the gas phase for aligied and a non-sterilized sample of
compost. As expected, after a pulse of ammoniavges pumped into the system,
ammonia concentration decreased until the equilibrconcentration was reached (in
this case at 150 mg NHn®). As can be seen in Figure 3, the equilibrium emm@tion
was stable during 10 hours for the sterilized samPih the contrary, in the case of the
active sample, after reaching the same initial gatgm/absorption equilibrium, there
was a significant decrease in the ammonia condentraattributable to the biological
degradation of ammonia. This behaviour is in acance with some studies that show
that adsorption of ammonia on organic media isamsineous in relation to biological
growth (McNevin and Barford, 1998). Since similasults were obtained for all the
organic materials tested, it can be concludedttreexperimental apparatus designed is
suitable to distinguish between biologically andysibo-chemically (adsorption and
absorption) removed ammonia.

A summary of the results for the ABR determinedtle normal operation
conditions for each full-scale biofilter (ammoniancentration from 40 to 150 mg
NHs/m®) is shown in Table 4. It can be seen that, on ightéasis, pruning presented
the highest ABR (7.82 mg N¥kg media/d) followed by peat and coconut fibeB&.
and 5.76 mg Nklkg media/d, respectively) and compost and barkered the lowest
ABR (1.92 and 0.67 mg Nd¢kg media/d, respectively). In spite of the difieres found
in bulk density of each organic media (Table 1¢ ABR values expressed in terms of
volume of media presented the same trend (Tabl@&ctording to Smet et al. (2000),

compost biofilters present higher metabolic aadteit in comparison with other
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materials (such as peat, bark, etc.) due to thgersor nutritional level. However, it
must be pointed that strong differences in a compaxfilter performance are to be
expected depending on the type of compost (comqmp$irocess, waste source, etc.)
and on the maintenance and operation of the [®ofilt

The ammonia content in the liquid phase for eachRA&n be estimated
considering the Henry coefficient obtained at fiekgpacity (Table 3) and the ammonia
gas concentration. It is remarkable to note tharethare important differences in
ammonia content in the liquid phase among the acgaaterials, especially in the case
of bark (Table 4), which presented the highest ama@ontent (946 mg NiL).
Therefore, this concentration might provoke sombibitory effects on microbial
activity and could be responsible for the low ABBserved, as it is discussed in the

following section.

Ammonia biodegradation rate for different substecentration
The ABR was determined at different ammonia corme#éion once equilibrium was
reached: from 50 to 300 mg Nkh® for pruning wastes and from 90 to 600 mg44hf
for peat. Figure 4 shows the evolution of ABR amtlfpr different free ammonia (FA)
concentrations present in the liquid phase for imgirwastes (Figure 4a) and peat
(Figure 4b). The amount of FA has been determimeidering that the total ammonia
content in the liquid phase could be estimatedHgydxperimental Henry coefficient
obtained at field capacity (Table 3). Then, FA emtwas calculated from the total
ammonia content taking into account the ammonia-amam equilibrium for a given
pH at 25°C.

In the case of pruning wastes (Figure 4a), in trge of FA between 0 to 250

mg NHs/L, the ABR increased with substrate concentraaod a maximum ABR is
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measured (14.26 mg NHg media/d) for an ammonia concentration in the gfaase of
240 mg NH/m®. For values of FA higher than this concentratidBR dropped to 5.80
mg NHy/kg media/d. The decrease in ABR may be explaingea hoxicity effect of
ammonia on microbial activity. These results hawerb previously observed in
modelling works. For instance, Baquerizo et al.0&0developed a model of a coconut
fiber biofilter for ammonia removal which reportdtat FA in the support material can
strongly inhibit the biological activity of a bidter. According to the authors, FA began
to accumulate after a long period in which the emt@ation of ammonia was 100 mg
NHa/m®.

In reference to peat, the ABR measured showed dnee sbehaviour. From
Figure 4b it can be seen that ABR increased apprataly linearly with FA when the
concentration was below 500 mg BH The maximum ABR value measured was
37.95 mg NH/kg media/d for an ammonia concentration in the gjaasse of 420 mg
NHs/m®. Beyond this concentration, peat presented lowBRA17.77 mg NHKkg
media/d), which again indicated an inhibition o thiological activity.

It must be pointed that peat showed not only higleues of ABR but also
presented inhibition at higher ammonia concentnati®herefore, peat showed a
superior performance when compared to pruning wasterelation to ammonia
biodegradation and its capability to work undermh@nmonia concentration conditions
(420 mg NH/m°). At the same time, since pruning wastes showeddsorption and
absorption capacity higher than peat (Tables 23l can be hypothesized that during
the long term operation of the biofilter, the organmaterials with high
adsorption/absorption capacity could be inhibitetbe&v ammonia concentration in the

gas phase.
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On the other hand, the exact cause of inhibitiamotsclear. Although it is highly
probable that microbial activity was inhibited bygih FA concentrations, another
phenomena, such as pH changes or the generatidoxiaf by-products, could be
responsible for the drop observed in ABR. For ins¢éa pH control is important in
maintaining high ammonia removal capacity becaysenal pH range for the growth
of autotrophic nitrifying bacteria is 5.8-8.5 (Yaat al., 1998). In the case of pruning
wastes, for instance, ABR values in the case abitibn were determined at pH values
over 8.5 (Figure 4a).

To our knowledge, only few studies have been faduse kinetic data for
ammonia removal by biofiltration. Several studiemurfd in literature report that
research on ammonia biofiltration is limited be@ugrifying bacteria responsible for
the oxidation of ammonia exhibit slow growth ratekwever, some values found in
literature show extremely high removal rates of amm@. Kim et al. (2000) reported
maximum removal rates of ammonia ranging from 5@006700 mg N/kg dry media/d
for two organic and two inorganic packing materialsculated with night-soil sludge in
the concentration range of 0-235 ppnYani et al. (1998) determined a maximum
removal rate of 11400 mg N/kg dry media/d at amma@ancentrations up to 260 ppm
in a peat biofilter seeded with nitrifying bacteréand the rate of biological degradation
of ammonium on peat in a perfusion column was fotondary between 240 and 1920
mg NH,"-N/kg dry peat/d (McNevin and Barford, 1999). Howevseveral works have
demonstrated that ammonia in the biofilters is myairemoved by physical and
chemical adsorption on the packing material andlgorption to the water fraction of
the biofilter media, and the biological removalerédr ammonia in biofilters is in fact
low (Kim et al., 2000; Yani et al., 1998; Ying-xtuad., 2004). Simultaneously, it should

be noted that biological ammonia removal may bebatied to absorption in moisture
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present in the biofilter and adsorption onto thdasie of the organic filter material if
the system has not achieved a long-term steady @ftiNevin and Barford, 2000). The
adaptation phase of microbial communities in biefd found in literature vary from
few hours to months, depending on the contaminamd the packing material
investigated (Liang et al., 2000; Hirai et al., 208treese et al., 2005). However, most
of these studies do not describe the method uilipecheck if the system is under
limitation of biological activity and, in consequem) the calculated ammonia removal
may not be due to the biological activity only. Tiesults showed in this study present
an experimental procedure to ensure that the bimdb@ctivity measured corresponds
to the situation of a biofilter material at steadgeration, since physico-chemical

phenomena has been studied separately.

Implications on research of ammonia biofiltratiosing organic materials
The complexity of most organic support materialghvirregular shapes and different
origins, and their frequent overwhelming developtr@rbiomass hamper the research
on reliable measures for the evaluation of thequarénce of a particular biofilter when
biodegradation takes place. Therefore, it is neggsso conduct experiments at
conditions similar to the intended industrial apgtions in relation to concentration
range, packing material, gas composition, and gbtheameters. These studies are time
consuming and imply complex equipment and high .c&@t the contrary, the
experimental apparatus presented in this work imexpensive method to characterize
rapidly organic support materials in relation to naomia biofiltration, concerning
ammonia biodegradation and both adsorption andrptiso phenomena.

The results obtained in this work show that absonptust be considered as an

important mechanism of pollutant removal in bio&tton, especially when highly
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soluble pollutants are treated. Although this Isvant for biofilters in the typical range
of operational moisture, it is even more importenbiotrickling filters, which operate
with a continuous supply of an aqueous stream twvige nutrients for biological
activity, and they are expected to operate neafig¢lebcapacity of the material (Gabriel
and Deshusses, 2003; Mao et al., 2006).

Finally, it is important to mention that the higlisarption and absorption
capacities found in organic materials give theili@fa significant buffering capacity to
protect against surges in loading. However, acogrth the results obtained, it should
be taken into account that the rate of ammoniadgoabtlation could be low during the
biofilter long term operation.

The availability of experimental data from full-sediofilters is very limited. In
consequence, the actual mechanisms of pollutantsva& in biofilters are not known.
Therefore, results presented in this work may lefuligor the design and modelling of
the biofiltration process and for the character@matrganic support materials in real,
transient or shock loading conditions. Moreovee, #8pparatus developed can be useful
to compare the performance characteristics of uarlmofilters with different packing
material, seeding source, detection of dead zates,and permit to predict microbial

activity and possible inhibition conditions.

Conclusions

From the work presented, the following conclusioas be obtained:

1) Ammonia adsorption of the five organic materitdsted can be modelled by a
Langmuir or a Freundlich isotherm. The maximum aplison capacity of the materials
varies from 1.06 to 1.81 mg NHK dry media for the typical ammonia concentrations

found in waste treatment plants.
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2) Ammonia absorption can be represented by a Hemaw linear equation, with
values of the Henry coefficient significantly highdrom 1866 to 15320) than that of
pure water (1498). Results obtained indicate thstogtion must be considered an
important mechanism of pollutant removal in bioétton. The Henry coefficient should
be previously known for the modelling and desigihef biofilter operation.

3) Ammonia biodegradation rates (from 0.67 to 788 NHy/kg media/d) are
considerably lower than adsorption and absorpti@tes:t Different ammonia
concentrations (250 and 500 mg ME have been found to inhibit ammonia
biodegradation, pointing that ammonia inhibitiomsll depend on the organic material
used in the biofiltration process.

4) There is an important lack of experimental datan full-scale biofilters. The
ammoniometer developed in this work can be usefulttie design and operation of

biofilters.
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Tables

Table 1: Main characteristics of the five organic suppuodterials.
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Material Org. matter Moisture  NH,-N  Bulk density H Elec. conduc. Respiration index
ateria . . p
(%, db) (%) (%, db) (g/cn?) (mS/cm) (mg O/g om**/h)

Compost 47.8 38.1 0.06 0.65 7.1 5.42 1.13
Coconut fiber 98.1 77.6 1.42 0.41 6.8 7.58 2.07
Bark 68.9 59.5 0.10 0.46 6.6 0.74 0.66
Pruning 55.9 54.3 0.01 0.58 7.5 1.52 0.62
Peat 47.0 69.6 0.01 0.45 7.0 0.50 1.44

“db: dry basis; **om: organic matter basis
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Table 2: Summary of the results obtained for adsorptigoeexnents.

Material Langmuir isotherm parameters Freundlgdtherm parameters
C K “
n
S, ¢ (mgNH) MYy &
(mg NHs/g dry media) (m°/mg NH) ) (dimensionless)
g dry media)

Compost 1.22 0.0039 0.99 - - -
Coconut fiber 1.06 0.0121 0.92 0.0994 0.3688 0.98
Bark 11.4 0.0013 0.85 0.0631 0.6718 0.86
Pruning 1.81 0.0011 0.98 - - -
Peat 1.59 0.0027 0.99 - - -




Table 3: Summary of the results obtained for absorptigoeexnents.
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Field capacity

Henry coefficient

Material at field capacit r’
() ((dimensioiles:/))

Compost 61.0 2885 0.99
Coconut fiber 88.1 2903 0.96
Bark 67.8 15320 0.94
Pruning 69.0 3923 0.82
Peat 79.6 1866 0.82
Pure water (this work) 100.0 1795 0.99
Pure water (Sander, 2006) 100.0 1498 -
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Table 4. Ammonia biodegradation rate of the five organiport materials determined

at different substrate concentration.

Ammonia Biodegradation Rate Ammonia concentration

Material 3 Gas phase Liquid phase
(mg NHy/Kg/d)  (mg NH/m/d) 5 .
(mg NHy/m) (mg NHy/L)

Compost 1.92 1279 41.1 118
Coconut fiber 5.76 1744 150 434
Bark 0.67 307.9 61.7 946
Pruning 7.82 4191 92.1 361
Peat 6.38 2877 109 203

"Considering the Henry coefficient obtained at fiedghacity
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Legendsto Figures

Figure 1. Scheme of the ammoniometer: 1: Ammonia tank, asMMflowmeter, 3:
Flask, 4: Ammonia sensor, 5: Plastic mesh, 6: Qegaraterial (sample), 7: Personal

computer, 8: Water thermostatic bath.

Figure 2. Influence of moisture content in the combined oapBon-absorption
phenomena jointly with the theoretical adsorptisolifl line) and absorption (dotted
line) curves in the case of coconut fiber: a) Maist 0% (adsorption); b) Moisture:

37.5%; c) Moisture: 65.8%; d) Moisture: 88.1% (dielapacity).

Figure 3: Ammonia concentration evolution for sterilizedrgde of compost (circles)

and non-sterilized sample of compost (solid cifcles

Figure 4: Evolution of ammonia biodegradation rate (cirtlesd pH (triangles) versus

free ammonia concentration present in the liquidsghfor: a) pruning wastes; b) peat.
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