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50: 6.21 - 6.27. Biofilters can be used to treat od@xhusted from
animal facilities. The most important parameters & efficient
biofilter are pH, moisture content, temperature toé medium,
available nutrients, contaminant load, and by-pobdamoval. The
main contaminants are volatile fatty acids (VFAK)containing
compounds such as NHand sulfide containing compounds such as
H,S. Based on the theory of biofiltration, compousdsh as fatty
acids will reduce to C&and HO assuming an adequate retention time.
Ammonia is a source of nutrients to the microorgars; however it
can reduce the performance of the biofilter withcessive
accumulation of N NH,*, nitrite, and nitrate. A nitrogen mass
balance approach to biofilter performance is nesgs®r operating
and designing the biofilter. A system of one biobktrer and four
biofilters was designed. This system operated &itbontaining 2, 22,
47, and 88 ppmv NHinjected into the inlet air of the biofilters. The
ammonia concentrations significantly (p<0.05) atfddhe elimination
capacity (EC), removal efficiency (RE), and pH loé biofilters. The
ECs of the biofilters for ammonia nitrogen with thebove
concentrations of ammonia were 1426, 111#5.6, 18310.9, and
242¢21.8 g m? d?, respectively. Meanwhile, the combined total
amounts of nitrite and nitrate nitrogen producedren8.6:1.5,
42.1+3.9, 40.84, and 31.95 g m® d?, respectively The daily
accumulations of NEHIN + NH,"-N in the biofilters were 3.9,
70.6t5.9, 143.410.5, and 21121.5 g n? d*, respectively. The N
mass balance showed how much leachate must be eérfomaintain
acceptable nitrate/nitrite concentrations in theliona for optimum
microbial activity. Keywords: biofilter, swine facility air, nitrogen
mass balance.

Les biofiltres peuvent étre utilisés pour traites bdeurs émises
des batiments d'élevage. Les parametres les plyp®riemts qui
déterminent I'efficacité d’un biofiltre sont le pk¢ taux d’humidité,
la température du substrat, les nutriments dispesiitta charge de
contaminants et I'enlévement des sous-produits. jescipaux
contaminants sont les acides gras volatils (VF&s);omposés azotés
tel le NH, et les composés sulfurés comme J& HEn se basant sur la
théorie de la biofiltration, des composés commadides gras vont se
transformer en CQet en HO si le temps de rétention est adéquat.
L’ammoniaque est une source de nutriments pomi@®organismes
cependant elle peut réduire les performances dilttedorsqu’il y a
une accumulation excessive de \NNH,", nitrite et nitrate. Une
approche de bilan de masse de l'azote est doneseoe pour la
conception et I'opération de biofiltres efficacddn systéeme de
traitement consistant en un bio-laveur et quaélbres a été congu.
Le systéme opérait avec une injection d’'air comeé2a 22, 47 et 88
ppmv NH, dans les entrées d’'air des biofiltres. Les comaénhs
d’ammoniaque ont affecté de maniére significatpred(05) la capacité
d’élimination (CE), I'efficacité d’enléevement desus-produits (EE)
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et le pH des bidfiltres. Les CEs de I'azote ammeaiges biofiltres
pour les concentrations en ammoniaque mentionméeggemment
ont été de 11,6, 111#5,6, 18310,9 and 24221,8 g n? j?,
respectivement. De méme, les quantités totalesio@ebde nitrite et
de nitrate produites étaient de 8166, 42,%3,9, 40,84 and 31,25

g m®j?, respectivement. Les accumulations quotidiennégHieN +
NH,"-N dans les biofiltres étaient de 3249, 70,&5,9, 143,410,5,
and 211,621,5 g n¥j?, respectivement. Le bilan massique de I'azote
a permis de déterminer la quantité de lixiviat dére enlevée dans
le but de maintenir des concentrations de nitritéénacceptables
dans le substrat pour une activité microbiennencgdé. Mots clés:
biofiltre, air vicié de porcherie, bilan massiquazibte

INTRODUCTION

Many physical and chemical process factors infleetize
performance and long-term stability of biofiltersr fair
contaminant removal. The four most important patensefor
an efficient biofilter are: medium moisture contgqrit, medium
temperature, and the contaminant loading to thidteio Other
factors such as air pressure drop through the mediater
absorbability, and microorganism populations aresoal
important, but they influence the lifetime of thedium and
removal performance to a lesser extent than dorthaous four
factors (Devinny et al. 1999). Biofilter operatonsist ensure
the continuing availability of nutrients during epgon. Ideally,
a biofilter has a stationary water phase and adgtstate
microbial ecosystem so that the nutrient contemt ba
maintained and continually recycled. Degradation tioé
biomass releases nutrients in a soluble form, wiyesaing
cells can assimilate them again. However, biofiltam produce
leachate, either intentionally or inadvertentlyq &ms will carry
dissolved nutrients out of the biofilter. GibbonsdalLoehr
(1998) determined that the highest treatment ra@sompost-
perlite biofilter are partially limited by solublaitrogen
availability unless the concentration is 1000 mggk¢he bulk
wet medium.

Quantitatively, ammonia makes up more than 50%hef t
odourants in swine facilities (Chen et al. 2004rttiag 1988).
In preliminary experiments associated with the entriwvork,
average ammonia concentrations in a barn of ab@ydpinv
were measured under normal operation, althoughdeyeto
100 ppmv were measured in an enclosed dunging(Bi2a)
(Feddes et al. 2001Y herefore, if biofiltration technology is to
be used for odour reduction in animal facilitiesnsiderable
quantities of ammonia will need to be reduced toitei and
nitrate. A lack of information exists on the effeftammonia
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concentration on the biofiltration system and aaglation of
nitrite and nitrate by-products in the biofilter diem. This
paper describes work carried out to help remedy Itk of
information but, before describing this, some fundatals of
nitrogen dynamics in biofilters are reviewed.

Nitrogen mass balance in biofilters

A mass balance can evaluate biofilter performanaang
titatively. It focuses not only on the mass of miate (g n* d*?)
that enter or leave the biofilter by air but alsosiders the mass
of by-products that are produced or removed froerbilofilter
by leachate. Ammonia nitrogen can be removed ostcamed
by assimilation, nitrification, or denitrificatiom the aquatic
environment. A sequential reaction can be useaseoribe the
bacterial nitrification of ammonia. In the firstegt of
nitrification, ammonia is oxidized byitrosomonassp. to
nitrite. Then, in the second step, nitrite is ozxé&tl by
Nitrobacter sp. to nitrate. The growth and activity of these
organisms can be inhibited by a variety of orgamid inorganic
agents such as high concentrations of ammoniaitmdsacid.
The pH will affect the ratio of the N¥NH, in the biofilm
solution. The air temperature influences the grokstie and
activity of nitrifying bacteria. Dissolved oxygenmcentrations
above 1 mg/L are essential for nitrification to wccThe
nitrification slows down or ceases if the dissoleggigen levels
drop below this value (Metcalf and Eddy 1993). Erdication
is assumed to be negligible since the environmreathiofilter
is considered aerobic. The primary mode of ;Nemoval is
assumed to be through nitrate and nitrite prodnaticthrough
solution (non-transformed) in both the biofilteqdid and the

leachate. NKH removal was assumed to be the difference

between incoming and exhaust NHinus the total NO-N and
NO,-N produced and the non-transformed JiHsolution.

In this study, the factors measured for the massnba
evaluation were: ammonia concentrations at the &md outlet
of each biofilter (G and G,), airflow (Q), temperature, the
volume of daily leachate, and the nitrite and métra
concentrations of the leachate. The following agsions were
made:

(NO;-N) = total daily nitrate nitrogen production in
each biofilter (g i d%), and
(non-transformed NEHN+ NH,*-N) = assumed to

accumulate in the biofilter (g frd™?).

Q" C,, 14

NH,- N (in)= — 2
3 ( ) 106 , V 17: bm ( )
Q Cy. 14
NH,- N (ouf)= L= 3
s~ N(oud 0y 17 Vem 3
V =132+ Q0045 (4)
where:
C, = concentration of ammonia at inlet of biofilters
(ppmy), | N
Cy4 = concentration of ammonia at outlet of biofilters
(ppmv), . o
Q = contaminated air flow rate entering biofilter q./
V = volume of 1 g of gas (ammonia) (L) at temperature
T (°C) of contaminated air,
T, = airtemperature (°C), and
V,, = volume of biofilter material (0.15

Elimination capacityEC) is a normalized factor or the mass
of contaminant that is degraded per unit volumefilbér
medium per unit of time (Eq. 5). Evaluation of € of a
biofilter allows comparison of performance amongfitters.
Typical units for elimination capacity are g*h?, but in this
experiment, the unit chosen is g*nd*. The EC can be
calculated as:

Q(Cgi b Cgo) , E-
10V 17 ©®)
where: EC = elimination capacity (g md?') = quantity of

ammonia nitrogen that can be processed by 1 m
of medium

Another parameter commonly used to describe baofilt
performance is Removal Efficiency (RE), which idided by:

EC=

bm

1. Biofilters operate with a stationary water phase at steady Cy- Cp.
e o . =—2—%"100 (6)

state conditions (assimilation equals lysis and C.

autooxidation), g
2. Leachate from a biofilter is representative loé liquid  Nitrate and nitrite

within that biofilter, By measuring nitrite and nitrate concentrations,mamia
3. Denitrification is negligible in the biofilterguid, and elimination capacity of the biofilters, and the ambof leachate
4. No ammonia is produced in the biofilter collected, it is possible to evaluate the nitrifioa process in

Then, the overall mass balance of N can be repiesdy:
NH,- N(in)- NH,- N(ou) =

(No;- Nj+ (NO- Nk

(non transformed NH N NH D\l

where:
NH.-N (in) = total mass of ammonia nitrogen entering
biofilter (g m® d*),
NH,-N (out) = total mass of ammonia exhausting from
biofilter (g m* d?),
= total daily nitrite nitrogen production in
each biofilter (g ri d?),

)

(NG,-N)
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the biofilters using the assumption that leachateentrations
are representative of the concentrations in theidiepf the
biofilter medium. The fraction of ammonia nitrogeamsformed
to nitrite and nitrate nitrogerR() can be calculated by:

(No;- N)+ (No- N
R. =
" [NH,- NGin)]- [ NH; NCou)

Since the factors NN (in) and NH-N (out) indicate
elimination capacity (ECR, becomes:

(@)

(NO;- N)+C( NO- N

(8)

R, = 100
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Water Supply
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Soaker Hose

fraction of the air contaminants prior to
biofilter treatment. The top of each biofilter
was closed with a plywood lid, and could be
removed for servicing and observation. A fan
(Model: Blower AMV-245 W. A Quality
Canadian Product Ltd, Edmonton, AB) was
installed at the top of each biofilter to draw
about 20 L/s of air from the bioscrubber. This
flow rate and biofilter size was based on the

. (Coarse
[ Cowmpaost

EBiofilter 1.
56 m

i

Biofilter 4
—

20 L Leachate Container

minimum ventilation rate required to ventilate
an enclosed dunging area for 15 pigs (Feddes
et al. 2001). Each biofilter had a cylindrical
shape and was made of plastic material, with a

0 45 90

Bioscrubber

117

Expanded Polystyrene (EPS)

diameter of 0.56 m, a height of 1.20 m, and a
total volume of 300 L. To prevent compaction
of the materials in the biofilters, each biofilter
was designed with three layers (0.25 m height
of material in each layer) and 0.10 m of empty

| Asprmonia
Flow NMeter

Inlet w

Water Supply:
200 L Water Container

>
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Fig. 1. Schematic diagram of bioscrubber and biofikrs.

OBJECTIVES
The primary objectives of this study were:

1. To evaluate the effect of ammonia on biofilttmaation
capacity (EC) and removal efficiency (RE);

2. To quantify the fate of different forms of nityen in
biofilters through nitrogen mass balances;

3. Toevaluate the production and accumulatiorygbtoducts
(nitrite, nitrate, and total ammonia and ammoniimjhe
biofilter.

MATERIALS and METHODS

Bioscrubber and biofilters

One bioscrubber and four biofilters (Fig. 1) wesestructed to
treat ambient air in a swine feeder barn locateédeaEdmonton
Research Station, University of Alberta. The biabtrer
provided water-saturated air to the biofilters aathoved a

15%

10 %

Mass
55 %

20%

Fig. 2. Particle size and mass percentage of compost
materials used in the biofilters.

Volume 50 2008

Cirenlating Pup

-
U’HP&I'E‘ Arnnowia

CANADIAN BIOSYSTEMS ENSEERING

space between the layers. Painted metal mesh
with a size of 5 mm supported each layer, and
a 0.30 m height air inlet plenum was created at
the bottom of each biofilter. Each layer
consisted of 50 L of coarse compost to give a
total of about 150 L of compost material for a
biofilter. The material included some bark and
wood patrticles. Figure 2 shows the size and
mass distribution of the compost materials that
were used as biofilter medium. The total
volume of the medium for each biofilter was
0.15 mi, moisture content (MC) of the medium was 69%z+1 of
the wet material, and the density of the wet matevas 660
kg/m?. The porosity of the wet bulk material at the efidhe
trials was 43%. In the field, the following procedgan be used
to determine the void space of the biofilter medismeh as
composted wood chips (Nicolai an Janni 1998): #0da.
container was marked at 33.3, 66.7, and 100% cypdmi
initially, one-third of the container was filled thi biofilter
material, then dropped ten times from a height ®6n onto a
solid surface, c) the container was filled to t6e686 mark and
dropped ten times from a height of 0.15 m, d) th&a&iner was
filled and dropped ten times, e) refill the conginwith
medium, and f) water was added until the watertredche fill
line. At this point the porosity (%) is assumedbéothe amount

of water added/201100.

The bioscrubber also had a cylindrical shape arslmade
of plastic material, with a diameter of 0.78 m, eight of
1.27 m, and a total volume of 575 L. A plastic stravas
installed at a height of 0.20 m from the bottom.200-L
container was used for water circulation in thesbiabber.
Expanded poly-styrene (EPS) was used as the bhiseru
medium (320 L). The particle density of this madknivas
16 g/L. The EPS has a high absorbability of waRszalver
Plastics Ltd., Edmonton, AB).

Ammonia injection

Pure ammonia was used to provide different levélslid,

concentration in the inlet air of each of the bitefs. The
ammonia was metered into the air streams from aygasler
to achieve a resultant concentration of 2, 22 afd, 88 ppmv.

Water application

A circulating pump (Model 7PN, A.O. Smith Corp, 86n
WA) circulated the water in the bioscrubber congaiat an
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average flow rate of 41 L/min. The total volume thie

bioscrubber’s circulating water was 200 L. In orgberegain the
amount of water the scrubber lost to evaporatidigat valve

was installed inside the bioscrubber container #&intain the
level of water. The amount of water used by thestriobber
depended on temperature and RH of the barn aireMveds
applied to each biofilter by an 8-m soaker hoseg¢kvapiraled
through the three layers of each biofilter. A psorgmable timer
(Model 1507, Noma Consumer Electrical, Toronto, @iNh a

solenoid-activated valve applied water to the Hirf$ twice a
day for one minute per application. The flow ratenf the

soaker hoses was approximately 2.6 L/d. The ovenatn
moisture content of the biofilter medium, in thtegers for each
biofilter, was measured at the end of the trial$ @as 631%

wb.

Instrumentation and measurements

processes in the biofilters. Nitrite and nitrate@entrations in
the leachate from the biofilters were measuredyel#rd from
four 200-ml samples. They were transferred theesdany to the
Soil Science laboratory of the University of Aleefor analysis.
All the samples were analyzed according to standathods
for the examination of water and wastewater (AP1989). The
daily increase in leachate nitrite and nitrate embiations
between sampling days was determined.

Overall mass balance in the biofilters

The daily increase in leachate nitrite and nitcatecentrations
between sampling days was determined by subtradting
concentrations of the days before and after thaicpdar test
day and divided by the time interval.

To calculate daily nitrate and nitrite concentnagiproduced
or removed from the biofilters, the amounts of lete were
measured five days per week. Furthermore, a deotityet

Air velocity was measured with a hot wire anemomete medium (660 kg/f) and the moisture content (69%) were

(VelociCalc Model 8350, TSI Inc., St. Paul, MN}thé¢ outlets
of each biofilter. The airflow through each biddilt was

assumed from a number of measurements. Based ciatike
assumptions and the described calculations, th@enand

maintained at 19+2 L/s. The pressure drop across thitrate quantities produced in the biofilters weculated

bioscrubber and biofilters was measured at fivatioos (outlet
of bioscrubber, outlet of biofilters) throughouéetexperiment,
once a day for five days per week using a manoniBieyer
Mark 1l, Dwyer Instrument Inc., Michigan City, IN).
Temperature was measured at 10:00h each day, diye er
week. RH was measured at six locations (air imetautlet of
bioscrubber and air outlet of biofilters) once g dive days per
week, using a psychrometer (Psychro-Dial Model @p;1
Environmental Tectonics Corp., Southampton, PAR fitean
RH at each location was based on three RH measnoteme
Ammonia and hydrogen sulfide concentrations werasued
at six locations (air inlet and outlet of bioscrebland air outlet
of biofilters), once a day, five days a week. Hyg#o sulfide
was measured using a Toxi Ultra instrument (Biaayst, Inc.
Middletown, CT), with a rated accuracy $10% of reading.
The pH of the bioscrubber liquid and biofilter lbate was
measured once a day, five days per week, througtaut
experiment using a pH meter (Digi - Sence Model%980,
Cole Parmer Instrument Co., Chicago, IL). The eieat
conductivities of the four biofilter leachates wereasured once
a day, five days a week, using a digital conduttivheter
(CO 150 Conductivity Meter, Model 5015, Hach Compan
Loveland, CO).

Experimental design

This experiment had four treatments (2, 22, 47p8&v NH,
inlet air) that were replicated three times. Eaglication lasted
50 d (14 d for adjusting the water flow and achigvi
biologically active biofilters, and 36 d for ammarinjection).
To evaluate the effect of ammonia on the biofilters
performance, factors such as temperature, pH, Rigtyebed
residence time (EBRT), removal efficiency (RE),
elimination capacity (EC) were measured. By cakindghe EC
as a normalized factor (airflow, volume of mediwangd time),
the results can be applied to other biofilter aggilons. To
evaluate water application rates, factors thatcaff@ater
application, such as temperature, relative humidityd the
amount of leachate from each biofilter, were meaddaily and
electrical conductivities of the leachates weresuead weekly.
Also, chemical tests were conducted to evaluateithication
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based on Egs. 9 and 10:

(NO. N)_ (Cz' Cl)' Vo, 14 GV, 14 9
2207 d7y,, 10° 46V, 10° 46 ©

(NO' N)- (C4' Cs)' Vo, 14 C,' Vv .14 10

= dy, 1060 62 vV, 10° 62 (10)

where:

C, = concentration of nitrite (ppm) in leachate at tfirs

sampling,
C, = concentration of nitrite (ppm) in leachate nexy,da
C, = concentration of nitrate (ppm) in leachate att firs

sampling,

C, = concentration of nitrate (ppm) in leachate next, da

V,, = 68 L of water in medium based on moisture content
(69%) and wet density of medium (660 kd/m

V, = average volume of the leachate (L/d), and

d = number of days between leachate measurements.

RESULTS

Biofilter performance

Biofilters 1, 2, 3, and 4 were operated at+0.9, 21.50.7,
46.8:1.5, and 87.52.0 ppm ammonia concentrations,
respectively. The nitrification processes in the@n biofilter
took place with the production and accumulationitfte and
nitrate in the leachate (Fig. 3). The mass balgacameters for
the 2-ppm biofilter were calculated to be ¥2%, 0.20.5,
1.9+0.2, 6.61.2, and 3.42.9 g P d™ for NH,-N (in), NH,-N
(out), (NO,-N), (NO;-N), and (NHs;-N + NH,-N),
respectively (Table 1). There are high variatiohs @NH,;-N +
NH,*-N) and NH-N (in) because the variation of background
ammonia concentration in the barn was of the saner as the
ammonia concentration in the biofilter air. The aoma was
absorbed into the biofilter liquid and was graduatnsformed
to nitrite and nitrate.

However, the Rvalue of the 2-ppm biofilter was 73% and
the fraction accumulating in the leachate (i.€NH,-N + NH,*-

ARMEEN et al.



—+— NH3-N (In) For the 22-ppm biofilter, the mass balance

40 - —0— NH3-N (Out) parameters were 13%4.6, 28.23.4, 30.44.4,
a5 e 11.71.5, and 70.65.9 g n* d* for NHy-N (in),

—»— Assumed Accumulated (NH3-N + NH4-N) NHz-N (out), (NO,-N), (NO;-N),and (NH,-

< 30 N + NH,*-N), respectively. This biofilter had the
2 ~ highest rate of nitrification ((NO,-N + NO;-

g o N)). Approximately 38% of the EC occurred as
5 '€ nitrite and nitrate nitrogen. However, a consider
g 2 able amount of non-transformed ammonia
- (' (NHz-N + NH,*-N)) accumulated in the liquid

(62% of the EC) (Fig. 4). The results indicate that
this biofilter was operated with a high rate of
nitrification due to an abundant supply of
ammonia for the nitrification process. Conse-
quently, the water supply would need to be in-
40 creased and the leachate removal rate would need

Time (d) to be increased from 1&6.5 L m® d* to about
44 L m® d* to achieve acceptable nitrite and
Fig. 3. Overall mass balance of nitrogen in the 2-pp biofilter. nitrate levels (3000 ppm) (Armeen et al. 2006).
. . . For the 47-ppm biofilter, the
Table 1. Mean concentrations and amount of ammoniatahe inlet and outlet of the mass balance parameters were
biofilters, production of NO,-N and NO;-N, and the non-transformed (NH;- calculated to be 3@3.6,
N+NH,"-N). 119+10.5, 37.93.7, 2.20.4,
(NH.N and 14310.5 g n? d?! for
Biofilters NH, NH-N (in) NH-N (out) NO,-N NO;-N +NH4*-3N) NH;-N (in), NH;-N (out),

(pPmv) (g m*d?) (@nm*d)  (gm®d) (gm*d) (NO,-N),  (NO;-N), and
(NH;-N  +  NH,*-N),

2 ppmv 1.9+04 125+26 09+05 19+02 6612 3.4%29 respectively (Table 1). In this
22ppmv 21.5+0.7 139.6+4.6 28.2+34 304+44 117+15 706+59  biofilter, nitrification
47 ppmv  46.8+15 3029+9.6 119.9+10.5 37.9+37 29+04 143.4+105 accounted for 22% of the EC
88ppmv  87.5+20 567.9+13.1 3258+198 31.7+49 0401 211.6+21.5 (Fig. 5). The accumulation of
(NH-N + NH,/-N) was
N)) was 27%. A large amount of the introduced amimevas  considered high (78% of the EC). The rate of retritrogen
transformed into nitrite and nitrate nitrogen (L& g n? d*) production (2.20.4 g m® d*) was lower than for the 2 ppm and
and 3.20.4 g n? d* of nitrogen was assumed to be in the form22 ppm biofilters (Table 2). This was probably doethe
of (NH;-N + NH,-N) (Table 2). The amount of(NO,-N +  accumulation of non-transformed(NH,-N + NH,*-N) or
NO,-N) in the leachate was (3.2+0.4 g*rd?) which was NO,-N.

similar to that of (NHy-N + NH,"-N). Thus, the operation of For the 88-ppm biofilter, the mass balance pararmetere
inis pioflter was limiled by the avatability ofamonia i the  cajculated to be 56813.1, 32619.8, 31.24.9, 0.40.1, and
iofilter. However, the accumulation of nitrite amitrate 21551 & o' ¢t for NH.cN (in), NH-N (out), (NO,-N),
( (NOZ_-N + NGO, -N)) was hlgh relative to the n_on—transformed (NO;-N), and (NH,-N + NH,N), respectively (Table 1).
amrponl_a ((NHzN I+hNHA'1 -N)). dBY increasing the water njiuiication accounted for only 13% of the EC aal nitrate
application to control the nitrite and nitrate centsations, non- < rodiced (Fig. 6). The non-transformetiH, N -+ NH, -
transformed ammonia and ammonium in the liquid ddug N) was 87% of the EC. Operating the Hiefi with a

(g d?)

expected to decrease. 10-s EBRT and the presence of about 90 ppmv ammonia
Table 2. Mean elimination capacity (EC), productionof (NO,-N)  concentrations in the contaminated air can be asgum
+(NO,-N), removal of (NO,-N) +HNO,-N), and the to create toxic conditions fdfitrobacterspp. due to
amount of daily leachate from each biofilter. the accumulation of nitrite and non-transformed
(NH;-N + NH,*-N).
Elimination (NO,-N) (NO,-N) There was no significant difference (p>0.05) in
Biofilters capacity (EC) +NO;-N)  +(NO;-N) Leacahate total nitrite and nitrate prc_)du_c_tlon be_tween biefis 2
(g m® o) produced removed (Lm>d") and 3, but there was a significant difference traie
(g m®dY (g m®dY) production. The rates of non-transforme@NH,-N +
NH,*-N) production in biofilters 1, 2, 3, and 4
2 ppmv 11.64+2.6 8.6+15 3204 140+05 increased linearly with inlet ammonia concentration

22 ppmv 111.4+£56  421+£39 236+21 185205  andwere 3.42.9, 70.85.9, 14310.5, and 21£21.5
88 ppmv 242.0+20.8 31.9+5.0 172+32 21.3+0.8
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Fig. 4. Overall mass balance of nitrogen in the 22gm biofilter.
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Fig. 5. Overall mass balance of nitrogen in the 47gm biofilter.
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Fig. 6. Overall mass balance of nitrogen in the 88gm bicfilter.
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Mass balance

The results of the mass balance evaluation aredbase
the overall treatment means as shown in Fig. 7 and
Table 1. As the ammonia concentration increased #0

to 22 ppm, the total nitrite and nitrate increaséalvever,
increasing the ammonia concentrations from aboub22
88 ppm did not significantly change (p>0.05) thdyda
production of nitrite nitrogen. At 88 ppm of ammanno
nitrate was produced in the biofilter.

The amount of non-transformedNH,-N + NH,*-N)
increased from 3#2.9 to 21221.5 g n? d* as the inlet
air ammonia concentration increased from 2 to 8& pp
(Table 1). The maximum capacity of the biofilter fo
nitrification was considered to be 423.9 g m® d* NH,-

N (Table 2). When more ammonia nitrogen enters the
biofilter, it remains non-transformed in the forni o

(NHx-N + NH,*-N) unless more water is applied to
generate more leachate. However, the rate ofioétibn
can change due to temperature, retention timetygedf
biofilter medium. The biofilters used in this wonkd a
retention time of 10 s. The elimination capacife€) for
the 2, 22, 47, and 88-ppm biofilters were *2.®&,
111+5.6, 18310.9, and 24221.8 g n¥ d*, respectively.
Meanwhile, the rates of(NO,-N + NO,-N) production
were 8.&1.5, 42.#3.9, 40.84, and 31.95 g m® d*,
respectively. From the elimination capacity valuesan
be seen that the concentration of ammonia at teeaénd
outlet of the biofilter is not a good indicator lmibfilter
performance. Rather, the total amount of nitrite @itrate
nitrogen appeared to be good indicator for evahgatie
performance of the biofilter.

The removal efficiency (RE) is not a complete
indicator of biofilter performance either, becaitsaries
with airflow, contaminant concentration, and bitsil
size. It only reflects the specific conditions ihigh it is
measured. Figure 8 shows the overall RE of theltacs.
The RE of the 2-ppm biofilter ammonia concentration
was 100% and the ranges of the RE for the 22,dd, a
88-ppm biofilters were 65 to 90, 55 to 70, anda@t853%,
respectively. The RE of the 22 and 47-ppm biofiter
increased linearly throughout the 36 days of ojp@maas
did the production of (NO,-N + NGO, -N).

CONCLUSIONS

1. The overall elimination capacity (EC) of thefiiters
loaded with 2, 22, 47, and 88 ppmv ammonia were:
11.6+2.6, 11#5.6, 18310.9, and 24£21.8 g n¥ d*
ammonia nitrogen, respectively. Meanwhile, the
removal efficiency of the biofilter that receivelat
2 ppmv of ammonia from the barn was 100%. The
ranges of the RE of the other biofilters with 22, 4
and 88 ppmv ammonia concentrations were 65 to 90,
55 to 70, and 40 to 45%.

The production rates of(NO,-N + NG,-N) were:
8.6+1.5, 423.9, 414 and 325 g m® d* and the
percentages of ammonia nitrogen transformed tb tota
nitrite and nitrate nitrogen for the above biofite
were: 73, 38, 22, and 13% of the EC for each
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& 400 ACKNOWLEDGEMENT
o Y(NH3-N+NH4-N) = 2.45X + 16.14
=t R?=098 This project was funded by NSERC and the Canada
& 300 - -0
= /Alberta Hog Industry Development Fund.
=
< 2001 REFERENCES
100 A APHA. 1999. Standard Methods for the
| Examination of Water and Wastewafen CD).
0= “"dg__ B w w -~ w Washington, D.C: American Public Health
0 20 40 60 80 100 Association.
Inlet ammonia concentration (ppmv) Al‘meen, A., J.J.R. Feddes, R.N. Coleman and J.J.
Leonard. 2006. Nitrogen mass balance in a
biofilter processing air contaminants from swine
Fig. 7. Overall nitrogen mass balances in the 2, 227, and 88 ppmv housing. CSBE/SCGAB Paper No. 06179.
ammonia biofilters. Winnipeg, MB: CSBE/SCGAB.

Fig. 8. The ammonia removal efficiency (RE) of the, 22, 47, and

Chen, Y., J. Yin, K. Wang and S. Fang. 2004.
Effects of periods of nonuse and fluctuating
ammonia concentration on biofilter performance.
Journal of Environmental Science and Health
Part-A,-Toxic/[Hazardous Substances and
Environmental Engineerin@®9(9): 2447-2463.

Devinny, J.S., M.A. Deshusses and T.S Webster.
1999. Biofilteration for Air Pollution Contral
New York, NY: Lewis Publishers.

Feddes, J.J.R., |. Edeogu, B. Bloemendaal, S.
Lemay and R. Coleman. 2001. Odour reduction
in a swine barn by isolating the dunging area. In
Proceedings of thé"dnternational Symposium
on Livestock Environmergds. R.R. Stowell, R.
Bucklin and R.W. Bottcher, 278-284. St.
Joseph, MI: ASABE.

Gibbons, M.J. and R.C Loehr. 1998. Effect of
media nitrogen concentraion on biofilter
performance. Journal of Air amd Waste
Management AssociatiotB(3):475.

Hartung, J. 1988. Tentative calculations of gaseous
emissions from pig houses by way of the exhaust
air. In Volatile Emissions from Livestock

88 ppm bilfilters. Farming and Sewage Operationeds V.C.

biofilter, respectively. Meanwhile, the producticates of Nielsen, J. Vooburg and P. L'Hermite. 54-58.
the NO-N in the above biofilters were: 1.91£0.2, 30.4+4.4, London, UK.Elsevier Applied Science
37.9+3.7, and 31.7+4.9 gtd™, respectively. However, the \jetcalf & Eddy, Inc. 1993.Wastewater Engineering:
results show that nitrite may accumulate in thdilbéos if Treatment, Disposal, and Reys¥ edition. New York,
operated with inlet ammonia concentrations of gnetiitan NY: McGraw-Hill, Inc.

22 ppmv, 10-s EBRT, and leachate flows lowlan
18 L n® d™. The results of the mass balance showed th
biofilters operated with inlet ammonia concentrasicof
22 ppmv produced 42+3.9 ghad* (NO,-N + NO,-N)
with an overall elimination capacity of 111.4+5.6ng d*
and a removal efficiency of 75%.

6{}Iicolai, R.E. and K.A. Janni. 1998. Comparison affitier
retention time. ASAE Paper 984053. St. Joseph, MI:
ASABE.

Volume 50 2008 CANADIAN BIOSYSTEMS ENSEERING 6.27



