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cases, the research was conducted using lab-soflebunits
(Lee et al. 2001; Choi et al. 2003). Garlinski &fahn (2005)

headspace Canadian Biosystems Engineering/Le génie degjescribed a field-scale horizontal-airflow biofilteat relied on

biosystemes au Canad#: 6.1-6.5. The control of odour from
livestock barns continues to be an issue of impa#dor the livestock
industry. A horizontal-airflow biofilter without apressurized
headspace was designed to eliminate problemsahaiden observed
with a previous pressurized-headspace design. Skstmct biofilter
units were constructed adjacent to a commerciabaog in southern
Manitoba. Air velocity was measured across theatmgh side surfaces
of each biofilter. Exit velocity was uniform acrase sides, but more
air exited through the top surface of the biofitteain was anticipated
based on the design of the biofilter. Zeolite adttedhe biofilter
medium (woodchip and compost mixture) enhanceefieetiveness
of hydrogen sulfide reduction by up to 30% withmegatively
affecting airflow characteristicd&eywords: biofilter, biofiltration,
airflow uniformity, horizontal airflow, hydrogen Higde reduction.

Le contrble des odeurs provenant des batimenewdige demeure
un défi important en production animale. Un bioéilhon pressurisé
a écoulement horizontal a été congu pour élimieer groblémes
observés précédemment avec des biofiltres preésur8ept biofiltres
de ce nouveau type ont été construits et instpts d’'une porcherie
commerciale située dans le sud du Manitoba. Legssés
d’écoulement de I'air au travers du sommet et dasip latérales de
chacun des biofiltres ont été mesurées. |l a é&émk que la vitesse
d’évacuation de l'air était uniforme au travers gasois latérales des
biofiltres. De plus, une plus grande quantité dpie ce qui avait été
estimé lors de la conception de ce nouveau typbiafdtre était
évacuée par le sommet de ceux-ci. L’addition déiteéau substrat du
biofiltre (mélange de copeaux de bois et de com@ostsulté en une
augmentation de 30% de son efficacité a réduiretiessions de
sulfure d’hydrogéne sans qu'il n'y ait d'effets aéifs sur les
caractéristiques d’écoulement d’air des biofiltMdsts clés biofiltre,
biofiltration, uniformité de I'’écoulement d’air, éslement d'air
horizontal, réduction de sulfure d’hydrogéne.

INTRODUCTION

Control of odour from hog barns continues to baallenge to
the hog industry. Biofiltration is a technology thaan
effectively eliminate the odour from the air beieghausted
from a hog barn. The challenge is to design albéofihat best
integrates with the barn system.

An experimental study completed by Sadaka et 80Z»
demonstrated that the resistance to airflow thraugbdchips
is less in the horizontal direction than in thetioat direction.
Garlinski and Mann (2005) reviewed the literaturet found
only limited mention of horizontal-airflow biofilts. In both
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a pressurized headspace created by an inflatabtiét to
prevent short-circuiting of the air through thefiier without

treatment. The concept of a pressurized headspasshown
to work; however, the design is subject to failifitbe integrity
of the inflatable bladder is jeopardized. Garlinakd Mann
(2005) concluded their paper by recommending thhero
horizontal-airflow designs be considered. The dfbjecf this

paper is to describe and evaluate a horizontdbairbiofilter

that functions without the need of a pressurizeddbpace.
Garlinski and Mann (2005) used exit velocity unifity to

evaluate the pressurized-headspace design. Ipdbpisr, exit
velocity uniformity will be used to evaluate theoposed
biofilter design.

A secondary objective is to determine the effeceaflite as
an additive to biofilter medium. Milic et al. (20P8escribed
zeolites as “naturally occurring three-dimensiomagroporous,
hydrated aluminosilicate minerals characterizedigl internal
surface area and high cation exchange capacitiestheir
research, Milic et al. (2005) found that 2% zedditiled to pig
feed resulted in a decrease in ammonia emissi@8&. In
more recent work, Cai et al. (2007) evaluated #eaf zeolite
(up to 10% by weight) as an additive to poultry onra&n Odour
was reduced by approximately 50% when the zeoliss w
applied topically. In this study, hydrogen sulfigeluction will
be used to determine whether zeolite might be fectafe
biofilter additive.

THEORY OF A HORIZONTAL-AIRFLOW BIOFILTER
WITH A NON-PRESSURIZED HEADSPACE

Biofilters were constructed using the non-pressatizeadspace
design as shown in Fig. 1. Solid barriers (i.eywplod),
mounted along the top edge of the biofilter chanvere used
to direct the movement of air through the biofilteed.
Theoretically, air will travel straight through théofilter bed
(solid arrow in Fig. 1) if the resistance in therikontal
direction is less than the resistance in the \artarection. If
the resistance in the vertical direction is lessittihe resistance
in the horizontal direction, airflow is likely toflow the hollow
arrows (Fig. 1). Thus, the top layer of the medisimot used to
treat the air stream; its function is to createaibr to prevent
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Fig. 1. Schematic of the horizontal-airflow biofilte with a
non-pressurized headspace illustrating the desired
movement of air through the biofilter medium
(black arrow) and the movement of air that will
occur as the medium settles (hollow arrow).

vertical movement of the air. To limit the amourfitunused
medium, the horizontal path should be short (ite,biofilter
bed should be narrow). By comparison, the desigoriteed by
Garlinski and Mann (2005) used an inflatable bladderevent
vertical movement of the air.

Garlinski and Mann (2005) reported significant lesdt of
biofilter medium with time. In the non-pressurizZieeadspace
design, settling of the medium will reduce the tepf the
“barrier” medium and will cause air to leave thrbuge top of
the biofilter (hollow arrows in Fig. 1). When thascurs, the top
layer of the biofilter bed may be considered toabeertical-
airflow biofilter (as described by Mann et al. 2002omplete
failure of the biofilter will not occur unless déty is so severe
that air is allowed to by-pass the solid barrietheuit passing
through any medium.

EXPERIMENTAL METHODS

Experimental biofilters

Each biofilter unit consisted of two biofilter chiers linked by
a central plenum (Fig. 2). Each chamber was 0.5da 8.7 m

Fig. 2. Top view of a horizontal-airflow biofilter consisting
of a central, internal plenum bounded on both sides
by chambers filled with porous medium. Arrows
indicate the movement of air through the biofilter.In
the text, the chamber on the left is referred to aSide
A and on the right is Side B.
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Fig. 3. Top view of a biofilter unit showing the two
chambers filled with medium on alternate sides of a
central plenum. There was no roof covering the
unit.

long, and 3.0 m high. Based on these dimensionh,&smmber
contained approximately 5.5 hof biofilter medium. Air was
forced through the 0.5 m bed of biofilter mediumittwan
estimated true residence time of 3 s, it was gdteid that 70%
reduction of odour (or hydrogen sulfide concentratimight be
achieved (Nicolai and Janni 1998, 1999). There m@soof
covering the biofilter (Fig. 3).

Seven distinct biofilter units were constructedg éor each
of the ventilation fans present on the adjacent bagp. The
biofilter units were constructed approximately Saway from
the hog barn. Biofilter fans, aligned with the Bawentilation
fans, were used to draw odorous air from the regeiween the
barn and the biofilter unit into the central plenand through
the biofilter chambers (Fig. 2).

Side A (the north side) of each biofilter was fillavith
woodchips and compost in a ratio of 80:20 by mAdsled to
Side B (the south side) were varying quantitieszeblite
(Table 1). The proportion of zeolite added (massd)aanged
from 0 to 0.32. The zeolite was in the form of ¢red rock
(similar to crushed limestone that might be addedat
residential driveway); it was not in powdered form.

Table 1. Proportion of zeolite added to the woodchip
compost mixture.

Zeolite added
(proportion of mass of biofilter medium)

Biofilter
Side A Side B
1 0 0
2 0 0.32
3 0 0.11
4 0 0.15
5 0 0.19
6 0 0.23
7 0 0
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Fig. 4. Side view of one of the seven biofilters; ffew circles
highlight some of the sampling locations.

Measurement of exit velocity uniformity

Airflow sampling was conducted with a custom-bauitiplifying
cone. A hotwire anemometer was used to monitorcigiof the
air exiting the centre of the amplifying cone. Séingpoccurred
at 18 locations on each side of the biofilter (ipand at nine
locations on the top. Side sample locations wepeagimately
one-third and two-thirds from the top, with nineealy spaced
samples at each level. Data were collected onatixsdduring
June and July of 2005.

Garlinski and Mann (2005) reported the tendencyiginer
exit velocity against the back wall of the biofiltg.e., at the
point furthest from the inlet to the central plenurt was
speculated that air reached the back wall and wastdd along
the wall through the biofilter medium. Becausehid previous
observation, it was important to compare the elibeity across
the entire exit face with specific attention to tegion nearest
the back wall. To facilitate this comparison, thxé éace was
divided into thirds; the front third (nearest thdet to the
plenum) was compared with the rear third (neafesthiack
wall). Statistical analysis was completed usingTkest (two-
tailed test, two sample equal variance).

A further concern with this design is that air ntegvel
vertically out the top of the biofilter rather thdraveling
horizontally through the biofilter. Statistical dyeis (two-tailed
T-test, two sample equal variance) was used to eoenthe
mean exit velocity from the side of the biofilteittvthe mean
exit velocity from the top of the biofilter.

Measurement of hydrogen sulfide reduction due to zdite

Hydrogen sulfide levels were measured using a Je@si-X
Hydrogen Sulfide Analyzer (Arizona Instrument, T@ampZ).
Hydrogen sulfide data were collected from Biofiltdr
(containing 15% zeolite on Side B) on six datesvieen August
and October of 2005. Sampling occurred at 18 looaton each
side of the biofilter (Fig. 4) and at 9 locationstbe top.

RESULTS and DISCUSSION

Exit velocity uniformity

Data from the front third of each biofilter werengpared to data
from the rear third for each of the six samplingteda
Comparisons were made for both Side A and SidefEhé84
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Table 2. Comparison of mean exit velocity from therbnt

third of the biofilter (nearest the inlet to the
plenum) with the mean velocity from the rear
third of the biofilter (nearest the back wall).

Exit velocity (m/s)

Date  Biofilter Side A Side B
Front Back Front Back
June 1 0.91 0.30* 0.43 0.73
15 2 1.32 1.24 1.04 0.76
3 0.54 1.77* 1.08 1.00
4 0.93 0.29* 0.30 0.70
5 0.76 0.94 0.97 0.65
6 0.69 2.03* 1.18 1.41
7 1.00 0.86 0.54 0.58
June 1 0.07 0.35 0.20 0.26
23 2 0.12 0.20 0.20 0.11
3 0.11 0.13 0.34 0.14
4 0.19 0.09 0.07 0.10
5 0.26 0.36 0.05 0.16
6 0.17 0.16 0.19 0.31
7 0.00 0.09* 0.02 0.03
July 1 1.33 0.92 0.73 0.78
4 2 1.05 0.75 0.43 0.73*
3 1.07 1.30 0.92 0.67
4 0.27 0.07 0.10 0.58*
5 0.61 1.13 1.19 0.70*
6 1.64 1.25 1.59 1.38
7 0.65 0.66 0.89 0.63
July 1 0.29 0.86 0.36 0.40
6 2 0.71 0.15* 0.50 0.31
3 1.57 1.10 0.51 1.64
4 0.52 0.29 0.43 0.43
5 0.52 0.46 0.48 0.23
6 1.90 1.01 1.05 1.84
7 0.39 0.50 0.28 0.50
July 1 0.30 0.38 0.41 0.42
14 2 0.47 0.80 0.53 0.34
3 1.42 0.32* 0.82 0.60
4 0.46 0.30 0.29 0.34
5 0.29 0.58 0.41 0.30
6 0.59 0.89 0.54 0.79
7 0.44 0.20 0.63 0.12*
July 1 0.38 0.76 0.13 0.39
24 2 0.08 0.02 0.22 0.20
3 0.31 0.30 0.06 0.05
4 0.21 0.32 0.33 0.26
5 0.22 0.32 0.23 0.19
6 0.54 0.39 0.64 0.62
7 0.12 0.25 0.11 0.31

* Means between the front and back are signifigedifferent.

comparisons that were made, there were no signtfica
differences between the mean exit velocity fromftbat third
and the mean exit velocity from the rear third 3rcases (87%
of cases) (Table 2). With this evidence, it hasbamncluded

CANADIAN BIOSYSTEMS ENGEERING 6.3



Table 3. Compa_rison Of mean eXit VeIC.)City frO.m the|de Of Mean exit Velocity from each Side was Compared an
the biofilter with the mean exit velocity fromthe gyt velocity from the top for each biofilter foaeh of the six
top of the biofilter. sampling dates. Comparisons were made for both Sided

Side B. On the first sampling date, significantbyver exit

velocity was observed from the top for all six loé thiofilters

Exit velocity (m/s)

Date  Biofilter Side A Side B for which data are available (Table 3). The samediwas not
_ ) evident on all of the other sampling dates. On soomasions,
Side Top Side Top there were no significant differences. On some siocs, the
June 1 0.59 0.11* 0.72 0.10* exit velocity from the top was actually higher thdme exit
15 2 1.35 0.13* 1.03 0.43* velocity from the side of the biofilter. Of the 8mparisons
3 1.19 0.04* 0.94 0.12* that were made, there was significantly greatet esdocity
4 0.63 0.07* 0.56 0.08* from the top in 6 cases (7% of cases), there veasfisiantly
5 0.85 0.07* 0.74 0.04* greater exit velocity from the side in 36 case44df cases)
6 1.34 0.24* 1.16 0.14* and there were no significant differences in eglbeity in the
7 0.90 N/A 0.48 N/A remaining 40 cases (49% of cases). Both inadequziture in
June 1 0.22 0.29 017 0.58* the biofilter medium in the top region and excessettling of
23 2 0.19 017 0.19 0.43* the biofilter medium could have contributed to titeserved
3 0.14 0.29* 0.20 0.29 airflow from the top of the biofilter. Based on elpged airflow
4 0.16 0.07 0.07 0.14 patterns, the non-pressurized headspace desigrotitEhave
5 0.24 0.08 0.11 0.05 as predicted. The “barrier” layer of woodchips dat prevent
6 0.13 0.18 0.18 0.44 vertical air movement.
! 0.0 0.19% 0.02 0.18 One final concern related to exit velocity relatesthe
July 1 1.16 0.37* 0.90 0.49 presence of zeolite in Side B of biofilters 2 thyb6. Based on
4 2 0.82 0.61 0.67 0.82 statistical analysis (two-tailed T-test, two sampgual
3 0.95 0.56 0.78 0.11* variance), there were no significant differencesxit velocity
4 0.21 0.28 0.39 0.27 between Sides A and B for any of the seven biofilte any of
S 079  0.13* 08l  0.23 the sampling dates (with the exception of Biofidesn June 23
6 1.29 0'45: 1.27 0'39: where Side A had significantly higher exit velodhgn Side B).
7 0.71 0.13 069 0.16 The experimental evidence suggests that the zewdigeno
July 1 055 0.53 0.46 0.54 influence on airflow through the biofilter.
6 2 0.52 0.65 0.56 1.11* ) ; ;
3 199 0.46% 1.90 0.44* Hydrogen sulfide reduction due to zeolite
4 0.39 0.06* 0.55 0.13* With the exception of the first sample date, thiesof the
5 0.50 0.07* 0.57 0.18* biofilter containing the zeolite was observed toéhgreater
6 1.36 0.53* 1.53 0.47* reduction in hydrogen sulfide concentration (Tabig.
7 0.44 0.16* 0.42 0.13* Compared to the control (Side A), the zeolite cdulsether
July 1 0.95 0.31 0.36 0.97 redu_ctlon in hydrogen sulfide C(_)n(_:entratlorj of 8@8_/0. Thus,
14 5 054 021 051 031 zeollt_e could be add_ed to a biofilter med|um to ioye the
3 0.69 0.10* 061 0.23* effectiveness of treating hydrogen sulfide.
4 0.43 0.06 0.44 0.05*
5 0.41 0.18 0.39 0.17 CONCLUSIONS
g 8;8 %‘2019* 8';‘21 %1123* In terms of airflow uniformity, there is insuffigie evidence to
' ' ' ' suggest that the exit velocity varies from frontréar. With
July 1 0.42 0.27 0.22 0.26 significant movement of air through the top “bartigortion of
24 2 0.04 0.02 0.14 0.09 the medium, it can be said that the non-pressutieedispace
3 0.41 0.24 0.31 0.13 design did not behave as predicted. Finally, thisrean
4 0.20 0.12 035  0.06 indication that zeolite added to the biofilter mediimproves
> 0.26 0.34 0.16 0.18 the effectiveness of hydrogen sulfide removal frima air
6 0.48 0.26 0.52 0.18 stream.
7 0.16 0.19 0.22 0.13
* Means between the side and top are significatiffgrent. ACKNOWLEDGEMENTS
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Table 4. Effect of zeolite (15% of total biofilter m&ium mass) on hydrogen sulfide reduction from Biofter 4.

Plenum Side A (control) Side B (treatment)
(woodchips and compost only) (15% zeolite added)
Date
HS HS Reduction HS Reduction
concentration concentration concentration
(%) (%)
(ppm) (ppm) (ppm)
August 19 0.096 0.046 51.9 0.074 22.8
September 11 0.338 0.132 60.9 0.083 75.4
September 13 0.426 0.267 37.4 0.174 59.1
September 24 0.426 0.307 28.0 0.216 49.3
September 30 0.757 0.514 32.1 0.453 40.2
October 2 0.233 0.198 14.9 0.127 45.2
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