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Abstract: Problem statement: Agricultural residues such as manure and sugartegmasse are
wastes from agro-industry which has low value aequires some sustainable waste management
method. In this research, a mixture of manurelieeti and sugarcane bagasse is used as a biofilter
media for an ammonia gas removal application. Titred this research is to study the ammonia gas
removal efficiency of such medidpproach: The experiments were conducted in laboratory-scale
biofilters. Two inlet ammonia gas concentrationsevesed which are 500 and 1,000 ppm. Three ratios
of manure fertilizer and sugarcane bagasse weriestlincluding 1:3, 1:5 and 1:7 by volume. All
experiments were conducted for a period of 40 days Empty Bed Retention Time (EBRT) of these
experiments were used which is 39s and 78s. Thestumei content of the biofilter media was
maintained at 45-60% by adding watBesults: The maximum ammonia gas removal efficiency at
89.93% is observed from the following condition®05pm of the inlet ammonia gas concentration,
the manure fertilizer and sugarcane bagasse mix#tie of 1:5 and the EBRT of 78s. The important
factors of the ammonia gas removal in biofiltratipmocess are the inlet ammonia gas concentration
and the EBRTConclusion: The experimental results showed that the mixtéir@anure fertilizer and
sugarcane bagasse is an effective biofilter memli@fnmonia gas removal applications. However, the
biofilter is more effective at low inlet ammoniasgeoncentration, while the ratio of manure fengitiz
and sugarcane bagasse has no significant effetheoammonia gas removal efficiency. Therefore,
using both residues as biofilter media for ammogas removal application is an alternative
sustainable way to such manage argo-industry waste.
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INTRODUCTION biofiltration is an ammonia gas pollution control
method using living materials to capture and
Qiodegrade pollutants. Biofiltration is the most
attractive alternative method for ammonia gas ingat
because its high removal efficiency, low operationl
maintenance cost and modest environmental impact
) (Wani et al., 1997). In the biofiltration process, a
(Chur]get al., 1996; NdegwaeF al., 2_008) and the  contaminated gas stream passes through a biofilter
chemical and manufacturing II’IdUStI_’IeS (Kieh al., _media layer such as compost, soil, wood chips,, peat
2007). There are many technologies for ammonigyyich, bark or mixed materials. These layers wéllph
removal such as the catalytic oxidation (Juutilaiee  adsorbed the ammonia gas in the stream. Afterahat
al., 2006; Wangget al., 1999), liquid absorption (Chen, pjiodegradation occurs due to the microorganisms
2004; Terasaket al., 2002), solid adsorption (Rodrigues activity in the biofiler followed by biodegradationf
et al., 2007; Guoet al., 2005) and biological filtration adsorbed pollutants (Pagagtsal., 2007). The biofilter
(Smetet al., 2000; Hong and Park, 2005; Pagahal., media uses the microorganisms to remove the air
2005; Chungt al., 2005; Kimet al., 2000). pollution. Moreover the biofiltration is a proven
The biological treatment is an emerging technologytechnology as an odor and volatile organic compound
for treating odorous air pollution. The biofiltrati is  reducing emission method from industrial and
one of several biological treatment methods. Thecommercial emission sources (Taghipetal., 2008).
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Ammonia gas is a colorless, odorous, corrosive an
toxic gas. It is produced from several sources aag&h
composting and fertilizer plant (Busca and Pistarin
2003), wastewater treatment plants, livestock fagmi
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A good biofilter media should have rich nutrients The reactor has the biofilter media as manure
for microorganisms. Thus, manure fertilizer hasfertilizer combined with sugarcane bagasse at 1:3,
sufficient nutrient as required. However, the deasd  and 1:7 ratios for reactor 1, 2 and 3, respectivéhe
packed volume characteristics of manure fertilizety  biofilter media height is set as at a constant hte
not allow gas to pass through easily. Thereforeft@r 0.25 and 0.50 m. Table 1 shows the operating
media such as sugarcane bagasse that can increlse Vconditions of the biofilter in this study. The itle
space in the manure fertilizer must be added. $agar ;.\ monia gas flow rate was maintained at 56 sed™.
bagasse is an agro-industry waste from sugarca e moisture content of the biofilter media was

industry. By using sugarcane bagasse as a b'Of'!terlhaintained at 45-60% for optimum operation conditio

T e e 056, The Empty Bed Reteion Time (EERT) was 395 anc
; ' 78s. The experiments were started at 500 ppm ef inl

materials to get the highest efficiency must bedooted. . .

In this study, the ammonia gas removal jsdmmonia gas concentration.
evaluated by a laboratory-scale biofilter usingiatume
of manure fertilizer and bagasses as the biofittedia.
The ammonia gas, before and after biofiltration ever
analyzed to determine the effect of the biofilterthe
removal efficiency.

MATERIALSAND METHODS

Raw materials: The manure fertilizer and sugarcane
bagasses are used as the agricultural residudtdmriofi
media in these experiments (Fig. 1). The manurdig. 1:Biofilter media (a) manure fertilizer (b)
fertilizer is a product from animal waste compogtin sugarcane bagasse
which has the advantage of adding a balanced set of
nutrients to soil. It contains many nutrients for
microorganisms such as nitrogen, phosphorus, patass
trace nutrients and soil microorganism stimulants.

The typical sugarcane bagasse is a fibrous matter
that remaining from the juice extraction from the
sugarcane stalk. The moisture content is high ngea
40-50%. The typical sugarcane bagasse contains 45@
55% of cellulose, 20-25% of hemicelluloses, 18-24% ]
lignin, 1-4% of ash and less than 1% of waxes.

(b)

Experimental setup: The diagram of the biofiltration
process used is shown in Fig. 2. In this studyeehr
biofilter reactors were used; each reactor consibim
cylindrical vessel. The biofilter column height 190
cm. The biofilter column has an inner diameter dfo0  Fig. 2: Schematic of biofiltration process (A = Ngas

m. The filter bed has two layers and each layeréas tank, C = compressed air equipment, F = flow
height of 0.25 and 0.50 m. The overall volume af th meter, L = leachate tank, M = mixed air andJNH
filter bed is 1.96 | and 3.93 |. The gas feedingaptus gas tank, P = peristaltic pump, and W = water tank)

is set up to produce an ammonia gas with desireg ble 1: Operati dit  the biofi
concentration and flow rate. A peristaltic pumpged ——2x¢ L: Operating conditions of the biofilters

. Parameters Experimental operation
to send water from a water tank to filter bed. The1 N, flowrate 50Xc$ﬁsl-1 perat
manure fertilizer and sugarcane bagass€ (@m in 2. inlet NH concentration 500 ppm and 1,000 ppm
weight x length) were packed into the filter bed at 3. Moisture content of biofilter media 45-60%

. . . i . EBRT 39s and 78s
1:3, 1.5 anq 1.7 of manure fertilizer and sugarcan(% sight of biofilter media 050 m and 0.25 m
bagasse ratio. The sugarcane bagasses were provVEdyanure fertilizer: 13 155 and 1.7
to be very effective in preventing bed compactiédn 0  sugarcane bagasse ratio
organic packing media. 7. pH 6-8
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The experiments were carried out continuouslyat EBRT 39s and 78s at 1:3, 1:5 and 1:7 of manure
until the biofiltration process reached the steathte fertilizer and sugarcane bagasse ratio.
then the experiments were changed to 1,000 pprriedf i The removal effeciency of the whole 40-day period
ammonia gas concentration. . .is plotted in Fig. 6-8. Figure 6 shows the RE atrlB
The experiments were carried out continuouslyl Unti3gs of all three ratios of manure fertilizer andawcane

the biofilter got into another steady state. Thée t .
experiments finished. The pH value during experisien bagasse, while Fig. 7 shows the RE at EBRT 784l of a

was maintained in a range between 6 and 8. three ratios as well. Figure 8, on the other hand,
combines the plots of both figures (EBRT 39s and

Monitoring parameters. During the experimental EBRT 78s) for comparison purpose.

period, the inlet and outlet ammonia gas conceptrat . - .
. Table 2: Properties of biofilter media
of each reactor were monitored to evaluate the

. . L. Manure Sugarcane
ammonia gas removal capacity of the biofilter. Theproperties Unit Fertilizer bagasse
ammonia gas was collected using the sampling pump. Moisture content % 2.70 9.10
for 1 min at the flow rate 2| min. Then, the pasgsin 2: ngkd " g (?-2630 65-1169

. . . . Bulk density g . .
ammonia gas |s1 dlrect_ed t_o the Erlenmeyer flasli C/N ratio _ 5 50 120.00
containing 50 mLC" of boric acid. After that the 0.02N 5. organic carbon % dry weight 13.10 24.00
Hydrochloric acid is used to titrate the sampleider g- Srganic rT;atter % dry weight 22.70 41.40

H H . Nutrient elements
to analyze the ammonia gas concentration. N % 237 0.20
-P % 0.78 0.03
RESULTS -K % 0.91 0.42
Biofilter media characteristicss The properties of ~+NH, Inlet (ppm)  ~+~ NH; Outlet-395 (ppm) ~+~ NH; Outlet-785 (ppm)

L . - = RE-39s (%) —— RE-78s (%)
biofilter media, manure fertilizer and sugarcane 1200

I i 7T 100

bagasse, are shown in Table 2. The moisture cboten 2 1000 = PYars %
manure fertilizer and sugarcane bagasse were 2ndé% a S -l %f . Tf‘ -

9.1%, respectively. The moisture content is a major 2 N ava i | 160 =
parameter for the operation control of the bicdilion £ 0L lsurrsiemnucnimteniifte mertnnni s |4 S
process. The optimum moisture content of a bidfilte 2 400 poeze 3 .,:I:z. “‘

media should be 40-60% (Gaudihal., 2008). Thus, = zoofi‘*““*‘lx“x:::;“‘“‘gf-.... 20
water must be added to the biofilter media in order 0 S et L
maintain the moisture content within the optimalge. 12 3 4 6 9 14 19 25 30 35

. o Time (day
The pH is 8.6 and 5.1 for manure fertilizer and kg

sugarcane bagasse, respectively. The bulk dersity iy 3. Relationship between inlet ammonia gasleout
0.23 and 0.16 g mfor manure fertilizer and sugarcane ammonia gas and removal efficiency at 1:3 of

bagasse, respectlvely: The nutrient elements iR:NK manure fertilizer: sugarcane bagasse ratio
form of manure fertilizer and sugarcane bagasse are
2.37: 0.78: 0.91 and 0.20: 0.03: 042, respectjvely -#-NH; Inlet (ppm) - NH; Outlet-39s (ppm) —+ NH; Outlet-78s (ppm)

These nutrient elements are suitable for microdsgan e —REAEE 0o
activity in the biofiltration process. = Ak, '
. . £ 10007 : " 20
The C/N ratio of manure fertilizer and sugarcane = / ; A\
. . - + / TR \/ %
bagasse is 5.5 and 120, respectively. The organicZ 800 o N L[ 60 E
carbon of manure fertilizer and sugarcane bagaisses % 600’;(,\4’_.,,,.W\;;l SR P ) .};w_ e
13.1% and 24.0% dry weight, respectively. The oigan £ 400"4;‘-;. pra | \
BF - A a, e TN | \
matter of manure fertilizer and sugarcane bagasse iz 2007 *‘&L‘;::u-‘x‘“‘;'--n. S TR
. . Z o A,
22.7% and 41.4% dry weight, respectively. 0 e Y S 0
1 2 3 4 6 9 14 19 25 30 35
Time (davy)

Overall biofilter performance: The experiments were
conducted for a period of 40 days. Figure 3-5 sktwav  Fig. 4: Relationship between inlet ammonia gas|ebut
relationship between the inlet and outlet ammora g ammonia gas and removal efficiency at 1:5 of
concentration and the ammonia gas removal effigienc manure fertilizer: sugarcane bagasse ratio
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—-1:3-39s-=1:5-395-41:7-39s

= RE-39s (%) ~&~RE-78s (%) 1001 —-1:3-78s=-1:5-78s-41:7-78s
1200 i i V] 100 Bpene:

£ 1000} ,_/\'ZL‘& -Ju el s 807 - D e
& i \f. P 80 _ l"\‘:f'* *Xig ‘ ’?\Q}g” By
g 1 5| S 60 i oa Ry
£ 800 \ ~°-*/ S o P
5 i ‘ « T60 W ~ R RNV A |
] L | ad = g, VYA \[R, o4
2 600G, o= & 40 TR
g 400k \ = L
g IR oed 20
5 2 :\“\m ."‘ ."'..“" A\;u [/ I I
= 200 “.« ha‘x‘“ Sl :::' 0- ; ‘ ‘ ‘ . ; ; ; ‘ ‘ ;

0 . — 0 1 2 3 4 6 9 14 19 25 30 35

1 2 3 4 6 9 14 19 25 30 35

Time (day)

Time (day)

Fig. 8: Ammonia gas removal at EBRT 39s and 78s at

Fig. 5:Re|at|onsh|p between inlet ammonia gaslebut various biofilter media ratios
ammonia gas and removal efficiency at 1:7 of
manure fertilizer: sugarcane bagasse ratio 80 - WS00ppm-39s @1000ppm-39s MS00pPm-T8s @ 1000 ppm-T8s
1007 —e-1:3-EBRT39s -=1:5-EBRT39s —+ 1:7- EBRT 39 =
801 I
Ang® . ":," g
2= 60 s, A ,,:':'T.’ %
o 8 Na [N Ji £
[=a] ) “eon “m“ 4 3 R 44 =
& 40 e ‘.‘:ﬂ { bact ,\‘ ,‘gn
!;i{-( ¥ ¥, fq
20 1:3 1:5 1:7
Manure: Sugarcane bagasseratio
I i m v
0 T T : T f . T |
12 3 4 6 9 1419 25 30 35 Fig. 9:Mass loading of biofiltration process ativas
Time (day) biofilter media ratio
Fig. 6:Am_mon|a gas re_moval at EBRT 39s at various 100 W500ppm-39s E1000ppm-30s MS00pPm-78s @W1000 ppm-785
biofilter media ratios
30
1007 —-1:3-EBRT78s = 1:5-EBRT78s —+ 1:7-EBRT 78s & 60
'S =¢'. 5/
801 J:;:l‘ ’:ﬂ“ = “&‘ A = 40
T, 7,{ K. ’;;rg
= i J/ b /| ;u 20
cc 60 ’{::/‘J ‘\:Jl ’A ~. ,
2 aod e ’2‘\ ;
40 1:3 1:5 1:7
Manure: Sugarcane bagasse ratio
201
I il il v . - e
0 ——— T T+ Fig. 10: Removal Efficiency (RE) of biofiltration
1 2 3 4 6 9 1419 25 30 35 process at various biofilter media ratio
Time (day)
) ) _ Table 3: Properties of biofiltration process
Fig. 7: Ammonia gas removal at EBRT 78s at variousvanure fertilizer Inlet Mass
iofi i i ‘sugarcane NHsconc. EBRT Ioadlng RE EC
biofilter media ratios bagasseratio  (ppim) © QR 06 (@mhY)
_ o 13 500 39 31.89  66.36 21.01
The properties of the biofiltration process are 78 1594  88.32 13.98
shown in Table 3, including the ratio of manure 1,000 gg g‘z‘-gg ‘%-gg %g;g
fertilizer and sugarcane bagasse, inlet ammonia:s 500 39 3227 6681 2148
concentation, EBRT, mass loading, RE and Elimimatio 1000 ;g ég-% gg-gg %g"ég
Capacity (EC). Furthermore, the relationship of snas ' 78 3235 7524 23.88
loading, RE and EC versus all three ratios of manur1:7 500 gg ?gg% gg.% ﬁ.gg
feruhzer an_d sugarcane ba}gasse as biofilter madéa 1,000 39 8420 4340 2827
shown in Fig. 9-11, respectively. 78 32.10 72.05 23.48
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0T m500ppm-39s @1000ppm-39s MS00ppm-78s  &1000 ppm-78s DISCUSSION

The overall performance of all three biofilter rized
ratios (i.e., 1:3, 1:5 and 1:7) of manure fertitiznd
sugarcane bagasse shows the similar trends (. 3-
The ammonia Removal Efficiencies (RE) were 66.36-
67.37% at 500 ppm of inlet ammonia air concentratio
and the EBRT 39s. While RE were 88.32-89.93% at

15 500 ppm of inlet ammonia air concentration and the

Manure: Sugarcane bagasseratio EBRT 78s. RE were 39.43-43.40% at 1,000 ppm of
inlet ammonia air concentration and the EBRT 39. R

Fig. 11:Elimination Capacity (EC) of biofiltration Were 71.86-75.24% at 1,000 ppm of inlet ammonia air

process at various biofilter media ratio concentration and the EBRT 78s. o
The results revealed that the ammonia air removal

. , o is more efficient at 500 ppm of inlet ammonia air
12 ppmonatio 3 e oM e o 13 concentration when comparing with the efficiency at
—#-500 ppm, ratio 1:5 8- 1,000 ppm, ratio 1:5 N . ) A
I 4500 ppm. ratio 1:7 = 1,000 ppm. ratio 1:7 1,000 ppm of inlet ammonia air concentration. The
T~ ammonia air removal efficiency at the EBRT 78s is
S better than that at the EBRT 39s.
The experimental operation can be divided into

EC (g/m*-h)

13

5

AN

Cout/Cin
=
o)
L

04 four periods (I, Il, lll, 1V) according to the inle
02 1 ammonia gas concentration and the steady stateeof t
' ammonia gas removal (Fig. 6-8). In phase I, the
0 ‘ ‘ ‘ ! biofiltration process starts at the lowest inletnaonia
0 10 20 30 40 50 60 gas concentration (500 ppm). The biofiltration psxrun

Biofilter media height (cm) until the biofiltration process achieves the steatiyte
(phase Il). After that the inlet ammonia gas isngfel to
Fig. 12:Relation between biofilter media heightdan 1,000 ppm (phase Ill). The biofiltration processapes

Cout/Cin at various biofilter media ratios until the biofiltration process is steady (phasg.Vhe
biofiltration experiment period was 40 days. The RE
® 500ppm - EBRT 395 m 1,000 ppm - EBRT 39s results at each EBRT value (39s and 78s) Fig. 67and
70 1 ©500ppm - EBRT 785 0 1,000 ppm - EBRT 785 show similar trend.
60 , The results show that the biofilter media ratiodas
= 100% Conversion line a significant factor in the ammonia gas removal
g 407 , process. The inlet ammonia gas concentration is the
:)v” 30 , L main factor influencing the biofiltration operatiofhe
B 20 e 4 highest removal efficiency is found at 500 ppmrdéi
10 1 - ammonia gas concentration.
0+F—— ‘ ‘ | | : ‘ The ammonia gas removal efficiency comparison
0 10 20 30 40 50 60 70 of the EBRT 39s and 78s showed that the ammonia gas
Mass loading (¢/m; h removal efficiency at EBRT of 78 s is better thhattat

EBRT of 39s at the various ratios of manure femiti

Fig. 13:Relation between mass loading and elironat and sugarcane bagasse in biofilter media were11%3,
capacity using manure fertilizer and sugarcan@nd 1:7. All of manure fertilizer and sugarcane
bagasse as biofilter media at various ammonidagasse ratios in Fig. 8 showed that the ammorsa ga
concentrations removal efficiency was found to be similar. In

conclusion, the EBRT has a significant impact oa th
The relationship of biofilter media height versusammonia gas removal efficiency while the ratio of
the outlet concentration and inlet concentratidiorat ~ manure fertilizer and sugarcane bagasse has no
various biofilter media ratios during the whole significant impact.

experimental period is shown in Fig. 12. The properties of the biofiltration process are

The relationship of EC versus mass loading akhown in Table 3. The highest performance obseirved
various ammonia concentrations and various EBRThis study at the EBRT 78s and 500 ppm of inlet
values during the whole experimental period is show ammonia gas concentration, with the ammonia gas

in Fig. 13. Elimination Capacity (EC) of 13.98, 14.45 and 14.60
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g m® h' and the ammonia gas Removal Efficiency CONCLUSION

(RE) of 88.32%, 89.93% and 89.13% at 1:3, 1.5 aiid 1

of manure fertilizer and sugarcane bagasse ratios, The experimental results demonstrated that the
respectively. While the lowest performance obseimed ammonia gas was successfully eliminated in a
this study at the EBRT 39s and 1,000 ppm of inlefjaporatory scale biofiltration process using manure
ammonia gas concentration with the EC of 26.73)25. fertilizer and sugarcane bagasse as biofilter métia
and 28.27 g i h and the RE of 41.05%, 39.43% and thjs study. The EC increases when the inlet ammonia

43.40% at bl:3' 15 and 17 of m_amljre fertilizer andyag concentration increases. The low inlet ammoasa
SUQ"’Kcane d_agtazseﬂrqattlost,hrespecnvey (fF'%_'l_gm' concentration results in a higher or more effeciive
results indicate at the manure Iertilizer anty;,givration process than the high inlet ammonias g
sugarcane bagasse rafio of biofilter media wasanot .\ o ration. However, the high EBRT provides the
significant influence factor for ammonia gas renlova good ammon.ia gas re;noval efficiency. The manure
efficiency in the biofiltration operation procesthe fertilizer and sugarcane bagasse ratio (i 'e 15 and

maximum EC of ammonia gas is 28.27 @ " at the phary it . h ,
EBRT of 39s, the manure fertilizer and sugarcanel' ) has no_ significant impact on the ammonia gas
gemoval efficiency in this study. The maximum

bagasse ratio of 1:7 and the inlet ammonia ga : o ;
concentration of 1,000 ppm. ammonia gas removal efficiency is 89.93% at 1:f®rat

The result in Fig. 9 shows the inlet ammonia gaso_f manure fertilizer: sugarcane bagasse ratio for
concentration increases and the mass loading aldyofiltration process.
increases in all experiments. At the same inlet amian The experiments can concluded that the manure
gas concentration level, the ammonia gas Removdertilizer and sugarcane bagasse are suitable thiofi
Efficiency (RE) is tended toward the same resufte T media for a biofiltration process. The mixture oati
result can be indicated that the ratio of manurtlier ~ between manure fertilizer and sugarcane bagasseohas
and sugarcane bagasse as a biofilter media has significant effect on the ammonia gas removal ifficy.
significant impact on the value of ammonia gas remho The influence factors of ammonia gas removal efficy
efficiency (Fig. 10). The result in Fig. 10 showtéht  in biofiltration process are the degree of inletmaonia
the inlet ammonia gas concentration in the biafilon  gas concentration and the EBRT.
process improved the EC of ammonia gas. The results
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