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Odor pollution is an increasing problem in Vietnam as a tropical country during the
urbanization and industrialization. The odor from sewage systems, farms of poultry, pig,
and beef, food processing companies, composting factory, and landfills is a severe
problem in many nearby residential areas. In this study, two lab-scale biofiltration systems
where pristine local bio-media and cultured bio-media with specially formulated
microorganisms were employed in biofilters and bio-trickling filter for controls of odor
(i.e., hydrogen sulfide and ammonia) from composting process were fabricated and
operated. The odorous gas flow was created by composting solid waste collected from
an agricultural market (i.e,, mainly vegetable), containing low concentrations of 1.32 +
0.32 mgNHz m™ and 5.20 + 0.28 mgH2S m3 under stable condition. For the biofilter
model, commercial compost and cow manure were used as substrates and packed into
the models. For the bio-trickling filter model, K3 bio-media with biofilm developed by
contacting activated sludge was used as packing material. The results showed that adding
specially formulated microorganisms could reduce adaption time and lead to slightly
better odor control performance. Among the substrates, cow manure provided the
highest odorous gas removal efficiency of > 90% during the stable phase with the
elimination capacity of 0.0492 gNHz m™ h™" and 0.225 gH2S m™ h™". The study results show
a high potential of cow manure biofilter for control of H2S and NHs gases in the practical
application under Vietnam's condition.
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INTRODUCTION

Among air pollution issues, odor
pollution is one of the most complicated
problems due to the physical, chemical, and
biological characteristics of odorous
compounds (Conti et al. 2020). The odor is
emitted from all human living activities and
production at different levels (Conti et al.
2020, Rincon et al. 2019). Although present
in low concentration and are met both
emission standards and air ambient
standards, odorous gases have many
negative impacts on people because of
their  difficulty in
management (Jiang et al. 2017). Among

treatment and

several approaches for odor control and
technologies for odor treatment (Conti et
al. 2020, Flagan & Seinfeld, 2012, Ren et al.
2019, Vallero, 2014, Wang et al. 2007),
biofiltration is widely recognized as the
most environmental-friendly technology
due to the employment of microorganisms
for odorous compounds uptake and
decomposition (Alinezhad et al. 2019, Ying
et al. 2020). Biofiltration systems are usually
efficiently and economically for removal of
air pollutants with low concentrations due
to their low capital and operational cost,
little maintenance requirements, without
the use of toxic chemicals, and working at
ambient temperatures and pressures
(Burgess et al. 2001, Mudliar et al. 2010,
Schlegelmilch et al. 2005).

There are four types of biofiltration
models, consisting of biofilter (BF), bio-
trickling filter (BTF), bio-scrubber (BS), and
membrane bio-reactor (MBR) (Barbusinski
et al. 2017, Mudliar et al. 2010), which were
intensively studied and applied for air

pollution control and particularly for odor
control (Burgess et al. 2001, Delhoménie &
Heitz, 2005, Groenestijn & Kraakman, 2005,
Guieysse et al. 2008, Hou et al. 2016,
Iranpour et al. 2005, Kumar et al. 2008,
Mudliar et al. 2010, Mufoz et al. 2010,
Mufoz et al. 2007, Schlegelmilch et al.
2005). The biofilter is the oldest technology
applied in Europe for odor control from
animal farms even before the fundamental
science developed to explain the treatment
mechanism (Delhoménie & Heitz, 2005).
This technology has been proven to
effectively remove around 60 out of 189
HAPs (hazardous air pollutants). It has been
applied by 600 industries of a chemical
process in Europe (Mudliar et al. 2010) due
to its economic effectiveness, low capital
and operational costs, low-pressure drop,
and without secondary waste.

In biofiltration, bio-media is considered
as the "heart” of the treatment system
(Mudliar et al. 2010). The requirement of
the bio-media for biofilter includes the high
specific surface area (for microorganism
and gas contact), high porosity (for low-
pressure drop), good water retaining (for
humidity stabilization), available and
sufficient nutrients (for microorganism
development), and available and abundant
local microorganisms (for adsorption and
decomposition of pollutants). It s
necessary to look for suitable and available
material for biofilter applications under the
humid and hot conditions of Vietnam. On
that basis, natural materials such as soil,
peat, compost, and wood chips have
usually been employed as bio-media in
biofilter (Mudliar et al. 2010, Pu et al. 2018).
Among them, compost has been widely
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used due to its containing abundant and
diverse local microorganisms as well as
nutrients and humidity (Hou et al. 2016).
However, compost has a disadvantage of
unstable pellet structure, which is easily
corrupted under water’s high content.

Cow manure is one of the most popular
wastes in rural areas with the development
of livestock farming in Vietnam. Once
properly collected and treated, cow manure
could be a valuable fertilizer with high
humus content, stable and porous
structure, with available nutrients and
active microorganisms. Cow manure was
used as bio-media for gas treatment in a
study of Zicari (2003), where it was effective
for removing H,S gas. Therefore, the
application of local cow manure as bio-
media for biofilter is the potential to
remove odorous gas under Vietnam'’s
condition.

In this study, three models for the
biological removal of odorous gases
generated from the composting process
were fabricated and tested. The systems
included a biofilter using cow manure, a
biofilter using compost, and a bio-trickling
filter using K3 media with biofilm formed by
contacting activated sludge. The removal
efficiency (%) and elimination capacity (g
m> h") of H,S and NHs were used to
evaluate the performance of the treatment
models. The adding of commercial
microorganisms dedicated to odor control
was also studied for the three models and
compared with the locally available ones.

MATERIALS AND METHODS

The experimental setups for odorous
gas removal are illustrated in Figure 1,
including a biofilter with cow manure, a

biofilter with compost, and a bio-trickling
filter with K3 bio-media. The design
parameters of the three models are
displayed in Table 2.
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Fig. 1: Experimental setup for odor removal
using local bio-media: (1) garbage
composting vessel, (2) air pump, (3) inlet
sampling point, (4, 5) flowmeters, (6)
biofilter with cow manure, (7) outlet
sampling points, (8) biofilter with compost,
(9) bio-trickling filter, (10) wastewater tank,
(11) wastewater recirculation pump.

Table 1. Parameter for biofiltration models

Parameter Unit Biofilter Biofilter Bio-
withcow  with trickling
manure compost filter

Length x 110 x 150 x 140 x
Widthx  mm 110 x 150 x 140 x
Height 1000 540 1100
Bio-media
height mm 270 170 400
Bio-media | 33 38 7.8
volume
Bio-media 630 2578 1256
weight

In these models, the gas flow rate was
in a range of 1 — 4 L min™. Only the BTF
model was operated with a liquid flow rate
of 0.24 L min™". The design of these models
(all were made of acrylic resin) was adopted
from the literature for H,S removal in the air
(Jin et al. 2005, Zicari, 2003). Another
parallel system (the same as the system in
Figure 1 and Table 2 and used the same
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inlet gas from the garbage composting
process) was set up with the adding of a
highly active liquid culture consortium for
comparison.

Garbage consisted of vegetable waste
collected from Thu Duc Agriculture Market
(Ho Chi Minh City, Vietnam) twice a week
and kept in a refrigerator. A certain amount
of garbage was added into the garbage
composting 200 L vessel every day to
maintain the stable inlet odorous gas flow
rate and concentration of H,S and NHs.
Treated cow manure (“Mien Tay"-Vietnam)
was bought from a regular market in Ho Chi
Minh City. It was made from fresh cow
dung, which was then composted for
around 2 months and dried under sunlight
for several days before packaging.
Compost was the commercial one
(Agrimatin™ Super Organic, Vietnam)
purchased from a regular market in Ho Chi
Minh City. This compost’'s composition is
72% organic, 3.5% N, 2.5% P,0s, and 2.5%
K20. During the operation, both compost
and cow manure bio-media moisture were
tested daily and added with water to
maintain the moisture at least 50%. The K3
media was made of HDPE by Kaldness, and
the development of biofilm on K3 media
was done by culturing this material in an
activated sludge tank under continuous
aeration. Wastewater in the tank was
maintained COD concentration at around
500 mg L™ for biofilm formation. Ammonia
and sulfide were also added to the
wastewater for the development of
nitrogen and sulfur removal
microorganisms. The K3 bio-media (i.e., K3
media with biofilm) was then taken out of
the aeration tank and placed in the bio-

trickling ~ filter ~and irrigated  with

recirculated wastewater (without adding
ammonia and sulfide) for microorganism
growth in the gas phase.

A highly active liquid culture
(Microbe-Lift OC-IND,
provided by Dat Hop Company, Vietnam)

consortium

was added with cow manure, compost, and
bio-media in the parallel models. This
product is specially formulated for organic
odor control from animal farms, wastewater
treatment plants, and solid wastes
collection and treatment in Vietnam. This
product’'s dosage followed the company's
suggestion with a volume mixing ratio of
1/10 for cow manure and compost in
biofilter and 1/100 for bio-media in the bio-
trickling filter. In this study, the system
without adding Microbe-Lift OC-IND are
denoted as local systems, while the ones
with Microbe-Lift OC-IND are denoted as
cultured systems.

The inlet and outlet gas samples were
collected by absorption and analyzed using
the Methylene Blue method (for H,S) and
the Indophenol method (for NHs). Based on
the inlet and outlet concentrations and
parameters of the model, the removal
efficiency (H) and the elimination capacity
(E) were calculated for each model, as

follows:
H = fnCout 5 1009 (1)
E — (Ci‘n_cout) X Q (2)

14

H is the removal efficiency (%) and E is the
elimination capacity (gNHs m= h™" or gH,S
m=h™). Cin and Cout are the inlet and outlet
concentrations (mg m), respectively. Q is
gas flowrate (m* h™") and V is the bio-media
volume (L).

RESULTS AND DISCUSSION




134 Study on the removal of odorous gases from composting process using local bio-media of Vietnam

Assessment of NH: removal efficiency of
the different models and microorganism
system

The NHs removal efficiency of the two
biofilters and one bio-trickling filter were
investigated in the local (i.e., pristine) and
culture (i.e., with Microbe-Lift) systems and
the results are shown in Figure 2. As seenin
Fig. 2(a), during the first 15 days of
operation, the NHs removal efficiency of
both local (i.e., pristine) and cultured (i.e.,
with Microbe-Lift) cow manure models
were not stable though the highest removal
efficiency achieved was 60%. This period
was considered as adaptation time for the
microorganism. During this stage, the local
cow manure has slightly higher ammonia
removal efficiency than the cultured cow
manure. After 15 days of adaptation, the
removal efficiency of both systems
increased and was stable at around 95%
(steady stage). During this steady stage, the
cultured cow manure was slightly more
efficient and stable than the local one for
ammonia removal.

The unsteady performance was also
observed for biofilters using compost
during the adaptation time (Fig. 2(b)). The
cultured compost seemed to be more
effective than the local one during the
adaptation phase of 10 days, with the
highest efficiency of 60%. The local
compost showed better performance from
the 10™ to 20™ day with a 50 — 60% removal
efficiency. However, the performance of
both systems became stable with a
treatment efficiency of around 75% after 20
days of operation.
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Fig. 2. Ammonia removal efficiency of (a)
cow manure biofilter, (b) compost biofilter,
(c) bio-trickling filter, and (d) elimination
capacity (from day 19)
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In the bio-trickling filter (Fig. 2(c)), the
biofilm also needs around 15 days (with
cultured microorganism) and 19 days (with
local microorganism) for adaptation.
During this stage, the removal efficiency
varied from 0 to 80%. After reaching a
steady stage, both the systems’ removal
efficiency was similar and efficient at 90%
and above.

The ammonia elimination capacity
represents the removal rate, which is
depicted in Fig. 2(d) for stable operation
days with an inlet concentration of 1.32 +
0.32 mg m>. It is clearly observed that the
addition of Microbe-Lift enhanced the
activity of the bio-media in all systems.
Among the three systems, the local cow
manure biofilter gave the highest
elimination capacity of 0.0492 gNH; m= h'
compared to 0.0419 gNH; m> h™ in the
case of local cow manure one. The lowest
elimination capacity was observed in bio-
trickling filters with 0.0219 gNH; m= h™
(cultured system) and 0.0197 gNH; m= h™
(local system). These values were very low
compared to those reported in the
literature  because  of low inlet
concentrations of ammonia generated in
the testing models (Martel, 2013, Ramirez
et al. 2009). However, since this is a lab-
scale study with an actual condition, the
results show the suitability of cow manure
adding with Microbe-Lift OC-IND for
ammonia removal from the composting
process under the condition of Vietnam.

Assessment of H>S removal efficiency of
the different models and microorganism
system

The H.S gas generated from vegetable
garbage composting is flushed to the

different models to examine the removal
efficiency and elimination capacity. Figure
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Fig. 3: H.S removal efficiency of (a) cow
manure biofilter, (b) compost biofilter, (c)
bio-trickling filter, and (d) elimination
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capacity (from day 19)

presents the performance of both local and
cultured systems for H.S removal.
Generally, the activity of cultured systems
was superior to the local ones during the
first stage of adaptation, which was around
6 days for all three models. The
performance of local systems was then
better than that of cultured ones from the
6™ to 17" day of the treatment process.
Eventually, the performance of both
cultured and local systems was similar
during the stable phase after around 17
days of the experiment. During this stable
phase, the removal efficiency of the three
models were 95% and higher. Compare to
ammonia (Fig. 2), the removal of H,S was
more stable and higher efficient, showing
the higher potential of the studied local
microorganism for H>S removal.

The H,S elimination capacity was
demonstrated in Fig. 3(d) for stable
operation days with an H.S inlet
concentration of 5.20 + 0.28 mg m™. The
cultured systems also had slightly better
elimination capacity than the local ones.
Among the three systems, the biofilter with
cow manure had the highest elimination
capacity of 0.225 gH.S m?> h' (for the
cultured system) and 0.213 gH.S m> h™" (for
the local system). The lowest removal rate
was observed in the bio-trickling filter with
the elimination capacities of 0.096 and
0.090 gH>S m h' for cultured and local
systems. These values were very low as
compared to the literature (Barbusinski &
Kalemba, 2016, Cox & Deshusses, 2002,
Dumont et al. 2008, Gabriel & Deshusses,
2003, Jin et al. 2005, Kim et al. 2002, Vikrant
et al. 2018, Yang & Allen, 1994a, 1994b,
Zicari, 2003), which could be due to the low

inlet concentration of H,S from composting
process in this study. However, the results
have shown the promising of H,S removal
by available cow manure under Vietnam’s
condition.

Figure 4 depicts the effect of the inlet
gas flow rate on all six biological filtration
models’ performance. Generally, the
ammonia removal efficiency decreased
with the increase of gas flow rate, whereas
the hydrogen sulfide removal remained
almost unchanged. Although there was a
fluctuation in BTF performance, NH;
removal appeared to be more sensitive
than H.S to the change of gas flow rate,
which the removal efficiency decreased
from around 88% to around 54% when flow
rate increased from 1 to 4 L min™. On the
other hand, the treatment ability of all six
systems was not affected by the increase of
gas flow rate, indicating that these systems
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ammonia and (b) hydrogen sulfide

are more suitable for the removal of H,S
gas. It may be because all these systems
were set up based on the best practice of
biofilter and bio-trickling filter for H.S
removal in the literature. It also suggests
that the performance for NHs removal
should be improved in the future, and the
possible way could be taking into account
the characteristics of the microorganism
community in the bio-media.

CONCLUSIONS

Two biofiltration systems of cultured
microorganisms and local bio-media were
set up and operated for ammonia and
hydrogen sulfide removal generated from
vegetable garbage composting. Each
system included three models, including a
biofilter with cow manure, a biofilter with
compost, and a bio-trickling filter with K3
bio-media. The results showed that the
cultured system adapted faster and
provided a slightly higher elimination
ability than the local ones. However, all six
models started to operate stably after
around 19 days of adaptation with high
NHs and H,S removal efficiency of over 90%
in the experimental conditions. Among the
bio-media, the biofiltration model with cow
manure was proven to be the most suitable
one for application in NH3 and H.S control
from the composting process. However,
compost biofilter and bio trickling filter also
have good treatment ability, especially for
low inlet gas concentration. It suggests a
great potential for cow manure to be a
promising bio-media for control of odor
from garbage and compost under

Vietnam'’s condition.
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