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Abstract

The odor affects both one’s health and quality of life. This study measures and analyzes odor concentration and
odor sources in ambient air, the correlation between odor gas concentration and the hedonic scale, and the design of
an odor-reduction instrument. The research commenced from February to May 2022 in the small industrial area (SIA)
of Magetan Regency and compost bins of Bogor City. Data was collected through chemical analysis, and the hedonic
scale was measured at four points divided into radii one and two. The concentration of odor parameters in Magetan
and Bogor City is below the quality standard, while the correlation between ammonia gas concentration and the
hedonic scale is low. Regarding the biofilter, its odor reduction efficiency is 35% for rotten fish, 70% for goat manure,

82% for compost waste, and 47% for chicken carcasses.
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1. Introduction

The odor is a sensation associated with one or multiple compounds. Measuring the impact of odors on society gradually
takes importance because of the effects on health and quality of life. The odor evaluation is a significant topic in the field of
indoor air quality which has a quality standard for maintaining the health and safety of the surrounding environment [1].
Disturbing odor risks disrupt public health and damage the environment [2]. Therefore, the odor disorder had a predetermined
quality standard [3]. Two components comprised the theory of odor measurement analytical and sensory. Analytical
measurements represent the physical and chemical characteristics of odor compounds, and the most used measurement is odor
concentration, while sensory measurements were made with the human nose [4]. There were five odor parameters, namely
ammonia (NH3), methyl mercaptan (CH3SH), hydrogen sulfide (H»S), methyl sulfide (CH3S), and styrene (CsHsCH»S) [5].
Odor measurement can use the panel method [5], and it can be done by rating a hedonic scale from -4 to +4 with respective

odor impressions in different values.

The small industrial area (SIA) in Magetan Regency was a leather industry processed into handicraft materials such as
bags, shoes, jackets, and others. However, the leather industry produced a pungent odor due to leather drying and the
discharged wastewater. In addition, the compost bins are often regarded as the cause of odor. One of the composting processes
was carried out in Bogor City. Moreover, due to the degradation process of organic waste, the odor from the compost bins is
unpleasant and disgusting. Even though the odor concentration didn’t exceed the quality standards, the odor would still be

annoying [6].

As aresult, it has become a polemic. To examine the concentration of odorant compounds in the ambient air, the ambient
air samples were taken and tested by measuring the concentration of odor gasses and the odor hedonic scale. Odor reduction

with biofilters was used to reduce the community’s disturbance by utilizing microorganisms’ ability to break down odor gasses
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[7]. Meanwhile, biofilter was more environmentally friendly than chemical and physical methods [8]. Therefore, this study
aims to analyze the concentration of odorant compounds in the ambient air and the correlation between odor gas concentration

and hedonic scale. Furthermore, a biofilter model was designed to reduce odor gas concentration.
2. Methodology

2.1. Place and timing

The research started from February to May 2022, and it was conducted. near the SIA of leather in Magetan Regency, East
Java, and compost bins in Bogor City, West Java. Odor measurements were carried out from morning to evening, and the
measurements were taken with less humidity. The panelists participating in this research were local community members who
needed continuous activity at the SIA of Magetan Regency and Bogor City compost bins. The panelists didn’t have respiratory

problems, and the panelists were nearly in the same state in odor measurements.

Afterward, at least eight panelists, which accounted for more than half of the test subjects, could detect the level of odor
produced by the odorant mixture [5]. Specifically, the panelists who participated in each measurement point were eight in the
SIA of Magetan, nine in the Bogor City compost bins, and eight for the biofilter experiment. In the meantime, odor reduction
simulations using biofilters were carried out with several odor sources, such as goat manure, chicken carcasses, rotting fish,

and compost waste.

The directly-measured odor level parameters include ammonia, methyl mercaptan, hydrogen sulfide, methyl sulfide, and
styrene. Ammonia was analyzed by the indophenol method using a spectrophotometer [9]. Lodge [10] analyzed hydrogen
sulfide by the methods of air sampling and analysis (MASA). Styrene was analyzed by National Institute for Occupational
Safety and Health (NIOSH) method 1501 [11]. Methyl mercaptan was analyzed by NIOSH method 2542 [12]. Methyl sulfide
was analyzed by gas chromatography-flame photometric detector (GC-FPD) [13].

2.2. Data collection methods

The data used primary data to directly measure gas concentrations of five odor parameters on the odor hedonic scale with
the panel method [3]. The odor level parameters measured directly include ammonia, methyl mercaptan, hydrogen sulfide, methyl
sulfide, and styrene. Odor gas concentrations were analyzed at the Environmental Laboratory of Unilab Perdana Jakarta and
Surabaya Ltd. The panelists used the panel method to measure the parameters of the odor hedonic scale, namely the five odor
compounds. Meanwhile, the hedonic scale for the impression of an odor is presented in Table 1. The hedonic scale had a scale

ranging from +4 to -4, and the effect of the odor was marked as “Very good” to “Stink” with corresponding hedonic scale.

Table 1 Hedonic scale on the effect of odor [6]

Scale | Effects of odor | Scale | Effects of odor | Scale | Effects of odor
+4 Very good +1 Moderate -2 | Not good enough
+3 Good 0 No odor -3 Bad
+2 Good enough -1 Rather bad -4 Stink

The measurements were made with eight points, with four points in Radius 1 and 2 respectively. The measurement points
in Radius 2 were farther than Radius 1 at the SIA of Magetan. The distance from the measurement location to the SIA of
Magetan is presented in Table 2. The chosen measurement point was the closest point to the community. The measurement
points in Radius 1 and 2 in Bogor City were 3 m and 6 m from the compost bins, as presented in Table 3. Location points were
divided into Radius 1 and 2 to determine the effect of distance on the odor perceived by the panelists. The four points were
measured according to the cardinal directions: North, South, West, and East. Odor measurement points at the SIA of Magetan,

and Bogor compost bins City was presented in Fig. 1 and Fig. 2.
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Fig. 1 Odor measurement point at the SIA of Magetan
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Fig. 2 Odor measurement point at the compost bins of Bogor City

Table 2 The distance from the measurement location point

to the SIA of Magetan to the compost bins of Bogor City

Table 3 The distance from the measurement location point

. Distance from measurement location to . Distance from measurement location to
.Wln.d SIA of Magetan (m) d.Wln.d compost bins of Bogor City (m)
direction Radius 1 Radius 2 irection Radius 1 Radius 2
North 87.2 123.5 North
South 338.1 502.7 South 3 6
West 391.8 253.0 West
East 176.4 321.9 East

11
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2.3. Making biofilters to reduce odor

The manufacture of biofilters was still only in the form of a biofilter model. Consequently, the goat manure, chicken
carcasses, rotting fish, and compost waste were included in the used screw sources. The tools and materials were needed in the
manufacture of biofilters which include two acrylic boxes, 4" and 5/8" acrylic pipes, a table, three pipe clamps, closed and
perforated pipe caps, aquarium hoses, stop taps, sprinklers, pumice stone, netting, water, glue sealant, pneumatic hoses, a 3000
L/hour water pump, and a 45 L/minute air pump. The selection of pump type was adjusted to reactor volume and retention
time. In addition, to keep the air moist, water was needed in distribute through a sprinkler. The tools were also needed when
testing biofilters which include a thermometer to measure reactor temperature, an anemometer to measure air velocity, and an
environment meter to measure relative humidity in the reactor. After the biofiltration was completed, the data was collected

for odor reduction. The data was collected using the panel method with a hedonic scale as presented in Table 1.

Eight panelists carried out odor reduction simulations before and after passing through the biofilter. The panelist perceived
the odor and gave a score from +4 to -4, and the effect of the odor was marked as “Very good” to “Stink” with a corresponding
hedonic scale as presented in Table 1. The difference between the hedonic scale will be calculated to determine odor reduction
efficiency, while the source of odor will be inserted alternately into the odor source container. Odor reduction simulations
using biofilters were carried out with several odor sources, such as goat manure, chicken carcasses, rotting fish, and compost
waste. Besides, to optimize the reactor in odor reduction, monitoring the biofilter reactor’s temperature and humidity was also
carried out during the biofiltration process. The airflow from the pump must be adjusted with a valve to get the airflow

according to the design.

3. Results and Discussion

3.1. The concentration of odor compounds in ambient air from several types of odor sources

The smallest average value of the hedonic odor scale at STA of Magetan was found in the North direction at the Radius 1
of -1.8, as presented in Table 4. This value had the impression of quite an unpleasant odor and a standard deviation of +0.2. It
was also supported by the distance of 87.2 m from the closest location to the SIA of Magetan, as presented in Table 2. The
closer the measurement location to the SIA of Magetan positioned, the stronger the odor was perceived. Odor gas concentration
at SIA of Magetan with five odor parameters was still below the quality standard of odor [5]. The odor parameter quality

standards are presented in Table 5.

Table 4 Hedonic scale result and measurements of odor gas concentrations in the SIA of Magetan

Wind direction | Radius Hedonic scale | NH;3 Hs.S CsHsCHCH, | CH3SH | (CHs3)2S

(mean = STD) | (ppm) | (ppm) (ppm) (ppm) | (ppm)

North 1 (-1.8+£0.2) 0.5 0.003 <0.02 <0.002 | <0.01

2 (-0.7+0.1) 0.07 | <0.003 <0.02 <0.002 | <0.01

South 1 0.1x£0.1) 0.1 | <0.003 <0.02 <0.002 | <0.01

2 (0.1 £0.1) 0.08 | <0.003 <0.02 <0.002 | <0.01

West 1 (-1.4£0.3) 0.02 | <0.003 <0.02 <0.002 | <0.01

2 (-0.8+04) 0.07 | <0.003 <0.02 <0.002 | <0.01

East 1 (-0.4£0.1) 0.3 | <0.003 <0.02 <0.002 | <0.01

2 (0.3£0.1) 0.09 | <0.003 <0.02 <0.002 | <0.01

Notes: NH3; = ammonia, H,S = hydrogen sulfide, CsHsCHCH, = styrene, CH3SH = methyl mercaptan,
and CH3S = methyl sulfide
The positive odor impression was in the South direction at Radius 1 and 2 with both the average hedonic scale of 0.1, and
both standard deviations of +0.1 in the distance to SIA of Magetan was 338.1 m and 502.7 m. In addition, the positive

impression was also in the East direction at Radius 2, with an average hedonic scale of 0.3, a standard deviation of +0.1, and
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a distance to SIA of Magetan of 321.92 m. This point was farther away than any other point. Therefore, the farther the
measurement location point was from the SIA of Magetan, the less odor would be perceived. To reduce odor in industrial
tanneries, biofilters can be applied with an odor reduction efficiency of > 99% [14] owing to the pungent odor of effluent and
sludge in the tannery industry [15]. The odor concentration value would be influenced by climatic factors such as wind speed,
temperature, relative humidity, dominant wind direction, and weather. However, the values were varied, as presented in Table
6. It was because measurements were taken at every two points simultaneously, and the odor source should be measured at

each point simultaneously.

Table 5 Quality standards for odor [5]

Parameter Quality standards (ppm)
Ammonia (NH3) 2.0
Hydrogen sulfide (H»S) 0.02
Styrene (CsHsCHCH,) 0.1
Methyl mercaptan (CH3SH) 0.002
Methy! sulfide (CH3S) 0.01

Table 6 Climatic conditions when measuring odor in the SIA of Magetan

The direction of the . Wind speed o Relative Wind direction
measurement location Radius (km/hour) Temperature (°C) humidity (%) dominant Weather
1 0.1 28-32 59-74 South Cloudy
North
2 0.6 33-34 41-43 North Cloudy
1 0.5 32-33 64-67 East Cloudy
South
2 0.3 32-33 45-48 East Cloudy
West 1 0.9 32-38 26-45 East Sunny
2 0.8 30-33 32-53 North Cloudy
East 1 1.1 32-34 30-35 North Sunny
2 0.7 32-33 44-49 East Cloudy

The minor average of the hedonic scale for the odor of compost bins was found in the South and West at Radius 1 of -
1.0, as was presented in Table 7. This value has the impression of an unpleasant odor, with a standard deviation of +0.2 and
+0.1 respectively. The concentration of odor gas in the compost bins with five odor parameters, namely ammonia, hydrogen
sulfide, styrene, methyl mercaptan, and methyl sulfide, was still below the quality standard of odor. The standard quality
standards for odor parameters are presented in Table 5. The odor stood at a negative impression and smaller hedonic scale

value in Radius 1, with a distance closer to the compost bins of 3 m compared to Radius 2.

Table 7 Hedonic scale result and measurements in the compost bins of Bogor City

Wind direction | Radius Hedonic scale | NH;3 Hs.S CsHsCHCH, | CH3SH | (CHs3)2S

(mean + STD) | (ppm) | (ppm) (ppm) (ppm) | (ppm)

North 1 (-0.3+£0.2) 0.04 | <0.003 <0.02 <0.002 | <0.01

2 (-0.1+£0.1) 0.02 | <0.003 <0.02 <0.002 | <0.01

South 1 (-1.0£0.2) 0.02 | <0.003 <0.02 <0.002 | <0.01

2 (04 +0.1) 0.03 | <0.003 <0.02 <0.002 | <0.01

West 1 (-1.0x0.1) 0.06 | <0.003 <0.02 <0.002 | <0.01

2 (-0.3£0.1) 0.04 | <0.003 <0.02 <0.002 | <0.01

East 1 (-0.2£0.1) 0.06 | <0.003 <0.02 <0.002 | <0.01

2 (-0.1x£0.1) 0.03 | <0.003 <0.02 <0.002 | <0.01

Notes: NH; = ammonia, H,S = hydrogen sulfide, CeHsCHCH,, = styrene, CH3SH = methyl mercaptan,
and CH3S = methyl sulfide

The odor of ammonia from food waste bioconversion in composting came from products and the areas of biodegradation,

and ammonia was the dominant odor parameter [16]. However, hydrogen sulfide was also one of the primary odors in
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composting [17]. The concentration value of odor would be influenced by climatic factors such as wind speed, temperature,
relative humidity, dominant wind direction, and weather. However, the values varied, as presented in Table 8. It was because
measurements were taken at every two points simultaneously, and the odor source should be measured at the same time at
each point. Furthermore, fluctuations would influence the perception of an unpleasant odor in temperature, relative humidity,

atmospheric pressure, and wind speed [18].

Table 8 Climatic conditions when measuring odor in the compost bins of Bogor City

Wind direction | Radius \qugshs(l))lfre)d Temperature (°C) huﬁ%?:;vf% ) nggn?ilrrlz;ttl oM | Weather
1 0.9 30-31 67 West Cloudy

North 2 0.8 29 69 West Cloudy
South 1 0.7 30-31 67 West Cloudy

2 1.4 29 75 West Cloudy

1 0.8 30 67 West Cloudy

West

2 0.9 29 69 West Cloudy

East 1 1.2 31 64 West Cloudy

2 0.4 29 69 West Cloudy

3.2. The correlation between odor gas concentration and hedonic scale

The result of odor gas concentration measurements and the panelists’ hedonic scale were subsequently analyzed by
looking for a correlation. Based on the graphs in Fig. 3 and Fig. 4, the correlation between odor gas concentration and the
hedonic scale on the ammonia parameter was weak in the SIA of Magetan and Bogor City compost bins. The R? values of
0.2189 and 0.0476 in Figs. 1 and 2 were taken into consideration. Such a result indicates that the gas concentration was low.
This difference was controversial because the leather industry and compost bins would permeate unpleasant odor, whereas the

concentration of odor gas was still below the quality standard of odor [5].

In other words, the public was disturbed by an unpleasant odor, while the detection of odor gas concentration did not
exceed the quality standard. The panelist screening method for measuring odor was necessary for the effect of odor differences
among individuals, and the odor could be assessed with efficiency and accuracy [19]. Respondents’ gender and age wouldn’t
be counted in the sensory odor assessment. The longer the respondent stayed in the odor environment, the less harmful the
odor became due to the tolerance to the odor [20]. The coefficient of determination could not be determined for the parameters
hydrogen sulfide, styrene, methyl mercaptan, and methyl sulfide because the measurement results were presented as < 0.003

ppm, < 0.02 ppm, < 0.003 ppm, and < 0.01 ppm.
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Fig. 3 The correlation between the hedonic scale and Fig. 4 The correlation between the hedonic scale and
ammonia gas concentration in the SIA of Magetan ammonia gas concentration in the compost bins of

Bogor City

3.3. Design and build odor-reduction equipment

The air in the odor source container was transferred to the humidifier to maintain relative humidity, while the humidifier

had a water sprinkler to moisten the air conditioner, and air would pass through the pumice stone as a filter media in a 4"
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diameter reactor. To enable the panelists to feel the odor after the biofiltration, several holes were drilled at the end of the
reactor. The filter of used stone in odor reduction has been treated with compost for approximately two weeks. The filter media
is placed for bacteria biofilms to reduce odor. The air circulated by using a pump with an output of 45 L/min, while the

volumetric rate was 5 L/min. The air velocity from the pump was measured with an anemometer, and the result was 1.4 m/sec.

Hence, when the volumetric design rate was 5 L/min, the airspeed was 0.2 m/s and adjusted by the valve. The completed
biofilter is shown in Fig. 5. The odor source will be tested alternately in the odor source container. The air in the container will be
drawn by a pump with an airflow of 5 L/min and a retention time of 60 seconds. Afterward, the air will flow into the humidifier
to maintain humidity around 95-100%. The bacteria in the biofilm attached to the filter media will degrade the odor, and the

biodegradation could deodorize most odor substances [21]. The work scheme of the biofilter model is shown in Fig. 6.

| for maintaining relative e Air flow of 5 L/min with pump
humidity (95-100%) e The retention time of 60 seconds

S L)

Air flow
- - - -

The filter media used by pumice
stone as a place for biofilms of « =

bacteria to reduce odor

- -

- -

Container for
odor source

Biofilter reactor Humidifier
Fig. 6 Work scheme of biofilter model

Eight panelists carried out odor reduction simulations of the biofilter, and the average value of the hedonic odor scale
increased after passing through the biofilter for the following odor source: rotting fish from -3.9 to -2.5; goat manure from -

1.3 to -0.4; compost waste from -1.4 to -0.3; and chicken carcasses from -4 to -2.1, as presented in Fig. 7. The results showed
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that each type of odor had been reduced. The difference in the hedonic scale will be calculated to determine the odor reduction
efficiency. The odor reduction was 35%, 70%, 82%, and 47% for the odor of rotting fish, goat manure, compost waste, and
chicken carcasses, respectively, as presented in Fig. 7. During the biofiltration process, microorganisms would consume odor
substances, and the products of biodegradation were CO,, water steam, and heat [21]. The effectiveness of odor reduction
(NH3 and H,S) depends on the used filter media material and the mixture between the filter media and compost [22]. For

microbial growth, micro-nutrients are supported by compost [23].

Chicken
Rotting fish  Goat manure Compost waste  carcasses

0.0 < 5
No: N N
Té 20 3 -1.4 § i « Before biofiltration
2 § 2.1 ® After biofiltration
2 3.0 §
" 0 N
-4.0
-5.0

Odor source
Fig. 7 The hedonic scale before and after passing the biofilter

The recommended temperature for the biofilter is ranged from 25 to 35 °C [24], while the temperature of the biofilter is
ranged from 15 to 50 °C, with an optimum temperature of 30 °C [25]. The designed biofilter reactor had an average temperature
of 31.7 °C, as presented in Table 9, and it was appropriate due to being in the range of 15 to 50 °C, and 25 to 35 °C. Moreover,

it was near the optimum temperature of 30 °C. The relative humidity average was 81.7%, as presented in Table 9.

Table 9 Temperature and relative humidity of the biofilter reactor

Measurement | Temperature (°C) | Relative humidity (%)
1 31.0 95.2
2 32.0 95.4
3 32.0 96.3
Average 31.7 95.6

The biofiltration process must be moistened to reach a relative humidity of 95 to 100% [26]. To optimize the reactor in
odor reduction, monitoring the biofilter reactor’s temperature and humidity was also carried out during the biofiltration process.
The retention time in the biofilter test was 60 seconds. When the H,S removal efficiency was 99%, it retained for 60 seconds
[27]. Hydrogen sulfide should be monitored to avoid smelly gas caused by the management activities and ensure the air
condition both indoors and outdoors [28]. Due to the influence on the speed of chemical reactions and the metabolic rate of
microorganisms, high temperature, and suitable humidity would increase biodegradation efficiency. Microbial metabolic
reactions help remove H,S and NHj; [29]. In addition, the performance of the reactor in degrading odor is assisted by the

bacteria in biological activity [27]. Therefore, to maintain bacterial growth, the biofilter reactor must be monitored.

4. Conclusions

This study investigates two odor measurements of odor gas concentrations and the employment of a panel for analyzing
odor quality standards in Ministry of Environment Decree No. 50, 1996. Furthermore, the design of a biofilter model with a

new filter media using pumice stone is deployed. The main conclusions are summarized as:

(1) The concentration of 5 odor gas parameters, namely ammonia, hydrogen sulfide, styrene, methyl mercaptan, and methyl
sulfide, in the SIA of Magetan and compost bins of Bogor City were below the quality standard. Furthermore, the odor

intensity is inversely proportional to the distance of measurement location to the odor source.
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(2) The correlation between gas concentration and the hedonic scale on the ammonia parameter was weak in the SIA of
Magetan and compost bins, which is evident in the R? values of 0.2189 (SIA of Magetan) and 0.0476 (compost bins of

Bogor City). Such a result indicates that the gas concentration was low.

(3) The biofilter model has been able to reduce odor by using pumice stone filter media. Meanwhile, the odor reduction
efficiency of the biofilter was 35%, 70%, 82%, and 47% for the odor of rotting fish, goat manure, compost waste, and

chicken carcasses, respectively.
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