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Abstract. Environmental odour is one of the impacts that occur due to 
changes in air quality. Regulations related to measuring the level of odour 
with the panel method in Indonesia are still minimal and need further 
development. The research aims to design a selection system for members 
of the environmental odour panel. Measurement of the level of odour with 
the panel method uses hedonism scale instruments as assessment tools. 
Prospective panel members were recruited with 32 people, consisting of 18 
women and 14 men. Gender and age did not significantlt affect the hedonic 
scale assessment of odour. Panelist selection was conducted by providing 5 
odour stimuli using Olfacto-Screen for 3 repetitions in a wind speed of 1 
m/sec. The assessment results of each candidate panel member were 
compared with the results of the NH3 and H2S detector readings. The 
panellists’ assessment was consistent based on the correlation coefficient 
between the odour-hedonic scale and the detector, which was R2 > 0.75. 
There were 5 panel members passing scenarios with consecutive passing 
percentages, i.e. schema 1 (41%); schema 2 (72%); schema 3 (94%); schema 
4 (100%); and schema 5 (100%). 

1 Introduction 
Ambient air quality is an important factor in the lives of humans and other living things. The 
escalation of physical development in cities, city centres, and industrial centres can cause 
pollutant concentrations in the air to increase and result in fluctuating changes in air quality 
[2-3]. Environmental odour disturbances are one of the impacts resulting from changes in air 
quality. Odours and dust emissions can alter public perception of environmental conditions 
and may lead to harmful environmental problems within certain limits. Unpleasant odours 
are considered a disturbance and a serious issue in the human living environment. 

Odour can be defined as the sensation resulting from the interaction of volatile chemical 
compounds, such as sulfur compounds (e.g., ammonia and amines), and volatile organic 
compounds (e.g., esters, acids, aldehydes, ketones, and alcohols), which are then inhaled by 
the olfactory nerves in the nose. Industrial and agricultural activities are real examples of 
activities that can produce odour emissions, which are considered environmental 
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disturbances by humans, especially in densely populated areas. Exposure to environmental 
odors can cause disturbances, changes in health effects, and a decrease in property value, 
which humans directly feel. Therefore, many jurisdictions classify odours as atmospheric 
pollutants and regulate emissions or impacts from activities that generate odours at the 
national, state, or city level [4]. 

A real example of environmental odour nuisance in Indonesia is the odour produced by a 
fish flour processing industry in Purworejo Village, Pati District, Pati Regency, Central Java. 
A previous study [5] researched the level of odour produced by the fish flour industry based 
on community perceptions. The findings showed that 88% of the local community around 
the site rated the odour produced by the fish meal industry as very pungent [5]. Another case 
of odour nuisance is the odour produced by river water in the Special Capital Region of 
Jakarta due to the decomposition of pollutants under low dissolved oxygen conditions. 
According to the results of the 2023 Environmental Water Quality Monitoring Report for 
Rivers in the Province of Jakarta, the percentage of water with a very strong odour reached 
86%. 

The review of odour as an environmental nuisance has increased yearly due to public 
awareness of the need for a clean environment. Odour compounds or pollutants can be 
measured based on their chemical composition (mass concentration) using physical-chemical 
methods such as gas chromatography with specific techniques (GC-MS or GC-TOFMS), 
depending on the requirements [6]. Odour measurement using sensors has also been 
successfully conducted using an array of mass-sensitive sensors based on quartz 
microbalance sensors. Dynamic olfactometry is one of the most widely used techniques for 
quantifying odour emissions because it relies solely on the human olfactory system [7]. A 
dynamic olfactometry system means that the environmental assessment of odour disturbance 
levels is based on public perception using the sense of smell. The NPL Report (2000) 
emphasises that the human sense of smell can subjectively, not objectively define odours. 

Brancher et al. stated that regulations on environmental odour nuisance are very important 
to resolve conflicts arising from public complaints to the authorities [4]. In Indonesia, 
regulations related to odour standards are recorded in KepMen LH No. 50 of 1996. 
Regulations for measuring odour levels using the panel method are also mentioned in 
KepMen LH No. 50 of 1996, which states that odour levels can be detected sensorially by a 
panel of at least eight (8) assessors. This was reaffirmed in Government Regulation No. 22 
of 2021, which states that odour levels can be determined using either the survey or panel 
method. Regulations for measuring odour levels using the panel method in Indonesia are still 
very limited and require further development. Environmental odour nuisance is an important 
subject regulated in various countries [8]. Developing regulations related to odour 
measurement using the panel method in Indonesia needs to be carried out and formulated in 
more detail. Therefore, this study aims to design an environmental odour nuisance 
measurement system that includes a system for selecting odour nuisance panel members. 

2 Materials and methods 

2.1 Study site 

The research was conducted from October 2024 to April 2025 at the School of Waste 
Management (SWAM), Bogor City, West Java.  
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2.2 Tools and materials 

The panelist selection system used Olfacto-Screen with a wind speed of 1 m/sec. Olfacto-
Screen can be used by four panelists simultaneously because it consists of four (4) sniffing 
ports, as shown in Figure 1. The wind speed on Olfacto-Screen and the wind speed at the 
research location were measured using an anemometer. The odour sources used consist of 
five odour stimuli, with the primary consideration in selecting the odour sources being the 
toxicity level of the odour sources to the human body. NH3 and H2S detectors are used to 
detect and measure the concentrations of NH3 and H2S gases from the odour sources. 

 

 
!"#$%&$ Olfacto-Screen as a tool for screening panelists in the School of Waste Management (SWAM), 
Bogor City, West Java. 

2.3 Research procedures 

!"#"$% &'()*+,-,%.)/.0+-1)(- %

Recruitment of odour nuisance panel members referred to RSNI3 ISO 8586:2023 on Sensory 
Analysis – Selection and Training of Sensory Assessors. Panel candidates must have general 
characteristics, such as being interested, motivated, able to participate, and free from any 
sensory limitations relevant to the research purpose. The selection of panelists is not restricted 
by gender or age, as prior research [9] has shown no significant differences related to these 
factors. However, in this study’s design of the panel method for measuring odour nuisance, 
the age range is set at 15-64 years, according to the productive age range based on Statistics 
Indonesia in 2017 and the WHO.  

Experience shows that after the panelist screening process, the panelist selection process 
will likely eliminate around half or more of the candidates for reasons such as sensory 
abilities or panelists not responsible for attending the series of activities. The number of 
people recruited varies depending on elements such as financial capabilities, organizational 
needs, and the type and frequency of tests conducted. Not everyone will pass the panelist 
screening, so it is necessary to recruit more potential panelists than the number required to 
become final odour panelists. The minimum number of odour panelists is eight (KepMen LH 
No. 50 of 1996). Therefore, the recruitment process to obtain the final number of panelists, 
which is a minimum of eight people, must be conducted on twice the number of final panelists 
required, i.e., 16 people (more is certainly better and facilitates the selection process).  
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Odour perception assessment was repeated three (3) times with the same wind speed of 1 
m/sec. Repeating the test three (3) times aims to determine the consistency of the panelists’ 
sense of smell. After 15 seconds of sniffing the odour and recording their odour impression 
scores on the form, the panelists undergo a neutralisation period to reset their sense of smell 
before continuing with the second repetition. The olfactory neutralisation period for the 
panelists is carried out by sniffing ambient air for 15 seconds and moving away from the 
odour source at a separation distance (Sd) based on the calculation of odour compound 
dispersion using the Gaussian dispersion method at the location to be studied. Additionally, 
the panelists move away from the odour source in the direction of the wind based on the wind 
rose plot results. The room used for the panelist selection process was adapted to the location 
to be studied, but it must be ensured that the room was odour-free and had good air 
circulation.  

!"#"?% :650.%4',%/5(/)(-.'-+5(%>9%6)-)/-5., %

The measurement of odour concentration was conducted using comparative data with the 
results of the odour assessment by panelists. In addition, odour concentration was measured 
to determine and ensure whether the odour parameters exceeded the quality standards 
specified in KepMen LH No. 50 of 1996. In this study, the concentration of odour compounds 
was measured using NH3 and H2S detectors as shown in Figure 3 below. 

!
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(a) 

!
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(b) 

!"#$%9$ Detector for measuring concentration of odorous gases at the odour sources (a) H2S (b) NH3 

Type of detector used to measure H2S and NH3 parameters i.e., the smart sensor ST8900 4-
in-1 multi-gas detector manufactured by Intell Instruments Pro. The Smart Sensor ST8900 
4-in-1 Multi-Gas Detector is a portable multi-gas detector capable of simultaneously 
detecting four types of gas: O2, LEL (combustible gas), CO, and H2S. The measurement range 
for the H2S parameter on this device is 0-500 ppm, with an accuracy of ±5 ppm and a 
resolution of 1 ppm. The device used to measure NH3 is the SPD209 Ammonia Gas Detector, 
manufactured by Bestone Measuring Instrument. The SPD209 Ammonia Gas Detector has 
an accuracy of 0-100 ppm and a precision of 0.1 ppm. Every gas concentration will be 
displayed on the LCD screen monitor with a backlight display. The Smart Sensor ST8900 4-
in-1 Multi-Gas Detector and SPD209 Ammonia Gas Detector will show the concentration 
levels of the gas parameters when the device is brought near the source of the gas. 

!"#"@% A'-'%'('*9,+, %

The data collected during the panellist screening activity consisted of the panelists’ odour 
perception assessment results using a hedonic scale and real-time NH3 and H2S odour 
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concentration data measured using detectors. The panelists’ odour perception assessment 
results were compared with the odour compound concentration measurement data in the same 
repetition to validate the panelists’ sense of smell consistency test results. Pullen states that 
the perception of odour intensity about odour concentration is not linear, but logarithmic [13]. 
Logarithmic relationships also occur in other human senses, such as hearing and sensitivity 
to light. In other words, when odour concentration increases tenfold, the perceived intensity 
increase is much smaller, for example, only twofold. This has been proven in Putri’s study, 
which found that the hedonic scale and odour concentration have a logarithmic relationship 
with a correlation coefficient (R²) > 0.9 [9]. Panelists were stated to be consistent when the 
graph of the relationship between odour concentration and hedonic odour scale obtained a 
coefficient of determination (R Square) or R2 > 0.75. Five data analysis schemes could be 
used in this study, such as:  

1. Scheme 1: scenario when the relationship graph between odour gas concentration 
and odour hedonic scale obtains R2 > 0.75 at 5 odour sources. 

2. Scheme 2: scenario when the relationship graph between odour gas concentration 
and odour hedonic scale obtains R2 > 0.75 at 4 odour sources. 

3. Scheme 3: scenario when the relationship graph between odour gas concentration 
and odour hedonic scale obtains R2 > 0.75 at 3 odour sources. 

4. Scheme 4: scenario when the relationship graph between odour gas concentration 
and odour hedonic scale obtains R2 > 0.75 at 2 odour sources. 

5. Scheme 5: scenario when the relationship graph between odour gas concentration 
and odour hedonic scale obtains R2 > 0.75 at 1 odour source. 

3 Results and discussion 

3.1 Screening odour nuisance panel members 

In this study, screening panelists for environmental odour nuisance were done on 32 people 
consisting of 18 women and 14 men aged 20–23 years. Panelist recruitment was implemented 
through external recruitment to ensure the candidates had no prior connection or affiliation 
with the study. A summary of the panelist information revealed that, in terms of ethnicity, 
there were 18 individuals from the Javanese ethnic group, 9 from the Sundanese ethnic group, 
3 from the Minangkabau ethnic group, and 2 from the Batak ethnic group. Furthermore, based 
on the medical history of the panelists, 2 people had a history of sinusitis, 3 had a history of 
the common cold, and 27 others were in good physical health. Other information related to 
environmental pollution among the panelists indicated that all panelists were students, and 
93.75% did not smoke, whereas 6.25% were smokers. 
 
#"$"$%:650.%8)./)8-+5(%>9%8'()*+,-,%

Odour stimuli were assessed by panelists using an odour hedonic scale according to Table 1, 
which ranges from +4 to +1 for positive odour perception, 0 for no odour perception. 
Panelists were screened at the School of Waste Management (SWAM), Margajaya Village, 
Bogor City, West Java. According to RSNI3 ISO 8586:2023, the period during which sensory 
assessors perform specific tasks, individually or as a group, typically ranges from 30 minutes 
to 2 hours. The panelist screening process was conducted for approximately 25 minutes on 5 
odour sources for 1 batch of 8 panelists. Prospective panel members were instructed not to 
use perfumed products, before or during the session. They were also asked to avoid contact 
with tobacco or strong odours at least 60 minutes before the odour perception assessment. 
This was emphasised to the training participants to ensure that the data results would be valid. 
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fulfil SNI 03-6572-2001 regarding the Design of Ventilation and Air Conditioning Systems 
in Buildings, i.e., windows, openings, doors, and other facilities with a ventilation area of no 
less than 5% of the floor area of the ventilated room. In addition to meeting these 
requirements, the room may also be equipped with fans or exhaust fans to maximize fresh air 
exchange. A summary of the odour perception panelists for each odour source is shown in 
Figure 6. 

 

 
!"#$%<$ Recapitulation of panelists’ odour perception 

The odour sources used in this study consisted of five types, notated A–E as shown in 
Figure A. Odour source A is goat manure, B is food waste, C is inorganic waste, D is rotten 
eggs, and E is cow urine. Based on Figure A, it can be seen that odour source D is the odour 
stimulus with the lowest hedonic scale value, which is -3.61. This is followed by odour source 
B with a value of -2.15. Slightly different from odour source B, odour source E obtained an 
average odour impression rating of -2.09. Furthermore, odour source A obtained an odour 
impression of -1.55, and odour source C became the odour source with the highest odour 
impression, of -0.49. Rotten eggs were the odour source with an unpleasant impression, while 
non-organic waste had no impression. On the other hand, food waste and cow urine had a 
fairly unpleasant odour, and goat manure had a slightly unpleasant odour. In general, the 
panelists’ average odour perception scores for the five odour stimuli were negative or 
disliked. 

 
#"$"!% :650.%/5(/)(-.'-+5(%1)',0.)6%>9%6)-)/-5. %

Odour emissions are one of the major sources of air pollution worldwide. Odours are 
generally emitted by waste treatment plants, landfills, and food processing industries as the 
main sources [14]. The odour sources used in this study represent the livestock industry, such 
as goat manure and cow urine, which represent landfills utilizing food waste and non-organic 
waste, and use rotten eggs as an odour source with concentrations above the threshold (supra-
threshold) (RSNI3 ISO 8586:2023). Odour gases consist of various compounds or mixtures. 
Based on literature studies, the most frequently measured odour gases are ammonia (NH3) 
and volatile organic compounds (VOCs) [15]. Also, hydrogen sulfide (H₂S) is another odour 
gas parameter with volatility similar to VOCs, which are easily evaporated. In this study, 
odour gas concentration measurements were obtained for NH₃ and H₂S using a detector with 
a calibration certificate. A summary of the concentration measurement results for each odour 
source is presented in Figure 7. 
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!"#$%:$ Logarithmic graph R2 > 0.75 with odour impression assessment (a) static and (b) dynamic 

The assessment of odour impressions by panelists with the same ratings in each repetition 
will produce a graph of the relationship between the hedonic odour scale and the 
concentration of odorous gases, as shown in Figure 4 (a). On the other hand, Figure 4 (b) 
shows the results of odour impression assessments by panelists with the same ratings in the 
second and third repetitions. The coefficient of determination obtained for both ammonia 
(NH3) and hydrogen sulfide (H2S) gases was R2 > 0.75, even exceeding 0.9. These results 
indicate a strong correlation between the hedonic odour scale assessed by the panelists and 
the odour gas concentrations measured by the detector. Therefore, the coefficient of 
determination results of R² > 0.75 from the graph in Figure B were used to determine that the 
panelists were consistent in assessing the odour impressions of the odour stimuli given in 
each repetition. The graph showing the relationship between the hedonic odour scale and the 
odour gas concentration with R² < 0.75 can be seen in Figure 5. 

 

 

 
!"#$%;$ Logarithmic graph R2 < 0.75 with dynamic odour impression assessment (a) for each repetition 
and (b) at the third repetition 

(b)!

(a)!

(b)!
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Based on Figure 5, it can be seen that the coefficient of determination is below 0.75. It 
can be concluded that the odour perception assessment, which always changes in each 
repetition, will produce a graph as shown in Figure 5 (a), so that the R2 is very small. In 
addition, differences in odour perception assessment in the third repetition will also produce 
R2 < 0.75, as shown in Figure 5 (b). The graph showing the relationship between the hedonic 
scale of odour and the concentration of odour gas, which produces R2 < 0.75, will be the basis 
for assessing that wether the panelists are inconsistent in giving odour perception 
assessments. In fact, in this study, not all panelists were able to give consistent ratings for 
each odour stimulus that was given. Therefore, the data were formulated into five (5) schemes 
to help the organisers select panelists who passed the screening. A summary of the panelists 
who passed the screening stage in each scheme can be seen in Table 2. 

()*+,%'$ Percentage of panelists who passed the screening 

48>135)?"18% -.@,5,%&% -.@,5,%' % -.@,5,%9% -.@,5,%:% -.@,5,%;%

Panelists 13 23 30 32 32 

% Passed the screening 41% 72% 94% 100% 100% 

 
The scheme was formulated based on the number of odour stimuli used. This study used 

five odour stimuli, resulting in five schemes to determine the percentage of panelists who 
passed the selection stage. Scheme 1 means the panelists successfully provided consistent 
odour impressions for all stimuli. Scheme 2 means the panelists successfully provided 
consistent odour impressions for four odour stimuli. Panelists who successfully provided 
consistent odour perception assessments for 3 odour stimuli, 2 odour stimuli, and 1 odour 
stimulus in succession were categorised into scheme 3, scheme 4, and scheme 5, respectively. 

Arrangement of the percentage scheme for panelist selection is expected to simplify the 
selection process for panelists that qualify for the screening stage and can serve as panelists 
for the environmental nuisance at the location study. Based on Table 2, it can be seen that in 
scheme 1, 13 panelists passed the screening, or 41% of 100%. Then, in schemes 2 and 3, 23 
(72%) and 30 (94%) panelists passed the selection, respectively. In schemes 4 and 5, all 32 
panelists (100%) successfully provided consistent odour impressions for the two odour 
stimuli that were given. Therefore the organisers can easily select and eliminate panelists 
based on the formulated scheme. The flexibility of the designed scheme facilitates the 
organisers if they have limited conditions for recruiting many potential panelists. 
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