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Abstract: The monitoring of odour intensity, generated by a landfill area, is a difficult activity
since it is a multi-source problem with discontinuous odour emissions. A modified sniffing team
method is described here and applied to determine the main odour sources in a landfill located in
Pomerania, Poland. Four consecutive test sessions were performed during the following months:
August, December, April, and June. It was found that the main odour sources are as follows: a closed-
chamber composting facility for leach storage; the site wherein technological operations associated
with compost turn-over during open-air aeration processes are performed; and the landfill site. The
results of the sniffing team method present the indicative values of sensory testing. The application
of the presented method was limited by disturbances due to changing atmospheric conditions. The
calculated odour intensities and concentrations correspond with real sensitive perceptions of the
tested environment.

Keywords: odour intensity; odour concentration; sniffing team method; field measurements; municipal
waste treatment plant

1. Introduction

Poor air quality is a global problem that mainly affects urban areas. Its negative impact
on health and quality of life has become an important issue in the field of sustainable social
development [1]. Poor air quality in developed urban areas is caused not only by nitrogen,
sulphur, carbon, and dust oxides, but also by ammonia and volatile organic compounds.
These compounds not only affect human health, but they also lead to climate change [1,2].

One of the important problems encountered in municipal waste treatment plants is
related to odour emissions [3–6]. Landfills and wastewater treatment plants are the best-
known emitters of odours [7]. Municipal landfills emit methane and various unpleasant
effluents [8]. Moreover, as a result of urbanization, distances between landfills and areas of
residence have gradually been reduced. Therefore, the spread of odours has an increasingly
negative impact on society and the quality of life for people living in areas adjacent to
such odour-emitting sources; annoying odours may also create potential health hazards for
those in surrounding communities. This spread of odours has led to a rise in complaints,
and local people have a negative attitude towards the operators of these plants [3,9–14].
These kinds of plants must be socially and environmentally sustainable; therefore, listening
to people’s concerns, opinions, and attitudes regarding waste treatment and disposal sites
is an essential first step in the siting phase of new waste facilities [15].

Emissions from landfills and therefore perceptible odours can cause various symptoms
such as nausea and headaches, and people with respiratory diseases may be particularly
sensitive to them. In recent years, an increasing amount of attention has been paid to
legal regulations regarding emissions from waste disposal facilities, precisely because of
people’s health, the quality of air, and people’s quality of life [16,17]. Among the existing
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types of industrial installations that can cause odour nuisances, landfills are the most
common sources of emissions and odour complaints; therefore, society actively reacts to
such problems [16,18–20].

By explaining the possible environmental effects related to the operation of landfills, it
is possible to make optimal decisions related to odour nuisances during social debates at
the spatial planning stage [21,22].

Odours from landfill sites originate from the atmospheric release of chemical com-
pounds that are formed during the biological and chemical processes that occur during
waste degradation [7,23]. Depending on the source, conditions, and place of odour forma-
tion, emissions can be classified as coming from a point or surface source [10,12,24].

Landfill gases are generated as a result of anaerobic degradation, and they contain
reduced sulphur compounds and a number of volatile organic compounds. [13,25,26]. Trace
amounts of compounds such as hydrogen sulphide, ammonia, as well as alkylbenzenes,
esters, and mercaptans, some of which are identified as highly unpleasant, cause odour
problems [8,12,13,19,27–30].

The use of analytical methods enables the qualitative and quantitative determination
of the composition of gaseous mixtures [31–34]. However, it is difficult to link chemical
composition with odorant intensity and other properties perceived by humans [35,36].
This is mainly due to synergistic or masking effects which may occur between a mixture’s
components. It is also difficult to relate the chemical composition of an odorous mixture
with its olfactory properties, which is another disadvantage [31]. Therefore, it is worth
considering the use of a team of individuals who will act as a measuring sensor, as such
a procedure can provide valuable sources of information on odour nuisance, and at the
same time become the basis for various remedial actions to be taken in view of residents’
complaints [37].

Odour nuisance can be characterized using complex physical and chemical analyses
and sensorial methods [6,35,38–40]. The characteristic measurable indicators of odorants
are as follows: concentration, intensity, character, and scale [35,41]. Of these indicators, con-
centration is among one of the most commonly used analytical methods, whereas sensory
methods use threshold concentration. The threshold concentration is the lowest concentra-
tion that can be still detected by the sniffing team [42]. Another physicochemical method,
the “electronic nose”, consists of chemical sensors [29,31]. Electronic noses are widely used
in monitoring networks for odour emissions and air-quality assessments [29,31,43].

The olfactory method allows for the characterization of odours using sensorial analysis
based on the human sense of smell [35]. The human nose (and to a greater extent, the
animal nose) is the most sensitive detector, and it often detects odorous compounds present
in concentrations below the detection limits of analytical equipment [25,34,44,45].

The most common method is dynamic olfactometry, based on the standard EN 13725:
2003. The method allows for the determination of the concentration of odour (Cod), which
is expressed in European odour units (ouE·m−3). It represents the number of dilutions with
neutral air required to achieve a concentration of odours above the detection threshold.
The evaluation of the odour concentration is conducted under laboratory conditions by a
panel using samples of polluted (odorous) air [46]. Olfactory measurements can also be
performed in the field using field olfactometers. The field tests allow for the elimination of
problems related to the transport and degradation of the sample [4,11,39,40,47–53]. Field
olfactometers are appropriate for real-time analysis [54]. The impact of the tested object
on the quality of air can be studied using mathematical modelling in order to assess the
impact of investments on air quality. The most commonly used model is the CALPUFF
dispersion model [16,26,55–58]. Conversely, Sówka et al. [47] and Szałata [22] used Operat
FB software.

Sówka et al. [47] determined the odour impact range of an agricultural processing
plant, along with an assessment of the share of individual odour emission sources in the
total odour mix, using a field olfactometer. Conversely, Pawnuk et al. [59] used a field
olfactometer at a mechanical biological municipal waste treatment plant.
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A possible solution for field measurements is a method based on sniffing team obser-
vations; this involves employing a group of experienced people to evaluate the maximum
distance (from a source) at which an odour can be perceived. This technique has been
successfully used by specialists from the University of Gent at various locations in Flanders
and other parts of Europe [5,60]. The method is based on the detection of odours in the
field by a group of panellists. Such measurements allow for the calculation of the typical
odour emission rate using a dispersion model. The results of a field survey are expressed in
sniffing units per cubic meter (su/m3 or se/m3), where 1 su/m3 represents the minimum
amount of the odorant, present in 1 m3 of air, with can be detected by a panel member
under field conditions [5,60–64].

The main advantage of the sniffing team observation method is that it involves field
measurements for evaluating the impact of the source (including waste treatment and
transportation). Furthermore, the method reflects the actual perceptibility of the odour in
the environment. However, this method also has some disadvantages. It is useful only if
both the meteorological situation and the odour emissions do not vary too much during
the measurement. Over a period of time (above 1 h), both the meteorological conditions
and the emission rates can vary significantly [60,61,64].

This paper presents results of field measurement of odours by a sniffing team using
masks with a filter to prevent olfactory adaptation. An on-site observation method was
applied to determine the points of odour emissions at a municipal waste management
plant. The tests were carried out at designated measurement points located throughout the
technological parts of the landfill in order to determine the source of the odour emissions.
The results may be beneficial in that they will provide a reference for controlling emissions
from landfills and solving the problem of their negative impact on surrounding areas; they
will also inform the management and control of landfills in the context of city develop-
ment. The assessment of air quality and the impact of waste management plants on the
environment in terms of odour nuisance is an important topic from the point of view of
the further development of economic, environmental and social resources. The intensity of
odours can cause people marked psychological discomfort. Odours are not usually a direct
cause of disease, but long-term exposure can negatively affect human well-being [22,65].
Therefore, the treatment of gaseous emissions is an important measure to protect both
public health and the environment [3]. Issues related to odour emissions are an important
matter from the point of view of potential environmental impact. Sustainability is a vital
aspect of healthy human development [66].

2. Materials and Methods
2.1. Site Description

Odours were detected at designated test points of a waste management plant located
in northern Poland, about 10 km from a city (with about 250,000 inhabitants). The plant
manages municipal solid wastes; it comprises sorting and closed-chamber composting
facilities, a leachate treatment unit, and a waste disposal (landfill) site B2 under exploitation
and a landfill site B1 (closed in 2011 with landfill gas acquired for cogeneration). The plant
processes up to 150,000 tonnes of waste per year.

2.2. Methodology and Areas

The method used here is based on one developed at the Laboratory of Air Fragrance
Quality at West Pomeranian University of Technology, Szczecin [43,67]. Odour intensities
are determined during onsite tests, using a five-point verbal-point scale, using Weber–
Fechner’s law. During the tests described here, the team members (panellists) used masks
with an active carbon filter to prevent adaptation to fragrance intensity.

The olfactory performance of sniffers was checked against n-butanol, considered as a
standard odorant reference, as in the case of dynamic olfactometry [64].
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The field studies were carried out in 19 control areas (see Figure 1), each measuring
approximately 10 m × 10 m. These areas are located at technological points throughout the
landfill (e.g., the composting plant), where there is a high probability of odour problems.
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Figure 1. Localization of measurement areas during field measurements at a landfill site.

The investigated control areas (and area numbers) at the municipal waste treatment
plant are listed in Table 1.

Table 1. The investigated control areas and meteorological conditions during field measurements.

Control Area Area Number Month
Meteorological Conditions

Wind Speed [m/s] Temperature [◦C]

Road approaching the sorting
facility

1

August 6.7 16.5
December 2.7 −5.2

April 3.8 10
June 4.7 21

2

August 5.9 16.8
December 3.5 −5.2

April 3.9 11
June 3.4 21

Location between sorting and
the CCCF of mixed municipal

solid waste
3

August 6.3 16.7
December 3.2 −5.1

April 3.9 10
June 4 21
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Table 1. Cont.

Control Area Area Number Month
Meteorological Conditions

Wind Speed [m/s] Temperature [◦C]

Location between CCCF and
the open composting plant for

“green wastes” near the
storage of CCCF leachates

4

August 5.3 17.3
December 3.3 −5.0

April 3.7 10
June 4.0 21

Open composting plant for
“green wastes”

5

August 7.2 16.7
December 3.2 −4.9

April 3.6 11
June 8.9 22

6

August 6.9 16.9
December 2.6 −4.9

April 3.6 11
June 7.7 22

7

August 6.3 16.7
December 2.4 −5.0

April 3.6 12
June 4.5 22

Homogenous waste dumping
region 8

August 5.5 16.6
December 2.2 −4.8

April 3.7 12
June 4.2 22

Landfill site B2

9

August 6.6 16.4
December 2.4 −4.9

April 3.7 12
June 1.1 23

10

August 6.5 16.6
December 1.4 −4.8

April 3.6 13
June 4.6 22

Landfill site B1

11

August 4.5 16.8
December 2.1 −4.9

April 3.7 13
June 6.2 22

12

August 5.2 16.8
December 1.9 −4.8

April 3.6 14
June 7.4 23

13

August 6.4 16.8
December 1.9 −4.7

April 3.5 14
June 3.8 23

14

August 5.5 17.1
December 1.7 −4.7

April 3.6 15
June 3.8 23
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Table 1. Cont.

Control Area Area Number Month
Meteorological Conditions

Wind Speed [m/s] Temperature [◦C]

Road leading to waste
deposition, Location B2

15

August 5.5 17.5
December 1.6 −4.8

April 3.6 15
June 5.9 24

16

August 4.9 17.8
December 1.4 −4.8

April 3.7 15
June 5.1 23

Pumping plant for wastewater
and landfill leachates

17

August 4.7 17.7
December 1.2 −4.8

April 3.5 15
June 4.5 23

Landfill-gas power station 18

August 4.6 18.2
December 0.8 −4.8

April 3.7 15
June 8.5 23

CCCF biological filter 19

August 6.7 17.5
December 0.4 −4.6

April 3.7 12
June 8.9 22

During measurement, four members of the panel occupied the space (10 m × 10 m) in
the corners of the studied area. Assessment of odour intensity started at the same time, and
panellists did not communicated with each other. The panellist (evaluators) determined
and noted the intensity of the odours on scorecards (Figure 2a)) using a five-point scale
(0—denotes imperceptible smell, 1—perceptible, 2—weak, 3—average, 4—clear, 5—strong)
every 15 s (four times a minute), and observations were carried out for 5-min periods.
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After completing the measurement (5 min) in a given symbol area, the panellist put
on the mask. In order to counteract the phenomenon of adaptation, the panellists rested for
at least 10 minutes before the next measurement.

The summary scorecard (Figure 2b)) collates 80 individual ratings of odour intensities
(four evaluators, five minutes, four tests per minute) for each odour point and test day.
Each column summarize the ratings of all evaluators by checking the number of boxes
equal to odour intensities (sum of four ratings) measured during each 15 s sniffing period.

For each of the measuring points, the average intensity and the maximum temporary
intensity (Ip/5max) for the five-minute period (I5) were determined. The average intensity
relative to the 5-min control period was calculated as the arithmetic mean for the set of all
80 individual assessments (one control area, four evaluators, 5 min of measurement, four
tests per minute) (Equation (1)):

I5 =
(a × 1 + b × 2 + c × 3 + d × 4 + e × 5)

(p × ne × t)
(1)

where a is the number of ratings for smell intensity “1”, b is the number of ratings for smell
intensity “2”, c is the number of ratings for smell intensity “3”, d is the number of ratings
for smell intensity “4”, e is the number of ratings for smell intensity “5”, p is the length of
the control period (in minutes), ne is the number of evaluators, and t is the number of tests
per minute.

Ip/5max is the maximal intensity of odour registered in a 5 min period of control,
where Ip is the temporary value related to the shortest perception of odour (2–3 breaths,
approx. 5 s).

Finally, the odour concentrations can be calculated from odour intensities determined
by the sniffing team using the extrapolation method of Weber–Fechner [25,68]:

I = k × log (Cod) (2)

where I is the intensity determined by sniffing team, Cod is the odour concentration [ou/m3],
and k is the Weber–Fechner coefficient. From Equation (2), after simple calculations, the
value of the odour concentration can be determined:

Cod = 10
I
k (3)

where k can be assumed to equal 1.14 [43]. The Weber–Fechner coefficient (k) is determined
experimentally as an angular coefficient of the S = f(logZ) straight line:

Sz = S − kWFlog Z (4)

where S is the odour intensity of a sample of strong or at least significant odour, including
the same pollutants as the ambient air, Sz is the odour intensity of samples diluted with
odour-free air, and Z is the dilution factor [43].

2.3. Operating Conditions

There are no other odour sources in the surrounding area. During the measurement,
the following parameters were recorded: number and position of control areas, the time of
test execution, meteorological conditions, and the source of an odour. The field measure-
ments were performed four times (in August, December, April, and June). Test sessions
were between 09:00 and 13:00 h.

3. Results and Discussion

Due to the large number of individual scorecards (304, taking into account four evalu-
ators, 19 control areas, and four test days) and summarized scorecards (76, i.e., 19 control
areas and four test days) only the average intensity for the five-minute period (I5) and the

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Sustainability 2023, 15, 12203 8 of 17

maximum temporary intensity (Ip/5max) for each control area and test day are presented
in Table 1. The method of I5 and Ip/5max calculations are described in Section 2.2 above.

All of the results of measurements and calculations obtained for the 19 control areas
are presented at Table 1 and Figure 3, respectively.
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Figure 3. Average values of odour intensity during 5-min tests (I5), and maximum temporary
intensity (Ip/5max) measured in August, December, April and June.

The calculated intensity values for the five-minute period (I5) and the maximum
temporary intensity (Ip/5max) for all investigated areas measured in August, December,
April, and June are presented in Figure 3, and the meteorological conditions and values
of the calculated odour concentrations are presented in Table 1. The highest temperatures
were recorded in June (between 21 ◦C and 23 ◦C), then in August (from 16.2 ◦C to 18.2 ◦C);
temperatures were average in April (from 12 ◦C to 15 ◦C), and the coldest month was
December (from −4.6 ◦C to −5.2 ◦C). The measured temperatures reflect seasonality, which
has also been observed by others [59].

3.1. Odour Intensity
3.1.1. Road Approaching the Sorting Facility, Areas 1 and 2

There were significant differences in I5 (the average intensity for a 5-min control
period) and Ip/5max (the maximum temporary intensity) in area 1. Odours in area 1 were
undetectable during the December and April test sessions. This was due to a wind blowing
in the opposite direction, compared to the tests performed in August. In June, varying
wind conditions resulted in an apparently low registered odour intensity (1.00). In addition,
more frequent waste transport was observed on this test day, which contributed to the
occurrence of temporary odour intensities at a level of 1.00 during measurement.
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In area 2, a similar situation to that in area 1 was observed. The temporary intensity
was almost three times higher compared to the average intensity; this was due to varying
wind conditions (Table 1). Moreover, an increased transport intensity observed during the
June test (similar to area 1) contributed to an increased temporary odour intensity.

3.1.2. Location between Sorting and the CCCF Facility for Mixed Municipal Solid Waste,
Area 3

In area 3, there was a significant difference between the general odour intensities and
the maximum temporary odour intensities. The main reason for these differences was of a
technological nature. Each opening of the gates to CCCF resulted in a significant increase
in odour intensities.

3.1.3. Place between CCCF and the Open Composting Facility for “Green Wastes” near the
Storage of CCCF Leachates, Area 4

Comparing the December, April, and June tests with those performed in August, a
downward trend of I5 and Ip/5max was observed, from 1.00 to 1.5 units and from 0.25
to 1.75 units, respectively. However, the area is still strongly odorous, and it was found
to be one of the important sources of odorants in all the landfill area (December, April),
especially during the flipping of compost in the aeration process; this compost had already
left the CCCF, and was stored in area 4.

3.1.4. Open Composting Plant for “Green Wastes”, Areas 5, 6 and 7

The intensity of odour in these areas depends on the season. During summer and
autumn (June and August), a high level of perceptible odour was registered. However, this
odour decreased during spring (April) due to lack of supply of green waste and a slowing
down of the fermentation process caused by lower temperature. It was found that these
areas emitted specific objectioinable or offensive odorants.

There was significant seasonable variation in I5 in area 7 (December, April). The area
is located close to the rainwater reservoir and leachate from CCCF, which was the main
source of odorant emission. During tests in April and June, the tank was opened. Besides,
the odour emissions were intensified during the flipping of compost during the aeration
process. A drop in temperature meant that fermentation processes were slowed down,
and emission of odorants reduced (April, Table 1). The maximum temporary intensities
were high; this is probably due to the close proximity of compost heaps after the aeration
process.

3.1.5. Homogenous Waste Dumping Region, Area 8

Comparing all the measurements (August, December, April, June), there were no
significant differences in I5 and Ip/5max. Low odour intensities indicate that this area is not
the main source of odorants.

3.1.6. Landfill Site B1, Areas 9 and 10

Landfill site B1 is in use, and accepts up to 150,000 Mg (tonnes) of waste per year.
There was significant seasonal variation in I5 and Ip/5max values in these areas. Odours
here were imperceptible in December and June. The reason for the increased intensity
registered during the test in April was wind from the opposite direction, compared to those
in December and June. In April, the wind blew odours from area 4, in which intensive
aeration works were being performed.

3.1.7. Landfill Site B2, Areas 11, 12, 13 and 14

Landfill site B2 is closed, and it is being degasified; a high concentration of H2S (above
3000 mg/m3) was found in the landfill gas. High odour intensities registered in these areas
clearly indicate that landfill site B1 is the main source of the odorants (with larger odorant
fluxes than for area 4, due to the larger surface), regardless of the climatic conditions. In
area 11, some variations in I5 and Ip/5max values were observed. This might result from a
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locally slowed fermentation or gas permeation process through the dumping site. In areas
12 and 13, a decrease in I5 and Ip/5max was not observed.

The smell of the landfill gas was the strongest. It is this type of smell that is the main
source of complaints from local residents. Generally, uncontrolled emissions are actually
caused by insufficiently sealed production wells or uncovered landfill. The smells that the
sniffing team sensed were associated mainly with “rotten eggs” (H2S); Nikolas et al. [64]
described these smells similarly.

The significant variation in I5 and Ip/5max values registered for area 14 (on the road
leading to landfill site B1) was caused by varying wind conditions (Table 1) and tech-
nological operations carried out during the measurements (December, April). It must
be emphasised that the landfill site was largely uncovered (leading to increased odour
emissions).

3.1.8. The Road around Landfill Site B2, Areas 15 and 16

The measurements performed in area 15 showed that this is an area free of odour
emissions (December, April). The average intensity observed in April (I5 = 2.08 and
Ip/5max = 2.75) was due to technological works leading to the complete uncovering of the
landfill site.

Significant odour intensities I5 and Ip/5max registered in area 16 (December, June)
were caused by an adverse wind direction transporting odour directly from the landfill site
B1. Additionally, additional technical works contributed to the increased odour intensities,
especially during the April and June test sessions.

3.1.9. Pumping Plant for Wastewater and Landfill Leachates, Area 17

The performed field tests showed that this area is also one of the main sources of
odorants, especially during technological operations (e.g., the pumping of wastewater or
leachates). The odorants that occur in this area are characterized by high nuisance. For
the August, April, and June field tests, the I5 values ranged from 2.16 to 3.29, while the
Ip/5max values were between 2.50 and 3.75. Only during the December measurements
were odour intensities significantly lower (I5 = 0.56 and Ip/5max = 1.50), which could be
due to different weather conditions.

3.1.10. Landfill–Gas Power Station, Area 18

The landfill–gas cogeneration plant is not a direct source of odorants; the observed
variations in odour intensity (for I5 from 0.01 to 2.01 and Ip/5 from 0.25 to 2.25) were caused
by variable climatic conditions, mainly the transfer of odorants by wind from landfill sites
B1 and B2 or area 4 (a location between CCCF and the open composting facility for “green
wastes”, near the storage of CCCF leachates) (December, April).

3.1.11. CCCF Biological Filter, Area 19

The evaluators (panellists) registered the presence of a specific odorant (described
as a smell of “wet bark”) during the tests in area 19. The five-minute period intensities
(I5) ranged from 2.10 to 3.30 (December, April), while the maximum temporary intensities
(Ip/5max) ranged from 2.75 to 3.75. This odorant is not specific to municipal landfills. The
evaluators described it as inoffensive. Similar odour characteristics were described by Bian
et al. [69].

3.2. Odour Concentrations

The calculated values of Cod for average intensities and maximum temporary intensi-
ties are presented in Table 2.
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Table 2. Odour concentrations calculated for average intensity and maximum temporary intensity in
all areas for August, December, April, and June.

Control Area

A
re

a
N

um
be

r

August December April June

Odour Concentration (Cod) [ou/m3]

C
od

5

C
od

p/
5

m
ax

C
od

5

C
od

p/
5

m
ax

C
od

5

C
od

p/
5

m
ax

C
od

5

C
od

p/
5

m
ax

Road approaching sorting facility 1 63 258 1 1 1 2 1 8
2 304 428 1 2 2 5 4 57

Location between sorting and the
CCCF of mixed municipal solid waste 3 980 1947 1 5 343 1175 12 156

Location between CCCF and the open
composting plant for “green wastes”
near the storage of CCCF leachates

4 6412 24,320 1041 14,678 310 709 868 3227

Open composting plant for “green
wastes”

5 1468 3227 2198 5347 7 12 395 1175
6 169 1175 96 156 4 34 68 156
7 57 156 2 34 10 34 336 709

Homogenous waste dumpin region 8 4 8 3 8 4 8 3 5

Landfill site B1
9 100 258 2 3 25 428 1 3

10 524 709 1 3 211 1175 1 3

Landfill site B2

11 3428 5347 557 1175 1041 1947 248 428
12 455 1175 724 1947 455 1175 580 709
13 106 258 191 428 94 428 616 1175
14 1725 3227 28 57 1175 1175 57 94

Road around landfill site B2
15 2 5 1 2 67 258 1 3
16 3 12 96 156 229 709 191 709

Pumping plant for wastewater and
landfill leachates 17 78 156 3 21 292 1175 769 1947

Landfill-gas power station 18 58 92 1 2 17 94 2 8

CCCF biological filter 19 785 1947 144 258 183 258 70 258

The odour concentrations of the first two measuring points, located at the entrance road
to sorting plant, range from 1 ou/m3 up to 304 ou/m3. The highest value was 304 ou/m3,
measured during August. In December, these values for given points amounted to 1 ou/m3.
In the other months, they did not exceed 4 ou/m3.

The odour concentration at area 3 (located between sorting and CCCF of mixed
municipal solid waste) ranged from 12 ou/m3 up to 980 ou/m3, except for December, at
which time this value was 1 ou/m3.

At the location between CCCF and the open composting plant of “green wastes” near
the storage of CCCF leachates (area 4), a high concentration of odours was recorded, which
ranged from 310 ou/m3 to 6412 ou/m3. The lowest value, unlike most measurement points,
was 310 ou/m3, noted for April, and 1041 ou/m3, for December. The highest value was
recorded for the warmest month.

For measurement points 5, 6, and 7, located in the area of the open composting plant
of “green wastes” (see Figure 1), the highest values were recorded in December and in
August (1468 ou/m3) for point 5. The highest values recorded for point 5 in April range
from 7 ou/m3 to 2198 ou/m3. For area 6, odour concentrations ranged from 4 ou/m3

to 169 ou/m3. The highest value was recorded for the warmest month. For area 7, the
concentration ranged from 2 ou/m3 (December) to 336 ou/m3 (June).
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Area 8, the homogenous waste dump, was characterized by measurements at a com-
parable level; these were 3 ou/m3 for December and June, and 4 ou/m3 for August and
April. These values are relatively low. This is the area wherein the average of the four
measurements is the lowest, and does not exceed 1 ou/m3.

For points 9 and 10, located in the waste deposition area (place A), the lowest odour
concentration values were recorded in December and June (an average of 1 ou/m3), while
the highest, for both points, were in August (100 ou/m3 and 524 ou/m3). In April, for area
9 and 10, these values were 25 ou/m3 and 211 ou/m3, respectively.

Odour concentration measurements were then made at the waste decomposition
point (place B), which includes areas 11–14. For all the mentioned area numbers, odour
concentrations ranged from 28 ou/m3 to 3428 ou/m3, depending on the month. The
area wherein the highest average odour concentration was recorded was area 11, with
the highest concentration in August (3428 ou/m3). The second point with a high average
concentration was area 14, with the highest concentration also falling in the month of
August (1725 ou/m3). For the remaining areas (12 and 13), the highest odour concentrations
were found in December and June, amounting to 724 ou/m3 and 616 ou/m3, respectively.

For both areas 15 and 16, the highest odour concentrations were found in April,
amounting to 67 ou/m3 and 229 ou/m3, respectively. Minimal values between 1 ou/m3 and
2 ou/m3 were found for area 15 (August, December and June). The average concentration
of odours for area 16 in measurements throughout the year was about 100 ou/m3, and the
lowest concentration was recorded in August, at 3 ou/m3.

In area 17 (the pumping plant for wastewater and landfill leachates), odour concen-
tration values ranged from 3 ou/m3 to 769 ou/m3, where the lowest value was found in
December, and the highest in June.

For the biogas power station (area 18), the highest concentration was found in Au-
gust (58 ou/m3) and April (17 ou/m3), the lowest values were 1 ou/m3 and 2 ou/m3,
respectively, for December and June.

The last area is the CCCF biological filter (19), for which odour concentration values
ranged from 70 ou/m3 to 785 ou/m3; the lowest value was found in June, and the highest
in August.

The Cod values were rather stable for most control areas. Significant variations in Cod
values during different seasons were observed for area 4, 5, 11 and 14, which include the
place between CCCF and the open composting plant for “green wastes” near storage of
CCCF leachates, the open composting plant for “green wastes”, and the waste deposition
point, place B.

The largest values of Cod were observed mainly in August, ranging from 57 ou/m3

to 3428 ou/m3, excluding points 8, 15 and 16, for which values in a given month ranged
from 2 ou/m3 to 4 ou/m3; which can be explained by higher temperatures, the progress of
the fermentation process, and technical works. The high Cod values in different seasons,
e.g., for area 4 and 11, may have resulted from increased Cod levels in the neighbourhood of
these areas (area 3, 5, 10 and 12). The increase in Cod values may also have been caused by
varying wind conditions. A relationship was observed between odour intensity and odour
concentration, which is also confirmed by Wiśniewska et al. [70]. In the case of many odour
sources, higher odour intensity was accompanied by higher odour concentration. This is in
accordance with Weber–Fechner’s law, according to which there is a relationship between
the intensity of olfactory perception and the concentration of smell, which is the theoretical
basis for the perception of olfactory sensations by the human sense of smell [70].

Limited literature is available regarding studies of odour concentration determination
via the sniffing team method.

Bian et al. [69] conducted research near a landfill with human panel called “Odour
Patrol” within the Odour Monitoring Program, due to a large number of complaints.
The described results found by the Odour Patrol show that the method is capable of
determining odours from a specific odour source, without mistaking them for odours from
the surrounding background.
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Operating conditions are one of the factors that can affect the emission of odours,
therefore affecting the measured odour concentrations, technological operations, and
the type of processed waste [70,71]. There is a significant relationship between odour
concentration and air temperature. The higher the air temperature, the higher the odour
concentration [71].

Pawnuk et al. [59] used a portable olfactometer in their research at a biological munici-
pal waste treatment plant; the highest concentration was 78.45 ou/m3, found in August, for
a green waste storage area and a place near the aerobic stabilization chambers. The values
obtained by the authors are much lower due to the use of a portable olfactometer with the
possibility of dilutions.

Wiśniewska et al. also conducted research using a portable olfactometer, but of a
different type, which can determine higher concentration values. Research was conducted
at a biological waste treatment plant. The Cod ranged from 22 ou/m3 up to 6390 ou/m3 [72].
In other research by Wiśniewska et al. [73] at a municipal waste biogas plant with mixed
waste storage points, the highest Cod value was 108 ou/m3.

The available literature shows a high variability in odour concentrations, despite some
similarities. Thus, we ask the question: is it possible to obtain very similar results for
different MBT plants? Pawnuk et al. [59] refute this possibility.

The composition of waste is variable, and depends on the demographic of communi-
ties, cities or regions. Therefore, the waste that is processed in a given facility may differ
from that found at another. It is also important that despite technological similarities,
individual MBT facilities may differ in certain processes, which may also cause differences
in odour emissions and affect odour concentrations [59].

Based on conducted field measurements, it was concluded that the main points of the
odour emissions are as follows:

• Landfill site B1 (areas 11, 12, and 13);
• The place between the closed-chamber composting facility (CCCF) and the open

composting plant for “green wastes” near the storage of CCCF leachates (area 4); this
was caused mainly by leachates from the CCCF, and the technological operations
associated with the flipping of compost during aeration process;

• The open composting plant of “green wastes” (areas 5, 6 and 7), especially during the
flipping of compost in the process of aeration during the summer–autumn period;

• In these locations, the average intensities (I5) and Ip/5max reached a value above 4,
which is equivalent to strong intensity. Field tests conducted during August, December,
April, and June under different climatic conditions confirm the major sources of
odorants. The average intensities for the five-minute period (I5) and the maximum
temporary intensity (Ip/5max) achieved in these areas showed the highest values,
irrespective of temperature and wind direction;

• A significant increase in the averaged I5 and the maximum temporary intensity
(Ip/5max) took place during technological operations, especially those conducted
in Area 4 (the flipping of compost during the aeration process). The landfill site B1 was
subject to modernization during the performance of the measurements. Uncertainty
remains as to how modernization (e.g., the drilling new degasification wells along
the landfill edges) will affect the situation in the middle of the deposition point, area
11. The answer could be found through repetition of the tests sometime after land-
fill modernization. The application of the presented method is limited by changing
atmospheric conditions.

The sniffing team method can be used to assess odours generated during transport,
technical works, and unforeseen circumstances, and when other methods are not available.
The most important advantage of this method is that the olfactory sensations evaluators
are from the population living around municipal waste treatment plants and other odour
nuisance activities. The calculated odour intensities and concentrations correspond to real
sensitive perceptions of the tested environment. Special attention should be paid, during

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Sustainability 2023, 15, 12203 14 of 17

the performance of the tests, to the wind and its direction, i.e., whether it transfers odours
from locations other than the one being tested.

4. Conclusions

With regard to the discussed issues, it is possible to define “odour” sources not only at
the planning stage of a given investment, but also to verify them during operation, all in
terms of sustainable development (impact on the environment, property, or social values).
By taking into account the conditions of sustainable development, social approval and
acceptance of projects related to odorous facilities can be obtained.

The method proposed here may be useful for determining the sources of odours, but
also for searching for solutions or strategies to reduce odours. This will help to reduce the
negative impact operating landfills.

The conducted investigations enabled the formulation of several recommendations
for the site’s administration to improve the air conditions:

• action should be taken to degasify landfill site B1, especially near its edges;
• the frequency of compost flipping operations (i.e., intensification of the aeration

process) of “green wastes” in open composting plants should be increased in order to
avoid rotting.

Leachate from the CCCF should be properly treated, e.g., through fermentation, to
avoid strong odours.

The sniffing team method can be successfully used to assess the smell generated
during technological works, and to assess the functioning of the plant. The determined
intensities and concentrations of odours reflect actual perceptions; however, this method is
vulnerable to changing meteorological conditions.
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