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The effectiveness of odour emission reduction in a municipal solid waste landfill leachate reservoir was
evaluated using hexagonal-shaped HDPE cover elements. A previous study conducted in 2020 identified H,S
as the dominant contributor to odour emissions from the leachate reservoir, accounting for 99% of total odour
units (O.U.). To mitigate these emissions, HDPE hexagonal covers were installed over the leachate basin in
2024. The performance of this system was assessed by analysing changes in H,S concentrations. New
measurements carried out in 2025, using Radiello diffusive samplers as in the previous campaign, showed that
H.S concentrations decreased from 0.8—1.1 mg m~2in 2020 to 0.09-0.14 mg m~2 in 2025, after installation. By
applying odour thresholds to the measured concentrations, odour units were determined, revealing a reduction
from 1129-1609 O.U. to 128-198 O.U. This corresponds to an average decrease of 87.8% in measured
concentrations and associated odour impact. Numerical modelling using the TAPM dispersion model was
applied to estimate emission factors, incorporating meteorological conditions to ensure a consistent comparison
between 2020 and 2025 data. The modelling results confirmed a substantial emission reduction, estimated at
86.2%. Overall, the use of hexagonal-shaped HDPE elements to cover leachate basins in municipal solid waste
landfillshas proven to be a highly effective solution for reducing odorous emissions.

1. Introduction

Municipal solid waste landfills can generate odorous impacts in surrounding areas (Oliva et al., 2024, Izadi et
al., 2026, Lakhouit, 2026), with gas emissions varying considerably due to factors such as site operations,
environmental and meteorological conditions, waste composition, and seasonal changes (Muezzinoglu, 2025).
Several cover systems are available for odour emission mitigation in landfills (Lakhouit, 2026), depending on
the source and purpose, e.g. HDPE geomembrane-based artificial covers for temporal dumped organic waste
(Vizuete-Montero et al., 2025), or biocovers in the final cover systems (Zhang et al., 2024, Verma et al., 2025).
Additionally, hexagon-shaped HDPE elements can be used to prevent leachate evaporation from reservoir
basins. Can Mata landfill (Els Hostalets de Pierola, Catalonia, Spain) leachate reservoir emission factor was
calculated using an inverse methodology in 2020 in a previous study. The main aim of the study was to
determine emission factors from several key point sources of the landfill (i.e. the pre-closed area, the dumping
area and the leachate reservoir), for the determination of its polluting and odorous impacts (Gallego et al., 2024).
The application of numerical modelling techniques to determine the impact of potentially emitting activities in
their surroundings, such as landfills, is a highly valuable tool for facility management (Szatata et al., 2021, Zhang
et al., 2021, Lakhouit, 2026). Can Mata is a landfill where approximately 900.000 tons of municipal and non-
hazardous waste are disposed of annually, with an exceptional volume of 1 Mt managed in 2025. Biogas is
recovered from the process, generating approximately 40 million of m3 of raw biogas per year. In July 2020,
ambient air concentrations at 1 m above the ground of volatile organic compounds (VOCs), hydrogen sulphide
(H2S) and ammonia (NHs3) were determined in the potentially emission sources of the landfill for the
determination of emission factors. In the leachate reservoir, total VOC (TVOC) concentrations were found in the
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range of 0.3-0.6 mg m. On the other hand, H2S and NHs concentrations presented values of 0.8-1.1 mg m-3
and 1.7-1.8 mg m3, respectively. With the application of odour thresholds to the concentrations obtained, the
most critical compounds regarding odour annoyances were determined, and their related odour units (O.U.)
established. In the leachate reservoir, the highest odour units (O.U.) were mainly associated to H2S
concentrations. O.U. related to H2S, NH3 and TVOC concentrations were in the range of 1129-1609 O.U., 1
0.U. and 12-16 O.U., respectively, H2S accounting for an average value of 99% of total odour units (Gallego et
al., 2024). High odours related Hz2S in the leachate basins are caused by its low odour threshold (Ren et al.,
2025) as well as by its concentration in the leachate, which can pose a significant operational challenge. High
leachate H2S concentrations can hasten the deterioration of infrastructure and disrupt the efficiency of
subsequent treatment systems (D’Aoust et al., 2026).

In order to minimize H,S emissions and thereby reduce odour impacts from Can Mata landfill, hexagon-shaped
HDPE elements were installed in 2024 to reduce evaporation from the leachate basins. The present study,
hence, aims to evaluate differences in polluting/odorous emissions from the cited basin from year 2020, without
any cover, and 2025, with the hexagonal shaped HPDE elements.

2. Methodology
2.1 Chemicals and materials

H2S (RAD170) cartridge adsorbents and Radiello Mehylene blue calibration standard for H2S were obtained
from Merck (Damstadt, Germany).

2.2 Sampling strategy

Since H,S was the main contributor to odours emitted from the leachate reservoir, the evaluation of the hexagon-
shaped HDPE elements focused solely on changes in H,S concentrations to assess their effect on odour
reduction. NH; and TVOC emissions were considered to remain at 2020 levels. During the 2020-2025 period,
Can Mata landfill maintained consistent waste input typologies, disposal volumes, and leachate basin operating
conditions. As these key operational parameters remained unchanged throughout the study period, no
significant variations in emissions attributable to changes in waste composition or landfill operational status were
expected. To determine H2S concentrations in the leachate basin, H2S was sampled in September 2025 as had
been done previously in July 2020. Radiello H2S cartridge adsorbents (reference RAD170) were exposed during
several days (in duplicate), using their corresponding diffusive bodies (reference RAD 120), in three different
representative points of the leachate basin (Figure 1). The three sampling points were selected along the
perimeter of the 4,500 m3 leachate pond on the downwind side, ensuring representative coverage of the area
of potential emissions.
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Figure 1: Leachate basin. H2S sampling during July 2020 (left) and September 2025 (right) campaigns.

2.3 H2S analytical methodology

Radiello H2S cartridge adsorbents were treated according to the specifications of the Radiello method for the
determination of hydrogen sulphide in air, with subsequent analysis by spectrophotometry (absorbance at 665
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nm, Specord 200 Plus, Analytik Jena). Methylene blue solution (reference RAD171) was used for sample
quantification.

2.4 Odours calculation

Odour units were calculated using the H2S field-measured concentrations and its odour threshold. Several
references were reviewed to establish this threshold (Leonardos et al., 1969, Nagata, 2003, van Gemert, 2003,
UK Environmental Agency, 2007, AIHA, 2013), which was set at 0.7 ug m=.

2.5 Dispersion model used

The method used to determine the surface emission of H2S at Can Mata landfill is based on mass concentrations
obtained experimentally from sampling at various points in the leachate basins, as described in the previous
section. This is an indirect method, known as inverse modelling, in which the emission rates of existing surface
sources are determined based on the concentrations measured at immission through chemical analysis
(Gallego et al., 2024).

The relationship between immission concentrations and emission rates can be established using different
atmospheric dispersion models for chemical substances. In this case, the selected model is The Atmospheric
Pollution Model (TAPM) developed by CSIRO (Australia). TAPM model solves the fundamental fluid-dynamic
transport equations to predict both meteorology and pollutant concentrations for air quality assessment and
management applications. TAPM consists of coupled meteorological forecasting components and air pollution
components. Surface meteorological observations from the study area are incorporated into the calculations.
The model predicts key local-scale processes affecting pollution, such as sea breezes and terrain-induced flows,
based on meteorological data derived from synoptic-scale analyses. The meteorological component of TAPM
is a system of differential equations for incompressible, non-hydrostatic flow that follows terrain contours for
three-dimensional simulations. The model solves the vector momentum equations for horizontal wind
components, the continuity equation for the vertical component, and scalar equations for virtual potential
temperature, specific humidity of water vapor, cloud water, and rainwater. The air pollution component of TAPM
uses the meteorological outputs through four modules. The Eulerian module solves differential equations for
concentration forecasting and the cross-correlation between concentration and virtual potential temperature.
The Lagrangian particle module can be used to study dispersion close to the emission source. The plume rise
module accounts for buoyancy and momentum effects of point source emissions (e.g., stacks). Finally, the
building effect module considers the influence of structures on pollutant dispersion and is applied in both the
Eulerian and Lagrangian modules (Hurley, 2005).

2.6 Meteorological data

Meteorological data from a local station, located within the Can Mata landfill site, were assimilated into the
meteorological module to calculate air velocities and other necessary meteorological parameters for subsequent
transport and dispersion modelling of pollutants. These local data were given priority over those calculated from
synoptic mesoscale meteorological data for the area.

2.7 Calculation hypothesis

The relationship between the emission rate at a given location, expressed as mass per unit time (e.g., g s™),
and the immission concentration at a given point, expressed as mass per unit volume of air (e.g., g m=), over a
specific time period, is linear. This means that if the emission rate is doubled, the resulting concentration will
also be twice as high as the original. This assumption has been verified through multiple runs of the software
using different datasets. Furthermore, when performing mass balance calculations in a dynamic system, the
assumption is consistent. The emission rate from each type of source is considered to be uniformly distributed
across the entire emitting surface (Gallego et al., 2024).

3. Results
3.1 H2S concentrations and Odour units

Table 1 presents H2S concentrations and odour units related to H2S concentrations in the three evaluated points
of the leachate basin in 2020 and 2025. It has to be noted that a single sample was taken in 2020 and duplicate
samples were taken in 2025. As can be observed, the concentrations measured at the three sampling points in
the leachate basin in 2025 are substantially lower, by nearly one order of magnitude. Differences among the
thee sampling points in each sampling campaign are related to their relative location in the basin and the
dominant winds. The average concentration of the three sampling points of the leachate basin was 954 + 168
Mg m=2in 2020 (n = 3), whereas in 2025 the average concentration was 117 + 16 ug m=(90-139 ug m) (n = 6),
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corresponding to a concentration reduction of 87.7%. The results are consistent with previous studies on landfill
leachate activities, which have reported ambient air H,S concentrations in surrounding areas ranging from 20
to 3,800 pg m=3 (Izady et al., 2026).

Table 1: H2S concentrations (ug m) and Odour units (O.U.) at the different evaluated sampling points of the
leachate basin.

Control point 2020 2020 2025 2025
pg m3 O.U. pg m3 O.U.
Leachate basin P1 1127 1609 |129+13 18420
Leachate basin P2 946 1351 12112 1734
Leachate basin P3 791 1129 |101+15 143+ 21

Applying the odour threshold to transform concentrations into odour units, the results show that H2S O.U. without
the installed cover system presented an average value of 1363 + 240 O.U, while with the installed covering
system odour units decreased to 167 + 23 O.U. (128-198 O.U.). It has to be acknowledged that the sampling
campaigns were not conducted in the same months of the year. Different temperature and humidity parameters
can influence seasonal H2S emissions (Hassan et al., 2025), independently of the coverage used to reduce
leachate odorous flows. A difference of 6°C was observed between the average temperatures recorded during
the two campaigns, with higher temperatures measured in the 2020 campaign, consistent with higher H,S
concentrations expected at higher temperatures (Zheng et al., 2021).

3.2 Impact reduction in the leachate basins

Given that meteorological conditions—particularly temperature and humidity—can influence the volatilization of
compounds, emission factors for 2020 and 2025 were calculated using the specific meteorological data recorded
during each sampling period, in order to enable a robust comparison of the reduction in impact.

Figure 2: Leachate basin 2020 impact map. Theoretical concentrations obtained through the mathematical
model assuming a typical theoretical emission flow rate. Colour code shows relative concentrations: red colour,
higher concentration; blue colour, lower concentration. (Figure previously published in Gallego E., Perales J.F.,
Aguasca N., Dominguez R., 2024. Determination of emission factors from a landfill through an inverse
methodology: Experimental determination of ambient air concentrations and use of numerical modelling,
Environmental Pollution, 351, 124047.

Applying the methodology described above, emission rates from the leachate basin for 2025, when the basin
was covered, were determined using atmospheric dispersion modelling, and compared with the results obtained
in 2020, when the basin was uncovered (Gallego et al., 2024). The application of the obtained results led to a
slightly lower reduction than that calculated directly using the measured concentrations. The resulting value for
the reduction in emissions using this indirect methodology was 86.2%.
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Impact maps obtained with the mathematical model for the 2020 and 2025 are presented in Figures 2 and 3.
Note that colours show relative concentrations, as the absolute values depend on the emission flows. As
previously said, only changes in H2S emission concentrations were considered regarding the impact maps,
VOCs and NHs emission concentrations were considered equal to 2020.

Figure 3: Leachate basin 2025 impact map. Theoretical concentrations obtained through the mathematical
model assuming a typical theoretical emission flow rate. Colour code shows relative concentrations: red colour,
higher concentration; blue colour, lower concentration.

As illustrated by the previous figures, the implemented leachate basin covering system has demonstrated
effective performance in reducing odorous emissions, particularly those associated with H,S generated at the
landfill. These findings support the adoption of this site-specific mitigation measure as a sustainable and socially
acceptable approach to landfill management (Lakhouit, 2026).

4. Conclusions

The implementation of hexagonal-shaped HDPE cover elements in the leachate reservoir of the Can Mata
landfill has demonstrated a highly effective reduction in odorous emissions. An 87.7% reduction in H2S
concentrations has been observed between July 2020 and September 2025. Atmospheric dispersion modelling
using TAPM, incorporating site-specific meteorological conditions, confirmed the effectiveness of the mitigation
measure, yielding a consistent reduction in emissions of 86.2%. The agreement between measured
concentrations and modelled emission reductions supports the robustness of the applied methodology and
highlights the importance of accounting for meteorological variability in impact assessments. Overall, the results
demonstrate that hexagonal HDPE covering systems are an efficient and reliable solution for significantly
reducing H,S emissions and associated odour nuisance from landfill leachate reservoirs. This approach
represents a valuable mitigation strategy for improving environmental performance and minimizing the impact
of landfill operations on surrounding areas.
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