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Abstract — Odor compounds are one of the most important
pollutants related to nuisance complaints in the environmental
agencies. This study presents the application of a Dispersion
Modeling (AERMOD) of Odorous Gases emissions from a landfill
in Vitéria/Espirito Santo, Brazil, in order to evaluate the impact
of its operation.

Odor perception is very subjective and perceived in very low
concentrations (ppb) above the perception limit (that varies
between individuals — gender, age, smoker or non-smoker). Thus,
is very important to work with models that solve mass transport
equations in time intervals less than an hour to be possible to
detect peaks concentrations.

The scientific problem discussed in this abstract resides in the
application of a gaussian model (such as AERMOD) to treat odor
peak events in time intervals less than an hour. The potential law
described by [1] was applied to obtain peak concentrations
required to identify odor complaint episodes.

Also, objectives of this study were: the construction of an
emission inventory with the most representative sources, a better
understanding of the dispersion phenomena of and create
fundamentals for discussions about the impact on air quality in
regions neighboring the studied plant. The computational domain
was defined as a square of 400 km>. Meteorological data was
obtained from Vitéria/ES Airport Station (SBVT). The data
presented was imported into the METAR code. The topographic
data were extracted through the digital elevation model: SRTM3,
MDE S21W041 and land use data from the region were obtained
through the Environmental Agency of the State of Espirito Santo
(IEMA, 2015).

The emission rate for each source type were calculated by
different approaches: i) The United States Environmental
Protection Agency (USEPA) literature (AP-42) was consulted to
obtain emission factors related to the activities that generates
odorant compounds; ii) LandGEM software (Landfill Gas
Emission Model) was used to obtain emission rates for landfill
cells; iii) for leachate ponds the method proposed by the EPA (AP-
42, Chapter 4) was also used, however, referring to the sources
associated with evaporative losses in the collection, treatment and
storage of wastewater; iv) the composting unit emissions were
determined by emission factors proposed by Sironi et. al (2006).It
was possible to establish a relation of odor concentrations between
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the meteorological and topographic parameters: proximity of the
main sources, difference of altitude between the sources and the
receptor points, predominant direction of the wind and the
conditions of atmospheric stability. It is not possible to establish a
predominant period of the year with the most critical results, since
this analysis is related to the location of the analyzed receptor, but
considering the population located at the south of the company,
the period from May to August tend to present the worst results,
depending on wind direction and atmospheric stability.

The application of AERMOD evaluated in odor management
showed identifiable concentration peaks. Significant odor
emissions were from operation cells due to large areas and
constant waste stream. The simulations showed that the maximum
increase per hour was up to 12.20 OU/m? converted to 2 OU/m?* in
an average of 10 minutes.

Keywords— Atmospheric dispersion, landfill emissions, odor
modelling, emission factor, odor management.

1. INTRODUCTION

The odors can be conceptualized as chemical's substances
volatile portions perceptible by the sense of smell. Some factors
such as odor quality, reference levels, sensitivity, source
characteristics and expectations compose individual odor individual
character of perception by individuals exposed to it [2].

The landfill operation in the present study occurs in the presence
of a total of 8 cells, to which solid wastes are deposited. Only one
cell was contemplated to be still in operation. It was considered that
for biogas capture in the landfill cells it’s utilized drains, implanted
during cells construction. The storage system of leachate material
from the sanitary landfill has six ponds, totaling 6313.80 m2 The
septic tank effluent treatment has an area of 2510.7 m?, with four
ponds, two for the raw effluent storage and the others for the treated
one. The landfill composting system was also considered as an odor
source.

Il. MATERIALS AND METHODS

The methodology usually adopted to establish odor perception
patterns is realized through odor panels, which consists in a group
of people that are chosen to represent the average population
sensibility to different odor. Those processes were defined by
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Australian Standard AS/NZ S4323.3 (2001) Stationary Source
Emissions Part 3, which an odorant unit is conceptualized as the
concentration of a certain compound sufficient that at least 50% of
the odor panel is able to detect its presence. This response is called
odor detection limit and defines an odor unit per cubic meter
(UO/m?®). Therefore, an odor less than 1 UO/m? is theoretically an
irrelevant impact on olfactory perception [2].

The computational domain was defined as a square with 400
km?. 2013, 2014 and 2015 data from the Vitoria Airport Station
(SBVT) were used to perform meteorological analysis.

In the lack of data, the emissions rate were calculated according
methodology proposed by USEPA (United States Environmental
Protection Agency) and by the literature. The United States
Environmental Protection Agency (USEPA, AP-42), was used to
obtain emission factors related to activities that generates odorant
compounds whereas LandGEM software (Landfill Gas Emission
Model) to obtain emission rates for landfill cells. For leachate
ponds was also used the method proposed by the EPA (AP-42,
Chapter 4), however, referring to the sources associated with
evaporative losses in the collection, treatment and storage of
wastewater. At last, composting unit emissions were determined
by emission factors proposed by Sironi et. al (2006).

After the emissions were estimated, it was considered the
conversion factor for odorant units proposed by [3], from the
following Equation (1).

Cogor = 0.21 X Cgy, + CHY (1)

Where the odor concentration of the generated gas (C,q0s)
UO/m? corresponds to the product between the conversion factor
obtained through experimental studies (0,21) and the concentration
of methane (Ccy, ) ppm plus the odor concentration considered
when the methane concentration is zero (CHY ) UO/m’.

Besides the input data conversion, The AERMOD model output
data were also converted to more suitable the average for the
required analysis. To convert the hourly averages into more
adequate time averages, the Potential Law, described by [1] was
used according to Equation (2).

c() = cto) x () @

In which the concentration in time t (C(t)) corresponds to the
product between the concentration in time to C(ty)) and the ratio
between the concentration in the average of one hour (to).

By the obtention of emission factors related to the main
activities that generate odorant compounds, it is possible to
determine the landfill odours propagation using AERMOD
software in its standard conditions for the related sources.

III. RESULTS

“Fig. 1” shows the sources contribution in total emissions of the
considered odorant compounds. The largest contribution made by
the cell in the operation of landfill waste solids urban (18175.72
UO/s, representing 64.89% of the total) and the lowest contribution

was generated by the composting unit (381,23 UO/m?, representing
1,36% of the total).
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Fig. 1. Emissions generated by different sources in modeling.

Through the modeling, the scenarios varies according to the
adopted temporal average. Table 1 below presents the maximum
daily increase and annual average increase for the studied sources.

TABLE 1: MEAN AND MAXIMUM VALUES CONTRIBUTIONS OF
DIFFERENT EMISSIONS GROUPS.

Source Average Maximun
(UO/m?) (UO/m?)
Landfill cells waste solids urban 0.09 12.20
Leachate ponds 0.02 1.90
Septic tank’s effluent pond 0.001 0.29
Composting unit 0.00033 0.064
Synergy between all sources 0.10 12.20

With the obtained odorant gases dispersion plumes was
possible to verify that some receptors located near the studied
enterprise are more affected by the activities of the landfill. “Fig.
2” and “Fig. 3” represent the location of the discrete receptors, with
the maximum daily concentrations and annual average
concentrations, respectively.
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Fig. 2. Maximum daily concentrations.
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Fig. 3. Annual average concentrations.

1V. CONCLUSIONS

Analyzing the obtained sources emission inventory and the
odorant gases mathematical modeling generated in the studied
area, it was possible to verify that the highest contribution to the
odor emissions comes from cells still in operation (64.89% of the
total), since they are constantly fed with solid waste and it is not
possible to burn the generated gases (due to the employees’
operational safety), besides of the extensive dimension of that
emission source.

It was possible to establish a relationship between
meteorological and topographic parameters with the presence of

higher odor concentrations: the proximity of the main sources, the
elevation difference among the sources and receptors points,
predominant wind direction and atmospheric stability conditions
that can be considered decisive factors to determine the manner in
which the population around the landfill will be impacted by the
odorant emissions.

It was possible to evaluate the application of AERMOD in the
odors handling due to its applications combined with the potential
law, in order to compare them with limits established in legislation
that take into consideration periods of exposure less than 1 hour.
The most significant emissions of odors were those of the cells in
operation due to large areas and constant waste stream. The
simulations showed that the maximum hourly increase was of
12,20 OU/m? converted to 2 OU/m? in an average of 10 minutes.

REFERENCES

[1] DUFFEE, R. A.; O’BRIEN, M. A.; OSTOJIC, N. Recent developments
and current practices odour regulations, controls and technology. Air and
Waste Management Association Transaction Series, n. 18,289-306, 1991.

[2] FAZIO, E. F. AERMOD Odour Modelling, Geelong Resource Recovery
Facility, Stonehaven, Victoria. 2015.

[3] LUCERNONI, F. et al. Evaluation of an odour emission factor (OEF) to
estimate odour emissions from landfill surfaces. Atmospheric
Environment, 144, 87-99, 2016.

[4] UNITED STATES ENVIRONMENTAL PROTECTION AGENCY -
US EPA. AERSURFACE User’s Guide, EUA, Janeiro, 2008.

[5] UNITED STATES ENVIRONMENTAL PROTECTION AGENCY -
US EPA. Addendum User's Guide for the AMS/EPA Regulatory Model
— AERMOD. EPA-454/B-03-001, p. 1-186. Versao 15181. Carolina do
Norte, Estados Unidos. Setembro, 2004.



