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Accuracy in the characterisation of odour-emitting sources is particularly significant for the implementation of a
truly representative odour impact study. The selection of sampling techniques to measure odour concentrations,
along with an accurate method to assess Odour Emission Rate, is closely linked to the type of source under
investigation. The distinction between active and passive sources is not always obvious, such as in the case of
biological oxidation tanks. This kind of emissive source, commonly classified as a passive source, is
characterised by convective flow that is generally not intense. Indeed, the flushing of a known airflow within a
dynamic hood, such as a wind tunnel system, necessary to simulate the wind action on the surface of the tank,
may not be the driving force of the system.

The aim of the present study is to evaluate the emissive contributions of biological oxidation tanks, focusing on
the phenomenon of aeration and the effect of wind on the liquid surface of an oxidation basin.

Using different sampling methodologies, through different field measurements, the Specific Odour Emission
Rates, associated with each contribution, were measured and compared. The results indicate that the stripping
phenomenon due to the convective flow generated by aeration can account for up to 96% of the odorous
emission contribution.

1. Introduction

In recent times, there has been a heightened global emphasis on safeguarding the environment, particularly
regarding the adverse effects of industrial operations as a significant source of pollution. This increased focus
has led to growing concerns about environmental odours, prompting complaints from the public and evolving
into a worldwide social concern (Brancher et al., 2017). Prolonged exposure to odours from industrial activities
can lead to negative health effects, both physiological and psychological. As a result, the scientific community
has created tools to evaluate and address this issue. Olfactory nuisance, often linked to inadequately managed
waste disposal, animal farming, and industrial and environmental protection facilities, is identified as the main
reason for public complaints (Invernizzi et al., 2016; Piccardo et al., 2022). Odorous emissions are a relevant
contributor to air pollution and the exclusive study of concentration may not fully represent the environmental
nuisance, as it neglects various parameters that need to be considered to quantify the effective impact of the
odours (Bokowa and Bokowa, 2017).

The characterisation of an emissive source can be a complex issue within an odour impact study. The estimation
of an appropriate Odour Emission Rate (OER) expressed in oue/s, is crucial to implement an atmospheric
dispersion model, for the assessment the influence of an odorous source on the neighbouring area (Tagliaferri
et al., 2024). The choice of the best sampling technique, aimed at obtaining an odour concentration value and
a consistent method for estimating the odour flow, is closely related to the source being investigated (Gostelow
et al., 2003; Invernizzi et al., 2024).

Among the various odour emissive sources, the area sources emit from extended surfaces (e.g. liquid or solid),
where there is not a well-defined volume flow to be associated to an odour concentration, with the aim of the
evaluation of an OER. Generally, the scientific literature proposes two different approaches to assess the OER
of this kind of emission: indirect measurement and direct measurement (Hudson and Ayoko, 2008a). The first
group is represented by micrometeorological methods (Lotesoriere et al., 2023), while the second one, more
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practical and economical, is based on a hood that enclose totally or partially the emitting surface. This technique
combines the collection of gas samples with the physical dimensions of the hood and its operating conditions,
to evaluate OER.

From a technical perspective, area sources can be classified as active (e.g. biofilter) or passive (e.g. landfill
surfaces, wastewater treatment tanks) depending on the presence or absence of a gas flow directed outward.
The sampling method varies too: the EN 13725:2022 suggests the use of a static hood for active area source,
while for passive one, the standard does not prescribe a specific method, but provides guidance for the use of
a dynamic hood (e.g. low-speed wind tunnel (LSWT) or flux chamber) (CEN, 2022).

Nevertheless, the clear distinction between the two types of sources is not always trivial. There are recurring
cases in which a convective flow is present, but not intense; the most emblematic example is represented by
aerated basins as biological oxidation tanks. In terms of regulations, EN 13725:2022 establishes that the
minimum expulsion velocity at which a source can be considered active is 0.008 m/s. This value is consistent
with the 30 m/h stated in the German technical standard VDI 3880:2011 (VDI, 2011). Considering this value
within the collection surface of the WT, built according to the design illustrated in the attachments of Italian
guidelines, whose covered surface is 0.125 m? (MASE, 2023), a flow rate of 3600 L/h is obtained. The execution
of a sampling on a passive area source involves the flow inside a dynamic hood of a known quantity of neutral
gas, that has the aim to simulate the wind effect on the surface of the investigated source. The Italian LSWT
commonly use a flow of 2500 L/h, which corresponds to a sweep velocity of 3 cm/s, according to the geometry
of the WT (Tagliaferri et al., 2021). Observing the values of the involved flows, it is possible to comprehend how
the controlling emissive phenomenon is not strictly associated with the flow sent into the hood through the
ventilation system, because of the comparability with the flow produced by the aeration system of the oxidation
basin. In other words, assuming a borderline case of an aerated basin with an aeration flow inside the dynamic
hood of 3600 L/h, the usage of a WT operated with a gas flow of 2500 L/h does not ensure a forced ventilation-
controlled system. Based on these assumptions, the value present in the standard, chosen by convention,
seems to be not entirely solid. Specifically, biological oxidation tanks can have specific surface aeration rates
(SSAR) up to 50 m3/m?h (Gillot and Héduit, 2008). On the other hand, it is recurrent that, based on the criterion
established by the standard, most of them can be formally classified as a passive area source; therefore, the
sampling should be carried out using a dynamic hood. However, the utilisation of an additional flow, i.e. the gas
flow necessary to operate a WT, would not be the controlling element of the system, because it could potentially
be smaller than the value of the aeration system flow rate.

The goal of this work is to critically highlight the weak points of the characterisation of surface sources based
on the experience of real field situations, exposing the various evaluations that must be considered to choose
the most suitable approach for sampling and characterising an area emission source. The importance of this
exposure is also evidenced by a recent regulatory advance in Italy with the introduction of the national decree
on odour sources monitoring and control (Settimo and Avino, 2024).

2. State of the art of passive surface sources sampling

Basins within a wastewater treatment plant, lagoons and landfill soil fall under this category of emissions. For
instance, primary and secondary settlement tanks, aerated and non-aerated sequencing batch reactors and
compost heaps represent some examples of passive surface sources. Typically, these emissions are devoid of
an outward airflow, or it is minimal, with an exit velocity below 0.008 m/s. Comprehending the emission
mechanism is complex, drawing attention from the scientific community (Liu et al., 2022).

In general, the most widely used sampling device within the scientific community to characterise the passive
surface emissions is the WT. However, the European standard for olfactometry does not fix specific rules for
treating and sampling passive area sources, which face unstable conditions and uncertainties due to various
influencing factors (i.e. meteorological and physical). The standard suggests the use of direct measurement
methods, like a dynamic hood, operated with a low-sweep air velocity. The number of samples that should be
collected is not clearly declared, but they must be representative for the entire area. Factors such as the
homogeneity of the emissive area or the presence of foams should be considered during the organisation of the
sampling plan. If it would be used a WT sampling method, the EN 13725:2022 provides some consideration
from scientific literature that should be considered. Specifically, it shall be to guarantee a laminar flow regime
inside the hood and a low sweep air velocity. Consequently, the design of the dynamic hood is fundamental to
obtain these conditions (Capelli et al., 2009a). However, the EN 13725:2022 does not mention anything
regarding the estimation of the OER for this typology of emissions.

Making a comparison between the German and Italian guidelines, some similarities appear in sampling
principles and OER evaluation methodology, but differences in hood design and operational parameters. The
German dynamic hood is like a rectangular duct with a specific covered area (0.5 m?) and it is exerted at a fixed



39

mean flow velocity (6.4 cm/s), while the Italian one, operated in a range of low sweep air velocity (Frechen et
al., 2004), follows the design described by Capelli et al. (2009b), but it is not strictly imposed.
The estimation of the OER requires the calculation of another significant parameter, the Specific Odour Emission
Rate (SOER) expressed in oug/m?/s, according to the following definition:
C .
SOER = Coa " Qour. (1)
Ahood
where Cod [oue/m?] is the measured odour concentration; Qout [m3/h] is the flux at the outlet of hood; Anood [M?]
is the base area of the hood.
The associated OER is obtained by multiplying the SOER for the emitting surface of the considered source.

2.1 External factors affecting passive area surface sampling

The information provided by the official guidelines regarding the characterisation of passive surface sources,
offering practical suggestions for monitoring odour emissions from such sources, can be very useful. However,
some critical aspects may arise. Various preliminary studies show that natural conditions are characterised by
a wind speed over the emitting surface in the order of m/s, with an optimal value of 0.33 m/s (Jiang et al., 1995).
This research led to the configuration of the University of New South Wales WT, which covers an area of 0.32
m? and is characterised by a turbulent regime (Martins et al., 2018). However, issues related to the olfactometer
detection limit can occur with a high sweep air velocity rate, leading to uncorrected estimation of emission rates.
The common LSWT operates with a lower velocity inside the ventilation chamber, by one order of magnitude,
to maintain stable aerodynamic conditions, ensuring a laminar regime and preventing the decrease of the
concentration values below 50-100 oue/m? at the outlet of the sampling hood (Frechen et al., 2004; Capelli et
al., 2009a).

EN 13725:2022 reports the difficulty of comparing results obtained using WTs with different geometries, unless
duly demonstration, because the shape of the hood affects the fluid-dynamics, and so, odour outcome. The
same applies to the operating conditions (Hudson and Ayoko, 2008b), which are difficult to be uniquely defined
and controlled.

Another issue is the choice of sampling time, due to the limited information available in literature. Suggestions
only indicate waiting for the achievement of the steady-state conditions inside the hood. German standard
imposes a sampling time of at least 30 minutes to obtain a representative sample. Other studies about WT,
suggest that stationary conditions are reached within 5-8 minutes with a sweep air velocity of 0.3 m/s (Jiang and
Kaye, 1996; Pedersen et al., 2020).

External factors such as temperature variability, influenced by meteorological season and process conditions,
also affect OER of passive surface sources. Tagliaferri et al. (2023) emphasizes the attention on the evaluation
of the VOC emission rate, where the influence of temperature appears to be significant with respect to the wind
effect. In view of this, it seems very important to collect odorous sample at least in two different seasons (e.g.
winter and summer) to improve the characterisation.

In the case of biological oxidation tanks, additional considerations are necessary to define a suitable OER,
particularly regarding the impact of aeration blowers. Invernizzi et al. (2020) highlights that the stripping
contribution, related to the flow rate of diffusers, and the aerosol generation by rising bubbles, are crucial
contributions to the overall emission rate of this kind of basins. As reported in Eq. (1), SOER is a function of the
airflow rate at the outlet of the dynamic hood, so the volume flow rate of the aeration system must be considered
in its evaluation. The purpose of this paper is to investigate, through a field analysis, the variability of the SOER
of an aerated tank as a function of the contributions that are considered for its definition.

3. Experimental field data
3.1 Aeration data

Table 1 shows an example of SSAR values for a sample of 16 oxidation tanks installed in full-scale industrial
plants. Given these values, assuming a uniform distribution of the air blown into the tank and fixing the sweep
air flow rate at which the WT is operated, it is possible to calculate the contribution of the aeration, %Qaeration, in
the overall flowrate at the outlet of the hood:

SSAR - Anood _ SSAR - Apooa 2)
Qout SSAR - Apooa + Qin

0 —
/OQaeration -

Qin is the value of the sweep airflow rate of neutral air sent to the hood: considering the typical Italian value, i.e.
equal to 2500 L/h, Table 1 reports the contribution of the aeration in the overall balance in for the reported cases.
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From these field data, it can be observed that the aeration produced by blowers can influence the SOER by up

to 54%.

Table 1. SSAR and %aeration for 16 full-scale biological oxidation tanks.

SSAR

SSAR

N° [m3/m2/h] %Qaeration N° [m3/m2/h] %Qaeration
1 11.1 36% 9 0.8 4%

2 15.7 44% 10 7.5 27%

3 16.7 46% 11 7.7 28%

4 17.0 46% 12 0.1 1%

5 23.2 54% 13 22.0 52%

6 16.7 46% 14 9.7 33%

7 22.9 53% 15 16.8 46%

8 5.8 23% 16 14.6 42%

The analysis of reported values, even without taking odour measurements, highlights that if the contribution of
the diffusers were neglected in the calculation of Qout, the SOER (and consequently the OER) would be
underestimated by an average of 36%.

In addition, the biological oxidation tank n.7 of Table 1, the second with the maximum value of SSAR, has been
investigated with an olfactometric study. Considering its SSAR (22.9 m3/m?/h), and given the threshold of the
technical standard, even this tank should be classified as passive (< 28.8 m3/m?/h).

3.2 Field sampling campaign

The olfactometric campaign at the aeration basin n.7 has been conducted on two different days. A comparison
was made through two distinct sampling approaches used to collect the gaseous aliquot inside Nalophan™
bags. The hoods used for this comparison are reported below:

e aLSWT, whose details are described in Capelli et al., (2009b);

e afloating static hood (FSH) with a circular base area of 1.8 m2.
These two parallel sampling techniques were utilised to evaluate the main contribution to the odour emission of
the source: the stripping phenomenon of the rising bubbles or the wind action over the liquid surface. In
particular, samples 1 and 3 were collected via a floating LSWT (Errore. L'origine riferimento non é stata
trovata.a), operated with a Qin = 2500 L/h, while samples 2 and 4 were collected via FSH (Figure 1b).
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Figure 1. Simplified sketch of the fluxes within the implemented sampling systems: a. LSWT; b. FSH.

3.3 SOER evaluation

The odour concentration of the 4 gas samples is measured using the yes/no method of dynamic olfactometry.
Due to the structure of LSWT, the SOERLswrt, over an aerated source, considers both the contribution of the
bubbles’ stripping and the emission of the surface, and can be calculated via Eq. (3):

Coa - (Qin + SSAR - Ahood)

SOERLSWT = Ah P (3)
00
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On the other hand, the FSH considers only the contribution of the stripping. The SOERFs+ may be evaluated
with Eqg. (4):

SOERFSH = Cod -SSAR (4)

Table 2 presents the field results of the two sampling methods. These data highlight how the wind action on the
liquid surface, which is artificially simulated within LSWT, does not represent the prevailing contribution of the
odorous emissive phenomenon characterising the aeration tank. In fact, the SOER obtained via FSH, which
accounts only the stripping contribution, almost overlaps the one obtained via LSWT. Therefore, the effect of air
provided by the blowers significantly influences the OER by this kind of source. In particular, the stripping
phenomenon, due to bottom aeration, represents a major contribution (72+96%) to the overall odour emission
of biological oxidation basins.

Table 2. Results of the odour monitoring using the two sampling approaches.

° Day of  Sampling Cod SOER _
sampling method [oue/m3] [oUe/m?/s] %OERaeration
1 Day 1 LSWT 845 10.1 06%
2 Day 1 FSH 1,524 9.70
3 Day 2 LSwT 1,154 13.8 ooy
2 Day 2 FSH 1,575 10.0 b

4. Conclusions

The present work aimed to highlight some critical points related to the olfactometric characterisation of a specific
kind of wastewater treatment tank: the bubbling oxidation basins.

This study shows firstly, from a theoretical point of view, that the neglection of the bottom aeration flow may lead
to a systematic underestimation of the OER of these potential odour sources. Moreover, field tests had
confirmed this consideration, showing that also from a physical point of view the bottom aeration may be the
controlling phenomenon of the odour emission. From this information, it can be concluded that the threshold
between passive and active surface sources, as defined by the European standard for olfactometry (EN
13725:2022), does not appear to be as exhaustive as it is claimed to be.

Future developments of this study may be oriented to enlarge the experimental dataset of comparative sampling
over aerated basins, and the coupling with chemical characterisation, in order to assess in the different
behaviour of the emission contributions may also be linked to chemical-physical characteristics of odorants (i.e.
solubility).
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