	[image: cetlogo] CHEMICAL ENGINEERING TRANSACTIONS 

VOL. xxx, 2026
	A publication of
[image: aidiclogo_grande]

	
	The Italian Association
of Chemical Engineering
Online at www.cetjournal.it

	Guest Editors: Selena Sironi, Laura Capelli
Copyright © 2022, AIDIC Servizi S.r.l.
ISBN 978-88-95608-94-5; ISSN 2283-9216


A methodological framework for the quantification of odour emissions from covered industrial basins
Francesca Tagliaferri*, Giacomo Domenico Scolieri, Selena Sironi, Marzio Invernizzi
Politecnico di Milano, Department of Chemistry, Materials and Chemical Engineering “Giulio Natta” - Piazza Leonardo da Vinci 32, 20133 Milano, Italy

*Corresponding author: Francesca Tagliaferri, francesca.tagliaferri @polimi.it; +39 02 2399 3149

Reliable estimation of odour emission rates is essential for environmental permitting and dispersion modelling. This study addresses the specific challenge of evaluating odour fluxes from industrial basins and inspection pits that are covered by metal grates, which prevent the direct application of conventional sampling hoods such as wind tunnels or flux chambers. In such configurations, the physical obstruction of the emitting surface makes direct sampling at the liquid–air interface unfeasible, thereby limiting the applicability of standard methodologies typically recommended for area sources. To overcome these constraints, this study proposes an alternative methodological framework that integrates in situ field measurements with theoretical estimations of mass transfer processes. The approach combines measurements of odour concentration within the air layer above the covered source with parameterizations of mass transfer coefficients derived from established formulations in the scientific literature and expressed as functions of meteorological and micrometeorological variables. The proposed method was evaluated through comparison with alternative approaches, including a headspace-based method coupled with mass transfer correlations and wind tunnel measurements performed on liquid samples. The comparison, carried out in terms of specific odour emission rates, showed consistent results between the in situ-based method and the wind tunnel approach, while the headspace-based method yielded lower SOER estimates. Notably, the proposed approach is the only one based on direct sampling performed under real field conditions, allowing emission estimates to be derived without the need for liquid collection or laboratory reconstruction of the source. This practical advantage, combined with the observed consistency with wind tunnel results, supports its applicability for the assessment of geometrically constrained sources under real operating conditions.
Introduction
Atmospheric dispersion modelling is widely applied to assess the impact of odour emissions from industrial activities, and its reliability largely depends on the accuracy of the emission input data (Dabberdt and Miller, 2000; Snoun et al., 2023). Among these, the estimation of odour emission rates (OERs) represents one of the most critical and uncertain steps, particularly in the case of diffuse sources (Invernizzi et al., 2025; Liu et al., 2024; Tagliaferri et al., 2024). In particular, passive area sources are characterized by the absence of a well-defined airflow and by strong variability driven by environmental and operational factors, making their quantification inherently complex. From a physical standpoint, odour emissions from liquid surfaces are governed by mass transfer phenomena occurring at the air–surface interface, which are influenced by both operational conditions and meteorological variables (Bellasio and Bianconi, 2022; Invernizzi et al., 2019; Tagliaferri et al., 2023). In practical applications, the absence of a well-defined airflow directly associated with passive area sources typically requires the use of enclosure-based sampling techniques, such as wind tunnels or flux chambers, which simulate the convective action of the wind over the emitting surface. However, the application of these methods relies on direct access to the emission interface, making them unsuitable for configurations in which the surface is physically obstructed (Carrera et al., 2025; Parker et al., 2013; Parker et al., 2009).
These limitations become particularly relevant in the case of industrial tanks and inspection pits covered by walkable metal grates. In such configurations, the emitting surface is not directly accessible, preventing the correct deployment of conventional sampling devices and hindering the direct measurement of VOCs emission fluxes. In addition, the presence of the grating alters the airflow above the liquid surface, partially disrupting the flow and modifying the air–surface exchange conditions and the associated mass transfer processes. As a consequence, standard methodologies commonly adopted for area sources cannot be applied. Although indirect estimation approaches, such as inverse dispersion modelling, micrometeorological methods and optical remote sensing may in principle be considered, their application is often limited by methodological complexity, demanding data requirements and relatively high implementation costs, particularly in the context of odour assessment (Bénassy and Bilinska, 2008; Tagliaferri et al., 2023).
In light of these challenges, alternative approaches may be needed to estimate OERs from geometrically constrained or inaccessible sources. In the present case, the study focused on a wastewater collection basin receiving oily streams within an industrial processing plant, covered by a walkable grating that limits direct access to the emitting surface while still allowing air exchange through its openings. The study addresses this issue by proposing a novel methodological framework for the estimation of odour fluxes. The approach integrates in situ measurements of odour concentration above the liquid source with theoretical parameterizations of mass transfer processes. The results obtained with the proposed method are also discussed in relation to other approaches available in the scientific literature, in order to provide a broader perspective on its applicability and underlying assumptions. 
[bookmark: _Ref228443734]Proposed methodological framework for odour flux estimation (Method 1)
In this study, a time-resolved framework for the indirect estimation of OERs from geometrically constrained area sources is proposed. The approach combines in situ measurements of odour concentration Cod in the air phase with the estimation of the corresponding emission flux based on gas-side mass transfer theory.
The OER [ouE/s] is expressed as:
	
	(1)


where Cod [ouE/m3] is the odour concentration measured in the air layer above the source at the level of the covering structure (i.e. the grating) and Qout [m3/h] is the volumetric flow rate associated with the emission. The latter is expressed as the product of the effective emission area and a characteristic emission velocity vout. In the absence of a well-defined bulk flow, vout is approximated, by dimensional analogy, as a gas-side mass transfer coefficient kg, thus linking the emission flux to the underlying transport processes.
The estimation of kg [m/s] is based on a resistance model in which the overall gas-side mass transfer resistance is expressed as the sum of two contributions in series:
	
	(2)


where Rs represents the resistance associated with molecular diffusion across the thin air layer immediately above the liquid surface (i.e. interfacial sublayer), and Rm accounts for turbulent transport between the interfacial sublayer and the sampling height.
The interfacial contribution is described using the empirical formulation proposed by Brutsaert (Brutsaert, 1975; Prata et al., 2018):
	
	(3)


where cs [-] is an empirical constant equal to 0.0735, u∗ [m/s] is the friction velocity, and ScG [-] is the Schmidt number.
The turbulent contribution is evaluated using a logarithmic profile formulation:
	
	(4)


where k [-] is the von Kármán constant, zm [m] is the sampling height, zs [m] is the thickness of the interfacial sublayer, computed according to the correlation proposed by Prata et al. (2018), and Sct is the turbulent Schmidt number.
Within this framework, the friction velocity u∗ can be considered as a time-dependent micrometeorological variable, allowing both resistances and, consequently, the overall mass transfer coefficient to be evaluated on an hourly basis.
The resulting coefficient is then used to estimate a dynamic emission rate:
	
	(5)


where A [m²] represents the effective emission area of the source.
Application and comparative evaluation of emission estimation methods
3.1 Method 2: headspace-based concentration coupled with mass-transfer correlation
The first comparison approach combines experimental determination of Cod with a literature-based formulation for mass transfer. A liquid sample collected from the basin was used to generate a gas-phase headspace under controlled conditions. In this procedure, a known volume of liquid is enclosed in a sealed container with a defined headspace, allowing volatile compounds to partition between the liquid and gas phases until equilibrium is reached under controlled temperature conditions. After a conditioning period, the gas phase, enriched with volatile odorants transferred from the liquid, is sampled and analysed by dynamic olfactometry to provide an estimate of the Cod.
The OER is then estimated consistently with Eq. (5), where the gas-side mass transfer coefficient is derived from an analytical formulation based on mass transfer theory, as proposed by Macias et al. (2025). In this framework, kG is obtained through a Sherwood number correlation derived from an extensive database of CFD simulations of cavity-type geometries representative of wastewater basins.
The Sherwood number is defined as:	​
	
	(6)


where L [m] is a characteristic length scale of the source, and Dm [m2/s] is the molecular diffusivity of the compound in air. 
In this study, Sh is estimated through a parameterization derived from CFD simulations, expressed as a function of Reynolds number, Schmidt number and geometric aspect ratio, defined as the ratio between the characteristic depth and length of the basin (D/L):
	
	(7)


This approach therefore combines experimentally derived concentration values with a CFD-based parameterization of gas-side transport processes.
3.2 Method 3: wind tunnel measurement on liquid sample
The second comparison method is based on the wind tunnel (WT) technique, which is widely adopted for the direct estimation of emission fluxes from passive liquid surfaces. Due to the presence of a metal grating covering the basin, the WT could not be directly deployed on the liquid surface. Therefore, a representative aliquot of liquid was collected from the basin surface and transferred into a dedicated container. The WT device was then applied to the liquid sample, allowing the determination of Cod in the outlet airflow and the corresponding OER.
In this framework, the emission is first expressed in terms of Specific Odour Emission Rate (SOER), which represents the odour emission per unit surface area and unit time [ouE/m2/s] for passive area sources without induced airflow:
	
	(8)


where Cod [ouE/m3] is the odour concentration measured at the outlet of the WT, Qout,WT [m3/h] is the airflow rate through the system (typically equal to the neutral air inflow), and AWT [m2] is the base area of the hood.
The OER is then obtained by scaling the specific flux to the emitting surface:
	
	(9)


where A [m2] represents the effective surface area of the basin under investigation.
This approach enables the direct quantification of emission fluxes, providing a reference estimate for comparison with model-based methods, although the measurement is performed under free-surface airflow conditions that may differ from the specific aerodynamic configuration of the basin, which is covered by a grating.
Nevertheless, this method has been included in the comparison as it represents a widely adopted reference technique in current regulatory frameworks.

The emission estimates obtained with the two alternative approaches described above are compared with those derived from the proposed method (Section 2), which is based on the direct measurement of Cod in the air layer above the covered basin, at the level of the grating, combined with a micrometeorology-based mass transfer model.
3.3 Comparative estimation of SOER
The SOER obtained with the three approaches described above were estimated and compared on the basis of an experimental dataset collected at an industrial facility. The study focused on a wastewater collection basin receiving oily streams within an industrial plant, characterized by an effective emitting surface area of 40 m².
The comparison was carried out using Cod measurements obtained through the three different methodologies, namely: (i) in situ sampling of the air layer above the basin at the level of the grating (Eq. 5), (ii) headspace technique (Eq. 7), and (iii) WT measurement on liquid sample (Eq. 8).
Table 1 summarizes the Cod values obtained from the three sampling approaches, together with the corresponding input parameters required for the estimation of SOER according to each method. These include, depending on the approach, geometrical characteristics of the basin, airflow conditions, and parameters related to mass transfer formulations. For clarity, the three estimation methods are hereafter referred to as: Method 1, based on in situ concentration measurements and micrometeorology-driven mass transfer modelling; Method 2, corresponding to the headspace-based concentration coupled with mass-transfer correlation; and Method 3, corresponding to the WT measurement on liquid sample.

[bookmark: _Ref227055707]Table 1: Cod obtained from the three sampling methods together with the corresponding input parameters used for the estimation of SOER
	Method 1
	Method 2
	Method 3

	Cod
[ouE/m3]
	u*
[m/s]
	kG,s
[m/s]
	kG.m
[m/s]
	kG
[m/s]
	Cod
[ouE/m3]
	L
[m]
	D
[m]
	uref,1m
[m/s]
	kG
[m/s]
	Cod
[ouE/m3]
	QWT
[L/h]
	AWT
[m2]

	120
	0.1
	5.61·10-3
	9.52·10-3
	3.53·10-3
	720
	7
	2
	1
	2.13·10-4
	95
	2500
	0.125



For comparison purposes, the emission estimates were expressed in terms of SOER, which normalizes the emission flux with respect to the emitting surface area and allows a method-consistent evaluation independent of source size. The resulting SOER values are reported in Table 2.

[bookmark: _Ref228785086]Table 2: SOER estimated with the three methods
	Method 1
[ouE/m2/s]
	Method 2
[ouE/m2/s]
	Method 3
[ouE/m2/s]

	0.42
	0.15
	0.53



As expected, the Cod obtained from the headspace method is approximately one order of magnitude higher than those measured with the other techniques, due to the equilibrium conditions established in a confined system, which promote the accumulation of volatile compounds in the gas phase. In contrast, the concentrations measured by the WT and by in situ sampling at the grating level are comparable. Consistently, Methods 1 and 3 provide similar SOER estimates, whereas Method 2, despite the higher Cod values, yields lower SOER results. This behaviour may be related to the estimation of the gas-side mass transfer coefficient in Method 2, which may not fully reflect the actual transfer conditions in the presence of the grating.
Discussion and conclusions
The comparison of the SOER values obtained with the three methods provides insight into both the consistency of the estimates and the influence of methodological assumptions on the resulting emission rates. Although the approaches differ substantially in terms of experimental setup and modelling assumptions, the resulting SOER values for Methods 1 and 3 are similar and, when considering the intrinsic uncertainty associated with olfactometric measurements, can be regarded as practically equivalent. This suggests that these two methods converge toward a consistent estimate of the emission rate for the investigated source. In contrast, Method 2 provides lower SOER estimates, despite being based on higher measured odour concentrations. This behaviour may be related to the estimation of the gas-side mass transfer coefficient. The Sherwood correlation adopted in this approach was developed for free liquid surfaces in open cavity configurations and does not explicitly account for the presence of a covering structure such as a metal grating. In the investigated case, the grating may alter the air exchange and mixing conditions above the liquid surface, including the possible generation of local turbulence, leading to differences in mass transfer compared to the assumptions underlying the correlation. As a result, the kG value estimated with Method 2 may not fully represent the actual transfer conditions. Although Method 1 also relies on parameterizations for the estimation of the mass transfer coefficient and is therefore subject to the assumptions inherent in the adopted formulations, these are based on established interfacial mass transfer formulations and make use of micrometeorological variables (i.e. u*) representative of near-surface conditions, and from a theoretical perspective are expected to reflect the local exchange conditions.
A key difference among the methods emerges in the measured Cod. As expected, the concentration derived from the headspace method (Method 2) is approximately one order of magnitude higher than those obtained with the other techniques. This reflects the partitioning conditions in a closed system, which promote elevated gas-phase concentrations of volatile compounds. In contrast, the concentrations measured using the WT (Method 3) and by in situ sampling at the grating level (Method 1) are comparable.
An additional aspect concerns the location and representativeness of the concentration measurements. In the proposed approach (Method 1), Cod is measured directly in the air layer at the level of the grating, i.e. in correspondence with the actual emission interface as modified by the presence of the cover. In contrast, Methods 2 and 3 rely on measurements performed under controlled or simplified conditions (headspace equilibrium and WT on liquid sample), which may not fully reproduce the geometrical and physical configuration of the source. 
From a practical perspective, the feasibility of sampling also represents a relevant aspect. In some cases, it may not be possible to collect representative liquid samples for headspace analysis or to transfer them into dedicated containers for wind tunnel measurements. In such situations, the proposed approach based on in situ air sampling combined with micrometeorological parameterizations enables direct field sampling in proximity to the emission source.
Overall, the results highlight the intrinsic difficulty in estimating OER from geometrically constrained and partially obstructed sources, particularly in cases where standardized methods are not available and existing approaches are not explicitly addressed in current regulatory frameworks. The approaches considered are inherently influenced by method-specific assumptions, related either to the representativeness of the sampling configuration or to the parameterization of transfer processes. In this context, the agreement between Methods 1 and 3 provides a certain degree of confidence in the obtained estimates, while the differences observed with Method 2 suggest that the adopted mass transfer formulation may have limitations in fully representing the exchange processes in configurations characterized by covering structures such as grates.
Future work should aim to extend this comparative analysis to a broader range of case studies, in particular including sources characterized by higher odour emission potential, in order to assess the robustness of the different approaches under varying conditions. In addition, given that Methods 1 and 2 rely on parameterizations for the estimation of mass transfer coefficients, further investigation should address the sensitivity of the OER estimates to the selected input parameters and correlations. In this context, extending CFD-based analyses to configurations including covering structures, such as grates, would be particularly relevant to improve the representativeness of mass transfer formulations under real operating conditions.
 References
Bellasio R., Bianconi R., 2022, A Heuristic Method for Modeling Odor Emissions from Open Roof Rectangular Tanks. Atmosphere, 13(3), 1–28. https://doi.org/10.3390/atmos13030367
Bénassy M.-F., Bilinska K., 2008, Optical methods for remote measurement of diffuse VOCs: their role in the quantification of annual refinery emissions Prepared by the CONCAWE Air Quality Management Group’s Special Task Force on remote measurement of VOCs (AQ/STF-72). www.concawe.org
Brutsaert W., 1975, A Theory for Local Evaporation (or Heat Transfer) From Rough and Smooth Surfaces at Ground Level (Vol. 11).
Carrera L., Tagliaferri F., Albertini A., Sironi S., Invernizzi M., 2025, A comparative study of wind tunnel and flux chamber for diffuse emission sampling: Experimental evaluation and theoretical approach. Chemosphere, 375. https://doi.org/10.1016/j.chemosphere.2025.144242
Dabberdt W. F., Miller E., 2000, Uncertainty, ensembles and air quality dispersion modeling: applications and challenges. Atmospheric Environment, 34, 4667}4673. http://uswrp.mmm.
Invernizzi M., Bellini A., Miola R., Capelli L., Busini V., Sironi S., 2019, Assessment of the chemical-physical variables affecting the evaporation of organic compounds from aqueous solutions in a sampling wind tunnel. Chemosphere, 220. https://doi.org/10.1016/j.chemosphere.2018.12.124
Invernizzi M., Tagliaferri F., Manganelli C., Sironi S., 2025, Quantitative estimation of odorous emissions from heterogeneous area sources via thermal imaging drone. Science of the Total Environment, 1000. https://doi.org/10.1016/j.scitotenv.2025.180415
Liu L., Prata A. A., Stuetz R. M., Fisher R. M., 2024, Understanding the role of flux chamber configuration in the measurement of VOC emissions from porous media. Chemosphere, 366(April), 143423. https://doi.org/10.1016/j.chemosphere.2024.143423
Macias A., Monrós-Andreu G., Tagliaferri F., Invernizzi M., Sironi S., Martínez-Cuenca R., Chiva S., 2025, Development of an analytical model for contaminant emission rates from passive cavities: CFD-based assessment and application to wastewater facilities. Results in Engineering, 28. https://doi.org/10.1016/j.rineng.2025.107705
Martins R. S., Siqueira M. A., Toniato I. V. F., Cupertino K. F., Prata A. A., Reis N. C., Stuetz R. M., Santos J. M., 2018, Evaluating the flow inside of portable wind tunnels for odour measurements. Chemical Engineering Transactions, 68, 55–60. https://doi.org/10.3303/CET1868010
Parker D. B., Cole N. A., Casey K. D., Galvin G., Ormerod R., Paris C. S., Caraway E. A., Rhoades M. B., 2009, Wind tunnels vs. flux chambers: area source emission measurements and the necessity for VOC and odour correction factors, Proceeding 19th International Clean Air and Environment Conference, September 6-9, 2009, Perth, Australia
Parker D., Ham J., Woodbury B., Cai L., Spiehs M., Rhoades M., Trabue S., Casey K., Todd R., Cole A., 2013, Standardization of flux chamber and wind tunnel flux measurements for quantifying volatile organic compound and ammonia emissions from area sources at animal feeding operations. Atmospheric Environment, 66, 72–83. https://doi.org/10.1016/j.atmosenv.2012.03.068
Prata A. A., Santos J. M., Timchenko V., Stuetz R. M.,2018, A critical review on liquid-gas mass transfer models for estimating gaseous emissions from passive liquid surfaces in wastewater treatment plants. Water Research, 130, 388–406. https://doi.org/10.1016/j.watres.2017.12.001
Snoun H., Krichen M., Chérif H., 2023, A comprehensive review of Gaussian atmospheric dispersion models: current usage and future perspectives. In Euro-Mediterranean Journal for Environmental Integration (Vol. 8, Number 1, pp. 219–242). Springer Nature. https://doi.org/10.1007/s41207-023-00354-6
Tagliaferri F., Invernizzi M., Capra F., Sironi S., 2023, Validation study of WindTrax reverse dispersion model coupled with a sensitivity analysis of model-specific settings. Environmental Research, 222(January), 115401. https://doi.org/10.1016/j.envres.2023.115401
Tagliaferri F., Invernizzi M., Sironi S., 2023, Experimental evaluation on liquid area sources: Influence of wind velocity and temperature on the wind tunnel sampling of VOCs emissions from wastewater treatment plants. Chemosphere, 312(P2), 137337. https://doi.org/10.1016/j.chemosphere.2022.137337
Tagliaferri F., Panzeri F., Invernizzi M., Manganelli C., Sironi, S., 2024, Characterization of diffuse odorous emissions from lignocellulosic biomass storage. Journal of the Energy Institute, 112(October 2023), 101440. https://doi.org/10.1016/j.joei.2023.101440
 
image1.jpeg




image2.jpeg
AIDIC





 


CHEMICAL ENGINEERING


 


TRANSACTIONS


 


 


 


VOL. 


xxx, 202


6


 


A publication of


 


 


The Italian Association


 


of Chemical Engineering


 


Online at www.cetjournal.it


 


Guest Editors:


 


Selena Sironi, Laura Capelli


 


Copyright © 20


2


2


, AIDIC Servizi S.r.l.


 


ISBN


 


978


-


88


-


95608


-


9


4


-


5


;


 


ISSN


 


2283


-


9216


 


A 


m


ethodological 


f


ramework for the 


q


uantification of 


o


dour 


e


missions from 


c


overed 


i


ndustrial 


b


asins


 


Francesca Tagliaferri*, 


Giacomo Domenico Scolieri, 


Selena


 


Sironi, 


Marzio 


Invernizzi


 


Politecnico di Milano, Department of 


Chemistry, Materials and Chemical Engineering “Giulio Natta”


 


-


 


Piazza Leonardo da 


Vinci 32, 20133 Milano, Italy


 


 


*Corresponding author: Francesca Tagliaferri, 


francesca.tagliaferri @polimi.it


;


 


+39 02 2399 


3149


 


 


Reliable estimation of odour emission rates is essential for environmental permitting and dispersion modelling


.


 


This study addresses the specific challenge of evaluating odour fluxes from industrial 


basins


 


and inspection pits 


that are covered by metal grates, which prevent the direct application of conventional sampling hoods such as 


wind tunnels or flux chambers. I


n such configurations, the physical obstruction of the emitting surface makes 


direct sampling at the liquid


–


air interface unfeasible, thereby limiting the applicability of standard methodologies 


typically recommended for area sources.


 


To overcome these con


straints, this study proposes an alternative 


methodological framework that integrates in situ field measurements with theoretical estimations of mass 


transfer processes. The approach combines measurements of odour concentration within the air layer above 


t


he covered source with parameterizations of mass transfer coefficients derived from established formulations 


in the scientific literature and expressed as functions of meteorological and micrometeorological variables.


 


The 


proposed method was evaluated thro


ugh comparison with alternative approaches, including a headspace


-


based method coupled with mass transfer correlations and wind tunnel measurements performed on liquid 


samples. The comparison, carried out in terms of specific odour emission rates, showed c


onsistent results 


between the in situ


-


based method and the wind tunnel approach, while the headspace


-


based method yielded 


lower SOER estimates


.


 


Notably, the proposed approach is the only one based on direct sampling performed 


under real field conditions, a


llowing emission estimates to be derived without the need for liquid collection or 


laboratory reconstruction of the source. This practical advantage, combined with the observed consistency with 


wind tunnel results, supports its applicability for the assess


ment of geometrically constrained sources under real 


operating conditions.


 


1.


 


Introduction


 


Atmospheric dispersion modelling is widely applied to assess the impact of odour emissions from industrial 


activities, and its reliability largely depends on the accura


cy of the emission input data


 


(Dabberdt and Miller, 


2000; Snoun et al., 2023)


. Among these, the estimation of odour emission rates 


(OERs) 


represents one of the 


most critical and uncertain steps, particularly in the case of diffuse sources


 


(Invernizzi et 


al., 2025; Liu et al., 


2024; Tagliaferri et al., 2024)


. In particular, passive area sources are characterized by the absence of a well


-


defined airflow and by strong variability driven by environmental and operational factors, making their 


quantification 


inherently complex


. 


From a physical standpoint


, odour emissions from liquid


 


surfaces 


are 


governed by mass transfer phenomena occurring at the air


–


surface interface, which are influenced by both 


operational conditions and


 


meteorological variables


 


(


Bellasio and Bianconi, 2022; Invernizzi et al., 2019; 


Tagliaferri et al., 2023)


. In practical applications, the absence of a well


-


defined airflow directly associated with 


passive area sources typically requires the use of enclosure


-


based sampling techniq


ues, such as wind tunnels 


or flux chambers, which simulate the convective action of the wind over the emitting surface. However, the 


application of these methods relies on direct access to the emission interface, making them unsuitable for 




  CHEMICAL ENGINEERING   TRANSACTIONS       VOL.  xxx, 202 6  A publication of    

The Italian Association   of Chemical Engineering   Online at www.cetjournal.it  

Guest Editors:   Selena Sironi, Laura Capelli   Copyright © 20 2 2 , AIDIC Servizi S.r.l.   ISBN   978 - 88 - 95608 - 9 4 - 5 ;   ISSN   2283 - 9216  

A  m ethodological  f ramework for the  q uantification of  o dour  e missions from  c overed  i ndustrial  b asins   Francesca Tagliaferri*,  Giacomo Domenico Scolieri,  Selena   Sironi,  Marzio  Invernizzi   Politecnico di Milano, Department of  Chemistry, Materials and Chemical Engineering “Giulio Natta”   -   Piazza Leonardo da  Vinci 32, 20133 Milano, Italy     *Corresponding author: Francesca Tagliaferri,  francesca.tagliaferri @polimi.it ;   +39 02 2399  3149     Reliable estimation of odour emission rates is essential for environmental permitting and dispersion modelling .   This study addresses the specific challenge of evaluating odour fluxes from industrial  basins   and inspection pits  that are covered by metal grates, which prevent the direct application of conventional sampling hoods such as  wind tunnels or flux chambers. I n such configurations, the physical obstruction of the emitting surface makes  direct sampling at the liquid – air interface unfeasible, thereby limiting the applicability of standard methodologies  typically recommended for area sources.   To overcome these con straints, this study proposes an alternative  methodological framework that integrates in situ field measurements with theoretical estimations of mass  transfer processes. The approach combines measurements of odour concentration within the air layer above  t he covered source with parameterizations of mass transfer coefficients derived from established formulations  in the scientific literature and expressed as functions of meteorological and micrometeorological variables.   The  proposed method was evaluated thro ugh comparison with alternative approaches, including a headspace - based method coupled with mass transfer correlations and wind tunnel measurements performed on liquid  samples. The comparison, carried out in terms of specific odour emission rates, showed c onsistent results  between the in situ - based method and the wind tunnel approach, while the headspace - based method yielded  lower SOER estimates .   Notably, the proposed approach is the only one based on direct sampling performed  under real field conditions, a llowing emission estimates to be derived without the need for liquid collection or  laboratory reconstruction of the source. This practical advantage, combined with the observed consistency with  wind tunnel results, supports its applicability for the assess ment of geometrically constrained sources under real  operating conditions.   1.   Introduction   Atmospheric dispersion modelling is widely applied to assess the impact of odour emissions from industrial  activities, and its reliability largely depends on the accura cy of the emission input data   (Dabberdt and Miller,  2000; Snoun et al., 2023) . Among these, the estimation of odour emission rates  (OERs)  represents one of the  most critical and uncertain steps, particularly in the case of diffuse sources   (Invernizzi et  al., 2025; Liu et al.,  2024; Tagliaferri et al., 2024) . In particular, passive area sources are characterized by the absence of a well - defined airflow and by strong variability driven by environmental and operational factors, making their  quantification  inherently complex .  From a physical standpoint , odour emissions from liquid   surfaces  are  governed by mass transfer phenomena occurring at the air – surface interface, which are influenced by both  operational conditions and   meteorological variables   ( Bellasio and Bianconi, 2022; Invernizzi et al., 2019;  Tagliaferri et al., 2023) . In practical applications, the absence of a well - defined airflow directly associated with  passive area sources typically requires the use of enclosure - based sampling techniq ues, such as wind tunnels  or flux chambers, which simulate the convective action of the wind over the emitting surface. However, the  application of these methods relies on direct access to the emission interface, making them unsuitable for 

