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Combustion stack emissions are generally of limited odour relevance, as they typically show low odour concentrations (Cod), but may contain compounds whose odour perception occurs at concentrations close to or above occupational exposure reference values. During dynamic olfactometry, these samples may therefore require low dilution factors, leading to increased exposure concentrations for panellists. This study assesses potential occupational exposure concerns associated with combustion stack samples in dynamic olfactometry. The approach was based on the chemical analysis of real emission samples to quantify combustion-related compounds, the preliminary estimation of the Hazard Index (HI), the definition of a sample-specific minimum dilution value (MDV) not to be exceeded during olfactometric analysis, and the comparison between measured Cod and MDV. Based on the obtained results, it is possible to affirm that a non-negligible proportion of the investigated samples showed critical or near-critical conditions with respect to MDV, indicating that this class of matrices may present relevant operational constraints during dynamic olfactometry despite its limited odour relevance. Therefore, particular attention needs to be paid to combustion stack samples to protect panellists’ health. A targeted procedure based on preliminary compound screening, risk estimation, and prior definition of MDV is proposed to support safe testing conditions and effective protection of panellists’ health.
Introduction
Odour emissions are generally associated with the presence of volatile organic compounds (VOCs) and other inorganic volatile odorants (H2S or NH3). In Europe, odour quantification is standardized by EN 13725:2022, 2022, and is primarily based on dynamic olfactometry, which remains the reference method for determining odour concentration (Cod) (Brinkmann et al., 2018). Because the method is based on direct human perception, occupational health is an intrinsic part of the measurement process rather than a secondary issue, as highlighted in EN 13725:2022, 2022. The occupational exposure pattern of olfactometric examiners is unusual from an industrial hygiene perspective. Exposure is intermittent and short in duration: panel sessions are limited to avoid nose fatigue, individual presentations last only a few seconds, and assessors are not expected to perform unrestricted daily testing. However, the inhaled gas is sampled directly at the emission source and is not attenuated by atmospheric dispersion before analysis. In addition, the usual control and protection strategies are difficult to apply in their conventional form, because sample modification, isolation, and respiratory protection are largely incompatible with the analytical objective. This explains why this topic requires ongoing attention and can be explored in greater depth from scientific, methodological and practical standpoints, particularly with regard to the execution of olfactometric analyses.
Considering all these aspects, recent studies have investigated this issue in detail. These works have shown that, in typical real-case scenarios involving olfactometric samples, no substantial occupational criticalities emerge for examiners. This behaviour can be reasonably attributed to the fact that, for odorous compounds, the olfactory threshold is typically much lower than the occupational exposure limits established to protect workers’ health. The recent studies, based either on specific categories of sources/industries or entire working activities and applying probabilistic approaches, highlighted that panellists’ exposure risk can be considered, even under conservative assumptions, negligible (Davoli et al., 2012, 2016; Polvara, Ashari, et al., 2021; Polvara, Capelli and Sironi, 2021; Spinazzè et al., 2022; Polvara et al., 2024). Taken together, these findings suggest that, for generic odorous emissions containing VOCs, the human nose can act as an effective first-line self-protection system during olfactometric analyses. 
Within this general framework, the positive context and the results presented in the literature do not resolve the entire problem. Indeed, critical points may arise for emissions with limited concentrations of readily odorous VOCs and inorganic volatile odorants. Combustion stack emissions are representative of this condition, since thermal oxidation generally reduces the concentration of readily odorous organic compounds in the emitted gas. Specifically in monitoring and regulatory control programmes, point-source emissions, such as combustion stack emissions, are frequently included in olfactometric assessment activities. While these sources are often of limited interest from a strictly odour-related standpoint, due to both the composition of the emitted gas stream (absence or very low levels of VOCs) and the structural/geometric design of the emission point, they may still deserve careful attention in terms of occupational exposure risk for examiners involved in the measurements. From a chemical standpoint, gas generated under excess-air combustion conditions is mainly composed of major inorganic products such as CO2, H2O, N2 and O2, with variable concentrations of SO2, NOx and CO. In many cases, readily perceivable VOC odorants are not the dominant fraction of the mixture, resulting in lower odour concentrations. Under these conditions, olfactometric analyses may require examiners to reach low dilution levels, corresponding to exposure to relatively high concentrations of the chemical constituents in the sample. This aspect becomes clearer when comparing occupational exposure limits (OELs) and odour thresholds (OTs) for typical combustion-related compounds (Table 1).
[bookmark: _Ref228095248]Table 1: Odour threshold (OTs) and occupational exposure limits (OELs) for selected combustion-related compounds.
	Compound
	OTs from Nagata, 2003
[ppm] 
	EU-OELs 
[ppm]
	OELs type

	SO2
	0.87
	1
	STEL – 15 min

	NO
	NA
	2
	TWA – 8 h

	NO2
	0.12
	1
	STEL – 15 min

	CO
	NA
	100
	STEL – 15 min



For SO2 and NO2, the OT (0.87 and 0.12 ppm) are close to or lower than the occupational exposure limit for short exposure defined by the European Union (EU OEL-15 min= 1 ppm). By contrast, for NO and CO no odour thresholds are generally defined, because CO is odourless and for NO the perceivable warning odour is mainly associated with the higher oxides rather than with NO itself. However, their occupational exposure limits are 2 ppm (EU OEL-8 h) and 100 (EU OEL-15 min), respectively. Therefore, even when such emissions are not especially relevant from an odour nuisance perspective, they may still require specific consideration in occupational risk assessment because the absence or weakness of odorous warning properties may reduce the protective function normally associated with olfactometric testing.
Accordingly, the present study focuses on these critical samples containing oxidation products, to investigate whether specific occupational concerns may arise for olfactometric examiners, to clarify whether these sources may represent a real critical issue during olfactometric testing, and to define operational criteria for conducting their analysis under safe conditions.
Materials and methods
Samples analysis and calculation of Minimum Dilution Value (MDV)
According to the aims of the study, 86 samples from combustion stacks from different industrial categories were considered. These samples were collected and analysed during one year of activity at the Laboratorio Olfattometrico - PoliMI. Samples were collected at the emission sources in NalophanTM bags, in accordance with EN 13725:2022 (EN 13725:2022, 2022) and transported to the laboratory. Before olfactometric analysis, the samples were analysed for combustion-related compounds using an electrochemical and NDIR analyser (Optima 7, MRU, Germany) to measure CO, NO, NO2 and SO2. Based on these data and adopting the methodological approach already presented in the literature (Polvara, Spinazzè, et al., 2021), the minimum dilution value (MDV) was calculated by considering non-carcinogenic risk, through the calculation of the Hazard Index (HI) of the sample from the sum of the Hazard Quotient (HQ) of the four individual compounds considered. The HQ was calculated by dividing the measured concentration of each compound by its occupational exposure limit. In this study, for CO, NO2 and SO2, the 15-min occupational exposure limit established at the EU level was used (OEL-STEL), in accordance with the mentioned literature approach. For NO, no OEL-STEL is defined by Europe and, according to previous methodological approach, the EU 8-hour occupational exposure limit (OEL-TWA) was applied (Polvara, Spinazzè, et al., 2021). 
The carcinogenic risk has not been assessed for these samples, as the compounds analysed are not classified as carcinogenic or potentially carcinogenic, according to the definition supplied in Part 3 of Annex VI to Regulation (EC) No 1272/2008. 
To adopt a precautionary approach, MDV was operationally assigned as the nearest olfactometer dilution step higher than the HI-based value calculated for the sample. This choice reflects the discrete stepwise dilution sequence of the instrument and further reinforces the conservative nature of the approach, since the selected MDV always corresponds to the first dilution level ensuring a margin of safety with respect to the theoretical value obtained. Immediately afterwards, dynamic olfactometry was carried out to determine the odour concentration (Cod) within 30 hours of sampling, according to EN 13725:2022. When the measured Cod was lower than or equal to the MDV, the olfactometric analysis was discontinued and the resulting Cod was defined ≤ MDV for the sample.
Acceptability criteria
According to the obtained results, samples were classified on the basis of the ratio between the measured odour concentration (Cod) and the minimum dilution value (MDV). Specifically, samples were considered “non-acceptable” when Cod ≤ MDV, “borderline” when MDV < Cod ≤ 4·MDV, and “acceptable” when Cod > 4·MDV. 
The introduction of the borderline class was intended to reflect both the factor-of-two stepwise dilution sequence of the olfactometer and the variability associated with Cod determination and allows the quantification of samples that may require specific attention.
Results
Samples concentration
First, a preliminary evaluation of the concentrations obtained for the 86 samples considered can be performed. Table 2 reports the minimum and the maximum values measured for the samples (Cod, combustion products concentrations and the calculated MDV).
[bookmark: _Ref228031565]Table 2: Minimum and maximum values for the combustion stacks samples analysed
	Parameters
	Min value
	Max value

	Cod [ouE/m3]
	58
	2’500

	SO2 [ppm]
	0.1
	450

	NO [ppm]
	0.2
	757

	NO2 [ppm]
	0.9
	270

	CO [ppm]
	0.1
	970

	MDV
	4.4
	1’120



The results show that the MDV values calculated for the samples exhibit a range that is comparable to the measured Cod values. This condition clearly indicates a reduced safety margin during dynamic olfactometry analyses. In addition, considering the combustion products’ concentration, it is possible to observe that the maximum concentrations observed for the four compounds (measured before olfactometric analysis) are significantly elevated, reaching up to two orders of magnitude higher than the corresponding OELs (Table 1). Again, a comparison of the concentration ranges detected in the samples with their odour thresholds (OTs, reported in Table 1) reveals that the OTs are comparable with the minimum values detected in the samples analysed. Therefore, once again, it appears clear that, given the compound concentrations detected, it is not possible for the nose to detect the odour of these samples before they reach the OELs. This evidence highlights the necessity to investigate this category of samples and define an MDV before conducting olfactometric analysis.
Occupational exposure assessment – real-case dataset
Discussing the entire real-case dataset of combustion stack samples, Table 3 reports the distribution of the samples according to three different acceptability criteria. Most of the samples (84%) fall within the “acceptable” region (green points), indicating that, under testing conditions, the Cod is higher than the corresponding MDV and no immediate safety constraint is expected. However, a non-negligible portion of samples lies in critical conditions: 10% are classified as “non-acceptable”, where olfactometric analysis had to be interrupted to avoid reaching hazardous concentrations (Cod ≤ MDV). An additional 6% fall within a conservative “borderline” region (Cod ≤ 4 ∙ MDV). Despite the overall prevalence of acceptable conditions, the presence of 16% of samples in critical or near-critical regions is significant in the context of routine olfactometric analyses. These results demonstrate that exceedance of MDV is not an isolated occurrence but a frequent condition within this class of samples. 
[bookmark: _Ref228093473]Table 3: Dataset of combustion stack samples
	Criteria
	N° samples
	Percentage [%]

	Acceptable – Cod > 4 ∙ MDV 
	72
	84

	Borderline – MDV < Cod ≤ 4 ∙ MDV 
	5
	6

	Non-acceptable – Cod ≤ MDV
	9
	10



The relationship between Cod and MDV for the investigated samples is shown in Figure 1. Data points are colour-coded according to the predefined acceptability criteria (“acceptable”, “borderline”, “non-acceptable”). The red points indicate samples for which the analysis was halted to ensure the MDV limit was not exceeded and Cod was defined as equal to MDV (for this reason the red points have the same x and y coordinates), following, for this graph, an upper bound approach.

[image: ]
[bookmark: _Ref228036175]Figure 1: Comparison of Cod and MDV for the samples
In addition, Figure 1 shows clearly that several critical and borderline cases are observed for samples characterized by relatively low Cod values (≤ 500 ouE/m3), confirming that for this class of samples an evaluation of the occupational risk and a definition of a MDV is extremely important to protect panellists’ health. 
Considering the oxidised compounds measured and detected in the samples, several observations can be made. A comparison of the OELs for the four compounds reveals that the exposure concentration for CO is two orders of magnitude higher (100 ppm). This aspect mitigates concerns regarding the potential implications of CO for occupational safety and health in this context. Therefore, sulphur dioxide and NOX represent the most critical compounds in this scenario. Focusing on the samples of concern (red and yellow points in Figure 1), for these, it is possible to specify the content of SO₂, NO₂ and NO. In critical samples, the compound with the highest HQ was SO₂, followed by NO, as reported in Figure 2. This finding indicates that these compounds appear to be the most relevant ones for the assessment of the risk associated with these types of samples.
Interpreted in light of the scientific literature, these findings complement those of previous studies, based on probabilistic approaches, in which the risk associated with olfactometric analyses was found to be statistically negligible. Probabilistic occupational risk assessment in dynamic olfactometry showed that, at the overall laboratory scale and under several conservative assumptions, the estimated risk remained below the adopted acceptability criteria, thus supporting the conclusion of a generally negligible exposure scenario (Polvara et al., 2024). However, that study was designed to describe the overall probability of unacceptable exposure across a broad range of analytical conditions, rather than to identify operational criticalities associated with specific sample categories. 
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[bookmark: _Ref228354484]Figure 2: Relative contribution (%) of individual compounds to HI in non-acceptable samples
By focusing specifically on combustion stack samples, the present results show that matrices characterized by limited VOC contributions and low odour concentrations may nevertheless pose non-negligible operational constraints during olfactometric analysis. Overall, the Cod-MDV distribution indicates that this sample class requires specific attention during olfactometric testing, despite its generally limited relevance from an odour impact perspective. It should also be emphasized that the occupational risk assessment approach adopted for olfactometric examiners exposed to stack emission samples is methodologically conservative, as it is based on precautionary assumptions regarding exposure duration and operating conditions during olfactometric analysis (Polvara, Spinazzè, et al., 2021; Polvara et al., 2024). In particular, it is important to reiterate that the use of occupational exposure limits defined for 8 hours (OEL-TWA) or 15 minutes (OEL-STEL) is inherently precautionary, because these limits are defined for exposure periods longer than the actual inhalation time (few seconds) experienced by the olfactometric examiners during each evaluation. Therefore, even in the most critical cases identified for this sample class, the estimated risk values should be interpreted as prudential estimates of potential exposure rather than as a direct representation of the real short-term exposure experienced during testing.
Proposed operative approach
According to the present results, estimating an MDV before olfactometric analysis appears essential for this class of samples, namely emissions from combustion units. Accordingly, a specific operational workflow should be defined for these samples. As a first step, the compounds present in the sample should be preliminarily quantified before dynamic olfactometry is performed. For this purpose, rapid screening instruments, such as electrochemical sensors and NDIR analysers for combustion gases, may be sufficient. At this stage, an expedited assessment approach is adequate for this sample category, and simple sensor-based devices may be preferable to more complex analytical instrumentation (e.g. gas chromatography), provided that they generate sufficient information for a preliminary assessment of compounds relevant to occupational exposure.
Subsequently, based on the measured concentrations, non-carcinogenic risk should be estimated according to the methodology adopted in previous studies, by calculating the Hazard Index (HI) for the sample (Polvara, Spinazzè, et al., 2021). The panel leader should then assign the appropriate MDV to be adopted as an operational limit during the olfactometric test, based on the HI estimate, and then interrupt the test once the MDV is reached. In such cases, the odour concentration should be reported as less than or equal to the corresponding MDV. Overall, this procedure represents a practical, methodologically sound, and conservative approach for conducting olfactometric analyses while protecting panellists’ health and focusing analytical effort on the samples most likely to present critical conditions, as shown by the present study. At the same time, it allows the analyses to be completed within the time constraints established by the standard (EN 13725:2022, 2022), including completion within 30 hours after sampling, while providing targeted and effective protection against exposure to concentrations approaching occupational exposure limits.
Conclusions
The present study investigated the occupational exposure concerns for olfactometric examiners during the analysis of combustion stack samples. Although these samples are generally considered of limited relevance in terms of odour impact, because of their low content of readily odorous VOCs, they may reach low dilution steps during olfactometric analysis, corresponding to higher concentrations at the presentation stage. Consequently, panellists may be exposed to potentially hazardous compounds during testing. Based on 86 combustion stack samples from different industrial sources analysed by the Laboratorio Olfattometrico – PoliMI over one year, most samples were classified within acceptable conditions. However, a non-negligible fraction (16%) fell within critical (Cod ≤ MDV) or near-critical conditions (MDV < Cod ≤ 4 ∙MDV). These findings indicate that MDV exceedance or near-exceedance is not an occasional event for these matrices, but a recurrent condition of practical relevance. Therefore, despite their limited odour impact, combustion stack samples represent a critical category from an occupational hygiene perspective and may require specific precautions before olfactometric analysis. Beyond the general safety provisions included in EN 13725:2022, the proposed methodology provides a sample-specific and quantitative approach to define protective testing conditions before olfactometric analysis. Its main advancement consists in linking preliminary compound quantification by rapid screening methods, Hazard Index estimation and MDV definition, thereby converting chemical composition data into an operational dilution limit. In this framework, the panel leader can evaluate the estimated exposure concern before testing and assign the MDV as the minimum allowable dilution level for sample presentation. The use of MDV as a stopping criterion allows olfactometric measurements to remain aligned with the standard procedure while reducing unnecessary exposure of panellists. Overall, preliminary MDV-based assessment represents a proportionate risk management tool for combustion stack samples and provides an operational complement to EN 13725:2022 for cases in which low odour concentration may coexist with relevant occupational hygiene concerns.
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