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[bookmark: _Hlk495475023]Nalophan bags are commonly used for air sampling and typically for odorous atmospheres. Previous studies demonstrated the permeability of bag polymer films for sulphur compounds such as hydrogen sulphide. Diffusion losses can be easily demonstrated using double bags, with the appearance of H2S in the outer bag initially filled only with air. This approach is complemented by highlighting adsorption by introducing the internal Nalophan film surface area of a bag as a variable. In this study, reference Nalophan bags were created from a Nalophan roll. The internal volume of such a bags was 8 liters. While the bag fill rate allows for testing losses based on the ratio of sampled air volume to the bag's internal surface area, the proposed tests made it possible to better highlight the adsorption by artificially increasing the available surface area of the polymer film. This was achieved by introducing an additional layer of pleated Nalophan film into tested bag.
Introduction
Polymer bags are a simple and cheap solution to sample an atmosphere and to keep a large volume of air (Beghi and Guillot, 2008; Peng et al., 2009) Such sampling method can be applied for VOCs and gaseous contaminants. It is typically the sampling procedure to sample an odorous atmosphere and then to plug the bag to an olfactometer for determining the odour concentration by dynamic olfactometry according to EN-13725:2022. If the olfactometric measurement considers that the storage time should not exceed 30 hours in this European Standard, it is because the stability of the sample cannot be guaranteed. Independently to chemical stability of the sample mixture, the bag itself presents limitations for storage as illustrated by figure 1. The VDI guideline 3880 (2011) recommend a storage time of 6 hours for the same reason. If the duration of 30 h was retained, it is because it’s a reasonable time from sampling to olfactometric analysis with potential long-distance transport. 
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Figure 1: Potentials losses of sampled compounds into a polymer bag 
Losses of sampled compounds can be mainly due to the diffusion through the polymer film or adsorption on the surface. Of course, leaks at the levels of the inlet/outlet valve and closure/sealing of the bags should be excluded by verification of airtightness. The bag needs a polymer film to be made and main used materials are tetrafluoroethylene hexafluoropropylene copolymer (FEP), polyvinyl fluoride (PVF) with a commercial name as Tedlar®, polytetrafluoroethylene (PTFE) and polyethylene terephthalate (PET) known as Nalophan®. If Tedlar®, was very used some decades ago, Nalophan® is now mor popular for olfatometry because it has a neutral odour and is very cheap that permits single use of bags without cleaning procedures to reuse bags.
Previous studies demonstrate the limitation of bags with the loss of different chemical odorants through Nalophan® or Tedlar® polymer films and a key parameter of film permeability, (Toledo et al, 2019; Eusebio et al., 2017; Boeker et al., 2014; Guillot, 2012; Coyne et al., 2011; Beghi and Guillot,2006).
With tested concentrations Nalophan, sampling bags show compound losses of 10 to 20% overall, over 48 hours of storage at room temperature. Such losses are significant for a precise concentration measurement.
Principle
Even if significant losses in concentration can be acceptable for odour impact due to higher uncertainty of olfactometry, it is always necessary to limit these losses that are more important at low concentrations. It is recommended to fill the bags as much as possible and to dilute the sample as little as possible. Another way to limit the decay inside the bag is based on using double bags but the benefit is limited and increase complexity to fill double bags in a vacuum box. By introducing an additional layer of pleated Nalophan film into tested bag, the high part of adsorption can be demonstrated looking at evolution of losses. 
0. Objectives
A bag needs a polymer film to be made and main used materials are tetrafluoroethylene hexafluoropropylene copolymer (FEP), polyvinyl fluoride (PVF) with a commercial name as Tedlar®, polytetrafluoroethylene (PTFE) and polyethylene terephthalate (PET) known as Nalophan®. If Tedlar®, was very used some decades ago, Nalophan® is now more popular for olfatometry because it has a neutral odour and is very cheap that permits single use of bags without cleaning procedures to reuse bags. Experiments carried out in this study give orientations for bag sampling and present limits to consider to clearly interpret results of air analysis and integrate the uncertainty linked to bag sampling.
Materials and Methods
Preparation of Nalophan bags
Bags were created from a Nalophan roll (400 mm diameter and 20 µm thickness) manufactured by Kalle (Germany). Different volumes of bags are obtained by selecting the desired length of the film. The bags are closed with clamps (7 Swords International Limited - China) on both sides and completed with a polyethylene valve (Kartell -Italy) and a polypropylene tap (VWR International - France). Simple bags and double bags were prepared. In case of double bags, the external one with a large volume is dedicated as a buffer zone to verify the impact of diffusion from internal bags. Such doubles bags are shown in figure 2.
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Figure 2: Double Nalophan bag with a 8L internal bag and a 40L external bag
For adsorption tests, pleated surfaces of Nalophan film are introduced in simple bags to increase the surface of material (polymer film) comparatively to the volume inside the bag. A pleated surface of Nalophan film and the positioning of this additional surface of film into a bag are shown in figure 3.
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Figure 3: Pleated Nalophan film (a) and two pleated structures placed in a sampling bag (b)
Studied compound: Hydrogen sulphide
Hydrogen sulphide (H2S), the studied compound, was supplied in a gas cylinder manufactured by Praxair (France) at a concentration of 100 mg.m-3. Starting from the content of this cylinder, H2S was diluted with pure air to obtain lower concentrations suitable for analysis.
Analytical method
The hydrogen sulphide concentration measurement is based on direct connection of bags to a Chroma-S (Chromatotec-France) equipment. This instrument is a gas chromatograph coupled with flame photometry (GC/FPD) and dedicated to sulphur compound analysis. The direct introduction is carried out using a 250 µL sampling loop connected to a valve placed in the GC oven whose temperature was set at 35°C. It operates isothermally, the sampling flow rate was 80 mL·min⁻¹ and the flame photometric detector (FPD) was heated at 150 °C. The detection limit for studied compound H2S is at 7 ppb.
Results and discussion
Results that illustrate losses of H2S from sampling bags are illustrated in this section. To magnify the importance of adsorption, classical bags were used to show H2S losses due to combination of diffusion and adsorption. By adding pleated surface inside bags, the polymer film area is strongly increased. Then, if adsorption phenomenon is important, the losses must increase comparatively to a classical bag. All tests are based on triplicates (three identical bags placed in the same conditions) and the reported value corresponds to the average of three measurements.
Influence of Initial Concentration
As mentioned previously, a bag must be completely filled (it means approx. 80-90% to let a dilatation possibility in case of temperature variation). A comparison of bags filled at the same level but with different initial concentration shows the influence of initial quantity for global losses. Both curves, presented in figure 4, are decreasing, over the tested of 2 days (48h).  
The single bags with low concentration lost 0.320-0.204=0.116 mg.m-3 of H2S, which represents 36.3% and the single bags with high concentration lost 1.978-1.651=0.327 mg.m-3 of H2S, which represents 16.5%. Therefore, at higher concentration, the bags show an overall smaller loss. Of course, with real environmental samples, initial concentration is unknown but if humidity level does not orientate to a dilution step during sampling, it’s better to keep an eventual step just before analysis in laboratory.

[image: ]Figure 4: H2S losses from single Nalophan bags (V=8L), over 48 hours, depending of H2S initial concentration (a: 375 mg. m-3; b: 1.875 mg.m-3) - Average values of triplicates for each point.

Influence of Volume/Surface ratio
The importance of Volume/Suface (V/S) ratio is well known. In figure 5, results confirm this parameter influence of tested Nalophan bags for H2S losses. For this test, double bags (capacity 80L) are filled with 8L and 72L representing a factor 9 in volume and so the same factor between values for V/S. After 48h of evolution, with the large volume, more than 90% of H2S is still present when with the small volume, half of the concentration is lost. This result confirms the necessity of filling the bag to minimize losses by retaining as many reserves as possible (amount of product to be analyzed) relative to the film surface that allows diffusion.


[image: ]
Figure 5: Comparison of H2S losses between the external bags (V=80L) of large double Nalophan bags according to the filling volume of these bags (initial CH2S = 1.875 mg.m-3).
Influence of adsorption vs diffusion
When losses are observed, it is a combination of diffusion and adsorption. The proportion of each phenomenon is not easy to evaluate. The addition of an extra surface (pleated film) in the bag allows artificially increasing the contact surface and therefore the possibilities of interaction for the adsorption phenomenon. It should be noted that both sides of the added surface are available to provide adsorption sites and, unlike the walls of the bag, without diffusion, since they are completely inside.
Tests were carried out with 2 and 4 additional films to clearly show the impact on adsorption. The figure 6 illustrates results and the evidence of adsorption process. Losses (diffusion and adsorption) of the reference are around 10% in 30h and increase with additional surface film into the bag. Of course losses by adsportion are more important with 4 pleated surfaces than with 2 pleated surfaces. This forced test for adsorption proves easily the impact of exposed surface and the resulting adsorption.
To maximize the adsorption phenomenon and to prove that the film is not inert for adsorption of H2S, the more surface is added, the more adsorption can be highlighted. But there is a physical limit to the available space in the bags to avoid that the added surfaces do not interfere too much. Therefore, the highlighting of adsorption is carried out with the number of 4 added pleated surfaces as the optimal quantity. Four Nalophan pleated surfaces (same dimensions) were placed in three bags (triplicate). The initial concentration of H2S was 1.875 mg.m-3 and the evolution over 48h is shown in figure 7. 
[image: ]Figure 6: Evolution of H2S losses between two series of reference Nalophan bags (V=8L) and series with two or four Nalophan pleated surfaces (initial CH2S = 1.875 mg.m-3, from 0 to 48 hours of storage)
The bags with 4 pleated surfaces have a loss of approx. 50% (47.8%) after 48 hours, and the bags without fans have a loss lower than 10% (8.4%). The gap is very significant, which once again shows that losses due to adsorption are very high. With figure 7, losses only due to adsorption could represent approximately 40% of the global decrease.
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Figure 6: Comparison of H2S losses between reference Nalophan bags (V=8L) and bags containing or four Nalophan pleated surfaces (initial CH2S = 1.875 mg.m-3, from 0 to 48 hours of storage)

Conclusions
Nalophan sampling bags show hydrogen sulphide losses in a range 10 to 20% overall over 48 hours of storage. The most significant compound losses were most often observed after 30 hours of storage but for olfactometric analysis, 30 h is the limit storage time to consider the validity of sample stability. The decrease of chemical concentration should impact the odour concentration but the uncertainty of olfactometric measurement is not highly affected by a small variation of chemical concentration (<20%).
Losses are greater when the H2S concentration is low and when the volume/surface ratio is low. It is therefore preferable to fill the bags as much as possible and to dilute the sample to be analysed as little as possible. These compound losses are mainly due to two phenomena: diffusion and adsorption. In the case of using double bags, it is useful to inject the same compound from the inner bag into the outer bag to create a smaller concentration difference on either side of the film and thus limit losses from the inner bag. But it is not necessary to fill the outer bag to the maximum. Due to the complexity to make double bags, simple bags are commonly used.
If losses from bags were described in different studies, it was also known that adsorption was to be considered as diffusion process. With the simple proposed protocol by adding pleated surface of films inside sampling bags, it becomes easy to quantify the relative proportion of diffusion versus adsorption of a compound for a considered polymer film. Losses due to adsorption on Nalophan represent a large portion, so Nalophan cannot be considered as the most suitable material for H2S storage. On the other hand, Tedlar showed fewer losses due to adsorption, which would qualify it as more appropriate for this phenomenon with H2S, but Tedlar presents as main drawback a residual chemical release from the material and need a preparation before using for bag preparation.
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