Chemical characteristics of indoor aerosol particles and surface films 
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SUMMARY 

Indoor surfaces and the films that form on them play important roles in indoor air quality due to the high surface area to volume ratios in our homes. The chemical complexity of these films can be large, and this complexity can increase after film formation as the chemicals in the mixture react and age on the surface. An improved understanding of the important chemical classes found in these films will help model predictions for partitioning of organic chemicals in indoor air. Here, we probe the chemical composition of extracts of indoor surface films using advanced mass spectrometry techniques. We compare the surfaces with measurements of aerosols and gases that contribute to the films to probe the effects of oxidative aging of the surface films compared to the sources for the films. 
KEYWORDS 
Complex organic mixtures; surface film; solvent extract; mass spectrometry
1 INTRODUCTION

Indoor surface films can have important impacts on indoor air quality, but we lack a complete understanding of the chemical composition and the transformations that can occur because of aging processes such as ozonolysis (O’Brien et al., 2021). An improved understanding is especially important for surface films formed from deposition of wildfire smoke because the introduction of those chemicals into indoor spaces can impact the human health via both multiphase processes impacting air quality as well as exposure. To investigate the composition of wildfire smoke deposited material on indoor surfaces, we collected surfaces and aerosol particles during the Chemical Assessment of Surfaces and Air (CASA) field campaign conducted at the National Institute of Standards and Technology’s (NIST’s) Net-Zero Energy Residential Test Facility (NZERTF). Samples were characterized with advanced mass spectrometry techniques that provide insights into the chemical composition for samples both before and after additional oxidative aging experiments with ozone. 
2 METHODS 
For this study, surface sample sets were collected on coupons deployed in different locations of the NZERTF. The coupons were deployed for different lengths of time, from as short as 3 days to the entire duration of the campaign (~4 weeks). Size resolved aerosol samples were also collected using a Micro Orifice Uniform Deposition Impactor (MOUDI). MOUDI samples were collected during the day when active emissions of smoke from the cocktail smoker occurred. Overnight, the house was either held at background levels of ozone or ozone was added. 
Samples were extracted using the Surface-Indoor Solvent Extractor (Surf-ISE) which is a method to collect solvent extracts directly off surfaces (O’Brien et al., Under review). The method uses approximately 8 mL of acetonitrile solvent applied to the sample and then collected back up off the surface with a vacuum. Samples were concentrated using a slow flow of ultra-high purity nitrogen and then analysed using two mass spectrometry methods. The first method was offline aerosol mass spectrometer (AMS) which provides quantitative information on the chemical properties of the mixtures. The second method was soft ionization with electrospray ionization mass spectrometry into a Fourier transform ion cyclotron resonance mass spectrometer (FT-ICR). Data processing was carried out in a manner similar to our prior work (Dibley et al., 2022). 

3 RESULTS & DISCUSSION
Data sets that were collected include both offline-AMS and ultra-high resolution mass spectrometry. The full peak lists between all samples are compared to investigate similarities between aerosol samples and the surfaces. In general, we find a high degree of overlap between samples collected over similar time periods and slightly lower levels of overlap for surface samples deployed over the full period. The mass spectra for samples deployed for the full length of the campaign in different rooms were all similar to each other, suggesting that the air in the house was reasonably well mixed. We also see differences in the overlap across the size distribution of aerosol particles, with a higher degree of overlap for the smallest size fraction. Work is ongoing to probe the reasons underlying this observation.
5 CONCLUSIONS
This study gives the first detailed look at the lower volatility complex organic mixtures that can be found in the air and on surfaces when wildfire smoke is transported indoors. By looking at this portion of the chemical mixture, we can develop a more complete understanding of the formation of these surface films. Initial analysis of the films demonstrates a relatively low reactivity to ozone; however, these were limited time period samples. Thus, future work will include a more extended period of aging to understand how the mixtures will age over longer time periods after depositing indoors. This work will provide additional insights into the changes that occur in the composition, as well as any changes in physical properties, of the surface films (O’Brien et al., 2021).
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