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1 Cold, rainy or wet weather can induce supersaturated conditions in airways this point is very important for the understanding of the whole scale of the problem.
For reference, the problem with the classical view of the deposition of ambient
aerosols in human airways is that it is based on the postulate that under any weather

2 Supersaturation can lead to enhanced deposition of inhaled ambient aerosols

3 Most studies do not consider the possibility of supersaturation in airways conditions, the conditions in human airways will be normal (RH=90%-99.5%; T=30°C-
37°C) (see the related review in (Elad et al., 2008)). Under such “classical/normal’
Introduction conditions in the airways, the hygroscopic and condensational growth of inhaled particles
IS limited by a growth factor of 1.3-1.7 (with a maximum of 4 for rare).
Particle condensation growth and However, this is not always true (see Table) and conditions in the airways can be
surface deposition in the adult nasal supersaturated (RH>100%) and this can lead to unlimited and enhanced
~airway under four psychrometric condensational growthf(growth factor of more than 10-20).
Inhalation conditions for initially 200nm —
particles The CFD calculations do not take into account the effects of short-term air supersaturation
O Eroceasen; wditore: S backer and Andrey Kuzhetsovichaptor o in arways, though these efiects can dramatically change the predicted total and regional
e e i, particle deposition.
O et 10 Wil I oy 2 icsnise NTbes Thus, current CFD calculations on air pollution exposure and inhalation
toxicology can have an unusually significant software bug.

“Supersaturation and Enhanced
Condensational Growth in pulmanary
drug delivery strategy”

Analogy to water- based Condensatlon "growth ftubes™

Original Approach wall temperatures of growth
region/tube 29°C-40°C.

Here it was hypothesized that some specific weather conditions (such as a decrease Conditioner Growth Region
In air temperature) could provoke air supersaturation in human airways, potentially i dtopan
leading to enhanced deposition of ambient submicron aerosols in the respiratory tract.
The effect would be similar to the deposition of submicron drug particles under

airflow at 0°C and 5°C
entering in growth region

supersaturated conditions in the pulmonary drug delivery strategy. Supersaturation in the water-based condensation particle counters that are/used for
Methods _environmentz_;ll monitqring of uItrafing particlgs. The method_used_ In particle counters
Involves the introduction of a cool air flow with ultrafine particles into a warm wet-walled
Studies published before Oct. 2019 were identified and reviewed using PubMed, “‘growth tube”. In such conditions, the particles act as condensation nuclei and
Google/Google Scholar, ScienceDirect and Web of Science. The eligible studies supersaturated vapor condenses onto these particles to form larger, easily detectable
included those describing aerosol deposition in the human respiratory tract, enhanced droplets (Hering and Stolzenburg, 2005).
condensational growth applied to respiratory drug delivery, supersaturation and What types of particles are detectable (indicating enhanced growth by condensation):
condensational growth in airways, inhalation toxicology, respiratory drug delivery, Hygroscopic and Non-Hygroscopic particles of sub-10 nm sizes (non-hygroscopic
processes of deposition of particles of different sizes in the airways, and processes of oil (oleic acid) and particles from diesel-dominated vehicle emissions in the
heat and mass transfer in the respiratory tract. experiments with wet-walled “growth tube” were used by Hering et al (2005)!
Results

If we accept the assumption that under specific conditions (for example, cold air
Inhalation) the human airways (wall temperature of 37°C and RH of near 100%) can
serve Ilke a warm, wet- waIIed “growth tube”, we can reach an interesting conclusion for
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Ultrafine (particle size below 100nm), and sub

fine (particle size above 1ym) hygroscopic anc

will grow in size due to enhanced condensational growth under supersaturatec
conditions in the upper airways.
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Conclusion

The primary implication of the results of this conceptual research Is the
patterns can play a significantly more important role in the deposition ¢
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10 C 50% 105% 5 (for NaCl particle of Ferron, 1984 submicron aerosols in human airways than previously assumed.
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2 diesel exhaust emissions (30nm-500nm) ;
3 fossil fuel combustion (<1000nm) ;

4 biomass burning (<1000nm) ;

5 exhaled infectious aerosols produced during normal and tidal breathing(100-400nm)
.. cooking emissions and many others sources
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Only 20 studies (Ferron, 1977; 1996; Ferron et al., 1985; 1984; 1988; Morrow, 1986, Sarangapani and
Wexler, 1996; Sarangapani, 2000; Grasmeiljer et al., 2016; Ingelstedt, 1956; Zhang et al., 2006;
Longest and Xi, 2008; Longest and Hindle, 2010; Longest et al., 2010; Hindle and Longest, 2010; Kim
et al., 2013; Xi et al., 2013; Tian et al., 2011; 2014; Xi et al., 2015) were identified which matching the

Inclusion criteria on supersaturation or oversaturation or condensational growth in the respiratory tract. T
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