The Effect of Humidity on the Chemistry
and Biology of Indoor Air
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Overview

|. Humidifiers as sources of PM
2. Microbiology: bacteria, viruses, fungi
3. pH and chemistry
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https://www.bobvila.com/articles/condensation-on-windows/; https://www.npr.org/sections/13.7/2015/03/22/394652422 /take-a-shorter-shower-its-world-water-day;
https://phil.cdc.gov/details.aspx?pid=11162; https://www.mnn.com/health/fitness-well-being/stories/cleaning-may-be-dangerous-smoking



Absolute vs. Relative Humidity

Higher temperature =

bigger sponge
RH = 33%
same AH RH = 50% o
(up to 40 g/m?3)
Amount of water in sponge (5 ml) Amount of water in sponge (5 ml)
Max capacity(10 ml) Max capacity(15 ml)

AH and RH are strongly correlated indoors because
the temperature falls in a narrow range.

(1) Marr et al., 2019, Mechanistic insights into the effect of humidity on airborne influenza virus survival, transmission and incidence, J Roy Soc
Interface



https://royalsocietypublishing.org/doi/full/10.1098/rsif.2018.0298

Indoor vs. Outdoor Humidity
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This is for temperate regions. The pattern differs in tropical regions.

(1) Nguyen et al., 2014, The relationship between indoor and outdoor temperature, apparent temperature, relative humidity, and absolute
humidity, Indoor Air; (2) Nguyen et al., 2016, Daily indoor-to-outdoor temperature and humidity relationships: a sample across seasons and
diverse climatic regions, Int J Biometeorol; (3) Pan et al., Correlating Indoor and Outdoor Temperature and Humidity in a Sample of Buildings in
Tropical Climates for Understanding the Seasonality of Respiratory Viruses, Indoor Air, submitted



https://onlinelibrary.wiley.com/doi/abs/10.1111/ina.12052
https://link.springer.com/article/10.1007/s00484-015-1019-5

Humidifiers
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(1) Yao et al., 2020, Human exposure to particles at the air-water interface: Influence of water quality on indoor air quality from use of ultrasonic
humidifiers, Environ Internat (2) Yao et al., 2019, Emission of iron and aluminum oxide particles from ultrasonic humidifiers and potential for
inhalation, Water Res



https://www.sciencedirect.com/science/article/pii/S0160412020318572
https://www.sciencedirect.com/science/article/abs/pii/S0043135419306736

Aerosols

Droplets
on plastic

Bacteria and Virus Viability
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Bacteria survive worst at low RH, viruses at mid-range RH.

(1) Lin et al., 2019, Humidity-Dependent Decay of Viruses, but Not Bacteria, in Aerosols and Droplets Follows Disinfection Kinetics, Environ Sci

Technol



https://pubs.acs.org/doi/abs/10.1021/acs.est.9b04959
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RH Controls Evaporation
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(1) Mikhailov et al., 2004, Interaction of aerosol particles composed of protein and salts with water vapor: hygroscopic growth and
microstructural rearrangement, Atmos Chem Phys (2) Marr et al., 2019, Mechanistic insights into the effect of humidity on airborne influenza
virus survival, transmission and incidence, J Roy Soc Interface



https://acp.copernicus.org/articles/4/323/2004/
https://royalsocietypublishing.org/doi/10.1098/rsif.2018.0298

Weight of Evaporating Droplets
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(1) Lin, K., Marr, L.C., 2020, Humidity-dependent decay of viruses, but not bacteria, in aerosols and droplets follows disinfection kinetics, Environ
Sci Technol



https://pubs.acs.org/doi/10.1021/acs.est.9b04959

Change in Solute Concentration
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(1) Lin, K., Marr, L.C., 2020, Humidity-dependent decay of viruses, but not bacteria, in aerosols and droplets follows disinfection kinetics, Environ
Sci Technol



https://pubs.acs.org/doi/10.1021/acs.est.9b04959

Mold is Underappreciated
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https://iagscience.lbl.gov/dampness-risks-house; (1) Fisk et al., 2007, Meta-analyses of the associations of respiratory health effects with
dampness and mold in homes, Indoor Air (2) Mendell et al., 2011, Respiratory and Allergic Health Effects of Dampness, Mold, and Dampness-
Related Agents: A Review of the Epidemiologic Evidence, Environ Health Persp; (3) Peccia et al., 2021, Practitioner-driven research for improving
the outcomes of mold inspection and remediation, Sci Tot Environ



https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-0668.2007.00475.x
https://ehp.niehs.nih.gov/doi/10.1289/ehp.1002410
https://www.sciencedirect.com/science/article/pii/S0048969720377214

Important for
— reactions
— phase-separation
— microbe survival

50 um

Measuring pH of Droplets
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(1) Freedman et al., 2019, Role of pH in Aerosol Processes and Measurement Challenges, J Phys Chem A



https://pubs.acs.org/doi/10.1021/acs.jpca.8b10676

pH in Droplets is Higher
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(1) Wei et al., 2018, Aerosol droplets exhibit a stable pH gradient, Proc Natl Acad Sci



https://www.pnas.org/content/115/28/7272

Spatial Gradient in pH
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(1) Wei et al., 2018, Aerosol droplets exhibit a stable pH gradient, Proc Nat/ Acad Sci



https://www.pnas.org/content/115/28/7272

RH and pH Affect Virus Viability
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e MS2 (non-enveloped): lowest viability at mid RH, no effect of pH
* ®6 (enveloped): low viability at acidic and basic pH
* Other solutes: protein protects, mixed effects of NaCl and surfactant

(1) Lin, K., Marr, L.C., 2020, Survival of MS2 and @6 viruses in droplets as a function of relative humidity, pH, and salt, protein, and surfactant
concentrations, PLoS One



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0243505

Summary

* Humidifiers are a source of non-volatile particulate
matter.

* Bacteria survive best at high RH, viruses at low or
very high RH.

* RH dynamically controls the water content of
particulate matter, affecting its chemistry and biology.
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