
Lecture 4: Human exposome + indoor particles

“Americans on average spend 90% indoors”
Local particles in the air we breathe

Surface inversion = thick dry warm atmospheric layer above the PBL

Concept of the Human Exposome (Trimble & Finch 2018)
Rise of inflammogen particles
EPA Report 2022 + EPA Air Now:  PM2.5 focus

Global, regional, local and personal indoor in a single breathe
Location, location, location. Air particle content does not stay the same
Particle content varies with latitude, season, topography, pollutant sources, altitude, 
humidity, temperature, furnishings
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Tovey et al. 1981

Miller 2019

Dust mite fecal pellets as #1 source 
asthma in U.S. indoor spaces 

Lecture 5 Indoor Particles
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Source: https://www.alldryus.com/mold
/is-it-dangerous-to-live-in-house-with-black-mold/

Mold is another major health hazard

Common indoor fungal species:
Aspergillus versicolor
Pencillium melinii
Cladosporium cladosporiodes
Stachysbotrys chartarum 

Lecture 5 Indoor
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https://www.alldryus.com/mold


Lecture 5: Indoor particles
What to do? 
Monitor relative humidity with hygrometer
Example:  ThermoPro TP50 Digital Hygrometer Indoor
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Home Comfort C. Mendelsohn   
page 415 “The Air in Your Castle” Chapter 
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Source: https://www.health.harvard.edu/blog/have-a-gas-
stove-how-to-reduce-pollution-that-may-harm-health-
202209072811   Accessed November 14 2023

Natural Gas Stove Emissions Question

“Cooking with gas stoves creates nitrogen dioxide and releases 
additional tiny airborne particles known as PM2.5, both of which are 
lung irritants….Cooking and baking done with gas appliances can 
give off high concentrations of nitrogen dioxide.”

https://www.health.harvard.edu/blog/have-a-gas-stove-how-to-reduce-pollution-that-may-harm-health-202209072811
https://www.health.harvard.edu/blog/have-a-gas-stove-how-to-reduce-pollution-that-may-harm-health-202209072811
https://www.health.harvard.edu/blog/have-a-gas-stove-how-to-reduce-pollution-that-may-harm-health-202209072811
https://www.epa.gov/indoor-air-quality-iaq/nitrogen-dioxides-impact-indoor-air-quality
https://rmi.org/insight/gas-stoves-pollution-health
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Consumer Reports April 2023
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Consumer Reports April 2023

“What Does an Air Purifier Do?
An air purifier removes allergens only while they’re floating in the air. Once 
they’ve settled to the ground (as is often the case with heavier particles, such 
as large pieces of dust and pollen), you’ll need a vacuum cleaner.

Studies of room air purifiers show that using HEPA filters—filters with very 
fine mesh, certified to collect 99.97 percent of particles of a certain hard-to-
capture size (0.3 micrometers in diameter)—can be quite effective at 
removing many of the most common household irritants. These include tiny 
viral droplets, particulate matter (such as from cigarette smoke and burning 
wood), pet dander, dust, and dust mites.”
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“Wildfire smoke is measured at 0.1 to 0.7 micron, and when inhaled, 
can cause a number of health problems. These include—but are not 
limited to—a burning sensation in the eyes, bronchitis, asthma attacks, 
and more serious conditions like a heart attack and stroke. According 
to the EPA, this smoke, often composed of vegetation, natural fuels, 
and synthetic materials, has been linked to premature death and trouble 
breathing in children.

How good are home air purifiers with HEPA filters at removing smoke? 
Very. CR's tests have found that the best models can effectively remove 
smoke particles, and the EPA has recommended air purifiers as an 
effective tool to combat smoke.”

Consumer Reports April 2023

https://www.consumerreports.org/air-purifiers/best-air-purifiers-for-wildfire-smoke/
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Their Preferences for Air Purifier Technology?

YES Mechanical filtering system
YES Carbon activated filtering system

NOT ozone generators
NOT electrostatic
NOT UV irradiation
NOT photocatalytic oxidation
NOT photoelectrochemical oxidation

Consumer Reports April 2023
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Coway Aur Mega Pro X
Blueair Classic 604
Alen BreatheSmart 75i (>$500 – $850)

Blueair Blue Pure 211i ($349) 

Consumer Reports April 2023 Air Purifier Models Recommended 

Quiet 

Less Quiet
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MERV Rating Average Particle Size Efficiency in Microns

1-4 3.0 - 10.0 less than 20%

5 3.0-10.0 greater than or equal to 20%

6 3.0-10.0 greater than or equal to 35%

7 3.0-10.0 greater than or equal to 50%

8 1.0-3.0 greater than or equal to 20%
3.0-10.0 greater than or equal to 70%

9 1.0-3.0 greater than or equal to 35%
3.0-10.0 greater than or equal to 75%

10 1.0-3.0 greater than or equal to 50%
3.0-10.0 greater than or equal to 80%

11
0.30-1.0 greater than or equal to 20%
1.0-3.0 greater than or equal to 65%
3.0-10.0 greater than or equal to 85%

12
0.30-1.0 greater than or equal to 35%
1.0-3.0 greater than or equal to 80%
3.0-10.0 greater than or equal to 90%

13
0.30-1.0 greater than or equal to 50%
1.0-3.0 greater than or equal to 85%
3.0-10.0 greater than or equal to 90%

14
0.30-1.0 greater than or equal to 75%
1.0-3.0 greater than or equal to 90%
3.0-10.0 greater than or equal to 95%

15
0.30-1.0 greater than or equal to 85%
1.0-3.0 greater than or equal to 90%
3.0-10.0 greater than or equal to 95%

16
0.30-1.0 greater than or equal to 95%
1.0-3.0 greater than or equal to 95%
3.0-10.0 greater than or equal to 95%

High efficiency Particulate Air filter HEPA*
99.97% of particles in the 0.3-micron range
Particles that are larger or smaller than 0.3 microns 
are captured with a greater than 99.97% efficiency

MERV rating higher = better
Minimum Efficiency Reporting Values
Measures capacity for 
capturing 0.3 to 10 micron sizes

HEPA pleated mechanical filter
High Efficiency Particulate Air 
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Skin-associated                            Gut-associated                     Soil-associated
bacteria on all surface                 bacteria on toilet                  bacteria on floors

Lecture 5: Indoor Particles 
Bacterial locations in public restrooms 



Lecture 5: Indoor Particles 
Moldy musty smells based on age of residential dwelling
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CLASS REVIEW “Air We Breathe” Fall 2023
“Americans on average spend 90% indoors”
Indoor particles in the air we breathe

Lecture 5: 
What about particle output from natural gas-powered cooking stove 

Concept of the Human Exposome (Trimble & Finch 2018)
Rise of inflammogen particles

Global, regional, local and personal indoor
Location, location, location? Air particle content does not stay the same

Source pollutants: diesel
Nonsource pollutant: carbon dioxide which forms a blanket around the Earth

Particle content variables: latitude, season, topography, pollutant sources, altitude, 
humidity, temperature, furnishings3 February 2024 Claire G. Williams, Ph.D. 15



Trumble & Finch 20183 February 2024 Claire G. Williams, Ph.D. 16

CLASS REVIEW “Air We Breathe” Fall 2023
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Xiao S. et al. 2017. Int J Environ Res Public Health. 14(12): 1571.  
doi: 10.3390/ijerph14121571

Lecture 4: Local Particles      a case of norovirus transmission

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5750989/
https://doi.org/10.3390%2Fijerph14121571
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Poulson et al. 



https://fire.airnow.gov/

EPA’s Air Now has a Fire and Smoke Map. Accessed November 3 2023 at 0911h.  
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https://www.epa.gov/green-book   Federal Register  CA, PA, 
OH 

EPA Nonattainment Areas for Critical Pollutants   October 31 2023  Wash DC in compliance
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https://www.epa.gov/green-book
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Long-term Eurasian mid-continental 
observatory (>30 y)

ZOTTO

7

Living and 
infrastructure 
facilities

Underground 
measurement 
laboratory

Part of the 
global tall 

tower 
network

ZOTTO – continental tall tower observatory

Adapted C1_Alexey Panov_2018







State forester
Comes for an evening
Meal with our research
Team. 



Photos by
Anastasia Makhnykina
Sukachev Institute &
Ph.D. candidate
Siberian Federal University
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Larix spp. female strobili in Krasnoyarsk







Blueberry relative
Finds its way into every dish
Sweet or savory.
Spring tonic is
“sea cabbage (brown sea algae) 
Which is eaten with this berry.
 



Birch tapping
for sweetwater 
 



Edible pine 
seeds



Central Siberian birch forests



One of our research trucks
for the ZOTTO tall-tower
observatory 
and research station.
About 600 km north
of Krasnoyarsk.



Pinus sylvestris
Or Scots Pine
In late spring
near
Sukachev Institute 
of the Forest
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