
III.  How can we implement this new safety guideline?

•  carbon dioxide monitoring for COVID safety

•  COVID Indoor Safety App



Recast safety guideline in terms of carbon dioxide concentration

Concentration of carbon dioxide              evolves as a passive scalar:
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C2(t)

removed exclusively by air exchange at a rate 

where is the exhaled production rate,
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�a = Qa(t)/V
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CO2

Excess             evolution:  

Relaxes to steady state: 
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CO2
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— Rudnick & Milton (2003), Peng & Jimenez (2021)



Recast safety guideline in terms of carbon dioxide concentration

where                            is the infection quanta emission rate

Evolving susceptibility of population 
N people with probability of being infected, immune or susceptible:
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pi, pim , ps = 1� pi � pim

Expected number of infected-susceptible pairs:
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�q = QbCq

Early pandemic: 

Late pandemic: 
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Nt = N(N � 1)pips
<latexit sha1_base64="rvx+yt7rVVFb8t+Gi6kgdK/zps0=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCqzojoi6LblyVCvYB7TBk0kwbmklCkhHr0C9x40IRt36KO//GtJ2Fth64cDjnXu69J5KMauN5305hZXVtfaO4Wdra3tktu3v7LS1ShUkTCyZUJ0KaMMpJ01DDSEcqgpKIkXY0upn67QeiNBX83owlCRI04DSmGBkrhW65floPDewhKZV4hH7oVryqNwNcJn5OKiBHI3S/en2B04RwgxnSuut70gQZUoZiRialXqqJRHiEBqRrKUcJ0UE2O3wCj63Sh7FQtriBM/X3RIYSrcdJZDsTZIZ60ZuK/3nd1MRXQUa5TA3heL4oThk0Ak5TgH2qCDZsbAnCitpbIR4ihbCxWZVsCP7iy8ukdVb1L6re3Xmldp3HUQSH4AicAB9cghq4BQ3QBBik4Bm8gjfnyXlx3p2PeWvByWcOwB84nz9tlJJL</latexit>

N/Nt ⇡ 1

 supplanted by           safety 
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 Carbon dioxide levels on Planet Earth

• drowsiness, decreased decision-making reported at > 1000ppm

• human occupancy indoors may create levels well above 1000ppm

Exhaled concentration:
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 Measuring carbon dioxide

• various inexpensive, readily accessible, easy-to-use options

• widely used to assess indoor air quality in workplace, classroom



Outdoor	CO2	measurement	in	Cambridge	
Write	a	description	for	your	map.	

200	m

N

➤➤

N
©	2021	Google

©	2021	Google

©	2021	Google

 Outdoor carbon dioxide measurements at MIT



A daily trace of carbon dioxide concentration
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Relaxation curve

Carbon dioxide trace in an office 

Relaxation curve provides direct
measure of decay rate:



Carbon dioxide trace in an office with 2 people 



Carbon dioxide trace in a small classroom 
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The large classroom where I caught COVID 

Risk acceptable if there is just 1
infected student (but not 10!)



On-line app:   developed with Kasim Khan, Martin Bazant 

— allows for assessment of COVID risk in any indoor setting
— translated into 15 languages; over 1 million users



Conclusions

Cloud

• inferences from best reported super-spreader events implicate 
   airborne transmission as the dominant mode

• using            as a proxy for airborne pathogen concentration allows  
   for real-time assessment of COVID risk in indoor settings

• social-distancing guidelines should be augmented by bounds on 
   time spent in indoor spaces

• relative importance of short- and long-range airborne transmission
   must be assessed in a case-by-case basis

• inference of infectivity of SARS-Cov2 suggests it is 10 times 
   higher than that of its precursor, SARS-Cov1

• gas-phase respiratory flows (jets, puffs) play a critical role in  
   extending the range of pathogen-bearing droplets

• ambient room circulation may suspend aerosols indefinitely
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Afterthoughts:  When politics meets science
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• the truth (airborne transmission) was decried as medical misinformation



                             The origins of COVID-19
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Cloud                      Why is everybody always picking on me?
                

                             The wrongly accused
                

                             Pangolin
                

                             Raccoon dog
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                             The lab leak `conspiracy’
                





Mini-conclusions

Cloud

• scientific credibility suffers when scientists deny things that seem  

• science imposes a high bar for proof  

— like criminal rather than civil litigation

obvious to the nonscientist, or support extravagant, nonsensical  
theories

• scientists must combat intellectual inertia

• we live in a time when scientific credibility is under fire, so 
   must get our house in order



                             Thanks for your attention!
                

For more information, please see my webpage…


