
Ques%ons	for	OSHA	
from	Ra%onal	Ground		



Agenda	

•  Ques%ons	
•  Knowing	Your	Enemy:	Virus-Carrying	
Respiratory	Aerosol	Size	

•  Alert	to	Poten%al,	Unstudied	Harms	
•  Deep-dive:	Concerns	on	Filtra%on	and	Safety	



What	is	Goal	and	Scope?		
•  Which	pathogens?		

–  COVID,	Flu,	all	Respiratory	illnesses?	
•  Time	frame?	Un%l?	Every	Respiratory	virus	season?	
•  Protec4on?		

–  Vulnerable	workers,	all	workers,	can	workers	elec%ng	not	to	be	
“protected”	opt-out?	

•  Would	protec4on	include	a	requirement	to	stop	transmission	in	a	
workers’	environment?		
–  E.g.,	children	in	schools	masked	to	protect	teachers,	patrons	masks	to	

protect	performers,	shoppers	masked	to	protect	shop	workers?		
•  To	which	industries	would	this	apply?	White	collar,	too?	What	

excep%ons?	
•  What	happens	when	an	employee	contracts	a	viral	illness	at	work,	

despite	the	employer	following	the	rules.	Mightn’t	this	
presump%on	of	protec%on	expose	employers?		

•  Have	standards	been	considered	to	clearly	define	the	vulnerable	
popula4on,	and	develop	stronger	standards	to	protect	them?	
Rather	than	all	workers?		



The	First	Rule	of	Defense:	Know	Your	Enemy	

Yan	et	al,	2017:	Infec%ous	virus	in	exhaled	breath	of	symptoma%c	
seasonal	influenza	cases	from	a	college	community.		

Source:	h[ps://www.pnas.org/content/118/17/e2018995118				

Size	Distribu4on,	Respiratory	Aerosols		
Exhaled		During	Tidal	Breathing	

Medan,	0.28	μ		

Cigare[e		
Smoke	

Sources:		
Respiratory	aerosols	h[ps://www.liebertpub.com/doi/10.1089/jamp.2009.0809	
Cigare[e	smoke	par%cle	distribu%on:	
h[ps://www.sciencedirect.com/science/ar%cle/abs/pii/0095852260900374		

It	is	now	widely	thought	that	respiratory	aerosols	generated	during	normal	
breathing—the	majority	of	which	are	less	than	0.3	microns	(the	same	size	as	

cigareYe	smoke)—are		the	primary	method	of	transmission	for	respiratory	viruses.			



The	First	Rule	of	Defense:	Know	Your	Enemy	(cont.)	

While	there	are	some	respiratory	aerosols	generated	above	1	micron,		
and	specifically	above	5	microns,	these	larger,	easier-to-contain	

aerosols	contain	only	a	4ny	frac4on	of	the	virus.		

Source:	Papieni	&	Rosenthal,	1997:	
h[ps://www.liebertpub.com/doi/10.1089/jam.1997.10.105	
			

Source:	h[ps://journals.plos.org/plosone/ar%cle?id=10.1371/journal.pone.0002691		

0.2	μ	 0.5	μ	 1	μ	 2	μ	 5	μ	 7	μ	 10	μ	

Volume	 	0.03		 	0.5		 	4.2		 	33		 	523		 	1,436		 	4,187		
SeYling	
Time	 456	 66	 18	 4.5	 0.75	 0.33	 0.2	

Par4cle	Volumes	(μ3)	&	Time	to	SeYle	2	m	(hrs)	for	Various	Par4cle	Sizes	



Mechanis%c	Studies	Showing	Promise	of	Masks,	
not	Borne	Out	Empirically	or	via	RCTs	

Conclusions:	Mask	mandates	and	use	are	not	associated	with	slower	state-level	COVID-19	spread	during	COVID25	19	growth	surges.		

Source:		h[ps://www.medrxiv.org/content/10.1101/2021.05.18.21257385v1.full.pdf		

CDC	Meta-Analysis	of	Mask	and	other	NPI	RCTs	(May	2020)	

Source:	hYps://wwwnc.cdc.gov/eid/ar4cle/26/5/19-0994_ar4cle			



High-Quality	Evidence	Indicates	No	Effect,	
Low	Quality	Evidence	Indicates	Effect.	

Dan-Mask,	No	Sta%s%cally	Significant	Impact		

CDC	Meta-Analysis	of	Masks	&	NPIS.	No	Impact	

Some	show	no	impact	Others	show	impact	

Modeling	Studies	

Some	show	impact	 Some	show	none	

Most	studies	here	

Many	studies	here	

Why	the	disconnect?		



0.28	μ	
Median	
Respiratory	
Aerosol	Size	

0.1%	

Cigare[e	Smoke	
Par%cles	

0.01	μ			 0.1	μ			 1	μ			 5	μ			 10	μ			

Naked	SARS-CoV-2		
Virion	(.06	–	0.14μ)	

99.9%	

3	Reasons	Studies	≠	Reality		
1:	Mechanis4c	Studies	Look	at	Wrong	Size	

0.3	Microns	
The	majority	of	respiratory	aerosols	are	this	size	or	smaller.		

The	lower	limit	of	most	instrumenta%on	used	to	measure	
aerosols,	and	how	much	virus	they	carry.	

Range	where	
most	

mechanis4c	
mask	studies	

focus		
(>5+	micron)	

Size	Distribu4on,	Respiratory	Aerosols		Exhaled		During	Tidal	Breathing	



Source:	
h[ps://www.tandfonline.com/doi/full/
10.1080/02786826.2020.1817846			

1%	gap	in	N-95,		
<	and	>	300	nm	

	
Source:	h[ps://pubs.acs.org/doi/10.1021/acsnano.0c0325212	
	

3	Reasons	Studies	≠	Reality	
2:	They	Ignore	the	Importance	of	Gaps	



3	Reasons	Studies	≠	Reality		
3:	They	Use	Mass/Volume	to	Evaluate	

0.2	μ	 0.5	μ	 1	μ	 2	μ	 5	μ	 7	μ	 10	μ	

Volume	 	0.03		 	0.5		 	4.2		 	33		 	523		 	1,436		 	4,187		
SeYling	
Time	 456	 66	 18	 4.5	 0.75	 0.33	 0.2	

Par4cle	Volumes	(μ3)	&	Time	to	SeYle	2	m	(hrs)	for	Various	Par4cle	Sizes	

Se[ling	Veloci%es:		h[ps://www.liebertpub.com/doi/full/10.1089/jamp.2020.1616		

99.9%	-	99.99%	of	par%cles	

0.1%	-	0.01%	

In	this	study,	on	the	same	day	viral	
load	peaks	(NP),	aerosols	<0.3	
microns	increase	by	7-fold,	to	

almost	70K.	Those	over	1	micron	
decrease	to	fewer	than	10.		

Even	on	day	7,	
when	there	are	
more	than	80K	
par4cles	<1	

micron,	those	over	
1	micron	(fewer	
than	10)	make	up	
more	than	90%	OF	
THE	VOLUME.		

Source:	h[ps://www.pnas.org/content/118/8/e2021830118		



Size	Range	(μ)	 .0	–	0.3	 0.3	–	0.5	 0.5	–	1	 1	-	5	 5+	

%	of	Respiratory	Aerosols	 ~	50%	 ~	35%	 ~	13%	 ~	1.9%	 <0.1%	

SeYling	Times		 19	days		
(0.2	μ)	 66	hrs	(0.5	μ)	 18	hours		

(1.0	μ)	
45	“		
(5	μ)	

45	“	(5	μ)		
12	“	(10	μ)	

%	of	Aerosols	Observed	
w/viral	RNA	
(Yan	et	al,	2017)	

Below	
Observa%on	
Threshold	

76%	
(40%	infec%ous)	

40%	
(0	infec%ous)	

Mean	Viral	RNA	copies	/	
30”	sample	(Yan	et	al,	2017)	 38,000	 12,000	

Mul4ple	of	Viral	Copies	
observed	

Below	
Observa%on	
Threshold	

8.8	
(not	split	out)	 1	

Es4mated	Surgical	Mask	
efficacy	(protec4on)	 0%	 0%	 20	-	50%	 50	-	70%	 70%	

Es4mated	Surgical	Mask	
Efficacy,	3%	Gap	
(Transmission)	

0%	 0%	 0%	 20%	 0-50%	

N-95	(Protec4on)	 60	-	80%	 100%	 100%	 100%	 100%	
N-95,	1%	gap	
(Transmission)	 35%	 12%	 12%	 12%	 12%	

Limited	Efficacy	in	Stopping	Least	Numerous	
Par%cles,	Which	Se[le	Fastest	



0-3-0.5	microns	 0.5-1	micron	 1-5	microns	 Total	 %	Effec4veness,	
Infec4ousness	

Time	to	SeYle	 66	hours	 18	hours	 45"	
%	of	Infec4ous	Virus	 70%	 26%	 4%	

Infec4ousness	(#	of	par4cles	w/infec4ous	RNA	*	
Hours	alox)	 	702,240		 	71,136		 	456		 	773,832		

Protec4on	from	Infec4ousness	by	Surgical	Mask	 0	 	14,227		 	228		 	14,455		 1.9%	
Reducing	Infec4ousness	by	containing	infec4ous	

virus	 0	 0	 	91		 	91		 0.012%	

0.3-0.5	micron	 0.5	-	1	micron	 1-5	micron	 Total	 %	Of	infec4ous	
virus	removed	

%	Of	par4cles	between	0.3	and	5	micron	 70%	 26%	 4%	 100%	 -	
#	Of	Viral	Copies	(30”)	 	26,600		 	9,880		 	1,520		 	38,000		 -	

#	Of	Viral	Copies	Infec4ous	(40%)	 	10,640		 	3,952		 	608		 	15,200		 -	
#	Of	Infec4ous	Viral	Copies	Kept	out	by	Surgical	

Mask	 	-				 	790		 	304		 	1,094		 7.2%	

#	Of	Infec4ous	Viral	Copies	Stopped	From	Via	
Surgical	Masks	 	-				 	-				 	122		 	122		 0.8%	

38,000	Viral	Copies	of	RNA		Generated	in	30	Minutes.		
Es4mates	of	Infec4ous	dose	is	10	–	300	copies	

In	a	given	30”	period,	15,000	copies	of	infec4ous	viral	RNA	can	be	generated	via	breathing.	
The	infec4ous	dose	is	10-300—Less	than	2%	of	the	virus	generated.	Masks	filter	~7%	of	

those,	the	least	infec4ous,	that	seYle	fastest.	They	stop	transmission	of	<1%	



Despite	a	ras	of	studies	of	low	evidence-quality,	including	mechanis%c,	ecological	and	
modeling	studies	sugges%ng	masks	might	work	to	reduce	transmission	or	provide	

protec%on	from	respiratory	viruses,		higher	quality	evidence	and	the	past	years’	worth	of	
empirical	data	con%nue	to	argue	the	opposite.		

	
The	reason	for	this	disconnect	is	almost	certainly	due	to	these	mechanis%c	and	modeling	
studies	to	focus	their	efforts	on	the	aerosols	that	are	easiest	to	measure—those	over	5	
microns	(but	which	make	up	less	than	0.1%	of	all	respiratory	aerosols)—but	ignore	those	

aerosols	making	up	the	other	99.99%.		
	

As	OSHA	considers	a	standard	to	require	employers	to	provide	protec%on	from	respiratory	
viruses,	it	must	rec%fy	these	errors.	

	
There	is	significant	evidence	sugges%ng	that	the	majority	of	virus	is	also	carried	in	the	
smallest	aerosols—those	less	than	0.3	microns.	Given	that	these	are	by	far	the	most	

numerous,	this	would	follow	logically.	But	the	challenge	of	measurement	has	made	this	
challenging	to	confirm.		

	
If	OSHA	is	to	provide	a	meaningful	standard	of	protec%on,	these	knowledge	gaps	must	be	
filled.	Otherwise,	vulnerable	workers	may	be	made	to	feel	safe	by	PPE	which	provides	no	
meaningful	protec%on.	Depending	on	the	pathogen,	this	would	put	these	workers	at	

significant	risk—risk	which	would	have	been	sanc%oned	by	OSHA.	



A	False	Sense	of	Security	

Double-Layer	Fabric	 Surgical	 KN-95	 Double-mask	
KN-95	+	Fabric	

Triple-mask	
KN-95	+	Fabric	

+	Gaitor	Videos	available	here:	h[ps://youtu.be/gK4OiqHD6qQ		

Respiratory	Aerosols	Carrying	the	Majority	of	Infec4ous	Respiratory	Viruses	
Are	the	same	size	&	Distribu4on	as	CigareYe	Smoke	

	

At-risk	people	have	been	given	a	dangerous	false	sense	of	security	by	wearing,	
and	seeing	others	wear	these	kinds	of	masks.	If	they	can	smell	cigareYe	smoke,	

they	are	not	protected	from	COVID	or	other	respiratory	viruses	



Current	standards	developed	for	wear	
for	minutes,	not	hours	at	a	%me	

•  Poten%al	for	bacterial	infec%on,	see	next	
slides,	for	examples	of	science	that	isn’t	being	
done,	and	can’t	get	published.		

•  Impact	on	cogni%on,	well-being,	airflow	for	
long-term	wear.		

•  For	children,	impact	on	social	and	emo%onal	
growth.		

•  Fear	cues,	etc.,	etc..		



10 MASKS, WORN FOR AN AVERAGE OF 7.9 HOURS/DAY 
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Unique Strains of Biological Contaminants Found on Mask 
(bacteria, funghi, parasites, slime molds & viruses) ) [Private investigation] 
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10 MASKS, WORN FOR AN AVERAGE OF 7.9 HOURS/DAY 
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Poly,	Gaitor	(Age	11)	

Surgical	(Age	7)	

Surgical	(Age	17	

surgical	(Age	8)	
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Surgical	(Age	10)	

Pathogens	

Including: E. Coli,Lyme Disease (Borrelia Burgdorferi), & francisella tularensis (causes fever, skin ulcers, sore throat, pneumonia)	

Acenetobacter baumani (antibiotic resistant bacteria causing meningitis, pneumonia, and blood infecitons); corynebacteriam kroppenstedtii 
(antibiotic resistant pathogen); streptococcus pyogenes (causes strep throat); streptococcus pneumoniae (Major source of human 
pneumonia); mycobacterium tuberculosis (causes tuberculosis); neisseria meningitidis serogroups A & C (extremely pathogenic, causes 
meningitis and life-threatening sepsis); stapholococcus aureus (causes meningitis, pneumonia and sepsis); Rickettsia rickettsii (causes Rocky 
Mountain Spotted Fever);  

H. Pylori (Causes ulcers) 

acanthamoeba polyphaga (parasite, causes amoebic encephalytis, skin lesions), Candida albicans (fungus, causes yeast infections) 

Including: Acenetobacter baumanni (causes meningitis, pneumonia, bloodstream infections, antibiotic-resistant, and very difficult 
to treat); mycobacterium tuberculosis (causes tuberculosis); neisseria meningitidis Serogroup A & C (causes meningitis, and life-
threatening sepsis); streptococcys pneumoniae (Major cause of pneumonia in humans); streptococcys pyogenes (causes strep 
throat); Ricketts ricketsii (Rocky Mountain Spotted Fever) 

Unique Strains of Biological Contaminants Found on Mask 
(bacteria, funghi, parasites, slime molds & viruses) [Private investigation] 
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Masking	is	not	4ed	to	decreased	deaths,	but	is	4ed	to	low-levels	of	
access	to	in-person	educa4on,	and	high	unemployment	



High	levels	of	mask-induced	fear	may	contribute	to	hesitancy	to	teach	in-person,	
have	children	aYend	school,		or	disinclina4on	to	patronize	businesses.	



None	of	these	behaviors—masking	or	isola4ng	from	others	is	
4ed	to	reduced	long-	or	short-term	cases	or	deaths	



Turning	it	Over	to	Megan	Mansell	










