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Abstract
Wearing a mask causes physiological changes to mul ple organ systems, including the brain,
the heart, the lungs, the kidneys and the immune system. We examine changes in oxygen and
carbon dioxide concentra ons in masked airspace that is available to the airways over the rst
45 seconds of wear. Our ndings of reduced oxygen and increased carbon dioxide in a masked
airspace are not inconsistent with previously reported data. We also consider the range of
injuries known to occur to the above-named organ systems in a state of hypoxia and
hypercapnia. As an excretory pathway, carbon dioxide release by cells throughout the body,
and then past the alveoli and then the airways and ori ces, has not been previously challenged
by deliberate obstruc on in the history of the animal kingdom, except for rela vely rare human
experiments. Self-depriva on of oxygen is also unknown in the animal kingdom, and rarely
a empted by humans. We examine the physiological consequences of this experiment.
MASKS and HYPERCAPNIA
Do masks cause systemic hypercapnia?
Airway obstruc on is a long recognized cause of reten on of carbon dioxide and respiratory
acidosis. A sustained level of increased carbon dioxide stays inside of masked air, compared to
room air, which in turn sustains a low level of hypercapnia. Rebreathing of exhaled air has been
i
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found to quickly elevate [CO2] in available air above 5000 ppm, and to increase arterial CO2
concentra on and to increase acidosis.1 The mechanism of mask-induced hypercapnia may
also include the moisture on a mask trapping carbon dioxide from exhala on. Some carbon
dioxide di uses in the air, more so if dry, but some por on of it, trapped by water vapor and
mask moisture, would form a weak, unstable acid with water, for re-circula on to the airways
and lungs. The mechanism is that reten on of CO2 causes an increase in PCO2. This is the
primary disturbance in respiratory acidosis. It results in an increased concentra on of both
HCO3- and H+, which is measured as a lower pH.
Masks increase respiratory drive and bronchodila on in mild hypercapnia, from sensi ve
chemoreceptors picking up changes in pH of cerebrospinal uid. Ul mately in severe
hypercapnia, respiratory drive is actually depressed.
Hypercapnia is widely recognized to be an independent risk factor for death. 2 3 4 5 A number of
organ systems are nega vely impacted, including the brain, heart, lungs, immune system and
musculoskeletal system. 6 7
How quickly do masks increase carbon dioxide in the masked airspace?
We used a new calibrated carbon dioxide meter to measure ambient carbon dioxide in room
air, and then inside the masked airspace of three di erent masks a er donning each in turn.
This experiment involved a disposable surgical mask, a N-95 mask and a cloth mask. We
recorded carbon dioxide parts per million inside the masked airspace. The meter refreshed its
readings at 5-second intervals, and we used those same intervals in recording CO2 parts per
million. The maximum CO2 reading on the meter is 10,000 parts per million.
The table of those values are shown in Table 1, with the mean values shown for each 5-second
interval in the rst 45 seconds. A er 45 seconds, the readings passed the maximum meter
reading of 10,000 ppm [CO2], and were therea er indeterminate from the meter.
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Table 1: Measured [CO2] in masked airspace
Room
air
Surgical mask

Mean
N-95

Mean
Cloth mask

Mean

5 sec

10 sec

15 sec

20 sec

25 sec

30 sec

45 sec

60 sec

75 sec

90 sec

1072

1298

1757

2256

2995

3215

3306

3074

3378

5483

7472

1022

1086

1317

1667

2221

2792

3526

6479

7755

9964

>10000

1074

1202

1502

2400

2619

2746

2948

4794

5994

8095

>10000

1089

1211

1357

3090

5520

8230

9381

989

1265

1700

3257

4221

5412

6764

1026

1363

2590

3392

4384

5377

6263

1045.3

1237.5

1703.8

2677.0

3660.0

4628.7

5364.7

7302.0

1050

1323

1834

2518

3184

4281

4689

7042

1037

1517

3360

4133

4708

5315

5394

9082

>10000

1049

1475

1599

1800

1911

2773

6346

6563

>10000

1083

1292

1834

3312

3730

3901

4140

5692

7855

>10000

1073

1450

1975

2621

3820

4407

5629

7279

9240

>10000

1033

1266

1583

1926

2874

3392

4371

8921

1054.2

1387.2

2030.8

2718.3

3371.2

4011.5

5094.8

7429.8

1084

1115

1718

2218

2725

3300

4914

6494

1066

1057

1558

2467

3644

6369

8480

1050

1189

1686

3573

4400

5080

5768

1062

1200

1685

4129

5848

7863

>10000

1051

1078

1430

2301

3580

5087

8555

1044

1115

1569

2772

3503

4321

5149

7385

1059.5

1125.7

1607.7

2910.0

3950.0

5336.7

7144.3

8807.5

>10000
9465

>10000

>10000

9684

>10000

>10000

8410

>10000

>10000
8966

>10000

>10000
9260

>10000

If we look at the me in which our readings did not yet exceed the maximum of the meter, then
we have the following graph, Graph 1, of the average rise in carbon dioxide concentra on
inside the masked air for each mask, as [CO2] rose over the rst 45 seconds of wear.
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Graph 1

Carbon dioxide parts per million
in masked airspace in 1st 45 seconds
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The blue horizontal line in Graph 1 represents the maximum allowable average CO2
concentra on in workspace air during an 8-hour work shi , by the Occupa onal Safety and
Health Administra on (OSHA) of the US Department of Labor.8 The green horizontal line
represents typical [CO2] in room air, which is 400 parts per million.
A er donning each mask, we see that [CO2] in the masked airspace rose above acceptable
OSHA limits within the rst 30 seconds.
The concentra on of carbon dioxide rises similarly during the me of wearing each kind of
mask. These ndings are consistent with known data on the carbon dioxide concentra on of
available airspace inside of a mask.9
Industrial workspace standards established by OSHA for carbon dioxide concentra on in the
workspace are for ambient room air, and these have been established since 1979. It is not the
case that OSHA has mandated speci c CO2 concentra ons for masked airspace. However, we
examine these standards for available room air, and compare masked airspace to them,
because in both cases we may consider [CO2] concentra on in the air that is available to the
airways and the lungs.
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The Food Safety and Inspec on Service of the United States Department of Agriculture notes
that carbon dioxide gas is used to euthanize both poultry and swine. 10 Concentra on of this gas
is therefore of concern regarding the use of masks by human beings. That government agency
publishes the following warnings:
5,000 ppm = 0.5% is the OSHA Permissible Exposure Limit (PEL) for 8-hour exposure, 11
averaged over the workday. Each of our masks surpassed that level within the masked airspace
in the rst 25 to 30 seconds of wear.
At 10,000 ppm of short exposure, OSHA says there are typically no e ects, possible drowsiness.
At 20,000 ppm, the Food Safety and Inspection Service advises: “Do not enter areas where CO2
levels exceed 20,000 ppm un l ven la on has been provided to bring the concentra on down
to safe levels.” We should remember here that each of the masks we studied rose to half of
this concentra on within the rst minute alone.
At 30,000 ppm = 3% [CO2], there is “moderate respiratory s mula on and increased heart rate
and blood pressure.”
At 40,000 ppm = 4%, OSHA finds [CO2] to be “immediately dangerous to life or health.”12
Hypercapnia is known to rapidly cause intracellular acidosis in all cells in the body. There is no
way to wall o the damage to only a ect the lungs, due to constant gas exchange. That is,
there is no known way to restrict hypercapnic e ects to only the lungs.
The e ects of hypercapnia progress in this order: Compensatory a empt at respiratory
ven la on, labored breathing, hyperpnea; nervous system changes with changes in motor
skills, visual acuity, judgment and cogni on, cerebral vasodila on with increasing pressure
inside the skull and headache, s mula on of the sympathe c nervous system, resul ng in
tachycardia, and nally, in case of extreme hypercapnia, central depression.13 14
Hypercapnia e ects on the lungs and immune system
Exhaled breath contains about 5% = 50,000 ppm carbon dioxide. This is more than 100 mes
the average of room air which is about 0.04% [CO2]. Exhaled [CO2] is 10 mes the upper limit
permi ed by OSHA in ambient air. Yet each of us exhales this concentra on with every breath.
Should we re-breathe our own exhaled breath?
A study of healthy healthcare workers found increased [CO2] and decreased [O2] in the
respiratory dead space inside a N95 ltering respirator while walking on a treadmill. Within one
hour of use, these were “significantly above and below, respec vely, the ambient workplace
standards.” 15 The exhala on valve of the N95 masks did not signi cantly change its impact on
P(CO2).
5
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Hypercapnia has a number of damaging e ects on the lungs. Those e ects seem to begin with
disrup on of Na+-K+-ATPase, which leads to impaired alveolar uid reabsorp on. This results
in alveolar edema, which in turn obstructs op mal gas exchange.16 Hypercapnia also inhibits
repair of alveoli by impairing prolifera on of alveolar epithelial cells via inhibi on of the citric
acid cycle and resul ng mitochondrial dysfunc on.17
Cilia are made immo le by hypercapnia, along with mask changes in humidity and temperature
in the upper airway. This leads to predisposing mask wearers to lower respiratory tract
infec ons by allowing deep seeding of oropharyngeal ora.18 The lower respiratory system is
usually sterile because of the ac on of the cilia that escalate debris and microorganisms up
toward the ori ces. Impairment of this process, such as in hypercapnia, may partly explain a
correla on of hypercapnia with increased mortality from pulmonary infec ons.
Hypercapnia correlates with increased mortality in hospitalized pa ents with communityacquired pneumonia.19 This seems to be due to a number of factors, including that hypercapnia
inhibits IL-6 and TNF as well as inhibi ng immune cell func on generally,20 including alveolar
macrophages.21
Hypercapnia was found to downregulate genes related to immune response. The researchers
that had studied this in depth found that “hypercapnia would suppress airway epithelial innate
immune response to microbial pathogens and other inflammatory stimuli.” 22 They also found
suppressive e ects of hypercapnia on macrophage, neutrophil and alveolar epithelial cell
func ons. Hypercapnia was found to decrease bacterial clearance in rats.23
In our previous paper in this series, we found a historical correla on with a hypercapnic
prac ce, speci cally mask-wearing, and a severe surge of bacterial pneumonia deaths.24 This
me period was mis-named the Spanish Flu, due to a number of reasons, too extensive for this
paper. Dr. Anthony Fauci’s research team found that every cadaver exhumed from that time in
1918 – 1919 showed the cause of death was bacterial pneumonia, secondary to typical upper
respiratory bacteria. 25
Common and life-threatening diseases of impeded air ow include both obstruc ve disorders
such as asthma, COPD, bronchiectasis and emphysema, as well as restric ve disorders, such as
pneumothorax, atelectasis, respiratory distress syndrome and pulmonary brosis.
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Hypercapnia e ects on the blood
Excess carbon dioxide is bu ered exclusively in the intracellular uid, especially in red blood
cells. CO2 crosses cell membranes by di usion, and combines with water to convert to H+ and
HCO3-. The hydrogen is then bu ered by intracellular proteins such as hemoglobin and organic
phosphates. The price paid by the red blood cells for this bu ering is seen in the comparison of
normal red blood cells on the le versus the damaged and depleted red blood cells on the right.

Photo from
h ps://www. innsci.com/globalassets/ innscien c/all-product-images-rgbjpegs/ml1297.jpg?v=1bea1f7f72da41ea935d 0a0
597f889

Photo from
h p://img.medscapesta c.com/pi/meds/ckb/61
/36661tn.jpg

The above photo on the right demonstrates secondary polycythemia.. This is a known
consequence of hypoxia. This abnormal blood nding may also correlate with dehydra on
from wearing a mask. The US Na onal Ins tute of Occupa onal Safety and Health (NIOSH) says
that “par cular features of PPE can impose a physiological . . . burden on the healthcare
worker.” And “dehydration can be a significant problem while wearing PPE.”26 Individuals
su ering from dehydra on are at risk for rela ve erythrocytosis, which can manifest as
polycythemia vera.27 Polycythemia vera is an independent risk factor for other cancers,
commonly treated with lifelong blood thinning medica on. Polycythemia develops slowly over
years. Are today’s mask wearers at future risk of developing this blood cancer?
Hypercapnia e ects on the kidneys
The kidneys are tasked with compensa ng for the damage in icted on the blood stream by
respiratory acidosis. They must excrete hydrogen ions and reabsorb the newly made HCO3-.
The Henderson-Hasselbalch equa on indicates the extent to which increased HCO3compensates for the acidic condi on.
pH=pK+log[HCO3-]/(Pco2)
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The [HCO3-] is a re ec on of renal or metabolic compensa on, whereas the PCO2 re ects the
primary disturbance, where airway obstruc on created an acidemia.28
The kidneys show decreased GFR and decreased urine output, as well as increased renal
vascular resistance, as a result of hypercapnia.29 Aciduria increases as a compensatory
mechanism to excrete acid. This in turn damages tubules and has been shown to worsen
kidney func on in those with established chronic diseases. 30
Hypercapnia e ects on the cardiovascular system
A hypercapnic pa ent may be warm, ushed and tachycardic. A bounding pulse and swea ng
may also be present. Arrhythmias may be present if there is signi cant hypoxemia. Arterial
pCO2 above 90 mmHg is not compa ble with life, because hypercapnia is necessarily
accompanied by hypoxemia, in this case by pO2 = 37. 31 It has been noted that masked pa ents
are o en found to be tachycardic, to be discussed more further on in this paper.
Hypercapnia e ects on the central nervous system
Central nervous system e ects, such as headache, fa gue, dizziness and drowsiness are
common e ects of chronic obstruc ve pulmonary disease (COPD), 32 In this pa ent cohort we
also see defects in propriocep on, instability of posture and gait, as well as falls, with strong
evidence that these result from hypercapnia.33 There is a progressively increasing seda on from
mask use and increased intracranial pressure. Headaches are a common complaint of mask
wearers, and are found to be a ributable to hypercapnia.34 Increases in PCO2 lead to increases
in cerebral ood ow and cerebral blood volume, as well as a resul ng intracranial pressure. 35
These are consistent with ndings through the rest of the body.
Slowed performance of reasoning tasks was observed at 20 minutes of inhaling 4.5% to 7.5%
[CO2]. 36 When subjects were exposed to 2,500 parts per million carbon dioxide in room air, it
was found that their decision-making ability declined by 93%, which was comparable to being
drunk or having a head injury.37 At this same level of [CO2], it was also found that visual
performance su ered.38 We measured this same level of [CO2] inside masked airspace at 15
seconds.
Even smaller CO2 concentra ons had deleterious e ects. CO2 exposure beginning at 1000 ppm
a ected cogni ve performance, such as problem resolu on and decision-making. 39 We
measured 1000 ppm [CO2] in masked airspace within the rst few seconds of wear.
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MASKS and HYPOXIA
Masks create hypoxia in the wearers
A study of 53 surgeons who were non-smokers and without chronic lung disease were shown to
have a decrease in satura on of arterial pulsa ons (SpO2) when performing surgery while
masked. Oxygen satura on decreased signi cantly a er the opera ons in both age groups,
with a greater decrease in surgeons over the age of 35.40
A study of 39 end-stage renal disease pa ents wearing N-95 masks for 4 hours during
hemodialysis were found to have signi cantly reduced PaO2 over that me. The average drop
in PaO2 was from a baseline PaO2 of 101.7 to 15.8, p = 0.006. Respiratory rate increased from
16.8 to 18.8 respira ons per minute, p <0.001. Chest discomfort and respiratory distress were
also reported by the subjects.41
Hypoxia is a health hazard
Hypoxia is deadly. Each year, many workers are injured or die due to oxygen de ciency.42
“There have been reports of workers who have opened a hatch to an O2-de cient atmosphere
and died with only their head inside the hazard. The low level of O2 resulted in a feeling of
euphoria and the workers could not comprehend that they only needed to lean back out of the
hatch to save their lives.” 43
The issue of mask wearing is especially cri cal for children. In children, any hypoxic condi on is
even more of an emergency than it is for an adult. This is partly due to their more horizontal
ribs and barrel-shaped chest, resul ng in children relying primarily on diaphragm muscles for
breathing, not nearly so much intercostal muscles, as in adults. These diaphragm muscles have
propor onately fewer type I muscle bers, resul ng in earlier fa gue.44 Also, a child’s tongue is
rela vely large in propor on to the size of the pharynx, and the epiglo s is oppy. 45 These
anatomical di erences make a child poten ally more vulnerable than an adult to injury from
hypoxic assault.
We consider it urgent for children to be released from mask “mandates,” based on this
informa on.
Hypoxia in masked airspace
In order to determine the percent of oxygen in masked airspace, we ran 6 trials each for 45
seconds of 3 types of masks: a disposable surgical mask, a N-95 mask and a laundered cloth
mask.
9
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We charted the results as follows, showing the average for each type of mask, compared to
OSHA workspace requirements for air available to the airways.
Table 2 Measured [O2] in masked airspace
Room air

5
sec

10
sec

15
sec

20
sec

25
sec

30
sec

45
sec

60
sec

Surgical mask

20.9
20.9
20.9
20.9
20.9
20.9

20.2
20.1
20.3
19.6
19.8
20.9

19.2
18.9
18.7
19.1
19.1
19.0

19.1
18.7
18.1
18.7
18.9
18.4

18.5
18.1
18.1
17.7
18.2
18.2

19.1
17.7
18.2
17.1
17.4
17.9

18.4
18.1
17.9
18.5
18.7
18.4

18.1
17.9
17.6
17.1
18.6
18.2

17.7
17.4
17.7
17.5
16.7
18.6

Average

20.9 20.2

19.0

18.7

18.1

17.9

18.3

17.9

17.6

N-95

20.9
20.9
20.9
20.9
20.9
20.9

20.0
19.7
19.6
20.1
19.8
20.9

19.1
19.3
18.1
19.4
19.3
19.8

18.1
18.5
18.6
19.1
19.0
18.7

17.7
17.3
18.4
18.0
17.8
18.0

18.2
18.0
18.2
17.6
16.9
17.2

18.4
18.3
17.8
18.3
18.1
18.1

17.2
18.2
17.5
17.2
18.2
17.9

17.4
16.7
17.1
17.8
17.4
17.7

Average

20.9 20.0

19.2

18.7

17.9

17.7

18.2

17.7

17.4

Cloth mask

20.9
20.9
20.9
20.9
20.9
20.9

19.6
20.1
20.2
20.0
20.1
19.9

19.5
19.2
19.3
18.9
18.4
18.6

17.7
17.2
18.4
18.6
18.3
17.8

16.7
17.1
18.4
19.0
17.7
17.7

17.5
16.9
18.2
19.8
17.3
17.0

17.5
17.1
19.0
19.3
17.9
18.5

16.7
17.0
17.9
18.8
18.1
19.5

17.5
17.4
17.1
18.7
17.7
17.1

Average

20.9 20.0

19.0

18.0

17.8

17.8

18.2

18.0

17.6
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Graph 2

Oxygen as % of masked airspace
in 1st 45 seconds
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It can be seen from Graph 2 that all of the masks showed similar results, and that in each type
of mask, available oxygen as a percentage of available air volume decreased to less than the
OSHA required minimum of 19.5%46 in less than 10 seconds of wear, and stayed below that
threshold. Breathing seemed to be shallow un l 30 seconds of wear. Then the wearer’s
responsive drawing of air through pores and side gaps and top gaps around the mask appeared
to occur mostly at 30 seconds, but did not compensate adequately to return [O2] in the masked
airspace back above the OSHA minimum requirement of 19.5% [O2] in available air.
The above ndings are consistent with known decrease of oxygen concentra on in the airspace
inside of masks.47 The standards for oxygen concentra on in airspace available to workers has
been so strictly enforced by OSHA that in a low-oxygen workspace, employee access must be
restricted by using locks or barriers. Oxygen-level monitoring is required before entry, and the
space must meet OSHA oxygen-level standards during the en re me that it is in use. 48 Is the
11
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space of available air ow to the human airways any less important to protect from low ambient
O2, simply because it is the very small space between the mask and the respiratory ori ces?
The United States Code of Federal Regulations in paragraph (d) of 29 CFR 1910.134 “requires
the employer to evaluate respiratory hazard(s) in the workplace, iden fy relevant workplace
and user factors, and base respirator selection on these factors.” This “shall include a
reasonable es mate of employee exposures to respiratory hazard(s) . . .” Exceptions are
permitted “if the employer can meet the difficult evidentiary burden of showing that the
oxygen content can be controlled reliably enough to remain within the ranges specified . . .” 49
Does this leave employers liable for injuries to workers who wear masks?
Hypoxia accompanies hypercapnia
Reten on of carbon dioxide reduces oxygen availability, as in COPD. As CO2 builds up in alveoli,
the available volume for oxygen in the airspace is reduced. “For each increment in the PaCO2,
there will be a more than one-to-one decrease in the PaO2, which will result in severe oxygen
de cits, as illustrated in the following graph.”50

From J Henry. Clinical Diagnosis and Management by Laboratory Methods. 19 th ed. WB Saunders Co. © 1996.
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Hypoxia e ects on the brain
Hypoxia, which is the lack of oxygen available to the respiratory system and to the ssues
generally, s mulates mitochondria to generate reac ve oxygen species (ROS). All body ssues
are vulnerable to ROS, but the brain is especially vulnerable. ROS damage lipids, protein and
DNA. The brain is 60-70% lipids and low in an oxidants, and is therefore especially vulnerable
to ROS damage.51 For the immature brain, the problem is even worse. Poorly developed
scavenging systems and the high availability of free iron leave the child’s brain, especially
neurons and oligodendrocytes, vulnerable to the oxida ve damage of free radicals. 52
A biochemical mechanism of hypoxia damage to the brain is that hypoxia s mulates a kallikrein
– bradykinin – nitric oxide pathway. 53 As a result, the blood-brain barrier can become more
permeable. Extravasa on of plasma proteins and brain edema may result.54
Neurologist and neurophysiologist Dr. Margarite Friesz-Brisson says this about forcing masks on
children: “The child needs the brain to learn, and the brain needs oxygen to function. We don’t
need a clinical study for that. This is simple, indisputable physiology.” She warns of a “tsunami
of dementia” in the future, because of oxygen depriva on from wearing masks today. She
points out long-recognized physiology that re-inhaling our exhaled air creates a state of oxygen
de ciency and an excess of carbon dioxide.
Normaliza on is a phenomenon observed in medicine in which the individual adapts to
disadvantageous condi ons. Mask wearers may believe that they have become accustomed to
wearing a mask. However, the e ects of degenera ve processes in the brain accumulate
during a state of oxygen depriva on. 55
Cardiovascular e ects of hypoxia
It is established that mask wearers work harder at breathing and have greater inspiratory ow
than unmasked individuals. This in turn increases sympathe c vasoconstrictor ou low to limb
skeletal muscle. A er donning a mask, even at rest, mean arterial blood pressure increased by
12 mmHg, and heart rate increased by 27 BPM. 56 Cardiac output is increased and so is
prolonga on of the QT interval. Vasoac ve e ects include systemic arterial vasodila on and
pulmonary arterial vasoconstric on. It has been found that even at low workloads, in a hypoxic
environment, there is not only increased heart rate and blood pressure, but also aor c pressure
and le ventricular pressures increase, which in turn promote cardiac overload and coronary
demand.57
Let us now look at the mechanisms of how this happens. When there is hypoxic assault on the
body, hemoglobin is the rst sensor. The red blood cells are s mulated to produce nitric oxide,
which causes vasodila on and increased blood ow. Hypoxia decreases the threshold needed
13
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for this to happen.58 This vasodila on is a protec ve e ect on the ssues from hypoxic assault,
and as a result, the individual becomes tachycardic and agitated.
Hypoxia e ects on erythropoiesis
Mask wearing results in loss of available oxygen transport to the ssues. This in turn results in
increased erythrocyte produc on. If hypoxia persists, then free 2,3-DPG is depleted. This leads
to increased glycolysis. This leads to produc on of more 2,3-DPG, which reduces oxygen
a nity for hemoglobin. As a result, oxygen is released to the ssues away from vital organs,
such as the brain, liver, kidneys and heart. Low oxygena on s mulates produc on of
erythropoie n, which results in more red blood cell produc on. 59
Why would we deliberately expose ourselves to persistent hypoxia, which leads to ssue
hypoxia in vital organs and increased red blood cell produc on? Condi ons featuring erythroid
hyperplasia include but are not limited to: acute myeloid leukemia, congenital
dyserythropoie c anemia, microangiopathic hemoly c anemia and sideroblas c anemia. 60 In
turn, these can increase risk of polycythemia vera, a disease of thick blood from overproduc on
of red blood cells. In fact, loss of oxygen is the most common cause of polycythemia vera. 61
Hypoxia and the gastrointes nal tract
Hypoxia and hypoxia-dependent signaling pathways are becoming be er-appreciated in their
role in intes nal disease. Tissue hypoxia is recognized as a feature of in ammatory bowel
disease.62 Although intes nal ssue averages 7% [O2], hypoxic stress occurs in infec on and
in amma on, states which are characterized by oxygen demand being higher than supply. 63
As a result of induced hypoxia, the delicate balance of commensal bacteria on the one hand and
limita on of pathogenic bacterial access to ssues on the other is vulnerable to new disrup on.
Hypoxia and cancer risk
When there is resistance to inspiratory and expiratory ow, respiratory acidosis and increased
lactate levels have been found.64 At the [O2] levels we measured in the masked airspace, at
17%, higher levels of lac c acid accumulated.65 This is no surprise given the understanding we
have of the metabolic ini a on of cancer from Nobel Prize biochemist O o Warburg. He found
that the removal of oxygen ini ates the destruc on of respira on in cells, and that this process
leads to forma on of cancer.66 As ssue oxygena on drops, cells resort to anaerobic glycolysis,
which ends the glycoly c pathway with conversion of pyruvate to lac c acid. A marked
increase in ssue lac c acidosis results. When oxygen satura on lowers to 30%, blood pH
drops to 7.2, which shi s the oxygen-hemoglobin dissocia on curve to the right, and sets a
vicious cycle in mo on, as seen here.
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From J Henry. Clinical Diagnosis and Management by Laboratory Methods. 19 th ed. WB Saunders Co. © 1996.
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Warburg showed that cancer cells live in hypoxic condi ons, and that an ini al assault on
normal cells leads to hypoxia that in turn damages mitochondria, which is the rst step in the
cancerous process. He found “the root cause of cancer is oxygen deficiency. . . . Cancer cannot
survive in the presence of high levels of oxygen.”67
Hypoxia also nega vely impacts the mobility of natural killer cells,68 which are one of the
strongest defenses of the immune system against cancer.
For over a quarter century, Guy Cri enden was editor of HazMat Management, an awardwinning occupa onal health and safety journal. That journal rou nely published ar cles
regarding masks and compliance with health and safety laws. He has several major concerns
with mask use by the public.69 One of them is that the disposable surgical masks are sterilized
with ethylene oxide, a known carcinogen.70 Another is that the disposable surgical masks and
N-95 respirators are woven with polytetra uoroethylene (PTFE),71 72 PTFE is made using
per uorooctanoic acid (PFOA), a known carcinogen. PFOA has been associated with cancer of
the breast,73 tes cles, liver and pancreas.74 As noted above, inspiratory ow is greater in mask
wearers, which brings these compounds deep into the lungs.
Hypoxia and immune func on
During a state of hypoxia, the body produces hypoxia-inducible factor-1 (HIF-1). HIF-1 is known
to lower T-cell func on. 75 CD-4 T-cells have been observed to decline in this process, and they
are known to ght viral infec ons. 76 This raises concerns about whether masks can func on as
desired during the COVID-19 era. The sudden increase of widespread masking throughout
much of the world in 2020 has been mo vated by a desire to limit or control the spread of the
SARS-CoV-2 virus that is associated with COVID-19. As we have demonstrated, the hypoxia
caused by mask-wearing defeats the objec ve of an -viral strategy. As we showed in our
previous paper in this series, mask use is correlated with higher, not lower, incidence of COVID19.77
Other e ects of masks
Masks have been observed to create skin damage in 526 of 542 = 97% of healthcare workers
studied. The a ected sites were especially the nasal bridge, but also hands, cheeks and
forehead. Longer exposure worsened outcome.78
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US FDA definition of a “medical device”
According to the United States Food and Drug Administra on (FDA), a medical device has a
speci c de ni on, and it is de ned as follows:
“An instrument, apparatus, implement, machine, contrivance, implant, in vitro reagent,
or other similar or related article, including a component part or accessory which is:
recognized in the official National Formulary, or the United States Pharmacopeia, or any
supplement to them,
-Intended for use in the diagnosis of disease or other conditions, or in the cure,
mitigation, treatment, or prevention of disease in man or other animals, or
- intended to affect the structure or any function of the body of man or other animals,
and which does not achieve its primary intended purposes through chemical action
within or on the body of man or other animals and which is not dependent upon being
metabolized for the achievement of its primary intended purposes.” 79 80
According to the FDA, a prescrip on for use of a medical device falls to state laws and
regula ons that determine who can write a prescrip on for a medical device in each state.81
The FDA defers to the states regarding who can write a valid prescrip on. At this me in the
United States at least, there are no known prescrip on rights granted to anyone who does not
already hold a license to prac ce medicine.
However, also in the United States at this me, there are prominent poli cians, as well as
elected and appointed government leaders, who are “mandating” that citizens in their
jurisdic ons wear masks when in public.
We submit that a face mask is an apparatus ostensibly intended for preven on of disease, and
therefore that it ts within the FDA de ni on of a medical device, although it is commonly sold
over the counter, with no prescrip on. Therefore, is there now a situa on in the United States,
and throughout the world, of poli cal leaders prescribing medical devices, including for
complete strangers, without so much as a medical consult? Are these same poli cal leaders
prac cing medicine without a license? If so, are they liable for injuries through these ac ons,
and will they be prosecuted for their ac ons?
And if these poli cal leaders are prescribing a medical device, without informed consent, then
is it also the case that the same poli cians and government o cials are viola ng US federal
laws regarding informed consent? The US Code of Federal Regula ons (CFR) Title 21,
Subchapter A, Part 50, Subpart B discusses the requirements of informed consent. Certainly,
the same o cials are in viola on of the Universal Declara on of Human Rights and the
Nuremberg Code, which are interna onally honored guiding documents on citizens’ freedom
from medical coercion and medical experimenta on.
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We therefore urge that people everywhere consider this de ni on of medical device, and to
consider if they want their poli cal leaders and / or their news media to prac ce medicine on
them, without prior medical training, a license to prac ce medicine, or even so much as an
individualized clinical consult.
Conclusion
Our rst paper in this series on the false safety and real dangers of masks examined the loose
par culate and loose bers that we found on new masks of various kinds at 40 mes and
greater magni ca on, along with the considera on of possible consequences of inhala on of
such debris.
Our second paper in this series examined microbial challenges from masks, the dysregula on
and imbalance of microbiota in the respiratory tract, and the consequences of such imbalances
throughout the body. We showed that face masks are more likely to trap and re-circulate
respiratory droplets and microbes, with incuba on and prolifera on of the same, inside the
masked airspace and airways, which increases – not decreases – the risk of infec ons for major
respiratory pathogens, bacterial, fungal and viral.
This paper, the third in our series, focuses on physiological changes induced by hypoxia and
hypercapnia. Our ndings of reduced oxygen and increased carbon dioxide in a masked
airspace are not inconsistent with previously reported data.82 83 Evidence of damage to
mul ple organ systems from the documented levels of [O2] and [CO2] in available airspace
between a facemask and the airways are cited above and are abundant in the medical
literature.
The pathological triad of micro-par cles as long-term hazards, and bacterial and fungal
infec ons as mid-term hazards, as well as injury from hypoxia and hypercapnia in the shortterm, are expected to have synergis c results in endangering the health of masked people.
Because of the extensive risk to mask wearers documented in these three papers, we urgently
recommend that no adult or child be coerced to wear a mask under any circumstances. We
further recommend that facemask hazards be published prominently and that masks only be
worn by adults who choose to do so, and only with freely given informed consent, with full
knowledge of their hazards, and that their use be prohibited for children, adult students and
workers.
If on the other hand, widespread use of masks and manda ng the same con nue, then the
ques on arises, from the data shown herein, whether morbidity and mortality from maskwearing will exceed those of COVID-19 or other known infec ous diseases. What will be the
long-term e ects of mask wearing if it con nues? And will we be able to dis nguish mask
injury from COVID-19 or other pathologies? The evidence presented here, in summary of
clinical data from around the world, show that masks can accelerate morbidity and mortality in
those who are already ill, and that masks can sicken healthy people. Before masks are forced
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onto school children and workers, why are animal studies not being done with all-day masking,
to inves gate safety issues? How much of an increase in mask-related illnesses will we have to
observe before mask “mandates” end?

References
1

T Jacobson, J Kler, et al. Direct human health risks of increased atmospheric carbon dioxide. Nat Sustain. 2019. 2
(8). 691-701. h ps://www.nature.com/ar cles/s41893-019-0323-1
2

D Sin, S Man, et al. Arterial carbon dioxide tension on admission as a marker of in-hospital mortality in
community-acquired pneumonia. Am J Med. Feb 1 2005. 118 (2). 145-150.
h ps://doi.org/10.1016/j.amjmed.2004.10.014
h ps://www.amjmed.com/ar cle/S0002-9343(04)00680-1/fulltext
P Murtagh, V Giubergia, et al. Lower respiratory infec ons by adenovirus in children. Clinical features and risk
factors for bronchioli s obliterans and mortality. Ped Pulm. 44. 450-456. h ps://doi.org/10.1002/ppul.20984
h ps://www.nature.com/ar cles/s41598-018-32008-x#ref-CR10
3

N Nin, A Muriel et al. Severe hypercapnia and outcome of mechanically ven lated patients with moderate or
severe acute respiratory distress syndrome. Int Care Med 43. 200-208.
h ps://www.ncbi.nlm.nih.gov/pmc/articles/PMC5630225/
4

5

K Moser, E Shibel, et al. Acute respiratory failure in obstruc ve lung disease. JAMA. Aug 13 1973. 225. 705-707.
h ps://jamanetwork.com/journals/jama/ar cle-abstract/349944
6

B Chandrasekaran, S Fernandes. Exercise with facemask; Are we handling a devil’s sword? – A physiological
hypothesis. Nov 2020. 144 (110002). doi: 10.1016/j.mehy.2020.110002
h ps://www.ncbi.nlm.nih.gov/pmc/ar cles/PMC7306735/#b0135
7

M Joyner, D Casey. Regula on of increased blood ow (hyperemia) to muscles during exercise: a hierarchy of
compe ng physiological needs. Physiol Rev. Apr 2015. 95 (2). 549-601. doi: 10.1152/physrev.00035.2013.
h ps://pubmed.ncbi.nlm.nih.gov/25834232/
8

Carbon Dioxide Health Hazard Informa on Sheet. Food Safety Inspec on Service, US Department of Agriculture.
h ps://www.fsis.usda.gov/wps/wcm/connect/bf97edac-77be-4442-aea4-9d2615f376e0/CarbonDioxide.pdf?MOD=AJPERES
9

Z Zhaoshi. Poten al risks when some special people wear masks. No. 1 Dept of Neurology, The Third Hospital of
Jilin University. Apr 18 2020. h ps://jamanetwork.com/journals/jama/fullar cle/2764955
10

Carbon Dioxide Health Hazard Informa on Sheet. Food Safety Inspec on Service, US Department of Agriculture.
h ps://www.fsis.usda.gov/wps/wcm/connect/bf97edac-77be-4442-aea4-9d2615f376e0/CarbonDioxide.pdf?MOD=AJPERES
11

Occupa onal Chemical Database: Carbon Dioxide. US Department of Labor, Occupa onal Safety and Health
Administra on. h ps://www.osha.gov/chemicaldata/chemResult.html?RecNo=183

19

h ps://pdmj.org/papers/masks_false_safety_and_real_dangers_part3/

12

Carbon Dioxide Health Hazard Informa on Sheet. Food Safety Inspec on Service, US Department of Agriculture.
h ps://www.fsis.usda.gov/wps/wcm/connect/bf97edac-77be-4442-aea4-9d2615f376e0/CarbonDioxide.pdf?MOD=AJPERES
13

Acid-base physiology, 4.4 Respiratory acidosis-Metabolic e ects.
h ps://www.anaesthesiamcq.com/AcidBaseBook/ab4_4.php
14

J Williams, J Krah, et al. The physiological burden of prolonged PPE use on healthcare workers during long shi s.
US Centers for Disease Control and Preven on. Jun 10 2020. h ps://blogs.cdc.gov/niosh-scienceblog/2020/06/10/ppe-burden/
15

R Roberge, A Coca, et al. Physiological impact of the N95 ltering facepiece respirator on healthcare workers.
Respir Care. May 2010. 55 (5). 569-577. h ps://pubmed.ncbi.nlm.nih.gov/20420727/
16

M Shigemura, e Lecuona et al. E ects of hypercapnia on the lung. J Physiol. Jan3 2017. 595 (8).
h ps://doi.org/10.1113/JP273781 h ps://physoc.onlinelibrary.wiley.com/doi/full/10.1113/JP273781
17

C Vohwinkel, E Lecuona et al. Elevated CO(2) levels cause mitochondrial dysfunc on and impair cell
prolifera on. J Biol Chem. Oct 28 2011. 286 (43). 37067-76. doi: 10.1074/jbc.M111.290056.
h ps://pubmed.ncbi.nlm.nih.gov/21903582/
18

C Kempeneers, C Seaton, et al. Ciliary func onal analysis: bea ng a path towards standardiza on. Pediatr
Pulmonol. Oct 2019. 54 (10). 1627-1638. h ps://doi.org/10.1002/ppul.24439
h ps://pubmed.ncbi.nlm.nih.gov/31313529/
19 E

Laserna, O Sibila, et al. Hypocapnia and hypercapnia are predictors for ICU admission and mortality in
hospitalized pa ents with community-acquired pneumonia. Chest. Nove 2012. 142 (5): 1193-1199. doi:
10.1378/chest.12-0576 h ps://pubmed.ncbi.nlm.nih.gov/22677348/
20

A Lardner. The e ects of extracellular pH on immune func on. J Leukoc Biol. Apr 2001. 69 (4). 522-30
h ps://pubmed.ncbi.nlm.nih.gov/11310837/
21 C

Lang, P Dong, et al. E ect of CO2 on LPS-induced cytokine responses in rats alveolar macrophages. Am J
Physiol Lung Cell Mol Physiol. Jul 2005. 289 (1). L96-L103. doi: 10.1152/ajplung.00394.2004
h ps://pubmed.ncbi.nlm.nih.gov/15778246/
22

S Casalino-Matsuda, N Wang, et al. Hypercapnia alters expression of immune response, nucleosome assembly
and lipid metabolism genes in di eren ated human bronchial epithelial cells. Sep 10 2018. Sci Rep. 13508.
h ps://www.nature.com/ar cles/s41598-018-32008-x
23

D O’Croinin, et al. Sustained hypercapnic acidosis during pulmonary infec on increases bacterial load and
worsens lung injury. Crit Care Med. 36. 2128-2135. h ps://doi.org/10.1097/CCM.0b013e31817d1b59
h ps://pubmed.ncbi.nlm.nih.gov/18552698/
24

B Borovoy, C Huber, Maria Crisler. Masks, false safety and real dangers, Part 2: Microbial challenges from
masks. Oct 2020. h ps://PDMJ.org
25

D Morens, J Taubenberger, et al. Predominant role of bacterial pneumonia as a cause of death in pandemic
in uenza: implica ons for pandemic in uenza preparedness. J Inf Dis. Octo 1 2008. 198 (7). 962-970.
h ps://doi.org/10.1086/591708. h ps://academic.oup.com/jid/ar cle/198/7/962/2192118

20

h ps://pdmj.org/papers/masks_false_safety_and_real_dangers_part3/

26

J Williams, J Cichowitz, et al. The physiological burden of prolonged PPE use on healthcare workers during long
shi s. US Centers for Disease Control (CDC) Na onal Ins tute of Occupa onal Safety and Health (NIOSH) Science
Blog. Jun 10 2020. h ps://blogs.cdc.gov/niosh-science-blog/2020/06/10/ppe-burden/
27

D Harmening. Clinical Hematology and Fundamentals of Hemostasis, 4 th ed. Davis Company. 2002. 349.

28

L Costanzo. Physiology. W B Saunders Company. 1998. 286-287.

29 A

Yartsev. Pharmacology of carbon dioxide. Deranged Physiology. h ps://derangedphysiology.com/main/cicmprimary-exam/required-reading/respiratory-system/Chapter%20311/pharmacology-carbon-dioxide
30

A Voulgaris, O Marrone, et al. Chronic kidney disease in pa ents with obstruc ve sleep apnea. A narra ve
review. Sleep Med Rev. 2019. 10 (47). 74-89. h ps://pubmed.ncbi.nlm.nih.gov/31376590/
31

Medicine Libre Texts. 6.4: Metabolic effects. Aug 13 2020.
h ps://med.libretexts.org/Bookshelves/Anatomy_and_Physiology/Book%3A_Acidbase_Physiology_(Brandis)/06%3A_Respiratory_Acidosis/6.04%3A_Metabolic_E ects
32

C Smith, J Whitelaw, et al. Carbon dioxide regreathing in respiratory protec ve devices: in uence of speech and
wor rate in full-face masks. Ergonomics. 2013. 56 (5): 781-790. h ps://pubmed.ncbi.nlm.nih.gov/23514282/
33

D Stevens, B Jackson, et al. The impact of obstruc ve sleep apnoea on balance, gait and falls risk: a narra ve
review of the literature. J Gerontol A Biol Sci Med Sci. Feb 2020. 10glaa014. Online ahead of print.
h ps://pubmed.ncbi.nlm.nih.gov/32039438/
34 E

Lim, R Seet, etal. Headaches and the N-95 face-mask amongst healthcare providers. Acta Neurol Scand Mar
2006. 113 (3). 199-202. doi: 10.1111/j.1600-0404.2005.00560.x h ps://pubmed.ncbi.nlm.nih.gov/16441251/
35

N Fabregas, J Fernández-Candil. Hypercapnia. Dec 2016. In book Complica ons in Neuroanesthesia. 157-168.
h ps://doi.org/10.1016/B978-0-12-804075-1.00020-1
h ps://www.sciencedirect.com/science/ar cle/pii/B9780128040751000201?via%3Dihub
36 J

Sayers, R Smith, et al. E ects of carbon dioxide on mental performance. J Appl Physiol. Jul 1985. 63 (1). 25-

30. doi: 10.1152/jappl.1987.63.1.25 h ps://pubmed.ncbi.nlm.nih.gov/3114218/
37

U Sa sh, M Mendell, et al. Is CO2 an indoor pollutant? Direct e ects of low-to-moderate CO2 concentra ons on
human decision-making performance. Environ Health Perspect. Dec 2012. 120 (12). 1671-1677.
h ps://dx.doi.org/10.1289%2Fehp.1104789 h ps://www.ncbi.nlm.nih.gov/pmc/ar cles/PMC3548274/
38 Y

Yang, C Sun, et al. The e ect of moderately increased CO2 concentra on on percep on of coherent mo on.
Aviat Space Environ Med. Mar 1997. 68 (3). 187-191. h ps://pubmed.ncbi.nlm.nih.gov/9056025/
39

K Azuma, N Kagi, et al. E ects of low-level inhala on exposure to carbon dioxide in indoor environments: A
short review on human health and psychomotor performance. Environ Int. Dec 2018. 121 (Pt1). 51-56. doi:
10.1016/j.envint.2018.08.059 h ps://pubmed.ncbi.nlm.nih.gov/30172928/
40

A Beder, U Buyukkocak, et al. Preliminary report on surgical mask induced deoxygena on during major surgery.
Neurocirugia 2008. 19. 121-126. h p://scielo.isciii.es/pdf/neuro/v19n2/3.pdf
41

T Kao, K Huang, et al. The physiological impact of wearing an N95 mask during hemodialysis as a precau on
against SARS in pa ents with end-stage renal disease. J Formos Med Assoc. Aug 2004. 103 (8). 624-628.
h ps://pubmed.ncbi.nlm.nih.gov/15340662/

21

h ps://pdmj.org/papers/masks_false_safety_and_real_dangers_part3/

42

Bureau of Labor Sta s cs. News Release. USDL-11-1247. Na onal Census of Fatal Occupational Injuries in
2010. Preliminary Results. Aug 25 2011.
h ps://scholar.google.com/scholar?cluster=5019350129886890079&hl=en&as_sdt=805&sciodt=0,3
43 D

Spelce, R McKay, et al. Respiratory protec on for oxygen de cient atmospheres. J Int Soc Respir Prot. 2016.
33 (2). h ps://www.ncbi.nlm.nih.gov/pmc/ar cles/PMC7183576/
44 K

Fedor. Noninvasive respiratory support in infants and children. Respiratory Care. Jun 2017. Vol 62 (6). 699717. doi: 10.4187/respcare.05244 h ps://pubmed.ncbi.nlm.nih.gov/28546373/
45

J Weinstein, J Smith. Pediatric BIPAP. J Emer Med Svcs. Sep 19 2019.
h ps://www.jems.com/2019/09/19/pediatric-bipap/
46

US Department of Labor, Occupational Safety & Health Administra on. Con ned or enclosed spaces and other
dangerous atmospheres >> Oxygen de cient or oxygen enriched atmospheres.
h ps://www.osha.gov/SLTC/etools/shipyard/shiprepair/con nedspace/oxygende cient.html
47

Z Zhaoshi. Poten al risks when some special people wear masks. No. 1 Dept of Neurology, The Third Hospital of
Jilin University. Apr 18 2020. h ps://jamanetwork.com/journals/jama/fullar cle/2764955
48

C Luther. OSHA oxygen concentra on standards. Sep 15 2020. h ps://work.chron.com/osha-oxygenconcentra on-standards-15047.html
49

D Spelce, R McKay, et al. Respiratory protec on for oxygen de cient atmospheres. J Int Soc Respir Prot. 2016.
33 (2). h ps://www.ncbi.nlm.nih.gov/pmc/ar cles/PMC7183576/
50

J Henry. Clinical Diagnosis and Management by Laboratory Methods. 19th ed. WB Saunders Co. © 1996. P. 86.

51

T Carbonell, R Rama. Respiratory hypoxia and oxida ve stress in the brain.Is the endogenous erythropoie n an
an oxidant? Current Chem Biol. 2009. 3 (3). h ps://doi.org/10.2174/2212796810903030238
h ps://www.eurekaselect.com/93407/ar cle/respiratory-hypoxia-and-oxida ve-stress-brain-endogenouserythropoie n-an oxidant
52

K Blomgren, H Hagberg. Free radicals, mitochondria and hypoxia-ischemia in the developing brain. Free radic
Biol Med. Feb 1 2006. 40 (3). 388-397. h ps://pubmed.ncbi.nlm.nih.gov/16443153/
53

G Padhy, A Gangwar, et al. Plasma kallikrein-bradykinin pathway promotes circulatory nitric oxide metabolite
availability during hypoxia. Nitric Oxide. Vol 55-56. May-June 2016. 36-44.
h ps://www.sciencedirect.com/science/ar cle/abs/pii/S1089860316300155
54

J Greenwod. Mechanisms of blood-brain barrier breakdown. Neuroradiology. 1991. 33 (2): 95-100. doi:
10.1007/BF00588242. h ps://pubmed.ncbi.nlm.nih.gov/2046916/
55

M Griesz-Brisson. Interview. Technocracy News. h ps://www.technocracy.news/german-neurologist-on-facemasks-oxygen-depriva on-causes-permanent-neurological-damage/
56

C St. Croix, B Morgan, et al. Fa guing inspiratory muscle work causes re ex sympathe c ac va on in humans. J
Physiol. Dec 1 2000. 529 Pt 2 (Pt 2). 493-504. doi: 10.1111/j.1469-7793.2000.00493.x.
h ps://pubmed.ncbi.nlm.nih.gov/11101657/

22

h ps://pdmj.org/papers/masks_false_safety_and_real_dangers_part3/

57

V Melnikov, V Divert, et al. Baseline values of cardiovascular and respiratory parameters predict response to
acute hypoxia in young healthy men. Physiol Res. 2017. 66 (3). 467-479.
h ps://pubmed.ncbi.nlm.nih.gov/28248531/
58

J Crawford, T Isbell, et al. Hypoxia, red blood cells, and nitrite regulate NO-dependent hypoxic vasodila on.
Blood. Jan 15 2006. 107 (2). 566-574. h ps://dx.doi.org/10.1182%2Fblood-2005-07-2668
h ps://www.ncbi.nlm.nih.gov/pmc/ar cles/PMC1895612/
59 J
60

Henry. Clinical Diagnosis and Management by Laboratory Methods. 19th ed. WB Saunders Co. © 1996. P. 599.

MedGen. Erythroid hyperplasia. h ps://www.ncbi.nlm.nih.gov/medgen/4536#rdis_1634824

61 D

Harmening. Clinical Hematology and Fundamentals of Hemostasis., 4 th ed. Davis Company. 2002. 348-349.

62

E Cummins, D Crean. Hypoxia and in ammatory bowel disease. Microbes and Infec on. 19 (3). March 2017.
210-221. h ps://www.sciencedirect.com/science/ar cle/abs/pii/S1286457916301319?via%3Dihub
63

N Zeitouni, S Cho katum, et al. The impact of hypoxia on intes nal epithelial cell func ons: consequences for
invasion by bacterial pathogens. Mol Cell Ped. 2016. 14. h ps://doi.org/10.1186/s40348-016-0041-y
h ps://molcellped.springeropen.com/ar cles/10.1186/s40348-016-0041-y
64

W Zhu. Should, and how can, exercise be done during a coronavirus outbreak? An interview with Dr. Je rey A
Woods. J Sport Health Sci. Mar 2020. 9 (2). 105-107. doi: 10.1016/j.jshs.2020.01.005.
h ps://pubmed.ncbi.nlm.nih.gov/32099717/
65 M

Hogan, R Cox, et al. Lactate accumula on during incremental exercise with varied inspired oxygen frac ons. J
Appl Physiol Respir Environ Exerc Physiol. Oct 1983. 55 (4). 1134-1140. doi: 10.1152/jappl.1983.55.4.1134
https://pubmed.ncbi.nlm.nih.gov/6629944/
66

O Warburg. On the origin of cancer cells. Science. Feb 24 1956. 123 (3191).
DOI:10.1126/science.123.3191.309. https://science.sciencemag.org/content/123/3191/309
67

O Warburg. On the origin of cancer cells. Science. Feb 24 1956. 123 (3191).
h ps://www.jstor.org/stable/1750066?seq=1
68

A Chambers, S Matosevic. Immunometabolic dysfunc on of natural killer cells mediated by the hypoxia-CD73
axis in solid tumors. Front Mol Biosci. 2019. 6 (60). Jul 24 2019.
h ps://dx.doi.org/10.3389%2Ffmolb.2019.00060 h ps://www.ncbi.nlm.nih.gov/pmc/ar cles/PMC6668567/
69 G

Cri enden. Is your mask giving you lung cancer? Oct 21 2020. h ps://neverb4.net/is-your-mask-giving-youlung-cancer/
70

M Chua, W Cheng, et al. Face masks in the new COVID-19 normal: materials, tes ng and perspec ves. Research
(Wash DC) Aug 7 2020. h ps://dx.doi.org/10.34133%2F2020%2F7286735
h ps://www.ncbi.nlm.nih.gov/pmc/ar cles/PMC7429109/
71 Solvay.

Material for Covid-19 PPE and medical equipment: N-95 masks. h ps://www.solvay.com/en/chemicalcategories/specialty-polymers/healthcare/medical-equipment-emergency-produc on/n95-masks
72 M

Chua, W Cheng, et al. Face masks in the new COVID-19 normal: materials, tes ng and perspec ves. Research
(Wash DC) Aug 7 2020. h ps://dx.doi.org/10.34133%2F2020%2F7286735
h ps://www.ncbi.nlm.nih.gov/pmc/ar cles/PMC7429109/

23

h ps://pdmj.org/papers/masks_false_safety_and_real_dangers_part3/

73

P Pierozan, F Jemeren, et al. Per uorooctanoic acid (PFOA) exposure promotes proliferation, migra on and
invasion poten al in human breast epithelial cells. Arch Toxicol. 2018. (92 (5). 1729-1739. Mar 3 2018.
h ps://dx.doi.org/10.1007%2Fs00204-018-2181-4 h ps://www.ncbi.nlm.nih.gov/pmc/ar cles/PMC5962621/
74 K

Steenland, T Fletcher, et al. Epidemiologic evidence on the health e ects of per uorooctanoic acid (PFOA).
Environ Health Perspect. Aug 2010. 118 (8): 1100-1108. h ps://dx.doi.org/10.1289%2Fehp.0901827
h ps://www.ncbi.nlm.nih.gov/pmc/ar cles/PMC2920088/
75

D Lukashev, B Klebanov. Cu ng edge: Hypoxia-inducible factor 1alpha and its ac va on- inducible short
isoform I.1 nega vely regulate func ons of CD4+ and CD8+ T lymphocytes. J Immun. Oct 15 2006. 177 (8). 4962 –
4965. DOI: h ps://doi.org/10.4049/jimmunol.177.8.4962
h ps://www.jimmunol.org/content/177/8/4962
76

A Sant, A McMichael. Revealing the role of CD-4+ T cells in viral immunity. J Exp Med. Jul 30 2012. 209 (8).
h ps://dx.doi.org/10.1084%2Fjem.20121517 h ps://www.ncbi.nlm.nih.gov/pmc/ar cles/PMC3420330/
77

B Borovoy, C Huber, Maria Crisler. Masks, false safety and real dangers, Part 2: Microbial challenges from
masks. Oct 2020. h ps://PDMJ.org
78

J Lan, Z Song, et al. Research le er: Skin damage among health care workers managing coronavirus disease2019. Mar 9 2020. J Am Acad Dermatol. 82 (5). 1215-1216.
h ps://www.jaad.org/ar cle/S0190-9622(20)30392-3/pdf
79

US Food and Drug Administra on. De ni on of a medical device. Sec on 201(h).
h ps://www.fda.gov/media/131268/download
80

US Food and Drug Administra on. Medical device overview.
h ps://www.fda.gov/industry/regulated-products/medical-deviceoverview#What%20is%20a%20medical%20device
81

Us Food and Drug Administration. “Who can write a prescription for a medical device?”
h ps://www.fda.gov/medical-devices/home-use-devices/frequently-asked-ques ons-about-home-use-devices#5
82

E Sinkule, J Powell, et al. Evalua on of N95 respirator use with a surgical mask cover: effects on breathing
resistance and inhaled carbon dioxide. [Table 4] Ann Occup Hygiene. Oct 29 2012. 57 (3). 384-398.
h ps://doi.org/10.1093/annhyg/mes068 h ps://academic.oup.com/annweh/ar cle/57/3/384/230992
83 Z

Zhaoshi. Poten al risks when some special people wear masks. No. 1 Dept of Neurology, The Third Hospital of
Jilin University. Apr 18 2020. h ps://jamanetwork.com/journals/jama/fullar cle/2764955

24

