
Hypothesis (and premise) for etiology of vaper’s lung (EVALI)

Jennifer K. Herman

www.hermanlab.com

jkherman.fud@gmail.com

http://www.hermanlab.com/


The following can be extracted with R134a (solvent/refrigerant/propellent):

1. Cannabinoids (THC/CBD oil) 

2. Flavorants (eg limonene, mango, coconut)

3. Oils, vitamins (eg. tocopherols)

Links to sites describing the use of R134 as the solvent to extract cannabinoids:

Extraction Magazine

There is an established link between eosinophilic pneumonia and  HFC134a

https://www.ncbi.nlm.nih.gov/pubmed/?term=17827848

https://www.researchgate.net/publication/265251832_Use_of_Supercritical_CO2_and_R134a_as_Solvent_for_Extraction_of_b-Carotene_and_a-Tocopherols_from_Crude_Palm_Oil_A_Review
https://extractionmagazine.com/2019/11/30/1112-tetrafluoroethane-r134a-for-cannabis-extraction
https://www.ncbi.nlm.nih.gov/pubmed/?term=17827848


Several companies sell extractors that use HFC134a (aka R134a) as the solvent

Below is one such company:
http://www.thepure5.com/cannabisIndustry

http://www.thepure5.com/cannabisIndustry


Example links:

Future4200

Reddit Cannibis Extraction

It is also easy to find links to producers explaining how to "do-it-yourself” 

https://future4200.com/t/r134a-hemp-and-cannabis-extraction-advice-and-comments/6279
https://www.reddit.com/r/CannabisExtracts/comments/83s6m4/lpe_r134a_extractions_can_anyone_shed_some_light/


https://www.ncbi.nlm.nih.gov/pubmed/17827848

The link below reports a case where a woman developed a hypersensitivity to R134a 
(1,1,1,2-tetrafluoroethane) that resulted in eosinophilic pneumonia.

https://www.ncbi.nlm.nih.gov/pubmed/17827848


Example warning on packaging of mdi-administered corticosteroids AND 

Leukotriene receptor antagonists (this one is from “Flovent”)

There is also a link between development of eosinophilic pneumonia 

and eosinophilic diseases (such as EPGA) & use of metered dosed 

inhalers utilizing R134a as a propellant



https://www.ncbi.nlm.nih.gov/pubmed/?term=8832493

In one of the original studies demonstrating the safety of R134a as a 

replacement for CFCs used in mdis (a change required by the Montreal 

protocol) showed a study participant developing eosinophilia. A link to 

that study is below.

https://www.ncbi.nlm.nih.gov/pubmed/?term=8832493


https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=GRASNotices&id=82

The FDA granted R134a "Generally Recognized as Safe" (GRAS) status. It's now used as 
a solvent to extract flavorants used in foods & vaping products

If you are a doctor treating the emerging eosinophlic GI diseases (eg eosinophilic 
esophagitis), take note

https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=GRASNotices&id=82


https://pubs.acs.org/doi/abs/10.1021/bk-2005-0908.ch003

https://pubs.acs.org/doi/abs/10.1021/bk-2005-0908.ch003


pubmed	-	eosinophilic	esophagitis

year count
2019 223

2018 320

2017 261

2016 252

2015 260

2014 239

2013 190

2012 164

2011 145

2010 112

2009 114

2008 95

2007 77
2006 67

2005 39

2004 32

2003 21

2002 15

2001 10

2000 10

1999 4

1998 7

1997 6

1996 4

1995 2
1994 1

1993 3

1987 1

1985 2

1984 3
1983 1

1982 1

1981 1

1978 1

1976 1

HFA 134 given GRAS status (deregulation)

The FDA approved HFC 134a as a food-grade item.  It is used as a 
solvent to extract flavors (eg. from vanilla beans) and in some cases 
for the purification of pharmaceuticals.  In 2002, it was granted 
GRAS status. One cannot help but think of the sudden increase in 
incidence of eosinophilic GI diseases during this time frame.  HFC 
134a is also used to extract fragrances for perfumes, as the 
propellant in many aerosols (computer dusters, household cleaners, 
etc...) and in air conditioning systems (eg: automobile).  It is 
impossible to avoid.



2020, we now have Vaper’s lung (EVALI/VALI/VAPI)



The hypothesis:

Exposure to HFC 134a formulation promotes development of hypersensitivity rxns

(Type I – IV & autoimmune)



What is HFC 134a (1,1,1,2-Tetrafluoroethane)?

• Produced by Dupont (Chemours), Solvay, Ineos Fluor → Mexichem 

• non-toxic

• Eliminated quickly from blood when inhaled
• P450 oxidized metabolites considered to be non-reactive

• Excellent solvent and propellent



HFC 134a

HFC134a is structurally similar to anesthetic haloethane

Haloethane is capable of forming a reactive aldehyde (after oxidation by P450s) that can then 

trifluoroacetylate proteins.  Trifluoro groups are recognized as foreign by the immune system and can 
be the basis for both IgE and IgG mediated antibody responses.  

Haloethane/drug rxn researchers think a hypersensitivity response to trifluoroacetylated proteins is what 
leads to the rare DRESS response (the reason haloethane was taken off the market)



Reactive aldehyde

Haloethane anesthetic taken off market due to rare DRESS response



But HFC134a should be relative inert and not form a reactive aldehyde like 

haloethane. So what could be the mechanism?

One possibility came to me reading a note from a clinician that noticed when patients were 
administered albuterol via metered inhaler during anesthesia, the gas showed up as haloethane on 
their monitor.  

They did not use haloethane in their hospital (as it was taken off the market many years prior due the 

DRESS response).  The authors concluded the haloethane reading was due to the similar structure of 
HFC 134a to haloethane.

“A bright red rectangle with halothane printed 
in black popped on the monitor screen. 
Nothing abnormal, except that halothane is 
not available in our operation theatre (OT) 
for a decade now. We use only isoflurane, 
sevoflurane and desflurane as inhalational 
anaesthetics yet the machine was falsely 
reading halothane.”

From talking with several spectroscopists, they thought it was highly unlikely the instrument could confuse 

HFC-134a and haloethane, but that haloethane and HCFC 124 (a common impurity in HFC 134a 
preparations) might be indistinguishable.



HCFC 124 
(impurity)

HFC 134a

Haloethane and HCFC 124 (a common impurity in HFC 134a preparations) differ only 
by a Br vs a Fl and could be indistinguishable by low res IR spectroscopy



• HFA 134 purity varies by batch

• HCFC 124 has immune reactive potential

There is (documented) large batch-to-batch variability in the presence of HCFC124 in 
production of HFC 134a

HCFC-124 is found at variable concentrations in the starting material for generating 
the purified propellant - it used to be a problem impurity, and companies like Solvay 
(who produce HFC 134a for metered dose inhalers along) claim they have been able 
to reduce its presence to undetectable levels.





Companies appealed to the FDA to be exempted from monitoring for presence of impurities based on the well 

documented "toxicological" safety of HFA 134a.  I have been unable to locate the current FDA reporting 
requirements for purity of HFC 134a (pharmaceutical or that used in air conditioning for example). Hopefully 
someone at FDA can do this.  

It appears the FDA never set more than a "guideline" in the first place because of the GRAS status of CFCs 

and later HFCs.  When the switch to HFC's happened in the early 2000’s (because of the Montreal Protocol) 
there may have been some regulatory balls dropped.





HCFC-124, similar to haloethane, can be converted to a reactive aldehyde by P450s 
and in this form would be capable of trifluoroacetylating proteins (or other 
molecules).

 If HCFC 124 is present and promoting disease, my guess is that unlike haloethane 
(maybe the absence of the bromine) this is done by P450s present along mucosal 
surfaces (lung, GI tract) and where exposure is greatest (inhalation, ingestion), rather 
than going to the liver (as haloethane does).  I think CYP2E1 is a likely candidate 
because of the location of the symptoms of eosinophilic asthma and EPGA, and 
because of the leydig tumors seen in the toxicology studies on mice exposed to high 
doses of R134a.



HCFC 124

CYP2E1 ?

TISSUES WHERE CYP2E1 is expressed

Reactive aldehyde

lungs, mucosal surfaces, GI tract, kidneys

For HCFC124, development of Type I-IV hypersensitivity reactions and autoimmune disease: eosinophilic pneumonia, acute hypersensitivity 
pneumocystis, DRESS-like responses, hypereosinophilic syndrome, Churg-Strauss, asthma, eosinophilic GI disease, etc….

http://www.proteinatlas.org/ENSG00000130649-CYP2E1/tissue/primary+data


The take-home messages

Studies on the safety of R134 primarily focused on toxicology.  There is a clear connection between developing 

hypereosinophilic syndrome/Churg-Strauss/EPGA and inhaled corticosteroids; this is often written off as forme fruste (ie the 

individuals taking the inhalers were on the road to disease regardless), but this does not explain half the cases of people that were 
never on oral steroids, indicating that this hypothesis is either incorrect or incomplete.

Even if this is all very unlikely (that the propellant is causing pathology) AND it goes against the dogma that the 

propellants are safe (totally open to this idea), I feel a responsibility as a scientist to push this issue. When the toxicity 

studies were performed, no one was thinking about allergy (or autoimmunity), which could take years to develop, especially given 
the low daily exposure and volatility of the substances and the relative rarity with which people develop allergy.  There is more than 

enough data out there to make a case for investigating further, and this is based only on research I have done as a non-expert in 
the field.

If the propellent/solvent is leading to allergic responses it seems to have mostly Type I characteristics for eosinophilic 
asthmatics, but I think for at least some people that have more systematic eosinophilic symptoms (eg. the idiopathic 

hypereosinophilic variety, EPGA, and some of the pneumonias seen in EVALI cases), there is a possibility that they have 
developed a delayed-type hypersensitivity reaction (or combination of Type III/Type IV) that seems to mainly affect mucosal 

surfaces following inhalation/ingestion (lung, GI, skin). I've been thinking about iHES/EPGA because of the epidemiological data, 

but given the proposed mechanism (more on that below), this could be generalizable to other immune-based, including 
autoimmune diseases (celiac, lupus, scleroderma, hypothyroiditis, etc).

My major concern is asthmatics because of the chronic daily exposure (inhaled steroids are usually taken morning and night, with 

albuterol as-needed). However, now everyone has access to over-the-counter metered nose spray (eg. Flonase), and this has me 

particularly concerned - especially for anyone using them long term (months-->years).  Now there is Children's Flonase (for age 
4+). Sometimes this stuff keeps me up at night. Should we be taking these risks before more studies when there are nebulizers and 

powder-based inhalers available? I also worry that the introduction of HFC 134a into the food supply is a giant, potentially scary 
experiment. 

The lung vaping disease presents as diverse pneumonias, suggesting there is not a single etiology. This is inconsistent 
with the idea that Vitamin E acetate itself is responsible for the pneumonias (Tocopherols, btw, can also be extracted with 

R134a). Moreover, there is a very obvious connection to R134a and the extraction of cannabinoids.  Some individuals in the 
threads alluded to using R134a intended for car air conditioners (expected to have much more of the HCFC 124 impurity) The 

cases are generally acute and respond to corticosteroids, consistent with development of severe allergy. 

Please forward this communication to anyone you know that might be able to look into this further – including physicians. At a 

minimum it will plant a seed; an extra variable to consider and be cognizant of when treating patients. Even if the hypothesis is 
incorrect and everything turns out to be safe, it will do no harm.



What about Vitamin E acetate?

How (from a mechanistic standpoint) the Vitamin E acetate could directly cause all of the observed 
pathologies is quite unclear to me. I am open to this hypothesis, but it leaves many questions 

unanswered.

1) Why is EVALI rare compared to the number of vapers? (even among those using illicit THC). People 
use the language “a bad batch” but is a bad batch any oil with Vitamin E acetate? If that is the case, why 
do some individuals using identically sourced products (including the same batches of CBC oils) develop 

illness but not others? (I think this suggests it is not an irritant and is instead consistent with the 
development of hypersensitivity in only a subset. Developing an aller)

2) How does one account for the nicotine-only cases? (10-33% depending on reports, more in Canada) - 
one has to assume that 100% of those individuals were dishonest about use their use of illicit 

substances. I concede some certainly were, but 100% seems highly unlikely.

3) Why do there appear to be different kinds of lung disease (sometimes eosinophilic pneumonia, 
sometimes hypersensitivity pneumonitis, sometimes lipoid-like pneumonia, etc…. My hypothesis is that it 
is due to the different types of hypersensitivities that develop (and the mechanism I propose accounts for 

that).

From scanning the news, a large sector of the public (especially the vaping public) and the tobacco 
industry have decided that Vitamin E acetate is the culprit compound, and they are extremely unhappy 
that the FDA/CDC will not use language to concede this point. While it is strongly correlated, I am not yet 

convinced. It could be correlated for the simple reason that producers using R134a to extract 
cannabinoids also generally also use(d) Vitamin E acetate as a cutting agent. It’s potentially dangerous 

not to account for the discrepancies in the current hypothesis (THC & VitE acetate) going forward.

The dearth of regulation on devices and ingredients (especially flavorings) in legal products & has me 

concerned.
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