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Abstract

Some firms and marketers of electronic cigarettes (e-cigarettes; a type of electronic
nicotine delivery system (ENDS)) and refill liquids (e-liquids) have made claims about the
safety of ingredients used in their products based on the term “GRAS or Generally
Recognized As Safe” (GRAS). However, GRAS is a provision within the definition of a food
additive under section 201(s) (21 U.S.C. 321(s)) of the U.S. Federal Food Drug and Cosmetic
Act (FD&C Act). Food additives and GRAS substances are by the FD&C Act definition
intended for use in food, thus safety is based on oral consumption; the term GRAS cannot
serve as an indicator of the toxicity of e-cigarette ingredients when aerosolized and inhaled
(i.e., vaped). There is no legal or scientific support for labeling e-cigarette product ingredients
as “GRAS”. This review discusses our concerns with the GRAS provision being applied to e-
cigarette products and provides examples of chemical compounds that have been used as
food ingredients but have been shown to lead to adverse health effects when inhaled. The
review provides scientific insight into the toxicological evaluation of e-liquid ingredients and
their aerosols to help determine the potential respiratory risks associated with their use in e-
cigarettes.

Implications. The rise in prevalence of e-cigarette use and emerging evidence of adverse
effects, particularly on lung health, warrant assessing all aspects of e-cigarette toxicity. One
development is manufacturers’ stated or implied claims of the safety of using e-cigarette
products containing ingredients determined to be “Generally Recognized As Safe” (GRAS)
for use in food. Such claims, typically placed on e-cigarette product labels and used in
marketing, are unfounded, as pointed out by the United States Food and Drug Administration
(FDA)" and the Flavor and Extract Manufacturers Association (FEMA)?. Assessment of
inhalation health risks of all ingredients used in e-liquids, including those claimed to be
GRAS, is warranted.

Keywords: Generally recognized as safe (GRAS), E-cigarette, ENDS, Flavors, Humectants,
Inhalation Toxicity
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Electronic cigarettes (e-cigarettes; a type of electronic nicotine delivery system
(ENDS)) are devices that generate inhalable aerosols by electrically heating solutions (e-
liquids) typically containing the solvents propylene glycol (PG) and glycerol (GL), various
concentrations of nicotine, organic acids in the case of nicotine salt formulations, flavoring
chemicals (flavorants), and sometimes other ingredients such as color additives, vitamins, and
natural and synthetic sweeteners.>* E-cigarette use, often referred to as “vaping”, has become
prevalent among smokers and nonsmokers across the globe.>®

The global increase in the popularity of vaping, particularly among youth, is a serious
public health problem.” In the United States (U.S.), during 2020-2021, the U.S. Centers for
Disease Control and Prevention (CDC) via the National Health Interview Survey (NHIS)
estimated that the prevalence of current e-cigarette use among U.S. adults (>18 years)
increased significantly from 3.7% (9.1 million) to 4.5% (11.1 million), with the highest rate
(9.4% in 2020 and 11% in 2021) reported by young adults (18-24 years).”® The 2022 U.S.
National Youth Tobacco Survey (NYTS) demonstrated that e-cigarettes were the most
commonly used tobacco product among high school and middle school students.® The 2022
NYTS data indicated that 28.9% (4.41 million) of high school students and 8.5% (1.01
million) of middle school students (overall, 5.45 million) had ever used e-cigarettes.*
Furthermore, 14.1% (2.14 million) of high school students and 3.3% (380,000) of middle
school students (overall, 2.55 million) reported current e-cigarette use,” of whom 84.9% used
flavored e-cigarettes; the most commonly used flavor type was fruit (69.1%), followed by
candy, desserts, and other sweets (38.3%), mint (29.4%), and menthol (26.6%)."* Nationally
representative studies document that flavors are consistently the top reason youth use
ENDS.'13

The perception of e-cigarettes as reduced- or low-harm products significantly

predicted adolescent and young adult initiation of their use™* despite growing evidence that e-

202 KBIN 8Z U0 159NB Aq $/9089//€Z L S€IU/IU/EE0L 0 L/10P/3[OILE-8OUBADE/I)U/LI0D dNODIUSPEDE//:SA]Y WO, POPEOJUMO(



cigarettes are not risk-free.>*>'® While long-term adverse health effects of using e-cigarettes
are not yet known, their use has been associated with lung inflammation and oxidative stress,
deoxyribonucleic acid (DNA) damage, endothelial dysfunction, arterial stiffness, and
susceptibility to cardiovascular and pulmonary diseases.™>*"® Emerging evidence of possible
adverse short-term health effects of e-cigarettes, particularly on lung health, and the unknown
health effects from long-term use, warrant the assessment of all aspects of their toxicity.>*°

Some companies manufacture, market, and sell e-cigarettes and refill liquids (e-
liquids) containing ingredients that they label as “Generally Recognized As Safe” (GRAS).
However, GRAS is a provision within the definition of a food additive from sections 201(s)
of the U.S. Federal Food Drug and Cosmetic Act (FD&C Act) that states that “any substance
that is intentionally added to food is a food additive that is subject to premarket review and
approval by United States Food and Drug Administration (FDA), unless the substance is
generally recognized, among qualified experts, as having been adequately shown to be safe
under the conditions of its intended use, or unless the use of the substance is otherwise
excepted from the definition of a food additive.”?® Hereafter, the term GRAS appears in
quotes (i.e., “GRAS”) to designate instances in which the term has been inappropriately used
to label tobacco products.

The Flavor and Extract Manufacturers Association (FEMA), a national association of
the U.S. flavor industry, performs GRAS determinations of flavor ingredients independent of
the FDA and has clarified that the FEMA GRAS program assesses only the safety of food
ingredients that are ingested and not ingredients that are inhaled.” Figure 1 is an example of
how manufacturers use the “GRAS” term to inform the general public that “all chemicals”
contained in the e-liquid are supposedly “generally recognized as safe by the FDA for human
ingestion”.?! This labeling statement is problematic in several ways: (1) Some ingredients of

e-liquids, such as nicotine, have not been concluded to be GRAS for use in food by FDA or
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FEMA — this labeling indicates that all ingredients are “GRAS”; (2) Using the “GRAS” term
on labels or in marketing for e-cigarette products may lead to a misperception that the
products are safe; and (3) By definition in the FD&C Act, the GRAS provision applies only
to ingredients added to food.

Exposure pathway (e.g., dermal, inhalation, ingestion) is a critical component in
determining the toxicity of a chemical compound. Evidence of inhalation toxicity should be
examined when determining the safety of e-liquid ingredients and corresponding emissions.
However, current data are limited regarding the potential adverse acute and chronic health
effects of inhaling aerosols of the e-liquid ingredients, either alone or in combination, and
regarding how frequency of use may contribute to those effects.

This review discusses our concerns with the GRAS provision being applied to e-
cigarette products and provides examples of chemical compounds that have been used as
food ingredients but have been shown to lead to adverse health effects when inhaled. The
review provides scientific insight into the toxicological evaluation of e-liquid ingredients and
their aerosols to help determine the potential respiratory risks associated with their use in e-
cigarettes.

The Generally Recognized As Safe (GRAS) Provision

GRAS is a provision within the definition of a food additive in the FD&C Act. As
stated in FDA’s GRAS Final Rule (81 FR 54960), under section 201(s) of the FD&C Act, it
is the use of a substance, rather than the substance itself, that is eligible for GRAS status.?
Per the Final Rule, “General recognition of safety requires common knowledge, throughout
the expert scientific community knowledgeable about the safety of substances directly or
indirectly added to food, that there is a reasonable certainty that the substance is not harmful
under the conditions of its intended use.”? In addition, the FDA has published guidance

about the regulatory framework for substances intended for use in human food on the basis of
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the GRAS provision and has information available about the history of GRAS.?**® Some of
the different ways in which substances may be given the GRAS provision are described in
Table 1.

In 21 Code of Federal Regulations (CFR) 170.3(m), food is defined as “human food,
substances migrating to food from food-contact articles, pet food, and animal feed.”?*
Therefore, the regulations and guidance are clear that ENDS products are not included in the
legal definition of food or categories of food. Since GRAS only applies to substances
intended to be directly added to food with an estimated dietary exposure, technical effect in
food, and specific use levels to certain food categories, it is not possible to extrapolate the
“intended conditions of use” of the GRAS substance to an ingredient added to and used in e-
cigarettes. E-cigarettes are tobacco products, not food, and thus are regulated differently.
Heating and aerosolizing the e-liquid in an e-cigarette may alter the level of exposure to any
substance in the e-liquid and may result in exposure to any degradation products of that
substance.

GRAS Substances and Adverse Effects via Inhalation

Clapp et al. (2020) suggested amending Paracelsus' dictum of the “dose makes the
poison” to also include “the route of exposure makes the poison.”® Many ingested
substances, for example, are broken down by metabolizing and detoxifying enzymes in the
gastrointestinal tract and liver. In the case of inhalation, although the lungs possess different
metabolic and defense mechanisms, it is generally unclear how and to what extent sensitive
lung tissue is negatively impacted by vaping-related exposures.

The inhalation of e-cigarette aerosol exposes lung tissue to multiple chemicals
including nicotine, PG, GL, and flavorants. Inhalation exposures to these chemicals are not
part of the criteria used by the FEMA expert panel in the GRAS safety evaluation process,

meaning that chemicals on FEMA’s GRAS list have not been assessed for potential

202 KBIN 8Z U0 159NB Aq $/9089//€Z L S€IU/IU/EE0L 0 L/10P/3[OILE-8OUBADE/I)U/LI0D dNODIUSPEDE//:SA]Y WO, POPEOJUMO(



respiratory toxicity, and certainly not for addition to e-cigarettes.”®?

Vitamin E acetate (21 CFR 182.8892 a-Tocopherol acetate) is an example of an
important nutrient and a common food additive that is listed as GRAS but was linked to lung
injuries in the 2019-2020 U.S. EVALI (e-cigarette, or vaping, product use-associated lung
injury) outbreak.”® Amid the outbreak, the FDA and CDC found an association between
EVALI and vitamin E acetate exposure, due to its use as a diluent in some THC-containing
vaped products.?® Although the specific cause of EVALI was not established, analysis of
patient samples implicated Vitamin E acetate as having a role in lung damage.*® This is an
example of how a GRAS ingredient could become harmful when exposure occurs outside of
the intended conditions of use (i.e., inhaled not ingested).

GRAS Flavors in E-cigarette Products

National data show that in 2022, 2.55 million U.S. middle and high school students
reported current e-cigarette use, of whom most (84.7% and 84.9%, respectively) reported
using the flavored varieties (fruit; candy, desserts, or other sweets; mint; and menthol).*3*2
The availability of flavored products is a primary reason for using e-cigarettes, particularly
among youth.>* E-liquids for disposable and refillable e-cigarettes are available in numerous
flavors.® These products often contain a variety of flavorants, yet for most, inhalation safety
has not been determined. At present, firms may choose which ingredients they believe are
appropriate; however, the scientific review of premarket tobacco product applications
includes an evaluation of the product formulation and potential health risks of inhaled
flavorants.*

While several of the flavorants used in e-liquids may be GRAS for use as flavors in
food, a reference to their GRAS regulatory status does not contribute to understanding the
health risks of e-cigarette products. GRAS regulatory status as an ingredient added to food

cannot be used to determine or characterize the toxicological profile of e-liquid flavorants or
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other ingredients upon inhalation from e-cigarettes. Referring to GRAS regulations or other
GRAS conclusions such as performed by FEMA to establish a risk profile or characterize the
potential toxicity of e-cigarette use is inappropriate because e-cigarettes are not meant to be
ingested. In fact, some flavored e-cigarettes have been reported to induce more toxic effects
than the non-flavored type in cell culture (non-inhalation model) and mice studies (inhalation
model).***® Some common e-liquid flavorants that are GRAS by regulation or other GRAS
conclusions for oral ingestion via addition to food but are known to be associated with
inhalation toxicity include benzaldehyde (cherry/almond flavor), cinnamaldehyde (cinnamon
flavor), ethyl vanillin (vanilla flavor), and diacetyl (buttery flavor).*”*° Benzaldehyde, for
example, has been shown to serve as a precursor to benzene when used in some e-cigarettes,
and benzene is one of FDA’s published Harmful and Potentially Harmful Constituents
(HPHCs) in tobacco products and tobacco smoke.*!*2

Table 2 contains more examples and detailed information on chemicals that are listed
in FDA’s GRAS regulations for use in food,?* yet are potentially hazardous when used in e-
cigarettes. One substance in Table 2, diacetyl, is the established causative agent of
bronchiolitis obliterans (popcorn lung) upon inhalation, yet a safe compound when
ingested.**** Another is triacetin, which is used to enhance the flavor and/or physical
properties of food formulations and has been found to catalyze the formation of aldehyde
toxicants.*® Lipids and oils, such as decanal, should never be used in a product intended for
inhalation without rigorous safety testing, since such compounds are widely known to cause
lipoid pneumonia upon inhalation.*® Overall, the substances listed in Table 2 can potentially
cause significant harm when used in e-cigarettes via pro-inflammatory effects as well as
immune suppression, respiratory tract irritation, and cytotoxicity.

An analysis of the thermal degradation of the e-cigarette flavorants cinnamaldehyde,

vanillin, eugenol, and menthol (all listed in FDA’s GRAS regulations for flavoring use)
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showed that, depending on the operating temperature of the e-cigarette, these flavorants could
lead to significant increases in emitted levels of toxicants in aerosol such as formaldehyde,
acetaldehyde, and benzene.*” These observations are further evidence that the safety of use
implied by the GRAS term cannot be extrapolated to inhalation use. In addition, compounds
listed as GRAS in FDA’s regulations or concluded to be GRAS by FEMA, can undergo
pyrolysis and pyrosynthesis in e-cigarettes, leading to potentially problematic breakdown
products.*® Generally, the extent of thermal degradation of flavorants depends on device
parameters such as resistance, voltage output, resulting power output, and wicking efficiency,
as well as user puffing behavior such as flow rate and puff length. Taken together, the
inhalation health risks shown for these substances present a sharp contrast to the relatively
innocuous properties that these substances have under conditions of intended use in food
products.

Other GRAS substances used as Solvents in E-cigarettes

In addition to numerous flavorants and additives used in e-cigarettes, the solvents PG
and GL, regulated as GRAS for use in food (21 CFR 184.1666 and 21 CFR 182.1320,
respectively), are the major e-liquid constituents. Several studies have shown that heating PG
and GL during e-cigarette use can result in their partial thermal degradation to HPHCs and
toxicants such as formaldehyde, acetaldehyde, glycolaldehyde, hydroxyaldehyde, glyoxal,
propanal, and acrolein.**** The extent of the thermal degradation of PG and GL depends on
the operating parameters of the e-cigarette.>>**

PG is easily absorbed by oral and dermal routes and metabolized into lactic acid,
among other chemicals.>® While the exposure limits are unclear, the Occupational Safety and
Health Administration (OSHA) has established an 8-hour threshold limit of 3.2 ppm or 10
mg/m3.>° In e-cigarette users, these levels may be exceeded depending on vaping frequency

and puffing topography. Inhalation of PG aerosols by humans has been associated with
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irritation of the respiratory airways and throat.>” In addition, PG aerosol has been identified
by the Agency for Toxic Substances and Disease Registry (ATSDR) as having potential
adverse respiratory effects.”® While PG is considered safe as a food ingredient with a dietary
limit of 25 mg/kg body weight for humans (Lethal Dose (LD)s of 20 g/kg body weight in

59,60

rodents), its cardiopulmonary safety is ambiguous, as respiratory allergic responses,

alterations in goblet cells, and adverse hemodynamic effects have been observed in acute
toxicity studies in animals.®*®

GL has an exposure limit of 15 mg/m* by OSHA over an 8-hour Time-Weighted
Average,® and is considered safe for consumption orally (LDs, of approximately 2.53 to 37.7
g/kg body weight in rodents).®® Inhalation studies in animals have shown squamous
metaplasia effects with a no-observed-adverse-effect-level of 0.167 mg/L in rodents.”
Additional recent studies have shown that exposure to e-cigarette solvents increases urinary
acetate levels associated with pulmonary irritant responses and endothelial dysfunction.®

Unexpectedly, in vivo inhalation of PG and GL, and not nicotine, can affect the
expression of circadian molecular clock genes that affect the circadian rhythmicity.®? The
physicochemical properties of PG and GL also impact aerosol particle size and distribution in
the respiratory tract.* Further, PG and GL can exhibit molecular interactions with lung
surfactant proteins and lipids such as phosphatidylcholines. Based on the current
understanding of the acute and chronic toxicity of reactive carbonyl compounds and oxidative
damage promoted by PG and GL during e-cigarette use, the inhalation safety of vaping PG
and GL must be re-evaluated using target organ toxicological and pharmacokinetic studies.
Interaction of GRAS Ingredients with Nicotine

In puffing machine-generated e-cigarette aerosols, nicotine yield is influenced by
device type (e.g., tank style vs. mod/pod), operational settings (e.g., power output), user

vaping topography (e.g., puff duration and frequency), ratio of nicotine form, flavorant
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presence, and e-liquid solvent ratio (e.g., PG/GL).%>® PG and GL, while listed as GRAS in
food under conditions of their intended use, are documented to interact with nicotine to
impact the physical properties of e-cigarette aerosols such as particle size, and consequently
the depth of pulmonary deposition and interactions of the aerosol components with the
respiratory tract cells.®’

In e-liquids, the ratio of unprotonated free-base nicotine to protonated nicotine is
variable and determined by the pH, which in turn is defined by the amount and nature of
organic acid used as counterion, the ratio of PG and GL, and the presence of flavoring
chemicals.®®®® ™ E-liquids with a PG content > 70% aerosolize faster and lead to greater
nicotine concentration in the e-cigarette aerosol than e-liquids with higher proportions of
GL." This was further confirmed in e-cigarette users where e-liquids with higher contents of
PG were associated with increased nicotine delivery.”"

Toxicity of Other Food Ingredients

In addition to solvents and flavor substances regulated by FDA as GRAS for use in
food,” there are other ingredients used in food that are sometimes used in e-cigarette
products, such as color additives, vitamins, and sweeteners. These compounds have received

relatively little attention in the context of their use in e-cigarette products.

Color Additives

Colored e-liquids and aerosols augment the sensory appeal of flavored e-cigarettes;
however, we are aware of only one peer-reviewed study focused on the determination of
synthetic food dye ingredients in e-cigarettes. The researchers found Allura Red AC and
Brilliant Blue FCF in red and blue e-liquids and the pair Tartrazine and Brilliant Blue FCF in
green e-liquids.” Concentration of the dyes were relatively low and a user would have to
consume e-liquids on the scale of kg/day to exceed the acceptable daily intake (ADI)

thresholds set by the Joint Expert Committee on Food Additives (JECFA).”®"’
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However, the ADI is generally based on oral ingestion and determined levels are thus
not based on toxicological inhalation data. In addition, ADI levels do not consider possible
thermal breakdown products, such as carcinogenic amines in the case of dye molecules,
which may form during storage and/or during heating/aerosolizing. Moreover, commercial
samples of Allura Red AC, Sunset Yellow FCF and Tartrazine had previously been found to
contain residual benzidine, a human carcinogen.”® Tartrazine is also known to cause severe
allergic reactions.”

Vitamins

Vitamin-containing e-cigarettes comprise another class of products for which
inhalation toxicity has been under-investigated. Commercial e-liquids with vitamin additives
are reported to be widely available either with or without nicotine.®® These products typically
contain vitamin B12, but may also include other vitamins such as A, C, and E. Marketing
claims have stated that vaping enhances vitamin absorption and leads to increased energy.®
Some products additionally contain ingredients such as essential oils, theanine, and green tea
extract.®® Manufacturers’ claims that these products are effective against cancer, asthma, and
attention-deficit/hyperactivity disorder, and can prevent anemia,®* have prompted warning
letters from the FDA.®2 Due to the health claims, the FDA has stated that at least some of
these products are considered unapproved new drugs.®®* While vitamins are essential nutrients
reasonably expected to be safe for ingestion under established daily values, evidence-based
research on the inhalation effects of these often marketed as “wellness” products is lacking.
Sweeteners

Sugars are natural components of tobacco. Historically, tobacco companies have
added glucose, fructose, and sucrose, at up to 4% of a cigarette’s weight, to enhance tobacco
flavor and reduce harshness.®* During vaping, e-liquids achieve temperatures at which sugars

will degrade to form toxicants including aldehydes and furans.®>®® Sweeteners, such as
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sucralose (e.g., Splenda™), have been recently reported to transfer from e-liquids into the
aerosol using low-power e-cigarettes.®’ In the vaping process, sucralose enhances toxicant
formation,® including the formation of two chloropropanols that are classified as IARC
group 2B possible human carcinogens.®®

Storage of E-cigarettes with GRAS Ingredients

Studies of potential e-liquid toxicity generally begin with the assumption that an e-
liquid is simply the sum of its ingredients. However, it has been established that aldehyde
flavorants such as benzaldehyde, cinnamaldehyde, or vanillin, can react with the common e-
liquid solvents PG and GL to form stable acetals within hours.”*? Furthermore, other
chemicals are known to react during e-liquid aging, including acetoin, which can be oxidized
to yield diacetyl.*

Evidence of potential negative health effects from these reactions is emerging,** and
transfer of the products to the aerosol, resulting in user exposure to these toxicants, has been
demonstrated.*®** This underscores the importance of characterizing constituents not only in
the e-liquid, but even more critically, in the e-liquid aerosol to which e-cigarette users are
exposed. Only the testing of generated aerosol in a range of devices can result in a
meaningful understanding of the potential health effects of the e-liquid in question.*
Marketing Tactics Using the “GRAS” Term

Some firms and marketers of e-cigarettes may make unfounded claims about the
ingredients of their product to imply a certain safety of vaping. For example, some websites
aver ingredient safety by claiming “GRAS” status, and thus imply overall product safety, by
listing their e-cigarette product ingredients alongside examples of food products that contain
the same ingredients, e.g., “salad dressing, ice cream, soft drinks, packaged frosting, boxed
cake mix, and commercial food coloring”,**® thereby obscuring the different route of

exposure: inhalation for e-cigarettes, ingestion for food products.
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These marketing tactics can lead to misperceptions about the risks of vaping. To curb
this misinformation, the FDA Center for Tobacco Products (CTP) Premarket Tobacco
Product Applications for Electronic Nicotine Delivery Systems (Revised) Guidance to the
industry discussed the term GRAS: “E-liquid is not food and is not intended for oral
ingestion; therefore, the fact that some substances have been designated as GRAS for food
does not mean that they are safe for inhalation.” This clarity is a good first step and could be
strengthened by a public information campaign with the same message. To protect public
health, FDA closely monitors industry compliance with the Tobacco Control Act and may
take action when violations occur.®
Perception of the “GRAS” term in E-cigarettes

Claims of “GRAS” on the labels of e-cigarette packaging can result in unfounded and
incorrect perceptions of the safety of these products. As laid out in the previous sections, the
GRAS provision within the definition of a food additive from the FD&C Act, does not apply
to inhaled e-cigarette aerosol, and only applies to use of a substance in human or animal food
“under the conditions of its intended use.” Additionally, the FDA does not currently require
that e-liquid and e-cigarette packaging include a comprehensive list of ingredients present in

the e-liquid or aerosol including potential flavorants,®”

adding to the uncertainty around
relative safety.

In the only known study that assessed perceptions of e-cigarette flavoring safety
related to the understanding of the “GRAS” term, 80% of U.S. college students surveyed
(N=567) agreed that e-cigarette flavorings are “generally recognized as safe” by the FDA.%
Among participants who considered flavorings to be “GRAS”, the majority thought that a
GRAS substance was safe to ingest and inhale; only 22% of respondents knew that the

“GRAS” term was only related to ingestion.”® Such misconceptions may be the result of

incorrect e-liquid advertisements or website claims. Also, employees at vape shops may be
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sharing misinformation about the ingredients in e-liquids.*®

Conclusion

In conclusion, knowledge about the inhalation toxicity of individual e-cigarette
ingredients (independent of whether a substance may be GRAS for use in food) and mixtures
thereof remains limited. Many e-cigarette ingredients, including e-liquid solvents and
flavorants, are GRAS for use in food either by FDA regulation or by a FEMA GRAS
conclusion, but that conclusion provides no information concerning the toxic potential of
these ingredients in contexts other than food consumption. The current lack of relevant
inhalation toxicity data is an information gap that complicates regulation as well as the public
perception of the health risks of vaping products containing chemicals with or without the
GRAS term. Efforts to increase knowledge about the inhalation safety of the numerous
chemicals currently present in e-cigarettes would address this gap. Such evidence-based
knowledge could empower users of e-cigarette products, the public health community, and
the general public to better evaluate the potential risks associated with e-cigarette use.
Research Suggestions

The issues raised in this review pose challenges and opportunities for researchers and
regulators. Based on the findings presented, research that would improve understanding of
the risks of e-cigarette use targeting substances that are GRAS for use in food for several e-
liquid ingredients as outlined in this manuscript would be important (see Table 3).
Additionally, the authors recommend that public health agencies enhance current education
campaigns about misleading information that may result in misperceptions of the potential
health risks of vaping e-cigarette products containing ingredients incorrectly labeled as

“GRAS”.
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Table 1. *Brief history of processes by which substances may be given the GRAS provision.?

Context

General description of process

Food
ingredients in
use before 1958

Conditions for the assumption of GRAS are outlined in §182 of 21 CFR for those food
ingredients that were in use before 1958 “without known detrimental effects”.? Not all
applicable ingredients are specifically listed.

Substances
given the GRAS
provision from
1958 to 1962

Numerous GRAS substances that typically did not receive detailed scientific review are
listed in §182 of 21 CFR.?* They include synthetic flavoring substances and adjuvants,
several of which happen to be used in e-liquids (e.g., cinnamaldehyde, ethyl butyrate,
limonene). Some of the other types of GRAS substances listed in §182 include natural
extracts, spices, essential oils, oleoresins, and stabilizers.

Substances
assessed for the
GRAS
provision after
1962

GRAS Affirmation

Some substances that had originally been assumed to qualify for the GRAS provision were
subsequently affirmed to merit the GRAS provision via formal testing and are listed in 21
CFR in §184 (direct food substances) or §186 (indirect food substances).?* Some of the
formal testing results are products of the Select Committee on GRAS Substances (SCOGS),
which was established in the 1970s and consisted of independent consultants who reviewed
and evaluated the available information on GRAS substances. After receiving a final SCOGS
report, the FDA scientifically reviewed the submitted documents and, if appropriate, issued a
final rule affirming the GRAS provision for a given substance.

GRAS Notification

Since 1997, the FDA has provided a voluntary mechanism to determine the GRAS provision

for a substance evaluated by a non-government entity (e.g., a manufacturer or an independent

panel of experts) in accordance with the FDA-specified GRAS notification procedure.'® If
the evaluation leads to the determination of GRAS for a substance under conditions of its
intended use, the entity may voluntarily choose to submit a notice for FDA review.

o |f the entity chooses to submit a GRAS notice for FDA review, the GRAS notification
should include—according to current practices—a clear description of the substance, the
applicable conditions of use, and the basis for the GRAS determination, which can be
either scientific procedures or common use in food.'® The FDA is then supposed to
evaluate the submitted notice and to respond to the notifier with one of three possible
responses:

o The FDA does not question the basis for the GRAS determination; or
o The notice does not provide a sufficient basis for a GRAS determination (e.g.,
the notice lacks appropriate data and information, or the available information
raises questions about the safety of the substance); or
o The FDA is no longer evaluating the GRAS notice at the notifier’s request.
The FDA maintains a webpage with a readily searchable inventory of GRAS notices that
have been filed since 1998.'%

o If the entity chooses not to submit a GRAS notice for FDA review for a case in which the
applicable testing results led to the assignment of the GRAS provision for a substance, the
GRAS provision is valid. Because of this possibility, there are numerous GRAS
chemicals that are not explicitly included on the FDA’s lists of GRAS substances,
including many flavorants that were assessed through the commonly used FEMA GRAS
program.?® The FEMA website includes a page that can be used to search for the GRAS
provision of specific chemicals, reflecting results from the FEMA GRAS program when
applicable.™

*The information in this table is not intended to serve as guidance for legal or regulatory purposes.
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Table 2. Substances listed in FDA’s GRAS regulations and potential respiratory health risks when used in

e-cigarettes.

21 CFR . Study design
GRAS GRAS Risks associated with inhalation " or cell exposure
substance Regulation | * when used in e-cigarettes
#
" Nasopharyngeal & laryngeal carcinogenesis \é\_/ésgggrats;nexposed 10
Acetaldehyde § 182.60 observed in rats.’®® Listed on FDA’s established > PP
. . 2 chemicals for 28
list of HPHCs as a carcinogen. 105
months.
T Acetoin is a precursor to diacetyl, which induces
respiratory impairment and obliterative C57BL/6 mice
Acetoin § 182.60 bronchiolitis when aerosolized and inhaled.”***% | exposed to 100 ppm
Acetoin is on the list of proposed additions to for 12 weeks.**
FDA’s HPHCs as a respiratory toxicant.'”
' Rapidly reacts with PG & GL to form
cinnamaldehyde PG (or GL) acetals.®® Aerosolized | A549 cells exposed to
cinnamaldehyde (with PG) caused death of lung 0-6 total puff
Cinnamaldehyde | § 182.60 epithelium.®” PG is on the list of proposed equivalents of the
additions to FDA’s HPHCs as a respiratory chemicals for 48
toxicant.’% GL is on the list of proposed additions | hrs.’?’
to FDA’s HPHCs as a carcinogen.'®
T Aerosolized diacetyl showed dose-dependent
pulmor}ary toxicity \/_Vlth_mllq nai?l and peri- C57BL/6 mice
bronchial inflammation in mice,™ as the exnosed to 100 ppm
Diacetyl §184.1278 respiratory impairment and obliterative pos bp
2 h A . . chemicals for 12
bronchiolitis.”™"" Diacetyl is on the list of proposed weeks
additions to FDA’s HPHCs as a respiratory '
toxicant.
T Throat irritant and a high dosage (>400 ppm) could OS.HA 8-hour total
cause dizziness or loss of consciousness.'® Ethyl weight average
Ethyl acetate § 182.60 . - o (TWA) permissible
acetate is on the list of proposed additions to - .
FDA’s HPHCs as a respiratory toxicant.'® exposure limit (PEL):
piratory ' 400 ppm.'%®
SD rats exposed to 0-
Eugenol § 184.1257 | T Irritation and abnormal breathing in rats.*° 2.58 g/L chemicals for
14 days.*°
+ : . - . . Major chemical linked
Tocopherol § 182.8892 Associated with lung injury and associated with the with EVALI
acetate ' 2019-2020 outbreak of EVALI in the U.S.** patient 1
L Promotes the formation of toxicants such as acrolein | No toxicity test
Triacetin §184.1901 | g acetaldehyde from PG and GL.*° available currently.
Human patient
" Promotes free radical formation,™? and can act as eXp/oseg k’;o 0'8'?']'?

. allergen and irritant.*® mg/cm" by patch for 9
Linalool §182.60 1 - S . months; ™ THP1 cells
Free radical releasing; inhibited cytokine

. : 114 exposed to 1000 uM
expression from activated THP-1 cells. .
chemicals for 24
hr5.114
" Rapidly reacts with PG & GL to form
benzaldehyde PG (or GL) acetals,®® which are BEAS-2B and A549
Benzaldehyde § 182.60 ; - ) L exposed to 1-10 mM
respiratory tract irritants; cellular toxicity in lung chemicals for 24 hrs.®*
epithelium; inhibits mitochondrial functions.* '
S - THP1 cells exposed to
1
Carvone §182.60 Cytoklne_lnhiﬂtlons indicating potential immune 1 mM chemical for 24
suppression. hrs, 114
¥ Cytotoxicity in lung epithelium and monocytes THP1 and BEAS-2B
Decanal § 182.60 with decreased viability; potential immune cells exposed to 1 mM
suppression.** chemical for 24 hrs.'**
Ethyl butyrate § 182.60 ' Activated inflammatory response in naive THP1 cells exposed to
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Table 3. Research Suggestions

~ Suggested Topic Areas for Future Research

e Inhalation toxicity profile of e-liquid ingredients in e-cigarette products, including those regulated as GRAS
for use in food.

— s

- Toxicity of e-liquid ingredients and their aerosols using varying power profiles and puffing regimes

|- Interactions between e-liquid ingredients before and after aerosolization to learn of potential formation _
. of toxic byproducts

Lim. Toxicity of new chemicals resulting from thermal degradation of e-liquid ingredients

e Sources of ambiguity or inaccuracy in marketing strategies, such as use of the GRAS term to imply the safety
of e-liquid ingredients in e-cigarette products.

[ =4

- Labels of e-cigarette product packages (e.g., GRAS labeling, mislabeling, health claims, ingredient lists, -
food imagery)

- Characteristics of e-cigarette products (e.g., comparison of products to common foods)

- Online websites of manufacturers and retailers of e-cigarette products

- In-store advertisements for e-cigarette products (e.g., vape shops, convenience stores)

- Social media advertisements for e-cigarette products (e.g., manufacturer and retailer social media)

o Appeal and perceived safety of e-liquid ingredients in e-cigarette products, including those ingredients
regulated as GRAS for use in food.

- Among adolescents and young adults

- Among e-cigarette users and non-e-cigarette users
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Figure Caption
Figure 1. Use of the GRAS term for e-liquid ingredients®

VAPE JUICE INGREDIENTS

Nicotine
Natural/
Artificial
PG Flavoring

VG

You might be g, are the in vape juice safe to
vape?

Before we dive Into each of these vape julce Ingredients, It's Important to
know that all of these chemicals are considered “Generally Recognized
As Safe (GRAS)" by the FDA for human Ingestion. However, the healtt

effects of vaporizing or smoking these chemicals are not fully understood
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