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e-Cigarette facts
No tobacco,

no combustion

Tobacco,

and combustion

Vaporisation of

nicotine-containing solvents



 Nicotine is a neurostimulant (NOT a poison)

 Nicotine IS NOT the reason for smoking-related disease

 Officially IS NOT a carcinogen (IARC)

 DOES NOT cause lung disease

 Has minimal effect in CVD

 Even in e-cigarettes, it is NOT nicotine but other chemicals 

that may be problematic

Nicotine facts



DJ Nutt, LD Phillips, D Balfour, HV Curran, M Dockrell, J Foulds, K Fagerstrom, K Letlape, A Milton, R Polosa, J Ramsey, D Sweanor. 

Estimating the harms of nicotine-containing products using the MCDA approach. Eur J Addiction 2014

Nicotine containing products – risk estimates
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E-cig



Tobacco harm reduction (THR), the substitution of low-risk nicotine 

containing products (e.g. e-Cigarettes) for cigarette smoking, may 

offer huge public health benefits.

Vaping is an alternative to smoking.

e-Cigarettes should be marketed for smokers only.



DJ Nutt, LD Phillips, D Balfour, HV Curran, M Dockrell, J Foulds, K Fagerstrom, K Letlape, A Milton, R Polosa, J Ramsey, D Sweanor. 

Estimating the harms of nicotine-containing products using the MCDA approach. Eur J Addiction 2014

Harm reduction categories – risk estimates
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How low is the “low-risk” level for e-Cigarettes compared to tobacco cigarettes?

Is vaporisation of e-liquids generating harmful products?

E-cig



Exhaled CO in ECIG users

R. Polosa et al. BMC Public Health 2011

7 ppm

• eCO

• Stable free radicals

• Reactive oxydative species



Nicotine

Main ingredients (PG/VG)

Flavorings

Impurities-other

Harmful and potentially harmful constituents



Nicotine concentration is NOT 

associated with cytotoxicity

Nicotine toxicity in e-cigs

Farsalinos et al, Int J Environm Res Public Health 2013



Nicotine

Main ingredients (PG/VG)

Flavorings

Impurities-other

Harmful and potentially harmful constituents



• Animal studies showed that PG is safe for inhalation 

(Robertson et al, J Pharmacol Exp Ther 1947)

• Theatrical fog exposure in actors causes irritation but no 

long-term health implications (Varughese et al, Am J Ind 

Med 2005; American Chemistry Council, 2003)

• Theatrical fog is not USP-grade PG, added oils to 

increase fog thickness

• Glycerol inhalation caused mild changes in the upper 

respiratory tract in rats (Renne et al, Inhal Toxicol 1992)

• PG/VG added to tobacco does not elevate toxicity, but 

tobacco cigarette is already highly toxic

Main ingredients (PG/VG)



Farsalinos et al, Int J Environm Res Public 

Health 2013

Base liquid = 50% PG and 50% VG

NO CYTOTOXICITY

Farsalinos et al, Int J Environm Res Public Health 2013

Main ingredients (PG/VG)



e-liquid and lipoid pneumonia?

Main ingredients (PG/VG)



Oil red O staining of alveolar macrophages recovered by BAL 

showing their cytoplasm full of large rounded lipid vacuoles





Secondary school chemistry

Glycerin is an ALCOHOL, 

not a lipid!!!



Hua M, et al.

Health-related effects reported by e-cigarette users in online forums.

Journal of medical Internet research 2013

Farsalinos K, et al.

Characteristics, Perceived Side Effects and Benefits of E-Cigarette Use:

A Worldwide Survey of More than 19,000 Consumers.

Int J Environ Res Public Health 2014

Hypersensitivity response to 

components in the vapor (e.g. PG)  may 

occur in predisposed individuals.



RESPIRATORY AEs AFTER E-CIG USE

(N = 1173)

(N = 1062)

Dual users Single users

Farsalinos K, et al.

Characteristics, Perceived Side Effects and Benefits of E-Cigarette Use:

A Worldwide Survey of More than 19,000 Consumers.

Int J Environ Res Public Health 2014



Nicotine

Main ingredients (PG/VG)

Flavorings

Impurities-other

Harmful and potentially harmful constituents



Toxicological studies

Untreated cells E-cigarette 

vapor treated 

cells

Cigarette smoke 

treated cells



Romagna, Farsalinos et al, Inhal Toxicol 2013

Coffee 

flavor

Flavourings: coffee cytotoxicity



Behar et al, Toxicol in Vitro 2013

Flavourings: cinnamon cytotoxicity



Behar et al, Toxicol in Vitro 2013

Cinnamon toxicity 

(?)

Approved 

cinnamaldehyde dose up 

to 4 x 10-2 M (400 times 

higher)

(EPA, 2000)

Flavourings: cinnamon cytotoxicity



Behar et al, Toxicol in Vitro 2013

Cinnamon toxicity 

(?)

Approved 

cinnamaldehyde dose up 

to 4 x 10-2 M (400 times 

higher)

(EPA, 2000)

Flavourings: cinnamon cytotoxicity

Research should represent realistic 

use:

- Experiments on liquids

- Possible use of concentrated flavors

- No use of an e-cigarette device

- Using in-house methodology

- Tests on embryo stem cells



Farsalinos KE, et al. Evaluation of electronic cigarette liquids and vapour for the presence of selected inhalation toxins.

Poster presentation at GFN Warsaw.

E-cigarette liquids are available in a variety of flavorings

In most cases, they are safe for ingestion (but safety not assessed for inhalation)

Diacetyl (DA) and acetyl propionyl (AP) are used for their buttery taste in a variety of 

food preparations; they are safe (and approved) for food use

They can be harmful when inhaled (they cause development of obliterative 

bronchiolitis)

Is there any DA and/or AP in sweet-flavored EC liquids?

159 e-liquids purchased from 36 manufacturers/retailers; tested for the presence of 

DA and AP by HPLC.

DA and AP were found in 74.2% of the samples (more samples containing DA)

Flavourings: diacetyl and acetyl propionyl



Farsalinos KE, et al. Evaluation of electronic cigarette liquids and vapour for the presence of selected inhalation toxins.

Poster presentation at GFN Warsaw.

E-cigarette liquids are available in a variety of flavorings

In most cases, they are safe for ingestion (but safety not assessed for inhalation)

Diacetyl (DA) and acetyl propionyl (AP) are used for their buttery taste in a variety of 

food preparations; they are safe (and approved) for food use

They can be harmful when inhaled (they cause development of obliterative 

bronchiolitis)

Is there any DA and/or AP in sweet-flavored EC liquids?

159 e-liquids purchased from 36 manufacturers/retailers; tested for the presence of 

DA and AP by HPLC.

DA and AP were found in 74.2% of the samples (more samples containing DA)



Farsalinos KE, et al. Evaluation of electronic cigarette liquids and vapour for the presence of selected inhalation toxins.

Poster presentation at GFN Warsaw.

Estimated daily exposure to diacetyl (DA) and acetyl propionyl (AP)

(assuming an average daily EC liquid consumption of 3ml)

NIOSH-defined

safety limits for DA

NIOSH-defined

safety limits for AP

National Institute for

Occupational Safety and Health



Correlation between expected and measured concentrations

of diacetyl (DA) and acetyl propionyl (AP) in vapour

Farsalinos KE, et al. Evaluation of electronic cigarette liquids and vapour for the presence of selected inhalation toxins.

Poster presentation at GFN Warsaw.



Range

301-433

mg/cig

Fujioka K et al. Environ Toxicol 2006



Farsalinos KE, et al. Evaluation of electronic cigarette liquids and vapour for the presence of selected inhalation toxins.

Poster presentation at GFN Warsaw.

Estimated daily exposure to diacetyl (DA) and acetyl propionyl (AP)

(assuming an average daily EC liquid consumption of 3ml)

NIOSH-defined

safety limits for DA

NIOSH-defined

safety limits for AP

Main stream cigarette smoke

(~ 400 mg/ ONE cigarette)



Nicotine

Main ingredients (PG/VG)

Flavorings

Impurities-other

Harmful and potentially harmful constituents



Heavy Metals
Goniewicz ML, et al. Levels of selected carcinogens and toxicants in 

vapour from e-cigarettes. Tob Control 2013

Compound blank e-cigs

(150 puffs)

inhalator

(1 cartridge)

Metals (mg)

Cd 0.02 0.09 (ND-0.17) 0.03

Ni 0.17 0.19 (0.11-0.29) 0.19

Pb 0.02 0.09 (0.03-0.57) 0.04



Compound blank e-cigs

(150 puffs)

inhalator

(1 cartridge vs 16 cartridges)

Metals (mg)

Cd 0.02 0.09 (ND-0.17) 0.03 vs 0.48

Ni 0.17 0.19 (0.11-0.29) 0.19 vs 3.00

Pb 0.02 0.09 (0.03-0.57) 0.04 vs 0.64

Heavy Metals
Goniewicz ML, et al. Levels of selected carcinogens and toxicants in 

vapour from e-cigarettes. Tob Control 2013



Heavy Metals



US Pharmacopoeia, 2013

Heavy Metals



Levels of tobacco-specific nitrosamines in electronic and 

conventional cigarettes
Based on information from Laugesen [2009], Cahn and Siegel [2011] and Kim and Shin [2013].

Farsalinos K, Polosa R. Safety evaluation and risk assessment of ecigs as tobacco cigarette substitutes:

a systematic review. Ther Adv Drug Saf 2014

TSNAs are major carcinogens in tobacco cigarettes!



Counts ME, et al.

Regul Toxicol Pharmacol 2005

Thermal degradation: aldehydes production 
Goniewicz ML, et al.

Levels of selected carcinogens and toxicants in vapour from e-cigarettes.

Tob Control 2013



Range

220-468

mg/cig

Fujioka K et al. Environ Toxicol 2006

Range

87-243

mg/cig

Range

1110-2101

mg/cig

Thermal degradation: aldehydes production



220-468

87-243

1110-2101

Fujioka K et al.

Environ Toxicol 2006

Counts ME, et al.

Regul Toxicol Pharmacol 2005

57

2184

161

Toxic substances do exist,

but levels far lower compared to tobacco cigarettes!

Thermal degradation: aldehydes production 
Goniewicz ML, et al.

Levels of selected carcinogens and toxicants in vapour from e-cigarettes.

Tob Control 2013



Solvent and power levels interaction
Different puffing regime depending on equipment

Thermal degradation: aldehydes production

Kosmider L, et al. Carbonyl compounds in e-cigarette vapors: effects of nicotine solvent and battery output 

voltage. Nicotine Tob Res 2014



Tobacco-specific nitrosamines

NNN

NNK

Carbonyls

Acrolein

Crotonaldehyde

Metals

Cadmium

Formaldehyde: Detected at 2.5% of level 

in cigarettes

Acetaldehyde: Detected at <0.1% of level 

in cigarettes

Volatile Organic Compounds

Benzene

Acrylonitrile

1,3-butadiene

Poly-aromatic amines

4-aminobiphenyl

Poly-aromatic hydrocarbons

2-aminonaphthalene

NJOY Electronic Cigarettes: Chemicals Below Limit of Detection 
or Limit of Quantification

Rabinowitz JD, Leischow SJ. Electronic cigarettes that product nicotine aerosols substantially devoid of known toxic impurities.
Presented at the annual meeting of the Society for Research on Nicotine and Tobacco, February 5-8, 2014.



Tobacco-specific nitrosamines

NNN

NNK

NAT

NAB

Carbonyls

Formaldehyde

Acetaldehyde

Acrolein

Acetone

Metals

Arsenic

Cadmium

Chromium

Lead

Nickel

Volatile Organic Compounds

Benzene

Acrylonitrile

Propylene oxide

Toluene

Vinyl chloride

Poly-aromatic amines

4-aminobiphenyl

Poly-aromatic hydrocarbons

Benzo(a)pyrene

Benzo(a)anthracene

Naphthalene

Flourene

VUSE Electronic Cigarettes: Chemicals Below Limit of Detection 
or Limit of Quantification

Theophilus EH, et al. VUSE electronic cigarette aerosol characterization (poster). R.J. Reynolds Tobacco 
Company. Presented at the Annual Meeting of the Society of Toxicology, March 24-27, 2014.



Risk

Relative Risk Scale

0 100



PM10 PM2.5NO2

NOx CO2

CO

PAHs

Benzene

0 100

Risk

Relative Risk Scale

No uncertainty!

Even in their current state, e-cigarettes are significantly less 
harmful compared to tobacco cigarettes



GMP standards

Pharma grade
(nicotine, solvents)

Synthetic chemical
flavourings

Safer atomizer
materials
(wick, coil, plastics)

Temperature regulation

Harmful and potentially harmful 

constituents ‘handprint’

Customer Safety


