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In this white paper, we conduct a literature review of the sublimation of cannabis 

to elucidate why it works, its potential for increased therapeutic effects, and 

its impact on respiratory health. Rounding out the entire system of optimized 

cannabinoid delivery via sublimation, we compare dry herb vs. liquid concentrates, 

explore the importance of clean cannabis, and examine the role of terpenes. The 

goal of this white paper is to explicate the science that inspired our researchers 

and designers to create E1011 Labs.
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The Science of Cannabis Sublimation: 
The Most Efficient Method of Delivery

With mounting clinical evidence for the therapeutic value of cannabinoids, the question 

pressing researchers has been delivery methodology. What is the most efficient means of 

delivering the benefits of cannabinoids? How can dosing be made consistent

and convenient?

Even as early as 1999, the Institute of Medicine called for the development of non-smoking 

delivery systems for the medicinal use of marijuana i “Marijuana has potential as medicine, 

but it is undermined by the fact that patients must inhale harmful smoke,” said Stanley 

Watson, who co-authored the Institute of Medicine’s pioneering study, Marijuana and 

Medicine: Assessing the Science Base.

Since then, the safety of vaporization (which scientifically is accurately defined as sublimation) 

(i) MAPS https://maps.org/research-archive/mmj/vaporizer.html (ii) Miao, Xiaqing; Zhou, Jing; Li, Jian; Liao, Yonghong; Zheng, Ying. “Chinese Medicine in Inhalation Therapy: A Review of 
Clinical Application and Formulation Development.” Current Pharmaceutical Design, 2015; 21:27.

and oral mucosal delivery have been validated with the most amount of clinical evidence, 

as assessed by the Center for Pain Medicine at the University of California, San Diego. In 

comparison to smoking, the data shows sublimation is far superior for health benefits, and 

doses can be titrated without exposure to carbon dioxide.

In comparing sublimation vs. oral routes for medical delivery of cannabis, the evidence for 

sublimation is also more compelling, according to the National Academies of Science. The 

effects of cannabis are delivered more quickly to the endocannabinoid system through the 

respiratory system than orally.

Considering the history of Chinese medicine, which has been using inhalation therapy for 

thousands of years, it is no surprise that today’s clinical trials are revealing that sublimation 



is a powerful, effective form of cannabinoid delivery. The first recorded usage of medical 

marijuana was in China in 2700 BCE, and the oldest Chinese pharmacopeia, the Shennong 

Bencaojing (Shennong Materia Medica) from 100 AD describes the cannabis flower. For 

thousands of years, Chinese medicine has relied upon herbs and inhalation therapy to treat 

illnesses and improve patient health. To this day, Chinese medicine continues to rely upon 

inhalation therapy to deliver herbal medicine, with an emphasis on increasing bioavailability 

and concentration in the respiratory tract.ii

In this white paper, we conduct a literature review of the sublimation of cannabis to elucidate: 

why it works, its potential for increased therapeutic effects, and its impact on respiratory 

health. Rounding out the entire system of optimized cannabinoid delivery via sublimation, 

we compare dry herb vs. liquid concentrates, explore the importance of clean cannabis, and 

examine the role of terpenes. The goal of this white paper is to explicate the science that 

inspired our researchers and designers to create ELON, the most advanced CBD sublimation 

delivery system available.
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Sublimation vs. Vaporization

The scientific studies discussed herein, and the cannabis community at large use the term 

“vaporization,” yet it is a scientific misnomer. When any solid substance turns into a gas 

– while bypassing the liquid state – the scientific term is sublimation. The etymology of 

sublimation is from the Latin sublimare, which aptly means “to raise to a higher status.” Thus 

any “vaporizer” that is taking dry cannabis flower and transforming the cannabinoids into an 

aerosol is not vaporizing, but sublimating.

The term vaporization is only scientifically valid when 

liquid is transformed into gas, such as vape pens 

with oil cartridges. In this paper, we will also explore 

the scientific findings of dry herb sublimation vs. oil 

vaporization and the health concerns associated with 

the latter, especially considering latest news.

Given our commitment to scientific accuracy, we refer 

to all instances of transforming cannabinoids (solids) 

into vapor (gas) by its technical valid term: sublimation. 

Hence, ELON is a sublimator, gently heating premium 

organic hemp flower to release 

maximized cannabinoids.
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Sublimation vs. Combustion

A sublimator like ELON heats the hemp plant to the optimal temperature, releasing all the 

active cannabinoids into a healthy vapor. Scientists have found that in sublimation, there 

is a greater ratio of cannabinoids to gas space, at a rate of 94.8% in sublimated vapor 

vs. only 12% in smoke. iii Thus for each inhalation, sublimation is delivering volumes more 

cannabinoids than found in smoking.

In addition, research findings suggest that sublimation minimizes the presence of toxic 

byproducts that are otherwise found in gaseous combustion toxins, as outlined by the 

San Francisco General Hospital’s Positive Health Program. With smoking, cannabinoids 

and other beneficial compounds are degraded, and healthy compounds are combusted 

into dangerous ones like cyanide and carcinogens. Yet cannabinoids sublimate at lower 

temperatures than combustion temperatures at which pyrolytic toxic compounds are 

created, according to the National Academies of Sciences.

Since there is no combustion with sublimation, levels of carcinogenic compounds are lower 

in cannabis vapor than in cannabis smoke (Eisenberg et al., 2014). One of the very first clinical 

experiments studying research-grade cannabis vapor vs. smoke discovered that that the 

gas phase is “composed overwhelmingly of cannabinoids with no significant pyrolytic 

compounds” (18). There were only trace amounts of three other compounds found in the 

sublimated vapor, one of which was the terpene caryophyllene.iv In stark contrast, cannabis 

(iii) Gieringer D, Laurent J, Goodrich S. Cannabis vaporizer combines efficient delivery of THC with effective suppression of 
pyrolytic compounds. J Cannabis Ther. 2004;4:7–27. Retrieved on October 21, 2019 from
https://www.tandfonline.com/doi/abs/10.1300/J175v04n01_02

(iv) Loflin M, Earleywine M. No smoke, no fire: What the initial literature suggests regarding vaporized cannabis and 
respiratory risk. Can J Respir Ther. 2015;51(1):7–9. Retrieved on October 21, 2019 from https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC4456813/

smoke contained 111 total detectable compounds! Five of these combustion byproducts 

were polynuclear aromatic hydrocarbons, which are known to be toxic and

carcinogenic pollutants.

When cannabis is burned, pyrolytic compounds are released from the combustion, including 

carbon monoxide (Hazekamp et al., 2006). Studies have found a statistically significant 

difference in exhaled carbon monoxide (CO) levels between sublimated vs. smoked cannabis 

(14), which are expected due to the inhalation of combusted elements. v

In one pilot study, scientists monitored participants who had smoked cannabis in the past 

30 days. They were asked to be abstinent from cannabis for two days, and then one group 

smoked while the other group sublimated the same amount of cannabis. While there was 

none to minimal exhaled CO after sublimation, there were large increases after smoking, 

even up to six hours afterwards. However, the ratings of feeling “high” and based upon visual 

analog scales were not significantly different between those who smoked vs. sublimated 

(Abrams et al., 2007). 

Other exploratory studies have also confirmed a stronger cannabinoid-to-byproduct ratio 

with sublimation than combustion. In one study comparing the tar-to-cannabinoid ratio 

found in natural cannabis, scientists tested seven different inhalation methods, including 

an unfiltered control joint, a filtered joint, three water pipes, and two electric vaporizers. 

Only the electric vaporizers at the right temperature had an improved ratio (Gieringer, 2001; 

Pomahacova, Van der Kooy, & Verpoorte, 2009).

(v) 14. Abrams DI, Vizoso HP, Shade SB, Jay C, Kelly ME, Benowitz NL. Vaporization as a smokeless cannabis delivery system: 
A pilot study. Clin Pharmacol Ther. 2007;82:572–8. Retrieved on October 21, 2019 from
https://www.ncbi.nlm.nih.gov/pubmed/17429350
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Increased Delivery of Cannabinoids with Sublimation

In addition to negating the toxic byproducts of smoking, sublimation delivers a greater 

number of cannabinoids. Researchers from the Laboratory of Phytopharmacology at 

the University of Bern and the Center of Laboratory Medicine at the Hospital’s Institute of 

Clinical Chemistry tested electronic devices with precise temperature control and the 

composition of the vapor produced. They found “an almost complete decarboxylation of 

the acidic cannabinoids THCA-A and CBDA and good to excellent recoveries of the neutral 

cannabinoids THC and CBD in the vapor.” Decarboxylation is what allows cannabinoids to 

be made available for absorption, maximizing the effect of THC and CBD in the body.

One in vitro study comparing different commercial vaporizers found that the temperature 

made a marked difference in decarboxylation and effective delivery of cannabinoids from 

natural cannabis. In addition, the electric ones set at the right temperatures performed 

better than gas ones (Lanz, Mattsson, Soydaner, & Brenneisen, 2016).

In further evidence, research conducted by the John Hopkins University School of Medicine’s 

Behavioral Pharmacology Research Unit studied adults who infrequently used cannabis and 

compared the results from smoking vs. sublimating. They found that the results for sublimated 

cannabis were qualitatively stronger in pharmacodynamic outcomes. There were greater 

drug effects in the psychomotor and cognitive measurements in the adults who sublimated 

cannabis. In addition, the THC concentrations peaked higher in sublimated cannabis flower 

as compared to smoked, respectively at 14.4 ng/mL vs. 10.2 ng/mL for a 25-mg dosage.vi 

The researchers concluded that holding the dosage consistent, sublimation would be “a 

(vi) Spindle TR, Cone EJ, Schlienz NJ, et al. Acute Effects of Smoked and Vaporized Cannabis in Healthy Adults Who 
Infrequently Use Cannabis: A Crossover Trial [published correction appears in JAMA Netw Open. 2018 Dec 7;1(8):e187241]. 
JAMA Netw Open. 2018;1(7):e184841. Published 2018 Nov 2. doi:10.1001/jamanetworkopen.2018.4841. Retrieved on October 29, 
2019 from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6324384/

more efficient cannabis and THC delivery method, likely because with traditional smoked 

preparations, more THC is lost as a result of pyrolysis (combustion) and/or sidestream smoke.” 

We can deduce that the same effects would be true for CBD and the other cannabinoids 

found in hemp flower.

O U T  W I T H  T H E  O L D

I N  W I T H  T H E  N E W
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Cardiovascular Health: Sublimation Improves Benefits while Reducing Risks

Not surprisingly, sublimation has been found to be better for cardiovascular health than 

smoking. When measuring heart rate increases above individual baselines half an hour 

after intake, sublimation raised the heart rate by 10.7 beats per minute (bpm), while smoking 

was 12.2 bpm. Sublimation was only mildly higher than oral dosing, which was 10.2 bpm, 

according to the National Institutes of Health.

Especially for those who have respiratory problems, sublimation with natural cannabis has 

been shown to reduce health risks in exploratory trials (Abrams et al., 2007; Loflin & Earleywine, 

2015). vii In two experiments, cannabis smokers reported their respiratory conditions were 

significantly improved after exclusively switching to sublimation for one month. The users 

had both reported their pre- and post-respiratory symptoms and were clinically assessed 

(Earleywine & Van Dam, 2010; Van Dam & Earleywine, 2010).

In a study online asking 6,883 cannabis users to self-report their respiratory symptoms, 

those who sublimated were 40% less likely to report respiratory problems than smokers, 

after controlling for dosage (Earleywine & Barnwell, 2007). Comparable results were found 

in Canada, where medical cannabis users reported fewer respiratory symptoms with 

sublimating than smoking (Sexton, Cuttler, Finnell, & Mischley, 2016).

(vii) Routes of administration for cannabis use – basic prevalence and related health outcomes: A scoping review and 
synthesis
Cayley Russella, Sergio Ruedaa,b,c, Robin Roomd,e, Mark Tyndallf,g, Benedikt Fischera,b,c,h,i,j,*
a Institute for Mental Health Policy Research, Centre for Addiction and Mental Health (CAMH), 33 Russell St., Toronto, ON, 
M5S 1S2, Canada b Department of Psychiatry, University of Toronto, 250 College St., Toronto, ON, M5S 1A8, Canada c Institute 
of Medical Science (IMS), University of Toronto, 1 King’s College Circle, Toronto, ON, M5S 1A8, Canada d Centre for Alcohol 
Policy Research, La Trobe University, 215 Franklin St., Melbourne, VIC, 3000, Australia
e Centre for Social Research on Alcohol and Drugs, Stockholm University, SE-106 91 Stockholm, Sweden f B.C. Centre for 
Disease Control (BCCDC), 655 W 12th Ave, Vancouver, BC, V5Z 4R4,Canada g School of Population and Public Health, 
University of British Columbia, 2206 E Mall, Vancouver, BC V6T 1Z9, Canada h Centre for Criminology & Sociolegal Studies, 
University of Toronto,14 Queen’s Park Crescent, Toronto, ON, M5S 3K9, Canada i Centre for Applied Research in Mental Health 
and Addiction (CARMHA), Simon Fraser University, 515 W. Hastings Street, Vancouver, BC, V6 B 5K3, Canada j Department 
of Psychiatry, Federal University of Sao Paulo (UNIFESP), R. Sena Madureira, 1500, Vila Clementino, São Paulo, SP, 04021-001, 
Brazil

Sublimation has also been studied for those impacted by advanced Chronic Obstructive 

Pulmonary Disease (COPD), a group of chronic inflammatory lung diseases which includes 

emphysema and bronchitis. While smoking cannabis worsens COPD, even causing both 

acute and chronic bronchitis, sublimation has been shown to have no effects on the 

pulmonary system.

Scientists from an array of laboratories in McGill University’s Department of Medicineviii 

administered 35 mg of dried cannabis to patients, who were undergoing dual or triple-

inhalation therapy for managing their COPD. The study discovered that sublimated cannabis 

“did not enhance static and dynamic airway function in our participants with advanced 

COPD.” There was no effect on the patients’ airway function, breathlessness intensity ratings 

during exercise, or exercise endurance time. The same was true for measures of the patients’ 

cardiac, ventilatory, metabolic, breathing pattern, gas exchange, pulmonary function 

test parameters at rest (spirometry and impulse oscillometry), operating lung volume 

parameters during exercise and rest, cognitive function, mood and psychoactivity. Thus, 

for those suffering from COPD, sublimation has been proven to be a cannabinoid delivery 

method that has no effects on pulmonary function.

In a study specifically observing those suffering from bronchitis, there were significant 

improvements when switching from smoking to sublimation. In a University at Albany, 

SUNY study of regular cannabis smokers with two or more bronchitis symptoms, there 

were statistically significant changes in their pre-post trial results when they switched to 

(viii) Sara J. Abdallah1, Benjamin M. Smith2,3,4,5,6,7,8, Mark A. Ware9,10,11, Michelle Moore1, Pei Zhi Li3, Jean Bourbeau2,3,4,5,6,7,8, 
and Dennis Jensen1,2,3,4,5,7,8
1Clinical Exercise and Respiratory Physiology Laboratory, Department of Kinesiology and Physical Education, and 
2Respiratory Division, Department of Medicine, McGill University, Montreal, Quebec, Canada; 3Respiratory Epidemiology 
and Clinical Research Unit, Montreal Chest Institute, McGill University Health Centre, Montreal, Quebec, Canada; 4Meakins-
Christie Laboratories, Research Institute of the McGill University Health Centre (RI-MUHC), 5McConnell Centre for Innovative 
Medicine, RI-MUHC, 6Centre for Outcomes Research and Evaluation, RI-MUHC, and 7Translational Research in Respiratory 
Diseases Program, RI-MUHC, Montreal, Quebec, Canada; 8Research Centre for Physical Activity and Health, 9Department 
of Family Medicine, and 10Department of Anesthesia, McGill University, Montreal, Quebec, Canada; and 11Alan Edwards 
Pain Management Unit, McGill University Health Centre, Montreal, Quebec, Canada
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The Critical Importance of Clean Cannabis

Sublimation has been shown through many studies to be the cleanest method of cannabis 

delivery, with evidence pointing to improved respiratory safety when using sublimation vs. 

smoking. However, just as important as the device is the purity of the cannabis itself. Cannabis 

that is regulated for purity is imperative to maximizing the health benefit potential of the 

plant (Bloor, Wang, Spanel, & Smith, 2008; Smith, Bloor, George, Pysanenko, & Španel, 2015). 

The toxins that are present in “street” cannabis cannot be eradicated even with the use of 

a vaporizer, although they are significantly less than if the same samples were smoked. In 

experimental studies that have used “street” cannabis, the vapor has been found to contain 

sublimation for one month. The users self-reported that their symptoms were 73% improved, 

while their forced vital capacity (maximum total lung volume) improved by 4.8% and 

forced expiratory volume (forced expiratory volume) improved by 11.8%. The ratio of these 

measurements is an important calculation in diagnosing restrictive and

obstructive lung disease (16).ix

 These aforementioned studies were all conducted with dry flower cannabis containing THC. 

We can extrapolate the results would be similarly valid for sublimated dry flower cannabis 

without THC. Both THC and CBD decrease pulmonary inflammation, while CBD specifically 

inhibits bronchial constriction from inhaled allergens.x In lab studies, CBD has been shown to 

improve lung function and inflammation, even in mice with acute lung injuries.xi

(ix) Van Dam NT, Earleywine M. Pulmonary function in cannabis users: Support for a clinical trial of the vaporizer. Int J Drug 
Policy. 2010;21:511-3. https://www.sciencedirect.com/science/article/abs/pii/S0955395910000691

(x) Evaluation of serum cytokines levels and the role of cannabidiol treatment in animal model of asthma. Mediators 
of Inflammation 2015; Art. ID 538670, 5 pages.  Cui YY, etal. Cannabinoid CB(2) receptor activation prevents 
bronchoconstriction and airway oedema in a model of gastro-esophageal reflux. Eur J Pharmacol 2007:573(1-3):206-13.

(xi) Ribeiro A, etal. Cannabidiol improves lung function and inflammation in mice submitted to LPS-induced acute lung 
injury. Immunopharmacol Immunotoxicol 2015;37(1):35-41.

trace volatile toxic compounds, including ammonia, when looked at under ion-flow tube 

mass spectrometry. In a study comparing sublimated “street” cannabis with samples from 

the National Institute of Drug Abuse, the difference found in released ammonia was 70 vs. 

6 parts per million (17). Since the toxicity of ammonia exposure is well known, these findings 

demonstrate how critical clean natural cannabis is.

However, ammonia is only one contaminant of many that have been found in unregulated 

cannabis. According to the National Academies of Sciencexii, the illegal cannabis market has 

been using many potentially toxic natural contaminants or artificial adulterants. The use of 

pesticides and fertilizers present the most common risks. The most frequently found natural 

contaminants include heavy metals, microbial contamination like bacteria and fungi, and 

degradation ingredients. Most of these contaminants are used during the growing and 

storing of cannabis (McLaren et al., 2008). 

After cultivation, cannabis can also be further contaminated to improve the perceived 

“quality” or weight of the product. For example, lead or tiny glass beads have been found to be 

added to cannabis to increase its weight (Busse et al., 2008; Randerson, 2007). Psychotropic 

substances like tobacco or calamus, as well as cholinergic compounds, could be added to 

cannabis to improve low-quality cannabis or fix its side effects (McPartland et al., 2008).

Further, some processing methods, such as tinctures, “dabs,” or hash oil, can have significant 

solvent and pesticide contamination (Thomas and Pollard, 2016).

Given all of these potential contaminants and toxins found in unregulated cannabis, it is 

imperative that cannabis be from clean, pure, and regulated sources.

(xii) National Academies of Science, The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and 
Recommendation
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Why Dry Flower vs. Liquid Concentrates

Whereas sublimated natural cannabis flower has been shown to be the safest form of 

delivery, there has been no clinical study validating the safety or efficacy of vaporized 

cannabis oil, to date. In fact, the number of deaths and illnesses in 2019 from illicit cannabis 

vape oil is a sad case study of how important the source of cannabis is.

Processing cannabis into a cannabinoid-filled oil is a complex, protracted process (Giroud 

et al., 2015), and many contaminants can be introduced along the manufacturing line.

Additionally, the analysis of commercially available cannabis vape oil has found that there 

were substantially lower concentrations of psychoactive cannabinoids than what is labeled 

(Peace, Butler, Wolf, Poklis, & Poklis, 2016; Peace, Stone, Poklis, Turner, & Poklis, 2016).

The Role of Terpenes

As scientists uncover more of the inner workings of cannabis, we are understanding more 

about the significant role terpenes play in the therapeutic value of this plant. Terpenes are 

organic compounds that contribute to the aroma of each plant, such as limonene in lemon, 

myrcene in thyme, pinene in pine trees, linalool in lavender, geraniol in grapes, and many 

others. These same terpenes are found in cannabis, but in addition to generating a scent 

fingerprint for the different strains, they have therapeutic value in combination with the 

other cannabinoids. Terpenes are part of why some strains contribute more to sleep and 

relaxation, while others improve mood or energy.

The medicinal properties of terpenes have been scientifically validated and proven safe in 

many trials, including clinical, animal, and in vitro. Terpenoids are all flavor and fragrance 

components designated as “generally recognized as safe” by the US FDA for human diets. 

A literature review from the European Journal of Medicinal Chemistry shows they can be 

antioxidant, anti-inflammatory, anticonvulsive, analgesic, antidepressant, anticancer, 

anxiolytic, antitumor, anti-mutagenic, neuroprotective, anti-allergic, anti-diabetic, antibiotic 

and more.xiii

Cannabis terpenes bind to the endocannabinoid receptors found throughout the body 

because they share a precursor with Phyto-cannabinoids. The presence of terpenes can 

even modify how cannabinoids are being absorbed by the body, as they are part of the 

“entourage” effect, which is the process wherein all of the cannabinoids work better together 

than when they are compartmentalized. According to the British Pharmacological Society, 

terpenes have been shown to be particularly effective in entourage with cannabinoids 

(xiii) Nuutinen, Tarmo, “Medicinal Properties of Terpenes found in Cannabis Sativa and Humulus Lupulus,” European Journal 
of Medicinal Chemistry, September 2018, 157(7), 198-228. Available from https://www.ncbi.nlm.nih.gov/pubmed/30096653
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with regards to treating pain, depression, addiction, anxiety, inflammation, epilepsy, cancer, 

fungal and bacterial infections, including even Staph.xiv

 What about delivery mechanisms? The potency of terpenoids have been demonstrated 

strongly when inhaled, even at serum levels that are in the single digits of ng-ML.xv

Thus, sublimation is a powerful delivery mechanism for terpenes, and when combined 

with full-spectrum cannabinoids, the entourage effect is amplified in bioavailability and 

absorption.

Linlool

https://www.ncbi.nlm.nih.gov/pubmed/30098535

Clinical data has found that sublimation of clean, natural dry cannabis flower is a safe, 

highly effective form of delivery. There are limited pyrolytic compounds released from the low 

temperatures, yet increased cannabinoid delivery from better decarboxylation. Moreover, 

the studies show improved outcomes for those with respiratory conditions. When clean 

hemp is combined with the right formulation of terpenes, sublimation is a smart choice that 

delivers the full power of the entourage effect of cannabis to our endocannabinoid system.

(xiv) Russo, EB. Taming THC: Potential Cannabis Synergy and Phytocannabinoid-Terpenoid Entourage Effects,” British 
Journal of Pharmacology, 2011, available at https://www.ncbi.nlm.nih.gov/pubmed/21749363

(xv) Russo, EB. Taming THC: Potential Cannabis Synergy and Phytocannabinoid-Terpenoid Entourage Effects,” British 
Journal of Pharmacology, 2011, available at https://www.ncbi.nlm.nih.gov/pubmed/21749363


