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L A B O R A T O R I E S , I N C .

 
 
 
 
 
 
 
Evaluation of Volcano® Vaporizer for the efficient emission of THC, CBD, and CBN 

and the significant reduction and/or elimination of total particulate matter (TPM) and 
Tar components (various organic compounds in TPM that absorb UV radiation) 

obtained from NIDA.  
  

 
 
Study Sponsor(s): Multidisciplinary Association for Psychedelic Studies (MAPS) 
    3 Francis Street 
   Belmont, MA 02478 
Client No.:    1311619 
 
   California NORML 
   2215-R Market St. #278 
   San Francisco CA 94114 
Client No.:    14151813 
 
Screening Range(s):  TBD 
 
Test Chemical: Marijuana  
 
Lot #: TBD 

 
CAS No.:  NA 

Comments: 

Test Sponsor Signature:      Date: 

Test Sponsor Signature:      Date: 

 
To be completed by Chemic Laboratories, Inc. 
 

Testing Facility: Chemic Laboratories, Inc. 
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Dose:  NA 
 
Proposed Experimental Dates (Start):            (termination):  
 
Study Director     Date: 

 
Manager, Quality Assurance Unit:       Date: 
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Study Protocol 
 

Evaluation of Volcano® Vaporizer for the efficient emission of THC, CBD, and CBN 
and the significant reduction and/or elimination of total particulate matter (TPM) and 

Tar components (various organic compounds in TPM that absorb UV radiation) 
obtained from NIDA.  

 
 

 
1. Purpose 
 
This protocol is intended to provide guidance for the conduct of several analytical 
investigations the development of rapid-onset, non-smoked cannabinoid delivery systems, 
as recommended by the Institute of Medicine in its report, "Marijuana and Medicine" 
(1999). In particular, this protocol is intended to assess a vaporizer device known as the 
Volcano®. It has been demonstrated in previous experiments that the act of vaporization 
(i.e., T NMT 220oC) versus combustion (i.e. T NLT 240oC) significantly reduces the 
production of Tar, total particulate matter (TPM) and polynuclear aromatics (PNAs) while 
delivering a comparable concentration of cannabinoid components. Data obtained as a 
result of the proposed study design will provide quantitative analytical data associated with 
the precision, accuracy and robustness of vapor delivery, as expressed at differing 
temperatures of vaporization. Furthermore data obtained will be provided to Dr. Donald 
Abrams of USCF to be utilized where applicable in association of Investigational New 
Drug Application # 68,057 and Investigational New Drug Application # 72,987. 
 
The Volcano® device has been demonstrated to collect vaporized cannabinoid analytes 
(under controlled conditions) while minimizing and/or eliminating the production of Tar 
TPM, and PNAs. Analytical data generated during the conduct of the proposed 
experimentation is anticipated to provide sufficient results such that the assertions 
associated with the functional outcome of the Volcano® operation can be commented 
upon. Those assertions evaluated will include (1) Dose precision: The measure of delivery 
variability (e.g., closeness of fit) from the mean value. (2) Dose accuracy: The measure of 
delivered dose to the collection device as directly compared to the recovered 
concentration obtained from solvent extracted material. (3) Device robustness: The 
outcome of experimental data when system temperatures are deliberately modified. (4) 
Device efficacy: The comparative isolation and delivery of cannabinoids and medically 
active terpenoids while reducing and/or eliminating the production of Tar, TPM and PNAs. 
(5) THC, CBD and terpenoid delivery: The comparative efficiency of delivery for THC 
,CBD, and terpenoids using sample from a single source (i.e., NIDA).  Experiments will be 
repeated at different temperatures so as to investigate the relationship between outcome 
variables and temperature. 
 
 
2.  Introduction: 
 
Investigations of THC, CBD, CBN, PNA, TPM, terpenoid and Tar components evolved by 
use of vaporizer methodologies will be completed using a device known as a Volcano®.  
The device will be “loaded” with approximately 200 mg of finely screened, homogeneous 
marijuana (provided by a pre-determined DEA-regulated source), in which the % moisture 
has been previously determined using moisture balance methods (attachment 1).  Upon loading 
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of the device (figure 1) the marijuana will be heated to approximately 180-200 oC. Device 
parameters  (temperature and airflow) will be monitored using validated thermocouples 
and flow meters and the data duly recorded. In previous completed studies, a 
vaporization/volatilization temperature range of 180-200oC was utilized.  It is reported that 
volatilization of cannabinoids can occur at temperatures as low as 140oC .  In an effort to 
optimize THC delivery with the device, experiments will be repeated at 140-160oC and 
160-180oC. It is noted that the device manufacturer documents the temperature accuracy 
of the device as ± 1.5oC Evolved vapor will be collected in the device collection trap five 
times sequentially (i.e., five individual “balloon” samples) (n=5).  Subsequently, the vapor 
entrapped by the device will be transferred to either   a methanol collection trap (figure 2) or a 
volatile gas trap (Fisher part # 11-134-190, or equivalent).   This process of vapor 
evolution, collection, and transfer (in-order to generate precision information associated 
with the Volcano®) will be completed on three (3) consecutive aliquots of screened product 
(e.g. sample n = 15). 
 
Additionally, to determine the cannabinoid baseline concentration, robustness of the 
device used for multiple product sources, and the quality, and relative percentage of 
available cannabinoids (e.g., THC, THCA, CBD, CBN) delivered, experiments will be 
repeated using standard NIDA marijuana (two sample lots). To measure the 
concentrations of THC and CBD solvent/Soxlett extraction of extracted analytes of the two 
raw material products prepared in triplicate (e.g., n=6) will be completed. Final solvent 
extracts will be assayed using High Performance Liquid Chromatograph-Diode Array-Mass 
Spectrometry HPLC-DAD-MS) and the extract concentration, and subsequently product 
potency w/w, will be quantitatively determined using methods of external and internal 
standardization. External standardization will be completed using high purity references 
standards of THC, CBD, and CBN of known concentration, while internal standardization 
will utilize a known concentration of a suitable compound subjected to complete sample 
extraction therefore accommodating the extraction efficiency of the Target analytes. Direct 
comparison to the recovered concentration of Target analytes captured during the 
previously described Volcano® experiments will be documented.  
 
The samples (n=6) collected and solubilized in the methanol trap will subsequently be 
assayed by a quantitative High Performance Liquid Chromatograph-Diode Array-Mass 
Spectrometry (HPLC-DAD-MS) analytical method. The samples collected and solubilized 
in the gas trap will subsequently be assayed by a quantitative Gas Chromatography-Mass 
Spectrometry (GC-MS) analytical method. The samples collected via glass fiber filter will 
subsequently be assayed by quantitative gravimetric analysis.  This analysis will be used 
to investigate differences in the vapor of the two different marijuana samples due to their 
differing consistencies. Additionally the remaining material (following heating and vapor 
evolution) will be extracted using solvent/ Soxlett extraction techniques and assayed as 
previously described. Final data collected will be used to in Mass Balance calculations by 
assessing the total volaitilized and collected analytes versus that left behind in the plant 
material and subsequently extracted via Soxhlet extraction. 
 
All peaks isolated by means of HPLC-DAD-MS will be evaluated for their MS spectral 
characteristics and reported according to reporting parameters set forth within this 
document. 
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Parameters evaluated: 1) Chromatographic peak resolution 

   2) Chromatographic peak purity (where applicable) 
3) Extraction efficiency (i.e., CV% between multiple samples 
(6 replicates)) 
4) Sample concentrations from Volcano® (multiple 

extractions (15 replicates) ensuring complete recovery) 
 
This protocol is offered and to meet the requirements of cGMP:  21 CFR Part 160. 
 
 
 3. Application: 
 
To characterize the extractable profile over multiple vapor sample collections (n = 15) in 
Marijuana using vaporizer technology and analyzing the resulting extract by HPLC-DAD-
MS, GC-MS, and TPM 
 
 
4. Reagents, Materials, and Equipment: 
 

A. Water, ASTM Type II 
B. Methanol (Chromatographic grade or equivalent) 
C. Acetonitrile (Chromatographic grade or equivalent) 
D. Toluene (Chromatographic grade or equivalent) 
E. Volcano® (Vapormed 78532, Tuttlingen, Germany) 
F. 250 mL Volatile gas trap (Fisher part # 11-134-190, or equivalent) 
G. Methanol collection trap  
H. GAST vacuum pump  
I. Tygon® tubing 
J. Assorted volumetric glassware (flasks, pipettes, gas tight syringes, etc) 
K. Assorted sample analysis vials 
L. Assorted sized sized sieve 
M. Sartorius Analytical balance (or equivalent) 
N. Sartorius Top loader balance (or equivalent) 
O. Traceable thermocouple  
P. High Performance Liquid Chromatograph-Diode Array-Mass Spectrometer  

(Hewlett Packard model 1100) 
Q. Analytical C18 end capped HPLC column (or equivalent) 
R. Marijuana (provided by a pre-determined DEA-regulated source). 

 
 
5. Standards: 
 

A. Tetrahydrocanbinol (THC) (Aldrich cat # J2753, or equivalent) 
B. Canabidiol (CBD) (Aldrich cat # C6395, or equivalent) 
C. Canabinol (CBN) (Aldrich cat # C6888, or equivalent) 
D. Tetrahydrocanbinol-acid  (THCA) 
E. Delta-9-Tetrahydrocannabinol-d3 (internal reference standard) 
F. Polynuclear-aromatic (PNA) mixed standard (Chem Service, Inc. cat # SP-Chemic-

1AMZ, or equivalent) 
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Note:  All reference standards are used on an “as-received” basis  
 
 
6. Materials & Methods 
 

I. Review the procedure (where appropriate) supplied or approved by the test Sponsor. 
 

II. Inventory any supplies needed, i.e., chromatographic columns, solvents etc. 
 
III. Analyte extraction using a Soxlett extraction system 

  
A. Install triplicate Soxlett extraction units in a suitable fume hood providing airflow of 

approximately 100 CFM according to appropriate standard operating parameters 
B. Finely (removing any hard core material) screen a minimum of 2 samples each 

(approximately 1 g of marijuana) obtained from NIDA using a suitable sized sieve 
(all performed in triplicate) thus ensuring a homogeneous test sample. 

C. Determine and record the percent moisture content in the prepared marijuana 
according to Chemic Laboratories standard operating procedure 4.62 (all 
performed in triplicate). 

D. Quantitatively transfer separately 200 ± 5 mg screened marijuana to the Soxlett 
extraction thimbles in triplicate (n=6).  

E. Attach an appropriately sized round bottom flask containing 250 mL of methanol. 
F. Heat (to refluxing temperature) the Soxlett extraction system using a controlled 

heating mantel such that the gentle refluxing of the system is maintained for a 
period of approximately 4 hours. 

G. Remove the heat and allow the system to reduce to ambient room temperature. 
H. Remove the methanol collection flask, being careful to rinse the system to remove 

residual material into the round bottom flask. 
I. Quantitatively transfer 1.00 mL of delta-9-Tetrahydrocannabinol-d3 internal 

reference standard to the round bottom flask. 
J. Subject the sample to roTary evaporation until approximately 10 mL of final extract 

is obtained. 
K. Quantitatively transfer the solution to a 50 mL volumetric flask and bring to final 

volume with methanol.  
L. Transfer a 1.5 mL volume to two individual, appropriately sized actinic glass 

analysis vials with hermetically sealed Teflon® lined closures. 
M. The extract solutions are assayed according to HPLC-DAD-MS parameters 

identified within the study protocol. 
N. Quantitative analysis and resultant data is obtained and the available dose mass of 

the Target analytes is determined. 
O. The mean and coefficient of variations is determined and reported. It is anticipated 

that extraction precision will be established as ± 2% from the mean recovered 
concentration. 

 
IV. Analyte extraction using Volcano® Precision determination 

A. Install the Volcano® (figure 1) in a suitable fume hood providing airflow of 
approximately 100 CFM. 

B. Attach the traceable thermocouple to the vaporizer device such that the operating 
temperature may be determined and “calibrated” to the device settings. 
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C. Finely screen approximately 1 g of marijuana (e.g., obtained from NIDA) using a 
suitable sized sieve and store in individual actinic glass container/closures. 

D. Determine and record the percent moisture content in each prepared marijuana 
sample according to Chemic Laboratories standard operating procedure 4.62 
(Attachment 1). 

E. Quantitatively transfer 200 ± 5 mg screened marijuana to the vaporizer device 
according to the manufacturer’s instructions (Attachment 2). 

F. Attach the vaporizer trap according to the manufacturer’s instructions. 
G. Turn on the vaporizer unit for the maximum time allowed sufficient to fill the 

collection trap (time to fill is observed and recorded). 
H. Remove the collection trap and transfer the vapor, via vacuum, to a suitable 

methanol trap containing 50.0 mL methanol (time to transfer is observed and 
recorded). 

I. Quantitatively transfer 1.00 mL of delta-9-Tetrahydrocannabinol-d3 internal 
reference standard to the 50 mL methanol, yielding an internal standard 
concentration of ≈200 µg/mL.  

J. Repeat procedure G, H, & I sequentially four additional consecutive times, being 
sure to transfer the vapor to individual solvent traps (e.g., n= 5 samples each 
product) 

K. Transfer 1.5 mL volumes to individual, appropriately sized actinic glass analysis 
vials with hermetically sealed Teflon® lined closures. 

L. The remaining solutions (e.g. approx 48.5 mL) of methanol are transferred to 
individual appropriately sized actinic glass bottles with hermetically sealed Teflon® 
lined closures and stored securely under refrigerated conditions. 

M. The collection experiment (procedural steps E through L) are repeated two 
additional consecutive times varying the output energy to the device (i.e., lowest 
heat setting, middle heat setting and highest heat setting). Therefore a total of 15 
vaporized samples are collected. 

N. The collection experiment (procedural steps E through L) are repeated two 
additional consecutive times varying the vacuum by a minimum of 0.5X and 1.5X to 
the collection device. Therefore a total of 15 vaporized additional samples are 
collected. 

O. The collection experiment (procedural steps E through L) are repeated two 
additional consecutive times varying the vapor collection time by a minimum of 
0.5X and 1.5X. Therefore an additional 15 vaporized samples are collected. 

P. The extract solutions are assayed according to HPLC-DAD-MS parameters 
identified within the study protocol. 

Q. Quantitative analysis and resultant data is obtained and the available dose mass of 
the Target analytes is determined. 

R. The mean and coefficient of variations is determined and reported. A precise dose 
delivery system will be concluded if the precision (CV) outcome is NMT ± 10% from 
the mean value. 

S. Dose accuracy will be determined by direct comparison of resultant quantitative 
data between the mean recovered concentrations of Target analytes obtained via 
Soxlett extraction versus Target analytes obtained via vaporization. 

 
V. TAR, Total Particulate Matter (TPM), and PNA 

 
In order to simulate collection of TPM as described in the Federal Trade Commission 
(FTC) method for burning cigarettes, the Volcano® device will be modified such that a 
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custom fit adapter equipped with a pre-weighed (WI) glass-fiber filter of defined pore size 
(Figure 3) will be attached to the device valve prior to attachment of the balloon. 

 
A. Quantitatively transfer 200 ± 5 mg screened marijuana to the vaporizer device 

according to the manufacturers instructions (Attachment 2) inclusive of the pre-weighed 
glass fiber filter. 

B. Turn on the vaporizer unit for the maximum time allowed sufficient to fill the 
collection trap (time to fill is observed and recorded). 

C. Determination of TPM: The glass-fiber filter will be removed form the adapter, 
weighed (WF), washed with a variety of solvents (polar→ nonpolar), and dried 
under nitrogen stream to a constant weight (WI).  TPM will be recorded as (WF-WI).  
The combined washes will be reserved for HPLC-DAD-MS analysis. 

D. Thermogravimetric analysis:  TGA will be used to assess the volatility and thermal 
stability of TPM (dry weight).  TPM weight loss will be measured as heating 
temperature is increased. 

E. Spectrophotometric determination of Tar:  Aliquots of vapor emitted by the device 
and subsequently collected in the methanol collection trap, as well as combined 
washes of the TPM-impregnated glass-fiber filter will be will be subjected to HPLC-
DAD analysis for quantification of UV-absorbable components.  

F. GC-MS determination of PNA:  Aliquots of vapor emitted by the device and 
subsequently collected in the methanol collection trap, as well as combined 
washes of the TPM-impregnated glass-fiber filter will be will be subjected to GC-
MS analysis for quantification of PNA components. 

 
 
7. Standard Preparation 
 
Prior to analysis, consideration of the type of instrumental calibration is discussed with the 
study sponsor.  The use of internal standardization as well as external standardization 
may be employed. 
 
Prepare reference material stock solutions (where appropriate) in duplicate containing 
approximately 10.0 mg/mL of each reference standard in methanol as described below.  
Analytical grade material should be used when available.  The two categories of chemical 
reference standards available are USP/NF (i.e., reference standards which do not need 
characterization) and non-compendia standards that are purchased through a chemical 
supplier.  These standards should be of the highest purity available and be characterized 
(i.e. be accompanied with a certificate of analysis and/or purity). 
 

A. Reference Stock Preparation: HPLC-DAD-MS 
 

Delta-9-Tetrahydrocannabinol-d3 Stock Solution:  Approximately 1.00 g of Delta-9-
Tetrahydrocannabinol-d3 reference standard is quantitatively transferred to a 100 
mL volumetric flask and solubilized with approximately 50 mL methanol. Upon 
complete dissolution of the delta-9-Tetrahydrocannabinol-d3, the solution is 
brought to final volume with methanol.  The final concentration of the internal 
reference stock solution is approximately 10.0 mg/mL 
 
Approximately 10 mg (e.g. 0.36 mL of 28 mg/mL reference stock solution) of THC 
reference standard is quantitatively transferred to a 10.0 mL volumetric flask and 
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solubilized with approximately 5 mL methanol. Upon complete dissolution of the 
analyte the solution is brought to final volume with methanol. The final 
concentration of this stock solution is approximately 1.0 mg/mL THC. 
 
Approximately 10.0 mg of THCA reference standard is quantitatively transferred to 
a 10.0 mL volumetric flask and solubilized with approximately 5 mL methanol. 
Upon complete dissolution of the analyte the solutions is brought to final volume 
with methanol. The final concentration of this stock solution is approximately 1.0 
mg/mL THCA. 
 
Approximately 10.0 mg of CBN reference standard is quantitatively transferred to a 
10.0 mL volumetric flask and solubilized with approximately 5 mL methanol. Upon 
complete dissolution of the analyte the solutions is brought to final volume with 
methanol. The final concentration of this stock solution is approximately 1.0 mg/mL 
CBN. 
 
CBD reference standard is purchased pre-solubilized at a final concentration of 
approximately 1.0 mg/mL and used as received during preparation of subsequent 
quantitation standards. 

 
B. Mixed Reference Standard Solutions: HPLC-DAD-MS 

 
Mixed reference standards are prepared as described below: 
 

Target 
Compound 

Stock 
Conc. 

(mg/mL) 

Initial 
Volume 

(µL) 

Final 
Volume 

(mL) 

Standard 
Conc. 

(µg/mL) 

THC 1 100 10 10.0 
CBD 1 100  10.0 
CBN 1 100  10.0 
THCA 1 100  10.0 
Delta-9-
Tetrahydro
cannabinol
-d3 

10 75  75.0 

     
THC 1 200 10 20.0 
CBD 1 200  20.0 
CBN 1 200  20.0 
THCA 1 200  20.0 
Delta-9-
Tetrahydro
cannabinol
-d3 

10 75  75.0 

     
THC 1 400 10 40.0 
CBD 1 400  40.0 
CBN 1 400  40.0 
THCA 1 400  40.0 



      Protocol No.: 2696 
    Version: 4 
                                                                                                          January 16, 2008 
    Page 9 of 50 
 

Delta-9-
Tetrahydro
cannabinol
-d3 

10 75  75.0 

     
THC 1 800 10 80.0 
CBD 1 800  80.0 
CBN 1 800  80.0 
Delta-9-
Tetrahydro
cannabinol
-d3 

10 75  75.0 

     
THC 1 1600 10 160 
CBD 1 1600  160 
CBN 1 1600  160 
THCA 1 1600  160 
Delta-9-
Tetrahydro
cannabinol
-d3 

10 75  75.0 

 
 

Transfer approximately 1.5 mL of each reference to appropriately sized actinic analysis 
vials and hermetically seal with Teflon® lined caps. 
 
Proper standard solution preparation is demonstrated by a coefficient of variance (CV) 
of ≤ 5 % for triplicate injections of each standard solution. 

 
C. Reference Stock Preparation: GC-MS 

 PNA reference stock solution prepared in toluene at a concentration of 2,500 
µg/mL is obtained from Chem Service Inc. West Chester, PA 19381-0599 and 
includes the following analytes: 
  
Naphthalene   Acenaphthylene   Phenanthrene 
Acenaphthene   Fluorene    Pyrene 
Anthracene   Chrysene    Benzo(a)pyrene  
1,2-Benzanthracene  Benzo(k)fluoranthene  Benzo(b)fluoranthene  
1,1,2-Benzoperylene  1,2,4,6-Dibenzanthrancene  Indeno [1,2,3-

c,d]pyreneFlouranthene 
    

D. Mixed Reference Standard Solutions: GC-MS 
Quantitation and LOD reference standards are prepared as described below: 

 
PNA Stock Stock 

Conc. 
(mg/mL) 

Initial 
Volume 

(µL) 

Final 
Volume 

(mL) 

Standard 
Conc. 

(µg/mL) 

Quant std. 2500 500 10.0 125 
LOD std. 2500 3.00 10.0 2.30 
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8. Initial Instrumental Conditions 
 

A. HPLC-DAD-MS 
Analysis using a reverse phase analytical separation column and an isocratic 
aqueous-organic solvent mobile phase (25% 0.1% TFA in ASTM type II water, 75% 
Acentonitrile) over 60 min, including a mobile phase flow rate of 1.00 mL/min, diode 
array monitoring signals of 205 and 254 nm, MS detector in Total ion chromatography 
mode scanning from 50 – 1000 AMU  
 
B. GC-MS 

 
Proposed methodology will include but not be limited to: direct injection GC-MS 
analysis using an DB-XLB analytical separation column (J&W 122-1232, or equivalent: 
30M X 250µm X 0.30 µm film), and a thermo-gradient of 110oC to 320oC over 53 min, 
ramp @ 5oC/ min. Injection and detection port temperatures, split flow ratio, carrier gas 
and make up gas flow rates, and injection volume (i.e., 1-5 µL) as appropriate.  MS 
detector: Single ion monitoring mode 
 

 
9. Evaluation Criteria 
 

A. Equilibrate the HPLC-DAD-MS, GC-MS with the analytical column and 
instrumental conditions until a stable system baseline is achieved.  Demonstrate 
stabilized system by injecting control extraction solvent to evaluate the HPLC 
system for any artifact peaks.  If artifact system peaks are observed at greater than 
3X the noise, the appropriate system maintenance must be performed.  

 
B. Linearity – A minimum of five different concentrations (calibration working 

standards) of the each reference standard (injected in duplicate prior to and 
following sample assays; n=4 for each concentration) must be used to produce a 
standard calibration curve.  A linear or other appropriate functional relationship that 
yields a R2 ≥ 0.985 for the calibration standards demonstrates that quantitative 
data may be generated using this regression methodology. 

 
C. The relative standard deviation (RSD) of the replicates of each reference standard 

concentration is determined as follows: RSD = (Standard Deviation/Mean Area 
Response)*100.  The RSD between the replicate standard injections should be 
NMT 10%. 

 
 

D. Standard Response Factors 
 
Calculate Relative Response Factors (RRF) for each reference standard as follows: 
 
Relative Response Factor = Standard Concentration / Peak Area Standard 
 
The CV for the calculation RRF of the standards should be NMT 7.5%. 
 
Integrate all unknown peaks that have an area greater than the lowest detectable 
concentration standard. 
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Report the results of each preparation of the samples.  
 
10. Records To Be Maintained 
 
Records to be maintained include, but are not limited to, correspondence and other 
documents related to the interpretation and evaluation of data, as well as all raw data and 
documentation generated as a result of the study.  A copy of the draft and final reports are 
maintained with the raw data.  The data will include documentation describing (but not 
limited to), the following: 
 

A. Sample preparation procedures, including all reagents and equipment. 
B. Stock solution preparation. 
C. Instrumental conditions and actual analysis. 
D. Method statistical calculations.  
E. Clearly labeled chromatograms, labeled with the study number, sample ID, date of 
analysis and initials of the analyst.  

 
 

11. Data Archival 
 

All data is archived in Chemic Laboratories permanent archive as per SOP # 1.15 
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Figure #1 

 
Volcano®  
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Figure #2 
 

Methanol Collection Trap 
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Attachment #1 
 

Standard Operating Procedure 4.62 
(Uncontrolled Copy) 
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Attachment #2 
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Attachment #3 
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Attachment #4 
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