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In several countries with a National medicinal cannabis pgoam, pharmaceutical
regulations specify that herbal cannabis products must adére to strict safety standards
regarding microbial contamination. Treatment by gamma iadiation currently seems the
only method available to meet these requirements. We evalted the effects of irradiation
treatment of four different cannabis varieties covering flerent chemical compositions.
Samples were compared before and after standard gamma-irmdiation treatment by
performing quantitative UPLC analysis of major cannabinds, as well as qualitative
GC analysis of full cannabinoid and terpene pro les. In adtion, water content and
microscopic appearance of the cannabis owers was evaluatd. This study found that
treatment did not cause changes in the content of THC and CBDgenerally considered as
the most important therapeutically active components of mdicinal cannabis. Likewise,
the water content and the microscopic structure of the driedcannabis owers were not
altered by standard irradiation protocol in the cannabis véeties studied. The effect of
gamma-irradiation was limited to a reduction of some terpees present in the cannabis,
but keeping the terpene pro le qualitatively the same. Base on the results presented
in this report, gamma irradiation of herbal cannabis remagthe recommended method
of decontamination, at least until other more generally a@pted methods have been
developed and validated.

Keywords: medicinal cannabis, cannabinoids, terpenes, gamma -irradiation, quality control

INTRODUCTION

Because medicinal cannabis is often used by chronicallytidpiz a ected by a weakened immune
system, pharmaceutical regulations in countries such asNEikerlands and Canada specify that
these products must adhere to strict safety standards raggrdicrobial contamination. When
harmful microbes or fungal spores are inhaled during e.goviaing or smoking, they may directly
enter the bloodstream and cause opportunistic infectionsh®wntamination risks are not merely
hypothetical: cases of chronic pulmonary aspergillosis aa®ubivith smoking unsafe cannabis are
well established in the scienti c literaturélemas et al., 1978; Sutton et al., 1986; Marks et al., 1996;
Szyper-Kravitz et al., 2001; Kouevidjin et al., 2003; Cestah, 2008; Bal et al., 2010; Ruchlemer
et al., 201x For those with compromised immune systems, such lung déseesuld be even fatal
(Hamadeh et al., 1988
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To minimize contamination risks to patients, Dutch TABLE 1| List of current main methods available for decontaminat ion or
regulations demand that medicinal cannabis contains no enorsterilization of (food) products.
than 100 colony-forming units (CFUs) per gram of nal product
which is close to sterility Under the Canadian program, limits

’ Type of decontamination ~ Main treatments

are somewhat higher with a maximum of 1.000 CFUs per gram Heat: Dry heat

Following European or US Pharmacopoeia standards for inhaled Steam (autoclave)

preparations, certain specic pathogens must be completelghemicals: Gas (ethylene oxide, ozone, nitrogen dioxide)
absent, i.e.,Staphylococcus aureuBseudomonas aeruginpsa Liquid (hydrogen peroxide, formaldehyde)

and any bile-tolerant Gram-negative bacteria suchEascoli  High pressure: Pascalization

(EP: 2015; USP, 20)15Furtherm0re, the absence of fungal Filtration: Micropore Iter (\B: for liquids only)
mycotoxins must be conrmed by additional quality control ragiation: Non-ionizing (UV-light)

testing. lonizing (gamma-irradiation, X-rays, electron beam)

Decontamination of medicinal (herbal) cannabis is a
necessity, as it has yet not been possible to grow cannabits plan

lundTr bSL: C|etnhtly S‘ef"e d co?dtltlcl)_ns_t toEkeep_)f tﬁpntamlq;tlon Over the years, the safety of irradiated foods has been
evels below the required safety imits. Even ITthis weasi®e, ., a4 in various animal as well as human studies. These

the multiple. steps invo_lved In harvesting, drying, processingnclude animal feeding studies lasting for several geimrat
and packaging cannabis buds would make it extremely har% several dierent species, including mice, rats and dogs

to mair_1tain near-sterile - conditions th_ro_ughout the_ gntire (WHO, 1999; EFSA Panel on Food Contact Materials Enzymes
production procedure. _As a resul_t, medicinal cannabl_s_ln _Th(?ilavourings Processing Aids-CEF, 2D'NASA astronauts have
Netherl_ands as well asin Canada.|s.treated by gamma iriadiat been eating irradiated foods when they y in space since the
before it becomes available to patierits 1970s Perchonok and Bourland, 20p2Irradiation-induced
changes in food components are generally small and not
Methods of Decontamination signi cantly di erent from those reported in other conventil
Reduction of microbes can be achieved by various treatmasts, preservation processes, especially those based on thermal
listed inTable 1 The optimal choice of decontamination dependstreatment EFSA Panel on Food Contact Materials Enzymes
on the nature of the product to be treated. For herbal material Flavourings Processing Aids-CEF, 2011; Shahbaz et ab).201
such as cannabis, the only currently viable option for treatitris ~ The changes in some components that are sensitive to irradiati
the use of ionizing radiation. Any of the other decontamiioat  like some vitamins or micronutrientsdaul eld et al., 200Bmay
treatments would either a ect chemical content or texturee(j be minimized by using proper treatment condition&iicast,
heat, chemicals, pressure, ste&uchlemeretal., 20)6rwould  1994; WHO, 199p
not penetrate beyond the surface of the dense cannabis owers The safety of irradiated foods has been endorsed by the
(i.e., UV-light). World Health Organization (WHO), the Food and Agriculture
Gamma irradiation involves exposing the target material toaOrganization of the United Nations (FAO), the U.S. Department
packets of light (photons) that are so highly energetic (gammaf Agriculture (USDA), Health Canada (HC), the European
rays) that they damage the DNA strands present in microbes. Adnion (EU), and the Food and Drug Administration (FDA).
aresult, the a ected microbes cannot multiply, and consedlyen Gamma irradiation is now permitted by over 60 countries with
they will perisi? . Because medicinal cannabis is a harvested arat least 400,000 metric tons of foodstu's annually processed
dried (i.e., non-living) product, this e ect is not relevargrfithe  worldwide EFSA Panel on Food Contact Materials Enzymes

condition of the cannabis plant cells. Flavourings Processing Aids-CEF, 2D1The regulations that
dictate how food is to be irradiated, as well as which foods

Irradiation Safety and Concerns are allowed to be treated, may vary greatly from country to
country®.

Most commonly, the radioactive element cobalt-68Q0) is ; . . .
used as the source for gamma irradiation. If administered at Desp|te_these develop_mel_wts, |rrad|at_|on remains a somewhat
appropriate levels, irradiation can be used for the removal o?ontrpversml decontamination - technique that can spar_k

decay-causing bacteria from many foods and herbs, and c ot|onallde.bate_s .among the 99”9""' pUb_"C' One Specic
prevent sprouting of fruit and vegetables to maintain fressme concern with irradiation treatment is the formation of raadytic

and avor (EFSA Panel on Food Contact Materials Enzymegompounds, . in particular z-glkylr_:yclobutano_n_es (Z'ACB.S)'
Flavourings Processing Aids-CEF, 2011; Arvanitoyannial.et These chemicals are formed in minute quantities when high

2009. Decontamination or sterilization by gamma irradiation fat containing foods (such as sesame seeds, pork meat, cheese

is also widely applied to medical instruments and medicine§99%: sh) ar_ehsgbjzf:te_d todgarer;ma |r(;z_ad|at|lon,2z88(;.trl1_e|rteun |
(Hasanain et al., 20)4 increases with irradiation dose énardi et al., ; Lee et al.,

2009. Although some contradictoryn vitro ndings exist on

Ihttps://www.cannabisbureau.nl/english/specication-sheets the safety of these compounds, overall scienti c consenghais
2http://www.hc-sc.ge.ca/dhp-mps/marihuanalinfo/techni- gutgp 2-ACBs are not an immediate cause for concel-$A Panel
Shttp://Iwww.cdc.gov/nczved/divisions/dfomd/diseasestiation_food/#a ect_

foods “https://nucleus.iaea.orgfifa/
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on Food Contact Materials Enzymes Flavourings ProcessiflATERIALS AND METHODS

Aids-CEF, 2011 .
Of course, consumers may also be concerned about th%owents and Chemicals

indirect e ects of irradiation, such as the way it changega‘” organi_c solvents were HPLC or analytical grade. Acdtdei
the way we relate to food or herbal medicine, or how thelVas obtained from Boom labs BV (Meppel, The Netherlands).
use of radioactive materials aect the environment duringEthanol and phosphorus pentoxide4®s0) was purchased from

their mining, shipping and use. Furthermore, irradiation,VWR (Amsterdam, The Netherlands).
like any form of treatment, adds to the nal cost of a .
food product or medicine. All these concerns should beC@nnabis Samples

taken into consideration when determining whether gammaP’harmaceutical-grade cannabis was obtained from the degn
irradiation is the proper choice for decontamination of a Dutch cultivator, Bedrocan BV (Veendam, the Netherlands).

product. Plants were grown from genetically identical clones under
standardized indoor conditions. Flower tops were harvested
. and air-dried for 1 week under controlled temperature and
Evaluating the Effects of Gamma humidity. Four dierent standardized varieties availabla i
Irradiation on Medicinal Cannabis Dutch pharmacies were used for this study iBedrocar,
Patients have occasionally expressed their concerns aheut Bediof, Bedic&k, and Bedrolit?. Batch information
e ects of irradiation treatment on medicinal cannabis. Someand chemical composition of these products is listed in
have claimed a change of taste or e ect, while others worrjfable 2
about changes in the chemical composition or the quality of All cannabis batches used for this study were harvesteddn th
their medicin€. In response to such concerns, some Canadiaperiod of late 2014—early 2015. Following standard procedure,
licensed producers of medicinal cannabis initially pledged n each batch was packaged in portions of 250 grams in triple
to apply irradiation, but were forced to reconsider when theirlaminate foil bags with zip-lock closure (type Lamizip aluminum
products could not meet microbial safety requirements. TdDaklapack, The Netherlands) for gamma irradiation treatment
cushion the impact on their customers, the obscuring termidco at Synergy Health (Etten-Leur, The Netherlands). Eachhbatc
pasteurization” was introduced when in fact gamma irradiati received an irradiation dose of (minimum) 10 kGy producedwit
treatment was appliéd a Cobalt-60 radiation source.

In fresh Cilantro leaves, gamma irradiation was shown to Of each cannabis variety a 10 gram sample was collected
reduce the content of terpenes such as myrcene and lingf@ol ( before (non-irradiated control) as well as after (irradihte
and Sokorai, 2002 Likewise, irradiation may perhaps have ansample) gamma irradiation, resulting in a total of 8 samples for
e ect on cannabis terpenes, which seem to play an importanthis study [4 varieties 2 treatments (before/after irradiation)].
role in the synergistic e ect and bioavailability of cannabids ~ Samples were homogenized by grinding in a blender until the
(Russo, 2011 Although an early study by our group on material was about 5mm in diameter. Ground samples were
the e ect of cannabis irradiation did not indicate changes in nally used for determination of water content, and for sarapl
the cannabinoid pro le (unpublished data), chromatographicextraction for GC/UPLC analysis. Of varietgedrocan the
analysis of cannabinoids has signi cantly improved over themost popular variety used by Dutch patientsgzekamp and
years meaning that more detailed changes in the cannabinoideerdink, 201} some non-homogenized samples were kept for
prole may now be visualized. The occurrence of 2-ACBsamicroscopic analysis.
seems of limited relevance in the case of cannabis, becauseAll samples were handled and stored under equivalent
average daily cannabis consumption is very small compared tonditions. For each variety, irradiated and control samsple
other irradiated products such as meats, fruits of vegesablewere extracted and analyzed on the same day, so that any
Also, cannabis owers do not contain signi cant amounts changes in chemical composition could only be attributed
of fat needed to form these radiolytic compounds in theto the irradiation treatment. This study was carried out
rst place. under a cannabis research license issued by the Dutch Health

To address the concerns that may exist around gammBepartment.
irradiation of medicinal cannabis, we evaluated the e ects o
irradiation treatment of four di erent cannabis varietieswering
di erent compositions (THC vs. CBD dominant types, SativaTapLE 2 | Cannabis type and batch information of the cannabis va  rieties
vs. Indica types). Samples were compared before and righded in this study.
after standard gamma-irradiation treatment, by performing
quantitative analysis of major cannabinoids, as well asitgtise

Variety name Batch # THC/CBD Sativa/lndica Harvest date

- . o type type
analysis of full cannabinoid and terpene pro les. In additjon
water content and microscopic appearance of the cannabisdrocan A1.01.45 THC Sativa 11-12-2014
owers was evaluated. Bediol A2.0515 THCC Sativa 25-12-2014

CBD
R e
http.//www.hc-sc..gc.ca/fn-an/securltllrrldatlon/cyclolmnohg-eng.php Bedrolite A2.08.13 CBD Sativa 08-01-2015
Shttp://www.leafscience.com/2014/05/01/tweeds- rst-maaija-orders- . )
Bedica A2.07.20 THC Indica 22-01-2015

delayed-irradiated/
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7o
Tetrahydrocannabinolic acid Tetrahydrocannabinol
(THCA) (THC)

N

Cannabidiolic acid Cannabidiol
(CBDA) (CBD)

o8,
O 7'\0

Cannabinol Delta-8-tetrahydrocannabinol
(CBN) (delta-8-THC)

FIGURE 1 | Structures of the cannabinoids quantitatively an  alyzed by UPLC.

Water Content Determination homogenized sample (in duplicate) was extracted with 40 mL
Water content of each homogenized sample was determineaf absolute ethanol in plastic serum tubes (maximum content
by using the Loss on Drying (LOD) method according50mL) while mechanically shaking for 15min at 300rpm.
to EP monograph 2.3.32 (method C). In short, 500mg ofTubes were then centrifuged at 3000 rpm and clear supernatant
each sample (in duplicate) was accurately weighed in smallas transferred to a 100 mL volumetric ask. For exhaustive
plastic containers, and dried for 24 h at 4D under vacuum extraction, the procedure was repeated twice more with 25 mL
inside a desiccator containing the potent desiccant phosphorwf ethanol, and supernatants were combined. Volumes were
pentoxide. Subsequently, all samples were weighed agaier Waadjusted to 100 mL with ethanol, mixed well, and ltered thgiu
content (in percentage of initial weight) was determined bya 0.45vm PTFE syringe Iter to remove small particles. Filtrated
comparing weight before and after the procedure. extracts were used directly for GC analysis, or further tdidu

with acetonitrile/water (70:30, v/v) for analysis by UPLC.
Sample Extraction

Ground cannabis samples were extracted for Ga@uantitative UPLC Ana|ysis of Major
Chromatography (GC) and Ultra-Performance Liquid Cannabinoids

Chromatography (UPLC) analysis as de;cribed in th,el'he UPLC pro les were acquired on a Waters (Milford, MA)
Dutch Analvtical Monograph for release testing of CannablsAcquity UPLC system consisting of a gradient pump, an

Flos, version 7.1 (OMC, 2015)In short, 1000mg of each autosampler, a column oven and a diode array detector (DAD).
https://www.cannabishureau.nl/medicinale-cannabis-artserapothekers- The device was controlled by Waters Empower software. Full
speci caties-en-analysevoorschriften spectra were recorded in the range of 200—400 nm. The arallytic
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Bedrocan Bedica
25 25
20 +—— 20
15: 5 15
10 +—— 10 ——
5 5 l
0 0 T
THC CBD LOD THC CBD LOD
Bediol Bedrolite
25 25
20 20
15 15
10 - 10
1 r r r T r
0 T 0 —_— T
THC CBD LoD THC CBD LoD
FIGURE 2 | Total THC and total CBD content (in % of dry weight) a s determined by UPLC analysis, as well as water content (in % of total weight) as
determined by Loss on Drying method (LOD) in all studied variet ies before (gray bars) and after (black bars) irradiation treatment.

column was a Waters Aquity /¢ (1.7mm, 2.1 150 mm) ionization detector (FID) was used. The instrument was equibpe
equipped with a matching guard column. The mobile phasevith a DB5 capillary column (30m length, 0.25mm internal
consisted of a gradient of acetonitrile (A) and water (B)ttbo diameter, Im thickness 0.26m; J&W Scienti ¢ Inc., Folsom,
containing 0.1% formic acid. The gradient was programmed a€A, USA). The injector temperature was 28) with an injection
follows: 0—6 min (hold at 70% A); 6—10.5min (linear increese volume of Iml, a split ratio of 1:20 and a carrier gasANow
100% A); 10.5-11 min (hold at 100% A). The column was thenate of 1.2 ml/min. The temperature gradient started at@@nd
re-equilibrated under initial conditions for 1.5 min, refing ina  linearly increased at a rate ofG/min until the nal temperature
total runtime was 12.5 min. Flow-rate was 0.4 mL/min. Injest  of 240 C which was held for 5 min resulting in a total run time of
volume was 1@L. Chromatographic peaks were recorded at65 min/sample. The FID detector temperature was set to 50
228 nm. All determinations were carried out at 8 All samples The device was controlled by Agilent GC Chemstation soféwar
were analyzed in duplicate. version B.04.01.
Applying the standard protocol for release testing of meditina
cannabis (OMC, 2013) the following cannabinoids were Microscopic Visualization of Glandular
quantitatively determined: THC, THCA, CBD, CBDA, delta-8- Hairs
THC, CBN. The structures of these compounds, including their . . . . .
In order to visualize potential morphological changes in

full chemical names, are shownfigure 1 the glandular hairs (where cannabinoids and terpenes are

L . L. produced) present in the cannabis owers, microscopic
Qualitative GC Analysis of Cannabinoid analysis of cannabis variejedrocanwas performed before
and Terpene Pro les and after gamma-irradiation treatment. Whole cannabis
Gas chromatography was used for the simultaneous qualitativewers were used, without homogenizing. A Leica (type
analysis of monoterpenes, sesquiterpenes, and cannabinoldZ16FA) stereo-microscope was used. Images were captured
as previously reportedHazekamp and Fischedick, 201An  at a magni cation factor ranging from 20 to 120 times
Agilent GC 6890 series (Agilent Technologies Inc., SanteaCla with a Leica (type DFC420C) camera, controlled by LAS
CA, USA) equipped with a 7683 autosampler and a amesoftware.
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FIGURE 3 | Continued

RESULTS than 10%. As shown iffigure 2, the actual water content of the
L Drvi analyzed varieties ranged between 5 and 8%, with no di erences
0SS on Lrying between treated and control samples.

Inhalation, either by smoking or vaporizing, is currentlyetmain

mode of administration used by patientddzekamp et al., 20).3

Water content (humidity) seems to have signi cant impact onUPLC Analysis

how consumers appreciate medicinal cannabis products duringix major cannabinoids were quantitatively analyzed by apglyi
inhalation (Ware et al., 2006 Although gamma irradiation does a validated UPLC methodology that is used as standard
not signi cantly heat up the treated product, water may betlos procedure for release testing of medicinal cannabis in The
during the procedure either as a result of the irradiatioreifs Netherlands. As customary, the sum of THC and its acidic
(Yu and Wang, 2007or because of shipping and handling precursor THCA is reported as “total THC content.” Similarly,
of the product during the treatment. Release speci cations fothe sum of CBD and CBDA is reported as “total CBD content.”
Bedrocan products require the water content to be no mordt should be noted that delta-8-THC and CBN are not originally
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FIGURE 3 | Continued

produced by the cannabis plant, but are formed as degradatioof interest &50). Instead, the entire proles of all visible
products of THC by exposure to heat or light, or by prolongedpeaks are presented Figure 3. Because of the complexity of
storage (Hazekamp et al., 20).0 these pro les, the sections of the pro le where monoterpenes,
Results of cannabinoid testing are shown Kigure2  sesquiterpenes, and cannabinoids elute are displayed sdparate
indicating that levels of total THC and/or CBD were not altdr For each variety, control (non-irradiated) samples, andhteel
by irradiation treatment in any of the varieties studied. Nelta-  (irradiated) samples are shown side by side, using the same
8-THC or CBN was detected in any of the samples (before overtical scale to allow direct comparison. The main peaks in
after irradiation) at levels over 0.1% (which equals 1 maytgof  each variety were identi ed based on previously publisheddat

cannabis ower). (Hazekamp and Fischedick, 2012
) While the overall qualitative composition of the samples
GC Analysis was unaltered, di erences in several terpene components could

Components visualized by GC analysis were not individuallype detected after irradiation in the cannabis varietieslstd.
guanti ed because of the multitude of chromatographic peaksComponents that showed a clear reduction after irradiation
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FIGURE 3 | Continued

treatment are indicated irFigure 3 by showing the relative times. The trichomes (glandular hairs) where cannabinaid a
change (in %) compared to untreated sample. Because a smiglipenes are excreted by the cannabis plant are clearly viaible
variability of terpene content between samples is to be expecteshown in Figure 4. No clear di erences in trichome structure,
and is also observed between replicates of non-treated sampleslor, density, or shape could be observed between the control
changes that are smaller than +/— 5% are not indicated. Théon-irradiated) samples and treated (irradiated) samples.

main components a ected were the monoterpenes myrcene,

cis-ocimene and terpinolene, and the sesquiterpenes gammgy|SCUSSION AND CONCLUSION
selinene, eudesma-3,7(11)-diene and gamma-selinene.eMo n

terpene peaks were formed as a result of treatment. N@Gamma irradiation treatment of cannabis has become stahdar
cannabinoids were altered or formed as a result of irradrati practice in the government-supported medicinal cannabis
programs of The Netherlands as well as Canada. In the study
presented here such treatment, at a radiation dose (10 kGy)
Microscopy su cient to reduce microbial contamination (bioburden) to
Multiple microscopic images were obtained of varietypharmaceutically acceptable levels, did not cause any change
Bedrocanon owers collected before and after treatmentin the content of THC and CBD, generally considered as the
with gamma-irradiation, at a magni cation of about 20-120 most important therapeutically active components of meditina
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FIGURE 3 | GC pro les of four studied varieties showing monoter penes, sesquiterpenes, and cannabinoids in separate secti ons. C, control
(non-irradiated); T, treated (irradiated); artifact. Numbers indicate percentage of change in treate samples compared to non-treated controls.

cannabis Grotenhermen and Muller-Vahl, 20)2Likewise, the in terpene content was also describeffai and Sokorali,
water content and the microscopic structure of the dried calis  2002). However, the authors concluded that the observed loss
owers were not altered by standard irradiation protocol mufr  of terpenes such as myrcene and linalool was insigni cant
di erent cannabis varieties. The study included represeméat compared to the losses that occurred by evaporation during
varieties of THC and CBD dominant types, as well as Sativa améfrigerated storage of Cilantro. Also in orange juice theat e
Indica types. of irradiation on terpenes was found to be non-signi cant
In our study, irradiation had a measurable e ect on thein comparison to changes induced by refrigerated storage
content of multiple cannabis terpenes, mainly on the morgFan and Gates, 20R1Likewise, the slight terpene reduction
volatile monoterpenes. Reduction of a ected terpenes was inbserved in the current study is comparable to the e ect
general between 10 and 20%, but for some components thikat short term storage in a paper bag had on cannabis
may be as much as 38%. In a previous study evaluatimgpmples, in a study performed byr¢ss and EISohly, 1906
the e ect of gamma irradiation on fresh Cilantro, a decreaseA likely explanation therefore seems that gamma irradiation
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FIGURE 4 | Microscopic images of trichomes (glandular hairs) b efore and after treatment with gamma-irradiation. Cannabis varietyBedrocan was used.
Magni cation  20-120 times.

slightly accelerates the evaporation of some of the mordilela account for the lost terpenes, with the exception of some
terpenes. This idea is supported by the fact that no degradatidpeta-caryophyllene oxide formed in the irradiated sample of
products or additional chromatographic peaks were found tovariety Bedica Interestingly, terpenes were not a ected to the
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same degree in all varieties, e.g., myrcene content wadycleaerpenes present in the cannabis, leading to a small quaivgtat

reduced in varietieBedicaand Bedrolitebut not in variety e ect, but keeping the terpene pro le qualitatively essentially

Bediol Perhaps this indicates a protective e ect that cannabiitact.

components may have on each other when present in specic Based on the results presented in this report, gamma

proportions. irradiation of herbal cannabis remains the recommendedhdt
Some cannabis users have claimed that irradiation change$decontamination, at least until other more generallyepted

the taste and/or smell of cannabis during smoking or vapagzi methods have been developed and validated. This is especially

(personal observation by the author). Unfortunately, suchimportant when cannabis is prescribed to seriously ill and

opinions may be hard to substantiate because the same cannapossibly immune-deprived patients, with an increased risk of

is usually not available to consumers in both its irradiated!  su ering from microbial infection. Meanwhile, the developrten

non-irradiated form to allow direct comparison, meaningteés  of improved hygienic standards for cultivation and procegsin

no “base-line” product to quantify the magnitude of the chang of medicinal cannabis may ensure that irradiation doseslzan

Nevertheless, the taste and smell of cannabis mainly depend=sduced to an absolute minimum. In time, gamma-irradiation

on its terpene (essential oil) contenRsso, 2001 While the  may eventually be replaced with other, more generally accepted

current study indicated quantitative changes in some of thdéorms of reliable decontamination.

terpenes upon irradiation, a subtle change in smell or tastg ma

indeed be possible as a result of such treatment. Despite theA8 JTHOR CONTRIBUTIONS

changes, the overall terpene prole of each variety remained

clearly recognizable. The author con rms being the sole contributor of this work én
Gamma irradiation remains controversial among someapproved it for publication.

consumers of medicinal cannabis. However, weighing thesris

vs. the bene ts currently keeps pointing toward the use of thisACKNOWLEDGMENTS

decontamination procedure. After all, cannabis plants cdanno

(yet) be grown and processed under conditions aseptic enougfhe Dutch O ce of Medicinal Cannabis (OMC) and

to meet pharmaceutical standards, while infection risksveet  pharmaceutical quality control laboratory Proxy Labs (Leide

documented in the medical literature and can be harmful orThe Netherlands) are gratefully acknowledged for their suppor

even fatal to seriously ill patients. Meanwhile, the main hafm in performing this study. A big thanks to Gerda Lamers (Leiden

gamma-irradiation seems to be limited to a reduction of someJniversity) for preparing the microscopic images.
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