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INTRODUCTION

Background

pover the past few years there has been a considerable inerease in the
number of scheduled substaoces newly included under international
control. This increase reflects a rapid diversification of drugs of
abuse, and the consequent increase of régulatory efforts results in turn
in a larger number of controlled substances and in better but, at the
same time, more stringent national legislation and sentencing
provisions. At the same time, the seized quantities of drugs already
under control, such as the opiates, cocaine and coca paste, cannabis
products, amphetamine and reiated compounds have alsc shown an alarming
and unprecedented increase 1o certain regions. This new situation,
involving an increase both in the frequency and volume of seizures,
presents a challenge not only to national law enforcement authorities,
but also to the technical and scientific staff of forensic laboratories.

Owing to the ingepuity of illicit producers and promoters, unexpected
new illicit drugs or combinations of drugs appear on the illicit market,
requiring rapid and adequate action as well as ingenunity on the part of
forensic chemists. Similarly, the increased number of controlled
substances and of related legislative provisions place additional
pressure on naticmal forensic and narcotic laboratories and their staff.
Analysts have to be able to deal with more substances and preparations
and to use faster, more accurate and more specific methods of
jdentification and analysis. Ip addition, the international character of
drug trafficking requires the speedy exchange of analytical data between
laboratories and law enforcement authorities both on the natiomal and the
international levels. Development of internationally acceptable methods
of testing would contribute greatly to the achievement of these
objectives, and Chis possibility has been under consideration for some

time.

At its eighth special session in February 1984, the Commission on
Narcotic Drugs requested the Secrerary-Ceneral "to investigate the
possibility of reaching agreement at the regiomal aund interregional
levels on recommended methods of analysis of drugs seized from the
traffic". The Commission was of the opinioz that closer scrutiny and
harmonization of the wide variety of analytical methods in use at the
national level would not only ease the task of the staff of national
institutions but would also facilitare the exchange of information at

regional and interregiomal levels.

Purpose of the manual

In response to the Commission's request, a group of eleven experts
and two comsultants was convened in September 1386 by the Division of
Narcotic Drugs im Kuala Lumpur at the invitation of the Government of
Malaysia. The present manual published by the United Natioms bivision of
Narcotic Drugs reflects the conclusions of the group of experts and has
been designed to provide practical assistance to national authorities by
describing recommended methods to be used in Foremsic laboratories for
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the identification and analysis of cannabis products. The manual may
also serve as a guide to national zuthorities in assessing existing
methods used within their own government and university laboratories.

This manuel is the third in a series of similar publications dealing
with the identification and analysis of various groups of drugs under
international control; it was preceeded by manuals on heroin (ST/NAR/G),
cocaine (ST/NAR/7) analysis, and will be followed by a similar
publication dealing with amphetamine/methamphetamine analysis.

These manuals suggest approaches that may help the foremsic analyst
to select a technique appropriate to the sample currently being
examined. The analyst may then choose to follow any of the methods
desceribed in the manual, as each method can be expected to produce
reliable analytical information with respect to the samples to which they
are applied. Each method has been used for a number of years in
reputable forensic iaboratories and has been published in the scientific
literature. In identifying these methods, the expert group was aware
that many other useful and acceptable methods praduce worthwhile analysis
and information for the foremsic analyst, and that a number of other
acceptable options are recorded in the forensic scieantific literature.

Use of the manual

Few methods are perfect, least of all in forensic drug analysis where
the materials under examination are very likely to show significant
variation both in their physical form and chemical composition. The
choice of merhodology and approach to anezlysis remains within the control
of the analyst working within his or her own country. The analyst alone
has seen the suspect material and can best judge the correct approach to
the preblem at hand. Furthermore, the choice of methods may necessarily
depend on the availability of reference materials and of inatrumentation.

Not all the methods listed need to be applied to all samples of
suspected cannabis. Requirements may vary, for example, as a result of
local trends in samples encountered, facilities available, and the
standard of proof acceptable in the prosecution system within which the
analyst works. The more complex methods are needed only for certain
forensic requirements, such as quantitation of one of the cannabinoids
present in the material, comparison of samples or the development of

typology.

In order to establish the identity of any controlled drug, it is
suggested that the criteria should be at least two independent snalytical
parameters. The selection of these parameters in any particular case
would take into account the drug involved and the laboratory resources
availzble to the analyst. For example, two uncorrelated TLC systems
would count as two parameters. Uncorrelated T1C systems in this context
means that either the scolvent systems OT the coating on the plates are
completely different. When possible, three emtirely different analytical
techniques should be used, for example: colour test and any two aof the
available chromatography technigues {rLC, GLC or HPLC). The analysis of
cannabis products represents a special problem to the forensic chemist.
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Because cannabis and cannabis resin are plant material it is mandatory
that the analyst includes macroscopic and/or microscopic examination of
the material as part of the testing protocol. The choice of the two
other technigues or more, is left to the discretion of the forensic
chemist.,

Attention is also drawn to the vital importance of the availability
of textbooks on drugs of abuse and analytical techniques. Furthermore,
the analyst must continually keep abreast of current trends in analysis,
consistently following curreat analytical and forensic science
literature. TFor this purpose, attention is drawn te the Multilingual
Dicticnary of Narcotic Drugs and Psychetropic Substances under
International Contrel (ST/MAR/1), a vital tcol for forensic laboratories,
and to the Manual on Staff Skill Requirements and Basic Equipment for
Narcotics Laberatories (ST/NAR/2), both published by the Division of
Narcotic Drugs. The latter publication lists bibliographic references as
well as a selection of well-known journals in the field. Analytasts
should refer to these and to previous manuals in this series for geperal
descriptions of the amalytical techniques included in this manual.

Close liaison with national law enforcement and judicial authorities
as well as between national narcotic laboratories and those at the
regional level can lead to greater awareness of the latest trends in drug
presentation, the illicit traffic, smuggling techniques and the
preparation of evidence to courts of law. These, in turn, will produce a
more meaningful choice of analytical techniques to be applied to the
latest submissions.

It is equally important that the latest information on changes in
drugs available in the illicit traffic be quickly disseminated, This may
often need to be dome prior te publication in specialized periodicals
dealing with forensic and other chemical analyses, since these
publications are available to the foreasic community some two to three
years after the changes become known. The value of frequently published
national reports on the latest information on such changes in drugs and
on work beipg undertaken and analytical results obtained within
individual laboratories cannot be over-emphasized.

The Division of Rarcotic Drugs would welcome observations on the
contents and usefulness of the present manual. Comments and suggestions

may be addressed to:

pivision of NWarcotic Drugs
United Nations Office at Vienna
Vienna International Centre
P.0. Box 500

A-1400 Vienna, Austria
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{. PRODUCTION OF ILLICLIT CANNABIS PRODUCTS

A. Herbal products (Marijuana)

Cannabis (Canpabis sativa L.) is & plant widely distributed
throughout the temperate and tropical zones of the world, and most
countries have reported illegal growth and traffic of the herbal
products. Large scale iilicit cultivation of the cannsbis plant to make
herbal cannabis products cccuxrs in North and South America, the
Carribean, Africa and South East Asia. The presentation of the herbal
material in the illicit traffic varies mot only from region to region,
but zlso within the countries of each region. :

It is the traditional belief that only the fruiting and flowering
tops and leaves of the cannabis plant contain significant quantities of
the psychoactive constituents {e.g. tetrahydrocamnabinol); they are known
as the "drug-containing parts", and generally it is only these parts of
the plant that are sold in the illicit traffic. These parts may be
stripped from the plant while it remains growing. The central stem and
main side stems of the plant are pot removed and play no part in the
production of illicit cannabis products. Alternately the eatire plant
may be removed by cutting the main stem at a point below the lowest
leaf-bearing side stems. The separated herbal material, or whole plants,
are allowed to air dry, usually by being spread out on the ground or, if
in relatively small quantity, by being placed in shallow trays. Whole
plants can be dried while suspended upside down and when dried, the
drug-containing parts of the plant are stripped from the central and main
side stems. A wide range of herbal presentations are made depending on
the process subsequently used on the dried material, The separated parts
may be highly compressed to make blocks of herbal materials {West African
and Caribbean capnabis is frequently trafficked in this form).
Alternately the cannabis may be left as 2 loose herbal material (samples
from some Central and Southern African countries and from countries of
South West and South East Asia are often in this form). A less
frequently encountered presentation is produced when the herbal material
is rolled into a “corn-cob" shape and wrapped in coarse vegetable fibre

{(Central Southern Africa).

If a high quality product is to be made for trafficking the fruiting
and flowering tops alone are used. They are most often made into sticks;
frequently the fruiting and flowering tep is kied using twine around a
central bambeo cane. Such sticks weigh about 2 grammes {gross), are
approximately 8 centimeters long and are known in the illicit traffick as
VRuddha-sticks" (South East Asia). Often whem seized from the illicik
traffic these sticks are found in bundles of up to 20 sticks.

Alternately the fruiting and flowering top is often in & small roll
wrapped in brown paper (South Africa). These rolls are considerably
smaller than the South East Asian type. Usually there is less than
0.5 grammes of cannabis per roll, and there are few, if any, seeds within

the material.
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High quality product can be made by sieving herbal cannabis to remove
those parts of the plant which contain relatively low levels of
cannabinoids, or no cannabinoids. Essentially, this removes seeds and
all but the wmost insignificant stem material, All that passes through
the sieving process has been derived from the flowering and fruiting tops
or the leaves of the canmabis. The material resembles finely chopped
herbal material. In the illieit traffick it is known as “Kif". It is a
characteristic product of North Africa. Such material has a high
cannabis resin content and can be compressed inte slabs which bear some
physical resemblence to cannabis resin slabs made in the same regiom.
However, when subjected to microscopic examination, such slabs are found
to have retained essentially herbal characteristics. This material,
whether loose or compressed intoc small blocks, has the same cannabinoid
profile as cannabis resin slabs made in the same region.

An alternative high quality product is Sinsemilla. The word
Sinsemilla derives from two Spanish words which mean "without seeds'.
Sinsemilla is produced by removal of male cannabis plants from the
environment nf female cannabis plants before the male plant has released
ita pollen. The female plants never become fertilized and therefore
produce no seeds. It is claimed by those invelved in the illicit
cultivation of cannabis that the resin bearing parts of such plants
contain a higher level of the psychoactive chemicals (e.g. THC) than
ordinary female plants which have been allowed te become fertilized in
the normal way. Foremsic analysis would suppert this contention,
Sinsemilla is found to contain higher levels of the cannabinoids,
especially THC.

It is worth notipg that the removal of male plants from the
environment of female plants before fertilization has cccured, has been
practiced for many years in, for example, the Indian subcontinent. It
was known that if this was not done, the female plants would run to seed,
and a very poor yield of "ganja" would be produced, Invariably, however,
a few seed bearing flowering tops were present in such material. This
may have occured because cannabis is not entirely a dicecious plamt. 1In
any large field of cannabis plants, a number will be monocecious, that is
bearing both male and female flowers.

ginsemilla remains, at the time this booklet was prepared
{October 1986), a product cultivated only in the Americas, although
seizures of Sinsemilla have also been made outside the Americas. The
seized material im these cases had, however, been cultivated within the

Americas.
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B. Resin products (Hashish)

The production of cannabis resin is centered on two main regions of
thé world. The couantries around the Southerm and the Eastern part of the
Mediterranean form one region, and the countries of the Indian
subcontinent form another. A variety of processes have been used in both
regions to make cannabis resin. However, in general, the countries of
one region use pimilar techniques. This has resulted in two "families"
of capnabis resin. Countries around the Southern and Fastern parts of
the Mediterranean make one group of cannabis resin products, and the
countries of the Indian subcontinent produce a second group of products.
However, there is some similarity in rthe methods used to mzake cannabis
resin in both regions, for example, there are methods in both regions in
which sieving is an important part of the process.

Resin from a single country within either of these regions will show
much more similarity in physical appearance to resin from another country
of the same regioa, than it will to a resin from the other region,

(There may be significact differences in the cannabinoid profile of
resins from one regioen).

Cannabis resin from Mediterranean countries

The herbal material is threshed, often against a wall. This process
is done bo separate the resin producing parts of the plant from those
parts which do not produce resin, and are therefore low in psychoactive
constituents. Particles of canmabis resin and of caannabis leaves, as
well as cannabis seeds become detached from the more fibrous parts of the
plant., The latter are discarded, The material is then sieved (seeds and
minor fibrous parts are eliminated). The product remaining is now even
higher in resin content. AL this stage macroscopic herbal
characteristics are virtually destroyed, but microscopically the material
still exhibits many herbal traits. Physically it resembles a fine powder
apd at this stage it is compressed into slabs. In some countries
(Eastern Mediterranean) the material is placed in cleth bags prior to
compression, in other countries (North Africa) cellulose wrappings are
added before compressign. In one area (North Eastern Mediterramean) the
material is trafficked occasionally as this fine powder without having

been made into slabs.

Cannabis resin from the indian Subcontinent

A different approach to the production of cannabis resin is used in
the countries of the Indian subcontinent. The fruiting and flowering
tops of the caannabis plants grown in the countries of the Indian
subcontinent contain high levels of resin, to an extent that makes these
parts of the plant sticky to the touch. When the fruiting and flowering
tops of these plants are rubbed between the palms of the hand the resin

is trapsferred from the plant fo the palm.

Production of cannabis resin in the countries of the Indian
subcontinent is, therefore, based on a rubbing or kneading process rather
than a threshing process. A variety of methods may be used to achieve
this. The ones described here may be taken as representative of the

process,
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A slow and laborious method involves the resin bearing parts of the
cannabis plant being rubbed between the palms of the hand. A thin layer
of cannabis resin forms on the palms of the hand as the material is
rubbed. When all the resin has been transferred from the batch being
rubbed, the plant is discarded (It may be used as a second class product,
by for example, being made into an infusiom similar to tea). The resin
that has transferred to the palms of the hand is removed by scraping with
the edge of a metal instrument. It may be transferred to a collecting
howl and the next batch of cannabis is subjected to the rubbing process.
Gradually, separated cannabis resin builds up in the collecting bowl. A
suitable quantity of the resin is then removed from the bowl and then
pressed or rolled into slabs, rods, balls or whatever shape is favoured
ir the particular locality.

An alternative approach is to Tub the flowering and fruiting tops of
the cannabis against rubber sheeting. The cannabis resin is transferred
to the rubber sheeting and from this it can be scraped off and collected
into guantities suitable for production of slabs. This approach can be
varied by the person who is harvesting the cannabis resin wearing rubber
sheeting, or leather or similar fabrie, while walking through a field of
cannabis plants. Resin accumilates on the rubber sheeting as it brushes
against the fruiting and flowering tops of the plants and, when
sufficient has been collected, the sheeting may be scraped clean.
Production of slabs , etc. then follows as described above.

The flowering and fruiting tops may be collected in a similar way to
that uwesed in herbal cannabis production., These are then allowed to dry,
and broken and crushed between the hands into a coarse powder. This
powder is then passed through sieves so that it attains a fineness
similar to that obtained in the Mediterranean. The fine powder, which is
still greea, is stored in leather bags for four te five months until the
weather becomes hot again., The powder is then exposed to the sun for a
short time — sufficient for the resin to melt. The powder is replaced in
the leather bags for a few days, after which it is removed and kneaded
well by means of wooden rods so that a certain amount of oily material
appears on its surface, Kneading is continued until a material suitable
for pressing into slabs has been produced.

Finally a fundamentally different method is used in some localities
of the Iadian Subcontinent. By quantity, little cannabis resin is made im
this way. The plant material, apart from the main stems, is immersed in
boiling water. This removes the resin from the fruiting and flowering
teps (CEf. the rending of meat whereby when meat is boiled the animal
fats are removed from the flesh), The camnabis which has been extracted
is discarded (it may be used for culinary purposes), and when the
extracting liquid cools, a layer of solidified resin forms on its
surface. This resin may be removed and formed into slabs or whatever
shape is Favoured. The preblem with this method is that water is
introduced into the resin. This results in the slabs of resin frequently

turning mouldy as they age.
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C. Liquid cennabis (Hashish oil)

Liquid cannabis is a liquid extract of either herbal cannabis
material or of camnabis resin; the extract is often comcentrated prior to
trafficking. The reason for making liguid cannabis is to concentrate the
psychoactive ingredients (e.g. THC). This may help the trafficker evade
interdiction, because moTe psychoactive material can be contained in a
smaller concealment. Of equal value to the trafficker is the ability to
insert the liguid cannabis into concealments which caanot easily
accommodate herbal or resin capnabis. Furthermore, it is easy teo seal
hermetically the liguid cannabis, thereby overcoming the possibility of
detection by the odour emitted by the material.

Liquid cannabis, whether made from herbal or resin material, is
prepared by a process similar to that used to percolate coffee.
Alternately the process can be considered as being similar to soxhlet
extraction undertaken in chemical laboratories to extract chemicals from
solid materials, with continual refluxing of the extracting solvent.

the essential parts of the extraction apparatus are as follows:

(a) THE BOILING FLASK

A flask in which the extracting solvent can be boiled.

(b) THE EXTRACTION CONTAINER

A perforated basket which contains the material to be extracted
{Cf. coffee grounds); the extracting solvents, once they have
passed through the material to be extracted, are returned to the

boiling flask.
{c) THE CONDENSER

A condeuser which cools the extracting salvent and allows it to
£al1l onto the material to be extracted.

METHOD

A suitable quantity of chopped herbal material or small pieces
of.cannabis resin is placed in rhe extraction container. Organic solvent
is placed in the boiling flask. Suitable organic solvents include
ethanel, methanol, acetoae, and petroleum ethers. The solvent is heated
te boiling and the refluxing process commences. When the batch of
canpabis or cannabis resin is fully extracted, heating is stopped and the
apparatus allowed to cool. The extracted material in the perforated
basket is discarded, as with spent coffee grounds. Lf necessary, 4
second fresh batch of cannabis or cannabis resin may be placed in the
perforated basket and extracted with the same batch of solvent that had
been used for the first extractiom. This process can be repeated as
often as reguired, using a number of batches of cannabis or camnabis
resin with a siangle batch of extracting solvent. After the fipal batch
of cannabis or camnabis resin has been extracted, the solvent in the
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boiling flask may be concentrated by evaporation to the requirad
consistency. The apparatus is dismantled and the unrequired solvent is
boiled away. In some clandestine laboratories, especially in those
countries where organic selveaks are expensive or ¢ifficult to purchase,
the excess solvent may be condensed for future use. In general, liquid
cannabis, whether made from cannabis or cannabis resin, is prepared to
have the consistency of a thick oil.

Alternately, if extraction of a single batch of cammabis or cannabis
resinp is thought to have made an extract of acceptable strength, the
liquid in the boiling £lask may be evaporated as described above.
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1I. DESCRIPTION OF ILLICIT CANNABIS PRODUCTS

A. Names and, SYNORYmS for illicit cannabis products

There are s0 many Synonyms used for the various illicit cannabis
products that it is beyond the scope of this manual to list them all.
The reader is referred to the United Nations publication dealing with
this subject — "The Multilingual Dictionary of Narcotic Drugs and
psychotropic Substances under Internatiomal Comtrol", (ST/NAR/1}.

8. Physical appearance and chemical characteristics
OF illicit cannabis products

Tt muat be stressed thakt mo two cannabis products have exactly
gimilar physical appearances. produced from a highly variable natuvral
produck, by a batch process capable of wide variation, and subsequently
subjected to processing and transformatioa for trafficking purposes, it
is not surprising that cannabis products occur in such a multitude of
forms. Those described here are just a selection, alpeit the most
common. Because material submitted for fozensic examination bears no
physical relationship to any type deseribed here, that does mot megn, of
course, that it is not cannabis or a cannabis containing product.

This section should be Tead in conjunction with Chapter 1 "PRODUCTION
OF ILLICLIT CANNABIS PRODUCTS" .

1, Herbal products (Marihuana)

(a) Canpabis grown in a temperate climate

Cannabis cultivated in Europe, the North Americas, and the southern parts
of the Southern Hemisphere is bright green when growing; after harvesting
some samples lose their green colour and tura yellow, but rarely brown
coloured. Generally the fruiting and flowering tops are devoid of resin
_ unlike herbal cannabis from the Indian Subcontinent they are not sticky
when compressed in the palm of the hand. For the same reason it is
difficult to compress this material into slabs as can be easily done
with, for example, West African (annabis, seeds are invariably present.
European cannabis will contain a higher leaf contenk than Nerth American
cannabis, in which fruiting and flowering tops predominate.

Chemical characteristics: very variahle, because the geeds have been
imported, often illicitly, from many different regions where cannabis
grows wild. Different cannabinoid profiles, with and withour both GBD

and THV, are encountered.



- 11 -

(b) GCannabis grown in tropical climate

North African cannabis

Rarely trafficked out of the region; a finely chopped light green OT
yellow green herb which contains ne ceeds or fibrous material.
Chemical characteristic: identical to the resin produced in the region,
;.e. both THV and CB} are low relative to THC.

west African and caribbean Cannabis

When growing, the material is green; oD harvesting and drying, it
turns brown. Some samples retain their green colout. Generally,
Caribbean cannabis retains its green colour more than West African. 1t
;e rare to find a dried sample of West African canpnabis which is not
brown. Colour apart, these two types of cannabis are physically and
chemically very similar. in some samples of West African cannabis the
fruiting and flowering tOpS have been destroyed in processing; maay dark
brown seeds are vigible within the compressed mass of herbal material.

gatil recenkt years Ccaribbean cannabis was of a low quality,
containing many stems and stalks which are low in or completely devoid of
the psycheactive constituents of cannabis. A recent trend has been the
attempt to produce ginsemilla; no samples completely free of seeds have
yet been detected, but the amount of pon-psychoactive containing material
in these selzures is greatly reduced, and the fruiting and flowering tops
of some selzures are comparable te those found in North Amerlcan

Sinsemilla.

Chemical characteristics: Both types lack CBD and have low THV:THC ratios.

Cannabis from central Africa

Most samples are gimilar to West African cannabis, but a few are

similar to thcse produced in the southern part of Africa.
Chemical Characteristic; prown samples similar to West African cannabis
in cannabinoid profile; green samples similar to southern African

cannabis in cannabinoid profile.

Cannabis from Southernm Africa

When dried, and prepared for rrafficking, this material generally
resembles cannabis grown in temperate areds. Tt is both much greener and
contains a higher proportion of leaves than West African cannabis.

Chemical characteristics: No CBD. THV and THC in roughly equal amounts.

cannabis from South America

gimilar to Caribbean cannabis; samples vary enormously in quality

from preoduckts containing high proportion of fibrous, nol psychoactive
containing material, to ginsemilla type products consisting of only

fruiting and flowering LODS.
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Chemical characteristics: Similar to caribbean. The occasional sample
contains a small amount of CB3D.

Cannabis from tLhe Tndian Subcontinent

Three types may be trafficked: (1) brown fruiting and flowering tops
which are high in resin and sticky to the palm of the hand; (2) dark
green-brown material similar to some samples from West Africa; {(3) green,
largely ieafy material devoid of fruiting and flewering tops.

Chemical characteristics: (1) CBD present, THC and THV approximately
equal; {2) Resembles West African cannabis; {(3) Similar to type (1) but

low levels of cannabinoids.

Cannabis from Scuth East Asia

#guddha Sticks" - see Chapter 1 WpRODUCTION OF ILLICIT CANNABLS
PRODUCTS".

Chemical characteristies: Normally only THC, no CBD and negligible THV.

2, (annabis resin products

North African cannabis resin

vYellow brown, thin rectangular slabs wrapped in cellophane which
rarely bears a mark. Coin imprints occur from time to time.

A receatly introduced product is superfieially similar to cannabis
resin from the Indian subcontinent - it is almost black on the surface,
and inrernally is much darker than the yellow brown slabs. This type is
in the shape of blocks of toilet coap, and is wrapped in cellophane. No
markings but coin imprints on some samples.

Chemical characteristics: CBD generally low relarive to THC, and THV very
low. Cannabinoid acids present in variable amounts from seizure to

seizure.

East Mediterranean cannablis resin

Red-brown and powdery- Invariably trafficked imside cloth bags,
which, until a few years apgo Were always white, but which occasionally
bore an ink stamp. Nowadays the cloth bags are sometimes brightly
coloured, with or without ink stamps. $Slabs up to 0.5 kg in weight,
ocecasionally 1 kg. The resin bears the imprint of the cloth when

unwrapped.
Chemical characteristics: CDB present to greater extent than in any other

cannabis resin product. THV very low. Acids, mostly CBDA, are also
present to greatetr extent than in any other caanabis resin product.
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North Fastern Mediterranean cannabis resin

Greenish-brown powder OT (rarely) as small thin wafers of brittle
material wrapped in cellophane.

Chemical characteristics: GBD much less than THC. THYV low. Acids present
in high amounts.

Cannabis resin from the indian Subcontinent

A great variety of products are made. 1In gquantity the rectangular
slabs, black on the surface, and dark green within, which originate from
the north west part of the subcontinent, predominate over all other
types. These slabs, which freguently bear an embossed mark om the
surface, are often wrapped in dark cellophane prior to trafficking. A
few slabs are square. The slabs vary in thickness from 5 mm to 20 mm and
are odorous and pliable when freshly made. On aging they lose their
odour and become brittle. Typically the slabs weigh 0.25, 0.5 or 1 kg,
but higher weights are occasionally encountered. glabs from the northern
part of the Indian gubcontinent are often mouldy, and crumble readily.

Other cannabis resin products from the Indiam Subcontinent include
sticks, often ia bundles, small balls (1L cm in diameter), large balls
(8 em in diameter), and irregular shaped pieces of resin. ALl of these
products are dark brown or black on the surface apnd dark green or dark
brown internally.

Chemical characteristics: Varies as greatly as the physical variation.
Generzlly, cannabinoid acid content is lower than for the Mediteranean
cannabis resin. The cannabidiol content of the slab variety is less than
tiat of the Eastern Mediteranean resin, but greater than that of the
North African resin; it can be vexy low or absent in some other Lypes.
Cenerally THV is low, but some types coatain moTe THC than any other
cannabis resin, and accordingly reach a higher value when sold in the

illicit traffic.

3, Ligquid cannabis (Hashish o0il)

1,iquid cannabis is a dark viscous oil with a characteristic odour.
When diluted with organic solverts, it becomes either a green coloured or
brown coloured solution. The colpur is mot pecessarily an indication of
origin because the maturity of the plant material and the solvent used to
prepare the tiquid cannabis may influence its ceolour. Generally, liquid
cannabis, which on dilution produces a greeon coloured solution, has been
made from herbal cannabis, and ligquid cannabis, which on dilution,
produces a brown solution, has been made from cannabis resin. Liquid
cannabis cannot be diluted with water; if water is added to liquid
cannabis which has been diluted with, for example, ethanol, an emelsion

is formed.

Some liguid cannabis is pot concentrated before being trafficked;
this product has the consistency {and oftea the odour) of an erganic
solvent, and may be greem OT brown colpured.
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Chemical characteristics: The cannabinoid profile is, with one impertant
difference, similar to that of the cannabis or cannabis resin from which
the liquid caonabis has been made. The difference is that liquid
cannabis is devoid of cannabipnoid acids. The major producing regions of
liquid cannabis are the resin producing countries of the Medirerranean
and of the Indian Subcontinent, and the herbal cannabis producing
Caribbean. The neutral cannabinoid profiles of the liquid cannabis from
these regions are similar to those of the resin or herbal products
produced in these regions. However, the cannabinoids form a much higher
proportion of the material.

Typical THC levels in the three illicit cannabis products:

HYerbal cannabis: 0,5 - 5%
Resin canunabis: 2 - 10%
Liquid cannabis: 10 - 30%

It should be noted that these values are only a guide to levels likely to
be encountered by the foremsic analyst. Many samples of herbal, resin or
liquid cannabis will have a THC content outside these limits.

In addition to the neutral cannabinoids, seized cannabis material may
also contain, in greatly varying levels, the corresponding cannabinoid
acids (see Chapter III)} as well. Although there doces not seem to be a
consistent relationship between the origim of the material and the actual
cannabinoid acid content and composition, the foreasic chemist may be
called upon, depending on national legislation, to demonstrate the
presence and/er determine the content of these acids separately in the
sample under examination.
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I1I. CHEMICAL CONSTITUENTS OF TFORENSIC SIGNIFICANGCE

TETRAHYDROCANNABINOL Melting points (°C)
THe, A9-THC
(—)—-Ag—traﬂs—Tetrahydrocannabino1 Viscous oil
golubilities
CH, o —
OH
‘ Water insoluble
Ethanol soluble

HyC Chloroform soluble
H,C 0 CeHy, Hexane soluble
C21H3002

M.WE = 314.5

CANNABINOL Melting points (°C)
CBN 76 - 77
Solubilities
Water insoluble
Ethanol soluble
chloroform soluble
Hexane soluble

Ca1H2602
M.WE = 310.4

Melting points {°c)

CANNABIDIOL
GCBD 66 - 67
I Solubilities
oH
‘ Water insoluble
Ethanol soluble
HO Chloroform soluble
‘ﬁcﬁg\ CaHu Hexane soluble
CH;
Co1H3092

M.WE = 314.5



Other cannabinoids which are referred to in
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their abbreviations, are as follows:

this booklet, together with

Cannabinolic acid CBNA
Cannabidiolic acid ¥ CBDA
Capnabichromene CBCh
Cannabichromenic acid ¥ CBGhA
Cannabigerol CBG
Cannabigerolic acid ¥ CBGA
Cannabivarin CEV
Tetrahydrocannabinolic acid * THCA
Tetrahydrocannabivarin THY
Tetrahydrocannabivarinic acid.* THVA

#% In the section dealing with the TLC of cannabis products, reference is
made to "cannzbinoid acids". This means any mixture of cannabinoid
acids which may be encountered in a cannabis product.

The reader is referred to the following books and review papers which
deal with cannabinoid chemistry at length:

1, Mechoulam, R., (1973) Marijuana, Academic Press, New York and London.
7. Mechoulam, R., Marijuana Chemistry, Science, 168 (1970},

pp. 1159-1166.
3. Turner, C.E. et al., (1980) Constituents of Cannahis sativa L., XVII.

A Review of the Natural Constituents, J. of Natural Products, 43
(1980) pp. 169 — 234.
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Iv. THE ANALYSIS OF ILLICIT CANNABIS PRODUCTS
A. Sampling

The principal reason for a sampling procedure is to produce a correct
and meaningful chemical analysis. Becauge most methods = qualitative and
guantitative — used in forensic science laboratories for the examination
of drugs require very small aliguots of material, it is vital that these
small aliquots be entirely representative of the bulk from which they
have bean drawn. Sampling should be undertaken to conform to the
principles of apalytical chemistry, as laid down, for example, in
national pharmacopoeias or by such organizations as the Association of

gfficial Analytical Chemists.

There may be situations where, for legal reasons, the normal rules of
sampling and homogenization ¢annot be Eollowed if, for example, the
analyst wishes to preaerve some part of an exhibit as visual evidence.
Altermnately, it may be pecessary to perform separate chemical analyses on
two slabs of cannabis resin, rather than a single analysis on one slab
which is representative of both, because each has been separately
exhibited by the seizing officer, and the legal system.within.which the
analyst works requires an individual result on every exhibit which is to
be taken before the courkts.

To preserve valuable resources and time, foremsic analysts should
seek, on all possible occasions, to use &i approved sampling system and
thereby reduce the number of quantitative determinacions needed. To
facilitate such an approach, the forensic analyst may need to discuss
jndividual situations with both seizing officers and tne legal personnel
with whom he or she works.

Cannabis products represent a special problem Lo the analyst in that
the items under examination are often of enormous gize gnd the chemical
rests used require only a very small aliquot. Homogenization is not
appropriate mei useful in such situations. The analyst must ensure thab
the entire item OT geizure is a controllad drug. The importance of visual

examination, which plays & Very minor role im the examination of the
powder drugs, cannot be over—emphasized in the analysis of cannabis

products.

Cannabis is most frequently encountered as a loose herbal material,
although iR recent years there has been a distinct trend to trafficking
herbal cannabis ino compressed slabs. Because & much greater quantity of
cannabis can be compacted into 2 compressed slab, there is much less risk
of detection when trafficking. Compressed slabs are also much egasier to
wrap, for example in E£hick masking tape which prevents the release of the
distinctive odour associated with cannabis. Moreover, the compressed
cannabis can be formed to fit exactly into conmercially made tin-cans,
which are then 1abelled to give the impression that they contain the

foodstuffs of legitimate commerce.
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Cannabis resin is almost always in glab form. In large scale illicit
traffic the slabs are invariably wrapped. The materials used to wrap
cannabis resin may be applied at the point of manufacture {e.g. Fastern
Mediterranean resin) or it may be applied prior to trafficking {e.g.
South West Asian resin). For trafficking purposes other wrappings may be
added to these traditiomnally associated with the resin produced in a
particular country. Almost always these wrappings are either plastie
bags or thick plastic adhesive tape, or a combination of both. A seizure
of cannabis may be of material within a single container or package, or
the material may be inside a number of pachkages.

1. Sampling of single package items

The simplest sampling gituation is where the submitted item consists
of a single package of material — for cannabis most oftea the material
will be 2 loose herb. The material should be removed from its container
or wrappings, placed in a clean clear plastic bag and the nef welight
recorded. The analyst should then earefully use visual testing to ensure
that all the exhibit is material which is controlled under the
legislation within which he or she works. The sequence of chemical tests
can thea follow. Homogenization of the material need only be applied in
certain analytical situations, e.g. if the analyst wishes to quantify a
particular cannabinoid. The simplest way of homogenizing cannabis
{herbal or resin forms) is to pass the material through progressively
finer sieves. 1In quantifying cannabinoids care should be taken to relate
the content found to the total amount of cannabis plant material which
was originally taken for analysis i.e. the content should not be gquoted
as & percentage of the weight of the final gieved material which was
subjected to extraction.

2, Sampling of items consisting of more than one package

The analyst should examine the contents of all packages by eye, and
possibly by simple celour test or TLC te determine:

1. 1f all packages contain suspect cannabis or cannabis—containing
material, and/or

2. 1f one or more packages contain material differeat to that of the
majority of packages. The simplest indicator is the physical appearance
of the material. If onme or =OIE packages obviously differ in content,
rhese should be segregated and subjected to separate analysis.

The compositing of multiple container items is as follows:

{a) If there ere less than 10 packages — all packages should be sampled.
(b) If there are 10 - 100 packages -~ randomly select 10 packages.

(¢) If there are more than 100 packages - randomly select a number of

packages equal to the square root of the total pumber of packages
rounded to the next highest integer.
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1f the materizl in all the packages is found by visual examination to
be the same then the analyst may adopt one of two approaches:

(1) the contents of a number of packages may be combined and the
combined bulk material may then be homogenized;

(2) alternately, chemical testing may be applied to a numbar of the
packages.

When different types of material have been jdentified in the various
packapes then each sub-group should be composited in an identical fashion
te that previously outlined.

Sampling errors for quantitative methods are reduced if large
aliquots of material are subjected to sequential dilution with the
extraction solvent. If the cost of solveat presents no problem and 1f the
taking of a large aliquot will not significantly reduce the size of the
exhibit to be takea to court, them this approach may be adopted, However
when large amounts of material are usea for the firgt extraction, it may
be necessary that the solvent should be added by pipette to avold error

due to insoluble materials.

3, Sampling of materials containing large aggregates

1f the aggregates can be easily reduced to small particles then this

should be the approach, and sampling procedure followed as outlined
pfgviously. If the material canookb pe easily brolken down, then random
sampies should be drawn from at least two different parts of the item.
In the gase of large compressed blocks of herbal material, the analyst
should ensure that the block is entirely composed of cannabis. This is

achieved by breaking open the block.

B. Physical exemination

1. ffacroscopic characteristics

Many of the morphologigal chafacteri_stics of individual cam‘iabis
plants are greatly influenced by envitonmental factors such as room for
growth, amount of light, nutrients and water, and by hereditary factors
such as the seed strain from which it is derived. There is an enormous
gariation in size and shape. Typically 1 to 3 meters represent the
height that most plants attain (when cultivated in open ground it can
grow to a height of 6 meters in a four to six month growing season) bul
some strains produce plants which are rarely more than 1 meter in
beight. The plant is erect and the extent of branching, like the plant
height, depends om both environmental and hereditary factors. The side
branches are opposite on the main stem. However, on the extremities of
the plant, the leaf arrangement reverses from decussate to alternate {see

Figure 1).
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The compound leaves Vvary in size according to the overall size of the
plant. Each jeaf has a slender stalk up to 6 cm in length. The three LO
eleven (mostly five, sevenr OT nine) thin and soft-textured leaflets are
parrowly lanceolate. The leaflet has a narrow wedge—shaped base, a
coarsely saw-toothed edge and a long drawn-out pointed tip; the teeth,
are sharp and point towards the tip of the leaflet: the veins run out
obliquely from the midrib to the tips of the teeth. The jeaflets of a
single leaf are upeven in size, the largest being up ta 15 cm. They are
covered with glandular hairs (trichomes) on the upper surface, more
profuse and longer hairs on the underside.

The flowers are Very abundant and they are either male (staminate} oT
female (pistillate). HMost plants are dicecious, but some are
monoecious. Female plants are very leafy up to the Lop, whereas male
plants have the leaves on the inflorescence fewer and much further apart.

the male inflorescence is loosely arranged, much branched and many
flowered, standing out from the leaves, with individual flowering
branches up to 18 cm long; it &S covered by minute bristly hairs.

The female inflorescences do not project beyond the leaves; they are
compackt, short and contain fewer flowers. The bract or calyx completely
covers the ovary, and forms & basally swollen tubular sheath about 2 mm
long, out of which two stigmas project. this sheath is covered with
slender hairs and short-stalked or stalkless circular glands.
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Cannabis sativa L.

Figure 1.
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2. Microscopic characteristics

The very abundant trichomes which are present on the surface of the
fruiting and flowering tops-of cannabis are the most characteristic
features to be found in the micrescopie examination of cannabis products

(Figure 2).
the diagram shows these various features, as follows:

A. Non glandular hairs {trichomes), numerous, unicellular, rigid,
curved, with a slender pointed apex and an enlarged base, usually
containing a cystolith but frequently broken and the cystolith

freed (especially in capnabis tesin) (WC. TR. and C.TR.J.

B. The glandulatr thrichomes occur in three forms:

_ sessile glands with one-celled stalk (generally on lower
epidermis) (5.G.)

-~ long multicellular stalk form (generally on the bracteoles
surrounding the female flowers)(M.G.TR.).

The head in both forms is globular consisting of eight to sixteen
cells. It is frequently detached (especially in cannabis resin).

- small glandular trichome, with one-celled stalk (G.TR.)

Hote

Macro- and/ox microscopic examination are inappropriate in the forensic
examination of some cannabis products. Both micro- and macroscopic
features of herbal cannabis will not be present in liguid cannabis. The
forensic examination of liquid cannabis is essentially based on chemical
techniques; although the forensic chemist should be aware of the physical
appearance and properties of liquid capnabis. The macroscopic
characteristics and, to a lesser degree, the microscopic characteristiecs
of cannabis products 8Ie alse destroyed when the material is smoked.
Generally, chemical apalysis will produce more useful results in the
examination of cannabis products which have been smoked, although there
are occasions when microscopic evidence is still available.

For detailed descriptions of the morphological and microscopic
characteristics of cannabis, the readel is referred to the following

books and review papers:

1. Graham, J.D.P. (1976) Cannabis and Health. Academic PTeSS, New York

and London.
2, MWahas, G.G. (1973) Marihuvama - Deceptive Weed. Ravel press, New York.
3, Mechoulam, R. (1973) Marihuana. Academic Press. Uew York and

London. -
4. Quimby, M.W. et al,, (1973). Econ. got. 27, pp- L17 - 127.

5. Jackson, B.P. and D.W. Snowdon (1968) Powdered Vegetable Drugs.
churchill, London.
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Figure 2. Microscopic characteristics of Cannabis

G.TR. small glandular trichomes

M.G.TR. multicellular multiseriate glandular
trichomes

5.G. segsile plands

NC.TR. non-cystolithic trichomes

C.TR. cystolithic trichomes
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¢. Presumptive tesks

1. Colour tests

It must be stressed that positive results to colour tests are only
presumptive indications of the possible presence of cannabis products OT
material containing cannabis products. A few other materials, often
harmless zapd uncoatrolled by national legislation oF international
treaties, may give similar colours with the test reageats. It is
mandatory for the apalysts LO confirm such results by the use of an

alternative technique.

All colour test reagents should be carefully scrutinized £o ensure
that they have not decomposed. Colour test reagents that are themselves
coloured may lead to srroneous conclusions about the nature of the
substance under test.

{a) Fast blue B salt test

METHOD 1. (test performed on filter paper)

REAGENTS

golid reagent. TFast biue B salt (di—u*anisidinetetrazulium chloride).
The solid reagent is made by diluting Fast plue B salt
with anhydrous sodium sulphate (1:100).

Sglution 1. petroleum ether.
Solution 2. A 10% w/w aqueous solutior of sodium bicarbonate.
METHOD

Fold twe filter papers into quarters and open partly to form a
funnel; plafe 2 gmall amount of pulverized cannabis plant or resin ot 2
very small drlp of 1liguid cannabis jnto the centre of the upper paper;
add two drops2 of solutiom i allowing the 1iquid te penetrate to the lower
filter paper; separate the two filter papers, discarding the upper and
allowing the lower filter paper to dry; add a very small amount of the
solid reagent te the 1gwer filter paper and then add two drops of

solution 2.

RESULTS

A pnrple*rad coloured stain at the centre of the filter paper is
annabis product; this colour is a combination of the

ipdicative of a ¢
r components of

colours of the different cannabinoids which are the majo
cannabis: THC = red, CBN = purple, CBD = orange.
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NOTES

1. wWhen freshly made the solid reagent will be almost white or a very
pale yellow colour. It should be stored in a cold dry place - within a
plastic bag; inside the ice-making compartment of & refrigerator is
ideal. If this reagent decomposes, it assumes & grey colour and should
be discarded.

9. Fast blue B salt is claimed by some authorities te be a petential
carcinogen; the same authorities assert that the dye Fast blue BB is less
suspect as a potential ecarcinogen. Fast blue BB gives equally acceptable
results in either of the Lwo methods and, if possible, should be the dye
used for colour tests for cannabis products.

3. To increase the specificity of this test, it is importaat to use an
amount of suspect material no larger than the size of a match-head, and
to use two filter papers in the test. The upper filter paper, which is
discarded before zolour production is initiated, prevents coextracted
dyes present in other vegetable materials from reaching the lower filter
paper and producing a false positive reaction.

4. The 10% solution of sodium bicarbonate (solution 2) produces the
alkalipe conditions which enhance the intensity of the colour reaction
between the cannabinoids and the Fast blue B salt.

METHOD 2. ({test performed in a test tube)

golid reagent. The solid reagent i made by diluting Fast blue B salt
with anhydrous sodium sulphate {2.5:100).

Solution 1. Chloroform.
Solution 2. 0.1N aqueous sodium hydroxide solutiom.
METROD

Place a small amount of the suspected material (as described 1o
test 1) in a test tube; add a very small amount of the solid reagent and
1 ml of Solution 1; shzake the test tube for one minute; add 1 ml of
solution 2; shake the test tube for two minutes; allow the test tube Lo

stand for two minutes.

RESULTS

Colours, as described in Test 1 above, in the lower chloreform liquid
layer indicate a positive resulk. The colour of the upper layer should

be ignored.
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NOTES
Please see Notes 1 and 2 dealing with the Fast blue B salt test when

performed on filter papers.

(b} The rapid Duquenois test (Duquenois—Levine test)

REAGENTS

Solution 1. Five drops of acetaldehyde and 0.4 g of vanillin are
dissolved in 20 wml of 95% ethanol.

Solution 2. Concentrated hydrochloric acid.

Solution 3. Chloreform.

ROTE

golution ! must be stored im a cool dark place and discarded if it
assumes a deep yellow colour.

METHOD

place a small amount of the suspect material in a test tube and shake
with 2 ml of solution 1 for one minute; add 2 ml of solution 2 and shake
the mixture and then allow it to stand for ten minutes; if & colouwr
develops add 2 ml of solution 3.

RESULTS

I1f the lower {chloroform) layer becomes violet coloured this
indicates the presence of a cannabis product.
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D. Thin layer chromatography

DEVELOPING SOLVENTS

SYSTEM A Petroleum ether 80
Diechyl ether 20

SYSTEM B Cyclohexane 52
Di~isopropyl ether 40

Diethylamine 8

gYSTEM C (for canna- N-hexane 70
binoid acids) Dioxane 20

Methanol X1}

Preparation of solutions to be applied to the TLC plate

I}licit cannabis samples

1. It should be noted that if the sole purpose of the TLC examination is
qualitative (i.e. to confirm the micro— or macroscopic evidence that the
suspect material is caonabis) then homogenizatioa of herbal material need
not be undertaken., Those parts of the cannabis plant known to contain
the highest levels of cannabinoids (i.e. the flowering and fruiting tops
and the leaves) may be selected For extraction for TLC examination.
Little, if any, cannabinoids are preseat in the seeds and major stems of

the plant.

The material (herbal ot resin) should be reduced to small agpregates
homogenized and pulverized to emsure as rapid end complete an extraction
as possible. For cannabis resin and liquid cannabis the foremsic
scientific literature indicates that these materials are essentially
homogeneous as a result of their production.

2. Suitable quantities for extraction for TLC analysis are about 1 g of
herbal caanabis, 0.3 & of resin cannabis and 0.1 g of ligquid cannabis.
The extraction scheme should be designed to produce £inal solutions at
strengths of 0.3 mg of tetrahydrocannabinel per ml. Typical levels of
tetrahydrocannabinol in materials were listed in Chapter 11 "DESCRIPTION

OF ILLICIT CANNABIS PRODUCTS" .

4. Since cannabinoids are easily soluble in most organic solvents,
petroleum ether, n-hexane, toluene, chloroform, methanol or
methanol:chloroform 9:1 are equally asuitable solvents for their
extraction. It should, however, be noted that petroleum ether and
n—hexane will give a relatively clean extract but will extract only the
neutral cannabinoids quantitatively while the other solvents and their
combinations give quantitative extraction of the cannabineid acids as
well. The Einal selection of the extracting solvent will be left to the
decision of the foremsic chemist {see also Chapter IV (&) "Gas liquid

chromatography™).
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4. It should not be necessary to filter solutions prepared only for TLC
or GC; application of the supernatant liquid will produce reliable
results.

A suitable extraction procedure is as follows:

1 g of herbal cannabis (or 0.25 g of cannabis regin or 0.1 g of liguid
cannabis) is extracted with 20 ml of acetone (or m—-hexane OT toluene or
chloroform oOT methanol ar methanol:chloroform 9:1) For 30 minutes at room
temperature by shaking or for 15 minutes in am ultrasonic bath. The
extract is filtered and jts volume is adjusted to 25 ml by washing the
filter paper and the residue with the extracting solvent.

gtandard solutions

The cannabinoid standard solutions should be prepared ko be 0.5 mg
per ml in methanol {or in the internal standard golution) and should be
stored in a dark, cold place, preferably in a refrigerator.

VISUALIZATION
The plates must be dried prior to visualization. This can be done at

room temperature OT, MOTE quickly, by use of hot air. Ino the latter case
care must be exercised that no component of interest is decomposed.

VYisualization methods

spray reagent: golution of Fast blue B salt.

This may be prepared in two ways:

Method 1: Approximately 50 mg of Fast blue B is dissolved in 20 ml of
0.1 N HaOH.
Method 2: Approximately 50 mg of Fast blue B is dissolved in L ml of

water and 20 ml of methanol; toO facilitate solution the
material may be first dissolved im the 1 ml of water to
which the 20 ml of methanol are added.

N.B, Whichever method i& used, the golution of Fast blue B salt must be
freshly made. An acceptanle frequency is once per day.

Note

The reader is referred to the health-risk warning given about Fast blue B
salt in the colour tests section.

1t is important for proper colour development that the TLC plate be
made alkaline. One way of achieving this is to dissolve the Fast blue B
dye in 0.1N sodium hydroxide {see method 1 abovel}. Alternately,
diethylamine may be sprayed on the TLC plate before the Fast blue B

solution.
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of equal importance in the forensic field is the ability to store the
¢isualized plate, often for yeats, after it was developed. Preservation
is best achieved by subjecting the plate Lo a third end final spraying,
this time with the same diethylamine solution that was initially used on

the plate. Thus the spraying sequence is;
Diethylamine

Fast blue B solution
Diethylamine

The plates are dried by hot air, oT overnight at room temperature.
Tinally, the plates are sealed inside clear plastic bags. Such plates
have a long lifetime without darkening.

RESULTS

Rf % 100 values®:

Compound DEVELOPING SYSTEM
A B L

CBCh 24 17 -
CBV 27 24 -
CBY 27 28 68
THY 32 35 -
THC 32 39 73
CBD 36 4ty 62
THCN 5 s 28
CBDA s 5 20

(s) = streak, not 8poL, produced on the TLC plate.

% These values are subject to variation depending on laboratory
conditions (e.g. temperature, humidity, drafts) and other parameters

{e.g. age and quality of materials used).
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Gas liquid chromatography

Packed column technique

FiD (Hydrogen 30 ml per minute, aixr
300 - 450 ml per minute).

6 £t (or 2 m), I.D. 2 to 4 mm.
3% Ov-17 or SE-30 ox OV-1
Nitrogen at 30 ml petv minute.

Injector temperatura: 2709C.

Oven temperature; between 240~2609C isotherm,
{depending upon the actual packing)

Detector temperature: 300°C

o-tetradecane or n—docosane OF other suitable
n-alkene; other standards frequently used:.
androst-4-ene-3,17-dion, dibenzylphthalate or
cholestane.

preparation of solutions for gas chromatography

METHODR 1. — without derivatization

For pacred column GG analysis a commonly used method is that an
injection of 5 pl of solution will result im 1 pg of THC being injected
into the column. The dilution scheme should take account of the likely

cannabinoid countent of the starxting material (see chapter I1)}. A typical

scheme would be as follows:

filicit cannabis samples

For qualitative GG analysis rhe extracts prepared for TLC may be used
directly. Suitable injection volumés may be 1-5 ml depending upon the
actnal THC concentration of the sample.

For quantitating the main neutral cannabinoids 2 10 ul aliquot is

taken of the same extract.
residue is redissoclved in

After evaporating the solvent in vacue the
10 ml of methanol:ehloroform (1:1) containing

2 mg/ml n-tetradecane as internal standard.

Injection volume: 1-5 pl.

Standard solutions — same

as for TLC
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An alternative approach is:

0.5 g of herbal cannabis {0.1 g of cannabis resin; .05 g of liquid
cannabis) is extracted with 5 ml of acetone containing 0.5 mg/ml
a-docosane in a stoppered Fflask at room temperature by Frequently shaking
the flask for 30 min. 1 pl iz injected of the clear supernatant. This
extract can also be used for 7LC and HPLC analysis.

METHOD 2 - with derivatization

f1licit canunabis samples

2 ml aliguots of the extracts prepared for TLC of GC analysis without
derivatization (Method 1) can be used for silylation. Derivatizing
agents frequently used are:

N,O—bis(trimethylsilyl)acetamide {BSA)
N“methy1—N—trimethylsilytrifluoreacetamide {MSTFA)
N,O*bis(trimathylsilyl)trifluaroacetamide (BSTFA).

An alternative approach is:

1 g of herbal cannabis (0.25 g of cannabis resim or 0.1 g of liguid
cannabis) is extracted with 40 ml methanol:chloroform (9:1) using
ultrasonic agitation for 15 minutes. ‘The cannabis is removed by
filtration. & ml aliquot of the filtered extract is taken and the
solvent is removed under vacuum unkil a paste is produced, 1.0 ml of
anhydrous pyridine containing 1 mg per ml of androst-4-ene~3,17-dione is
added and the solution is subjected to wltrasonic agitation uatil the
paste has redissolved, 0.5 ml of N,D-bis(trimethylailyl)trifluoro—
acetamide (BSTFA) with 1% trimethylchlorosilane is added. The reactiom
mixture is heated for 10 minutes at 809¢. 2.5 pl of the reaction
mixture is injected.

Standard solutions
Standard SH-M -

2 ml aliquofs of the cannabinoid standards are treated the same way.

The content (%) of any component can be calculated using the general

formula:
. €r. std. Ay / Aipt,std.in semp. chrom®
Ok = X % 100
Csamp. Ar.std / Aint.std.in std. chrom-
Where:

Cy% = content of component x in tne sample {(w/w %)
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Cr. std. = concentration of substance x in the standard reference

solution (w/w?)

Cgam, = concentratiom of the sample (w/v £).

Ay = peak area for substance x obtained during the sample

chromatography.

Ar_gtd- = peak area far substance x obtained during the standard

Ajnt.std.in sam. chrom+ =

Aint.std.in std. chrom- =

solution chromatography.

peak area of the internal standard
obtained during the sample chromatography.

peak area of the internal standard
obtained during the standard chromatography.

Tor alternative packed column GG systems see:

J. Pharm. Sci. 63 {1974) pp. 1872-1876; b4 {1975} pp B10-814.
J. Pharm. Pharmacol. 33 (1981) pp. 369-37Z.

J. Chromatography 129 (1976) pp. 347-354,

Pharm. Acta Helv. 59 (1984) pp. 247-259.

Bull. Narcotics 37 (1985) pp. 87-94.
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Detector

Column

Film thickness
Carrier gas

Flow Rate
Injection technique

Operating temperatures:
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Capillary column technigue

FID.

ov-1 — chemically bonded fused silica capillary
10 w by 0.52 mm L.D.

1 pm

Helium

2 ml per min.
split—-splitiess
Injector: 290°C.

Qven: 240°cC.
Detector: 290°C.

Preparation of solutions for chromatography

See the section dealing with preparation of solutions for TLC or gas
chromatography in the packed column section; both non-derivatization ahd
derivatization methods may be used with capillary column GC analysis of

cannabis products.

For alktermative capillary GC systems see!

{. Anal. Chem. 48 (1976) pp. 24-23.

2. Bull. Narcotics 33 {1981} pp 45-54.
3, Forensic Sci. Int. 24 {1984) pp. 37-42. '
4. Acta Univ. Palack. Olomouc. 97 (1981} pp. 157-166; 108 (1985)

PP 29--38.

5. Pharm. Acta Helv. 59 (1984) pp. 247-259.
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¥. High performance Liquid chromatography

1. 1Isocratic technique

METHOD 1

Operating condikbions

Column 250 pm by 4.6 mm i.d.

Packing material Octadecyl-silica (medium load of C)g en
Partisil 5)

Mobile phase 0.02 ¥ Hz804 20% viv
Methanol 80% vfv
Flow rate 2.0 ml per minute

Detection Uv at 220 sm or
: ¥V at 254 nm

Injection volume 10 pl by syringe or loop injector.
Quantitation by pesl areas, internal standard method.
fnternal standard di-n-octyl phthalate.

preparation of solutions for chromatograpily

fllicit cannsbis samples

Aligquots corresponding to 200 mg of herbal cannabis, 50 mg of
canngbis reain OT 20 mg of liquid cannabis of any of the extracts
prepared for TLC &F GC analysis are evaporated in vacuo and the residue
is redissolved in 1 ml of methanol:chloroform (9:1) containing 0.8% (g/v)

di-n~octyl phthalate af internal standard.

gtandard solutions

Using stock solutions of cannabinoids a series of calibration
solutions are prepared im the range 0.1 to 10 pg per ul. A constant
addition of 13 pg per ul of di-n-octylphthalate is made to each standard

golution.
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METHOD 2

Operating conditions

Column 15¢ num by 4.6 mm L[.D.

Packing material Oetadecyl-silica (Spherisorb S3 obs 2)
HPLC grade 3 um

Mobile phase Methanol 85
Water 14.2
Acetic acid 0.8

Flow rate 1.5 ml per minute

Operating temperatuxe ambient

Petection UV at 230 pm

Injection volume 2-3 ul

Quantitation by peak areas, internal or external

standard methods

Preparation of solutions for chromatography

Tilieit cannabis samples

gee Method 1.
An alternative approach isi

150-200 wg of herbal cannabis, 50-100 mg of cannabis resin or 5-10 mg
of liguid capnabis are extracted for 15 minutes (wltrasonic agitation) in
a 2.5 ml serew—v opped bottle with bear-stable FIFE seal. The extracting
solvent is 1 ml of methanolichlorofora: (9:1) containing 0.8% (g/v)
di-n-octyl phthalate as internmal standard. The mixture is centrifuged

for 5 minutes at 3500 r.p-m. and the supernatant liquid is used for

analysis.

gtandard solutions

Using stock solutions of cannabinoids 2 seriss of calibration
solutions are prepared in the range 0.1 to 10 p2 per pl. A constant
addition of 13 pg per pl of di-n-octylphthalate is made to each standard
solution. 5 ml of sach concentration is injected.
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RESULTS

Elution orders are as follows (retention times in minutes)¥:

COMPQUND METHOD 1 METHOD 2
0BV -— 4.0
CBD 2.5 4.1
CBG 2.5 4.1
THV -— 4.6
CBDA 3.5 4.6
CBGA 5.0 5.5
CBN 5.0 5.7
THC 6.0 6.4
THVA - 7.7
CBCh 8.0 7.7
CBNA 12.0 —-
THCA 14.0 11.4
CBChA 17.0 12.7
Int. std. 15,0 17.6

#  These values are subject to variation depending on laboratory
copditions (e.g. temperature, humidity, drafts) and other parameters
(e.g. age and quality of materials used).

9, Gradient technique

METHOD 1

Operating conditions

Column 250 mm % 4.6 wm L.D.
Packing material Ultrasil~Oetyl HPLC grade 10 pm
Mobile phase A. Acetonitrile

B. Water (deionized and filtered through
0.43 pm filter)

Gradient programe {1) At the start of chromategraphic
developmeat: 25% A, 75% B.
{2) 36 minute linear gradient.
(3) Final composition: 85% A, 15% B.



- 37 -

Flow rate 2.0 ml per minute

Detection gV at 254 nm

Oven temperature 409C

Injection volume 20 pl

Quantitation by peak areas, internal standard method
internal standard di-n-octyl phthalate.

preparation of solutions for chromatography

See orevious section? Tsocratic technique, Method i.

METHOD 2

Operating conditions

Column

Fwo columns are used in this method under identical operating comditions.

Column (1) 150 mm % 4.6 mm L.D.

packing material Spherisorb 83 ODEZ HPLC grade 3 pm

Column {2) 250 mm x 5.0 mm I.D.

packing marerial Spherisorp §5 ODS HPLC grade 5 pm
Mobile phase: A. Methanol

B. (.02ZN HgS804
gplvent programme: (1) At the start of chromatographic development:
80% A, 20% B.
(2) 20 minute linear gradieat.
(3) TFinal compositiom? 90% A, 10% B.
Flow rate: 1,5 ml per minute
Operating temperature: Ambient

Detection: UV at 230 nm

Injection volume: 2-3 ul

Preparation of solutions for chromatography

See previous section: isoeratic technique, Method 2.
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CBD
CBG
THY
CBDA
CBGA
CBN
THC
THVA
CBCh
THCA
CBChA

*  These values are subject to va
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(e.g. age and quality of materials us
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humidity, arafks)

For alternative HPLC techniques 3seel

7.4
7.8
8.3
8.6
9.4
11.8
12.0
13.7
15.6
16.9
21.5
23.1

ed).

1, Pharm. Acta Helv. 59 (1984) pp. 247-159.
2, Forensic Sci. Inkt. 21 {1983) pp. 129-137.

imes in minutes)®:

riation depending on laboratory

and other parameters
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areseen only rarely. Therefore, thissection will be limited to the following

substances:

Marijuana (cannabis)
Cocaine

Herpin
Phencyclidine (PCP)
Amphetamines

Barbituraies
gelected hallucinogens (LSD, mescaline, psilocybin)

An examination of the literature would reveal that there are many
articles, books, research reports, and so on, on all aspecis of these dmgs.
Because of the breadth of the subject, it will be necessary 10 limit this
discussion in scope {0 those matters that are of direct concern 1o their
analysis and presentation in court by the drug analyst. Wwithin the discus-

sion on each drug, the following topics will be covered:
1. Legal definiion {according 10 Titte 21, Food and Drugs Acl, Part 1308, revised,

1982)

2. Qccurence (natural o synthetic)
3. Active ingredient(s}

4, Extraction/preparalion

5. Methods of analysis

6. Legal/scisntific problems

This material is by no means exhaustive of all the information avail-
able o1 each drug. The reader is referred to the extensive Bibliography at
the end of the chapier for further information.

Marijuand
J.EGAL DEFINITION
The term “marijuana” means

all parts of the plant € annabis sarve L. whether growing or not; the seeds
thereof: the resin extracted from any part of such plant; and every com-
pound, manufacture, salt, derivative, mixiltre, oF preparation of such plant,
its seeds or resins; but shall not include the ma ~re stalks of such plant, Gber
produced from such <talks, oil or cake made from +he seeds of such plant,
any other compound, manufacture, salt derivative, mixtul® or preparation
of such mature stalks (except the resin extracted therefrom) fiber, otl, or

cake, or the sterilized seed of such plant which is incapable of germination

as defined in Federal Schedule I
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(CCURRENCE

As defined above, marijuana is synonymous with the plant Cannabis
sativa L. Infact, as will be seen later, there are purported tobeat leasttwo
ather species of € annabis, indica and ruderalis, whose possible existence
have caused some problems with the analysis of marijuana for forensic
purposes. C annabis sativa Was originally cultivated in the Orient for its
fibers but now grows worldwide, including the United States, where it is
more of a weed than anything else. Of the other proposed species of
marijuana, it is stated that Cannabis indica is not grown for its fibers but
strictly for psychoactive purposes. Cannabis ruderalis is not native to the
West, growing only in the USSR and surrounding areas.’”

AcTive INGREDIENTS

Regardless of the species of Cannabis, the active ingredients are all
the same, although they may vary in quantity. Collectively, these sub-
stances are lknown 2s cannabinoids. They are practically unique among
the naturally oceurring psychoactive substances in that they do not con-
{ain nitrogen and hence are not alkaloids. There are over 20 of these
cannabinoids that have been isolated and identified, but onlya few are of
any forensic importance.

it should be noted that confusion has arisen because of the two
different numbering systems used to identify particular carbon atoms in
the naming of the cannabinoids. The one that will be used here is the one
that treats all these substances as substituted monoterpenoids. This ap-
proach has the advantage ofbeing applicableto virtually every member of

ths family.

A‘—trans-Teirahvdrnmnnah[nnl

The primary psychoactive agent in marjuana and its preparaﬁqns is
A’—trans-tetrahydrocannabinol (THC). In American-grown Cannabis 5o
Hya the A-THC content is usually less than 1% in theleavesand 1 to 5% in
the flowers. Leaves from 'purported Cannabis indica contain more Psy-
choactive ingrédients.‘“ Hashish, a resinous extract of the ﬂowe;:ing tops
of marijuana, is much more concentrated in the resin and thus in THC.

o om o i e
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Other major cannabinoids of interest are A®THC, cannabidial
(CBD), and cannabinol (CBN). AS-THC is a minor constituent of mari-
juana, usually comprising Jess than 10% of the total THC content. CBD and
CBN are both usually found in naturally occurTing samples of marijuana
and can easily be separated from THC chromatographically. Their pres-
ence will normally allow for reliable differentiation between nafurally

occurring and synthetic THC samples.
é ot
# o

Si O O

0 CcHin G
N-u'ans-Teuahydmcannuhinnr H

Cennabidiol

O I Caobn

Cannabinol

PrREPARATION OF Altrans-THC

Although therearea mumnber of syntheses for THC, the most practical
one for nonbiologic purposes (where it is not necessary 10 isolate pure
levo-THC) is the reaction of citral (D and olivetol(ID) in 1% BF; and meth-
ylene chloride. This gives A 1-A -trans THC in 20% yield and some d -AL
cis-THC, as depicied in Figure 3-1.1 Synthetic THC is not usnally prepared
for abuse purposes because of the ready availability of marijuana and the
difficulty of the synthesis.

There are a number of methods for extraciion of the isomeric THCs

from marijuana and/or hashish for later confirmation or experimenta-

tion. One such method involves peiroleum ethcT extraction of an agqueous
wed by preparative TLC using

methanolic mixture of plant material follo
silica gel as the stationary phase and methanol —aminonium hydroxide-

saturated chloroform (1:18) as the mobile phase. The THC is then re-
moved from the substrate with chioroform."?

MeTHODS OF ANALYSIS

The majority of forensic science laboratories employ low-power mi-
croscopy and 2 color test (the modified Dugquenois-Levine test) for the
analysis of marijuana and ils preparations, cuch as hashish. In addition,
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\“/ Cayy

OH 1% BF; Alarans-THC
+ i (20% yield)
S CH.Ck +
CHO Al-cis-FHC
Citral OH
Ofivetol

! It
FIGURE 3-1  Synthesis ol Algrans-THC.

many also employ GC or TLC as a further test for THC. Onrare cccasions
even GC-MS will be used for confirmation. In those states where the
percentage of THC ina sample is important for legal purposes, the quanti-
tative analysis is usually obtained by GC.

Hashish or other preparations of marijuana are usually examined
under a high-power (100 to 2002<) microscope. Seeds are also examined
microscopically and may be subjected to the DPuquenaeis-Levine test.

In the microscopic test for marijuana one is normally examining
crushed, dried leaf material. There are two major morphological features
of importance in this low-power examination. The first is the presence of
cystolithic hairs. These are claw-shaped, usually curved structures with a
broad circular base. Within the hair is a cystolith of calcium carbonate.
The presence of the cystolith can (and should) be confirmed by adding 2
drop ofacidified chloral hydrate to the leaf material on a microscope slide,
quickly covering it with a coverslip, and then observing under a high-
power micTascope: Evolution of bubbles of carbon dioxide confirms the
presence of a true cystolith. It chould be noted that cystolithic hairs have
been identified in some 80 species of plants, so this test is not confirmatory
for marijuana. On the reverse side of the leaf containing the cystolithic
hairs can be found numerons short, wide ponglandular covering hairs.
These are also common o many species of plants."

Finely powdered cannabis should be examined under a high-power
microscope. In this state one finds less of the cystolithicand covering hairs
intact on the leaf, but many broken ones are present, as arc pieces of
epidermis, resin sacs, and other strachures. Some of the same materials
may be present in hashish, depending on the efficiency of the resin extrac-
tion or isolation.” o

- The modified Duguenois-Levine test (see Appendix 3-1) can be run
on virtually any sample of cannabis, although fresh or wet leaf material
should be dried first. A bag of suspected cannabis seeds can be tested for
traces of THC clinging to the surface of the seeds by washing them with
petroleurn ether, evaporating, and running the test on the residue. The
results of the Duquenois-Levine test will quickly deteriorate if fresh, po-
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tent concentrated hydrochloric acid is not used. The test should be run at
Jeast once a day ont known cannabis to make sure that the reagents are
potent.

The Duquenois-Levine test is by no means specific for rnarijuana.
One study lists some 12 oils and extracts of vegetable origin that respond
positively to the test.’® A false-positive test with certain coffee extracts has
also been reported, a fact that is often brought out in court by knowledge-
able defense attormeys.

The question of whether or not the combination of the microscopic
test and the Duquenois-Levine test is specific for marijuana has been
debated for years within the forensic science community. A common
scenario is that a mixture of hops, which coniain cystolithic hairs, and
camphior, which would give semipositive results tothe Duquenois-Levine
test, would behave the same as marijuana when subjected to this scheme.
The unlikelihood of encountering such a mixture on the street notwith-
standing, some laboratories have added some form of chromatography to
the analytical protocol. _

Unless quantitative analysisisto be performed, the chromatography
test of choice is TLC. Notonly is it quicker and less expensive than GC or
HPLC, but with the proper choice of mobile phase, oné can separate THC
from CBD and CBN. In addition, the visualization reagent, Fast Blue BB
(preferred to Fast Blue B because of the carcinogenicity of the latter),
colors the cannabinoids various shades of orange oT pink. This strong
presumption of the presence of THC is enough to identify marijuanatoa
degree of reasonable scientific certainty when coupled with the micro-
scopic and color tests.

In those cases where 2 preparation of marijuana is present, such as
hashish oil, the microscopic examination may not reveal any usefnl plant
morphology. Here 2 chromatographic test must be performed along with

the Duquenois-Levine est.

LEGAL/SCIENTIFIC PROBLEMS

There are two major areas where problems have occurred in court
with cannabis. They are the question concerning the number of species of
marijuans and the definition of hashish. 1t should be noted that although
many states ctill define marijuana as Cannabis sativa L., the species argu-
ment is not ofterd pursuf:d anymoi€ because of its lack of success in court.
However, to avoid the issue, some states have changed the definition of

- .o to “a member Of the genus Camriakis.” The problem with the
definition of hashish arises only in those cases where a statuie differen-
tiates between hashish and marijuana for sanctioning pUrPOses and where

possession of THC is a sepayate offense.
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TECHNICAL NOTE

David J. Hauber,' M.S.

Marijuana Analysis with Recording of Botanical
Features Present and Without the Environmental
Pollutants of the Duguenois-Levine Test

REFERENCE: Hauber, D. 1., sMarljuana Analysis with Recording of Botanical Fratures
Present and Without the Environmental Pallatants of the Duguenois-Levine Test,” Journal of
Forensic Sciences, JFSCA, Vol. 37, No. 6, November 1992, pp. 1656—1661.

ABSTRACT: In order to properly document the botanical [eatures preseat in a sample

submitted as suspected marijuana and 19 reduce the problems of the disposal of the hazardous

wastes produced with the tse of the Duguenois-Levine Test, a protocol is described that

involves recording the morphological features of Cannabis found in a sample and two thin-

layer chromatography systems for determining the cannabinoids present. This protocol pro-

vides more information on a sample than was obtained with other, previous protocols invoiving
_the Duquenois-Levine Test. &

KEYWORDS: criminalistics, marijuana analysis, Duqucnais-!,cvine Test, TLC of cannabinoids

Much of the anaiytical work performed for the identification of marijuana, Cannabis
sativa L., has been based on the articles of Nakamura {7} and Thornton and Nakamura
|2. These reports e excelient, thorough, compilations of data for the use of the mi-
croscopic identification of trichomes in the identification of fragments of Cannabis. The
latter ar/ticle, in addition 1o reporting on the authors' study of trichomes, delves deeply
into the significance of the Duquencis-Levine Test in confirming the identification of
Cannabis.

Singe these reports were written, however, this laboratory has noted an increase in
the numbers of submiissions of marijuana samples that have flowers and relutively intact
leaves rather than the fragments of leaflets that were common 15 years ago. Several years
ago, it was realized by many of our analysts that documestation of the morphological
features observed in manijuana samples was very advantageous iri rraining analysts and
was fay superior to the “Micre +7 docamentation once used fréquently- With detailed
documeniation, one can report on the witness stand exactly what was seen rather than
being unsure whether a plethora of Cannabis feaiures were found or just a Carrabis
teaflet fragment with minimal features was presen'i. Only recarding the presence of the
particular types of characteristic trichomes on leafiet fragments ignorses @ large amount

Received for publication 18 February 1992; accepted for publication 16 March 1992.
1Supervisar, Northern Regional Laboratory. Kentucky State Police, Highlund Heighis, XY,

1658
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of data on the sample that is extremely useful in identification. Because what i being
identified is « plant or plant parts. the morphological sxamination of the sample with a
SteTe0scope, therefore, is the best available mechanism for such an identification, and
the documentation of the findings is imperative,

1n addition, complance with the new regulations on the disposal of chemical wastes
has been added to the duties of the forensic scientist since these reporls were written.
Waste from performing the Dugquenois-Levine Test {2,3] involves & complex mixture of
chloroform, concentrated hydrochloric acid, ethanol, and reaction products involving
cannabinoids, vanillin, acelaldehyde, and miscellaneous other chemicals. Reduction of
the chlorinated hydracarbon wastes is a primary environmental concern [4]; therefore,

¢ Botanical

w'lronmen’tal analysis protocols should develop in the direction of eliminating the Dnquenois-Levine,

. Test.

est In addition to the problem of waste disposal, the Duquenois-Levine Test cannot dis-
tinguish individual cannabinoids or other compounds with similar functional groups. One
of these other compounds, olivetal, is used by me to treat leaves of various plants for

——————— use as training samples. By dissolving olivetol in petroleum ether and pouring this solution

on plant material other than masijeana and allowing the peiroleum ether to evapordte,
the sampie can then be extracted with petrojenm ether and produce the same result as
marijuana with the Duguenois-Levine Test. Such a sample will also produce the same
result as marijuana when the test is run on the unextracted plant sample directly. It
would be preferable to use tests that distinguish among the cannabinoids and compounds
reacting similarly to them.

This article describes a protocol for marijuana analysis that involves detailed notution
of features found with sterecscopic examinailon of the plant material and two thin-layer
chromatography systems €0 examine the cannabinoids present. While there is chemical
waste with these TLC systems, the wastes are all clean burning solvents; their disposal
is, therefore, less expensivvf economically and environmentally.

wording of Potanical Features
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Ty achieve the poal of recording the botanical features present in a submission of
marijuada, the sample is visually examined, and as much as possible is viewed siereo-
scopically with magnifications of 1010 40 times. The features observed are then recorded
either in a number code of in an abbreviated written form depending upon the preference
of the examiner. Many of these botanical features have been mentioned in the U.5.
Treasury Department’s Marijuana, Its Identification, of 1948 [5] and Schultes and Hoi-
mann's book of 1973 [6]; however, in Table 1 is the more detailed listing of features that
I use. To give an example, the description of a manijuana leaflet on & palmate petivie
would be described inmy abbreviziions as*Cnb 11 on palm pet,” which maans, “Cannabis
leaflet on o palmate petiole.” This gne short statement documents the presence of a
Jeafiet with cystolithic trichomes on one side, unicellular irichomes ea the other side,
leaflet serrations, the pinnale and marginal pattern of the veins, and the attachment of
this leaflet to & paimate petiole. A notation of whether the achenes are reticulate or
murbled in appearance is also of aid in any multiple species argument the defense might
bring up, since the very commaon reticulated appearance of the achenes is indicative of
the narrow definition of Cannabis sativa L. in Professor Schultes’ key [7-91.
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TABLE 1-— Bownical characteristics that are recorded by abbrevialions.

ncludes Cennabis-like cystolithic trichosmes and unicellular trichomes

an opposite sides of the Jeaflet particle that, iisell, has a general Cannubis appeeTance)
Cannabis lcaflet fragment with various features individually Yisted as follows: serrations, pinnate
vepation (that is, the patter of the leaflet veins branching individoally off of the midrib or
middle vein in 8 feptherlike PRULETD), marginal venation {that is, veins sunning ulong the
cerrated edges but vanishing before reaching the very ip)
Cannabis leaflet (the whote leallet, or one with all the features mentioned for a leaflet frapment)

Cannagbis leaf (at least on® leaflet on an obvious palmate petiole)

palmate petiole

stamirate {lowers or parts (unthers, sepals)

pistillate fiowering tops Of all isolated pistillate Bower
snveloping bract of the pistailate flower
stipmatic styles of the pistillate flower (¥
giandular trichome

glandular tricnome with head

hull (husk}
nchene with reticulate oF marbled patters; the achene, which actually is the fruit of the marijuana

plant, is commonly, but incosrectly, refersed 10 as the seed

Cannabis seedling, with cotyledans, at the first, second, or third leal stoge
Cannabis stalks or Stems
foreiga piant material (in
TOGLS

Aspergillus fruiting bodies
fungal mycelia

soil

Cunnabis leafiet {ragment (i

hen broken off from the rest of the flower)

cluding approximate percentage OT amouni}

Chemical Features Determingd

.. Two different chemical tests in addition to the stereoscopic examination are requircd
for reporting the identification of marijuana in the Kentucky State Police Forensic Lab-
oratories System. For one 1est, it uses the hexane:ethyl ether {d:1) solvent system {7

with E. Merck 0.25-mm Kieselgel 60 Fas plates, o7 {he equivatent, for separation and

characterization of the cannabinoids. Traditionally, the Duq‘ucnois-Levine Test has been
used as the other chemical test. Replacement of the Duquenois-Levine Test with a second
TLC with the hexane:acetone {4:1) solvent system occurred at the Morthern Regional
Laboratory after five years @
Levige Test, This latie? systern was an inadv

|ahoratory.? This modificatio
but it did incresse the absolute R values by appro:{imately 20%.

Method Testivi8

Various spices, Cu
Cannabis belonps, werd expmined by stereoscope at magnifications o

and extracted with petrolet.
reported 10 give pusitives witt
THC [2.3,10] were also tested. Ta.”
were spoited about 14 mm from the bond
allowed 10 rise up the entire plate before being TET
with Fast Blue 2B in a L:1 mixtuse of methy} alcoliol

chromatographic zones.
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TABLE 2—A list’
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Allspice
Bay leaves
Black pepper corns
Black pepper, ground
Cotnip
Cinnamon, ground
Cinnamon, stick
Citral
Cloves, ground

Cream of tarter

Cumin seed
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Gaglic powder i
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TABLE 2—A list of spices, condiments, and planis examined for features of marijuana and

Cinnamon, stick Timson weed (Datura
L Citeal stramoniunt), seeds
Claves, ground Mace, ground

" Cream of turtar Metzmucil

Cumin seed 4-methylresorcinol
Curry powder Morning glories seed

Gartic salt (sage OTange {Maclura
Ginseng root pomifera), leaves
Gluramate, monosodium Olivelol

Allspice Ginger, ground
: Bay leaves Guaiazulene
: Black pepper comns Hackberry (Celiis occidentalis).
Black peppers ground Jenves
" Catnip Hops {Hurmulus {uprlus),
Cinnamon, ground feaves

Onion, minced and flakes

QOrcinol

Orepano leaves

Parsley flakes

Patchouli oil

Red peppers. crushed

Red peppers, pround
cayenne

Sage leaves

Sage, rubbed

Savory, grnund

Sumniner savory

Elm (Ulmus americana) Mulbesty, red (Morus rubra), Thymol
leaves lenves “Fhymolphthalein
Eugenol Mustasd seed Tabaceo
Garlic powder Nutmeg Tumeric, ground

Resulis and Discussion

Micrascopic gxaminati

matographic zones of the specimens and chemicals
&
zones. Mo plant product not other

bidiol switch relative positions a5 do canna
two systems 2re of significance. Also, whil

verse occlrs with the hexane:acetone sysie
quently

addition, 1 have not found any mechanis

a5 can be done witii the Duquenais
and ground, COmpPIEss
addition 1o sterenscopic and TLC ana

features.

Conclusion

Adequaie 51ereoscopic examination with tho
features present an

P
tification of Cannabis sativa L. This combination of

and involves less
way than testing with the Duguenois

caton of plant pat

separate cunnabichromene from cannabiperol, it can separate cann
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overlap some as do cannabinoi and cunnabichromene. The su of these facts

allows a greater confidence in the determination of the major cannabinoids present. [n
m to make a lest sample that is not marijuana

produce 2 confosing TLC result for either system without actually using & cannabinoid,
Levine Test. 1t should be noted that hashish samples

2d rnarijuane samples ure examincd by instrumental means in
lysis because of the lack of many of the key botanical

of these plant parts and dogs not tie up instrumentation des

on of the listed samples produced 0 sample with which an
experienced examiner should have rouble. In Table 3 are listed the color and relative
R, values, normalized 1o deita—‘?—leirahydrocaﬂnahinol (delta-Q-THC). of colored chro-

from Table 2 that produced such

chemical was found to produce 2 colored chromato-
graphic zone that could be confused with THC. The facts that delta-9-THC and cantid-
bichromene and cannzhinoi when Tun 0n these
e the hexane:ether system cunnot adequately

abidiot well. The re-

rough documentation of morphological
d a more detailed determination and recording of the cannabinoids
resent in a sample with the two TLC systems discussed provide an ynambigucus iden-

imethods is bath rapid and inexpensive
toxic materials that are easier to dispose of in an environmentaily safe
.Levine Test. Because the problem is the identifi-
s present and not a chemical, the method emphasizes documentation

igned to identify chemicals.
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TABLE 3—Relative Rg of various cannuhinoids, spices, condiments, and chemicals that produced
colored chromatographic Zones with Fast Blue 2B on the two TLC systems used.
References i
Hexane:Ethyl Ether (4:1) Hexane: Acetone (4:1) i
TLC System ‘TLC System 1 {7} Nakamusd, G. R., “Fo
——— T - - E Journal of the Associali
Compound Color with Relative Color with Relative 2] hornton, 1. 1. and N
or Spice Fast Blue 2B R Fast Blue 2B Rf ! Forensic Science Socief)
iley, K., *“The Valu
Delta-9-THC red 100 red 1.00 B e ol 24, o
Delta-8-THC red 1.10 red 1.08 ‘ B Emher,L,R,,--sﬁmg‘
Cannabichromene purple 0.30 purple 0.8% : und Engineering News
Cannahidivl orange 1.14 orange 0.93 {5] U.8. Treasury Depart
Cannazbigerol otange 0.78 orange 0.72 Washington, D.C., 184
Cannabinol purple 0.90 purple 0.86 161 Schules, R. E. and B
- Allspice yellow 0.67 yellow 0.77 - Thomas Publisher, Spg
Bluck pepper yellow 0.0 yellow 0.27 : {71 Hauber, . J.. “Sumr
pink 0.63 purpte 0.90 ‘ Cannalbis,” Newsletter
p“rp]c 1.48 1984, PP- 33—36. i
Cloves yellow 0.86 yeliow 0.87 (8] Schulies, R- E., Klein,
pink 1.08 purple 1.04 of Taxonomic Neglect
: yeilow 1.54 Feh. 1974, pp. 337—3q
Curry yellow 0.0 yeliow 0,08 {9} Small, E., “Morphoto
yellow 0.92 yellaw 1.00 ] Vol. 53, 1975, pp- 978
Eugenol yellow 0.78% yellow 0.89 |70} Hughes, R. B. and K&
Ginger orange 0.27 arange 0.53 ' matograpiic Identifics
yellow 0.40 yellow 0.63 1979, pp. B42-B46.
, yeliow 0.74 3 1
Gualazulene purpic 1.6 purple 1.65 : Address requests for repry
Mace red-purple 0.0 purple 0.0 David J. Hauber
purple 0.44 purple 0.09 Kentucky Staie Palice-Nos
purple 0.75 purple 0.30 537 John's Hill Rd Box 13
purple 0.70 Highland Heights, KY 410
4-methylresorcinal red-brown 0.11 red-brown 0.34
Nuimeg purple 0 purple 0.05 %
purple 0.17 purple 0.16 %
purple 0.25 putple 0.63 :
purpie 0.35 purple .81 EN
Olivetol red-brown 0.07 red-browsn 0.28 |
sed 0.48 red purple 0.72
Oreinol red-brown .05 red-brown £.21 5
Red pepper yeilow 8.0 yellow 0.0
yellow 0.25 yellow 1.05
ian 0.16 yellow 2.00
purpic 0.73 piak 1,28
yellow 1.73 pink 1.77
Sage grey-grecn 0.10 green 0.58
green 0.75
Savery grey-green 0.1l green 0.50
Thymol yellow 0.95 yellow {L96
Tumeric yellow 0.0 yellow 0.04
yellow 0.56 yellow 0.75
yellow 1.06

s mtmnterd b ennvriaht faw (Title 17, U.S. Code)



, and chemicals that produced

o TLC systems wred.

HexanciAcetone (4:1)

TLC System

Color with
Fast Blue 2B

red

red
purpie
prange
oronge
purple
yellow
yellow
purple
purple
yeilow
purple
ycilow
yellow
yeltow
yellow
orenge
yeliow
yellow
purple
purple
purple
purple
purple
red-brown
purple
purple
purple
purple
red-brown
red purpie
red-brown
yellow
yeilow
yellow
pink
pink
green
sreen
green
yeltow
yellow
yellow
yellow

oy ——

Relative
Ri

1.00
1.08
(.89
(.93
0.72
.86

0.77
0.27
0.90
1.48
0.87
1.04
1.54
0.08
1.00
0.49
7.53
0.63
0.74
1.65™
0.0
0.09
0.30
0.70
0.34
£.09
0.16
0.63
0.81
0.28
0.72
0.21
0.0
1.05
2.00
1.28
177
0.58
0.75
0.50
0.96
0.04
0.75
1.06
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Abstract

alidation procedures are described for 12 chemical spot tests inciuding cobalt thiocyapate,
Di]le_l{oppanyi, Duquenois»—Lev'Lue, Mandelin, Marquis, nitric acid, para—dimethylamiﬂobenzal—
dehyde, ferric chloride, Froehde, Mecke, 7wikker and Simon’s (nitroprusside). The validation
procedures incipde specificity and limit of detection. Depending on the specificity of each color
test, between 28 to 45 drugs or chemicals were tested in triplicate with each of the 12 chemical
spot tests. For cach chiemical test, the final colors resulting from positive reactions with known
amounts of analytes were compated to 1Wo reference color charis. For the identification of
unknown drugs, reference colors from the Inter-Society Color Council and the National Burean of
Standards (ISCC-NBS) and Munsell charts are included along with a description of each final
cotor. These chemical spot 1ests Were spund to be very sensitive with limits of detection typically 1
to 50 g depending on the test and the analyte. ©® 2000 Elsevier Science Ireland Ltd. All rights

reserved.
Keywords: Chemical spot test; Calor tesi; Drug detection
1. Introduction

Chemical .spot tests (sometimes referred to as color tests) provided toxicologists and
criminalists with one of the earliest tools for the presumptive identification of drugs and

*Corresponding author.
0379-0738/00/5 — see front matter © 2000 Elsevier Yeience Ireland Ltd. All rights reserved.
PII: 80379-0738(99)00235-2
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polsons [1-3]. These tests continue to be poputar for several reasons. They rely on
simple chemical reactions and produce visible results that can be interpreted with the
naked-eye. The reagents and laboratory materials needed to perform the tests are
inexpensive and readily available. The tests can be performed by technicians without
extensive training. Qince the tests require minimal reagents and materials, small and
even on-site laboratories can perform the tests. They can also be employed 1n the field
by law enforcement agents. The utility of these fests is demonstrated by the fact that
even today, when the use of sophisticated analytical instrumentation is 50 pervasive, they
are still an integral part of the testing arsenal of forensic laboratories.

In two US National Institaie of Justice (NII) standards, NILECJ-STD-0604.00 [4] and
NILECJ-STD~0605.00 [5], the procedures for the use and validation of eleven different
chemical spot-testing reagents Were described. To better address the current needs of
drug testing laboratories, the information in these documents was reviewed and updated
or revalidated as seeded. The need 10 include additional tests/analytes OT TEMOVE
existing tests/analytes from the original standards was assessed. An informal ques-
tionnaire addressing the use of these chemical spot tests in forensic laboratories was
mailed to approximately 325 laboratories/ individuals selected from the rosters of
American Society of Crime Laboratory Directors (ASCLD}, the Regional Association of
Forensic Scientists and the Criminalistics ection of the American Academy of Forensic
Sciences (AAFS). This mailing was performed in a semi-random fashion with an attempt
to contact at least two laboratories or drug chemists in each state and to inciude the
regional Drug Enforcement Administration laboratories. We received 121 responses.
They indicated that chemical spot tests are still frequently used by 86% (104) of the
responding laboratories. Greater than 90% of these laboratories used at least four of the
tests; cobalt thiocyanate for cocaing, Duquenoistevine for marijuana, Marquis for
many basic drugs and para-djmethyiauninobenzaldehyde ( p-DMAB) for 1.SD. Ten of
the chemical spot tests described in the NIT documents were still routinely used by more
than ope third of the laboratories. Twenty-five percent of respondents suggested adding
the Simon’s OF nitroprusside  test for the detection of secondary amines, such as
me‘{hamphetamine and methylenedioxymemamphetamine, to the battery of spot tests
ued in the original NIJ documents. Additional drugs that had become ImOre
prevalent since the publication of the standards such as acetaminophen, alprazolam,
diazeparm, ephedrine, hydrocodone and pseudoephedrine were added to the original list
of analytes to be fested. This article Teviews the data presented in the two original NIJ
documents and presen!s DEW validation data for &n expanded list of drugs using 12

chemical spot tests (CSTs).

3. Materials and methods

2.1, Chemicals

Cobalt thiocyanate, cobalt acetate dihydrate, glacial acetic acid, isopropylamine,
acetaldehyde, amnoninm vanadate, formatdehyde, para—dimethylaminobenzaldehyde,
ferric chloride, vanillin, sodium molybdate, selenius acid, copper sulfate pentahydrate,
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sodium nitroprusside, 2.chloroacetophenone and sodium carbonate Were purchased from
Sigma«—Aldrich Chemical {St. Louis, MO, USA). Methanol, hexane and chloroform were
obtained from Burdick and Jackson (Muskegon, MI, USA). Hydrochloric acid, sulfuric
acid, nitric acid and pyridine were purchased irom Mallinckrodt Baker, (Paris, KY,
1JSA). Ethanol was obtained from Quantum Chemical (Tuscola, 1L, {USA). The drugs
were purchased in powder form from Sigma-Aldrich Chemical (St. Louis, MO, USA),
Alltech-Applied Science (State College, PA, USA) or Research Triangle Institute (RT],
NC, USA).

22 Materials

Porcelain plates with 12 wells, glass culture tibes (12X75 mum) and Pasteur pipettes
were purchased from VWR Scientific Products (Denver, CO, USA). The Munsell Book
of Color (Volumes 1 and 2) were purchased from GretagMacbeth (New Windsor, NY,
USA). The centroid color charts, published by the Inter-Society Color Council and the
National Burean of Standards, were obtained from Nick Hale (Naples, FL, USA).

2.3. Chemical spot test procedures

The procedures for preparing the chemical spot test reagents and performing each test
are described below. One or two drops of reagent(s) were ndded to the drug using a
Pasteur pipette unless otherwise noted.

A.1 Cobalr thiocyanate
Dissolve 2.0 g of cobalt (1) thiocyanate in 100 ml of distilled water.

A.2 Dille~-Koppanyi reagent, modified
golution A: Dissolve 0.1 & of cobalt (1) acetate dihydrate in 100 ml of methanol. Add
0.2 ml of glacial acetic acid and miX.

Solution B: Add 5 my of isopropylamine to 95 ml of methanol.

Procedure: Add two drops of solution A to the drug; followed by one drop of solution

B.

A.3 Duquenois—Levine reagert, modified
Solution A: Add 2.5 ml of acetaldehyde and 2.0 2 of vanillin to 100 ml of 95%
ethanol.

Solution B: Concentrated hydrochloric acid.

Solution C: Chloroform.

Procedure: Add three drops of solution A to the drug and shake for 1 min. Then add
three drops of solution B. Agitate gently, and determine the color produced. Add nine
drops of solution C and note whether the color is extracted from the mixture to A and B.
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A.4 Mandelin reagent
Dissolve 1.0 g of ammonium vanadate in 100 ml of concentrated sulfuric acid.

A.5 Marquis reagent
Carefully add 100 mi of concentrated sulfuric acid o 5 ml of 40% formaldehyde

(formaldehyde:water, viv).

A.6 Nitric acid
Concentrated nitric acid.

A.7 Para-dim ethy!aminobenzaldehyde (p-DMAB)
Add 2.0 g of p-DMAB 10 50 mi of 95% ethanol and 50 ml of concentrated

hydrochioric acid.

A.8 Ferric chloride
Dissolve 2.0 g of anhydrous ferric chioride or 3.3 g of ferric chloride hexa-hydrate in

100 mi of distilled water.

A.9 Froehde reagent
Dissolve 0.5 g of molybdic acid or sodium molybdate in 100 ml of hot concentrated

sulfuric acid.

A.10 Mecke reagent
Dissolve 1.0 g of selenious acid in 100 ml of concentrated sulfuric acid.

A.11 Zwikker reagent
Solution A: Dissolve 0.5 g of copper (ID) sulfate pentahydrate in 100 ml of distilled

water.
Golution B: Add 5 m} of pyridine to 95 m} of chioroform.

A.12 Simon’s veagent
Solution A: Dissolve 1 g of sodinm nitroprusside in 50 ml of distilled water and add 2

ml of acetaldehyde to the solution with thorough mixing.
Solution B: 2% sodium carbonate in distilled water.
Procedure: Add one drop of solution A to tiic drug, followed by W0 drops of solution

B.
2.4 Validation of chemical spot fesis

2.4 1. Test color and specificity

The drugs and other analytes wete classified and prepared as either a drug standard,
crystal, powder, tablet, or extract (Table 1). Drug standards were prepared in either
chloroform or methanol at a conceniration of 2.0 or 4,0 mg/ml (free-base). Crystals
were tested without further processing. Tablets were crushed mto a fine powder and leaf
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Table 1

The classification of chemical spot test analytes

Analyte

Acetaminophen
Alprazolam
Amobarbital

Aspirin

Buking soda
Benzphetamine HC
Brompheniramine malcate
Chlordiazepoxide HCI
Chlorpromazine HCI
Cocaine HC!

Codeine

Contac
p-Amphelamine
p-Methamphetamine
Dizcetylmorphine HCL
Diazepam
Dimethoxymethaphetamina HCI
Daxepin HCL

Dristan

Ephedrine HC
Exedrine
Hydrocodone tarirals
LSD

Mace

material was extracted with hex
analyte (125 or 250 pl of drug stan
porcelain test plate. For the drug stan
evaporated and the residu
was performed. The CST reagents
Section 2.3 for each test. For A3, 500 p
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24.2 Drug detection limi
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prepared. The timit of detection (LOD
dilutions of the working solution until the 1
detectable in five replicates (7=
by ten and recarded as the ‘operation
the porcelain test plates except for A3 which was pe

Classification

Drug stendard
Drug standard
Drug standard
Tablet
Powder

Drug standard
Drug standard
Drug standard
Drug stapdard
Drug standard
Drug standard
Tablet

Drug standard
Drug standard
Drug standard
Drug standard
Drug standard
Drug standard
Tablet

Drug standard
Tablet

Drug standard
Drug stendard
Crystals
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3. Results and discussion

Chemical spot tests are widely accepted as presumptive tests for drug detection. These
CSTs provide information that allows the analyst to select the appropriate testing
procedures t0 confim the identity of the suspected drug. The information listed in the
tables is intended as a guide for nsing CSTs and for preparing quality control materials
for chemical spot tests when they are performed in the laboratory or in the field. The
actual color produced by the reagents for each drug may vary depending on many
factors: the concentration of the drug, whether the drug is in salt or free base form,
which salt form is present, a0y additional diluents or contaminants preseat in the sample,
the color discrimination of the analyst and the conditions under which the test 1S
performed [2,6]

The original NLJ standards 14,51 used centroid color charts published by the Infer-
Society Color Council and the National Burean of Standards (ISCC-NBS) for coler
comparison. These charts include almost 770 colors logically grouped and listed
numerically. However, these color standards are obsolete and are no longer considered
to be an international gtandard for color description 0of comparison. Therefore, the
ISCC-NBS numbers are listed for historical comparison purposes only. The ISCC-NBS
charts have been replaced by the Munsell Color charts. The Munsell Book of Color
(Volumes 1 and 2) is a master atlas of color that contains almost 1600 color comparison
chips. The colors aré prepared according to the specifications contained in the final
report of the subcommittee of the Optical Society of America. Each page of the Munsell
book presents one hue. There are 40 pages, each is 2.5 hue steps apart. On each page,
the color chips aré arranged by Munsell value and chroma. The standard way 1o describe
a color using Munsell notations is to write the numeric designation for the Munsell hue
(H) and the nurneric designation for value (V) and chroma (C) in the form of H V/IC.
Qince there are considerably more colors in the Munsell charts than in the centroid

charts, two or more Runsell notations may correspond to the same previously used
ISCC-NBS number.

Depending on the specificity of each color test, betwesn 28 to 45 drugs or chemicals
were tested in triplicate with each of the ('STs. For each CST, the final color resulting
from a positive reaction with a known apount of analyte was compared to fWO reference
color charts. These results are chown in Tabig 2. Reference colors from the ICSS-NBS
and Munsell charts were included along with a description of each final color.

A positive CST may indicate a specific drug or class of drugs is present in the sample,
but the tests are not always specific for a single drug or class. For this reason,
laboratories must rely on 2 battery of CSTs for the preliminary identification of an
unknown drug. For example, Cobalt fhiocyanate (A.1) is used to deiect cocaine.
However, many other drgs will also react with this reagent {Tables 5 and 3) and each
analyte that tested positive with cobalt thiocyanate produced a Strong blue color. Also,
the nitric acid test produced variations of yellow and orange colors with a variety of
analytes including acetaminophen, diacetylmorphine, dimeﬂloxymethamphetamine and
mescaline.

gix of the CSTs are indicated for the detection of opioids and other amines. These
include Mandelin (A4), Marquis (A.3), nitric acid (A.6), ferric chioride (A.8). Froehde
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Table 2
Final colors produced by reagents A1 through A12 with various deugs and other substances
Amnalyte Solvent 1C8S-NBS®  Color Munsell
A.l Benzphetamine HCI CHCl, 168 Brilliant greenish biue 5B T/8
Al Brompheniramine Mateate CHCl, 168 Brilliant greenish blue 5B 6/10
Al Chlordipzepoxide HCl CHClL, 168 Birilliant greenish blue 2,5B 6/8
Al Chlorpromazine HCl CHCI, 168 Brilliant preenish blue 5B 6/10
Al Cocaine HC CHCl, 169 Strong greenish blue 5B 5/10
Al Diacetylmorphine HCI CHCI, 169 Strong greenish biue 7.5B 6/10
A1 Doxepin HCl CHCI, 168 Brilliant greenish blue 5B 6/10
Al  Ephedrine HCl CHCH, 169 Sirong greenish blue 5B 5/10
Al  Hydrocodone tarirale CHCL, 168 Brilliant greenish biue 5B 6/8
Al Meperidine HCl CHCl, 169 Sirong greenish biue 5B 5/10
A1 Meihadone Hcy CHCI, 168 Brilliant greenish blue 5B 6/10
Al Methylphenidate HC1 CHC, 168 Briltiant greenish blue 10BG 6/8
A1 Phencyclidine HCl1 CHCIL, 169 Sirong greenish blue 58 3/10
Al Procaine HCI CHCl, 169 Strong greenish biue 5B 5/10
Al  Propoxyphene HCr CHCl, 169 Strong greenish blue 5B 5/10
Al Pseudoephedrine HC1 CHCI, 169 Strong greenish blue 5B 5/10
A1 Quimine HCl CHCL, 178 Strong blue 2.5PB 5/12
A2 Amoharbital CHCl, 222 Light purple 5P 1B
A2  Pentobarbital® CHCL, 222 Light purple 5P 7/8
A2 Phenobarbital® CHCl, 222 Light purple 5B 7/8
A2 Secobarbital’ CHCI, 222 Light purple 5P 7/8
A3  Mace' Crystals 27 Strong reddish purple” 2.5RP 5/12°
237° Stropg reddish purple® 2 5RP 5/12°
221" Very light purple” s5p 8/4%
A3 Nutmeg Extract 244" Pate reddish purple” 10P 6/4"
2447 Pale reddish purple” 10P 6/4°
261° Light gray purplish red®  SRP 7/4°
A3 Tea Extract 119° Light yellow grees 5GY B/6
A3 THC EIOR 204° Gray purplish blue” 7.5PB 4/4°
199° Light purplish blue® 7.5PB 118
219° Deep purple’ 7.5P 4/12°
Al A cetaminaphen CHCY, 107 Moderate olive 10Y 5/8
Ad Asp{.rin Powder 127 Grayish olive green 2.5GY 4/2
Ad Benzphb‘.‘ﬂmmc HCP CHCI, 116 Blliant yellow green 2.5GY 8/10
Ad Brompbeninlmme CHCl, 50 Strong Orange 7.5YR 7/14
A4 Maleate Chlorp:;?mﬂzme HCl  CHCY, 108 Dark olive 10Y 3/4
A4  Cocane HCE CHCl, 69 Deep orange yellow 10YR 7/14
A4  Codeine’ CHCL, 108 Dark plive 5Y 3/4
A4 Contac Powder 84 Strong yellow 237 6/10
A4  p-Amphetaming e caCh: 164 Moderate bluish green SRG 516
Ad p-Methamphetamine HCI CHCl, 137 Dark yellowish greed 10GY 4/6
A4 Diacetylmorphine HCE CHCl, 43 Moderate reddigh brown 10R 3/6
A4 Dimethoxy-meth HCL CHCL, 96 Dark olive brawn 5Y 2/2
A4 Doxepin HCI CHCY, 44 Dark reddish brown 10R 2/4
A4 Dristan Powder 110 Grayish olive 7.5Y 4/4
Powder 108 Dark olive 7.5Y 3/4

A4  Exedrine
A4 Mace' Crystals 123 Moderate olive green 5GY 4/8
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Table 2. Continued

Analyte Sojvent  ICSS-NBS' Color Munsell
A4 MDA HCI CHCL, 193 bluish Black 10B 2/2
A4  Mescaline HCY CHCI, 78 Dark yellowish brown 10YR 3/4
A4  Methadone HCL CHCI, 187 Dark grayish blue 5B 3/2
A4 Methagqualone CHCL, 66 Very orange yellow 10YR 8/14
A4 Methylphenidate HCl CHCI, a7 Trilliant orange yellow 2.5Y 8/10
A4  Marphine monohydrate” CcHCl, 47 Park grayish reddish brown  10R 3/2
A4 Opium’ CHCI, 59 Dark brown 7.5YR 2/4
A4 Oxycodone HCL CHCI, 103 Dark greenish yellow 107 6/6
A4  Procaine HCl CHCL, 51 Deep orange 5YR 5/12
A4 Propoxyphene HCI CHCl, 44 Dark reddish brown 10R 2/4
A4 Quinine HCl CHCI, 100 Deep greenish yellow 10Y 9/6
A4 Salt Crystals 50 Strong orange 5YR 7/12
A5  Aspinn Powder 13 Deep red SR 3/10
A5  Benzphelamine ney CHCI, 41 Decp reddish brown 7.5R.2/6
AS Chlorpromazine HCL CHCl, 256 Deep purplish red 2.5RP 3/8
A5 Codeine’ CHCL, 225 Very darl purple 7.5P 2/4
A5  p-Amphetamine HCY CHCL, . 3510 Strong reddish orange 10R 6/12 %0
44 Dark reddish brown 7.5R 2/4
AS p-Methamphetamine HCI* CHC, 36 to Deep reddish orznge 10R 4/12 10
44 Dark reddish brown 7.5R 2/4
AS Diacetylmorphine Her CHCI, 256 Deep purplish red 7.5RP 3/10
A5  Dimethoxy-meth HCl CHCI, 107 Moderate olive 7.5Y 5/8
A5  Doxepin HCI CHCI, 21 Blackish red 7.5R 2/2
A.5  Dristan Powder 20 Dark grayish red SR 3{2
A5  Exedrine Pawder 16 Dark red SR 3/8
A5 LSD CHCL, 114 Olive Black 10Y 2/2
AS Mace’ Crystals 87 Meoderate yellow 7Y 7/8
A5 MDA HCE CHCI, 267 Black Black
AS  Meperidine HCH CHCl, 56 Deep brown 5YR 3/6
A5 Mescaline Her CHCI, 50 Strong orange 5YR 6/12
A5  Methadone HC CHCl, 28 Light yellowish pink 2.5YR 8/4
AS Methylphenidate HC CHCI, 71 Moderate orange yellow 10YR 8/8
A5 Morphine monohydrate® CHCL, 239 Very deep reddish purple 10P 3/6
AS OPium“ Powder 47 Dask grayish reddish 10R 3/2
brown
A5  Oxycodon® Ber CHCl, 214 Pale violet 2.5P 6/4
A5  Propoxyphene HCI CHCI, 230 Biackish Purple 2.5RP 2/2
A5 Sugar Crystals 5% Dark brown 5YR 2/4
A6 Acctaminephen CHCI, 67 Brilliant orange yellow 2.5Y 8/12
A6 Chlopromazine HCI caCl, 98 Britliant greenish yellow 7.5Y 8.5/10
A6 Codeine’ CHCI, 101 Light greenish yellow 7.5Y 9/6
A6  Diacetylmorphine Hcr® CHCY; 89 Pale yellow 3Y 9/6
Ab Dimethoxy-meth HCl CHCL, 82 Very yellow 2.5Y 8/14
A6 Doxepin HCl CHCI, g3 Brilliant yellow 5y 8513
A6 Dristan . Powder 51 Decp orange SYR 6/12
A6  Exedrine Powder 67 Brillisnt orange yellow 2.5Y 8/12
A6 LSD CHCI, 53 Strong brown 5YR 5/10
A6  Mace Crystals 102 Moderate greenish yellow 10Y 7/6

A6 MDA HC CHCIL, 101 Light greenish yellow 7.5Y 9/6



C.L. O'Neal et al | Forensic Science International 109 (2000) 189-201

197

Table 2. Continued

Analyte Solvent ICSS-NBS® Color Munsell
A6 Mescaline HCI* CHCI, 16 Dark red 5% 3/6
Ab Morphine monohydrate” CHClI, 67 Brilliant orange yellow 2.5Y §/12
Ab Opium” Powder 72 Dark orange yetlow 10YR 6/10
Ab Oxycedone HCl CHCI, 83 Brilliant yeliow 5Y B.5/8
AT 18D CHCI, 219 Deep Purple 7.5P 3/10
AR Acetaminophen MEOH 103 Dark greenish yellow 10Y 6/10
A8 Baking soda Powder 51 Deep orange 5YR 6/14
A Chiorpromazine HCI MEOH 48 Very orange 5YR 7/14
AB Dristan Powder 200 Moderate purplish biue 10PB 4/2
A8 Exedrine Powder 200 Moderate purplish blue 10PB 4/2
A8 Morphine monohydrate® ~ MEOH 146 Dark green 5G 3/6
A9 Aspirin Powder 228 Grayish purple 7.5P 3/2
AS Chlorpromazine HCL CHCl, 14 Very deep red SR 3/10
A9 Codeine’ CHCL, 147 Very darlc green 7.5G 2/6
AS Contac Powder 95 Moderate olive brown 2.5Y 4/6
A9 Diacetylmorphine HC® CHCY, 256 Deep purplish red 3RP 3/10
A9 Dimethoxy-meth HCk CHCl, 115 Very yellow green 5GY 6/10
A9 Doxepin HCl CHCI, 41 Deep reddish brown 7.5% 2/8
A9 Dristan Powder 163 Light bluish green 5BG 7/6
A9 Exedrine Powder 177 10B 6/10
AB LSD CHCY, 120 Moderate yellow green 5GY 6/6
AD Mace' Crystals 70 Light ofive yellow 10YR 8/8
A MDA HC CHCL, 157 Greenish black 7.5G 2/2
A9 Morphine monahydrate’ CHCY, 256 Deep purplish red 5RP 3/10
AS Opium’ Powder 65 Brownish black 75R 212
A9 Oxycodone HCl CHCl, 84 Strong yellow 2.5Y 7/10
AS Propoxyphene HCI CHCI, 20 Dark groyish red 2.5 3/2
A9 Sugar Crystals 23 Brilliant yellow 5Y 85/8
Al0 Chiorp'romazine HCI CHCI, 21 Blackish red 5R. 2/2
A10 Codeine CHCl, 166 Very dark bluish green 2.5BG 2/4
A10 Contac Powder 93 Moderate olive brown 2.5y 4/6
A0 Diacetylmorphine ner CHCL, 161 Deep bluish green 2.5BG 3/8
A0 Dimethoxy-meth HCI CHCIL, 39 Dark brown S5YR 2/4
A10 Doxepin HCl CHCE, 17 Very dark red SR 2/4
A0 Pristan Powder 94 Light olive brown 2.5¥ 6/10
A0 Exedrine Powder 91 Dark grayish yellow 5Y 6/4
AlD Hydrocodone tartrale CHCL, 165 Dark bluish green 5BG 3/6
AlD LSD CHCIl, 157 Greenish black 7.5G 2/2
A0 Mace' Crystals 111 Dark grayish olive 10Y 3/4
A0 MDA HCY CHCl,4 166 Very dark bluish green 2.5BG 2/4
A0 Mesealine HCI" CHCI, 107 Maderate olive 7.5Y 5/8
A10 Morphine monohydrate” CHClI, 166 Very dark bluish greea 2.5BG 2/4
A0 Nutmeg Extract 65 Brownish Black 10YR 2/2
A0 Opium® Powder 114 Olive black 10Y 2/2
A0 Oxyeodone HC1 CHCI, 107 Modernte olive 7.5Y 5/8
A10 Propoxyphene HCl CHCI, 41 Deep reddish brown 10R 2/6
A0 Sugar Crystals 98 Brilliant greenish yellow 10Y 8.5/10
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Table 2. Continued

Analyte Solvent  1CSS-NBS®  Color Munsell
All Baking soda Powder 181 Light blue 2.5PB 7/6
All Exedrine Powder 144 Light green 5G 16
Al Pentobarbital® CHCY, 222 Light purple 7.5P 716
All Phenaobarbital® CHCl, 222 Light purple 7.5P 7/6
All Secobarbital® CHCY, 222 Light purple 7.5P 716
Al Tea Extract 120 Moderate yellow green 2.5GY 78
Al Tabacco Exiract 136 Moderate yellowish green 10GY 6/6
AlZ p-Methamphelamine HCI"  CHCI 183 Dark blue 2.5PB 2/6
A12  Dimethoxy-meth HCP CHC, 178 Deep blue 2.5PB 3/8
A1z MDMA HCOI CHCI, 183 Dark blue 2.5PB 2/6
A12  Methylphenidate HCl CHCI, 214 Pale Violet 2.5P 6/4

> 1Jsual kit reagent for that particular drug.

" Aqueous phase.

¢ Aqueous phase afier chloroform extraction.

4 Cploroform phase {marijuana extraction usually rapid compared to other materials).
* Mot extracted into chloreform.

f 2.Chloroacetophenone.
& Abbreviations: 1CS8-NBS=Inter-Scciety Color Council and the National Bureau of Standards, Munsell=

Munsell coler notation, CHCI3=chIomform, EIOH=cthanol, MEOH=methanol, B=blue, G=green, P==
purple, Y=yellow, R=red.

(A.9) and Mecke (A.10) reagents. Unlike the cobalt thiocyanate reaction, different colors
were produced with different drugs making it easier to presumpiively identify the
specific drug present. For examnple, a selected battery of tests 10 identify heroin
{diacetylmorphine) might include the Mandelin, Marquis and Froehde tests because they
would produce reddish brown, deep purplish red and purplish red colors, respectively.
Codeine, a second opiate, couid be identified with the same battery of CSTs because it
produced olive, dark purple and dark green colors, respectively. These three CSTs were
reactive to many opiGids with LODs as low as 1-5 1g Table 4, but as mentioned the
colors produced and the sensitivity was dependent on the many factors listed above.
Since positive reactions were dependent on the functional groups present in the
chemical structure of the tested analytes, several of the CSTs were specific for certain
classes of drugs. The p-DMAB reagerif (A7) reacted only with LSD. producing a deep
purple color, This test had an LOD of 6 pg for LSD. Although mace, nutmeg and tea
reacted with the modified DuquenoiSFLevine test (A.3), as shown in Table 2, only
tetrahydrocannabinal (THC) produced a deep purple color that was extracted into
chloroform. The Simon’s test is reported to be specific for secondary amines like
methamphetamine and MDMA. It did not react with ephedrine or pseudoephedrine
because their structure contains an hydroxyl group that is in close proximity o the
amnine. Barbiturates can be detected by both the Dille—Koppanyi (A.2) and Zwikker
(A.11) reagents. However, the Dille~Koppanyi test was more sensitive with LODs of 25
g or lower whereas the LOD for phenobarbital with the Zwikker test was 1000 pg.
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Table 3
Specificity of color tests. {+) Indicates that a colot reaction cecurs”
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» gyrhstances that gave no colors with these reagents are: p-galactose, glucose, mannitol, Qregano, Tosemary

and thymd.
bTeq, nace and nutmeg may interfere with the Duquenios test, but not the DuquenoiSeLevine moedified test

Aa3).

4. Conclusions

Chemical spots tests are valuable tools for the presumptive identification of drugs in
unknown samples. These tests are very sensitive with LODs typically 1 o0 50 pg
depending on the CST and the analyte. The methods and validation procedures for 12
chemical spot tests for use in the laboratory or i the field were described. For the
identification of unkmown drugs, reference colors from the Munsell and [CSS-NBS
centroid color charts representing positive reactions for the 12 CSTs were included.
Although these tesis are censitive and can be relatively specific, the actual color
observed by the analyst performing the CST depends on many factors such as the
concentration of the drug, whether the drug is 2 salt or free base, which salt form is
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Table 4
Drug deteetion limits®
Reagent Analyte Drug detection
limit {pg)
Al Cocaine HCl 60
Al Methadone HCl 250
A Amobarbital 25
A2 Pentobarbiial 10
A2 Phenobarbital 15
A2 Secobarbitsl 25
A3 THC 5
A4 p-Amphetamine HCl 20
A4 p-Methamphetamine HO 100
Ad Codeine 20
Ad Diacetylmorphine HCL 20
Ad Morphine monohydrate 5
AS p-Amphetamise HCL 10
AS (Codeine 1
AS Dizcetyimorphine HCl 10
A5 LsSD 5
A5 Mescaline HCL 10
A5 Methadone HCI 20
A3 b-Methamphet HC 5
AS Meorphine monohydrate 5
Ab Mescaline HCL i
AT LSD ‘ 6
AB Morphing monohydrate 200
AD Codeine 50
AD Diacetylmarphine HC 200
AD LSD 50
AD Mescaline HCL 100
AL Morphine monchydrate 25
A0 Caodeine 25
A0 Diacetyimorphine HC 200
A0 1.5D 50
Al0 Mescaline HCL 50
ALD Morphine monehydrate 50
All Phenobarbital 1000
A2 p-Methamphetamine HCl 10
A2 Methylphenidate HCL 300

% The solvent was chloroform except for AB which was methanol.
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present, the presence of contaminants in the sample, the color discrimination of the
analyst and the conditions under which the CST is performed.
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ABSTRACT: The use of alternative solvents in the Duquenois-Levlne and Cobalt Thiocyanate tests were explored
substandard resulls with recently purchased lots of chloroform. Methylene chloride provided satisfactory results wt
for chloroform in boti tests. Bufyl chioride provided satisfactory results in the Duquenois-Levine test.

KEYWORDS: Duquenois-l_evine, Cobalt Thiocyanate, Marijuana, Cocaine, Chloroform, Methylene Chloride, n-But

Introduction

The Rapid Modified Duquenois-Levine test and Cobalt Thiocyanate test (Scott test) are proven screening tests for
of marijuana and cocaine, respectively. The organic solvent traditionally used in these tests is chloroform. Howeve
recently purchased by this Iaboratory produced littie of no color change when performing the Duquenois-Levine an
Thiccyanate tests. Shortly after opening, this chlorofori™ became yellow to green in color, at which point it was uns

s unusual decornposition of the chloroform was due to insuf

perform these tests. According to the manufacturer, thi ! C
of preservatives. This experience led to the investigation of using alternative organic solvents, specifically methylel

n-butyl chloride, in the Duguenois-Levine and Cobalt Thiocyanate tes!s.

Experimental

Reagents and Solvents
Hydrochloric acid, methylene chio
was obtained from omniSolv. The Duquenoi

ride, and n-butyl chloride were obtained from Fisher Scientific. Acceptable qualit
s reagent was prepared by adding 10 grams of vanillin and 5 milliliters
acetaldehyde to 500 milliliters of ethanol. The vaniliin, acetaldehyde, and ethanol were obtained from Kodak, EM €
Fisher Scientific, respectively. The cobalt thiocyanate reagent was prepared by dissoiving ten grams of cobait {il) t
rnixture of 490 milliliters of distilled water and 500 miliiliters of glycerin. The cobalt () thiocyanate and glycerin wer

from Aldrich Chemical and Fisher Scientific, respectively.

Procedures

The Duquenois-l.evine
the organic solvent The test was performed
tube, then 10 drops of the Duquenois reagent. After shaking, 10 drop

test was performed on 17 different substances using chloroform, methylene chloride, or bur
by placing approximately 10 to 20 milligrams of 2 target substance in
s of concentrated hydrochloric acid were add

e e eodnd mw/dem’nrourams/forensicsci/nﬂcrogram/j0umal_v3_num34/joumal__v3_,... 5/1/2007
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tube was again shaken. Any color that resulted after the nydrochloric acid step was recorded. Twenty drops of chic
then added, and the tube was vortexed, then aliowed to settle and separate into two layers. Any color that transfer
organic layer was recorded (Table 1) This procedure was repeated for each target substance by substituting meth

or butyl chioride for chloroform.

The cobalt thiccyanate test was performed en 14 different substances using chioroform, methylene chloride, or bu
The test was performed by placing approximately 2 to 4 milligrams of a target substance in a glass test tube, then
cobalt thiocyanate reagent. After shaking,1 or 2 drops of concenirated hydrochloric acid were added, and the tube
shaken. Ten drops of chioroform were then added, and the tube was vortexed, then allowed to settle and separate
layers. The fina! color of the chioroform {organic) layer was recorded (Table 2). This procedure was repeated for e
substance by substituting methylene chloride or buty! chloride for chloroform.

Resulis and Discussion

The results for the Duquenois-Levine test using either methylene chloride and buty! chioride were consistent with r
using chioroform. The marijuana became purple with the addition of the Duguenois reagent and hydrochloric acid.
of the organic solvent, the purple color transferred to the arganic layer, indicating a positive test for cannabinoids.
consistent in ait tests involving marijuana, regardless of the solvent used. None of the remaining 16 substances te:

characteristic purple color in the organic solvent layer.

similarly, the results of the Cobalt Thiocyanate test were equivalent whether chloroform or methylene chloride was
However, the resuits for the butyl chloride were mixed. Addition of the cobalt thiocyanate reagent to cocaine hydro
resulted in the surface of the particles turning & bright biue (faint blue for cocaine base). The solution changed bac
adding one or two drops of hydrochloric acid and mixing. Addition of 10 drops of chioroform, vartexing, and allowin
to settle resulted in a blue organic layer for both cocaine hydrochloride and cocaine base. The test had similar rest
methylene chioride was substituted for chloroform. in the case of butyl chloride, however, the organic layer stayed

|so gave blue organic layers with either chioroform and methyle

inconclusive test. Diphenhydramine and lidocaine a
These compounds &€ known false positives for cocaine. However, in the case af butyl chioride, the organic layers
diphenhydramine and white for lidocaine. The other ten materials had consistent negative test results for all three ¢

solvents.

Conclusions

Methylene chioride may be substituted for chiloroform in both the Rapid Modified Duquenois—Levine test and Cobal
test. Similarly, butyl chloride may be substitutea for chioroform in the Duguenois Levine test. However, bulyt chiorit
refiable substitute solvent for use in the Cobait Thiotyanate test Methylene chioride aiso works well as an extractit

place of chlorofarm.

[Tables 1 ard 2 Follow.]

Table 1. Duquenois-Levine Test Resulis

| [Chioroform [Methylene Chloride |[Buty! Ghloride _—U
[Material [aqueousforganic [aqueousiorganic [aqueous/organic
Allspice brown/clear _|[prownJclear brown/clear

oW ey
[Celery Flakes |[yetiowiclear [yetiow/clear yellow/clear |

[Chamomile l[yeliow/clear [yellow/clear [yellow/clear ]
[Chamomile Tea vellow/clear green/clear ~|lgreen/clear

lCoffee pbrown/clear brown/clear ‘:l brown/clear

[Dill Seed veliowiclear __|yeliow/clear \lyetow/clear ]
[Hops yellow/clear "~ |lyellowiciear
[Ginger ~|[orangelorange _|[orange/orange [orangefciear ~ ]
— ar - ]
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|Ginseng

_|lprown/brown |green/clear
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i

‘J\greenlclear

" |[purple/purple

Salvia Divinorum

Marijuana _Hpurple/purple l purple/purple

Marjoram ﬂ]yellowlclear ‘\ green/clear |greenlclear
Mint |[green/clear "~ |jgreen/clear [green/clear
Sage Hyellowiclear ] yellow/clear [yellowldear

|brOWnIclear

green/clear

[greeniclear

lgreenlclear

~— Ylgreen/ciear

|
l
]

Thyme 4\ yellow/clear
Tobacco brown/clear Hbrownfclear @wnlc!ear

[orangelyellow

L_|White Pepper ] orangefyeliow [ orangelyeliow

Table 2. Cobalt Thiocyanate Test Results

-

|[Chioroform [Methylene Chloride [Buty! Chioride __|

Material Horganic laye ] organic layer

organic layer

clear

r
clear

Benzocaine l[clear

Cocaine J blue |blue :j clear |
[Cocaine Base — jblue liplue " fclear ]
[Dextrose ~ fctear |[ctear ~lclear l
[Diphenhydramine ~ e blue lclear ]
[Heroin |lclear [clear ~Nlclear ]
finositol |[ctear [clear llciear ]
Lidocaine — |iblue — |lbue ~|[white
Metiiamphetamine [clear clear lclear_

MDMA ciear clear _J[clear I
Morphine clear lﬁ&ar j clear :\
Procaine ~ Jlclear [clear lclear

Soap [clear \[clear "~ fetear |
LSDd ium Bicarbonate  Jictear [clear !clear ]
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