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Objectives and Scope

The discipline of forensic science has nurtured many publications
oriented toward research and case reports, as well as broad-based
formal treatises. Rapid advances in forensic science have created a
need forareviewjournal tobridge the gap between research-oriented
journals and reference volumes.

The goal of Forensic Science Review is to fill this void and provide a
base for authors to extrapolate state-of-the-art information and to
synthesize and translateitinto readable review articles. The addition
of this journal extends the spectrum of forensic science publications.

Articles bring into focus various narrowly defined topics whose lit-
erature hasbeen widely scattered. Articles are presented to stimulate
further research on one hand and worthwhile technological applica-
tions on the other. The publisher’s aim s to provide forensicscientists
with a forum enabling them to accomplish this goal.

Technological applications based on basic research are emphasized.
Articles address techniques now widely used in forensic science as
well as innovations holding promise for the future.
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FORENSIC SCIENCE AROUND THE WORLD

Exclusionary Criteria for the Authentication
of Fake Scotch Whiskies in Taiwan

Hsiao-Wen Huang, Wei-Tun Chang*

Department of Forensic Science
Central Police University
Taoyuan City
Taiwan

+886 3-328-2321 Ext 5232; una030@mail.cpu.edu.tw

Scotch whisky, one of the world’s most popular distilled
alcoholic beverages, is a premium product rich in history
and tradition, produced following the strict regulations
of Scottish statutory instruments and manufactured only
in Scotland [1]. Distilleries often use their brand identity
and history as selling points in their marketing campaigns,
emphasizing the craftsmanship and heritage of their
products. Additionally, Scotch whisky is often marketed
as a luxury item, with many distilleries offering high-end,
limited-edition whiskies.

The Markets of Scotch Whisky in the World

The Scotch Whisky Association (SWA) plays a vital
role in promoting Scotch whisky around the world. Accord-
ing to the SWA export report, the value of Scotch whisky
exported to Taiwan in 2021 increased by 24% compared to
2020 [2]. Among the top ten export destinations of Scotch
whisky in 2021, the value of Scotch whisky exported to
Taiwan is as high as 226 million GBP, ranking third in
the world after the United States and France, as shown in

Table 1. However, in terms of total volume, the Taiwan-
ese market has yet to enter the top ten. This indicates that
people in Taiwan prefer high-priced Scotch whisky more.
Based on the imported report from the National Treasury
Administration, Ministry of Finance in Taiwan, Scotch
whisky accounted for about 92% of the total imported
whisky in 2021 [3], as shown in Table 2. Moreover, unlike
the consumption habits of blended Scotch whisky in other
countries, single malt Scotch whisky is especially popular
with Taiwanese. According to a consumer survey report
in Taiwan, the sales market of single malt Scotch whisky
is almost similar to that of blended Scotch whisky [4].
With these products’ commercial value, there have been
reports on the investigation and seizure of illegal single
malt Scotch whisky and illegal blended Scotch whisky
in Taiwan [5].

Modus Operandi of Fake Scotch Whisky in Taiwan

Adulterated Scotch Whisky and Counterfeit Scotch Whisky

In terms of modus operandi, fake whisky in Taiwan can
be divided into adulterated Scotch whisky and counterfeit
Scotch whisky. Adulterated Scotch whisky typically uses a
bottle ofa well-known and market-accepted brand of Scotch
whisky and then refills it with a liquor mixed with a small
amount of genuine Scotch whisky and a large amount of
ediblerectified spirit. Counterfeit Scotch whisky, by contrast,
is misleading illegal Scotch whisky made by counterfeiters
using vague Scotch whisky names, when in fact there is no
suchdistillery in Scotland. In order to reduce manufacturing
costs, counterfeit Scotch whisky seized in Taiwan contains

Table 1. Top 10 markets of Scotch whisky from the 2021 Scotch Whisky Association export report [2]

By value By volume

Country  Value (GBP)* vs 2019 vs 2020 Country Volume®? vs 2019 vs 2020

usS 789.8 m 26% V 8% A France 176 m 1% A 0% -
France 386.6 m 11% V 3% A India 136 m 4% A 44% A
Taiwan 226.1 m 10% A 24% A usS 126 m 1% V 13% A
Singapore 211.5m 29% Vv 14% Vv Brazil 82 m 91% A 81% A
China 197.8 m 123% A 85% A Japan 56 m 7% V 26% A
Latvia 155.5m 9% A 12% V¥ Spain 48 m 15% Vv 31% A
Germany 147.8 m 20% V 6% A Mexico 48 m 7% V¥ 13% A
India 146.2 m 12% V¥ 43% A Germany 46 m 8% V 7% A
Japan 1329 m 10% V¥ 16% A Poland 45 m 37% A 19% A
Spain 118.1 m 34% V¥V 8% A Russia 42 m 61% A 41% A

“m = million.
b70-cL bottle equivalent.
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Table 2. Whisky import statistics in Taiwan (2021) [3]

Source Volume* Ratio (%)
Scotch whisky 206,055.83 92.51
Japanese whisky 8,542.37 3.84
American whisky 3,907.22 1.75
French whisky 2,014.20 0.90
Irish whisky 1,107.96 0.50
Canadian whisky 260.94 0.12

@ Unit: In hectoliter (hL).

a large amount of edible rectified spirit mixed with some
artificial food flavoring and/or a small amount of genuine
Scotch whisky, so the counterfeit Scotch whisky often loses
important characteristics of genuine Scotch whisky. In some
cases, these counterfeit Scotch whiskies might also contain
unusual ingredients in the liquor.

According to case reports provided by Taiwanese au-
thorities [5], illegal whisky is often sold in nightclubs, bars,
KTVs, and other places where it is difficult for consumers
to distinguish the authenticity of Scotch whisky. Criminals
sometimes salvage empty bottles of high-priced Scotch
whisky from these locations, refill them with adulterated
Scotch whisky, and resell them. Therefore, consumers
and related departments urgently need to develop a more
valuable and efficient discrimination method for authen-
tication purposes.

The Role of Edible Rectified Spirit to Fake Scotch Whisky

Edible rectified spirit, known as neutral alcohol, is
made from various materials, including grain, molasses,
potatoes, and other agricultural products [6]. The manu-
facturing process involves rectification of the spirit several
times to remove impurities and increase the alcohol content
to over 95% ABV. The resulting product is, therefore, a
clear, colorless liquor. Most importantly, there are quite
low amounts of methanol (MeOH) and other components
in edible rectified spirit aside from water and ethanol. In
fact, edible rectified spirits are pure spirits that are con-
sidered safe to drink and used as ingredients in various
food and beverage products. For example, these spirits are
often used as flavoring agents or solvents for food-grade
flavorings and extracts. They are also used to produce
many spirits, such as gins, liqueurs, and bitters. However,
according to court judgments and seized cases in recent
years, the primary counterfeiting method of adulterated
and counterfeit scotch whisky found in Taiwan mainly
uses edible rectified spirit for dilution or modulation.

In Taiwan, the production of legal spirits must comply
with the provisions of the “Tobacco and Alcohol Adminis-
tration Law”’ [7]. Inaddition, according to the “Enforcement
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Rules ofthe Tobacco and Alcohol Administration Act” [§],
products using edible rectified spirit should be listed on
the permit list, so it is illegal to use edible rectified spirit
to dilute or blend whisky in Taiwan.

Authentication of Scotch Whiskies

In earlier studies, qualitative analysis by gas chro-
matography-flame ionization detector (GC-FID), gas
chromatography-mass spectrometry (GC-MS), and liquid
chromatography-mass spectrometry (LC-MS) was usually
used to identify the authenticity of Scotch whisky [9—-14].
In addition, many studies also used spectroscopy analysis
combined with statistical evaluation, such as principal
component analysis (PCA) or partial least squares (PLS)
regression, to establish fast and reliable identification of
authentic Scotch whisky. These spectroscopy analyses
include Fourier-transform infrared spectroscopy (FTIR),
near-infrared spectroscopy (NIR), mid-infrared spectros-
copy (MIR), ultraviolet-visible (UV-vis) analysis, and
Raman spectroscopy [15—18]. These analytical methods
mainly aim to distinguish the individual differences in
whisky samples based on the brand, age, or spectral
characteristics of Scotch whisky. In addition to qualitative
research, some used mass spectrometry to analyze whisky
components to determine the authenticity quantitatively.
However, these literature studies rarely discuss establish-
ing quantitative criteria of Scotch whisky authenticity.

Exclusionary Criteria for the Authentication of Scotch
Whiskies Seized in Taiwan

Based on the above description of modus operandi,
most of the fake Scotch whiskies seized in Taiwan are
diluted or formulated with edible rectified spirits. There-
fore, when this modus operandi is used, edible rectified
spirits will affect some liquor components in whiskies. In
this report, we shall focus on exploring the discrimina-
tion values for changes in the characteristics of MeOH
concentration, characteristic fermentation components,
and §'3C-ethanol.

The concept of exclusionary criteria for authentication
of Scotch whiskies is shown in Figure 1. According to the
sample requirements for statistical analysis, a sufficient
amount of authentic Scotch whisky was collected for
quantitative analysis. Then, the statistical model fitting
method was used to evaluate the observation data. The
exclusive quantitative criteria from confidence interval
(CI) value were consequently established based on the
model fitting results of authentic Scotch whisky. Due to
the characteristics of edible rectified spirit, establishing
these exclusive quantitative criteria will help discriminate
against fake Scotch whisky.

Professional Review and Commentary
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Figure 1. The concept of exclusionary criteria for authentication of Scotch whiskies.

Quantitative Criteria Deriving from Characteristic
Components

Methanol (MeOH) Concentration. MeOH isaprotic solvent
used in various applications such as cleaning, fuel sources, and
synthetic fiber industries. According to the metabolic reaction
of the human body, MeOH can be metabolized to produce
toxic chemicals, such as formaldehyde, formic acid, and
formate by alcohol dehydrogenase (ADH) and acetaldehyde
dehydrogenase (ALDH) [19,20]. Therefore, many countries
and regions have strict regulations on the upper limit of the
concentration of MeOH in wine and spirits.

It’s worth noting that, during natural fermentation,
a small amount of MeOH can be produced through the
pectin hydrolysis reaction by pectin methylesterase [21].
Pectin is a natural component of raw materials of spirits,
such as grapes [22] and barley [23,24]. For Scotch whisky,
the primary raw material is barley, which also contains
pectin between the endosperm walls of the barley. The
small amount of MeOH produced by pectinmethylesterase
during fermentation cannot be entirely removed by distil-
lation during Scotch whisky production. Therefore, trace
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amounts of MeOH in Scotch whisky can be determined
by an appropriate analysis.

A series of evaluation processes were employed to
establish quantitative discrimination criteria of MeOH
concentration for the authentication of Scotch whisky,
including a quantitative analysis with GC-MS and data
distribution fitting procedures with the obtained data. As
a result, it was found that the 99.7% CI of the MeOH
concentration of the single malt Scotch whisky was
between 13.4 and 44.2 ppm, and the 99.7% CI of the
blended Scotch whisky was between 7.87 and 74.9 ppm
[25]. In this way, seven bottles of fake Scotch whisky
seized in Taiwan were also parallelly analyzed to verify
the exclusion discrimination for Scotch whisky. These
seized whiskies included three sorts of fake whiskies, S1,
adulterated single malt Scotch whisky; S2—-S4, adulterated
blended Scotch whiskies; and S5-S7, counterfeit Scotch
whiskies. As shown in Figure 2a, the observed MeOH
concentration for S1 was below the lower limit of the
99.7% confidence interval of authentic single malt Scotch
whisky; in addition, the observed MeOH concentrations
for S2 and S4—-S7 were below the lower limit of the 99.7%

16 ~ (h)
14 4 54 Limit of
%5 Quantitatzon h‘r “12
12 4 S6 r.l.leI l l
'2-10 | ; 55 g
2 8 - Concentration of MeOH (ppm)
=
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£ 6 -
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Figure 2. Mapping results of fake whiskies in the confidence interval boundaries of MeOH concentration of
(a) authentic single malt Scotch whiskies; (b) authentic blended Scotch whiskies [25].
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confidence interval of authentic blended Scotch whisky,
as shown in Figure 2b. In seized whisky samples S4, S5,
and S6, the MeOH concentration of these three samples
were all below the limit of quantitation (LOQ). Therefore,
theresults confirmed that these samples were highly likely
to be fake Scotch whiskies. On the other hand, only one
of the adulterated blended Scotch whiskies, S3, could not
be exclusionary discriminated by this method because its
MeOH concentration fell within the 99.7% confidence
interval for authentic blended Scotch whisky. In this situ-
ation, more supplementary data should be considered to
confirm its authenticity.

Integrated Area Ratio of Fermentation Congeners/
Internal Standard (IS). According to regulations, there
are six processes in the manufacturing process of Scotch
whisky, namely malting, drying, maceration, fermenta-
tion, distillation, and aging [26]. As a result of fermenting
whisky wort on the lees, it produces ethanol (EtOH) as
the main product, a variety of essential congeners such
as aldehydes, higher alcohols, organic acids, and then
esters as flavor compounds. Furthermore, the enzymes
in the wort can continue to react with the carbohydrate
molecules/oligosaccharides, thereby increasing the yield
of congeners. In contrast, the adulterated or counterfeit
Scotch whisky is prepared and diluted with edible rectified
spirit, so the content of congener components in the liquor
may obviously differ from the authentic Scotch whisky
produced through the correct and complete Scotch whisky
manufacturing process. Therefore, studying the integrated
arearatio of fermentation congeners/IS in authentic Scotch
whisky by GC-MS combined with the principal compo-
nents analysis (PCA) protocol can establish exclusionary
quantitative criteria for discriminating Scotch whisky.

{a)

ERiiiiiy

99.7% upper hmln{

200000

PC2

-2 D00

F9.7% lower boin@ary -
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#9.7% lower boundary

PC1
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To evaluate the discriminating power of PCA with
the integrated area ratio of fermentation congeners/IS for
authentication, Cls are estimated from a large number of
experimental data according to empirical rules of statistics.
Based on the classification results on the PC axis in Figure
3a, the adulterated sample S1 is outside the 99.7% CI range
for both PC1 and PC2, implying good discriminative power.
Comparatively, the samples appear to be more spread out on
the PC2 axis of the PCA chart for the blended Scotch whisky
than for the single malt Scotch whisky. As shown in Figure
3b, two adulterated blended Scotch whiskies, S2 and S3,
were within the sample distribution of the authentic group in
PCI1 but showed better discrimination between authentic and
adulterated Scotch whisky in PC2. On the other hand, the two
counterfeit Scotch whiskies (S5 and S6) also showed better
discriminationresultsin PC2. However, sample S7, counterfeit
Scotch whisky, cannot show exclusionary discrimination in
this mapping result, as shown in Figure 3b, which means
more discriminative methods are needed for authentication.

0C-Ethanol. According to the relationship between the
photosynthesis process of plants and the ratio of stable iso-
topes, 6'*C-ethanol, i.e., *C/2C, can be theoretically used
to distinguish whether the raw materials for liquor are from
C3 plants or C4 plants [28—-30]. But practically, the '*C
values of C3 and C4 plants mentioned in the past literature
include a large number of different plant species, so the data
range is too wide to use for the discrimination purpose of
Scotch whisky, whose raw material, barley, belongs to C3
plants. As mentioned in the previous section about modus
operandi, some seized Scotch whiskies are adulterated by
adding edible rectified spirits to authentic Scotch whisky. In
that case, the practical forensic application of §'*C-ethanol
may be limited due to the vague range of raw materials.
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Figure 3. Mapping results of fake whiskies in the PCA charts with (a) authentic single malt Scotch whiskies;

(b) authentic blended Scotch whiskies [27].
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In our previous study [31], the §'*C distribution range
of ethanol in Scotch whisky was more clearly defined
based on a large number of authentic samples, including
single malt Scotch whisky and blended Scotch whisky.
As aresult, the CI of §'3C-ethanol was established as the
exclusionary criteria, as shown in Figure 4a for authentic
single malt Scotch whisky and Figure 4b for authentic
blended Scotch whisky, respectively. The results showed
that the 99.7% CI for 8'*C-ethanol ranged from —23.21%eo
to —30.07%o for single malt Scotch whisky and —11.19%o
to —28.93%o for blended Scotch whisky. Moreover, as
shown in Figure 4a, based on the known modus operandi
ofadulterated Scotch whisky, the simulation experiment of
adding edible rectified spirits to authentic Scotch whisky
expresses the exclusionary result for 30% dilution ratio
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by C4-edible rectified spirits, which implies some of the
cluesinthe seized Scotch whisky case. Further, it validates
that the establishment of 8'*C-ethanol CI is valuable for
evaluating authentication of suspected Scotch whisky.
As for the case of counterfeit whisky, the §'*C-ethanol
of S6 was above the upper limit of the 95.5% confidence
interval, while that of S7 was below the lower limit of
the 95.5% confidence interval, as shown in Figure 5. It is
proved that these two samples were considered counterfeit
Scotch whiskies under this discrimination criterion with a
confidence 0f95.5%. In contrast, the discrimination result of
S5 suggests that it cannot be ruled out by the exclusionary
method established by the 6'*C-ethanol value. The authen-
ticity of the S5 sample has been exclusively verified by
the MeOH concentration and the PCA method combined
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Figure 4. The relation between 6'°C-ethanol and the dilution percentage of (a) authentic single malt Scotch whisky;

(b) authentic blended Scotch whisky [31].

with the integrated area ratio of fermentation congeners/IS
in the previous sections. This example indicates that it is
necessary to adopt exclusive quantitative criteria deriving
from various characteristic components synthetically.

Concluding Remarks

As for the existing authentication of Scotch whisky,
establishing quantitative exclusionary criteria will provide
a definite discrimination for practically seized cases. This
non-technical report describes the effective discriminating
power of quantitative rapid screening methods to exclude
fake Scotch whisky, including adulterated and counterfeit
samples, from multiple analytical targets, such as MeOH
concentration, the integrated area ratio of fermentation
congeners/IS, and §'3C-ethanol. When evaluating authen-
tication of samples by complementing using quantitative
criteria, it can effectively rule out fake Scotch whiskies.

Furthermore, all exclusionary criteria discussed in this
report focus on authenticating suspected Scotch whiskies
which are classified by the modus operandi of adding ed-

w
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Figure 5. Mapping results of counterfeit Scotch whiskies in
the confidence interval boundaries of 8'>C-ethanol of authentic
blended Scotch whiskies.

ible rectified spirits. For those illicit Scotch whiskies that
have not been diluted or modulated with edible rectified
spirits, other discriminating methods, such as pH value
measurements or qualitative analysis by GC-MS, LC-MS,
or spectroscopy, should be considered.
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Forensic science is a critical component of the justice
system. Verdicts in criminal and civil trials often hinge
upon the results of forensic investigations and expert wit-
ness testimony. While some form of forensic science traces
back thousands ofyears, practical modern forensic science
is largely an invention of the 19™ and 20™ centuries; the
past two hundred years have yielded significant advances
in forensic techniques involving fingerprint analysis,
identification oftoxicological substances, anthropometry,
deoxyribonucleic acid (DNA) analysis, and other forensic
disciplines. The results of forensic analyses are com-
monly used in courts of law. However, in recent decades,
research has demonstrated that forensic techniques and
expert witness testimony can be error-prone, and efforts
have been made to identify weaknesses and opportunities
for improvement in the forensic sciences.

In 2006, the United States (US) Congress authorized
the National Academy of Sciences (NAS) to create an
independent Forensic Science Committee to assess the
state of forensic science in the US and make recommen-
dations on ways to strengthen forensic science practices.
The NAS recruited a large and diverse group of profes-
sionals including scientists, researchers, medical exam-
iners, law enforcement officials, death investigators, and
attorneys to identify areas for improvement and propose
specific recommendations intended to address what they
considered the most important issues; they were collec-
tively called the Committee on Identifying the Needs of
the Forensic Sciences Community (hereby abbreviated
CINFSC). The committee’s findings were published in
2009 in a report entitled Strengthening Forensic Science
inthe United States.: A Path Forward[1]. Thirteen detailed
recommendations were proposed; this review addresses a
few recommendations specifically related to medicolegal
death investigation. Recommendation 1 addressed the
development of an independent federal entity that would
champion best practices in the forensic sciences, and Rec-
ommendation 11 specifically addressed the medicolegal

Table 1. Paraphrases of Recommendations 1 and 11 from the
2009 NRC Report: Strengthening Forensic Sciencein the United
States: A Path Forward [1]

1 Establish and Appropriate Funds for an Independent Federal
Entity to Establish and Enforce Best Practices for Forensic Sci-
ence

I1a Funding for States and Jurisdictions to Establish Medical Ex-

aminer Systems

11b  Funding for Research, Education, and Training in Forensic

Pathology

11c Collaborative Establishment of an FPath and Death Investigation

Scientific Working Group to Promote Best Practices

All ME Offices Should Be Accredited Pursuant to Endorsed
Standards

All Federal Funding Should Be Restricted to Accredited Offices
or Offices Nearing Accreditation (not discussed in this review)

11d
1le

11f  All Medicolegal Autopsies Should Be Performed by a Board-

Certified Forensic Pathologist (not discussed in this review)

death investigation system in the US. Table 1 paraphrases
Recommendations 1 and 11. This review considers how
forensic science related to these specific recommendations
has evolved since the publication of the initial report in
2009.

Recommendation: Establish and Appropriate Funds
for an Independent Federal Entity to Establish and
Enforce Best Practices for Forensic Science

In February 2013, the National Institute of Standards
and Technology (NIST) and the US Department of Justice
(DQJ) established a National Commission on Forensic
Science (NCFS) with related task forces termed the Orga-
nization of Scientific Area Committees (OSAC) [2]. The
NCFS was a two-year renewable committee that initially
met in 2014. It was initially co-chaired by Deputy At-
torney General James M. Cole and NIST Acting Director
and Acting Under Secretary of Commerce for Standards
and Technology Willie May. Selected members included
scientists, academicians, attorneys, law enforcement, and
other relevant professionals. Several meetings took place
in2014. Initial meetings focused on providing background
and context to the committee from various field experts.
Briefings included reports from experts on laboratory
accreditation, proficiency testing, and human/cognitive
bias factors, among other issues.

At these initial meetings, with guidance from foren-
sic professional organizations including the American
Academy of Forensic Sciences (AAFS), the National
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Association of Medical Examiners (NAME), the Society
of Forensic Toxicologists (SOFT), and the Association of
Firearm and Tool Mark Examiners (AFTE) among others,
the OSAC structure was developed. Members of several
professional societies were invited to apply for positions
within OSAC, and in October 2014, members were ap-
pointed to 23 OSAC subcommittees. In 2017, the NCFS’s
charter expired; however, the OSAC persisted under a
Forensic Science Standards Board (FSSB) and seven
Scientific Area Committees (SACs), and is comprised of
22 subcommittees as of 2023. Table 2 lists the 22 OSAC
subcommittees.

Among OSAC’s accomplishments has been the de-
velopment of over 100 forensic science standards. These
standards vary from recommendations, classifications, and
guides to assist forensic scientists in forensic practices. In
2022,the OSACreported that over 100 standards had been
developed, and over 90 had been implemented somewhere
[3]. The OSAC has also moved from simply developing
standards to offering insight on implementation and also
analyzing how standards are being used in legal settings.

Recommendation: Funding for States and Jurisdictions
to Establish Medical Examiner Systems

The vast majority of medicolegal death investigation
systems in the US are comprised of Medical Examiner
(ME) and coroner systems, or various combinations of the
two; these systems operate at various state and local levels
from state to state [4]. The ME death investigation system
is the better death investigation system, but the coroner
system is deeply intertwined in the US death investigation
system. In short, coroners are generally elected officials
that oversee or initiate the process of investigation into
various forms of death, and these individuals work in
conjunction but often peripheral to ME systems in various
facets of death investigation. There is abundant literature
on the history and distinction of coroner and ME death
investigation systems, but that is outside the scope of this
review [5].

Criticisms and shortcomings of coroner systems in-
clude underqualification of coroners, lack of specification
and consistency regarding how deaths are investigated and
reported, and even conflicts of interest that may affect a
death investigation [6]. The CINFSC recommended sup-
porting death investigation systems with the eventual goal
of eliminating coroner systems altogether. They specifi-
cally indicated that funds were needed to build regional
ME offices and support their infrastructure.

Historically, conversions from coroner to ME sys-
tems slowed beginning sometime in the 1990s, owing
to several possible explanations [7]. No databases exist
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Table 2. Forensic Discipline Committees and Subcommittees of
OSAC (The Organization of Scientific Area Committees for Fo-
rensic Science) (https.//www.nist.gov/organization-scientific-ar-
ea-committees-forensic-science/osac-organizational-structure)

OSAC Committee OSAC Subcommittee

Biology Human Forensic Biology

Wildlife Forensic Biology

Chemistry: Seized
Drug & Toxicology

Seized Drugs
Forensic Toxicology

Trace Materials
Ignitable Liquids, Explosives, & Gunshot Residue

Chemistry: Trace
Evidence

Physics/Pattern
Interpretation

Bloodstain Pattern Analysis
Forensic Document Examination
Firearms and Toolmarks

Friction Ridge

Footwear & Tire

Scene Examination  Dogs & Sensors
Fire & Explosion Investigation

Crime Scene Investigation & Reconstruction

Medicine Forensic Odontology
Forensic Nursing
Medical Death Investigation

Forensic Anthropology

Digital/Multimedia  Video/Imaging Technology & Analysis
Speaker Recognition
Facial Identification

Digital Evidence

that track such specific data, and such conversions are
best analyzed at the state level. In a comparison of death
investigation systems reported in a 2007 publication by
Randy Hanzlick, MD with 2023 information reported
on the Centers for Disease Control Death Investigation
Systems website, one of the few conversions appears to
be a transition of North Dakota from a “coroner in each
county” system to one in which there is also a state ME in
place (Table 3) [4,7]. Overall, these data do not suggest
a significant conversion from coroner to ME systems in
the past several years/decades and, moreover, may reflect
differences in categorical nomenclature and not necessarily
robust structural changes.

Recommendation: Funding for Research, Education,
and Training in Forensic Pathology

Itis estimated that there are approximately 500 practic-
ing forensic pathologists (FPs) in the United States; roughly
twice that many are needed to adequately handle the burden
of'death investigation in the United States [8]. In2012, the
National Research Council’s Scientific Working Group for
Medicolegal Death Investigation (SWGMDI) published a
report outlining several factors affecting recruitment and
retainment of physicians in forensic pathology (FPath),
including medical students’ lack of exposure to FPath, low
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Table 3. Differences in ME/coroner classifications of various states between 2007 and 2023

States 2007 (per Hanzlick publication [7])

2023 (per CDC website [4])

1A, TN, NJ State ME with various types of non-

coroner, regional or local assistance

MS, AL, GA MS: State ME; coroner in each county

County/district-based ME offices

County-based mixture of ME and

AL, GA: State ME assisting coroner of

coroner offices

most counties; autonomous county ME

in some counties

AR, KY, MT State ME, coroner in each county

County/district-based coroner offices

salaries relative to other medical specialties, and burnout
[9].

Areview of forensic pathology program directors from
2011 documented 37 ACGME-accredited FPath fellowship
training programs in the United States with approximately
80 FPath positions available each year; Dr. Hanzlick re-
ported that about 30-40 FPath fellows were being trained
each year [10]. In 2017, the N1J initiated a Strengthening
the Medical Examiner-Coroner System Program with two
overarching goals, 1) to increase the supply of forensic
pathology practitioners and 2) to strengthen the quality and
consistency of ME/coroner services [11]. From 2017 to
2022, the program made 84 awards totaling $12.4 million.
Much of the funding involved establishment of training
programs and assistance in achieving accreditation by
various recognized accrediting bodies, but funding spe-
cifically to support FPath training programs has also been
generously awarded. Data specifically related to federal
funding being restricted to accredited offices is unknown.

Asrecently as 2022, funding was given to FPath train-
ing programs in Western Michigan, Connecticut, West
Tennessee, King County (Seattle), Milwaukee County, Los
Angeles, and Broward County [12]. Information obtained
from the Accreditation Council for Graduate Medical
Education (ACGME) for 2022-2023 indicates that there
are currently 48 accredited FPath training programs and
60 current FPath trainees [13]. This represents a 30%
increase in accredited FPath training programs and about
a 70% increase in FPath trainees from 2011 to 2022.

Recommendation: Collaborative Establishment of
an FPath and Death Investigation Scientific Working
Group to Promote Best Practices

The Forensic Science Research and Development
Technology Working Group (TWG) is a committee of
forensic professionals that was formed under the N1J as
early as 2013 [14]. The TWG isn’t so much concerned
with implementation of solutions, but rather identifying
key areas for improvement in various forensic disciplines
to help inform the NIJ of priorities for strengthening fo-
rensic science.

The TWG satisfies the first phase of the NIJ’s estab-
lished research and development process, “identifying
needs through stakeholder engagement” [15]. In 2021,
the committee was comprised of 50 forensic science
professionals. The TWG specifically focuses on forensic
disciples including forensic biology/DNA science, evi-
dentiary science, toxicology, forensic anthropology and
pathology, and seized drugs. They produced their findings
in an extensive list of operational requirements with sug-
gestions on what specifically is needed to strengthen that
scientific area. Activities cited to strengthen various areas
include scientific research, training, technology develop-
ment, database collections, and/or policy and protocol
development.

Extensive lists of NIJ-funded awards to help promote
these initiatives are also available online. In the area of
forensic biology/DNA, for example, under the subtopic
“DNA (deoxyribonucleic acid)”, there were 596 awards
totaling over $33 1 million from 2013 t0 2022 [16]. Asearch
of awards in the subtopic “forensic pathology” yielded a
total of 260 awards totaling over $71 million [17].

Recommendation: AIlME Offices Should Be Accredited
Pursuant to Endorsed Standards

The National Association of Medical Examiners
(NAME) is the most recognized accrediting body for
ME offices in the United States. Offices that achieve
NAME accreditation carry an endorsement from the
largest organization of forensic pathologists in the United
States that their offices meet minimum performance stan-
dards as outlined by the NAME Accreditation Program.
NAME accreditation is a peer-reviewed process whereby
NAME-endorsed inspectors evaluate a multitude of cri-
teria, including quality of death investigation, morgue
operations, toxicology procedures, and record keeping.
If offices are found to carry too many deficiencies, they
can lose full accreditation; provisional accreditation can
also be conferred under certain circumstances. Offices
can also receive international accreditation through the
ANSI-ASQ National Accreditation Board (ANAB); this
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is called ISO (International Organization for Standardiza-
tion) accreditation. A search for NAME-accredited ME and
coroner offices in the United States in 2023 yielded 107
accredited offices [18]. In 2009, there were 15 NAME-
accredited offices (D. Dye, personal communication, Feb.
24,2023). Thus, the number of NAME-accredited offices
has increased approximately sevenfold from 2009 to 2023.

In summary, efforts have been made in the past few
decades to address some shortcomings in the forensic sci-
ences. Some of the challenges stem from new research that
has undermined areas of forensic science that were once
thought to be ironclad, and other challenges stem from a
system that is still affected by its roots in antiquated death
investigation systems. Some progress has been made since
the organized effort to characterize areas for improvement
in 2009, but there is much more work to be done.
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Book Review

Wastewater Analysis for Substance Abuse Monitoring
and Policy Development

Jeremy Prichard, Wayne Hall, Paul Kirbride,
Jake O'Brien
CRC Press: Boca Raton, FL, US; 2021

Reviewed by

Chia-Yang Chen
Institute of Environmental and Occupational
Health Sciences
College of Public Health
National Taiwan University
Taipei City
Taiwan
+886 2 3366 8101; dbms@ntu.edu.tw

Abused substances have been along-termissue in public
health and social welfare. Knowing the trends, amounts, and
locations related to substance abuse is crucial to be able to
propose an effective strategy to reduce the use or harm of
abused substances. In addition to traditional sources such
as surveys, seized drugs, and analysis of biospecimens,
wastewater epidemiology is emerging and complementary
to other approaches for obtaining critical data on abused
substances. Analysis of influents from municipal waste-
water treatment plants (WWTPs) has been used to answer
questions on environmental pollutants and illicit drugs. It
has also been used to monitor and predict new strains of
COVID-19 viruses during the pandemic period.

This 164-page book was written by a multi-disciplin-
ary team including those in criminal law, environmental
health, and forensic science, and proposes ways to reduce
the health and social burdens of abused substances using
the tool of wastewater analysis. The detailed descriptions
are well organized in six chapters and can be easily read
by people without backgrounds in biomedical sciences.

The first chapter comprehensively illustrates the
hazard mechanisms of abused substances based on hu-
man physiology and metabolism, the resulting social and
medical problems, and health burdens. Many local and
global references are cited for elucidation.

The second chapter explains what wastewater analy-
sis can do to answer questions related to investigations
into abused substances and how to convert the measured
concentrations of parent compounds or metabolites in the
influent into used doses of abused substances per thou-
sand persons. This content is designed for readers with
backgrounds in social sciences. The authors introduce this
approach and explain the information needed to achieve a
good design. The significance of water sampling, which is
often notemphasized enough, is stressed. Moreover, water
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authorities are critical stakeholders in adopting wastewater
analysis. This chapter also discusses the data variations
of several potential factors, such as wastewater flowing
of WWTPs, the dynamic of residents in a catchment, and
the stability of targeted chemical markers (biomarkers);
therefore, the authors suggest inter-laboratory validations
to ensure data reliability.

In chapter 3, international study data are used to com-
pare the traditional approaches for investigating abused
substances with those applying wastewater analysis. By
doing wastewater analysis regularly or during a specific
event, this tool can provide the approximate amount of
abused substances, their use trends, and variations of use.
Wastewater analysis is also suitable for monitoring popu-
lation trends. This chapter is a good and quick reference
to learn more about the global abuse of substances.

By emphasizing rural areas, chapter 4 explores the
feasibility of wastewater analysis within a country. The
infrastructure of sewage treatment is essential to utilizing
this approach. The chapter explains the varying patterns
and health problems related to abused substances in urban
and rural areas. It shares a few countries’ experiences with
rural wastewater monitoring to obtain the data gap and
find the hot spots.

Chapter 5 discusses the potential of using wastewater
analysis in unique locations, such as prisons, educational
institutes, and workspaces. The chapter discusses the
features of abused substances in prisons and the benefits
ofusing wastewater analysis compared to mandatory drug
testing. The major limitation is how to sample representa-
tive wastewater from building complexes.

Chapter 6 provides perspectives on using wastewater
analysis to obtain more information about substance abuse,
and how the global expansion in the infrastructure of
wastewater treatments makes it easier to use this technol-
ogy. It would be helpful if the authors could include the
development of suspect screening or non-target analysis
ofnew psychoactive substances with high-resolution mass
spectrometry in the next edition of this book.

Thisisauseful book tobecome familiar with the technol-
ogy of wastewater analysis formonitoring abused substances,
whichis complementary to conventional surveys. The content
includes plenty of international and updated information
on the use of traditional illicit drugs (e.g., heroin, cocaine,
amphetamine-type substances, and cannabis). Many related
information sources are provided, and there are suggestions
for study designs to evaluate the effectiveness of a strategy
to reduce the use of abused substances. To accommodate
readers with social science backgrounds, this book includes
certain background information mostanalytical chemists (or
biomedical scientists) may not require.
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COMMENTARY

Cannabis Is More Like Alcohol Than a Schedule I Drug

James G. Wigmore

Alcohol, Cannabis, and Nicotine
Toronto, Ontario
Canada

https://www.wigmoreonalcohol.com/

“Marijuana is like Coors beer. If you could buy the
damn stuff at a Georgia filling station, you’d decide
you wouldn’t want it.”

Billy Carter (brother of President Jimmy Carter) [1]

“THC is just a 21-carbon alcohol.”
James Wigmore: Wigmore on Cannabis, 2018 [2]

Although cannabis has been legalized in Canada
and many US states, it is still classified as a Schedule
I drug under the US Controlled Substances Act [3] and
joins other drugs on the list such as heroin, LSD, peyote,
ecstasy, and methaqualone. But this classification has
been questioned scientifically over and over again for
many years. As far back as 1967, Dr. James L. Goddard,
then head of the FDA, testified when comparing alcohol
and cannabis that:

“A well known physician named Jim.
Has really gone out on a limb.
Believe it or not.

He's decided that pot.

Is better than drinking straight gin.”
(Martin and Rashidan, 2014) [4]

In fact, as you will see in this commentary, cannabis
has more in common with alcohol than a narcotic and
the major psychoactive component of cannabis, delta-9-
tetrahydrocannabinol (THC), shares many characteristics
with the main psychoactive component of alcoholic
beverages: ethanol.

THC vs. Ethanol
Similarities
* Both THC and ethanol are alcohols or hydrocarbons.
Neither drug contains nitrogen in their structure, just
carbon, oxygen, and hydrogen. Nitrogen is found in
numerous other drugs, including nicotine, narcotics,
LSD, and ecstasy, all of which are more addictive and

toxic than either THC or ethanol. A wise colleague
of mine at the Centre of Forensic Sciences (Toronto,

James Wigmore worked at the largest forensic
laboratory in Canada, the Centre of Forensic Sciences
in Toronto, for 29 years between 1976 and 2005. He
was fortunate to have Doug Lucas as his director and
mentor for many of those years. While working as a
medical technologist in the toxicology section, repairing
all the Breathalyzers used by the police in Ontario, he
was able to obtain his four-year Hons. BSc. part time
from the nearby University of Toronto in 1986. This was
before the many excellent forensic toxicology programs
currently available and training was conducted mainly
in-house.

James Wigmore was a faculty member of the Center for
Studies of Law in Action (“the Borkenstein course”)

at Indiana University between 2004 and 2012 and

was privileged and honored to have such international
alcohol colleagues as Kurt Dubowski, Wayne Jones, Rod
Gullberg, Bob Zettl, Patrick Harding, and Barry Logan.
This was the same course that Wigmore attended in 1986
which was taught by Bob Borkenstein himself.

He has published an outstanding forensic toxicology
series of books on alcohol, cannabis, and nicotine. Kurt
Dubowski reviewed his book Wigmore on Alcohol and
predicted that “It will certainly be the new Alcohol Bible
for decades to come and be of great value to active
practitioners and researchers.”

James Wigmore has testified in over 700 criminal cases
across Canada and in personal injury, wrongful death,
and coroner cases, mainly on alcohol but also cannabis
and other drugs, for over 35 years. He has published
over 70 scientific articles on forensic toxicology, which
have been cited by the Supreme Court of Canada

and the High Court of South Africa. He received the
prestigious Wilfrid Derome Award/Prix du Merite from
the Canadian Society of Forensic Science in recognition
of his outstanding contributions to the field of forensic
science in 2005.
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Canada) told this novice forensic toxicologist many
years ago that “If it’s got nitrogen, it’s a drug.”

Both drugs have depressant action.

The active ingredients of alcohol (ethanol) and
cannabis (THC) do not have strong odors, it is mainly
the congeners and terpenes respectively that provide
the distinct smell of both drugs.

Both drugs were initially of low potency and were
used as food (weak beer from barley and grains, and
hemp seeds respectively) and for fiber (rope, canvas,
cloth from hemp). In fact, cannabis was so important
a military crop for the sailing fleets that in many
countries farmers were forced to grow low-potency
cannabis or hemp. And yes, George Washington did
grow cannabis (hemp) to support the US Navy, but
you would not get high smoking it, just a bad headache.
Hemp was soon replaced with the cheaper and easier
to grow and manufacture cotton.

Both drugs are less toxic and addictive than nicotine
(cigarettes).

Both drugs went through a period of prohibition,
which was broken in part by the so-called medical use
of the drugs.

Both drugs impair the ability to operate a motor vehicle
and roadside screening tests have been developed to
detect them, although cannabis currently appears to
cause less impairment of driving ability than alcohol
[5].

Both drugs are metabolized by the liver into inactive
metabolites, acetate and carboxy-THC respectively
[6].

Both drugs are relatively easy to make at home, by
brewing beer or fermenting wine for alcohol and
growing marijuana. In Canada, each household can
grow four plants legally.

Differences

Since THC is a 21-carbon alcohol, its long carbon
structure makes it insoluble in water and is only fat
soluble, whereas short 2-carbon chain ethanol is
totally water soluble and does not dissolve in fat. This
means that the pharmacokinetics of THC are more
complicated than ethanol and it does not have a pseudo
zero order (straight line) elimination rate like ethanol
[6].

As THC is fat soluble, it remains in the body for a
much longer period of time than water-soluble ethanol
and is eliminated mainly in the feces.

THC is psychoactive at 1,000,000 times less than the
concentration of ethanol (nanograms vs. milligrams
respectively) and can be absorbed orally (edibles or a
tea), smoking, or vaping. Alcohol can only be absorbed
via oral consumption.

In Canada and many other countries, cannabis has
health warning labels attached such as those below
required by Health Canada for all cannabis sold in
Canada. There are no such legislated health warnings
for alcoholic beverages in most countries.
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e WARNING: Do not drive or operate heavy
equipment after using cannabis. Cannabis
can cause drowsiness and impair your ability to
concentration and make quick decisions.

* WARNING: Frequent and prolonged use of
cannabis containing THC can contribute to
mental health problems over time. Daily or near-
daily use increases the risk of dependence and may
bring on or worsen disorders related to anxiety and
depression.

* WARNING: The higher the THC content of a
product, the more likely you are to experience
adverse effects and greater levels of impairment.
THC can cause anxiety and impair memory and
concentration.

Shown in Table 1 are comparisons of some terms
for imbibing alcohol compared to cannabis.

How to Break a Prohibition

Prohibition of alcohol in the US was due to a
constitutional amendment passed in 1919, but in 1933, it
became the only constitutional amendment that was ever
repealed. Part of the undermining of the prohibition of
alcohol was to allow alcohol to be prescribed by doctors
for virtually any medical condition (including liver
disease!), which they did with alacrity in the thousands
and thousands. By 1929, 100,000 permitted doctors were
writing 11 million prescriptions for alcohol annually [7].
Even the future Prime Minister of Britain obtained a
medical prescription (Figure 1).

“Medical” Marijuana

In many countries medical marijuana was seized
on by many cannabis advocates starting in the 1960s
and 1970s as a way of undermining prohibition of this
drug (see Figure 2). For example, in Oregon, only nine
doctors approved more than half of the 56,531 medical
marijuana applications and one 80-year-old retired heart
surgeon at a clinic in southeast Portland signed off on
4,180 medical marijuana cards in one year alone [8].

Table 1. A comparison of terms for imbibing alcohol
compared to cannabis

Action Alcohol Cannabis

Intoxicated Tipsy, Drunk Buzzed, Stoned

Overindulgence  Binge drinking, Bender ~ Greening out, pulling
(pale, dizzy, vomiting) a whitey

Next day Hangover Burnout, come down

sickness

Imbibing in the ~ Eye opener Wake and bake

morning
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O.C.PICKHARDT,M.D.
17 EAST O™ STREET

NEW YORK

This is to certify that the post-accident conva-
lescence of the Hon. YWinston S. Churchill necessitates
the use of alcoholic spirits especially at meal times,
The quantity is naturally indefinite but the minimum
requirements would be 250 cubic centimeters,

Signed:-

0CP: P OTTO C. PICKHARDT, M.D.

Figure 1. Medical alcohol prescription for Winston Churchill
during Prohibition.

Butitwas effective. Support for cannabis legalization
increased from only 12% of adult Americans in 1969
to 67% in 2019. And by October 2022, only 10% of
American adults stated that cannabis should not be legal
at all. As of 2023, 17 US states have legalized cannabis
for medical use and an additional 22 states have legalized
cannabis for both recreational and medical use [9].

In July 2001, Canada became one of the first
countries to legalize cannabis for medical use, but it
required a doctor’s certificate and testaments from two
witnesses that the user had epilepsy or a terminal illness
such as cancer. These conditions were loosened over time
(some ordered by the courts), until finally on October 17,
2018, the Cannabis Act was passed, which made Canada
the first G7 country to legalize the recreational use of
cannabis.

Medical marijuana has been used as a smokescreen
in order to legally use cannabis recreationally. This can
be seen in the numbers of medical marijuana clients in
Canada, which increased from about 25,000 in 2015 to
345,000 just after cannabis was legalized and now has
declined to 232,105 in September 2022, according to
Health Canada [10].

Urine Employment Testing

The hypocrisy in the treatment of THC compared
to ethanol can be seen in widespread workplace urine
testing of the inactive metabolite of cannabis, carboxy-
THC, which does not indicate impairment, and not even
how much was used or when. Workplace testing could
also be conducted for long-acting inactive metabolites
of ethanol but aren’t. Imagine the outcry if an employee
had a beer on Friday evening and was fired from a job
on Monday due to traces of an ethanol metabolite being
detected in the urine. This is still happening with THC on
a routine basis and needs to be stopped.
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PATIENT NaME
PATIENT NUMBER
CAUFORNIA HEALTH & SAFETY CODE SECTION 11362.5

PHYSICIAN'S STATEMENT

1an i the State of Caufornia
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DATE: 1/30/2016

ONLINE VERIFICATION

Figure 2. A prescription for medical marijuana from California
in 2016, which lists the medical use of cannabis for cancer,
glaucoma, arthritis, or any other chronic medical condition.

Urine testing of the inactive, long-lasting metabolite
of cannabis should be replaced by oral fluid or blood
testing for THC, which indicates recent use of cannabis
and a much greater probability of detecting impairment.

Legalization Five Years Later: The Devil’s in the
Details

The success of cannabis legalization in Canada has
been due in part to its strict banning of any cannabis
advertising outside of the point of purchase in cannabis
stores. Celebrity or cartoon endorsement of cannabis is
also not permitted. In addition, cannabis products must
be sold in plain, child-resistant packaging with health
warnings and standardized printing, similar to what is
required for cigarettes.

The number of legal cannabis stores in Canada has
increased from about 260 stores shortly after legalization
to 2,600 in 2021 and over 3,000 in 2022 [11]. The
major complaint that I have heard in my numerous
public presentations about the legalization of cannabis
in Canada is that there are too many cannabis stores,
especially in Toronto. This is due in part to the “green
rush” and the overselling and commercialization of
cannabis after legalization.

But I consider that this is in some ways to be a good
sign, as it indicates that the cannabis being purchased
at legal storefronts, which do not sell other drugs, is a
much safer and uniform product than the cannabis sold
in back alleys by an illegal drug dealer. In addition, the
legal sellers are required to have mandatory training. The
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cannabis stores are paying taxes and providing proper
and legal employment. Indeed, 42% of cannabis users
obtained it from legal sources in 2019, which increased
to 63% in 2021 and has increasingly undermined the
black market and its greater illegal harms [12].

I have not heard many complaints from the public
about the smell of cannabis, or an increased visibility of
cannabis users, or other adverse consequences. When I
walk through Toronto’s neighbourhoods and downtown,
I observe that cigarette and e-cigarette smokers have
outnumbered cannabis smokers by a wide margin.

There have been problems with legalization, namely
aninefold increase in hospital attendance due to cannabis
poisoning after consuming edibles in children less than
10 years of age, even though edibles are sold in child-
resistant containers in Canada. But fortunately, there
have been no reported deaths in children due to cannabis
poisoning yet [13].

Although cannabis use has appeared to increase
in Canadians over the age of 25, there appears to have
been no substantial increase in youths (ages 15 to 24
years) after legalization. There has been no increase in
youth crime since legalization; instead, there has been a
substantial decrease in police-reported criminal rates for
cannabis crimes, from about 220 per 100,000 population
in 2010 to 32.8 per 100,000 in 2020 [14].

Since legalization, there has been a substantial
reduction in fires, explosions, and burns caused by the
illegal extraction of THC from cannabis using highly
flammable solvents, and in illegal grow ops in houses.

One worrying statistic is that the prevalence of
moderately injured drivers at British Columbia trauma
centres with a blood THC of at least 2 ng/mL has more
than doubled post legalization. However, the greatest
increase was among drivers of at least 50 years of age
and not youths. This indicates that more work is required
to increase the deterrent effect of cannabis impaired
driving laws and the education of the general public on
the harmful effects of cannabis use on driver safety [15].

Not Your Granddad/Grandmother’s Weed Anymore

Legalization and especially commercialization of
cannabis have increased the amount of THC in cannabis
from around 3% in the 1960s and 1970s to over 25%
currently. This dramatic increase in THC concentration
may cause increased problems related to addiction,
psychosis, cannabis use disorders, and hyperemesis
over the next five years or so and needs to be closely
monitored.
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High THC concentration cannabis products such as
edibles, extracts, and vaping may have to be restricted if
increased harms occur.

Conclusions

Initially I was against the legalization of cannabis,
but now having nearly five years of experience in Canada,
if the proper laws, regulations, and education are enacted,
I have seen that its negative effects can be minimized,
especially for youths. Legalization also opens a window
into this drug’s use, illustrating what potential problems
need to be addressed and not be hidden away in back
alleys.

As THC is less addictive than nicotine and causes far
less death than tobacco products or alcohol, it should be
legalized. But legalization must be introduced initially
with extensive restrictions, as in Canada, to minimize the
harm of cannabis use especially to youths, and to allow
more time for greater public education about this drug.

An insightful global history of cannabis since
Neolithic times written by Professor Chasteen stated
[16]:

“Those who worry about marijuana need not be so

fearful, however. Marijuana is unlikely to replace or
even rival alcohol as our recreational drug of choice. It
is not for everybody. For most people, its euphoriant
effect is less than alcohol s. It is most likely to be used
by the poor, by the marginal, by the chronically ill,
by the artistically and philosophically inclined, by
seekers after the meaning of life and by social and
religious nonconformists of various stripes. That at
least is the picture that emerges from this short global
history. Marijuana, it seems is a mind-expanding drug
after all.”
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