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Chapter 5

A drug can be defined as 2 natural or synthetic substance that is used to produce
physiological or psychological effects in humans or other higher-order animals.
However, this colorless clinical definition does not really tell us what drugs are;
in their modern context, drugs mean something different to each person. To
some, drugs are a necessicy for sustaining and prolonging life; to others, drugs
provide an escape from the pressures of life; to still others, they are a means of

ending it.

Considering the wide application and acceptance of drugs in our society, it
was perhaps inevitable that a segment of our population would abuse them. Dur-
ing the 1960s, successive waves of hallucinogens, amphetamines, and barbiturates
found their way out of laboratories, pharmacies, and medicine chests and into the y |
streets. During this decade, marijuana became the most widely used illicic drug in f |
the United States, and alcohol consumption continued to rise—today 90 million
Americans drink alcohol regularly, and 10 million of these are hopelessly addicted
or have severe problems in coping with their drinking habits. In the 1970s, heroin
addiction emerged as a national problem, and today the United States is in the

midst of an epidemic of cocaine abuse.

FIGURE 5-1

Drug bust.
Courtesy Syracuse
Newspapers/The
Image Works

Drug abuse has grown from a problem generally associated with members of
the llower end of the socioeconomic Jadder to one that cuts across all socia(;rS 0cl
ethnic das'ses of society, Today, approximately 23 million people in the U 'amd
S.tates‘ use illicit drugs, including about a balf million heroin a}ZIdicts d Imtel
six million users of cocaine. In the United States, more than 75 per o n; eth
evidence evaluated in crime laboratories is drug related. The delu epof (c:lent opeci.
mens has forced the expansion of existing crime laboratories anf the c;;lfc'spem;
new ones. Eor many concerned forensic scientists, the crime laboratory’s reoc
cupation with drug evidence represents a serious distraction from time t}l; tpreolcci
be. devoted to evaluating cvidence related to homicides and other types o? vio
crimes. However, the increasing caseloads associated with drug evidcglce h e jus.
tified the expansion of forensic laboratory services. This expansion has i crcased
the overall analytical capabilities of crime laboratories. ’ e incrensed

Drug Dependence

In. assessing Fhe potential danger of drugs, society has become particularl
scious o.f their effects on human behavior. In fact, the first drugs to be re Tllflinc—l
Ey la.w in ti}e iarly years of the twentieth century were those deemed tgo h::\:re
h:itblt—form.mg properties. The eatly laws were aimed primarily at controlli
opium and its derivatives, cocaine, and later marijuana. The ability of a d o
induce dependence after repeated use is submerged in a compl ty' bt
ological and social factors. plet ey of phys-
. [()iependf:nce on drugs exists in numerous patterns and in all degrees of inten-
iiltz,fr;pj:ﬁngfolz th'e f’latur.e of the drug, ti.le. route of administration, the dose,
v of administration, and the individual’s rate of metabolism. Further-
n;(;:e, nondrug factor's play an equally crucial role in determining the behavioral
Er hegli ;;zz:;jitj:swgh drtLLg Liise. The pf:‘rsonal ch.'atracteristics of the user, his
e pectaor Seittigutin V:h_ r}tllghexgerlerllce, society’s attitudes and possible
e o e g ich the drug is used are all major determinants of
Vidtglhzncilu;sstlcc{;lnof how to deﬂne _and measure a drug’s influence on the indi-
e ¢ ger to society is difficult to assess. The nature and significance
( g dependence must be considered from two overlapping points of view: the

_ :rlitl(;.r]izuonfolf the drug with the individual, and the drug’s impact on society. It
human’Esi ul to approach the problem from two distinctly different aspects of
chavior—psychological dependence and physical dependence.

he co ; or | .
Jashast i I
on denominator that characterizes all types of repeated drug use is the

Etreati ;
j"cation of a psychological dependence for continued use of the drug. It is impor-

Nt to discar istic i
e sout d the unrealistic image that all drug users are hopeless “addicts” who
: ropouts. Most users pr i

present quite a normal appearance and remain

!!iIo 50C1 .
A ocially and economically integrated in the life of the community.

he
tely oielil::n'i why some people abstain from drugs while others becorne mod-
vily involved are difficult if not impossible to delineate. Psychologi-

eedS arise 1 i's
o i
A m numerous PE:['SOI'IE.I and SOCIE.I faCtOl'S that ine 1tably stem
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psychological
dependence

The conditioned use
of a drug caused by
underlying emotional
needs

physical dependence
Physiological need for
a drug brought about
by its regular use and
characterized by with-
drawal sickness when
administration of the
drug abruptly stops
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from the individual’s desire to create a sense of Well—being and to1 escab%e from
reality. In some cases, the individual may sci:ek rehef. from persona prlo emshoi
stressful situations, or may be trying to sustain a physical and emotiona stjl’ce1 tha
permits an improved level of performance. Whatever the reasczirlls', thedun tczr rylr;gf
psychological needs and the desire to fulfill them create a conditioned pattern

drug abuse {see Figure 5-2).

FIGURE 5-2 )
Young people drinking.
Courtesy Daytona Beach
News-Journal/Jim Tilter/
AF Wide World Photos

The intensity of the psychological dependence associated with a drug’s gse is
difficult to define and largely depends on the nature of the dn.lg used. ]_?or drugs
such as alcohol, heroin, amphetamines, barbiturates, and cocaine, continue use
will likely result in a high degree of involvement. Other d‘rugs, such as niarljuirllli
and codeine, appear to have a considerably lower poFentlal for the dev:i: otE)rne ”
of psychological dependence. However, this does not imply that repeate fal usWi]l
drugs deemed to have a low potential for psychological dependenFe is safe orm iy
always produce low psychological dePendence..We. 1’-13.VC no precise way to iy
sure or predict the impact of drug abuse on the 11_1d1v1dual. E?ren ifa system c v
be devised for controlling the many possible variables affecting a user’s responsc

the unpredictability of the human personality would still have to be considered.

: he fallacy
Our general knowledge of alcobol consumption should wart isstCt)kfvioquﬁ

izd i i danger of drug ab
of generalizing when attempting to describe thf-: g non
no% 21l alcohol drinkers are psychologically addicted to the drug; most are SOZ1 .
drinkers who drink in reasonable amounts and on an irregular basis. Many peop
have progressed beyond this stage and consider alcohol a necessary crt

i

tch for..-;

*—_—————_————ﬁ
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dealing with life’s stresses and anxieties. However, alcohol abusers exhibic a wide
range of behavioral patterns, and to a large extent the determination of the degree
of psychological dependence must be made individually. Likewise, it would be
wrong to generalize that all users of marijuana can at worst develop a low degree
of dependence on the drug. A wide range of factors also influence marijuand’s ef-
fect, and heavy users of the drug expose themselves to the danger of developing a
high degree of psychological dependence.

F
i
{

Although emotional well-being is the primary motive leading to repeated and
intensive use of a drug, certain drugs, taken in sufficient dosc and frequency, can
produce physiological changes that encourage their continued use. Once the user
abstains from such a drug, severe physical illness follows. The desire to avoid this
withdrawal sickness, or abstinence syndrome, ultimately causes physical depen-
dence, or addiction. Hence, for the addict who is accustomed to receiving large
doses of heroin, the thought of abstaining and encountering body chills, vomit-
ing, stomach cramps, convulsions, insomnia, pain, and hallucinations is a power-
ful inducement for continued drug use. .

Interestingly, some of the more widely abused drugs have little or no potential '
for creating physical dependence. Drugs such as marijuana, LSD, and cocaine cre-
ate strong anxieties when their repeated use is discontinued; however, no medical
evidence attributes these discomforis to physiological reactions that accompany :
withdrawal sickness. On the other hand, use of alcohol, heroin, and barbiturates | ‘
can result in development of physical dependence.

Physical dependence develops only when the drug user adheres to a regular
schedule of drug intake; that is, the interval between doses must be short enough
5o that the effects of the drug never wear off completely. For example, the interval
between injections of heroin for the drug addict probably does not exceed six to
eight hours. Beyond this time the addict begins to experience the uncomfortable
symptoms of withdrawal. Many heroin users avoid taking the drug regularly for
fear of becoming physically addicted to its use. Similarly, the risk of developing
physical dependence on alcohol becomes greatest when the consumption is char-
acterized by a continuing pattern of daily use in large quantities.

Table 5-1 categorizes some of the more commonly abused drugs according to
their effect on the body and summarizes their tendency to produce psychological
ependence and to induce physical dependence with repeated use.

¢ user has become preoccupied with the drug. Here, the most important ele-
e is the extent to which drug use has become interwoven in the fabric of the
o1 s life. The more frequently the drug satisfies the person’s need, the greater
W likelihood that he or she will become preoccupied with its use, with a conse-
1t neg.lect of individual and social responsibilities. Personal health, economic
ﬂS}l.lps, and family obligations may all suffer as the drug-seeking behavior
Ses in frequency and intensity and dominates the individual’s life. Extreme
. '.Sifpendence may lead to behavior that has serious implications for the pub-

ety, health, and welfare.
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Table 51

The Potential of Some Commonly Abused Drugs

to Produce Dependence with Regular Use

Drug Psychological Physical
Dependence Dependence
Narcotics
Morphine High Yes
Heroin High Yes
Methadone High Yes
Codeine Low Yes
Depressants
Barbiturates (short-acting) High Yes
Barbiturates (long-acting) Low Yes
Alcohol High Yes
Methaqualone (Quaalude) High Yes
Meprobamate (Miltown, Equanil) Moderate Yes
Diazepam (Valium) Moderate Yes
Chlordiazepoxide (Librium) Moderate Yes
Stimulants
Amphetamines High Unknown
Cocaine High No
Caffeine Low No
Nicotine High Yes
Hallucinogens
Marijuana Low No
LSD Low No
Phencydidine (PCP) High No

Drug dependence in its broadest sense i
tion. As a result, a complex array of individua
factors ultimately influence society’s decision to prohibit ot im

on a drug’s distribution and use. Invariably, society must weigh

pects of the drug against the ultimate harm its abuse will do to ¢
to society as a whole. Obviously, many forms of drug dependence
sufficient adverse social consequences (0 Watl
by the widespread use of such drug-containing s
Although the heavy and prolonged use of these

body organs and injure an individual’s health, there is no evid
with prolonged or excessive use. Hence,

in antisocial behaviot, even

willing to accept the widespread use of these substances.

ant their prohibition,
ubstances as tobacc
drugs may eventually damagt;
ence that they resulfg
society 153

nvolves much of the world’s popula- §
1, social, cultural, legal, and medical §
pose strict controls 4
the beneficial as- §
he individual and §
do not carry 3
as illustrated 3
o and coffee: §
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. I\Yl/)e a;'ﬁ certainly all aware of the disastrous failure in the United States to
prohibit ehuse of alcohol during the 1920s and the current debate on whether
manpk.)lana $ o'uld_ b.e legalized. Each of these issues emphasizes the delicate bal-
ance etw;zn mdl[\)rldual desires and needs and society’s concern with the conse-
quences of drug abuse; moreover, this balance i i '

. e is continuously subje
. and re-cvaluation. y subjectto chane

|
£
1
]

Quick Review

¢ A drug is a natural or syntheti : is us

* Ad ynthetic substance that is used to produce physiologi-
cal or psychological effects in humans or other animal-s.P PIRRE

hondrug' fa:ctors that play a part in drug dependence include the personal
characteristics :ff the ;ser, his or her expectations about the drug experience
society’s attitudes and possible responses, and ing i i :
' ) , and the setting in
rode ! ) g in which the.drug

fresiArian T T T gt T
SR v ol Ty

o lI)’hysical depgndenc_e_ is fleﬁn(_id as the physio[bgical need f‘.OI‘ a drug that has
-+ been brought about by its regular use. Psychological dependence is the con-
dltloned use of a.drug caused by underlying emotional needs.

Types of Drugs

T NP
h(i tcém narcotic is derived from the Greck word narkotikos, meaning numbness  narcotic
. . :
or deadening, Although pharmacologists classify narcotic drugs as subst h Ad i
relieve pain and produce sl h. i : S essaciated o deprosee
feve pain hp duce slecp, the term narcotic has become popularly associated sleep and depresses
o y dug that IS.SOCMH}/ unacceptable. As a consequence of this incorrect us- vital bodly functions
,Thz%ny rugs are impropetly called narcotics. such as blood pressure,
is clonfuslon has produced legal definitions that differ from the phar puise rate andbreath-
cal actions of many drugs. For | i Parglaws O
i aerons o ty gs. For example, uniil the early 1970s, most drug laws
o ln11:e1 tates mco.rrectly designated marijuana as a narcotic. Even today,
. aw ¢ aimﬁes cocaine as a narcotic drug, although pharmacologically, co
ﬁ._, 18 1 ’ ]
p actu ga powerful central nervous system stimulant, possessing proper-
o pposite those normally associated with the depressant effects of a narcotic

o . ,
@1 i_i;:;‘ssiflégzdlcal profe.ssmnals. apply the term opiate to most of the drugs prop-
o dema,i dne;rconcs. _Oplates behave phgrmacologically like morphine, a
g v eromdopflugl—al gummy, milky juice exuded through a cut
e read[i)l E;Ot. 0 td efAsmn poppy (Papaver somniferium). Although
™ hemi)rfl X ﬁacie rom opium, the.rnost commonly used opium-
A PN ',dw ich is produced by reacting morphine with acetic anhy-
. pmparatizﬂ fe (s.ee Figure 5--3). I.-Ie'rom’s high solubility in water males
repara for intravenous administration rather simple, because only
are heroin’s effects felt almost instantaneously and with maximum

ty. The solution is dr i i
ution is drawn into a syringe or eyedropper for injection under

(see Figure 5-4).
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FIGURE 5-3

The opium poppy and its
derivatives. Shown are
the poppy plant, crude
and smoking opium,
codeine, heroin, and
morphine.

Courtesy Pearson Educa-
tion/PH College

Inside the Science
What's in That Bag?

The content of a typical heroin bag is an excellent example of the uncer-
tainty attached to buying illicit drugs. For many years into the 1960s and
early 1970s, the average bag contained 15 to 20 percent heroin. Currently,
the average purity of heroin obtained in the illicit U.S. market is approxi-
mately 35 percent. The addict rarely knows or cares what comprises the
other 65 percent or so of the material. Traditionally, guinine has been the
most common diluent of heroin. Like heroin, it has a bitter taste and was
probably originally used to obscure the actual potency of a heroin prepa-
ration from those who wished to taste-test the material before buying it.

Other diluents commonly added to heroin are starch, lactose, procaine
(Novocain), and mannitol.

FIGURE 5-4

Heroin paraphernalia.
Courtesy Drug Enforce-
ment Administration,
Washington, D.C.

Synthetic Oplates A number of narcotic drugs are not naturally derived from
opium. However, because they have similar physiological effects on the body as
‘the opium narcotics, they are also commonly referred to as opiates.
" Methadone is perhaps the best known synthetic opiate. In the 1960s, scien-
. tists discovered that a person who received periodic doses of methadone would
riot get high if he or she then took heroin or morphine. Although methadone is
fharmacologically related to heroin, its administration appears to eliminate the
Addict’s desire for heroin, with minimal side effects. These discoveries led to the
tablishment of controversial methadone maintenance programs in which her-
0in addicts receive methadone to reduce or prevent future heroin use. Physicians
creasingly prescribe methadone for pain relief. Unfortunately the wide avail-
ity of methadone for legitimate medical purposes has recently led to greater
ntities of the drug being diverted into the illicit market.
*In 1995, the U.S. Food and Drug Administration (FDA) approved for use
pain-killing drug OxyContin. The active ingredient in OxyContin is oxy-
one, a synthetic closely related to morphine and heroin in its chemical struc-
= OxyContin is an analgesic narcotic that has effects similar to those of heroin,
rescribed to a million patients for treatment of chronic pain, with doctors
ng close to seven million OxyContin prescriptions each year. The drug is
unded with a time-release formulation that the manufacturer initially be-

T e

analgesic Heroin and other narcotic drugs are a:.aalgesif:s—-that is, fthley L:Iheviec P;TOEK
A substance that less- depressing the central nervous system. Besides bel.ng a powerful analgesic, A ]
ens or eliminates pain produces a “high” that is accompanied by drowsiness and a deep sense 01 "
being. The effect is short, generally lasting on.ly three to four holurs. Regu cfil o
of heroin—or any other narcotic drug—invariably leads to physical dependence,
i of its dire consequences. .
Wlthéélcleine is also pi‘escglt in opium, but it is usually prepa‘red synthet1'cally ﬁ:m'
morphine. It is commonly used as a cough suppressant in prescrlpt10.r1€<3;3treget

syrup. Codeine, only one-sixth as strong as morphine, is not an attractiv

drug for addicts.
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hallucincgen

A substance that
induces changes in
normal thought pro-
cesses, perceptions,
and moods

Because it is 2 legal drug that is diverted from legitimate sources, OxyContin
s obrained differently from illegal drugs. Pharmacy robberies, forged prescrip-
tions, and theft of the drug from patients with a legitimate prescription are ways
in which abusers access OxyContin. Some abusers visit numerous doctors and
receive prescriptions even though their medica! condition may not warrant it.

Hallucinogens are drugs that can cause marked alterations in normal thought
processes, perceptions, and moods. Pethaps the most popular and controversial
member of this class of drugs is marijuana.

Marijuana Marijuana easily qualifies as the most widely used illicit drug in the
United States today. For instance, more than 43 million Americans have tried
marijuana, according to the latest surveys, and almost half that number may be
regular users, Marijuana is a preparation derived from the plant Cannabis. Most
botanists belicve there is only one species of the plant, Cannabis sativa L. The
marijuana preparation normally consists of crushed leaves mixed in varying pro-
portions with the plant’s flower, stem, and seed. The plant secretes a sticky resin
known as hashish. The resinous material can also be extracted from the plant by
soaking in a solvent such as alcohol. On the illicit-drug market, hashish usually
appears in the form of compressed vegetation containing a high percentage of
resin. A potent form of marijuana is known as sinsemilla. This is made from the
unfertilized flowering tops of the female Cannabis plants, attained by removing
all male plants from the growing field at the first sign of their appearance. It fol-
lows that the production of sinsemilla requires a great deal of attention and care,
and the plant is therefore cultivated on small plots.

The Cannabis plant contains a chemical known as tetrahydrocannabinol, or
THC, which produces the psychoactive effects experienced by users. The THC
content of Cannabis varies in different parts of the plant. The greatest concentra-
tion is usually found in the resin. Declining concentrations are typically found
in the flowers and leaves, respectively. Little THC is found in the stem, roots, of
sceds of the plant. The potency and resulting effect of the drug fluctuate, depend-
ing on the relative proportion of these plant parts in the marijuana mixture con-
sumed by the user. The most common method of administration is by smoking
cither the dried flowers and leaves, or various preparations of hashish (see Figure
5-5). Marijuana is also occasionally taken orally, typically baked in sweets such
as brownices or cookies.

Any study of marijuana’s effect on humans must consider the potency of the
marijuana preparation. An interesting insight into the relationship between dos-
age level and marijuana’s pharmacological effect was presented in the first repott
of the National Commission on Marijuana and Drug Abuse:

At low, usual Social” doses. the user may experience an increased sense of
well-being; initial restlessness and hilarity followed by a dreamsy, carefree
state of velaxation; alteravion of sensory perceptions including expansion of
space and time; a more vivid sense of touch, sight, smell, taste, and sound;
a feeling of hunger, especially a craving for sweets; and subtle changes in
thought formation and expression. To an unknowing observer, an indi-

' (4 [

At higher, moderate doses these same veactions are intensified b

the changes in the individual would siill be scarcely noticeable to ; t
observer. At very high doses, psychotomimetic phenomena may be ex, 4
enced. These include distortion of body image, loss of personal zi’entz' iy
sory and mental illusions, fantasies, and hallucinations.! (.

In additi its wi i
-, L}Elon to its 'Wldespread illegal use, accumulating evidence suggests that
marijuana has potential medical uses. Two promising areas of r h i
Juana’s reduction of i I ; cssening of mauen
of excessive eye pressure in glaucoma and the lessening of nausea

hyi(;{c;lrrrl;asn;c Ezizle?cc:i }slugges;f/l ﬂ?_aft experimental or intermittent use causes
Toener LT Ofi < lg.lmT' arijuana does not cause physical dependence,
o potem euationm I_LIes instead in heavy, long-term use, particularly of the
Wit p s. Heavy users can develo‘p a strong psychological depen-
- € drug. Some effects of marijuana use include increased heart rate, dry

uth, red impai i
. nge; ddenéd eyes, impaired motor skills and concentration, and, frequentl
60T and an (ncreased desire for sweets. g

Othe ;
N ‘in; |:hallu.cmogens lfx.substantial number of other substances with widely
Ogeniimlcal compositions are also used recreationally because of their hal-
e - féolf?ftlesl.)ihesz include both naturally occurring substances such as
silocybin and synthetically created d i : S
Tare V. y created drugs including lyser
/amide (LSD) and phencyclidine (PCP). 8 ucing lysergic acid
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FIGURE 5-5

Several rolled marijuana

cigarettes lie on a pile of
crushed dried marijuana

leaves next to a tobacco
cigarette. Courtesy Drug
Enforcement Administra-
tion, Washington, D.C.

ﬁr——f—_———iﬁi@
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- Inside the Science

‘Marijuana and Hashish

' limatic conditions. The
s a weed that grows wild under most ¢ _
lant g:gjaw's to a height of 5 to 15 feet and is charactenzeql byf‘an odd_ .
ﬁumbef of leaflets on each leaf. Normally, each leaf. contains five to nin
\eafiets, all with serrated or saw-tooth edges (see Figure U-

Marijua

form. Marijuana in the form of
tent of about 3-4.5 percent. The
12 percent in THC content.

The potency of marijuana depends on its
loose vegetation has an average THC con
more potent sinsemilla form averages about 6—

Case Files
A Brief History of Marijuana

Marijuana and its refated products have been in use
legally and illegally for almost three thousand years.
The first reference to medical use of marijuana is in

a pharmacy book written about 2737 B.C. by the
Chinese emperor Shen Nung, who recommended

it for "female weakness, gout, rheumnatism, malaria,
beriberi, constipation, and absent-mindedness.” In
China, at that time, and even today, the marijuana or
hemp plant was also a major source of fiber for rope
production. Marijuana’s mood-altering powers prob-
ably did not receive wide attention until about 1000
B.C., when it became an integral part of Hindu culture

intérest of many physicians who foresaw its application
for treating a wide.range of ailments. At this time, it
also found some use as a painkiller and mild sedative.
In fater years, these applications were either forgotten
or ignored. '

Marijuana was first introduced into the United States
around 1920. The weed was smuggled by Mexican la-
borers across the border into Texas. American soldiers
also brought the plant in from the ports of Havana,
Tam'picb, and \_/_e_r-’étruz. Although its use was confined
to a small segment of the population, its popularity

quickly spread from the border and Gulf states into
mb‘ét major U.S. cities. By 1937, the federal govern-
ment and 46 states had laws prohibiting the use or
possession of marijuana. Under most of these laws,
marijuana was subject to the same rigorous penalties
applicable to morphine, heroin, and cocaine and was
often erroneously designated a narcotic.

in India. After A.D. 500, marijuana began creeping
westward, and references to.it began to appear in

Hashish preparations average about 2-8
Persian and Arabian literature.

percent THC. On the illicit-drug market,
hashish usually appears in the.fc?rm of _
compressed vegetation containing a high
percentage of resin (see Figure 2). A par-
ticularly potent form of hashls.h is known
as liquid hashish or hashish oil. Hashish in
this form is normally a viscous substance,
dark green with a tarry consistency.

The plant was probably brought to Europe by Napo-
leon’s soldiers when they returned from Egypt in the
early 19th century. In Europe, the drug excited the

LSD is synthesized from lysergic acid, a substance derived from ergot, which
is a type of fungus that attacks certain grasses and grains. The drug appears in a
variety of forms—as a pill, added to a cube of sugar, or absorbed onto a small
piece of paper—and is taken orally. Its hallucinogenic effects were first described
by the Swiss chemist Albert Hofmann after he accidentally ingested some of the
material in his laboratory in 1943. LSD produces marked changes in mood, lead-
ing to laughing or crying at the slightest provocation. Feelings of anxiety and
tension almost always accompany LSD use. LSD is very potent; as lictle as 25
micrograms is enough to start vivid visual hallucinations that can last for about
.12 hours. Although physical dependence does not develop with continued use,
he individual user may be prone to flashbacks and psychotic reactions even after
se is discontinued.

Abuse of the hallucinogen phencyclidine, commonly called PCP, has recently
fown to alarming proportions. Because this drug can be synthesized by simple
hemical processes, it is manufactured surreptitiously for the illicit market in so-
: :ﬁd clandestine laboratories (see Figure 5-6). These laboratories range from
o< sophisticated operations to small labs located in a garage or bathroom.
Hll-time operators normally have little or no training in chemistry and employ
kb001.<” methods to synthesize the drug. Some of the more knowledgeable
Sxperienced operators have been able to achieve clandestine production levels

Liquid hashish
is produced
by efficiently
extracting the
THC-rich resin
from the mari-
juana plant with

an appropriate . . _
SO'IVFeDI‘?‘t, such as alcohol. Liquid hashish typically

varies between 8-22 percent in THC content.
Because of its extraordinary potency, one drop
of the material can produce a high.

Flt..i“UE 1 The marijuana leaf.
Courtesy Drug Enforcement
Administration, Washington, D.C.

- FIGURE 2 Blocks of hashish leaves
- and flowering tops of the marijuana
e plant. Courtesy James King-Holmes,

Photo Researchers, Inc.
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FIGURE 5-6

Seene from a clandestine
drug laboratory-
Courtesy Drug Enforce-
ment Administration,
Washington, D.C.

Phencyclidine is often m
amines, and is sold as a powde
sprayed on p
intake of mo
strength and inv
ever, the user soo
irritability, feelings of isolation,
paranoia accompary PCP use. Sever
suicide accompany long-t
experiences sudden schizop

depressant Depressants are

A substance thatslows  Several types of drugs fall under this category, 1

down, or depresses, drug in the United States—alcohol.

the functions of the
central nervous system Alcohol (Ethy
its major behavioral eff

vous system. [n the United States, the alcohol industry annually produces more
Jons of spirits, wine, and beer for which 90 million consumers

Unquestionably, these and other statistics support the fact §
¢hat alcohol is the most widely used and abused drug.

The behavioral patterns of alcohol intoxication vary and depend in part 013
amount consumed, and the personal expectatlon

than one billion gal
pay nearly $40 billion.

such factors as social setting,

of the individual with regard to alcohol. When alcohol enters the body’s b

ain, where it suppresses the brain’s contio

streatn, it quickly cravels to the br

thought processes and muscle coordination. 4
Iow doses of alcohol tend to inhibit the mental processes of judgment, mery

and concentration. The drinker’s personality becomes expansive, an

ory,

ved with other drugs, such as LSD or amphet-
r (“ange! dust’), capsule, or tablet, or as 2 liquid
lant leaves. The drug is smoked, ingested, or sniffed. Following oral
derate doses (1-6 milligrams), the user first experiences feelings of
ulnerability, along with a dreamy sense of deta
n becomes unresponsive, confused, and agitated. Depression,
audio and visual hallucinations, and sometimes
¢ depression, tendencies toward violence, and
erm daily use of the drug. In some cases, the PCP user
henic behavior days aftes the drug has been taken.

drugs that slow down, or depress, the central nervous system.

| Alcohol) Many people overlook the fact that alcohol is a drugs 3
cts derive from its depressant action on the central ner- §

chment. How-

including the most widely used 4

lood

d he of

she exud '
natiz); ‘ ueljssonf.idnenc'e. \.X/.hen taken in moderate doses, alcchol reduces coordi
nation sub antially, inhibits orderly thought processes and speech patte o 1c—l
sloms x slc;flfnlz pt;?ie; : IIJndEr these conditions, the ability to walk or dlzive lr)zgo;ne
. red. In the next chapter, we examine i S
notie : xamine in greater detail -
maysci Sl;et;}v:'een alcoh;l blood levels and driving ability. P%igher closea;lo;}:ll3 rial
e user to become highly irritabl i e
mey e and emotional; displays of
rying are not uncommon. Extremely high doses may causef;nyisncc)llvalggz
u

to lapse into '
UNCONSCIOUSNESS 0T ev
en a4 comatose state th
at may precede a £
atal

depressi i
pression of circulatory and respiratory functions

Barbiturates Barbiturates are derivati o
snthesize . ives of barbituric acid, a substan ]
yo. Theyirl?;jn?;gn;?n c?emlst, Adc‘)‘lf von Bayer, more than a hundrezeyggli;
« Fecliog of well-be g re er;ed. to as “downers” because they relax the user, cre-
e vital functions of theg’ . -ll)mduce sleep. Like alcohol, barbiturates suppress
es are currently used i Cent(? fervous system. Twenty-five barbiturate deriva-
obarbital, secc))fbarbital1 mlferlczlgl P]?Ctme in the Ul_med States; however, five—
orm ;
_ 1()_,);0b$itl’llim;;i u%;lﬁ take theoe er}gs orally. The average sedative dose
ugh the walls ofgthe Ssmau en tal.{en in this fashion, the drug enters the blood
Lrare classified as long-acti mll:esn'ne. Some barbiturates, such as phenobarbi-
m more slowly thfnaculllg arbicuratcs, They are absorbed into the blood-
ster-actie barb others and therefore produce less pronounced effects
g barbiturates. The slow action of phenobarbital accounts for its

cidence of abuse. A
. Apparently, barbiturat )
es—secobarbital, pentobarbital, and anli)l:;l;llzrs prefer the faster-acting

R (hce the carl .
. early 1970s, a nonbarbiturate depressant, methaqualone (Quaalude)

I ) P p p ' .
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FIGURE 5-7

Rows of alcohol bottles
behind a bar. Courtesy
Jeremy Liebman/Stone/
Getty Images

arm
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stimulant

A substance that
speeds up, or stimu-
lates, the central ner-
vous system

When taken in prescribed amounts, barbiturates are relatively safe, but in in-
stances of extensive and prolonged use, physical dependence can develop.

Antipsychotics and Antianxiety Drugs Although antipsychotics and anti-
anxiety drugs can be considered depressants, they differ from barbiturates in the
extent of their actions on the central nervous system. Generally, these drugs pro-
duce a relaxing tranquility without impairing high-thinking faculties or inducing
sleep. Antipsychotics such as reserpine and chlorpromazine have been used to
reduce the anxieties and tensions of mental patients. Antianxiety drugs are com-
monly prescribed to deal with the everyday tensions of many healthy people.
These drugs include meprobamate (Miltown), chlordiazepoxide (Librium), and
diazepam {(Valium).

In the past 35 years, the use of these drugs—partcularly andanxiety drugs—
has grown dramatically. Medical evidence shows that these drugs produce psycho-
logical and physical dependence with repeated and high Jevels of usage. For this
reason, the widespread prescribing of antianxiety drugs to overcome the pressures
and tensions of life has worried many who fear the creation of a legalized drug

culture.

nHuffing” Since the early 1960s, “huffing,” the practice of sniffing materials
containing volatile solvents (airplane glue or model cement, for example), has
grown in popularity. Another dimension has recently been added to the prob-
lem with the increasing number of incidents involving the sniffing of aerosol gas
propellants, such as freon. All materials abused by huffing contain volatile or gas-
eous substances that are primarily central nervous system depressants. Although
oluene (a solvent used in airplane glue) scems to be the most popular solvent to
sniff, others can produce comparable physiological effects. These chemicals in-
cdude naphtha, methyl ethyl ketone (antifrecze), gasoline, and trichloroethylene
(dry-cleaning solvent).

The usual immediate effects of huffing are a feeling of exhilaration and eu-
phoria combined with slurred speech, impaired judgment, and double vision.
Finally, the user may experience drowsiness and stupor, with these depressant
effects slowly wearing off as the user returns to a normal state. Most expett be-
lieve that users become physiologically dependent on the effects achieved by huft-
ing. However, little evidence suggests that solvent inhalation is addictive. But
huffers expose themselves to the dangers of liver, beart, and brain damage from
the chemicals they have inhaled. Even worse, sniffing of some solvents, particu-
larly halogenated hydrocarbons such as freon and related gases, is accompanic
by a significant risk of death. "

The term stimulant refers to a range of drugs that stimulate, or speed up; the

central nervous system.

Amphetamines Amphetamines are a group of synthetic stimulants that share 4

4 similar chemical structure and are commonly referred to in the terminology ¢
the drug culture as “uppers” or “speed.” They are typically taken either orally ©
via intravenous injection and provide a feeling of well-being and increased ale®

Drugs

ness that i ‘ease i i
appareii 1[5; gﬁggzejfki)}z] 21 jf.:meas‘e in fatigue a"nd a loss of appetite. However, these
e o o rug are accompanied by restlessness and instability or
chens Ul,l ind (;nce the stimulant effect wears off, depression may set in
[ In the ited States, the most serious fOl’l.’Il of amphetamine abuse stems
° . Venoui injection of amphetamine or its chemical derivative h:
Sn :;gm1ﬁe (S(?e Figure j.—8). The desire for a more intense amphetami’;: ee; aerg—
e “lfsl :S h(; p;;[f};ﬁ;fhnj}ofzﬂe ford tll;us route of admir}istration. The initial sens:ﬁion
Prindpal ' or o 1,1 followed by an intense feeling of pleasure, constitutes the
priacipa. [IJrll)aY injetc tesl{r)léra;f%nooous r-(l)lt-lte for th; user. During a “speed binge,” the
hours. Users have reported f,:X erhenﬁcilfla?s . am'phetammes Crery o 10 e
with a ff:{fling of clarity of visiopn as well %LS hjﬁi?liiiif izotc}lluce;f hypefr the am.
ig:tamm(?s wears off, the individual lapses into a perioci of exli;usi?(tn;) afll-:f ;lr:_
a Pl.i lc;c;nt;zuou.sl); fofl: One or two days. Follgwing this, the user often experience);
ged period of severe depression, lasting from days to weeks.

FIGURE 5-8

Granular amphetamine
beside a razor blade.
Courtesy Cordelia Molloy,
Photo Researchers, Inc.

Asmo .
and ink‘;ll)rlzefc;i:;:i F:ﬁth&m.phetarmne kno'wn as “ice” is reportedly in heavy
hethamphetamine soluti .jn nited itates. Ice is prepared by slowly evaporating
Ne (discussed next), ice i ~ Pr(l)c uce large, erystal-clear “rocks.” Like crack
cocaine, but the ei—'fe : IS1 Smlo ed and produces effects similar to those of
become depressed Cds ast longer, Once the effects of ice wear off, users
and may sleep for days. Chronic users exhibit violent
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osis similar to paranoid schizophrenia. Re-

destructive behavior and acute psych
psychological dependence, which

peated use of amphetamines leads to a strong
encourages their continued administration.

Cocaine Between 1884 and 1887, pioneering psychologist Sigmund Freud cre-
ated something of a sensation in European medical circles by describing his exper-
iments with a new drug. He reported a substance of seemingly limitless potential
25 a source of “exhilaration and lasting euphoria” that permitted “intensive mental
or physical work [to be] performed without fatigue. .. . Itisas though the need
for food and sleep was completely banished.”
The object of Freud's enthusiasm was cocaine, a drug stimulant extracted
from the leaves of Erythroxylon coca, 2 plant grown in tropical Asia and the Andes
mountains of South America (see Figure 5=9)- At one time, cocaine had wide
medical application as a local painkiller or anesthetic. However, this function
has now been largely replaced by other drugs, primarily procaine and lidocaine.
Cocaine is also a powerful stimulant to the central nervous system, and its effects
resemble those caused by the a.mphetamines——namely, increased alertness and
vigor, accompanied by the suppression of hunger, fatigue, and boredom. Most
commonly, cocaine is sniffed or “snorted” and is absorbed into the body through

the mucous membranes of the nose.

FIGURE 5-9

Coca leaves and illicit
forms of cocaine.
Courtesy Drug Enforce-
ment Administration,
Washington, D.C.

coca leaves and cocaine

One form of cocaine that has gained widespread popularity in

ture is known as ¢rack. The process usc
caine is mixed with baking soda and water into a sol

the drug cul

d to make crack is simple. Ordinaty co” 3
ution that is then heated !

a pot. This ial i ' i
Cr}:(:k rOCksméteuljl.ls fthﬂ]; dried and broken into tiny chunks that dealers sell as
. Crack is frecbase cocaine and i i i
: is sufficiently volatile to b
usually in glass pipes. C i i ¢ o be ook
. Crack, like cocaine that i :
. : is snorted, produ feel
sl : _ , produces a feeling of
p ’ a by stimulating a pleasure center in the base of the brain, in an area y
nect(e: to nerves that are responsible for emotions , o
ocal I i .
o nmmna(ilstll;nule.ttes Itlusdpleasl.lre center to a far greater degree than it would
rmally be stimulated. The resule is I i
: . cuphoria—a feeling of i d
ergy, of being mentally mor i B et the socaine
¢ alert, of feeling reall d. Th i
cIEy, of belng mena g really good. The faster the cocaine
rain, the greater the euphori
rise ria, and the sur i
fast rise in the brain’ i i ; : o
rain’s cocaine level is to smoke '
crack. Inhaling th I
e e : S g the cocaine vapor
i - t_ge V_vallog of the drug to the brain in less than 15 seconds—about as fEast
ctl Ing i
s in Jt thng it e;ln l'].’l;lcil faster than snorting it. The dark side of crack, however.
at the euphoria fades quickl i : ,
y as cocaine levels drop, leaving th i
s that ! . p. leaving the user feelin
: tp ei, anx10£.15, pleasureless. The desire to return to a euphoric feeling is S(g)
intense t i i
intens at crack ug)er; quickly develop a habit for the drug thart is almost impos
¢ to overcome. Only a small perce —
. ntage of crack i
s e it g abusers will ever be cured of
I . . .
. n the ~FJmted States, cocaine abuse is on the rise. Many people are apparentl]
usin Lmpr ir abili
Althg co[falﬁe to improve their ability to work and to keep going when tiredy
ough ther I I .
; eatei ([Z is no evidence of physical dependency accompanying cocaine’s
irp aljli:, abstention from cocaine after prolonged use brings on severe bouts
of ment 1 I
of menta eplre[;:smn, which produce a strong compulsion to resume using the
o gco " act,l a tj)rator)f experiments with animals have demonstrated that of all
mon i
¢ only a .used drugs, cocaine produces the strongest psychological co
pulsions for continued use. ¢ "
The Uni illi
e 1t§thtates slljenfds millions of dollars annually in attempting to control
on of the coca leaf in various S 1
\ s South American countri d
cocaine trafficking into th i | he cocaing smug-
e United States. Three i
! : . -quarters of the coca
gled into the United States i i : olombi,
es is refined in clandestine lab ies i
oot . estine laboratories in Colombi
ts are astronomical. Peruvian far i .
) an farmers may b d$
e P y be paid $200 for enough
o make i i 6 when
oo ma (1);-16 pound of cocaine. The refined cocaine is worth $1,000 when
olombia and sells at retail in the United States for up to $20,000
,000.

The cor .
bats, anrclil r‘ﬁfi 67(";‘lulg)“ 'relflers to Synthe.tlc drugs that are often used at nightclubs,
include, but are n _?lg‘ t dance parties). Substances that are used as club drugs
h}"droxybmymte) 0;{ Hllluted to; MDI\/I{;‘& (Ecstasy, sce Figure 5-10), GHB (gamma
phetamine. These do ypnol “Roofies” (flunitrazepam), ketamine, and metham-
stimulace t.he raiz rugs'have becqme lpolpular at the dance scene as a way to
irens and young adi)itps‘.mence. A high incidence of use has been found among

GHB
and Rohypnol are central nervous system depressants that are often

®Connected wi ili
% with drug-facilitared sexual assault, rape, and robbery. Effects accom-

ANying th, ' o
tion§1 u:elissehc;f’ SE-IB mcjlude dLZZ{IlCSS, seda-tion, headache, and nausea. Rec-
1 do (aes e l:porte euphoria, relaxation, disinhibition, and increased
I ability - rf.:m : }gpnol causes muscle rela?:ation, loss of consciousness, and
mber what happened during the hours after ingesting the
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FIGURE 5-10

Ecstasy, a popular

club drug. Courtesy
Rusty Kennedy, AP Wide
World Photos

ault becatse victims are physi-

st the attack. Unsuspecting victims become drowsy of dizzy.

hen the drug is combined with alcohol because the user

blackouts, and disinhibition. Drugs such as Rohypnol
d thus remain undetected when

ularly a concern in 2 sexual ass

drug. This is partic
cally unable to resi
Effects are even stronger w

experiences memory loss,
and GHB are odorless, colorless, and tasteless, an

slipped into a drink.

Methylenedioxymethamphetamine, also known as MDMA or Ecstasy, is a
synthetic, mind-altering drug that exhibits many hallucinogenic and amphet-
amine-like effects. Ecstasy was originally patented as an appetite suppressant and
was later discovered to induce feelings of happiness and relaxation. Recreational
drug users find that Ecstasy enhances self-awareness an

However, seiZures, muscle breakd:

system failure often accomparny ch
of Ecstasy leads to serious damage to the areas of the brain responst

and memory. Ecstasy increases
rension, teeth grinding, and nausea; and causes psychologic

confusion, severe anxiety, and paranoia. The drug can cause significant increase

in body temperature from the combination of the drugs stimulant effect with th

often hot, crowded atmosphere of a rave club.
Ketamine is primarily used in veterinary medicine as an animal anesth
When used by humans, the drug can cause euphoria and feelings of unte
also cause impaired

accompanied by visual hallucinations. Ketamine can
function, high blood pressure, amnesia, and mild respiratory depression.

etl

d decreases inhibitions. §
own, stroke, kidney failure, and cardiovascular §
ronic abuse of Ecstasy. Tn addition, chronic use §

ble for thought

heart rate and blood pressuse; produces muscle :

al difficulties such as’

alitg

motol
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Anabolic steroid :
$ are syn .
o bormons testosterznth%t‘lc compounds that are chemically related to the male ~ anabolic st
€. - : s i
oot the development Off:s;:sct)mccl)ne hasltwi) different effects on the body. It Synihetic c::;g:nds
. conaary male cnar: 1St : ' : !
and it accelerates muscle growth (ana)kf)oﬁ o racteristics (androgenic effects), C_hemlcally related to
growth and to minimize the hormone’s N ec.ts), Efforts to promote muscle the male sex hormone
_ ‘ one’s androgenic effects h testosterone, tha
sis of numerous anabolic steroids. H. : ave led o the synthe- (e
harmful side eff: f ids. However, a steroid free of the accompanyin are used to promote
T ;cts of an androgen drug has not yet been developed panying - muscle growth
ncidence o i . i :
oy 0 cslteml(fi abuse first received widespread public attenton wh
r an ‘ . en
o enhance their prfo essional athletes were discovered using these substances
erformance. Interestingl
- . , current research al
iven anabolic ster & on male athletes
g hanced stre ttel-llmds ha; generally found little or, at best, marginal evidence of
ngth or performance. Alth N
. ough the full ¢ f ' :
abuse by the - e xtent of anabolic steroi
. Yd ‘ genelial public is not fully known, the U.S. government is suffici ld
ned to re HISRAT ’ 1clent
o verel glll ate t.he availability of these drugs to the general population Zl
111 3 L , Zhal
e IYanlg;Si h md;\n(!uals for illegal possession and distribution of anaboli
e -and D ]5 anabolic steroids were classified as controlled dangerous SubC
> e Drug Enforcement Administration was given enforcement po :
wer

to prevent their illegal use and distribution (see Figure 5-11)

FIGURE 5-11

Anabolic steroids: a vial
of testosterone and a
syringe. Testosterone,
the male sex hormone,

is sometimes abused by
athletes for its protein-
building {anabolic) effect.
Courtesy Photo
Researchers Inc.

Anaboli i

. IC sterol indivi

by et ii al:fél usually take.n by individuals who are unfamiliar with

oo 1 side effects. Liver cancer and other liver malf i

Ie inked to steroid use. These d fhocts in

e infertility e c. ese drugs also cause masculinizing effects in

oo r, nd diminished sex drive in males. For teenagers, anabolic

: e i

e flzecgature halting of bone growth. Anabolic steroids can’also cause
on mood and personality, leading to unprovoked acts of

T and destructi behavi
. ctive behavior. D o0 i
BO(d abyge. . Depression 1s also a frequent side effect of anabolic
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- '
it s

. T e
e T At 2T F

" "Quick Review : SR IR
5 . g:r-:otic drugs are analgesics, meaning they relieve pain by depressing the }

* central nervous systerm.

e

— e
i TS e T ;

A

otic i i rphine is ex-
¢ The most ¢commofl source for narcotic drugs 1s opium. Morp
tracted from opium and used to synthesize heroin.

7 “derived 1 ine, but-they havé the same - §

s - not derived from opium or mqrphm@,ﬁ 3 he same §
) S&?;:lt(‘:lsozzal effects on the body. Examples of opiates include methac%one _
_ and OxyContin (Qxycodonc). o ,_ | .

o Hallucinogens cause matked changes in normal tlilought c{){toce.ssef:;L ge:i:;)s— _

: ij i ll-known drug in 5.

ions, and moods. Martjuana 1 the most we . ‘ |

tCl)otrlir hallucinogens include LSD, mescaline, PCB psﬂocybm., afld MD.MA

(Ecstasy). - : R

ity of i - ' Im irrita-
) Depfessants decrease the activity of the central nervous si;sg:rr;i caho1 e
bility and excitability, and produce sleep. Depressants 1nc ;11 € ;:pbe L ehe
nol), barbiturates, tranquilizers, and various-substances that ca g

J .

such as airplane glue or model cement.

phm
i

ivi . nd are raken-:
e Stimulants inctease the activity of the central nervous S'YStEm and ar e
’ l- L] . - - nes .
10 increase alertness and activity. Stimulants include amp fatarfm . , e
imes known as “uppers” of “speed,” and cocaine, which in its frecbase rorn
times kn: r “spee

=

is known as crack.

o Club drugs are synthetié drugs that are used at ni.ghtclubs,‘ ba}rls-, axﬁ(;lvreagz
(all-night dance parties). Some club drqgs act as stimulants; others 7

pressant effects. _ o
. 1 y i related
| o Anabolic steroids are synthetic compounds that are chemically (

) ) 5
; : roids are often abused
¥ the male sex hormone testosterone. Anab.ollc ste ids ase 0

' individuals who are intcrested in accelerating muscle growth.

Drug-Control Laws
. . ot
The provisions of drug laws are of particular interest dto the CJim}m;l g
1 i sis. Fo
i i alytical requirements on drug ana\y pic: 3
they may impose specific an 1 analysis e
theysevcr{ty o%a penalty associated with the manufacture, distribution, Pi)mtion ")
i its concen

d on the weight of the drug or ¢ _ .
and use of a drug may depen g of It Concen
ist’ tain all informa S
i the chemist’s report must conl i

a mixture. In such cases, o i aton
ns of the existing
uspect under the provisio : 1l
needed to propetly chargeas 1)
The prE:)vilsDions of any drug-control law are an outgrowth of nfltlofnmoral "
cal law enforcement requirements and customs, as well as the result I;)I Of nation
political philosophics. These factors have produc;adda d\imde §pec-tr1]13 o the e
i i is 1
Although their detailed discussion i
and local drug-control laws. the Ldiscusion w2
i brief description of the U.5. e .
tended scope of this book; a edera ot
Controllecf Substances Act will illustrate legal drug clasmﬁcat;lon S);n o i
been created to prevent and control drug abuse. Many states alx)rle. o i
own drug-control laws after this act, an important step in ¢Stabls g ]
drug-control laws throughout the United States.

because §

-.:!g'-‘dk; 0 P

‘The federal law establishes five schedules of classification for controlled danger-
ous substances on the basis of a drug’s potential for abuse, potential for physical
and psychological dependence, and medical value. This classification system is ex-

tremely flexible in that the U.S. attorney general has the authority to add, delete,
or reschedule a drug as more information becomes available.

Schedule L. Schedule I drugs have a high potential for abuse, have no
currently accepted medical use in the United States, and/or lack accepted
safety for use in treatment under medical supervision. Drugs controlled
under this schedule include heroin, marijuana, methaqualone, and LSD.

Schedule II. Schedule 1T drugs have a high potential for abuse, a cur-
rently accepted medical use or a medical use with severe restrictions, and
a potential for severe psychological or physical dependence. Schedule 11
drugs include opium and its derivatives not listed in schedule I, cocaine,
methadone, phencyclidine (PCP), most amphetamine preparations, and
most barbiturate preparations containing amobarbital, secobarbital, and
pentobarbital. Dronabinol, the synthetic equivalent of the active ingre-
dient in marijuana, has been placed in schedule II in recognition of its
growing medical uses in treating glaucoma and chemotherapy patients.

Schedule ITL. Schedule TIT drugs have less potential for abuse than those
in schedules I and 1I, a currently accepted medical use in the United
States, and a potential far low or moderate physical dependence or high
psychological dependence. Schedule 111 controls, among other substanc-
es, all barbiturate preparatons (except phenobarbital) not covered un-

der schedule II and certain codeine preparations. Anabolic steroids were
added to this schedule in 1991.

Schedule IV. Schedule TV drugs have a low potential for abuse relative
to schedule IIT drugs and have a current medical use in the United States;
their abuse may lead to limited dependence relative to schedule 111 drugs.
Drugs controlled in this schedule include propoxyphene {(Darvon), phe-
. nobarbiral, and tranquilizers such as meprobamate (Miltown), diazepam

Valium), and chlordiazepoxide (Librium).

chedule V. Schedule V drugs must show low abuse potential, have med-
usc in the United States, and have less potential for producing depen-

lence than schedule IV drugs. Schedule V controls certain opiate drug
tures that contain nonnarcotic medicinal ingredients.

| ¥ontrolled dangerous substances listed in schedules I and 1T are subject to

i'f‘Ctlll‘ng quotas set by the attorney general. For example, eight billion dos-
phetamines were manufactured in the United States in 1971. In 1972,

kLN quotas were established reducing amphetamine production approxi-
crcent below 1971 levels.
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screening test

A preliminary test used
to reduce the number
of possible identities of
an unknown substance

confirmation

A single test that
specifically identifies a
substance

Forensic Drug Analysis

One only has to look into the evidence vaults of crime Jaboratoties to appreciate
the assortment of drug specimens that confront the criminalist. The presence
of a huge array of powders, tablets, capsules, vegetable mateer, liquids, pipes,
cigarettes, cookers, and syringes is testimony to the vitality and sophistication
of the illicit-drug market. If outward appearance is ROt evidence enough of the
difficult analytical chore facing the forensic chemist, consider the complexity of
the drug preparations themselves. Usually these contain active drug ingredients
of unknown origin and identity, as well as additives—for example, sugar, starch,
and quinine—that dilute their potency and stretch their value on the illicit-drug
market. Do not forget that illicit-drug dealers are not hampered by government
regulations that ensarc the quality and consistency of a product.

When a forensic chemist picks up a drug specimen for analysis, he or she
should be prepared for all contingencies. The analysis must leave no room for
errot, because its results will have a direct bearing on the process of determining
the guilt or innocence of a defendant. There is no middle ground in drug identi-
fication —either the specimen is specific drug or it is not—and once a positive
conclusion is drawn, the chemist must be prepared to support and defend the
validity of the results in a court of law.

a

The challenge or difficulty of forensic drug identification comes in selecting ana-

1ytical procedures that will ensure speciﬁc identification of a drug. Presented with

a substance of unknown origin and composition, the forensic chemist must de-

velop a plan of action chat will ultimately yield the drug’s identity. This plan, or 1

scheme of analysis, is divided into two phases.

First, faced with the prospect that the unknown substance may be any one of

a thousand or more commonly encountered drugs, the analyst must use screen
ing tests to reduce these possibilities to 2 small and manageable numbet. Thi
objective is often accomplished by subjecting the material to a series of colo
tests that produce characteristic colors for the more commonty encountered 1

licit drugs. Even if these tests produce negative results, their value lies in havin:
excluded certain drugs from further consideration.

Once the number of possibilities has been reduced substantially, the second?

.- . . . . . [
phase of the analysis is devoted to pinpointing and confirming the drug’s identity
Tn an era in which crime laboratories receive voluminous quantities of drug evi3

dence, it is impractical to subject a drug to all the chemical and instrumental testy
icil

¢ will

available. Indeed, it is more realistic to view these techniques as a large anal
arsenal. The chemist, aided by training and experience, must choose tests tha
most conveniently identify a particular drug.

Forensic chemists ofien use a specific test to identify a drug substance i
.}_‘

che exclusion of all other known chemical substances. A single test that idenig
fies a substance js known as 2 confirmation. The analytical scheme sometirt
consists of a series of nonspecific or presumptive tests. Fach test in itself is inS
ficient to prove the drugs identity; however, the proper analytical scheme encoly
passes a combination of test results that characterize one and only one chemizg

Drugs

substance——the dr i igati
substance thdmﬁ under investigation. Furthermore, experimental evid
X 1y enc
st confom ];[l the probability of any other substance responding in an id i
al 0 the scheme selected is so small as to be b d ble
scientific certainty. eyond any reasonable
Another consideration i
sideration in selectin i
- ' g an analytical techni i
Ly onoter <ot el ‘ chnique is the need for
idemity% i ative ora guantitative determination. The former relates just ¢ 11(1)1
i st to
e atferlal, whereas the latter refers to the percentage combjin ti t ef
ents of a mixture. Henc itative 1 e
} e, a qualitative identificati
reveal the presence of herol ini O o o
croin and quinine, wh i .
ereas a qua i i
reves, the prove Lc, quantitative anal
ude Ci plesencle of 10 percent heroin and 90 percent quinine Y
viously, a qualitative identificati .
tification must
‘ _ . recede an i
| Oprioue 2 due : p y attempt at quantita-
dew,r e ident_sen]r;d by attempting to quantitate a material Witl(llout first
devermining its den ity. Essentially, a qualitative analysis of a material require
0 ) ; € S
the dererminaion c(l) numerous propertics using a variety of analytical techn?ques
, 4 quantitative measurement i -
. . . ent is usually accompli :
cise measurement of a single property of the material ¢ plished by pre

Forensic chemi
sts normally rely on several tests for a routine drug-identificati
on

L(e]

i . -

FIGURE 5-12

A field color test kit for
cocaine. The suspect
drug is placed in the
plastic pouch. Tubes
containing chemicals
are broken open, and
the color of the chemical
reaction is observed.
Courtesy Tri-Tech, Inc.,
Southport, N.C., www.
tritechusa.com
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microcrystalline test

A test that identifies

a specific substance
based on the color

and shape of crystals
formed when the
substance is mixed with
specific reagents

Five primary color test reagents are as follows:

1. Marquis. The reagent turns purple in the presence of heroin and
maorphine and most opium derivatives. Marquis also becomes
orange-brown when mixed with amphetamines and metham-

phetamines.
2. Dillie-Koppanyi. This is a valuable screening test for barbiturates,

in whose presence the reagent turns violet-blue in color.

3. Duquenois-Levine. This is a valuable color test for marijuana, per-
formed by adding a series of chemical solutions, to the suspect
vegetation. A positive result is shown by a purple color when

chloroform is added.

4, van Urk. The reagent turns blue-purple in the presence of LSD.
However, owing 1o the extremely small quantities of LSD in
illicit preparations, this test is difficult to conduct under field

conditions.

5. Scott Test. This is a color test for cocaine. A powder containing
balt thiocyanate solution blue. Upon addition
of hydrochloric acid, the blue color is transformed to a clear |
or. Upon addition of chloroform, if cocaine is present, §

cocaine turns a co

pink col
the blue color reappears in the chloroform layer.

Quick Review :
o Analysts use screening Lests to determine the identity of drugs present

£

f

% a sample. These tests reduce the number of possible drugs to 2 small'a
§

manageable number.

o A series of color tests produce characteristic colots for the more commot

£ encountered illicit drugs.

o After preliminary testing, forensic chemists use more specific tests to iden
hemical substang

fy a drug substance to the exclusion of all other known ¢

A technique considerably more specific than col
test. A drop of a chernical reagent is added to a small quantity of th
a microscopic slide. After a short time, a chemical reaction ensues, produr
a crystalline precipitate. The size and shape of the crystals, un

examination, are highly characteristic of the drug, Crystal tests for cocaine 2

methamphetamine are lustrated in Figure 5=13.

Over the yeats, analysts have developed hundreds of cry
terize the most commonly abused drugs. These tests are rapi
yire the isolation of a drug from its diluents; however, because di

req
sometimes alter or modify the shape of the crystal, the examiner must

experience in interpreting the results of the test.

stal tests to char

or tests is the microcl‘ys"a“i;
e drug o

der microsco ?l
s

d and often do 128
fuents Za
devel

IGURE 5— 3 (a) A phOtO h [)l ac [)Ca.]‘]e cryst I d T h d 4( }“

F 1 ’ grap 1 r al formed i pla inum chloride X
Y | l i

( } pho omicraograpn ot a rnethamp etamine crystal formed in gOlId chlorildel(40(()x) )

Courtesy David P. Blackburn, San B i
o, Calif , San Bermardino County Sheriff's Department, San Bernardi-

Most colo
fully understa; C:ilndhcrystal tests are largely empirical—that s, scientists do not
o fw. y they produce the results that they do. From the forensi
oin - X . c
point of view, this is not important. When the tests are properly chos
en

and used in pr inatt i
e .p .oper combination, their results constitute an analytical sch h
is characteristic for one and only one drug ’ e

E Chromat i .-
o :Qr:?Phy is a means F)f separating and tentatively identifying the compo-
' ixture. It is particularly useful for analyzing drug specimens which
) 1C

inay be di ; .
"'] Teyprsd%ihtlted -‘iﬂth practically any material in order to increase the quantity of
ct available to prospective customers. The task of identifying an i]fiycit

[heory of
. th?t Che;?:acl:mitography The theory of chromatography is based on the
ment when di Sul Stc;ill-lces ltend to partially escape into the surrounding envi
. ssolved in a liquid or when absorb : i
le, if 2 beak atlg en absorbed on a solid surface. For
) er of water is covered with a bell j i oo
ules (enr a bell jar, as shown in Figure 514,

) agre]%fflseenteii by green balls) escape from the water into?hgczlrjr;u—ndigril )
e t};at havl:o eculi«ls .that rg,main are said to be in the liquid phase; th§
escaped into the air are said to be i ’

he oas . said to be in the gas phase.
ot iﬂ c{lggecule.s escape into the surrounding air, they acF():umulate above
s reachod rﬂoltll.on carries some of them back into the water. Eventuall
A atA vtv ;Eh t.he numbejr of molecules leaving the water equals t}z;
g. At this time, the liquid and gas phases are in equilibrium, If

b‘:ﬁ;ﬁi?‘:’m %as molecules move into the gas phase.

ndtion of tfslllsi : Lrs},: observed in 1803 by British chemist William Henry.

_ P, Wi enomenon, known appropriately as Henry's law, ma
: en a volatile chemical compound is dissolved’ in Z

Drugs 1%

chromatography

Any of severai ana-
lytical techniques for
separating organic mix-
ures into their compoe-
nents by attraction to a
stationary phase while
being propelled by a
moving phase
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FIGURE 5-14
Evaporation of a liquid.

Inside the Science

The Chromatographic Process

[n Fi -
o ot ey e ot g, Duting s ehromatographic proce
LS . During a chromatographi

Eg:ﬁ:ﬁg&&m;s zot tg'e case. Instead, one phase is alwaysgrjapdhéctgrr?:;ises’
o 5_}1/5 Chnrz irection over a stationary or fixed phase. For example
move Continuéusly ir:itr?g::Jeérpehc)ffig:lc?vcgrutrhonly ?heg B o |
i e water. Because gas
th(;)[neztg::)ghaa;ss (grreater percentage of its molecules in the r%oviiéb;izse
o e o fasge een molecules), the molecules of gas B will travel over
e e adVar pacni:e than those of.gas A. Eventually, when the mov-
ing phase has S‘em:e adreasonab!e distance, the molecules of gas B will
b y separate fr‘om those of gas A, and the chromatographi

ill be complete. This process is illustrated in Eigure 1 P

between
ncentration in

with air, there is 2 fized ratio

{ the volatile compound in air and its co

the liquid, and this satio remains constant for a given temperature.
The distribution of a gas between the liquid and gas phases is determined by

the solubility of the gas; that is, how casily the gas dissolves in the liquid. The
lecules to remain in

liquid and is brought to equilibrium

the concentration o

higher its solubility, the greater the tendency of the gas mo
the fiquid phase. If two different gases arc simultaneously dissolved in the same _—
£ equﬂibrium with the surrounding air independently of moving
ar

liquid, each reaches a state 0
of the other. For example, as shown in Figure 5--15, gas A (green molecules) and
At equilibrium, gas A hasa

gas B {blue molecules) are both dissolved in water.
ber of molecules dissolved in the water than does gas B- "This is s0 Statrar
iquid
phase

(a}

greater num

because gas A is more soluble in water than gas B.

Dirgction
af moving
air

FIGURE 5-15

At equilibrium,
A molecules (green mo
gas B motecules (blue mo

the liquid phase.

there are more gas
lecules) than
lecules} in
Stationary
liquid
phase

(b}

Direction
of moving
air .
—_— :
£ @ )
Q&
)

Staticnary
liquid
nhase

FIGURE 1 .Ith" sstration of chrom , the blue r "
: illustration of chr
adfnity for h ome.ltography, the blue molecules h
e upper phase and hence will be pushed along at a faster raat\;ei:y%’c:\ia:; ing ai
ving air.

graphy Thin-layet chromatography (TLC) uses 2 50?

Thin-Layer Chromato
stationary phase and 2 moving liquid phase to scparate the constituents of 2 ‘ Eventually, the two sets of molecules will separate f
ful tool for solving many of the an i graphic process. parate from each other, completing the chromato-

ture. Thin-layer chromatography is 2 powe

ytical problems presented t0 the forensic scientist. The method is both rapid 2 .;q
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AL
: FIGURE 5-16
SOLVENT L C_hromatograms of known her-
FROMT == o o o - oin (1) and quinine (2) standards |

InSide the Science conmnueo) IR alongside suspect sample (3),

Simply, we can think of chromatography as being analogous to a race be- - |
: . HEROIN — .l
|

tween chemical compounds. At the starting line, all the participating sub-
stances are mixed together; however, as the race progresses, materials that
prefer the moving phase slowly pull ahead of those substances that prefer to
rermnain in the stationary phase. Finally, at the end of the race, all the partici-
pants are separated, each crossing the finish line at different times.

CrmE——
] e e

c systemns are as varied as the number
inations that can be devised. However,
chromatography and thin-layer chro-

g many analytical problems in

The different types of chromatographi
of stationary and moving-phase comb
two chromatographic processes—gas
matography—are most applicable for solvin
the crime laboratory.

QUININE ~

N T sy

sensitive; moreove, less than 100 micrograms of suspect material are required for
C work has minimal

the analysis. In addition, the equipment necessary for TT
cost and space requircments. Importantly, pumerous samples can be analyzed si-
multancously on one thin-layer plate. This technique is principally used to detect

and identify components in complex mixtures.

Theory of Thin-Layer Chromatography. In TLC, the components of a suspect
mixture are Separated as they travel up a glass plate, eventually appearing as a se-
ries of dark or colored spots on the plate. This action is then compared to a stan-
dard sample separation of a specific drug, such as heroin. If both the standard and
the suspect substance iravel the same distance up the plate, they can tentatively be
- dentified as being produced by the same substance.

Figure 5-16 shows 2 sample suspected of containing heroin and quinine
that has been chromatographed alongside known heroin and quinine standards.
The distance the unknown material migrated up the suspect plate is compared
1o the distances that heroin and quinine migrated up a standard sample plate.
If the distances arc the same, a tentaive identification can be made. Howeveb
such an identification cannot be considered definitive, because numerous other
substances can migrate the same distance up the plate when chromatographed
under similar conditions. Thus, thin-layer chromarography alone cannot provide
an absolute identification; it must be used in conjunction with other testing pro-

cedures to prove absolute identity.

lower edge of -
same margmer. Fi}}if lai];et.e"?X hfliuld iamplﬁ ey be applied dirccely to the plate in the
2 sclcted liquid WPt ; isthen p ace.d Ll.Prlght into a closed chamber that contai
The liquid Sio “il rc_are that the liquid does not touch the sample spot e
moving phase fn thil);llses uph t.he plate by capillary action. This rising quu-id is the
spot, the components a};erhc romatography: As the liquid moves past the sample
solid phase and the m of the sample become distributed between the Stationfr
finity for the movte c;:rmg liquid phase. The components with the greatest af}-,
affinity for the statiif - Lravel up the plate faster than those that have greater
distance (usually 10 a)IYIEJ ase. When the liquid front has moved a sufgﬁcient
from the Chami’e. crc111 ;[t‘ e develoPment is complete, and the plate is removed
graphic separati 1 3;1 i Fled (sce ._g__i_ZPl ure 3=17). An example of the chr e
Benr on of ink is shown in Figure 5-18. omato-
most compounds are colorless, no separation will be noticed after

develo
pment unless the marerial isuali
placed und . aterials are visualized. To accomplish thi
h tnwire ultraviolet hg}.lt, revealing fluorescent materizls (thofg ttlll1 N plat'es o
n exposed to light of a shorter wavelength) as bright spotzto;mltdwsl;
a dar

-ible |

back
ground,
honf When a fluorescent dye has been incotporated into the solid phase

worescent sub
: tances a .
When ¢ § ppear as dark spots agains

Xposed to the ultraviolet light b gainst a fluorescent background

g s i
econd method of visualization

TLC in Practice. A thin-layer plate is prepared by coating a glass plate or plastic
backing with 2 thin film of a granular material, usually silica gel or aluminum 0¥ .
ide. This granular material serves as the solid stationary phase and is usually held et that reacts with the separated b, the plate is sprayed with a chemical re-
place on the plate with a binding agent such as plaster of Paris. If the sample 10 be "0t Figure 519 shows thf chr ed substances and causes them to form colored
analyzed is a solid, it must first be Jissolved in a suitable solvent and a few mictol ipamted into its components bOH%aItEZgram Of' a marfjuana extract that has been
cers of the solution spotted with a capillary tube onto the granular surface near 2 chemical teagent, Y and visualized by having been sprayed
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FIGURE 5-17
{a) In thin-layer chro-
matography, a liquid
sample is spotted onto
the granular surface of
a gel-coated plate. {b)
The plate is placed into
a closed chamber that
contains a liquid. As
the liquid rises up the
plate, the components
of the sample distribute
themselves between the
coating and the moving
liquid. The mixture is
separated, with substanc-
es with a greater affinity
for the moving liquid
traveling up the plate at
a faster speed.

(a)

(a)

FIGURE 5-18 (a) The liquid phase be
the ink components up the stationary p
/Fundamental Ph

Courtesy Richard Megna

(b}

gins to move up the stationary phase.
hase. (¢} The moving liquid has separa
otographs, NYC, Photos a and b

/

VA——

/

{b) Liquid moves past the ink spot carrying
ted the ink into its several components.

' The distance a spot has craveled up a thin-layer plate can be assigned a nu

ical value known as the R_value. This value is defined as the distangce travel rc?ir—
the component divided by the distance traveled by the moving liquid haes: F ¢
example, in Figure 5-16 the moving phase traveled 10 centimetgrs u Pthe . 1 w
before the plate was removed from the tank. After visualization, tl;e }iroinps;:t:

moved 8 centimeters, for an R, val .

value of 0.8; the - .

3 <Oy uinine migrate -
for an R, value of 0.4. q grated 4 centimeters,

Very thin coating of
silica gel or
aluminum oxide

FIGURE 5-19

Thin-layer chromatogram of
a marijuana extract.
Courtesy Sirchie Finger Print
Laboratories, Inc., Youngs-
ville, N.C., www.sirchie.com

Rising solvent; otiginal
spot has separated
into several spots

v

\

a
as:d(il:lr:hl;?tc?gliphy (GC) Gas chro.matography (GC) separates mixtures
e o the Chmm ution between a stationary liquid phase and a moving gas
- thmgu A arorriatography, the moving Phase is called the carrier gas, which
" gh a column .cons.tru_cted of stainless steel or glass. The stationa
* is a thin film of liquid within the column. 7
lth":ﬁet}i;izi :Cf co}umns are use(.i: the packed column and the capillary column.
il g co }J,mll, the stationary phase is a thin film of liquid fixed onto
S sit)arltlc esl paclj:ed into the column. This column, usually construct-
Caill cee1 or glass, is 2 to 6 meters long and about 3 millimeters in diam-
umm_—lrsy too 6u(;-nns are composed of glass and are much longer than packed
From 095 o ;;ete%‘i.long. T:hese. types of columns are very narrow, rang-
ower thas aCk. f m11 imeter in dxamet.er. Capillary columuns can be made
o pth. ef ];? umns because their stationary liquid phase is actually
s o Cag; ¢ in 1ﬂ directly onto the column’s inner wall.
i the gas flows thr9ugh the packed or capillary column, it carries
mponents of a mixture that have been injected into the column

{c}

Drugs
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i 1 i hase travel through the
h a greater affinity for the moving gas p . ugh tf
o ore 12:15 chan those with a greater affinity for the stationary liquid

column more quic y liquid
hase. Eventually, after the mixture has traversed the length of the co ,

Inside the Science

P )
i ts.
i emerg(:‘s Sﬂpal'atﬁd nto 1S COIHPOHGD f th . lumn from the time |
Vo4 I uired for a component 10 eMErge rom the '0 trot
MilCrimekgt & f ith l;sjzﬁz;e?nto the column is known as the retention time, which 15 a useful The Gas Ch romatog raph
W . ) © - 1 togram E R
WE,E'E)S“ —“""1 Y identifyin characteristic of a material. _ﬂgu_riﬁ(ﬂi) ShOWS th.ﬂ chromatog _ A simlified sch o ) . o ,
eich Animdied-— v o h barbiturate has tentatively been identified by compar- ] simplified scheme of the gas chromatograph is shown in Figure 5-21.
Bepiction & 1 1207 of tyo barbituratts &2t = own barbiturates, shown in Figure —20(b). 1 The operation of the instrument can be summed up briefly as follows: E

Ch-romatoéfﬁphygf‘_d ®{  ing its retention time to those of kn
G Chigmatog(abhy However, because other substances m !
similar chromatographic conditions, gas chromatography can

www Acrimekit.com
an absolute means of identification. Conclusions derived fro
st be confirmed by other testing procedures.

The carrier gas is fed into the column at a constant rate. The carrier gas

is chemically inert and is generally nitrogen or helium. The sample un-

‘der investigation is injected as a liquid into a heated injection port with a
syringe, where it is immediately vaporized and swept into the column by
the carrier gas. The column itself is heated in an oven in order to keep the
sample in a vapor state as it travels through the column. In the column, the
components of the sample travel in the direction of the carrier gas flow at
speeds that are determined by their distribution between the stationary
and moving phases. If the analyst has selected the proper liquid phase and
has made the column long enough, the components of the sample will be
completely separated as they emerge from the column.

. g .
ay have comparable retention times }1nde
not be considered

m this technique

FIGURE 5-20

(a) An unknown mixture of
barbiturates is identified by
comparing its retention times pentabatit
to (bY, a known mixture of I
barbiturates. Courtesy Varian
Inc., Palo Alto, Calif.

: |
: J "
i 12
T 4 s s 788 i 1 1. Sample :

{@) R CMINUTES? 2. Injector

Amobarbital 3. Cartier gas

oial 4, Column

Secobadbital 5. Detectar §

6. Pawer suppl

7. R d i H— :

. Recorder o [
4 8. Chromatogram S {Mgﬂ_::_h

. : :

[P . :

MyCrimekit: &

WebExtr 5.2 , 1‘! Phenobarbital

Watcf’\ the G S Chramatce- ‘
GFaph at Vark | _ |

www.mycrihﬁ}kl’t.égj‘l Bf T R R T YT

ks SR - SO (5l .

complex mixtures into individual compounds and allows identification and quantitative determina-
tion of each compound. As shown, a sample is introduced by a syringe (1} into a heated injection
chamber (2). A constant stream of nitrogen gas (3} flows through the injector, carrying the sample
into the column (4), which contains a thin film of liquid. The sample is separated in the celumn,
and the carrier gas and separated components emerge from the column and enter the detector
{5). Signals developed by the detector activate the recorder (7), which makes a permanent record
of the separation by tracing a series of peaks on the chromatograph (8). The time of elution iden-
tifies the component present, and the peak area identifies the cencentration.
Courtesy Varian Inc., Palo Alto, Calif.

ely used because of its ability to resolve a highl

Gas chromatography is wid as an adde

e b
complex mixture info its COMPONENTS, usually Wlth‘ln minutes. IF s
advantage in that it is extremely sensitive and can yield quanticative ,

. N . t th@
chromatography has sufficient sensitivity to detect andaquanntate materials 2 y
nanogram (0.000000001 gram ot 1 x 10 gram) level. ,
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As each component emerges from the column, it enters a detector. Cne
type of detector uses a flame to ionize the emerging chemical substance,
thus generating an clectrical signal. The signal is recorded on a strip-chart
recorder as a function of time. This written record of the separation is
called a chromatogram. A gas chromatogram is a plot of the recorder re-
sponse {vertical axis) versus time (horizontal axis). A typical chromatogram
shows a series of peaks, each peak corresponding to one component of

the mixture.

Ty

The technique of chromatography s particularly suited for analyzing illicit drugs,
because it can separate a drug from other substances that may be present in the
drug preparation. Flowevef, chromatography has the drawback of not being able
to speciﬁcally identify the material under investigation. For this reason, other
analytical tools are frequently used to identify drugs. These include the technique
of spectrophotometry, which can identify a substance by exposing it to a specific

spectrophotometry
type of eleccromagnetic radiation.

An analytical method
for identifying a sub-
stance by its selective
absorption of different
wavelengths of light

Theory of Spectrophotometry We have already observed in the description
of color that an object does not absorb all the visible light it is exposed 103 instead,
it selectively absorbs some frequencies and reflects or transmits others. Similarly,
the absorption of other types of clectromagnetic radiation by chemical substances
is also selective. Selective absorption of 2 substance is measured by an instrument
called a spectraphotomerer, which produces a graph or absorption specirum that
depicts the absorption of light as a function of wavelength or frequency. The
absorption of ultraviolet (UV), visible, and infrared (IR) radiation is particularly
applicable for obtaining qualitative data pertaining to the identification of drugs:

Absorption at a single wavelength or frequency of light is not 100 percent
complete-—some radiation is transmitted or reflected by the material. Just how
much radiation a substance absorbs is defined by a fundamental relationship

known as Beer's law, shown in Equation (5=1):

EQUATION 5-1 A=k

Here, A symbolizes the absorption or the quantity of light taken up ata single

frequency, ¢ 1s the concentration of the absorbing material, and kisa pi'Opomc'n’
¢ absorbed at any

PCCIES; .

ality constant. This relationship shows that the quantity of ligh
frequency is directly proportional to the concentration of the absorbing s
the more material you have, the more radiation it will absorb. By

deﬁning the f

relationshi : i
! tionship between absorbance and concentration, Beer’s law permits spectro
photometry to be used as a technique for quantification.

Ultraviolet and Visible Spectrophotometry Ultraviolet (UV) and visib!

spectrophotometry measure the absorbance of UV and visible light as a qulSl' X
of Wave[e.ngtb or frequency. For example, the UV absorption spegctrum‘ of Il eoin
shows a maximum absorption band at a wavelength of 278 nanometers ( le?m
ure 5-22). This shows that the simplicity of a UV spectrum facilitates it e a5
tool for determining a material’s probable identity. For instance, a Whitts' o T[? :
may have a UV spectrum comparable to heroin and therefore rn,ay be ten[t)e?t‘;\rfe(la;

identified as such. (Fort [ . ) .
nor absorb UV lg }(lt_) unately, sugar and starch, common diluents of heroin, do

74 Heroin

Absorbance

250 300 "Léso

. Wavelength in nanometers

theless, UV pectrophot absorption spectrum similar to that of heroin, Never-
Gty of a drs. 1 photometry is often useful in establishing the probable iden-
ug. For example, if an unknown substance yields a UV spectrum that

resembles th i '
_ at of amphetamine (see Figure 5-23), thousands of substances are

immediately elimj . ;
the matel-i:f ft‘,hmmated from consideration, and the analyst can begin to identify
rom a relatively small number of possibilities. A comprehensive col-

‘lection of . : :
: of UV drug spectra provides an index that can rapidly be searched in order

:_tO tentati . .
ively identify a d aH
) rug or :
consideration. fy g or, failing that, at least to exclude certain drugs from

nfrare
bs_orptignsglefl_tlrctpfhotomet.ry In contrast o the simplicity of a UV spectrum,
depices th: E{ r:lr:;:l regll(cnil pr(?vides a far more complex pattern. Figure
05 4t 59 pne p htra of heroin and secobarbital. Here, the absorption
rous that each spectrum can provide enough characreristics

id

entily as
ubslam [ ec- Pl f¥ T 1 h d rin e
P lﬁ(: [}7 Dl grent ma ellalS alway‘s ave iS 1 (:liV )1

Drugs 189

ultraviolet

Invisible long frequen-
cies of light beyond
violet in the visible
spectrum

FIGURE 5-22
Ultraviclet spectrum
of heroin.

infrared

Invisible short frequen-
cies of light before red
in the visible spectrum

-
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FIGURE 5-23

Ultravielet spectrum

of amphe‘camine.
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each IR spectrum is therefore equwaient to a “finger-
d no other. This technique is one of the fevii tests
i i Hic in itself for identi-
avaitable to the forensic scientist that can be considered spezlﬁg in ]LSCI f ident
i collecteq,
i ds of organic compounas ave been
fication. The IR spectra of thousand: : anc e C0
i roanic substances.
i juable references for identifying o1g
indexed, and cataloged as inva . 89 bitances
The selective absorption of light by drugs in the UV and IR regions of th

: _ o N
i g I echnique for characterizing drug
magnetic spectram provides a valuable t q

different infrared spectra;
rint” of that substance an

FIGURE 5-24 10060
{a) Infrared spectrum
of heroin.
(b} Infrared spectrum
of secobarbital.
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The Spectrophotometer

Prism disperses radiation
into component wavelengths

Ao

Prism Slit

Radiation source Monochromator Sample cell Detector Recorder

The spectrophotometer measures and records the absorption spectrum of
a chemical. The basic components of a simple spectrophotometer are the
same regardless of whether it is designed to measure the absorption of UV,
visible, or IR radiation. These components are illustrated diagrammatically
in the figure above. They include {1) a radiation source, (2) a monochro-
mator or frequency selector, (3) a sample holder, (4) a detector to convert
electromagnetic radiation into an electrical signal, and {5) a recorder to
produce a record of the signal.

The choice of source varies with the type of radiation desired. For visible
radiation, an ordinary tungsten bulb provides a convenient source of radia-
tion. In the UV region, a hydrogen or deuterium discharge lamp is normally
used, and a heated molded rod containing a mixture of rare-earth oxides is
a good source of IR light.

Slit allows only selected wavelengths or
frequencies of radiation to pass through

Prism Slit

;
o 3
Radiation source Monochromator Sample cell Detecior Recorder =

The function of the monochromator is to select a single wavelength or fre-
quency of light from the source—monochromatic light. Some inexpensive
spectrophotometers pass the light through colored glass filters to remove
ali radiation from the beam except for a desired range of wavelengths.
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More precise spectrophotometers may use a prism of diffraction grating
to disperse radiation into its component wavelengths or frequencies.

A diffraction grating is made by scratching thousands of parallel lines on

a transparent surface such as glass. As light passes through the narrow
spacings between the lines, it spreads out and produces a spectrum simi-
lar to that formed by a prism. The desired wavelength is obtained when the
dispersed radiation is focused onto a narrow slit that permits only selected

wavelengths to pass through.

Radiation passes through
sample, which absorbs
certain frequencies EE

Radiation source Monochromator sample cell Datector Recorder

Most laboratory infrared spectrophotomete
to measure the wavelengths of light at which a material absorbs in the

infrared spectrum. This approach
select single wavelengths or frequencies of light emitted from a source;
instead, the heart of a Fourier transform infrared (FT-IR)
Michelson interferometet. The interferometer uses a beam-splitting prism
and two mirrors, one movable and one stationary, to direct light toward a

sample. As the wavelengths pass

they are all measured simultaneous
rier transform method, is used to decode the measure

the wavelength data. These Fourier calcu
computer. In a matter of seconds, a compuier-
produce an infrared absorption pattern compatible t

prism instrument.

ly. A mathematical operation, the Fou-

Detector measures Recorder
absorption of radiation

by the sample and

converts the radiation

into an electrical signal

Radiation source Monochromator

rs use Fourier transform analysis

does not use any dispersive elements that

spectrometer is the

through the sample and reach a detector,

d signals and record

lations are rapidly carried out by a
operated FT-IR instrument can
o one generated by a
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Eir:ie;gr;par?;ioa\\;ariej with the type of radiation being studied. Absorp
in the UV and visible regions are usually obtai ' ;
that have been dissolved in i e
‘ an appropriate solvent. Because the cel
ing the solution must be frans i y e
parent to the light being me d
are used in the visible region and i e s
guartz cells in the ultraviol ior i
cally all substances absorb in ' e e
. some region of the IR spect i
techniques must be modified e
to measure absorption in thi '
special cells made out of sodium i i g
chloride or potassium bromid
monly used because they do not [ oange of the R
. absorb light over a wid
portion of the electromagnetic spectrum. 7 @ ronge ofthe I

Record.er translates electrical signal into
recording of thelabsorption spectrum

Radiation source Monochromator Sample cell Detector Record
order

The absorption spectrum of

a chemical substance allows
spectrophotometry to be used
for identification.

"Sl':ri dletzctor measures the quantity of radiation that passes through the
tomgte y conv;]—:‘rtmg| it to an electrical signal. UV and visible spectropho
ers use photoelectric tube detectors. Asi ' _
. : nal is generated when th
photons strike the tube surface to . om0
' : : . produce a current that is directly propor-
tional to the intensity of the light transmitted through the sampie.Wheﬁ ﬂr}is

o . : ) :
ignal is compared to the intensity of light that is transmitted to the detector

gletl:jeetaek;;incz oftan aﬁ)sorbirlwg material, the absorbance of a substance can
ned at each wavelength or freque fligh e si
pe deterrined a1 / frequency of light selected. The signal
system is then fed into a recorder, whi
: . which plots absor-
Z?;rze as 3 fu.nc’uon of wavelength or frequency. Modern spectrophotom-
are designed to trace an entire absorption spectrum automatically
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monochromator

A device for isolating
individual wavelengths
or frequencies of light

ion

An atom or molecule
bearing a positive or
negative charge

FIGURE 5-25

How GC/MS works. Left
to right, the sample is
separated into fts compo-
nents by the gas chro-
matograph, and then the
components are jonized
and identified by char-
acteristic fragmentation
patterns of the spectra
produced by the mass
spectrometer.

Courtesy Agilent
Technologies, Inc.,

Palo Alte, Calif.

A previous section discussed the operation of the gas chromatograph. This in-
strument is one of the most important tools in a crime laboratory. Tts ability
to separate the components of a complex mixture is unsurpassed. However, gas
chromatography has one important drawback—its inability to produce specific
:dentification. A forensic chemist cannot unequivocally state the identification of
2 substance based solely on a retention time as determined by the gas chromato-
graph. Fortunately, coupling the gas chromatograph to a mass spectrometer has
fargely overcome this problem.

A mixture’s components are first separated on the gas chromatograph. A direct
connection between the gas chromatograph column and the mass spectrometer
then allows each component to flow into the spectrometer as it emerges from the
gas chromatograph. In the mass spectrometer, the material enters a high-vacuum
“hamber where a beam of high-encrgy electrons is aimed at the sample mol-
ecules. The electrons collide with the molecules, causing them to lose electrons
and to acquire a positive charge. These positively charged molecules, or ions, are
unstable or are formed with excess encrgy and almost instantancously decompose
‘nto numerous smaller fragments. The fragments then pass through an clectric or
magnetic field, where they are separated according to their masses. The unique
feature of mass spectrometry is that under carefully controlled conditions, no two
substances produce the same fragmentation pattern. In essence, onc can think of

this pattern as a “fingerprint” of the cubstance being examined (sec Figure 5-25).

|dentification

b
g

sl — cgdo !
,) }X A D ’:mﬂ!%

Spectra

Chromatogram

The technique thus provides a specitic

{llustrates the mass spectra of heroin and cocaine; here, each line repr
fragment of a different mass (actually the ratio of mass to charge), and the
height reflects the relative abundance of cach fragment. Note how
fragmentation patterns of heroin and cocaine are. Each mass spectrurn
to each drug and therefore provides a specific test for identifying that substance

eans for identifying a chemical struc
rue. It is also sensitive to minute concentrations. Mass spectrometry is most
widely used t identify drugs; however, further research is expected to yield sig” 4

nificant applications to identifying other types of physical evidence. E_ig_ugej_zz’- :
esents 4 3

line I"
different the 3

is uniquey

I
I
ii P 15 y. advent f P rsonal co Hl)ll[-—
) ne

cally identify each substance present in the mixture. (see Figure 5-28)

FIGURE 5-26

{a) Mass spectrum
of herain.

(b} Mass spectrum
of cocaine.
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Enforcem.

ent of laws prohibiting the sale and use of .marijuana éccounts for a high

F:Dercentage I i
e 0% of .?irug arrests in the United States. Any trial or hearing involving a
s m TR
arijuana requires identification of the material before the issue of guilt

innocence can be decided.

Unlike
m i i
ost other drugs received by the crime laboratory, marijuana (Canna-

s sati
15 sativa 1., i ;
3 ) possesses botanical features that impart identifiable characteristics

Because most mari; . :
A l;nan)u:‘ma specimens consist of small leaf fragments, their identi-
¢ partially based on botanical features observed under the micro-

pe by a traj i
thaty ;ﬂtllianclled expert. This approach is further augmented with a chemical
ndependently confirm the findings of the botanical examination

LThe idencificati i
entification of marijuana by microscopic methods depends largely on

in 1 . «
phi :(})I?Irlt lglieurs- shaped like “bear claws” on the upper side of the leaf (see the
igure 7--14). These hairs are known as cystolithic hairs. Further
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e TLC uses a solid statiohar -
7 - Uses a y phase, usually coated onto a gl
moblrle_ liquid phase to separate the components of the'mixgtifz plate, and 2

~» Gas chromatograph | mixtures o :
: . y (GC) separates mixtures on the basi ir distri
tion between a stationary liquid phase and a mobiieega:l i;ijjethEII b

. Spectrophbtometr is th : . _
e v e stgdy of the gbsorptl(_m of light by chemical

. MO A . - - 'l
M st forensic laboratories use ultravioler (UV) and infrared (IR) s y
photometers to characterize chemical compounds )P

o IR spectrc 'y provi - uv
Spect[r) ctﬁophoFome%y provides a far more complex pattern than
ophotometry. Because differ i 7
; g erent materials have distinctively di
infrared spectra, each 1 rum i i e
, each IR spectrum is equivale “
. a : '
i rarec ] | | quivalent to a fingerprint” of that
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FiG -27 A tabletop mass spectrometer. (1) The sample is injected into a heated
inlet port, and a carrier gas sweeps it into the column. {2) The GC column separates the
mixture into its components. {3} In the ion source, @ filament wire emits electrons that
strike the sample molecules, causing them 1o fragment as they leave the GC column. (4)
The quadrupole, consisting of four rods, separates the fragments according to their mass.
(5) The detector counts the fragments passing through the quadrupole. The signal is small
and must be amplified. {6} The data system is responsible for total control of the entire
GC/MS system. It detects and measures the abundance of each fragment and displays the

mass spectrum. Courtesy Agilent Technologies, Inc., Palo Alto, Calif.

- nentatit . . i
ation pattern after their collision with a-beam of high-energy elect
_ | lectrons.

T T

S
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X
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‘& Mass spectron haracteri i |
pectrometry characterizes organic molecules by observing their frag

. o Infrared spectrophotometry and mass spectrophotometry typically are used

“""""m o -. i .

f

|10 speqiﬁtally identify a drug substance.

FIGURE 5-28

A gas chromatograph interfaced to
a mass spectrometer in a forensic
laboratory. A sample injection robot
transfers samples from small

vials to the gas chromatograph

Collection and Preservation
of Drug Evidence

Preparation i .
: rela[zive[ : Ofldrug evidence for submission to the crime laboratory is normall
sim ; - .
nveStithor H}: e, accomplished with minimal precautions in the field. The ﬁdzif
deliver <o thel}Stb ensure that th_c evidence is properly packaged and labeled for
oy 10 aboratory. Co.nsldermg the countless forms and varieties of dru
Fulling shese , itis not practical to prescribe any single packaging procedure fﬁ
- requirements. Generall i
B _ . common sense is the b ide i
situations. | ) : Y5 s the best guide in such
faminatio,rl {;:;:}Elng in mind that the package must prevent loss and/gor Cross-con
) .. - -
fecized will suff e contents. Often, the original container in which the drug was
e 301V€ntce to hmeet these'requirements. Specimens suspected of containin
st Cs, such as those involved in glue-sniffing cases, must be packa; eg
. At contalner to prevent evaporation of the solvent. All pack: y
¢ marked with sufficient inf ' . - All packages must
tute legal pr g information to ensure identification by the officer in
oy [})l oceedings and to establish the chain of custody,
q the drug analyst, the investigator should suppl .
e ation that may relat drues i . upply any background in-
BB hen oo ¢ to a drug’s identity. Analysis time can be markedly re-
i chemist has this information. For the same reason, th
eening tests used in the field n, the results of
B ever, Lthough th e field must also be transmitted to the laboratory.
, es inds :
lficer establish E: fsm may indicate the prescnce of a drug and may help
¥ nclusi ish proba le cause to search and arrest a suspect, they d. f.
ve evidence of a drug’s identity: , they do not of-

ana is confirmed by the presence of longes
de of the leaf. :
described earlier in this chapter, is 2 highly

when used in combination §

verification of the identity of mariju
nonglandular bairs on the opposite s
The Duquenois-Levine color test,

but pot totally specific test for marijuana, However,
with a botanical examination, the results constitute 2 specific identification of
icroscopic iden

marijuana. In addition, the analyst may be unable to obtain a m
tification of the marijuana leaf, as in the case of hashish or hashish oil. Here, the 4

color test has to be supplemented by another examination, preferably thin-layer
chromatography. This method involves separating chemical constituents found §
in the suspect resin on a thin-layer plate. The separated components 2 com- 4
pared on the same plate to those obtained from a known marijuana extract, 25§

shown in Figure 5=19. In this manner, 2 positive TLC comparison, used in con”
junction with the Duquenois-Levine color test, constitutes a specific identificd"g

tion for marijuana.
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4§ gas chromatography in the identification of

asis of spectrophotometry?

f infrared spectrophotometry over ultraviclet or

38. \N,ith what éna%ytic':a| device 15 agas.chrom togré
drug mixtures, and why? S

1. Anindividual who has been using a drug for an extended period of ime sud-
denly finds himself tunable ‘fq-secure'more'of the drug. He acts nervous and
~irritable and'is hyperactive. He seems almost desperate to find more of the
~* drug, but expériences no sickness, pain, o other outward physical discomfort.
.-Based on his behavior, what drugs might he possibly have been using? Explain
your answer. . R N '

“Féllowing are descriptions of behavior that are characteristic among users
ertain classes of drugs. For each description, indicate the class of drug
harcotics; stimulants, and so on) for which the behavior is most characteristic.
St sach description, also name at least one drug that produces the described -

red-spee .slow reaction time, impaired judgment, reduced

l‘jrespdris'es,ahxi_éty, altered sensoty perceptions
) of strength and confidence, rapid speech and
ased appetite ' -

se feeling of well-being, relief from pa.in

pt_ton._s of four hypothetical drugs. According to the Con
Act, under which drug:schedule would each substance be

Hig has & high potential for psyéhological dependenc'e,_it':currenti
Jocepred’ odical uses in the United States, and the distributor.is
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P a known mixture of barbiturates, -
answer the following-questions: ' a,b‘,tf%rat‘?S-_-; :

.P.xa;_('%_;the shortest retention time?
nate re:t_?'ntion time of amobarbital?

Pentobarbital

Secobarbital

TIME {MINUTES)

Ampbarbital

Bulabarbital
Pentobarbital

Secobarbital

Phenobarbital

TIME (MINUTES)
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Chromatograplfy

To'perform’ a'virtual thin-
layer chrorhatography iab,
gotow

tom. com/us/vlm
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purple liquid

ted ith pr
test tubes shown in  the figure -

‘Match thé arug on the rlght thh the color test

pink layer purple liguid
above blue above green
chloroform vegetation
layer

viglet-blue
liquid

cocaine
parbituates .
heroin
amphetamines

marijuana

oarange-hrewn
fiquid




