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Forensic Chemistry
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1. INTRODUCTION

“Forensic chemistry” is a broad term that, if taken literally, would
encompass most of the functions within a crime laboratory. Techniques used
in forensic chemistry are also used by the toxicology and trace analysis sections.
However, forensic chemistry generally refers to controlled substance or drug
analysis.

Traditionally, an examiner enters a crime laboratory career through the
forensic chemistry door. Working in this area provides the opportunity for the
new examiner to develop the tools required to move on to more complex and
subjective examinations. He has the opportunity to learn and master the funda-
mentals of evidence handling, note taking, and report writing by processing the
large volume of cases that pass through this section. Similarly, the examiner
also has the opportunity to learn and hone testimony skills.

Generic educational requirements for an examiner/forensic chemist are
the same in most US forensic laboratories. A degree in a natural science with a
minimum number of hours of chemistry is generally accepted as the baseline
educational standard. This standard is reflected in the recommendations of the
Scientific Working Group for the Analysis of Seized Drugs (SWGDRUG).
This basic education serves as the necessary foundation for the balance of the
examiner’s career. To paraphrase a former colleague, “We can teach you forensic
applications. We don’t have time to teach you chemistry.” 

Developing a trained thought process is also taught during an examiner’s
early years in the forensic chemistry section. His deductive reasoning skills
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are cultivated. He is taught how to utilize his education and training to identify
and defend the identification of controlled substances in an exhibit using infor-
mation from a series of nonspecific tests. The examiner then supports his findings
with a specific test, confirming the presence of the controlled substance.

The analysis of controlled substance exhibits is pretty straightforward. The
examiner uses a series of nonspecific tests and deductive reasoning to form an
opinion concerning the contents of the exhibit under examination. He supports
his opinion using modern instrumentation that provides documentable confir-
mation. The thought process learned and developed performing these black and
white examinations will be invaluable experience to the examiner as he moves
onto types of examinations whose results are, at best, seen as shades of gray.

2. EXAMINATION PROCESS

The controlled substances section of forensic chemistry receives a variety
of evidence types ranging from botanicals to pharmaceuticals and can be in any
physical state (i.e., solid, liquid, or gas). Controlled substance examinations can
be simply divided into two basic forms: botanical and chemical. Botanical
examinations identify physical characteristics of plants that are considered con-
trolled substances. Chemical examinations use wet chemical or instrumental
examination techniques to identify specific substances that are controlled by
statute.

2.1. Planning 

The examination planning process begins before the examiner ever
encounters the evidence. It begins as he reviews the “request for analysis” form.
Every laboratory has its own version of this document. However, they all con-
tain a section listing who requested the analysis, the type of examination, a
description of the exhibits submitted for analysis, and chain of custody sections. 

During the initial review, the examiner compares the type of evidence that
has been submitted to the information the submitter wants from the examina-
tion. He or she evaluates whether the available technology will provide the
information the submitter desires, compares the submitter’s request to the appli-
cable statutes and laboratory policy, and evaluates other examination requests
for the same exhibits to ensure that his or her analysis will not affect the results
of the other examinations.

Local laws and criminal procedure codes influence the examiner’s analy-
sis. For example, criminal procedures in the United States provide examiners
more latitude in planning their examination than laboratories in former Soviet
Republics. The request for analysis document in the former Soviet Republics is
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actually a request from the Court to perform a specific examination that will
answer a specific question. In the United States the examination of physical
evidence is a fact-finding exercise used to identify the contents of the exhibit.
Once the presence or absence of a controlled substance is determined the
appropriate criminal charge can be applied or dismissed.

The right of the examiner to perform the tests he feels appropriate may be
both a blessing and a curse. On the positive side, it provides for the examiner
the ability to identify and report the presence of any controlled substances
detected during his examination. On the other hand, the examiner may have to
justify why the examinations he performed may have been outside the scope of
the requests listed on the submission form. 

As the examiner reviews the analysis request concerning what informa-
tion the investigator desires and what information is required by statute, he for-
mulates a list of questions that must be answered. The questions that need to be
addressed in controlled substance examinations are the same in most cases: 
• “How much does the exhibit weigh?” 
• “What controlled substance does the exhibit contain?” 
• “What is the statutory classification of the controlled substance?”

Auxiliary questions that may need to also be asked and answered are:
• “What percentage of the exhibit contained a controlled substance?”
• “What adulterants and diluents were identified?”

Below are two examples of an examiner working outside the parameters
listed on the request form:
1. A sample from a clandestine laboratory was submitted with a request to examine for

the presence of methamphetamine. The analysis did not detect methamphetamine.
However, the sample did contain a controlled hallucinogen, diethyltryptamine. As
a result of the examination the charges against the suspect were amended to reflect
the controlled substance that was present.

2. A narcotics officer requested a qualitative and quantitative examination of an
exhibit suspected to contain cocaine. When the examiner was asked why he did
not perform the quantitative portion of the exam, he replied that neither the statute
nor laboratory policy required quantitative examination.

In the first case, the examiner went beyond the scope of the request; his
standard analytical scheme screened for all controlled substances. If a controlled
substance was detected, he confirmed its presence. This method allowed the
charges to be modified to include the identity of the controlled substance that
was detected.

The second examiner’s decision not to quantitate the exhibit did not affect
the legal proceedings. The governing statutes and sentencing structure did not
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contain language that required quantitation. Additionally, laboratory policy did
not require quantitation as part of the analytical scheme. 

The legal system in the United States is adversarial. The examiner must
be able to articulate the rationale behind each step of the examination process
to the satisfaction of both the prosecution and the defense. He must keep this
in mind as he draws his analytical road map. For every step of the process, the
examiner must ask himself, “Can I explain how and why I performed this
examination on this exhibit?”

Once the examiner receives the exhibit he goes through the same deci-
sion-making process for each item. Like a computer, he routinely goes through
a series of yes/no or if/then questions during the examination. This analytical
approach should be the same with each piece of evidence to avoid a perception
of bias on the part of the examiner. If accused of preconception, the examiner
can success-fully defend his process by responding that the same analytical
scheme was always used and that the test results themselves dictated the
direction of the analysis. 

2.2. Documentation

Documentation is the life blood of the legal system. It has been said that
“if it is not written down, it does not exist.” Therefore, it is essential that each
step of the examination process be documented. 

This adage has become more important since the O. J. Simpson defense
team implemented the “call you a liar” defense. Investigators and forensic
personnel were required to prove that tests were performed and that the results
presented in court represented the results observed in the laboratory or at the
crime scene. This defense strategy forces the forensic examiner out of the
shadows of the “trust me: I am from the government and here to help” mentality
to an objective seeker of scientific truth. 

Documentation provides a mechanism for peer review, which is a mark of
good science and a cornerstone of a quality assurance program. An examiner’s
notes and analytical data must justify the conclusion articulated in the final
report. More importantly, a reviewer in the same area of expertise should agree
with the report’s conclusion after reviewing the original examiner’s notes and
analytical data. The reviewer may have a different opinion. However, he agrees
that the examiner’s data supports his conclusion. 

Documentation of physical evidence has three critical components: chain
of custody, working notes, and final report. Each component has its own
documentation requirements. Although every laboratory and laboratory section
may have its own format in addressing these documentation requirements, each
component must still be addressed. 
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2.2.1. Chain of Custody
The chain of custody is the list of procedures and documents that account

for the integrity of a sample by tracking its handling and storage from its point
of collection to its final disposition. Simply put, the chain of custody is a
document (or series of documents) that tracks the location of an exhibit from
crime scene to courtroom and beyond. 

Forensic chemistry section chain of custody issues are simple for the most
part. The examiner documents when and from whom he initially received the
exhibit(s) and when and to whom he returned the exhibits after the examination
was completed. It is generally accepted that the exhibit is in the examiner’s sole
care and custody during this time frame. The documentation is usually accom-
plished through the use of an official form and supplemented by notations in the
examiner’s working notes. 

What happens to the exhibit once it has been received by the examiner are
issues that are rarely addressed, but equally require documentation. The date
and time an examination is performed have become issues. The identity of the
person who actually performed one or more of the tests is another issue that
must be documented, as well as the time and date the exhibit or test sample was
transferred to a different examiner for specific testing. 

Intralaboratory transfers of exhibits or samples from an exhibit should be
treated the same as an interlaboratory transfer. The examiner transfers control
of the exhibit or sample to another individual for a specific examination. The
time of the transfer and the identity of the second examiner are just as relevant
in a legal proceeding as the transfer into and out of the laboratory. Therefore,
they should be documented in a similar manner.

The early use of mass spectrometry is an example of when this transfer
should be documented. The mass spectrometer was an expensive, highly
specialized piece of instrumentation when it was first introduced into the foren-
sic laboratory. The primary examiner had to rely on the mass spectroscopist to
perform examinations specific to the mass spectrometer. Often the primary
examiner had no direct knowledge of how the sample was handled once it was
transferred to the mass spectroscopist. Even though the primary examiner
interpreted the resulting data and possessed theoretical knowledge of the instru-
ment’s operation and the sample preparation techniques used, he could not
provide direct knowledge that every procedure was followed. This is a chain of
custody issue that therefore demands documentation. 

2.2.2. Working Notes
The examiner’s working notes are the second component of the documen-

tation process. Consisting of a compilation of handwritten notes, worksheets,
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and instrumental data, these notes have two functions: (1) they document that the
examination actually occurred and (2) they are used to refresh the examiner’s
memory during the report-writing phase or before and during trial testimony. 

Handwritten notes have two formats. Notes can either be a series of notations
on a blank sheet of paper or preprinted worksheets used to streamline the docu-
mentation of the repetitive testing procedures used in drug analysis. No matter
which form the notes take, each page should contain the examiner’s initials, the
date the examination occurred, the case number, the exhibit number, the page
number, and the total number of pages (including pages of instrumental data).

Legibility is a key component of handwritten notes. Not only are notes
used to refresh the examiner’s memory, but they are also a part of the peer
review process. If the examiner uses shorthand, it must be decipherable for the
peer review process to be effective. If the shorthand is confusing, then its mean-
ing may be misinterpreted leading to ambiguity rather than clarity.

2.2.3. Final Report
The official report is the final component of the documentation procedure.

This report summarizes the examination of the evidence into a single concise
document. All of the information in the case notes and analytical data, as well
as the examiner’s professional opinions should be reflected in this report. The
final report should provide the reader a road map of the trip the exhibit took
through the forensic examination process. Ideally, this report should be able to
stand on its own and not require courtroom explanations from the examiner.

Every laboratory has its own examination report format. Most of these
formats are based on the criteria set forth by the American Society of Testing
Materials, the American Society of Crime Laboratory Directors/Laboratory
Accreditation Board, or one of the various scientific working groups. Although
visual layout may vary, every report should include:
• Examining laboratory identity. 
• Case file number.
• Name of the individual requesting the examination(s). 
• Examiner’s name.
• A list and description of the exhibit(s) submitted for examination. 
• Description of the examination(s) performed.
• Results of the examination.
• Chain of custody information.

As stated above, there should be sufficient information in the final report
to make the testimony of the examiner unnecessary. Simple one and two word
answers in the administrative sections are usually adequate. The examination
descriptions and results sections do, however, require more detail. Some formats
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have already separated these sections. Other formats include a description of
the testing process in the results narrative. In either case, the report’s reader
should be able to discern what controlled substance was identified and the test-
ing process used to make that determination. 

Two examples of styles of reporting examination results are provided:

Example 1

Items 1. White powder
2. Plant material

Exam Drugs
Results 1. Contained cocaine, a narcotic drug. Substance weight 1.32 g. 

A usable quantity.
2. Contained marijuana. Substance weight 6.29 g. A usable quantity.

Example 2

Items 1. Item 1 contained a paper packet containing a white powder.
2. Item 2 contained a plastic bag containing green leafy plant material.

Results 1. The examination of Item 1 using wet chemical tests, microcrystal tests,
gas chromatography and infrared spectroscopy concludes that Item 1
contained a usable quantity of cocaine. The total substance weighing
was 1.32 g, which is considered a usable quantity. Cocaine is defined
as a narcotic drug under ARS 13-3401.20. 

2. The examination of Item 2 using microscopic and wet chemical tech-
niques concludes that Item 2 contained marijuana. The total substance
weighing was 6.29 g, which is considered a usable quantity. Marijuana
is defined as a narcotic drug under ARS 13-3401.20 

Example 1 provides the basic information in a no-nonsense format. The
reader can quickly identify what each exhibit contained, the quantity of the
substance, its classification under the governing statutes, and a case law
required opinion concerning the amount of substance seized. However,
information concerning how the examiner reached his conclusions is not pre-
sented. This omission may lead to an unnecessary and time-consuming court
appearance.

Example 2, by contrast, includes information concerning how the exam-
iner reached his conclusions. The key pieces of information, i.e., the identity,
weight, and classification of the controlled substance, are not as readily dis-
cernable as in Example 1. However, the information concerning the basis for the
examiner’s conclusions is included. This addition may lead to more stipulations
by the opposing attorney, thus reducing the number of court appearances required
by the examiner.
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3. ANALYSIS

In October 2000, the SWGDRUG met in Vienna, Austria to finalize its
recommendations concerning the examination and identification of controlled
substances. Some of these contained suggestions for the minimum examination
requirements for the identification of controlled substances. Although these
recommendations do not hold any statutory authority, they do represent the
accepted analytical standards established by a consensus of the scientific
community engaged in the analysis of drugs of abuse.

3.1. Botanical Examinations

Botanical examinations are the most common analysis performed in the
controlled substance section. It is not unusual for marijuana examinations to
exceed 50% of the caseload. Programs utilized by some agencies allowing
trained law enforcement personnel to provide preliminary cannabis identifica-
tions have dramatically reduced the number of laboratory examinations.

The forensic chemist walks a tightrope when performing botanical exami-
nations. Generally he is a chemist by education and training, not a biologist or a
botanist. However, he is identifying plants and plant material, not the specific
psychoactive ingredient. He must remember he is trained in the identification of
specific types of plants or plant parts. He can only identify whether plant mate-
rial is or is not marijuana, peyote, or opium. Beyond that, he should not render
an opinion as to the identity of the substance.

The plants that require botanical examinations by the forensic chemistry
section include marijuana, peyote, mushrooms, and opium. Marijuana is by far
the most common botanical examination. The examination of mushrooms,
peyote, and opium poppies samples is rare in the United States. However, the
examiner must know the physical characteristics of these plants in order to be
able to recognize them when they are presented in case samples. 

The examination techniques used for botanical examinations are subjective
and cannot be documented in a manner that can be objectively reviewed. The
peer reviewer only has the comments in the working notes to evaluate, unless
some form of photography is used to document the visual and wet chemical
examinations. Therefore, the examiner’s working notes should contain as much
detail as possible when describing visual examination.

There are documentable instrumental techniques that can be employed to
identify specific chemical components within the botanical sample. However,
the presence or absence of the component in question may or may not be an
element of the identification criteria. The four legal definitions of plants that are
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considered controlled substances demonstrate the variation of need to identify
specific chemical compounds.

1. The term “marihuana’’ means all parts of the plant Cannabis sativa L., whether
growing or not; the seeds thereof; the resin extracted from any part of such plant;
and every compound, manufacture, salt, derivative, mixture, or preparation of
such plant, its seeds or resin. Such term does not include the mature stalks of such
plant, fiber produced from such stalks, oil, or cake made from the seeds of such
plant, any other compound, manufacture, salt, derivative, mixture, or preparation
of such mature stalks (except the resin extracted there from), fiber, oil, or cake, or
the sterilized seed of such plant which is incapable of germination (1).

2. “Marijuana” means all parts of any plant of the genus cannabis, from which the
resin has not been extracted, whether growing or not, and the seeds of such plant.
Marijuana does not include the mature stalks of such plant or the sterilized seed
of such plant which is incapable of germination (2). 

3. “Coca leaves,” except coca leaves and extracts of coca leaves from which cocaine,
ecgonine, and derivatives of ecgonine or their salts have been removed (3). 

4. “Coca leaves” means cocaine, its optical isomers and any compound, manufac-
ture, salt, derivative, mixture or preparation of coca leaves, except derivatives of
coca leaves which do not contain cocaine, ecgonine or substances from which
cocaine or ecgonine may be synthesized or made (4).

These legal definitions establish the baseline from which the analytical
process is derived. Examples 1 and 2 each present an instance in which identi-
fying the presence of the psychoactive component of the plant is not a requisite
element of the definition. However, some laboratories do require the chemical
identification of the psychoactive component to enhance the level of the
examination’s specificity. Examples 3 and 4 are instances in which the presence
or absence of specific psychoactive component(s) determine the botanical’s
legal status.

3.2. Chemical Examinations

The balance of the samples encountered by the controlled substances sec-
tion require the identification of specific compounds within a mixture.
Composition of the samples may vary, but the identifying procedure remains the
same. Each sample requires a screening step, an extraction or sample preparation
step, and a confirmatory step to be performed. 

The SWGDRUG recommendations divide chemical tests into three
categories based upon specificity and documentability. Category A tests
are specific and documentable, Category B examinations are documentable
and characteristic in nature, and Category C tests are characteristic examinations
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with less specificity, which may or may not be documentable. Ideally, one or
more Category B and C tests are used to screen for the presence of a controlled
substance within a sample. Category A tests are used to positively identify the
controlled substance present.

Chemical examinations can be simply subdivided into wet chemical and
instrumental procedures. Wet chemical procedures are used as a screening method
or for sample preparation. Instrumental procedures are used for screening or as a
confirmation tool.

Wet chemical procedures are used during the initial stages of the identifi-
cation process. They consist of chemical color tests, microcrystalline tests, thin
layer chromatography and liquid extraction techniques. These nonspecific tests
provide a method to quickly determine whether a controlled substance may be
present within a sample. Some procedures can be used to isolate controlled
substances for confirmatory testing using instrumental techniques. A series of
these tests can be used to deductively identify a controlled substance. 

Instrumental examinations are documentable testing methods. This point
is a key element of the confirmation and peer review process. It is not enough
for the examiner to be able to claim the compound has the same chemical finger-
print as a controlled substance. In a criminal proceeding he has to be able to
prove it beyond a reasonable doubt, which includes subjecting the examination
to peer review. Instrumental examinations provide the vehicle for this review.

3.2.1. SWGDRUG Examination Categories
As previously stated, SWGDRUG has established three categories of ana-

lytical techniques that can be used for the identification of controlled sub-
stances. The groupings are based on the technique’s discriminating power.
Listed here are the categories and associated analytical techniques:

Category C 

Nonspecific techniques

Chemical color tests A nondocumentable technique that uses the colors produced 
by chemical reactions to provide information regarding the
structure of the substance being tested. 

Fluorescence A documentable analytical technique that uses the release
spectroscopy characteristic wavelengths of radiation following the absorp-

tion of electromagnetic radiation (fluorescence) to establish 
a compound’s potential identity.

Immunoassay A documentable laboratory technique that uses the binding
between an antigen and its homologous antibody to identify
and quantify the specific antigen or antibody in a sample.
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Melting point The temperature at which a solid becomes a liquid at standard
atmospheric pressure. The documentability of this technique
depends upon the instrument used.

Ultraviolet A documentable technique that uses of the absorption of
spectroscopy (UV) ultraviolet radiation to classify a substance.

Category B

Moderately Specific Techniques

Capillary A documentable separation technique using the differential
electrophoresis (CE) movement or migration of ions by attraction or repulsion in an

electric field through buffer-filled narrow-bore capillary
columns as an identification tool.

Gas chromatography A documentable separation technique that uses gas flowing 
(GC) through a coated tube to separate compounds by their size, 

weight and chemical reactivity with the column coating.
Liquid A documentable separation technique that uses liquid flow-
chromatography (LC) ing through a coated tube to separate compounds by their size,

weight and chemical reactivity with the column coating.
Microcrystalline tests A technique that uses the microscopic crystals produced by

chemical reactions to provide information regarding the
identity of the substance being tested. A series of positive
microcrystalline tests can be considered to be a conclusive test.
This technique can be considered documentable if
photomicrographs of the crystals used for identification are
taken at the time of the examination.

Pharmaceutical Comparing the physical characteristics of a commercially
identifiers produced pharmaceutical product to known reference material

to tentatively establish the composition of the preparation. 
Thin layer A traditionally nondocumentable technique that uses 
chromatography solvent(s) traveling through a porous medium to separate com-

pounds by their chemical reactivity. This technique can be doc-
umented through photographing or photocopying the devel-
oped thin layer plate.

Category A

Specific Examinations

Infrared A specific documentable technique that uses the absorption 
spectroscopy (IR) of infrared radiation to produce a chemical fingerprint of a sub-

stance. This technique can be used in conjunction with GC.
Mass spectroscopy A specific documentable technique that uses molecular 
(MS) fragment (ion) patterns to produce a chemical fingerprint of a
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substance. This technique can be used in conjunction with GC
and liquid chromatography.

Nuclear magnetic A specific documentable technique that monitors the split- 
resonance ting of nuclear energy levels within a molecule when it is 
spectroscopy (NMR) exposed to oscillating magnetic fields.
Raman spectroscopy A specific documentable technique that uses the inelastic  scat-

tering of light by matter to produce a chemical fingerprint of a
substance. 

3.3. Scope of Analysis

Local laws and criminal procedures will be the driving force behind the
scope of the analytical process. The laboratory’s mission within its agency will
also weigh heavily into the depth of analysis each exhibit will receive. For
example, the amount of analytical effort involved in the identification of a
controlled substance for criminal prosecution purposes is significantly less than
that required for intelligence gathering and investigative purposes. The only
information required in a criminal prosecution is the identity and amount
of controlled substance contained in an exhibit. Laboratories responsible for
intelligence gathering will also identify the types and quantity of the exhibit’s
diluents and adulterants.

The level of analytical detail required not only affects the time involved,
but also the type of instrumentation required. Most forensic chemistry sections
can provide a complete range of analytical service wet chemical techniques and
a basic MS or IR. As the level of information detail increases, so does the type
and sensitivity of the instrumentation required. For example, the equipment and
procedures required to confirm the presence of heroin in a street sample is far
less sophisticated than the one needed to identify the region of the world in
which the opium used to produce the heroin was grown. 

The final issue that determines the depth of analysis is laboratory policy.
The laboratory’s policy is generally developed through collaboration between
the laboratory’s management and a peer group consisting of the examiners who
perform the examinations on a daily basis. This represents a balance between
the need to produce timely results that meet the applicable legal criteria while
at the same time not compromising the scientific integrity of the examination.

An example of this collaboration is the need for quantitative analysis.
Unless mandated by statute, the amount of a controlled substance in an exhibit
is not an element of the crime. However, this information may have investigative
significance and can also be used as part of an internal quality control (QC)
procedure. It may not be realistic to quantitate every exhibit submitted for
analysis. Therefore, laboratory and investigators work together to establish a
quantitation policy that satisfies the needs of both parties. 
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3.4. Data Interpretation

Over time, a forensic chemist develops an intuition that can identify the
controlled substance in an exhibit by simply observing the consistency of the
powder, the texture of the plant material, or the odor of the liquid. Observations
and intuition are not documentable objective tests that can be subject to peer
review. Documentable data that can be interpreted and reviewed is required to
support the examiner’s sixth sense.

The analysis of controlled substances can be considered a black and white
type of examination. The exhibit under examination either contains a controlled
substance, or it does not. The comparison of the chemical “fingerprint” of the
unknown to the fingerprint of a known reference standard is more complicated
than laying one on top of another. Spectra can and do vary for a number of reasons.
The lack of superimposability of two spectra does not preclude identification.

The term chemical fingerprint can be misleading. It implies a given chemical
will produce one unique spectrum using a given technique without regard to sam-
pling technique or the instrumental conditions at the time of analysis.
Conceptually, the term is correct in that a given chemical will produce a unique
spectrum using a given technique. However, the resulting spectrum can have slight
variations as a result of the sampling technique used to prepare the sample for
examination and the operating conditions of the instrument at the time of analysis.

Library spectra should never be used for conclusive identification
purposes because of spectral variations. Library spectra present a wonderful
tool for preliminary identification purposes. Conclusive identifications should
only be made after the comparison of spectrum of the unknown to one of a
traceable primary reference standard produced on the same instrument. A new
reference spectrum must be produced each time a suspected controlled
substance produces an unfamiliar spectral variation. This demonstrates the
reproducibility of the substance’s spectrum on the instrument being used. 

3.5. SWGDRUG Recommendations

The SWGDRUG guidelines provide recommendations for the types and
minimum number of tests required to identify seized drugs. A validated Category
A technique with documentable data, supported by one Category A, B, or C
technique is the suggested minimum examination criteria. A combination of three
different Category B and C techniques can be used if a Category A technique is
unavailable. The Category B techniques must produce reviewable data.

3.6. Quality Assurance/Quality Control 

A documented quality assurance (QA) and quality control (QC) program is just
as important as documenting the results of individual examinations. The examination
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results may not be accepted by the court if the reliability of the instruments, proto-
cols, and chemicals used to perform the examinations cannot be established.
Individual QC protocols demonstrate the reliability of the examination process. It is
the combination of both which displays the reliability of the whole process (QA). 

QA is a documented system of protocols used to assure the accuracy and
reliability of analytical results and consists of a variety of components.
Proficiency testing and employee qualifications and training standards are
directed at the forensic chemist’s performing the examinations. Documented
evidence collection and handling procedures as well as documented, standardized,
and validated analytical protocols are used to ensure that the analytical meth-
ods used meet an accepted scientific standard. Instrument maintenance logs,
reagent preparation records, and the use of traceable chemicals used in the
preparation of testing reagents document the reliability of the chemicals and
equipment used in the examination process. The use of traceable reference
material ensures that the material being used to generate the data being used for
identification purposes is from a known source.

A QA program produces intangible effects that may be difficult to assess.
Service is improved through a streamlined operation. The numbers of challenges to
the analytical results are reduced because of the documented reliability of the
equipment, chemicals, and protocols used. The need for re-analysis is reduced, saving
the laboratory time and money. The laboratory’s image and credibility is improved,
which leads to fewer court appearances resulting from testimony stipulation. Each of
these effects enhances those of the others. Quality work leads to credibility, which
enhances staff morale and ultimately produces a more productive work environment.

4. CLANDESTINE DRUG LABORATORIESS

Clandestine drug laboratories (herein referred to as “clan labs” as they are
called by law enforcement officers) are illicit facilities that manufacture
controlled substances. The types and numbers of laboratories seized reflect
national and regional trends concerning the types and amounts of illicit sub-
stances that are being manufactured, trafficked, and abused. Clan labs have been
found in remote locations, in urban and suburban neighborhoods, hotels and
motels, industrial complexes, as well as academic and industrial laboratories.
Each location may produce toxic and explosive fumes that can pose a significant
threat to the health and safety of local residents, as well as respondents such as
police, fire, and hazardous materials officers.

The sophistication of clandestine labs varies widely. The production of
substances such as methamphetamine, phencyclidine, methylenedioxymetham-
phetamine (more commonly known as “ecstasy”), and methcathinone requires
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little sophisticated equipment or knowledge of chemistry. The synthesis of
drugs, such as fentanyl and lysergic acid diethylamide, requires much higher
levels of expertise and equipment. 

The investigation of clan labs is one of the most challenging efforts of law
enforcement. No other law enforcement activity relies on forensic science as
heavily. The controlled substances section’s involvement commences with the
drafting of the affidavit used to obtain the search warrant. Their expertise is
needed to process the crime scene as they analyze the evidence in a laboratory
and render opinions in a written report or in courtroom testimony. Occasionally,
they are called on to testify on auxiliary issues concerning the clan lab investi-
gation that occur after the case has been adjudicated.

The controlled substance section addresses the what, where, why, and
how questions of investigation: what controlled substance were the operators
making? What are the chemicals and equipment that were purchased by the
operators used for? Where were the operators manufacturing the controlled
substances? Why did the operators use a certain chemical or type of equipment?
How did the operator manufacture a controlled substance using chemicals and
equipment commonly found in kitchens or bathrooms? Investigators must use
other investigative techniques to fill in the “who” and “when” questions.

4.1. Crime Scene Support

The amount and type of crime scene support provided to clan lab seizures
varies between forensic laboratories. Some laboratories provide a full range of sup-
port, with a group of chemists dedicated to providing crime scene and analytical
support for clan lab investigations. Other laboratories provide support by sending to
crime scenes chemists who may or may not have specialized training in clan labs. 

The on-scene chemist provides a wide range of technical support. He identi-
fies the chemicals and equipment that can potentially be used in the manufacture
of illicit drugs. He assists in the sampling process. He can also provide preliminary
opinions as to the proposed final product and the manufacturing method used by
the operation. His scene report is used by the laboratory examiner as a guide to
assist in devising the analytical scheme used to identify the controlled substance
being manufactured, as well as establishing the manufacturing method used.

4.2. Laboratory Analysis

The laboratory analysis of samples taken from the scene of a clan lab is
the link between the investigation and the opinions. It provides the scientific
foundation that corroborates the investigator’s theories and is used to support
the opinions rendered in reports, legal depositions, and court testimony. Without
complete and thorough laboratory analysis the case may remain unresolved.
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The analysis of exhibits from clan labs involves the use of a variety of
scientific techniques. Some examinations use techniques outside of those
normally associated with drug identification. These techniques range from
simple chemical color tests to the use of X-ray and infrared energy to elicit the
compound’s chemical fingerprint. The type of test used depends on the
information desired from the sample and the burden of proof required to
establish its identity. 

The forensic laboratory analysis of clan lab exhibits is more involved than
the simple identification of a controlled substance. The identification of the
components of the sample matrix may be just as important. A complete analy-
sis is essential to establish the manufacturing method. Yet in some instances it
may not be absolutely necessary. 

Ramifications outside the laboratory should be considered when the examiner
maps out his analysis. The lack of a complete analysis may affect aspects of the
investigation or prosecution of which the examiner is not aware. If the examiner is
asked to render opinions concerning the manufacturing operation, he must have
documentation to support his opinion. Acomplete laboratory analysis is one source of
the information he needs to support his opinions.

It is not sufficient to say that the clan lab operator was using a particular
method simply because some or all of the ingredients appear to be found at the
site. The presence or absence of a particular precursor or reagent chemical can-
not be established beyond a reasonable doubt without laboratory examination.
The relabeling of ingredients by the laboratory operator or lack of labels on the
containers at the scene often makes the actual identity of the chemicals at
the location questionable. 

Presented here is an excerpt of an analytical chemist’s testimony. The
defense contended that the lack of the presence of hydriodic acid precluded
the operator from manufacturing the controlled substance that the state con-
tended. The cross examination of the analytical chemist charged with analysis
of the evidence proceeded as follows: 

Defense Attorney: You stated exhibit 12 contained hydrochloric acid?
Chemist: Yes sir.
Defense Attorney: So there was no hydriodic acid found at the scene?
Chemist: No Sir, I cannot say that.
Defense Attorney: But your report states that you found hydrochloric acid, not HI.

How can you say that there was hydriodic acid present?
Chemist: The items in exhibit 24 and exhibit 31 were not sampled. The

packaging and the color of the liquid are consistent with hydri-
odic acid.
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Defense Attorney: But your report states that hydrochloric acid was the only acid
identified. 

Chemist: That is correct. However, the items in exhibit 24 and 31 were
not sampled so I could not analyze the contents. Without labo-
ratory analysis I cannot comment on the contents.

Defense Attorney: So you are saying you did not find any hydriodic acid?
Chemist: What I am saying is that I cannot say that there was no hydri-

odic acid at the scene. The packaging and color of the liquid of
items 24 and 31 is consistent with commercially packaged
hydriodic acid.

From ref. 5.

This whole exchange could have been avoided if the items at the scene
were sampled properly. This would have provided the analytical chemist the
opportunity to identify the contents of each container.

The same holds true with reaction mixtures. The chemist should identify
the ingredients within the reaction mixture. The fact that a chemical or chemical
container was located at the scene does not establish its presence in a reaction
mixture. It only provides the chemist information he can utilize in developing
his analytical scheme. 

4.3. The Chemist

The chemist performing the laboratory examinations should specialize in
clan lab analysis. In bookkeeping, all CPAs are accountants but not all
accountants are CPAs. The same is true with forensic chemists. All clan lab
chemists are forensic chemists, but not all forensic chemists are clan lab chemists.
The cland lab chemist has additional training in clandestine manufacturing tech-
niques, as well as in inorganic analysis. This allows him to expand his analytical
scheme to identify all the chemicals used in the manufacturing process. His ana-
lytical scheme is geared to identifying the manufacturing process, not just the
controlled substance involved.

The clan lab chemist’s role in a clan lab investigation requires a different
thought process when approaching his analysis. His examination reaches
beyond the basic identification of a controlled substance in an exhibit. He
approaches each sample as if he has to explain to a jury what components are
in the sample and how they fit into the manufacturing process. From an
investigative standpoint, his analytical approach is geared toward profiling
the sample to provide the investigators information concerning the sample’s
composition so the investigators know what components to look for.
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4.4. Expert Opinions

A clan lab is a Pandora’s Box of illegal activities. Controlled substances
are produced using household chemicals mixed in ordinary utensils in what
some have called a “kitchen of death.” What appears at first glance to be simply
atrocious housekeeping or even just a hobby gone awry may actually be the
final step in the production of many of the drugs sold on the street or the
explosives used in various forms of domestic terrorism. 

The clan lab chemist provides the expert opinions that draw calm from
the chaos. He couples his clan lab training and experience with his deductive
reasoning ability and laboratory examination results to develop a plausible
scenario concerning the clandestine manufacturing operation in question. The
clan lab chemist combines the black and white answers of the laboratory
analysis with the crime scene information to provide answers to the investiga-
tion’s and prosecution’s who, what, when, where, why, and how questions.

Many types of opinions can only be generated from the laboratory analysis
of evidentiary samples. Some opinions are a result of generalities that do not
require the support of analytical data. For example, just because a red powder
is found at the scene of a suspected ephedrine reduction laboratory does not
make the powder the critical red phosphorus. It is absolutely essential for an
analytical chemist who is going to render an opinion concerning a clan lab to
have the analytical data ready to support that opinion. 

As with laboratory analysis, opinions concerning clan lab operations
should be able to withstand peer review. A component chemist or other foren-
sic expert should be able to review the facts of the case or the laboratory data
and draw the same conclusion the original expert did. Alternative opinions can
and do exist, as is evidenced by prosecution and defense differences. But the
information must support the opinion or the opinion is worthless.

5. SUMMARY

The forensic chemistry section of a traditional crime laboratory general-
ly refers to the drug analysis or controlled substance identification section.
Many forensic examiners begin their career in this section. Here they learn the
tools of their trade by performing a wide variety of examinations using a
plethora of analytical methods. They learn and develop the deductive reason-
ing skills to move from straightforward identification of controlled substances
to examinations that require professional opinions to questions that just do
not have black and white answers. The skills and knowledge the examiners
cultivate here will serve them well if they transfer to other sections of the
forensic laboratory.
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GLOSSARY

Accreditation: Procedure by which an accreditation body formal-
ly recognizes that a laboratory or person is compe-
tent to carry out specific tasks. 

Accreditation Body: Independent science-based organization that has
the authority to grant accreditation. 

Accuracy: The ability of a measurement to match the actual
value of the quantity being measured. Correctness

Adulterant: A substance used to increase the mass of a con-
trolled substance. These substances produce a
physiological effect on the body and are used to
give the illusion that there is more controlled sub-
stance present than actually is present.

Alkaloid: A class of substances occurring readily formed in
the tissues of plants and the bodies of animals. E.g.
morphine and codeine are alkaloids of opium.

Analysis: Technical operation to determine one or more char-
acteristics of, or to evaluate the performance of, a
given product, material, equipment, physical phe-
nomenon, process, or service according to a speci-
fied procedure.

Analyst: A designated person who: 

• Examines and analyses seized drugs or related
materials, or directs such examinations to be done. 

• Independently has access to “open” (unsealed)
evidence in order to remove samples from the
evidence for examination. 

• As a consequence of such examinations, signs
reports for court or other purposes.

Aqueous: Made from, or by means of, water.
Audit: A review conducted to compare the various aspects

of the laboratory’s performance with a standard for
that performance.

Blank: Specimen or sample not containing the analyte.
Calibration: Set of operations that establishes. under specified

conditions, the relationship between values indicat-
ed by a measuring instrument or measuring system,
or values represented by a material measure, and
the corresponding known values of a measurand.

Certified reference material A reference material, one or more of whose prop-
(CRM): erty values have been certified by a technical pro-

cedure, accompanied by or traceable to a certificate
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or other documentation that has been issued by a certifying
body.

Certifying body: Independent science-based organization that has the com-
petence to grant certification. 

Chain of custody: Procedures and documents that account for the integrity of
a sample by tracking its handling and storage from its point
of collection to its final disposition. 

Class characteristic: A feature of an item that is unique to a group of items.
Control sample: A standard of comparison for verifying or checking the

finding of an experiment. 
Controlled substance: Any substance, commonly drugs, whose possession or use

is regulated.
Controls: Samples used to determine the validity of the calibration,

that is, the linearity and stability of a quantitative test or
determination over time. Controls are either prepared from
the reference material (separately from the calibrators, that
is, weighed or measured separately), purchased, or obtained
from a pool of previously analyzed samples. Where
possible, controls should be matrix-matched to samples
and calibrators. 

Deductive reasoning: Using nonspecific details to infer a specific fact. 
Depressant: A drug that reduces excitability and calms a person.
Deficiency of analysis: Any erroneous analytical result or interpretation, or any

unapproved deviation from an established policy or proce-
dure in an analysis.

Diluent: An inert substance used to increase the mass of the con-
trolled substance. These substances have no physiological
effect on the body and are used to give the illusion that there
is more controlled substance present than actually is present.

Drug: A substance other than food intended to affect the structure
or function of the body.

False-positive: Test result that states that a drug is present when, in fact,
such a drug is not present in an amount less than a thresh-
old or designated cut-off concentration. 

Gas chromatography: The use of gas flowing through a coated tube to separate
compounds by their size, weight and chemical reactivity
with the column coating.

Gravametric quantitation: Using the ratio of pre and post extraction weights to deter-
mine concentration.

Hallucinogen: A psychoactive drug that induces hallucinations or alters
sensory experiences.

Health and safety manager: A designated person who is responsible for maintaining the
laboratory health and safety program (including an annual
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review of the program) and who monitors compliance with
the program. 

Independent test result: Result obtained in a manner not influenced by any previ-
ous results on the same or similar material.

Individual characteristic: A feature that is unique to a specific item.
Inductive reasoning: Using specific facts to infer a general conclusion.
Infrared spectroscopy: The use of the absorption of infrared radiation to produce

a chemical fingerprint of a substance.
Laboratory: Facilities where analyses are performed by qualified per-

sonnel using adequate equipment. 
Limit of detection: Smallest measured content from which it is possible to

deduce the presence of the analyte with reasonable statis-
tical certainty. 

Macroscopic examination: Visual examination, generally performed with the unaid-
ed eye, used to identify class characteristics.

Method: Detailed, defined procedure for performing an analysis. 
Microscopic examination: Visual examination, performed utilizing some type of

magnification, used to identify individual characteristics.
Mass spectroscopy: The use of molecular fragment (ion) patterns to produce

a chemical fingerprint of a substance. 
Narcotic: An addictive substance that reduces pain, alters mood

and behavior, and usually induces sleep or stupor.
Organic: The class of chemical compounds having a carbon basis;

“hydrocarbons are organic compounds.”
Polymorphism: Crystallization of a compound in at least two distinct

forms.
Precision: The ability to achieve the same result. Reproducibility
Procedure: Specified, documented way to perform an activity. 
Proficiency testing: Ongoing process in which a series of proficiency sam-

ples, the characteristics of which are not known to the
participants, are sent to laboratories on a regular basis.
Each laboratory is tested for its accuracy in identifying
the presence (or concentration) of the drug using its usual
procedures. 

Qualitative analysis: Analytical technique used to determine the composition
of a substance or mixture.

Quality assurance (QA): System of activities whose purpose is to provide, to the
producer or user of a product or a service, the assurance
that it meets defined standards of quality with a stated
level of confidence. 

Quality assurance manager: A designated person who is responsible for maintaining
the quality management system and who monitors com-
pliance with the program. 
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Quality management: That aspect of the overall management function that deter-
mines and implements the quality policy. 

Quality manual: Document stating the general quality policies, procedures
and practices of an organization. 

Quantitative analysis: Analytical technique used to determine the concentration of
one or more of the components of a mixture.

Racemic mixture: A combination of the different types of stereoisomers of the
same compound.

Reference material: Material or substance one or more properties of which are
sufficiently well established to be used for calibrating an
apparatus, assessing a measurement method, or assigning
values to materials. 

Retention time: The time require for a substance to travel from the injection
port to the detector.

Relative retention time: The ratio of the retention time of the substance of interest
divided by the retention time of an internal standard run on
the same instrument at the same time.

Report: Document containing a formal statement of results of tests
carried out by a laboratory. 

Representative sample: Statistically, a sample that is similar to the population
from which it was drawn. When a sample is representa-
tive, it can be used to make inferences about the popula-
tion. The most effective way to get a representative sam-
ple is to use random methods to draw it. Analytically, it is
a sample that is a portion of the original material selected
in such a way that is possible to relate the analytical
results obtained from it to the properties of the original
material. 

Reproducibility: Closeness of agreement between the results of successive
measurements of the same analyte in identical material made
by the same method under different conditions, e.g., different
operators and different laboratories and considerably sepa-
rated in time. 

Sample: A portion of the whole material to be tested. Statistically, it
is a set of data obtained from a population. 

Sampling: Analytically, the whole set of operations needed to obtain
a sample, including planning, collecting, recording, label-
ing, sealing, shipping, etc. Statistically, it is the process of
determining properties of the whole population by col-
lecting and analyzing data from a representative segment
of it. 

Selectivity: Extent to which a method can determine particular analyte(s)
in a mixture without interference from the other components
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in the mixture. A method that is perfectly selective for
an analyte or group of analytes is said to be specific. 

Standard operating  A written document which details the method
procedures (SOPs): of an operation, analysis, or action whose techniques

and procedures are thoroughly prescribed and which is
accepted as the method for performing certain routine
or repetitive tasks. 

Stereo isomers: Compounds with identical structural formulas whose
differences are in the way the molecule is arranged in
space. 

Stimulant: A drug that produces a temporary increase of the func-
tional activity or efficiency of an organism or any of its
parts. 

Structural isomers: Compounds that contain the same number and type of
atoms but differ in the order in which the atoms are
arranged. The types of structural isomers include chain,
positional and functional group.

Supervisory chemist: A designated person who has the overall responsibility
and authority for the technical operations of the drug
analysis section. 

Technical/assistant analyst: A person who analyses evidence, but does not issue
reports for court purposes. 

Technical support personnel: A person who performs basic laboratory duties, but
does not analyze evidence. 

Thin layer chromatography: The use of a solvent(s) traveling through a porous
medium to separate compounds by their chemical reac-
tivity with the solvent(s).

Traceable: Ability to trace the history, application, or location of
an entity by means of recorded identification. See also
Chain of custody. 

Traceability: The property of a result of a measurement whereby it
can be related to appropriate standards, generally inter-
national or national standards, through an unbroken
chain of comparisons. 

Ultraviolet spectroscopy: The use of the absorption of ultraviolet radiation to
classify a substance.

Validation: Confirmation by examination and provision of objective
evidence that the particular requirements for a specific
intended use are fulfilled.

Verification: Confirmation by examination and provision of objec-
tive evidence that specified requirements have been
fulfilled (method works in your lab as well as where it
was validated.)
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