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Basic Clandestine 
Drug Manufacture

Before a clandestine lab investigation can begin, the investigator must be 
able to recognize that such a lab exists. To do this, he must be familiar with 
the basic techniques used to produce controlled substances. Provided in this 
chapter is information concerning basic manufacturing techniques used by 
clandestine lab operators. Legitimate sources of chemicals and equipment 
will be used in the explanations, followed by examples of underground 
alternatives.

Clandestine labs come in a variety of shapes and sizes; their sophistication 
is limited only by the education and imagination of the operator. Complicated 
equipment and exotic chemicals are not required to manufacture drugs of 
abuse or explosives (controlled substances). Most of the equipment and 
chemicals found in a lab have legitimate uses and can be obtained from a 
variety of legitimate retail outlets. Therefore, the forensic clandestine lab 
investigator must be able to recognize the combinations of equipment and 
chemicals that are used to manufacture controlled substances and to deter-
mine whether the combination is coincidental or intentional.

A clandestine laboratory is literally a secret room or building equipped 
for scientific research or manufacture. Clandestine labs may not be illegal. 
The substances they produce and the act of manufacturing them is what may 
be controlled.

Webster’s Dictionary defines manufacturing as “…the act of making 
goods, by hand or machinery.” The legal definition of manufacturing is 
different. The Code of Federal Regulations (21 CFR 1300.01) defines manu-
facture as “… the producing, preparing, propagating, compounding or pro-
cessing of a drug or other substance or the packaging or repackaging of such 
substance or labeling or relabeling of the commercial container of such…” 
This definition relates more directly to the production of drugs of abuse and 



is applicable in one form or another throughout the United States. Investi-
gators should compare the federal definition with their local statutes and 
consult with district attorneys responsible for prosecuting clandestine labs 
about any differences.

The legal definition includes acts of packaging and labeling that are not 
normally associated with the “making of goods.” The acts of preparing the 
final product for distribution or sale expand the perception of laboratory 
operations from the traditional mixing and extracting of chemicals. Under 
this definition, the mirror act of making little ones out of big ones is the same 
as making the big ones to begin with.

Many criminal statutes dealing with the manufacture of controlled sub-
stances state that the possession of chemicals and equipment for the purpose 
of manufacturing a controlled substance is illegal. The statute may not specify 
that all of the equipment and chemicals must be present, only that a com-
bination exist that is sufficient for a reasonable person to believe that a 
manufacturing operation exists. Other statutes may require all of the com-
ponents of the operation to be present. Either situation places the burden of 
demonstrating how the different components can be utilized to manufacture 
a controlled substance on the government. Understanding the different man-
ufacturing processes will allow the investigator or prosecutor to differentiate 
and articulate how the presence of cold medications, rubbing alcohol, coffee 
filters, and glass jars can be legitimately present in one situation and yet be 
used in a clandestine lab that manufactures a controlled substance in another.

The manufacture of explosives is a slightly different issue. The simple 
possession of explosives is not regulated to the extent drugs are. Explosives 
have a wide range of legitimate applications. However, for public safety rea-
sons, the manufacture, distribution, and storage of explosives is regulated. In 
the interest of public safety, the U.S. government regulates the importation, 
manufacture, distribution, and storage of explosive material through 27 CFR 
55 and Chapter 40 of Title 18 of the United States Code (18 USC 40). As 
with the drug laws, there may be additional restrictions on the possession, 
manufacture, distribution, and storage of explosives or explosive material 
that are enacted by state and local statutes.

1.1 Lab Operators

There are three distinct categories of clandestine lab operators: small-scale, 
commercial, and educated (Table 1.1). The size of the lab may vary among 
operator categories, but the principles that demonstrate an operation exists 
remain the same.
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The lab of a small-scale operator is the one most commonly encountered. 
He is generally a drug user, using his own product as well as selling a portion 
to support his habit. Financial gain is, therefore, often not the only objective 
of this operation. All stages of such an operation usually take place at one 
location. Generally, these operators have no chemical education. They obtain 
their chemicals through retail purchases at grocery stores and drugstores, 
local chemical supply houses, or mail order suppliers. At times, they will 
shoplift over-the-counter preparations that contain regulated precursor 
chemicals. Operations are conducted in single-family homes and apartments 
as well as hotel and motel rooms. These operations are found in the poorest 
part of a city or the most affluent. The types of motels and hotels used vary 
from skid row to major luxury chains. The distribution of the final product 
is usually in the same area as the lab, and the operator is usually the dealer.

The commercial operator manufactures for financial gain. These operators 
may or may not be users. Different portions of a commercial operation may 
take place at separate locations in an effort to avoid detection by law enforce-
ment. The commercial operation may have one “cook” who holds the knowl-
edge concerning the manufacturing process. He may or may not have 
chemistry training. The cook is usually only at the lab site during critical 
portions of the operation. For the balance of time, so-called “lab rats” are 
present to monitor the operation and secure it from theft or detection. The 
commercial operator has an established network to obtain large quantities 
of the necessary chemicals and equipment required to manufacture his prod-
uct. A separate distribution network for the final product is usually estab-
lished away from the lab to avoid detection. The commercial operator does 
not generally participate in street-level sales.

During the 1960s, outlaw motorcycle gangs began producing their own 
methamphetamine in these labs, and they dominated the distribution of the 
drug within the United States. Today, there are two major forces fueling the 
methamphetamine trade within the United States: well-organized manufac-
turing and trafficking groups based in Mexico, and a widely scattered series 
of local methamphetamine producers, predominantly based in rural areas 

Table 1.1 Operator Characteristics

Characteristic
Small-Scale
Operator

Commercial
Operator

Educated
Operator

Chemical education No Yes Yes
Drug user Yes Maybe Maybe
For profit No Yes Maybe
Legitimate chemical supply No Maybe Yes
Single location operation Yes No Yes
Local distribution Yes No Maybe
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around the country. They operate the well-organized, high-volume “super-
lab” defined by the Drug Enforcement Administration (DEA) as a clandestine 
lab operation that is capable of producing 10 pounds or more of metham-
phetamine in a single production cycle. The DEA estimates that less than 5% 
of clandestine labs seized are classified as superlabs. Concentrated in Califor-
nia and Mexico, they are estimated to produce over 80% of the methamphet-
amine available in the United States today.

The educated operator is the least-encountered type of clandestine lab 
operator. He usually has formal training in chemistry that was obtained 
through traditional education or from on-the-job training. He also has legit-
imate access to sources of regulated chemicals. He may even be using his job 
site as a manufacturing location without the knowledge of his employer. The 
educated operator may be a hybrid between the small-scale and the commer-
cial operator. In some instances, he acts as the cook in operations that require 
chemical expertise, such as the synthesis of lysergic acid diethylamide (LSD) 
or fentanyl and its analogs. At other times, he can be found in a small-scale 
operation working as manufacturer and distributor. Graduate students, engi-
neers, and government chemists have all been arrested for manufacturing 
controlled substances while using their employer’s facility, or for purchasing 
chemicals and equipment through their employer without his knowledge. 
The educated operator may or may not have a distribution network estab-
lished. He may or may not be a drug user. Profit is much more the driving 
force for the educated operator than for his uneducated small-scale counter-
part.

1.2 Manufacturing Processes

There are a number of different processes that can be used to manufacture 
a controlled substance. The one employed will depend on the starting mate-
rials used and the end product desired. Each process may be encountered 
alone or in combination with one or more of the others. One clandestine lab 
may incorporate multiple manufacturing processes to obtain the end prod-
uct. The four basic manufacturing processes used in clandestine labs are 
extraction, conversion, synthesis, and tableting.

The following is a generic example of a multimethod process. The nec-
essary precursor chemical is extracted from a bulk substance and then con-
verted into substance “B.” Substance B is then combined with three other 
chemicals to synthesize compound “C.” Compound C is extracted from the 
reaction mixture and then converted from the freebase into its salt form. The 
salt form is then extracted from the liquid, with the resulting product pack-
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interpreted literally, thousands of homes in the United States would be in 
violation of the statute. Just because there is over-the-counter cold or diet 
tablets, rubbing alcohol, iodine solution, swimming pool acid, glass jars, a 
turkey baster, and coffee filters at a location does not make it the site of a 
clandestine lab. In order to prove intent, the knowledge must be proven to 
be present as well. Did the person who possessed the items know how to 
combine them in the proper sequence to make a controlled substance?

Knowledge, alone, is not all that is required. If that were the case, half of 
the chemistry students at any given university would be in jail. The key to 
the statute is the words “for the purpose of.” Did the person with the equip-
ment, chemicals, and knowledge intend to combine them to create a con-
trolled substance? This is the question that needs to be asked when evaluating 
the knowledge requirement. In essence, did the person have the requisite 
criminal intent?

1.4 Summary

Clandestine labs come in all shapes and sizes. Lab operators range from the 
small-scale operator who produces just enough to sustain his personal habit 
to the large-scale operator who produces pounds at a time for commercial 
profit. Clandestine labs are found in every segment of society and cross all 
demographics. Race, religion, age, sex, and economic status are neither indi-
cators nor barriers.

All three legs of the clandestine lab triangle need to be present for a 
clandestine lab operation to exist. Equipment, chemicals, and knowledge 
must be present for the operator to produce the desired product. The equip-
ment used ranges from technical and scientific to mere household kitchen 
utensils. The chemicals required vary from the exotic that are only available 
through scientific supply houses to those that can be purchased over the 
counter at any drug-, grocery, or hardware store. Even though a science 
degree is helpful, all a clandestine lab operator needs to be able to do is follow 
directions.
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in and around the lab area. As a rule of thumb, “hydro-” acids are corrosive 
and will produce fumes.

For identification purposes, if the label says acid in the chemical name, 
it should be considered corrosive. The strength and concentration may be 
unknown, but the compound will react like an acid. Therefore, treat all 
unknown acids as if they were extremely corrosive.

Caustics or bases are chemicals that readily accept a proton (hydrogen) 
in a chemical reaction. They have a pH greater than seven with any pH greater 
than 12 considered corrosive. They can be subdivided into inorganic perox-
ides and organic amines. Inorganic peroxides are characterized by the pres-
ence of a hydroxyl ion (OH-) group. The organic amines contain a 
characteristic amine (-NH2) group.

Caustics generate heat when reacting with water, acids, organic material, 
and some metals. They have a tendency to liquefy protein (i.e., tissue). Caus-
tics are used to neutralize acids in the synthesis and conversion processes. 
They are used to adjust the pH of water solutions in the preparation of an 
extraction. In conversion labs, they are used to convert the salt form of a 
drug into the freebase form. In some instances, they can act as a precursor 
chemical and become part of the final product.

Caustics can be found in solid, liquid, and gas forms. They are found in 
pure forms more often than their acidic counterparts. However, they can be 
just as easily found in a water solution of varying concentrations. Words like 
caustic, hydroxide, and amine in the chemical name indicate a compound 
with caustic or basic properties.

Oxidizers are compounds that provide oxygen to a reaction. These com-
pounds may cause a fire if they come in contact with combustible material, 
and they can react violently when exposed to water or in a fire. Oxidizers 
contribute oxygen to chemical reactions, which increases the fire and explo-
sion hazard, because they provide a source of oxygen to sustain combustion 
in a normally oxygen-deficient atmosphere. An excess amount of available 

Table 2.1 Acid Relative Strength

Acid Name Formula

Perchloric acid HClO4

Stronges
t

Sulfuric acid H2SO4

Hydrochloric 
acid

HCl

Nitric acid HNO 3

Phosphoric acid H3PO4

Hydrofluoric HF

Acetic acid
CH3COO

H
Weakest
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of the container if it is under pressure, causing a BLEVE-like explosion that 
sprays the contents of the container over the surrounding area.

A poison is a substance that in low concentrations will cause death or 
injury upon ingestion. Poisons act on the internal systems of the body. Highly 
toxic poisons are usually gases or highly volatile liquids that have an oral 
LD50 of <5 mg/kg. Moderately toxic poisons may be solids or liquids, with 
an LD50 of >5 mg/kg.

Chemical reactivity is the final hazard. How chemicals interact with each 
other can potentially pose a significant threat to clandestine lab responders. 
How the responders handle the chemicals at the scene is just as important 
as what lab operators did with them prior to their arrival.

Chemicals are either compatible or incompatible. Compatible chemicals 
can remain in close or permanent contact without a reaction. Incompatible 
chemicals react with undesirable results.

Figure 2.9 (a) Compressed gas container. (b) Clandestine HCl generators.
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Incompatible chemical reactions generate heat that can cause a fire or 
explosion, form a toxic gas or vapor, or form a substance that is more toxic 
than the original compounds. The reaction can disperse a toxic mist or dust, 
produce a violent chemical reaction, or any combination thereof.

Water-reactive and pyrophoric chemicals are examples of chemical 
groups that pose extreme reactivity problems. Water-reactive chemicals 
hydrolyze with water, forming flammable, corrosive, or toxic products. Pyro-
phoric chemicals react with the air and may spontaneously ignite.

Metallic sodium used in the Birch reduction is an example of a water-
reactive chemical. It reacts violently with water, producing sodium hydroxide 
and hydrogen gas. Sodium hydroxide is extremely caustic. Hydrogen is 
extremely flammable and, under the right conditions, explosive. Under the 
right conditions, the water reacting with metallic sodium can produce an 
explosive hydrogen environment. If the hydrogen explodes, a caustic aerosol 
of sodium hydroxide would be dispersed. For this reason, metallic sodium 
is stored in mineral spirits of other nonaqueous solvent.

2.2.4.2 Physical Hazards
The final group of hazards associated with a clandestine lab is the physical 
hazards. These hazards include accidents, thermal exposure, electrical dan-
gers, and the dangers of confined spaces.

An accident is an unforeseen happening resulting in damage to people 
or property. Accidents are not the result of an unsafe act. For example, if a 
person opens a door without realizing there is someone on the other side, 
and the door hits the other person, causing them to spill red wine on their 
shirt, the person opening the door did not know there was anyone on the 
other side and could not foresee the collision; therefore, it was an accident.

On the other hand, if an investigator opens an unknown chemical con-
tainer without the appropriate training or personal protective equipment, 
spilling acid on his shirt, damaging it and burning his skin, this was not an 
accident. The actions and damages were avoidable. The investigator should 
not have been handling the container without the proper training, or mini-
mally, without the proper personal protective equipment.

Processing the scene of a clandestine lab is the proverbial “accident wait-
ing to happen.” However, knowing the causes of accidents can help prevent 
and eliminate them. The major causes of accidents are lack of preparedness, 
inattention, carelessness, and fatigue.

There is no excuse for lack of preparedness. Investigators should have an 
idea of what manufacturing method the operator is utilizing prior to entry. 
With this knowledge, investigators should assemble the proper personnel and 
equipment to process the scene in a safe manner. The lab is not going 
anywhere; time is on the investigator’s side. Therefore, the scene should not 
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Table 2.2 Hazardous Materials Handling Guidelines 

Hazard Type Abatement

Explosive 
chemicals 

Do not handle chemicals unless trained or absolutely necessary. The 
handling of chemicals should be left to trained personnel. Trained 
personnel can recognize chemical names that have explosive potential. 
They can also recognize chemical combinations or other situations 
with explosive potential. Untrained personnel should seal the area of 
the clandestine lab and wait for trained personnel to effect the 
abatement procedures.

Separate incompatible chemicals. Trained personnel should separate 
chemicals with known incompatibilities. This will reduce the potential 
for these chemicals to accidentally combine and create an explosive 
situation.

Remove heat from reaction mixtures. This will slow or stop the reaction 
taking place. This will reduce the amount of potentially explosive and 
toxic fumes that are being produced. Allowing the reaction mixture to 
reduce to room temperature naturally eliminates the effect of drastic 
changes in temperature.

Ventilate confined spaces. This will reduce the concentration of 
explosive fumes in the area to below the explosive limit.

Flammable/  
combustible 

Do not handle chemicals unless trained or absolutely necessary.
Separate incompatible chemicals.
Remove heat from reaction mixtures.
Ventilate confined spaces.
Isolate from ignition source. All fires need fuel, oxygen, and a source of 
ignition. Removing the source of ignition removes the capacity to 
burn. (The muzzle flash from a discharged weapon is sufficient to 
ignite a flammable atmosphere.)

Acids and 
caustics

Do not handle chemicals unless trained or absolutely necessary.
Identify the pH and acid type of all unknown liquids. Knowing the basic 
characteristics of the liquids will provide insight into how they should 
be segregated. (See Table 2.3 for bottle cap identification guide.)

Seal all containers. This reduces the likelihood of the mixing of liquids 
if the containers are spilled. Also, some mineral acids produce fumes 
that can contaminate the air or mix with uncovered solutions 
containing incompatible mixtures.

Separate acids and caustics. Segregating liquids by pH will prevent 
violent reactions if a chemical spill occurs.

Separate acids by type. All acids are not created equal. Oxidizing mineral 
acids react violently when they come in contact with nonoxidizing 
mineral acids and organic acids. Segregating acids by type will prevent 
violent reactions if a chemical spill occurs.
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3
Basic Toxicology

Exposure to hazardous chemicals is one of the dangers of processing clan-
destine lab scenes. As described in the last chapter, the hazardous effects 
among chemicals vary widely. The short-term effects of a chemical exposure 
can differ from the long-term effects. In some instances, a single exposure 
can be lethal. In other situations, the effects are seen in the exposed person’s 
offspring. That is why chemical exposure is the “silent” hazard.

Toxicology is the study of the adverse health effects of exposure to a 
chemical substance. As in many situations, knowledge is power. To have the 
power to protect oneself from the effects of chemical exposure, a person needs 
to know where the exposures can occur, how toxins enter the body, and how 
the various chemical classes will affect the body physiologically. Knowing 
how a chemical affects the body provides the knowledge required to protect 
against its toxic effects.

The goal in this chapter is to provide basic knowledge concerning toxic 
effects of hazardous chemicals encountered at clandestine lab scenes. 
Addressed in this chapter will be the entry routes by which chemicals enter 
the body, conditions that affect the absorption of chemicals, chemical toxicity 
ratings, types of toxins, and their systemic effects. This chapter is not a 
scientific treatise concerning the toxicology of hazardous material. It presents 
basic explanations of how toxic materials can enter the body and what hap-
pens when they do.

3.1 Entry Routes

Hazardous chemicals must have contact with the body to have a toxic effect. 
The point of contact determines the entry route and can affect the body’s 
response to a particular toxin. For example, the body’s response to a dermal 
exposure to sodium cyanide differs from ingestion of the same compound. 



Cyanide is a chemical asphyxiant that inhibits the blood’s ability to carry 
oxygen. If the cyanide does not enter the circulatory system, i.e., through skin 
contact (dermal exposure), it cannot affect the blood’s oxygen-carrying abil-
ity. However, if the sodium cyanide is ingested or inhaled, it can be adsorbed 
into the circulatory system, resulting in its toxic effects.

The three entry routes by which toxic materials enter the body are 
through inhalation, dermal adsorption, oral ingestion, and direct contact. As 
chemicals can have multiple hazardous effects (i.e., nitric acid is a corrosive, 
oxidizer, and poison), they can also have multiple toxic effects. The entry 
route of a toxin plays a role in what toxic effect the substance has on the body.

3.1.1 Inhalation

Inhalation is the most common and efficient entry route by which toxins 
enter the body. It is the most common entry route, because people have to 
constantly breathe to survive. (People can survive for extended periods with-
out eating or touching things.) Thus, the respiratory system (Figure 3.1) is 
constantly exposed to the outside environment, which may contain toxic 
substances. It is the most efficient entry route, because the respiratory system 
provides a direct conduit from the environment to the body’s circulatory 
system. Once the toxin is in the circulatory system, it is a simple ride on the 
blood express to the toxin’s target organ of choice.

Figure 3.1 Respiratory system.
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The respiratory tract is comprised of the upper airway, the lower airway, 
and the alveoli. Each portion has a specific function. Portions filter out toxic 
material that would inhibit the oxygen–carbon dioxide exchange in other 
portions. Other portions exchange toxic materials between the blood and the 
air that is breathed.

The upper airway is comprised of the nose and larynx. Its purpose is to 
increase the relative humidity of the incoming air. It is lined with hairs called 
ciliated epithelia that keep large particles from the incoming air from getting 
into the lower airway and alveoli. The upper airway’s moist environment 
provides an atmosphere in which water-soluble materials can dissolve and 
potentially enter the circulatory system.

The lower airway is comprised of the trachea, bronchi, and bronchioles. 
They are lined with mucus-coated ciliated epithelia. The purpose of the lower 
airway is to prevent particles that passed through the upper airway from 
getting into the alveoli. The ciliated epithelia move the trapped particle up 
the lower airway to the oral cavity for elimination. Smoking and the use of 
cough suppressants can, in effect, paralyze the ciliated epithelia, affecting 
their ability to filter and remove particles from the incoming air. Water-
soluble toxins can be adsorbed in the mucus, also affecting the function of 
the ciliated epithelia.

The alveoli are the tiny sacks attached to the bronchioles. They contain 
the blood vessels that exchange oxygen and carbon dioxide. Another function 
of the alveoli is to exchange volatile toxins with the incoming air and eliminate 
them in the expired air.

The alveoli provide the largest surface area of the body that is constantly 
exposed to the environment. They provide a direct connection between the 
environment and the body’s circulatory system. Toxins can enter the circu-
latory system directly at this point. The act of breathing constantly refreshes 
the supply of toxic substances that can be introduced to the circulatory system 
for distribution throughout the body.

Chemicals do not absorb into the body at the same rate. A person’s 
physiology and the chemical properties of the toxin work in tandem to affect 
how readily the toxins are absorbed through the respiratory system. Respi-
ratory rate, particle size, and chemical solubility are the principle issues that 
affect how readily a toxin is absorbed by the body.

The exposure rate to a toxin is directly proportional to the amount of 
air breathed. The faster the breathing rate is, the greater the amount of air 
that enters the lungs. This leads to an increase in the amount of toxic expo-
sure. The slower the breathing rate is, the lower the amount of air that enters 
the lungs. This leads to a decrease in the amount of toxins that can enter the 
respiratory system for absorption.
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To limit toxic inhalation exposure, it is recommended that the respiratory 
rate be kept to a minimum by being in good physical condition and main-
taining composure during processing activities. Being in good physical shape 
influences the efficiency of the lungs’ oxygen exchange ability, which assists 
in reducing the respiratory rate. Being in an excited state increases the res-
piratory rate. Maintaining composure keeps the respiratory rate low, mini-
mizing the exposure.

The substance’s particle size affects if or where the toxic effect will result. 
Solid particles ranging in size from 5 to 30 µm are filtered out in the upper 
airway. Particles in the 1 to 5 µm range are filtered out in the lower airway. 
They collect on the mucus-covered epithelium and are transported to the 
oral cavity for elimination. These particles can also embed themselves into a 
portion of the respiratory system, causing infection or disease. Asbestos is an 
example of an insoluble particle that embeds itself into the respiratory system, 
producing adverse effects.

When working in toxic environments, it is imperative that responders 
do nothing to affect the ciliated epithelia’s ability to remove particles from 
the incoming air. Smoking and the use of cough suppressants could inhibit 
the cleansing movement of the cilia, allowing particles to embed themselves 
into some portion of the respiratory system or to be introduced into the 
circulatory system.

A substance’s water solubility will determine its toxic effects through 
inhalation. Water-soluble substances will dissolve in the mucus of the upper 
and lower airways. This may produce a localized toxic effect or allow the 
compound to be absorbed in the circulatory system. Water-insoluble sub-
stances can travel past the upper and lower airways into the alveoli, where 
they can enter the circulatory system.

3.1.2 Dermal Absorption

Dermal absorption is the second route of entry by which toxins enter the 
body. Many people have the misconception that the skin is impervious to 
everything. If contact with the substance does not produce some sensation 
of pain or discomfort, there must be no toxic or hazardous effect. This is not 
the case when considering the skin as an entry route for toxic materials.

The skin is comprised of the dermis and epidermis (Figure 3.2). By 
weight, it is the largest organ of the body. The skin has two main functions. 
First, it protects the internal organs of the body from adverse environmental 
conditions. Second, it regulates the body’s temperature. Both of these func-
tions affect how toxic substances are absorbed into the body.

The epidermis is the top layer of skin cells that provides the first line of 
defense from environmental toxins. It can intrinsically repel the toxic effects 
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of a number of substances. The condition of the epidermis plays a critical 
role in its ability to repel toxins. Dry skin or skin damage as a result of cuts 
or abrasions can result in toxins bypassing the protective traits of the epider-
mis. Corrosives can damage the skin and provide an opening for other toxins 
to enter.

The dermis comprises the lower layers of the skin. It contains the sweat 
glands and ducts, oil glands, fatty cells, connective tissues, and blood vessels. 
It provides a nonselective diffusive environment by which toxins travel into 
the circulatory system.

The rate toxins are absorbed through the skin is affected by a number of 
factors. The relative effect of one may affect the relative effect of one or more 
of the others when combined. The factors that affect the rate of dermal 
absorption include skin damage, hydration state, temperature, concentration, 
and carriers. Each factor affects whether a substance is repelled or absorbed 
by the skin.

Skin damage is the simplest to understand. The skin can be equated to 
the plastic coating that protects a package’s contents from water damage. A 
cut or an abrasion in the skin can be equated to a break in the package’s 
plastic coating. Breaking the plastic coating provides an entrance for water 
to enter the package. Breaking the protective coating provided by the epider-
mis provides toxins a direct route into the circulatory system.

The hydration state of the epidermis can affect its ability to absorb or 
repel toxic substances. The epidermis has an optimum hydration state. If it 
is too dry, it may more readily adsorb liquid toxins or let them pass through 
to the dermis. If the epidermis is overhydrated, it may provide an environ-

Figure 3.2 Skin cross-section.
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ment that will allow the toxins to diffuse through it into the blood vessels in 
the dermis.

The ambient temperature affects dermal defenses in a couple of ways. It 
can affect the hydration state of the skin. Skin perspires in elevated temper-
atures. Perspiration increases the hydration state of the epidermis, leading to 
the effects described above. The sweat ducts also provide a conduit for toxins 
to travel past the epidermis into the dermis and potentially into the circula-
tory system.

A second effect concerns the blood vessels in the dermis. In hot environ-
ments, the blood vessels expand to increase the blood flow in the dermis in 
an effort to reduce the body’s internal temperature. In cold environments, 
the blood vessels in the dermis contract to restrict the blood flow in the 
dermis in an effort to keep the body warm. In elevated temperatures, the 
surface area of the blood vessels increases, increasing the ability for a diffusion 
transfer through the dermis into the circulatory system.

The concentration of a substance plays a role in how it affects the skin. 
The epidermis is resilient. It can compensate for the toxic effects of low 
concentrations of a given substance. Exposures to these low concentrations 
produce little or no toxic effect. However, higher concentrations of the same 
substance can produce devastating effects.

Chemical carriers can provide a ride for a toxin through the skin’s natural 
defenses. A solid toxin that the epidermis would normally repel may pass 
through it, if it is dissolved into a solvent carrier that permeates the epidermis. 
The solvent shuttles the dissolved toxic substance past the epidermis into the 
dermis and then into the circulatory system.

3.1.3 Ingestion

Ingestion is the final mode by which toxins enter the body. This is the least 
effective way for toxins to enter the system. The physical state of the sub-
stances introduced through this mode, and the nature of the digestive tract, 
keep the amount of toxin and toxic effects to a minimum (Figure 3.3).

Solids and liquid substances enter the body through this mode, which 
makes intentional ingestions difficult. The mouth is a relatively guarded entry 
point. People have the common sense to not intentionally eat or drink some-
thing that has hazardous potential, as opposed to dermal contact, with which 
unintentional direct contact with the substance is common.

Inadvertent ingestions of toxic substances can happen. People in toxic 
environments inadvertently handle items that are placed in the mouth. Smok-
ing and eating in an area where toxic substances are present affords the 
opportunity for toxins to be placed in the mouth if a contaminated hand 
handles the cigarette or food. For example, people taking notes at a clandes-
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tine lab scene will place the pen with which they have been writing in their 
mouths. Just before, they handled toxic chemicals that have now been 
ingested into the gastrointestinal tract. The only saving grace in this incident 
is that the concentration of the substance may be low enough that it will not 
produce a toxic effect.

A third consideration is the environment within the digestive system. 
The highly acidic and alkaline environments in the various portions of the 
gastrointestinal tract have a tendency to neutralize the toxic effects of many 
substances before they can be introduced into the bloodstream. Even if a 
toxin is introduced, interaction with the digestive juices may alter the toxic 
properties of the substance before it has a chance to enter the circulatory 
system.

3.2 Modes of Action

Every substance has a different effect on the body. The mode of action refers 
to the physiological system, which is affected by the exposure. The three 
general modes of action consist of the physical, chemical, and enzymatic.

Figure 3.3 Gastrointestinal tract.
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The physical mode of action refers to how the substance interacts with 
all tissues of the body. The substance’s hazardous characteristics can be used 
to characterize its physical mode of action. For example, a substance with 
corrosive properties will produce the same effect, no matter the tissue with 
which it comes into contact, i.e., corrosive substances are nonselective in the 
type of tissue with which it reacts.

The chemical mode of action refers to how a substance interacts with 
specific tissues of the body. It can be characterized by generic toxic properties 
of the substance. For example, chemical asphyxiants interfere with the blood’s 
ability to carry oxygen. The reactions are tissue specific and deal with the 
chemistry between the substance and tissue involved.

The enzymatic mode is also referred to as the physiological mode. It 
refers to how the substance interacts with specific enzymes in the body. The 
substance can enhance or inhibit the processes of the enzyme it affects.

3.3 Influences on Toxicity

A number of variables will affect the body’s response to a given toxin. The 
length and the degree of exposure play a determining role. The chemical’s 
physical properties, its concentration, and the duration of exposure have 
their own influences on the body’s reaction. Even environmental factors, 
such as the temperature, play a role in how a substance will react with the 
body. The variables that affect the toxicity of a substance are the length of 
the exposure, the degree of exposure, toxicity factors of the substance, factors 
concerning the exposure, environmental factors, and factors concerning the 
person exposed.

3.3.1 Length of Exposure

As discussed in Chapter 2, the length of exposure to a hazardous substance 
will determine the effects the substance has on the system. Also, the short-
term effects differ from the long-term effects.

Exposures to toxic hazards have acute and chronic effects. Acute effects 
are experienced with exposure to hazards of high concentrations of short 
duration. The effects are felt immediately. The exposed will recover if the 
exposure does not exceed the lethal limits. Chronic effects are generally 
experienced with exposure to hazards of low concentrations over a long 
period of time. The effects are cumulative, creating a toxic effect. These effects 
are usually different than the acute effects of the same hazard.

The duration of an exposure may be too short to produce an acute effect. 
The body may have enough natural defenses to ward off any adverse effects. 
However, because of the depletion of these natural defenses, subsequent 
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short-term exposures may have a compounded acute effect if the body has 
not had an opportunity to regenerate its defense mechanisms.

In some instances, the body stores the substance in the fat cells, liver, or 
other target organ. The concentration increases until it reaches a toxic level. 
Numerous insignificant short-term exposures may not produce any acute 
effects. However, the cumulative effect may produce a chronic toxic effect.

3.3.2 Degree of Exposure

The degree of exposure differs from the length of exposure. Exposure length 
is strictly a measure of the time a person is exposed to the substance. The 
degree of exposure relates to the substance’s chemical properties, the concen-
tration, and the specific duration of the exposure. These properties are inter-
related and affect how the substance will react with the body. Degree and 
length of exposure are interrelated in that by changing one of the properties 
of the degree of exposure, the length of time required to produce a toxic effect 
will be altered. The group of exposure properties interacts in different ways. 
The effect produced results from the relationships between the different 
factors surrounding the exposure. The factors concerning the compound, the 
circumstances surrounding the exposure, the exposed person, and the envi-
ronment of the exposure will combine and establish the total hazardous 
potential of the exposure.

3.3.2.1 Compound Factors
The substance has properties that establish its inherent toxicity. Its chemical 
properties, concentration, duration of the exposure, and interaction with 
other chemicals will interact in different ways to produce different effects. 
The ratio of these is different in each exposure. Thus, the effects of the same 
substance will vary depending on this ratio.

Each chemical has an inherent set of physical and chemical properties. 
Some have a hazardous potential. Some physical properties prevent the sub-
stance from interacting with the body. For example, under normal circum-
stances, solids and liquids cannot be inhaled. However, change the solid into 
an airborne dust or a liquid into an aerosol, and these physical states can be 
inhaled.

The substance’s chemical properties will determine what effects it will 
have on the body when an exposure occurs. For example, under normal 
circumstances and without outside influences, a corrosive chemical will not 
burn or explode. However, contact with an incompatible property may create 
an explosive situation.

The concentration of the substance during the exposure will affect the 
body’s response. The body has the ability to compensate for exposure to low 
concentrations of a wide variety of chemicals. Its internal defenses can neu-
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tralize or compensate for the toxic effects of a given substance. However, high 
concentrations of the same substance during the same exposure time may 
overload the body’s ability to defend or compensate for the toxic effects.

The duration of the exposure will affect how the body reacts. The effects 
of instantaneous contacts differ from those of prolonged contacts. Instanta-
neous contacts may not allow enough time for the substance to interact with 
the body, or the body may have sufficient defenses to compensate for that 
exposure duration.

A dramatic example of this is exposure to liquid nitrogen. Liquid nitrogen 
has a boiling point of –196°C (–321°F). The human body can tolerate a direct 
instantaneous exposure to liquid nitrogen. Beyond that, the temperature of 
the liquid nitrogen overcomes the body’s ability to compensate, and severe 
damage results.

Interaction with other substances can potentially affect the substance’s 
toxicity. Contact with other chemicals may alter the substance’s physical state, 
which may affect the entry routes available to the substance. For example, 
the reaction between cyanide salts and acids converts cyanide salt from a solid 
(with low inhalation potential) to hydrogen cyanide gas (with high inhalation 
potential). Dissolving a substance into a liquid may alter its ability to be 
adsorbed through the skin.

3.3.2.2 Exposure Factors
The circumstances surrounding the exposure will affect hazard potential. The 
entry route and the duration and number of exposures will determine what 
the body will experience. The combination and ratio of these factors will 
affect the body’s toxic response.

The entry route is the primary factor in the exposure scenario. If the 
substance can neither get into nor have contact with the body, it cannot 
produce a toxic effect. As discussed earlier, different entry routes provide 
access to different physiological systems. A toxin’s effect may differ depending 
on the entry route. For example, under normal conditions, cyanide salts have 
a negligible potential for dermal absorption. However, they are readily 
adsorbed through ingestion. A person can handle these highly poisonous 
substances with minimal effects from dermal absorption. However, when the 
person’s contaminated hands come into contact with food that is then 
ingested, that insignificant exposure just became lethal.

The number of exposures influences the toxic effects of a substance. 
Certain substances are known as sensitizing agents. An initial encounter with 
the substance may not produce an effect. However, all subsequent exposures 
produce a toxic reaction. Other substances can have a cumulative effect. The 
body may store a substance until the concentration builds to the point where 
it reaches a toxic level.
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3.3.2.3 Personal Factors
Personal factors can be directly attributed to the exposed individual. The 
exposed person’s age, sex, health, and genetics are directly related to how the 
person’s body will react to an exposure to certain toxic substances.

A person’s metabolism changes over time. The metabolism of an infant 
is different than that of a teenager entering puberty. A young adult’s body’s 
ability to bounce back from injury and disease is greater than that of someone 
who reached retirement age. This difference in metabolism between the ages 
dramatically affects the body’s ability to fight the effects of toxic substances.

A person’s sex may determine if a person will be affected by an exposure 
to a particular toxic substance. In some instances, the metabolism of males 
differs from that of females. In other instances, a toxin may target a specific 
organ. If the toxin specifically targets the reproductive system of a particular 
sex, it will not have a detrimental effect on the opposite sex. This can be of 
special concern to women of reproductive age. There is also a group of toxins 
that, when exposed to, can cause birth defects (teratogens) or fetal death 
(embryonic toxins).

The health condition of the person exposed to toxic substances will affect 
the body’s response to the exposure. The body’s ability to counter the effects 
of exposure to toxic substances is diminished if the immune system is fighting 
disease or infection. Poor health extends beyond illness. Fatigue can be 
included in this category. If the body is run down due to lack of sleep or 
other fatigue factors, its ability to ward off toxic effects is reduced, because 
the body’s metabolism is not functioning at its optimum level for the person’s 
age and normal physical health.

A person’s genetic makeup will play a role in how certain toxic substances 
will affect the body. Some people are genetically predisposed to have a toxic 
reaction to a substance that another person is not affected by. Just as some 
people are allergic to dogs, pollen, or a variety of other allergens, some people 
will demonstrate a toxic reaction when exposed to a particular chemical, 
while others will exhibit no toxic symptoms to the same exposure.

Factors related to the environment affect if or how a toxin enters the 
body. The carrier, ambient conditions, and chemical interactions determine 
whether a particular exposure will produce toxic effects.

The carrier a toxin is associated with can provide the toxin an entry route 
that would not normally be available to it. Cyanide salts are an example of a 
solid poisonous substance that cannot easily enter the body under normal 
circumstances. However, accidental contact with ingested food provides the 
carrier the needed entry route. The same cyanide salt that cannot normally 
be absorbed dermally can enter the system through the skin if it is dissolved 
in the appropriate carrier solvent under the appropriate ambient conditions.
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The ambient conditions during the exposure also have their effects. Cold 
slows the body’s metabolism to an extent. Cold affects dermal exposures by 
closing pores and restricting blood flow along the surface of the skin. Inversely, 
heat increases the potential for toxic exposures. Heat opens pores and 
increases the hydration state of skin, which increases the potential for solvent-
soluble toxins to permeate the epidermis and enter the dermal layer, which 
contains blood vessels. Also, blood flow in the surface of the skin is increased 
in an effort to cool the body. Dilated capillaries provide a greater surface area 
and, therefore, greater potential for toxins to enter the bloodstream.

3.3.2.4 Distribution and Elimination
Many toxins do not stay at the initial contact site. They enter the body through 
one of the exposure routes and travel through the body to a specific target 
organ. Movement of the toxins through the body is facilitated by the circu-
latory system, which consists of blood and lymphatic systems. These systems 
also provide a method with which to remove toxins from the body.

In Figure 3.4, the flow of toxins is graphically depicted. Toxins enter the 
circulatory system via inhalation, dermal absorption, or ingestion. Liquid- 
and water-soluble solids are filtered out in the liver and kidneys and then are 
excreted from the body in urine. Solid toxins are excreted in feces. Volatile 
toxins are exchanged with incoming air and expelled in expired air. Other 
toxins are transported into cellular fluid, where they are stored in the organs, 
soft tissue, or fat cells.

3.4 Toxicity Measurements

There are a number of ways to establish toxicity of a substance. Some of the 
measurements relate to the lethal dose. Others have to do with the amount a 
person can be exposed to before they feel any effects. Other measurements relate 
to the instantaneous exposure or the amount of exposure a person can experi-
ence over a period of time. All of these measurements identify the dose threshold 
of a substance that a person can experience before suffering adverse effects.

Most toxicity measurements are derived from epidemiological and ani-
mal test data. The test values are usually derived from exposures given to rats 
that are then extrapolated to human ratios. Values are reported as ratios of 
weight of substance per weight of subject. For example, a toxic value of 
5 mg/kg rat means that 5 mg of substance will produce the toxic effect in a 
1 kg rat. This can be extrapolated to mean that 500 mg of substance would 
be needed to produce the same effect in a 100 kg human.

Many substances have an established LD50 value. The LD50 is the concen-
tration of a substance that produces a lethal response in 50% of the test 
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population. In other words, it is the concentration of the substance that will 
kill 50 of 100 of the test subjects.

In the body, substances will react differently. Some have an immediate 
effect. Others can come into contact with the body at low concentrations 
without the body demonstrating symptoms of exposure.

Low-dose-response substances produce an almost immediate effect on 
the body (Figure 3.5). The percent of the population affected by exposure to 
a given substance increases with the concentration of the substance. The rate 
of increase of the affected population will vary between substances. At some 
point, the concentration will reach the LD50 for the substance. Eventually, a 
concentration will be reached at which everyone in the population will expe-
rience the toxic effects of the substance.

Substances with a high-dose response will not produce a toxic response 
until a certain concentration is reached (Figure 3.6). Up to that point, the 
body’s natural defenses can counteract the toxic effects of the substance. Once 
the concentration of the substance reaches a threshold value, the population 
will begin to exhibit toxic effects. At that point, the percentage of the popu-
lation experiencing toxic effects increases with dosage concentration.

Figure 3.4 Toxin distribution chart.
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The relative toxicity of a substance is a function of the substance. Each 
compound has a relative toxicity. Terms commonly used to describe the 
toxicity of a substance are listed in Table 3.1. Each term has an associated 
concentration range. Extremely toxic compounds can cause death upon 
minute exposure, while you can literally bathe in relatively harmless sub-
stances before a toxic effect is experienced.

3.4.1 Exposure Guidelines

A number of agencies have established guidelines used to determine the toxic 
levels of various substances. The National Institute for Occupational Safety 
and Health (NIOSH), the Occupational Safety and Health Administration 

Figure 3.5 Low-dose curve.

Figure 3.6 High-dose curve.
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(OSHA), and the American Conference of Governmental Industrial Hygien-
ists (ACGIH) have their own rating systems. Each measures a specific effect 
and is used to establish safety parameters with which to create a safe work 
environment.

The threshold limit value (TLV) is an exposure guideline established by 
the ACGIH. It corresponds to the concentration required to produce toxic 
symptoms. Low TLV values indicate a substance with a low-dose response. 
High TLV values indicate a substance with a high-dose response. The expo-
sure concentration values are reported as either a time–weight average (TWA) 
or as a ceiling (c). The TWA value is the average concentration a person can 
be exposed to over a period of time (either 8 or 40 hours). The c value is the 
maximum concentration for an instantaneous exposure.

The relative exposure limit (REL) is the exposure limit established by the 
NIOSH. These values are similar to the TLV values and are directed toward 
industrial applications.

The most relevant exposure level to clandestine lab seizures is the IDLH. 
The IDLH is the concentration that NIOSH determined to be immediately 
dangerous to life and health. It is the concentration at which death or serious 
injury will be caused upon a single unprotected exposure.

The OSHA established permissible exposure limits (PEL) for numerous 
substances. These values are similar to the NIOSH REL values and can be 
found in Chapter 29 of the Code of Federal Regulations (CFR), Section 
1910.1000, Table Z-1.

The significance of the PEL values is that they hold legal weight. An 
employee cannot be exposed to concentrations exceeding PEL of a substance 
without appropriate personal protective equipment (PPE). Law enforcement 
and emergency responders are not exempt from these regulations. Even under 
exigent circumstances, law enforcement and emergency responders are 
required to adhere to the PPE requirements established by 29 CFR 1910.120 
when concentrations exceed the PEL.

Table 3.1 Relative Toxicity

Rating LD50 (Oral Rat) Example

Extremely toxic <1 mg/kg Hydrogen cyanide (HCN)
Highly toxic 1–50 mg/kg Mercuric chloride (HgCl2)
Moderately toxic 50–500 mg/kg Sodium hydroxide (NaOH)
Slightly toxic 0.5–5 gm/kg Cyclohexanone
Practically nontoxic 5–15 gm/kg Methanol
Relatively harmless >15 gm/kg Water

Source: Drug Enforcement Administration, Clandestine Laboratory Training 
Guide, Vol. 1, p. 22.
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3.5 Toxin Properties

Now that we know how toxins enter and affect the body, we can discuss toxins. 
A toxic material is a substance that in relatively small quantities is capable of 
producing localized or systemic damage. Toxic materials come in a variety of 
physical states and can affect the body in a number of different ways.

3.5.1 Physical States

Toxins come in all physical states. They can be in the basic physical states of 
solid, liquid, or gas. They could be in some combination of these forms, such 
as fumes, smoke, aerosols, mists, vapors, or dust. Knowing the various phys-
ical states of a toxic substance that can be encountered provides a means for 
determining what types of PPE will be required.

All substances have a normal physical state of solid, liquid, or gas. The 
normal physical state is related to the standard temperature and pressure 
(uncontained at room temperature). Changing the temperature or the pres-
sure conditions can affect the physical state of the substance.

Water is the simplest substance that can be used to demonstrate effects 
on temperature. Water is a liquid in an open container at room temperature 
(25°C). When the water’s temperature is reduced to 0°C by placing it into a 
freezer or exposing it to liquid nitrogen, the water turns into a solid. When 
temperature is elevated to 100°C by adding heat from an external source, the 
water turns into a gas.

Changing the pressure conditions under which the substance is stored 
will affect the substance’s physical state. Increasing the pressure in a closed 
container will condense a gas into a liquid, and the container will experience 
an increase in temperature. (That is why a bicycle tire’s temperature increases 
as air is added.) Reducing the pressure over a liquid will convert the liquid 
into a gas and reduce the temperature of the container. (That is why an aerosol 
can gets cold when the contents are released.)

The conditions encountered in clandestine labs are dynamic. Ambient 
temperatures can be at extremes of hot and cold. Boiling reaction mixtures can 
vaporize substances that are normally liquids at room temperature. The exces-
sive heat generated in an automobile in 110°F weather may pressurize chemical 
containers. Rapidly cooling a boiling liquid that was enclosed in a container 
may create a vacuum, which may make opening the container difficult. These 
environmental factors will affect the physical state of the substance.

The dynamics of the environment the substance encounters causes hybrid 
physical states. They are transitory or a combination of the basic physical 
states. These hybrid physical states include vapors, fumes, smoke, aerosols, 
mists, or dust.
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A vapor is the gas phase of a substance that is a solid or a liquid at standard 
temperature and pressure (room temperature). Vapors are produced when 
the temperature of the substance is elevated through natural (high ambient 
temperatures) or artificial means (heat added to a reaction mixture). The 
substance returns to its natural state when its temperature is reduced.

Fumes are vapors from substances that are solids at room temperature. 
They are the result of heating the substance, which produces airborne parti-
cles less than 0.1 µm in diameter. They can aggregate into fine clumps and 
eventually settle out of the air. Lead and iodine are examples of substances 
that can produce fumes.

Smoke is the result of incomplete combustion. The particle size is greater 
than 0.5 µm. These particles do not generally settle out of the air.

An aerosol is a stable suspension of solid or liquid particles of various 
sizes in the air that will eventually settle out of the air. Aerosols are usually 
the result of a mechanical distribution of the substance that atomizes the 
substance and disperses it into the air. The size and weight of the particles 
do not allow them to remain airborne.

Mists are liquid aerosols formed by liquid vapor condensing on airborne 
solid particles, which may or may not be visible.

3.5.2 Toxic Properties

Exposure to toxic materials produces localized or systemic damage to the 
body. That is, the toxic effect is experienced at the point of contact or when 
the toxin enters the body, travels to the target organ, and disrupts its function 
in some manner. Localized effects are experienced immediately. Systemic 
effects may be seen immediately, may not manifest for years, or may occur 
in the exposed person’s offspring.

In Chapter 2, the hazardous properties of the chemicals found in clan-
destine labs were discussed. Discussed in this section will be how the haz-
ardous properties correlate to toxic effects on the body. The toxic effects can 
be divided into corrosives, asphyxiants, irritants (respiratory, systemic, exter-
nal), and special toxins.

Corrosives are localized toxins that can cause visible damage or irrevers-
ible alteration to human tissue at the point of contact. They include acids 
and caustics. The effects are generally considered to be localized. However, 
the damage can lead to systemic effects. For example, exposure to hydrochlo-
ric acid fumes can produce localized damage to the alveoli. This localized 
damage produces a systemic effect on the body’s respiratory system.

Asphyxiants affect the supply of oxygen to the body. Even small reduc-
tions in the oxygen supply to the body can potentially produce a variety of 
effects on the body. Asphyxiants are divided into simple and chemical.
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Simple asphyxiants displace the oxygen in the atmosphere. There is no 
direct interaction with the body. They simply reduce the amount of an 
essential element available to the body. In Table 3.2, the effects that can be 
felt as the result of lack of oxygen in the air are presented. These chemicals 
may be inert when they come in direct contact with the body. Freon, which 
is used legitimately as a refrigerant and clandestinely as an extraction solvent, 
is an example of a simple asphyxiant.

Chemical asphyxiants are substances that affect the blood’s ability to carry 
oxygen. This involves a chemical reaction with hemoglobin. The results will 
be similar to the oxygen concentration in the air being reduced. Carbon 
monoxide (CO) and hydrogen cyanide (HCN) are examples of chemical 
asphyxiants.

Irritants are compounds that disrupt the function of the system at the 
point of contact. They commonly affect the respiratory system. Water-soluble 
irritants such as acids can be absorbed into the mucus of the upper respiratory 
system, disrupting the ciliated epithelia’s ability to function properly. These 
effects are usually experienced immediately. Non-water-soluble irritants 
travel into the lower respiratory system. The irritating effects disrupt the 
lung’s ability to perform its oxygen exchange function. Asbestos is the most 
notorious non-water-soluble irritant. However, phosphine and phosgene gas, 
which are by-products of methamphetamine manufacturing operations, are 
examples relating to clandestine lab operations.

Allergens are substances that cause an immunological response upon 
exposure. The effect may be localized or systemic, and the point of contact 
determines the effects. For example, a dermal exposure to a substance may 
or may not produce a reaction. However, ingesting the substance may cause 
nausea, vomiting, or some other allergic reaction.

Systemic toxins affect the function of a physiological system. They travel 
from the point of contact to the target organ before the toxic effect is expe-
rienced. The central nervous system is affected by asphyxiants, hydrocarbons 

Table 3.2 Oxygen Deficiency Effects

Percent Oxygen Effects

21 No abnormal effects
12–16 Increased breath volume

Accelerated heartbeat; impaired attention, thinking, and coordination
10–14 Faulty judgment and coordination; rapid onset of fatigue; intermittent 

respiration; permanent heart damage may occur 
 6–10 Nausea and vomiting; inability to perform vigorous movement or loss of 

all movement; unconsciousness and death
<6 Spastic breathing; convulsive movements; death in minutes

Source: Drug Enforcement Administration, Clandestine Laboratory Training Manuals, Vol. 1, p. 25.
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(such as hexane), and metals (like lead). Aromatic solvents, such as benzene 
and toluene, can affect the circulatory system. The function of the liver can 
be affected by aromatic compounds, chlorinated solvents (such as chloroform 
and carbon tetrachloride), and hydrocarbons. Halogenated compounds, such 
as Freon and metals, affect kidney function. The spleen is affected by halo-
genated aromatic compounds. Aromatics, pesticides, and organic metal com-
pounds affect the reproductive systems. Listed in Appendix F are the target 
organs of the chemicals commonly associated with clandestine labs.

External toxins target the body’s external organs. Various solvents, oils, 
metals, and corrosives target the skin and affect its ability defend itself from 
toxic exposures. The eyes are the external target organs for corrosives, sol-
vents, oils, and lacrimators.

Special toxins are the “silent” toxins. Their effects are not seen immedi-
ately and may produce effects unrelated to the effects of the initial exposure. 
Carcinogens are substances that cause uncontrolled cell growth (cancer). 
Mutagens are substances that cause changes in the genetic code. Teratogens 
cause nonlethal congenital birth defects. The effects of mutagens and terato-
gens will be seen in the offspring of the exposed person. Embryonic toxins 
will cause fetal death. Reproductive toxins are sex specific and target the 
reproductive organs. Also listed in Appendix F are the toxic effects produced 
by exposure to the chemicals encountered in clandestine labs.

3.6 Summary

The chemicals encountered in clandestine labs can produce a variety of effects 
on the human body. Some are inert. Others generate an immediate lethal 
response. A great majority are somewhere in the middle.

The toxic effects of the chemicals involved in clandestine labs have the 
potential to affect the personnel processing the clandestine lab scene, includ-
ing those beyond the personnel who have direct contact with the clandestine 
lab scene. There are many unwilling people who can potentially experience 
the toxic effects of the chemicals in a lab. The operators; the people living in 
the lab area, including spouses, their significant others, and children; and the 
people who subsequently move into the apartment, house, or motel room 
that was not properly decontaminated after the lab was removed, may poten-
tially come in contact with the toxic materials. The responders may inadvert-
ently bring toxic substances home or to the office, exposing families and 
coworkers to the hazards. The people in the criminal justice system, who 
come in contact with the evidence throughout the adjudication process, 
including people in the property room, court clerks, and attorneys, may also 
be exposed.
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As stated at the beginning of this chapter, knowledge is power. Knowledge 
provides the power to prevent toxic exposure. However, with knowledge of 
all of the potentially harmful things that can happen as a result of encoun-
tering any or all of the toxic substances, the clandestine lab investigator must 
ask the question: “Why am I investigating clandestine labs?”
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4
Scene Processing

To the uninitiated, the seizure of a clandestine lab may seem to be the 
culmination of the investigation. The long hours of surveillance, witness 
interviews, informant debriefings, information confirmation, and search 
warrant preparation lead to the excitement of the actual seizure. Yet, what 
seems to be the end of a process is, in reality, only the beginning. In some 
aspects, finding the clandestine lab is the easiest part of the investigation. 
Making sense out of what is found is far more difficult. The hazards indige-
nous to a clandestine lab crime scene make it impractical for even the best-
prepared investigator to waltz through the scene, take a few photographs, 
throw the relevant evidence into a paper bag, and go back to the office.

The seizure of a clandestine lab should be a well-orchestrated event 
involving teamwork and timing. As in any team sport, each player has a 
specific job to do if the team is to be successful. The seizure of a clandestine 
lab requires that same teamwork and coordination. A clandestine lab seizure 
is a scheduled event requiring a number of small teams to perform their 
specialties in a coordinated sequence. These teams can be grouped into sup-
port teams and seizure teams.

Support teams are mostly comprised of non-law-enforcement personnel 
who provide services that may be needed during the various portions of the 
seizure process. These support teams include members from fire depart-
ments, emergency medical services, hazardous waste disposal companies, 
local health and environmental protection agencies, child protective services, 
and animal control. The circumstances surrounding the seizure can be used 
to predict exactly how many of these services may be needed.

Seizure teams are comprised of various law enforcement components 
with members that possess specialized training concerning clandestine labs. 
Each group has a specialized function. These groups are similar to those used 
in processing any major crime scene. Additionally, the hazards involved with 
clandestine labs require personnel and safety procedures to be incorporated 



into the scene processing procedures. Both explosive ordinance disposal 
(EOD) technicians and a forensic chemist who specializes in the manufac-
turing of controlled substances should be included in this group, even though 
they are not part of a typical crime scene response team.

4.1 Training

The hazardous nature of seizing a clandestine lab requires that people with 
specialized training be involved. The OSHA is in charge of enforcing the 
regulations established by Sections 1910.120, 1910.134 (respiratory protec-
tion), and 1910.1200 (hazard communication) of Chapter 29 of the Code of 
Federal Regulations (29 CFR …). Under 29 CFR 1910.120, an employer is 
responsible for providing training sufficient to educate employees concerning 
the dangers involved in working in a hazardous environment. As a result of 
such training, employees should be able to understand the hazards and risks 
associated with clandestine labs, understand the potential outcomes associ-
ated with an emergency response resulting from a clandestine lab, recognize 
and identify hazardous substances, and understand the need for additional 
resources when seizing a clandestine lab operation. The employer is also 
responsible for providing periodic (annual) refresher training to keep 
employees abreast of current information concerning hazards in their work 
environment.

To address these requirements, in 1986, the DEA began a training pro-
gram designed to inform the personnel who investigate and respond to clan-
destine labs about the hazards involved in scene investigations. The objective 
of the program was to bring the DEA into compliance with 29 CFR 1910.120, 
29 CFR 1910.134, and 29 CFR 1910.1200. The program initially covered DEA 
special agents, forensic chemists, diversion personnel, and task force person-
nel responsible for clandestine lab enforcement. The program included an 
initial 40-hour safety school, annual 8-hour recertification courses, a 32 h 
advanced course for site safety officers, and a comprehensive medical sur-
veillance program.

There are a variety of training resources available to agencies that require 
safety training concerning clandestine labs. The DEA offered the initial 40-
hour training course to law enforcement agencies that respond to clandestine 
lab scenes. Groups like the Clandestine Laboratory Investigators Association 
(CLIA) and the Clandestine Laboratory Investigating Chemists Association 
(CLIC) sponsored 8-hour recertification courses. Private companies, such as 
Network Environmental Systems, Inc. of Folsum, CA, were contracted to 
provide similar safety training to interested law enforcement agencies. State 
and local environmental quality agencies and fire departments can provide 
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training on the handling of hazardous materials. The training information 
and resources an agency needs to educate its employees and comply with 29 
CRF 1910.120 are available, if the agency is willing to explore the options 
that are available outside the traditional law enforcement training network.

4.2 Seizure Stages

Seizing and processing a clandestine lab are orchestrated events that involve 
arresting potentially violent individuals, then processing a crime scene and 
dealing with an environment that often contains hazardous chemicals. The 
involvement of hazardous chemicals in the crime scene necessitates that the 
seizure process be broken into a particular sequence of steps, with each step 
requiring a specific expertise. The steps of the seizure process include the 
preraid planning, the briefing, the entry and arrest, the hazard evaluation 
and abatement, the search and site control, and finally, the disposal of the 
hazardous waste.

4.2.1 Preraid Planning

Planning of a clandestine lab seizure starts long before the affidavit for a 
search warrant is written. Hopefully, the responsible agency identified the 
resources it will need to process the scene and established policies and pro-
cedures that delineate the notification mechanism necessary to coordinate 
their use during the seizure. Without proper planning, a clandestine lab 
seizure can turn into a nightmarish multiheaded dragon that law enforcement 
is not prepared to slay.

Development of an action plan and the policies and procedures required 
to safely process a clandestine lab is a labor-intensive process. It is also 
expensive to provide and maintain the training and equipment required. This 
can be a major administrative hurdle that an agency must take into careful 
consideration before jumping into the clandestine lab seizure pool.

To address this situation, many jurisdictions rely on a larger agency (i.e., 
a state or large metropolitan law enforcement agency) or pool their resources 
with other agencies to create a task force that specializes in investigation and 
seizure of clandestine labs. These alternatives provide the manpower and 
resources necessary to safely process clandestine lab scenes. Other agencies 
simply provide a response team that will process the scene. In many cases, 
the paperwork and physical evidence are handed back to the investigating 
agency for prosecution once the seizure process is completed.

There are a number of resources that should be identified as part of a 
clandestine lab response policy. Other law enforcement agencies in the region 
that may have beneficial investigative expertise should be sought out, such 
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as the DEA or state narcotics enforcement agencies. Local fire department 
and emergency medical service (EMS) should be on standby in case of explo-
sion, fire, or other medical emergency. Hazardous waste disposal companies 
need to be notified, and arrangements for payment must be initiated. Local 
health and environmental quality departments must be notified for public 
health reasons. Child protective services may be required, because children 
are frequently (albeit innocently) involved.

During the preraid planning stage, the primary investigator consults 
experts to ensure the known information is consistent with a clandestine lab 
operation. The investigator identifies the location of the suspected operation, 
provides information concerning why he believes there is a clandestine lab 
at that location, solicits the expert’s opinion, and prepares an affidavit. The 
affidavit is then presented to a judge, who determines if there is sufficient 
evidence to establish the probable cause necessary to grant a search warrant.

Also described in the affidavit should be the hazardous nature of the 
chemicals involved and a formal request that they be disposed of profession-
ally after being properly documented and after taking necessary samples. This 
statement notifies the court that there is a potentially hazardous situation, 
and that the law enforcement agency does not have the facilities to safely 
store or dispose of the chemicals seized. Further, the agency promises to make 
every effort to document and identify the items necessary to prove the State’s 
case, while protecting the rights of the accused and maintaining public health 
and safety. This is quite a responsibility. It is imperative, therefore, that the 
document be carefully worded, because it must be all-inclusive.

It should be stressed that the bulk of the substance discovered will be 
disposed of rather than simply destroyed. “Destroy” implies intent to deceive. 
“Dispose” indicates a plan to mitigate hazards after the appropriate docu-
mentation and preservation steps have been taken. Even if the scene was 
properly documented and the necessary samples were taken, without the 
appropriate court authorization, the investigator may inadvertently cross the 
destroy/dispose line, negating all the evidence collected at the scene.

4.2.2 Briefing

All of the teams associated with the seizure of a clandestine lab should be 
brought together at the briefing. These teams include the entry team; the 
search team; EOD, and hazardous materials personnel; forensic chemists; fire 
department and EMS representatives; and representatives from other law 
enforcement agencies who may be assisting in the seizure. Personnel from 
local health or environmental quality departments and child protective ser-
vices may be notified that their services may be needed, but their presence 
at the briefing is not required unless preliminary information exists indicating 
that they will be needed.
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During the briefing stage, the lead investigator provides a history of the 
case, identifying the suspects and the location of the operation. Clandestine 
lab experts and chemists brief the group on the hazards associated with the 
type of operation that they can expect to encounter. The staging area and 
command post locations are disclosed. A separate entry team briefing is 
performed shortly after the main briefing. Although this is a short stage of 
the seizure process, it is necessary in order coordinate the resources that will 
be needed to process the scene.

4.2.3 Entry and Arrest

The entry and arrest stage is definitely an “adrenaline-pumping” and exciting 
phase of the seizure process. It is also the most dangerous. The danger is in 
the team’s lack of control over the unknown scenario. An entry team trained 
in clandestine lab seizures should be able to enter and secure a location in 
less than 2 minutes. However, because of the unpredictability of the situation, 
during those 2 minutes, anything can go wrong. The operator’s mental state 
and level of drug-induced psychosis is a total unknown. The exact state of 
the manufacturing process is in question at the time of entry. There may also 
be booby traps present in any part of the lab or its environs.

The entry team has two functions: (1) secure all the personnel within 
the immediate lab area and (2) be the eyes and ears of the evaluation and 
abatement team.

The entry team’s primary function is to secure the lab location. This is 
done by securing, detaining, and then removing any people from the lab area. 
Who these people are and their relationship to the lab are irrelevant. The 
seizure is not the time and the lab area is not the place to determine who is 
involved in the operation and who is at the location for some other reason, 
however unrelated. This initial step is mandatory for the people’s safety and 
the safety of the personnel who will subsequently be processing the lab scene 
for physical evidence. Leaving detained personnel in the lab area is not wise, 
because it needlessly exposes everyone to the hazardous materials in the lab. 
Leaving desperate suspects in the lab area may further provide them with 
opportunity to attempt to destroy evidence, thus dramatically increasing the 
potential for a hazardous materials exposure.

The second function of the entry team is to act as the eyes and ears of 
the evaluation and abatement team. What the entry team sees, hears, and in 
some cases smells or tastes, is vital information used by the evaluation team 
to develop the scene’s abatement plan. Members of an entry team trained in 
clandestine manufacturing techniques recognize the sights and odors of the 
chemicals and equipment commonly used in clandestine labs. The entry team 
is in the lab area such a short amount of time that their training must provide 
them with the ability to recognize significant items and to know the impor-
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tance of relaying said information to the abatement team for use in formu-
lating the abatement plan.

Members of the entry team should be dressed in such a manner as to 
provide them with protection from the hazards they may encounter. In select-
ing the clothing worn during the entry phase, the team needs to consider 
inhalation and dermal exposures. All entry team equipment provides some 
level of dermal protection. However, there is a difference in philosophy when 
it comes to the use of respiratory protection. One extreme advocates not 
using any respiratory protection during the entry and arrest phase, reasoning 
that physical mobility, increased peripheral vision, and ability to give verbal 
commands outweigh the hazards of short-term exposure the team will expe-
rience. The other extreme counters that the lab atmosphere may contain 
lethal concentrations of any of many substances. Training and practicing 
entries while using the protective equipment helps overcome restrictions of 
the PPE. Wearing the equipment also adds additional psychological shock 
value to a dynamic entry as well to any people in the lab at the time, possibly 
buying critical time for the raiders. Anything that can be done to discourage 
last-minute tampering at the clandestine lab is recommended.

There are times at which a clandestine lab is encountered by law enforce-
ment, fire departments, or EMS personnel during activities unrelated to 
clandestine lab investigations. The response to these situations is similar to 
that of an investigation-initiated seizure. An emergency on-the-scene briefing 
takes place that requires all professional expertise accumulated from other 
raids. The initial responders act as the entry team and remove all personnel 
from the area. They report to the site safety officer what they know about 
the inside of the lab area. In essence, they act as the entry team, becoming 
eyes and ears for the abatement team that they will then call.

4.2.4 Hazard Evaluation and Abatement

In clandestine lab investigations, the concept of crime scene processing 
changes once the site has been secured by the entry team. The main goal of 
the operation from this point is to create and maintain a safe work environ-
ment. If this goal is not achieved, the other goals of the operation may not 
be attained.

The site safety officer is responsible for implementation and maintenance 
of safe work practices at the scene of a clandestine lab seizure. His tasks 
include determining the hazard potential of the lab scene, establishing work 
zones, and determining the appropriate levels of protection for the various 
stages of the balance of the seizure operation. The total dynamics of the 
responsibilities of the site safety officer is beyond the scope of this book. 
However, in this section, some of the site safety officer’s basic responsibilities 
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will be presented so as to provide an understanding of what safety measures 
should be put into place.

The entry team’s observations provide useful information that the site 
safety officer can use to develop the site control plan. Having this firsthand 
information from an objective source allows the site safety officer to make 
decisions in determining what PPE will be used, in establishing work zones, 
in ensuring safe work practices are being followed, and further, in making 
other vital decisions concerning workplace safety.

Interviewing the operator or other personnel who were removed from 
the lab area by the entry team (after arresting and reading them their Miranda 
rights if applicable), can supply useful information concerning what hazards 
may be inside. Some operators immediately invoke their right to remain silent 
and will not speak to law enforcement personnel. Other operators are per-
versely proud of their operation and are willing to tell someone who “admires 
the sophistication” of the operation all the details of what he is manufacturing 
and how he is doing it. The interviewer and the site safety officer must always 
consider the source of this information and bear in mind that the operator 
may have an interest in providing misinformation. His understanding of the 
technical aspects of the operation may be limited, and he may not know the 
real names of the chemicals involved. For these reasons, an expert in clan-
destine manufacturing techniques should sit in on the interview, if possible. 
The expert should not only know the technical aspects of manufacturing a 
wide variety of controlled substances, but also, more importantly, should 
recognize the slang terms for the equipment and chemicals that are com-
monly used in the various manufacturing processes. The lab operator may 
only know his chemical components by these names.

4.2.4.1 Site Control
Site control is a primary responsibility of the site safety officer. He determines 
what tasks will be performed and where, based upon an area’s level of con-
tamination. He also limits access to highly contaminated areas to personnel 
who have the required training and are wearing the appropriate PPE. The 
site safety officer will further divide the scene into areas based on level of 
contamination: hot, warm, and cold zones.

The hot zone consists of the area immediately surrounding the manu-
facturing operation or areas with open chemical containers. This area may 
only encompass the area surrounding an ice chest containing closed chemical 
containers, or it may incorporate an entire house, in which every room was 
used for some portion of the manufacturing operation. Who has access to 
the hot zone and what level of protection they should be wearing are the 
important issues. The hazardous nature of the hot zone mandates that access 
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be limited and time inside be minimized. Once the hazards have been abated 
or removed, the hot zone can be downgraded to warm.

The warm zone is the area immediately adjacent to the hot zone. Its 
access should also be limited. However, the level of protection required here 
might not be as great. Items from the hot zone are moved into the warm 
zone, where they can be processed under controlled conditions. Hot zone 
workers take rest breaks and are decontaminated in the warm zone. Emer-
gency rescue personnel stage here, in case an accident requiring a rescue 
occurs in the hot zone. Even though the hazards are not as great, access to 
the warm zone should be limited to trained personnel wearing appropriate 
PPE. The warm zone can be downgraded to a cold zone once the sampling 
process is completed, and the chemical containers have been sealed and 
segregated.

The cold zone is a hazard-free zone where the command post is located. 
Here, the lead investigator and site safety officer coordinate the seizure activ-
ities. Any eating, drinking, and smoking should only take place in the cold 
zone to reduce the possibility of ingesting hazardous materials. An access 
point to the warm and hot zone is established here to ensure that only 
authorized personnel enter the contained area and to document who had 
access to the crime scene for later court purposes.

4.2.4.2 Personal Protective Equipment
In conjunction with site control, the site safety officer must establish the levels 
of personal protective equipment (PPE) that will be required during the var-
ious stages of the processing operation. He relies on information from the 
entry team to determine the level of protection the evaluation team will require 
during the evaluation and abatement phase. The evaluation team’s informa-
tion will be used to determine protection levels required for subsequent stages.

PPE levels range from “A” through “D.” Level A provides the greatest level 
of protection for all entry routes. Level D protection is not much more than 
work clothes.

Level A PPE is total encapsulation, and it provides the highest level of 
respiratory and skin protection. It is used in atmospheres that are IDLH and 
require extreme dermal protection from compounds to which skin exposure 
in small concentrations will result in impairing or life-threatening health 
effects. The use of supplied air provides for operation in oxygen-deficient 
environments.

Level B PPE provides protection similar to level A, but the configuration 
of the equipment does not offer quite the level of dermal protection. However, 
the respiratory system is totally protected. This level of protection is recom-
mended for the assessment phase of operational clandestine labs. Some agen-
cies utilize this level of protection for their entry team.
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Level C PPE provides Level B barriers to dermal exposure, but respiratory 
protection has been downgraded from supplied air to an air purification 
respirator. This level of protection is appropriate when the composition and 
concentration of the work atmosphere is known and continually monitored. 
Level C protection is not appropriate for oxygen-deficient atmospheres. How-
ever, it is appropriate for work in ventilated areas in which the chemical 
composition of the hazardous materials involved is known.

Level D protection is used when the potential for chemical contact is 
minimal. It can be equated to industrial work clothes and is appropriate to 
protect the worker from incidental exposures.

The evaluation and abatement team has two primary functions: (1) iden-
tify and neutralize any potential hazard within the hot zone and (2) create a 
less hazardous environment so further scene processing can occur.

Using the appropriate PPE, the evaluation and abatement team will enter 
the hot zone to identify and evaluate the potential hazards. Team personnel 
should have a solid knowledge of improvised explosive devices (IEDs; i.e., 
booby traps), clandestine manufacturing techniques, and hazardous materi-
als chemistry. A forensic chemist and an EOD technician form a complemen-
tary team that can evaluate and abate the identified hazards. At minimum, 
they should have equipment that can monitor the atmosphere’s oxygen con-
tent and the level of flammable and explosive vapors. They may also use 
equipment that can identify and quantify levels of a variety of specific haz-
ardous materials. The site safety officer is ultimately responsible for selecting 
the equipment used to evaluate and monitor the hot zone’s atmosphere.

Abatement can begin once the hazards have been identified. The EOD 
technician performs “render safe” operations to items with explosive poten-
tial. A forensic chemist trained in clandestine manufacturing techniques can 
shut down active chemical reactions (see Table 4.1). Open chemical contain-
ers are sealed, and confined spaces are safely ventilated. Once these abatement 
procedures have been conducted and a safe work environment has been 
established, the actual processing of the scene can begin.

4.2.5 Scene Processing

The processing of a clandestine lab scene is a unique combination of pro-
cessing a crime scene and a hazardous materials incident. Therefore, two 
considerations must be balanced during this phase. First, the integrity of the 
evidence must be maintained. Second, exposure to the hazardous materials 
must be kept to a minimum. These tasks can be accomplished simultaneously 
by implementing three steps: planning, documenting, and sampling.

The number of people used to process the lab area should be kept to a 
minimum to accomplish both of these tasks. Minimizing the number of 
people in the hot zone minimizes the number of people exposed to the highest 
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contamination levels. Because the lab area is generally a confined space, 
increasing the number of people in the area increases the potential for an 
accident. A small processing team can more efficiently perform the sequence 
of tasks required to preserve the integrity of the evidence.

4.2.5.1 Planning
Planning is an essential step of any process. The first step of establishing the 
plan for processing the clandestine lab scene is to touch nothing, instead 
using the powers of observation. Every clandestine lab is different, and the 
person in charge of the scene processing must avoid the desire to start moving 
things from the hot zone before evaluating the totality of the scene. He should 
walk through the scene, making mental notes and asking himself questions 
like: What type of lab is this? What process(es) is apparent? Which chemicals 
are present? What equipment is present? What does the operator seem to be 
trying to make? Once a picture of what the operator was trying to make and 
how he was trying to make it has been developed, a plan of how to process 
the scene to prove an hypothesis can be developed. Practical examples in 
Chapter 9 demonstrate why a walk-through should be conducted before 
processing every lab or making assumptions.

A word of caution is needed at this point. The objective of a forensic 
investigation is to allow the physical evidence to dictate the facts of the case. 
The scene should be looked at in a totally objective light. The physical evi-
dence at the scene needs to drive how the search is conducted. The scene 

Table 4.1 Reaction Shutdown Guide

• Determine whether the reaction is being heated, cooled, or both.
• Remove heat from the reaction vessel.
• Maintain cooling to the reaction until the reaction appears to have gone to completion 

and the vessel is cool to the touch.
• Remove obstructions and ventilation tubing from the top of condensing columns.

– Remember that cooling reactions can create a vacuum that could hamper the 
dismantling of the apparatus.

– Note that if the reaction is being vented into water, the vacuum created by the cooling 
reaction could draw the water into the hot reaction mixture, leading to a violent 
reaction.

• Turn off at the source, if necessary, compressed gas containers connected to a reaction 
vessel.

• Allow the pressure of the reaction vessel to naturally reduce to atmospheric pressure.
– Remember that release of pressurized contents of the reaction vessel may create a toxic 

exposure.
• Bring systems under vacuum slowly back to atmospheric pressure.

– Note that water or oxygen in the air may react violently with the chemicals in vessel 
under vacuum.

• Allow filtration processes to naturally go to completion.
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processing team needs to guard against getting caught up in the “get the bad 
guys” mentality of the seizure and focus on identifying, collecting, and pre-
serving the physical evidence that indicates the presence of a clandestine 
manufacturing operation. This is not to say the team cannot focus on col-
lecting evidence characteristic of a clandestine lab that also has common uses. 
However, investigators should also be careful not to place an illicit meaning 
on an innocuous item if the scene does not justify it.

4.2.5.2 Documentation
Documentation is essential to preserve the integrity of the evidence, because 
most of the evidence will be disposed of fairly quickly because of its hazardous 
nature. To give a complete picture of the clandestine operation, a combination 
of techniques is necessary. One augments and complements another, thus 
providing a thorough record of the existence of the evidence, even though it 
is no longer available. Methods of documenting a clandestine lab scene 
include photography, videotape, scene interviews, field notes, sketches, and 
inventories. Each has its strengths and weaknesses.

The documentation of the scene should take place throughout the seizure 
process. It can be initiated during the evaluation and abatement phase but 
usually begins during the initial walk-through, when photographs and field 
notes are taken. A sketch of the scene is made to supplement the photographs. 
This is followed by itemizing and taking inventory of the specific items that 
are removed from the scene. A final documentation of how the seized items 
are disposed of and the remaining items are stored is done.

4.2.5.2.1 Photography. Photography is the traditional method of record-
ing and documenting crime scenes. It captures the way the scene first looked 
and documents specific items and situations. The initial series of photographs 
should tell a story and walk the viewer through the scene and portray the 
scene as the photographer observed it.

Photo documentation can commence once the scene has been secured, 
the hazards abated, and the atmosphere deemed safe. General overall pho-
tographs should be taken to depict the lab area as it was originally encoun-
tered. These photographs should be taken from multiple angles before 
anything is moved. If possible, a series of photographs creating a panoramic 
from a fixed point should be taken. This creates an overall view of the lab as 
the photographer encountered it. This should be followed by taking close-
ups of specific items in their original location. Reaction apparatuses should 
be photographed before they are dismantled.

A photograph should be taken of every item or group of items seized. 
This can be done in the warm zone under controlled conditions. These 
photographs serve as corroboration to the written field notes and official 
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inventory. They should be as clear and accurate as possible, because they are 
the official record. Photographs should be taken of the samples with their 
original container to demonstrate where the sample item was removed.

Individual item photographs should contain identifying information. 
This information should minimally include the case number, the exhibit or 
item number, and the date. A ruler scale should be included if volume 
calculations will be made using the geometry of the container at a later time.

A photo log should be maintained. This documents who took the pho-
tographs, when they were taken, what the photographs depict, and why the 
photo was taken. The investigator must remember that the photographs are 
more than pictures used to enhance his memory at some point in the future. 
They are evidence, and as such, they have the same requirements concerning 
maintaining the chain of custody, as does any other physical evidence seized 
from the scene. Photographs are discoverable evidence and must be treated 
as such. To complete a photography packet, the back of each photo should 
be labeled with the case number, photographer’s ID, the photo number, and 
the total number of photos taken at the scene. This information should 
correspond to the information on the photo log.

The introduction of digital photography into clandestine lab processing 
has provided the investigator with tighter control over the images he generates 
during his scene investigation. It is suggested that an investigator using digital 
photography copy the images from his camera directly to a “read only” file 
format on a removable storage format (compact or floppy disc) to serve as 
the permanent record, much the same way negatives serve as the permanent 
record for traditional film photography.

4.2.5.2.2 Videotape. Videotaping the scene has become a popular method 
of visually documenting clandestine lab scenes. It is a real-time way to dem-
onstrate how the site was originally found and it provides the viewer a sense 
of actually being at the location, as the photographer pans through the scene.

The audio component of videotape can be a help or a hindrance. If the 
person providing the commentary is knowledgeable about what is being 
viewed, it can augment the visual presentation. However, as exhibited in the 
Practical Examples in Chapter 9, the audio support did not accurately 
describe what was being viewed. This conflict caused problems during the 
expert’s trial testimony. The videographer should, therefore, refrain from 
commenting if he is not sure what he is looking at.

As with a traditional photograph, videotape records of the scene are 
discoverable evidence. Every effort needs to be made to preserve the unaltered 
tape and maintain its chain of custody. Copies can be made as needed. 
However, the original tape must be fixed so that it cannot be altered or erased. 
It should also be labeled with the pertinent case information.
© 2004 by CRC Press LLC



4.2.5.2.3 Field Notes. Field notes are taken on or about the time the 
clandestine lab is processed. They are another form of documentation that 
is used to augment the others. Field notes are used to supplement the visual 
images of the photographs or videotape. Field notes can be written at the 
scene, dictated into a recorder, and transcribed at a later time, or they can 
be written at the office immediately after the fact.

Field notes can take a variety of forms and are used to address the questions 
of who, what, when, where, why, and how concerning the crime scene inves-
tigation. Who assisted in processing the scene and had access to the evidence? 
What items were seized? When was the lab entered or seized? Where were the 
seized items located? Finally, why were certain items seized and not others?

The three basic forms of field notes are worksheets, narrative descrip-
tions, and sketches. Each has its strengths and weaknesses. Most clandestine 
lab investigators utilize some combination of the three.

All forms of field notes must be treated as part of the written record and 
are subject to discovery. Each page should have the same basic information 
as a photograph and identify the author (name, initials, or ID number), case 
number, date, page number, and total number of pages.

Worksheets are unique to a specific task. They provide a convenient 
method of documentation and a format to walk a person (and later a jury) 
through the various phases of a clandestine lab seizure. There are worksheets 
or checklists for preraid planning and the hazard evaluation and abatement 
phases. Some investigators designed worksheets to assist in documenting 
specific items seized from the lab. Worksheets are good for noting routine 
responses to required repetitive tasks or confirming seizure of the same 
evidentiary items. However, worksheets can be ineffective if their parameters 
do not address the scene scenario. Worksheets with a narrative section can 
be used to provide additional information in situations that may be outside 
the scope of the worksheet.

A photo log form is an example of a worksheet used to supplement the 
photographs taken at the scene. This form contains fill-in-the-blank and 
narrative sections. There can be sections for time, date, photographer ID, 
photo number, and roll number. The section that describes the photograph 
and its significance is a short narrative.

There is no right or wrong way to take narrative notes. Notes can be as 
short or as long as the author desires. They can be short phrases used to assist 
the investigator’s recall at a later time, or they can be multisentence explana-
tions of how the author perceived the operation functioned. As long as the 
author can place his thoughts on paper in such a way that he can decipher 
them at a later time, the goal has been achieved. The only rules regarding 
narrative notes are that they be preserved and that each page contains appro-
priate case information.
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Photographs and videotape document the actual presence of items at the 
scene. However, because they are two dimensional, they poorly demonstrate 
where things were located in relationship to other items. Wide-angle lenses 
or panoramic film might provide the answer, but their costs are rarely within 
the budgets of most law enforcement departments. Sketches, therefore, pro-
vide a means of demonstrating a spatial relationship that photographs do 
not. By combining these two-dimensional formats, a three dimensional per-
ception that accurately depicts the scene can be developed.

Sketches can be as detailed as the drafter deems necessary. They can be 
used to provide a basic special relationship between items at the scene using 
visual approximations to determine distances. Sketches can also be extremely 
detailed, using exact measurements from fixed points to create a scaled draw-
ing of the scene. As with all forms of field notes, information concerning the 
case and the drafter’s ID should accompany the sketches.

4.2.5.3 The Search
Hot zone searches are handled differently from the balance of the scene 
because of the presence of hazardous materials and possible contamination. 
People who have not received specific clandestine lab training can process 
searches of warm and cold zones adjacent to the lab area using standard crime 
scene search techniques. However, a clandestine lab expert should be available 
to provide technical advice when clandestine-lab-related items are found in 
these areas.

Once the original condition of the scene is documented, the search and 
inventory can commence. The search is necessary to locate and identify the 
items of physical evidence necessary to establish the clandestine manufacture 
of controlled substances. Experts in a variety of clandestine manufacturing 
techniques should conduct the search. These experts are able to recognize 
the evidentiary significance of ordinary items at the location. The searchers 
should also have been provided the safety training required by 29 CFR 
1910.120. Again, the hot zone is a hazardous materials scene that may also 
be a confined space, so the number of people conducting the search should 
be kept to a minimum.

There are three approaches concerning the search of the lab scene. First 
is simply utilizing a methodical approach. Second is using a “clear the area” 
approach. Last is implementing the “sample in place” approach. Personnel 
safety and legal considerations are used in selecting a search method.

First and foremost, a clandestine lab is a crime scene. Every effort should 
be made to preserve the integrity of the physical evidence. To this end, an 
organized search of the lab area is needed. A methodical search allows the 
processing team to sequentially move through the scene and identify, docu-
ment, collect, and preserve each evidentiary item located. Once the item’s 
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location is noted, the time it is moved from the hot zone to the warm zone 
for further processing is documented. This approach can be time consuming 
and, thus, increases the length of time the search team is in the dangerous 
hot zone.

The “clear the room” approach minimizes the amount of time the search 
team is in the contaminated environment. This approach moves all of the 
items from the hot zone to the warm zone for processing, without detailing 
the exact location and time each item is removed from the scene. The overall 
photos and the sketch document the scene’s original condition. Supplemental 
photos during the inventory and sampling in the warm zone serve to docu-
ment individual items.

The third method is a compromise of sorts. The “sample and go” 
approach reduces the search team’s contact with the hazardous materials by 
not moving them from the hot zone to the warm zone. The scene is searched, 
inventoried, and sampled without significantly moving any items. Once the 
team has completed its search and documentation of the hot zone, it is turned 
over to the waste disposal company. Using this method can increase the time 
in the hot zone but minimize the situations in which accidents while handling 
hazardous materials can occur.

The search of uncontaminated areas adjacent to the lab area can be 
conducted using traditional crime scene search techniques. However, a foren-
sic chemist and EOD personnel should be readily available. It is common 
for searchers to find chemical or explosive devices in an area surrounding 
the location. Hazardous materials have been located in children’s bedrooms, 
bathrooms, closets, attics, outbuildings, and vehicles parked on the street. 
The specialists are needed to evaluate the evidentiary significance of the 
items, to take the actions necessary to address any hazards, and also to 
preserve the evidence.

4.2.5.3.1 Inventory. The need for an accurate inventory of the chemicals 
and equipment seized from a clandestine lab goes beyond establishing the 
elements of the crime. The inventory is used to establish facts and render 
opinions concerning the lab that are not apparent at the scene. Evaluating 
the inventories of the seized items can identify manufacturing methods used 
and create estimates of production (see Chapter 6).

All law enforcement agencies have some type of form (worksheet) for 
documenting the items seized during the execution of a criminal search 
warrant. Depending on the agency’s policies and procedures, these forms 
may or may not adequately depict the type and amount of chemicals and 
equipment seized. Therefore, it is suggested that a separate detailed inventory 
be taken to accurately document the types and amounts of chemicals and 
equipment seized, so that experts can objectively evaluate the information 
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away from the hectic environment of the seizure and render opinions con-
cerning the overall manufacturing operation.

4.2.5.3.2 Sampling. Even small operations can create a significant num-
ber of evidentiary items. The hazardous nature of the chemicals and contam-
inated equipment requires special storage conditions. Most law enforcement 
agency’s property rooms are not equipped to handle the volume of evidence 
that can be generated by a clandestine lab. They also do not have the venti-
lation and safety equipment necessary to safely store and dispose of such 
hazardous waste seized. Therefore, taking evidentiary samples from the scene 
of a clandestine lab is a necessity. The balance of the items can be properly 
disposed of once properly documented.

It is highly recommended that a forensic chemist who specializes in 
clandestine labs perform the sampling. His knowledge of the various clan-
destine manufacturing methods allows him to select the significant items, 
while at the same time, keeping the samples to a manageable number for the 
forensic laboratory. He can recognize subtle differences in unknowns and 
select samples that will accurately depict the seized operation. He also has 
the training to allow him to safely handle the hazardous chemicals that require 
sampling and to recognize the materials that should be handled with kid 
gloves, or those that should not be handled.

Local statutes and case law will determine what to sample and how much 
to take. The guidelines assist in indicating which items should be sampled. 
Suspected controlled substances should be seized in total and submitted for 
examination, while explosives should be sampled. All suspected precursor 
chemicals should be sampled; their identity assists in determining the syn-
thesis route used and in estimating the amount of final product that could 
be produced. Taking samples of reagents and solvents should be left to the 
discretion of the on-scene chemist. The identity of reagents assists in deter-
mining the synthesis route, and the identity of solvents can assist in deter-
mining the extraction method used.

The fate of labeled containers is not as well defined as one would think. 
It is a good assumption that the contents of a factory-sealed commercial 
container are what the label reports them to be. Opened containers with 
commercial labels may or may not contain what is on the label, and the on-
scene chemist should treat them accordingly.

The only difference between an unlabeled container and a container that 
the operator has labeled is that the label reflects only what the operator 
originally placed into the container; the contents of an operator-labeled 
container may have been changed any number of times since the label was 
originally applied. Therefore, the container should be treated as an 
unknown.
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The following is a general guide for sampling chemical containers. It is 
unnecessary to sample factory-sealed commercially labeled containers if they 
have been properly documented. The sampling of open containers with com-
mercial labels is up to the discretion of the on-scene chemist. Commercially 
labeled containers with contents that are not consistent with the label should 
be sampled. Samples should be taken from all containers with altered com-
mercial labels, handwritten labels, and without labels; and identification of 
such labels should always be indicated.

Reaction mixtures, extraction mixtures, waste liquids, and sludge contain 
a wealth of information in a single location. Lack of a label of any type 
indicates nothing. These mixtures may contain many, if not all, of the pre-
cursors, reagents, final products, and by-products for a given synthesis route. 
This wealth of information from a single source necessitates the sampling of 
these mixtures. Nothing should be ignored.

Glassware and equipment found at a clandestine lab scene may or may 
not contain residues that will provide information concerning what was being 
produced or the synthesis method being used. For safety reasons, the entire 
piece or a number of pieces of glassware or equipment must be submitted 
to the forensic laboratory if the identity of residue is deemed critical. This 
will provide a controlled environment for sampling and examination.

The search and inventory method used will determine where the samples 
will be taken. The “sampling in place” method is just that: samples are taken 
at the items’ original location. Other methods move the items to an evi-
dence-processing location, where the conditions of the sampling can be more 
controlled. Trained personnel wearing the appropriate PPE should do any 
sampling in a well-ventilated area.

The hazardous nature of the samples requires special packaging. Pack-
aging should take into account the chemical properties of the samples and 
be designed to minimize the hazardous exposures and cross-contamination 
if a sample container is broken. Finally, the packaging should provide infor-
mation concerning the sample’s identity. This information should include 
the case number, item number, date, and any relevant information concern-
ing the sample, such as its pH, field test information, original volume, or 
weight. Even the item’s proximity to another item may be important. In Table 
4.2, information concerning the appropriate packaging of clandestine lab 
samples is provided. Guidelines for items to include in a sampling kit are 
provided in Table 4.3.

The question of how many samples are required is invariably asked. As 
with every other aspect of clandestine lab investigation, there are a number 
of ways to approach the situation. All represent merely a difference in phi-
losophy. The sampling camps can be divided into their extremes: one camp 
advocates taking only the minimum number of samples necessary to establish 
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the elements of the crime, and the other advocates sampling everything in 
sight. What actually occurs is discretionary sampling by the on-scene chemist 
based on his experience and the law enforcement department’s expectations 
based on similar venues.

Table 4.2 Sampling Guide

General Considerations

• Consult local statutes and case law concerning the type and amount of samples required.
• Conduct sampling in a well-ventilated area, preferably away from the lab area.
• Photograph all samples with the original container.

What to Sample

• Seize the entire amount of controlled substances.
• Sample all reaction mixtures.
• Take random samples of waste material.
• Sample unlabeled chemical containers.
• Leave the sampling of reagents and solvents to the discretion of the on-scene chemist.
• Sample each phase of a multiphase liquid.
• Leave the sampling of commercially labeled containers to the discretion of the on-scene 

chemist.
– Assume that factory-sealed containers contain what the label reports.
– Note that open commercially labeled containers may or may not contain what the label 

reports.
• Leave the sampling of glassware to the discretion of the on-scene chemist.

Sample Packaging

• Package liquid samples in glass vials with acid-resistant screw caps and place inside a sealed 
zip-lock plastic bag.

• Place solid samples into a sealed zip-lock plastic bag.
• Place solid and liquid samples inside a second sealed zip-lock plastic bag.
• Mark the outer-sealed zip-lock plastic bag with the appropriate case information.
• Place individual items into a single container filled with an absorbent material for 

transportation and storage.

Table 4.3 Sampling Kit

Necessary Items Desirable Items

Camera (35 mm or digital)
30, 1–2 oz glass vials with acid-resistant screw caps
30, 25 ml disposable volumetric pipettes
60, 4" × 6" zip-lock plastic bags
3 pipette bulbs
100, 3" × 5" index cards
Marking pens
Tape
Ruler or tape measure
Worksheets or notepads

Chalk or dry-erase board with markers
Scales (1 kg and 100 kg capacity)
Field test kit
• Disposable culture tubes
• Disposable plastic eye droppers
• Wooden spatulas or applicator sticks
• pH paper
• Premixed reagents (See Table 4.4)
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Taking a minimum number of samples streamlines the scene-processing 
phase. Minimizing exposure to toxic materials, it potentially reduces the 
analysis time required by the forensic laboratory. The downside to this min-
imization is that if proper or sufficient samples are not taken at the scene, 
there is no backup physical evidence to examine. Additional samples required 
to supply information that would provide a different perspective to the oper-
ation are, thereby, forever unavailable, because once law enforcement leaves 
the scene, a hazardous waste disposal company usually removes bulk items.

Another consideration of minimization is the possible appearance of 
deception. The argument could be presented that by not “completely” sam-
pling the scene, the investigators were attempting to hide evidence that would 
exonerate the suspect or would be intentionally misleading as to what was 
actually occurring at the location. Are these valid arguments? They are prob-
ably not. Can they arise? Yes, they can and do.

The other extreme is to sample everything. If the total operation consists 
of three or four items, sampling everything is not unreasonable. However, 
sampling 30 unknown liquids with similar colors and chemical characteristics 
may be excessive, expensive, and time-consuming. Still, a guiding principle 
may be that it is better to have too many samples than not enough. The 
forensic laboratory may choose not to analyze a sample if the examiner feels 
that no additional information will be derived from the examination. How-
ever, it should always be remembered that the laboratory cannot analyze what 
it does not have.

4.2.5.3.3 Field Testing. Field testing is used to address two basic ques-
tions: What is it? How much is there? However, existence leads to follow-up 
questions of where and when is it appropriate to answer the first two ques-
tions?

The “how much is there” question needs to be addressed at the scene. In 
order to establish the amount of controlled substance that could be produced 
by the operation, the weights and volumes of the precursor and reagent 
chemicals need to be determined. The original volumes of reaction and 
extraction mixtures, combined with the results of laboratory analyses of the 
samples, can be used to calculate the amount of controlled substance that 
was in the container at the time of seizure.

The volume estimate of commercially labeled containers is relatively 
straightforward: it can be assumed to be what is reported on the label. 
Estimates can be made for commercially labeled containers with contents 
that appear to be consistent with the labeling information (e.g., 500 g jar 
approximately half full or 500 ml bottle approximately 25% full). By physi-
cally weighing the container and subtracting the weight of an empty con-
tainer, or one of the same approximate size and type, more accurate estimates 
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of solid weights can be obtained. Measuring the dimensions of the liquid in 
the container and using basic geometry to calculate the volume of the liquid 
can lead to more accurate liquid volume estimates.

Determining the exact volumes of reaction and extraction mixtures and 
unknown liquids is more critical. These liquids potentially contain a con-
trolled substance, the amount of which may be used in the sentence deter-
mination phase of a trial, if the suspect is convicted. Knowing the original 
volume of a container will enable the forensic chemist to calculate the amount 
of controlled substance that was in it.

All equipment and chemical containers found at clandestine lab scenes 
can be divided into one of three basic geometric shapes: cylinders, cones, or 
spheres. Cylinders (Figure 4.1) are the basic geometric shape of beakers, 
bottles, and drums. Erlenmeyer flasks, vacuum flasks, and separatory funnels 
are shaped like cones (Figure 4.2). Reaction flasks have a spherical shape 
(Figure 4.3). Knowing the basic shape of an object and the measurements of 
the liquids within it allows the actual volume to be calculated with preexisting 
mathematical formulas. Demonstrated in Practical Applications and Exam-
ples in Chapter 9 is how these calculations can be used in the field.

The accuracy of the answer to the “what” question is not as important 
to know at the scene. The exact identity of any given item cannot usually be 
established under field conditions. However, the ability to classify com-
pounds and mixtures provides a means to efficiently group similar substances 
and streamline the sampling process. For example, knowing the basic chem-
ical and physical properties of a liquid can tell the sampler whether the 
sample is a reaction mixture or a waste material. Knowing the relative density 
of an organic liquid will provide insight as to whether the final product will 
be on the top layer or the bottom. Certain chemical color tests can be used 
to provide presumptive information as to whether an item contains a con-
trolled substance, or they can be used to indicate the item’s reactive proper-

Figure 4.1 Cylinders.
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ties. For all of these determinations, a forensic chemist’s experience on the 
scene is invaluable.

Described in Table 4.4 and Table 4.5 are the contents of field test reagents 
and some of the generic results that can be obtained from reactions with 
chemical color tests in the kit. As with sampling, field-testing should only be 
performed by trained personnel under controlled conditions. Trained per-
sonnel know the sequence of field tests for a particular sample that is neces-
sary to provide an accurate picture of the samples’ physical and chemical 
properties as well as potential contents. They are also aware of the subtle 
differences between a positive and a negative test result. Many field tests 
involve a sequence of chemical reactions, and the use of trained personnel 
reduces the likelihood of an incompatible chemical reaction.

4.2.5.4 Disposal
The final phase of a clandestine lab seizure must be considered long before 
the investigation begins. The following question must be asked and addressed: 

Figure 4.2 Cones.

Figure 4.3 Spheres.
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What is going to happen to the hazardous waste generated as a result of the 
seizure?

In the early days of clandestine lab investigations, waste disposal was not 
an issue. Chemicals were routinely poured down drains or on the ground, 
thrown into the trash, burned, blown up, or simply submitted to the police 
property room for indefinite storage. These actions were taken ignorantly, 
yet innocently, without regard to chemical compatibility, the health and 
welfare of the people who would be subsequently exposed, or the environ-
mental impact.

Since then, numerous safety and environmental regulations have been 
established to protect the health and welfare of workers, the general popula-
tion, and the environment. Law enforcement is not exempt from these reg-
ulations. In many cases, the lead agency legally becomes the “generator” of 
the hazardous waste produced as a result of a seizure. As the generator, they 
have a “cradle-to-grave” responsibility to ensure that the waste generated by 
the seizure is disposed of in such a way as to not adversely impact the 

Table 4.4 Field Test Reagents

Reagent Formulation

Marquis 0.5 ml formaldehyde combined with 30 ml of sulfuric acid — 
store in amber glass vial with acid-resistant cap

Cobalt thiocyanate 5% aqueous solution of cobalt thiocyanate (CoSCN)
Copper sulfate • Solution A: 5% aqueous solution of copper sulfate 

(CuSO4); Solution B: saturated aqueous solution of 
sodium bicarbonate (NaHCO3)

Dinitrobenzene • Solution A: 2% solution of m-dinitrobenzene, in reagent 
alcohol; Solution B: 5% solution of sodium hydroxide 
(NaOH)

pDMBA • Solution A: 2% solution of p-dimethylaminobenzaldehyde 
(pDMBA); Solution B: concentrated hydrochloric acid 
(HCl)

Silver nitrate 5% aqueous solution of silver nitrate (AgNO3)
Barium chloride 5% aqueous solution of barium chloride (BaCl2)
Diphenylamine • Solution A: 1% aqueous solution of diphenylamine; 

Solution B: concentrated sulfuric acid (H2SO4) — store in 
amber glass vial with acid-resistant cap

Thymol • Solution A: 1% aqueous solution of thymol; Solution B: 
concentrated sulfuric acid (H2SO4) — store in amber glass 
vial with acid-resistant cap

Nesslers • Dissolve 5 g of potassium iodide (KI) and 10 g of mercuric 
chloride in 50 ml of deionized water; dissolve 20 g of 
potassium hydroxide (KOH) in 50 ml of deionized water; 
combine solutions

Methanol/sodium hydroxide 1 N solution of sodium hydroxide (NaOH) in methanol
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environment or public health. In many cases, this means that the seizing 
agency takes on the financial burden of cleaning the chemical contamination 
that resulted from the clandestine operation.

This potential liability has sometimes made small agencies reconsider 
clandestine lab enforcement operations. The cleanup costs for the smallest 
operations can easily run into thousands of dollars. A medium-size operation 
could have devastating effects on the police department’s budget. For this 
reason, task forces have been created and funds established to address the 
financial burden associated with clandestine lab seizures.

The generator is ultimately responsible for the waste that is generated 
from the lab. Therefore, it is imperative that the disposal company chosen 
be reputable in every way. When evaluating waste disposal companies, the 
low-bid approach taken by many government agencies may not be the opti-
mum method of selection. The company selected should have the appropriate 
federal and local licenses to handle hazardous waste. They should be trans-
porting it to approved facilities for proper disposal using approved methods. 
Finally, the personnel the waste disposal company sends to the site should 
have clean criminal histories, especially in the area of drug abuse.

Table 4.5 Field Test Reactions

Reagent Color Indication

Marquis Orange
Purple

Phenethylamines, phenylacetic acid
Opiates, MDA, MDMA

Cobalt thiocyanate Blue Cocaine HCl, PCP, meperidine, lidocaine
Copper sulfate Blue Ephedrine, pseudoephedrine, lidocaine
Dinitrobenzene Purple Phenyl-2-propanone (P2P)
pDMBA Purple LSD, indoles
Silver nitrate White

Crème
Yellow
Brown
Black

Cl–, CO3
–2, SO3

–2

Br–

I–, PO4
–3

OH–

S–

Barium chloride White CO3
–2, SO3

–2, SO4
–2, PO4

–3

Diphenylamine Blue NO3
–, ClO3

–, ClO4
–, nitro compounds, 

oxidizers 
Thymol Green

Brown
Red
Blue green

NO3
–

ClO3
–

RDX, HMX
PETN

Nesslers Orange NH4
+

Methanol/sodium hydroxide Red to orange
Blue to brown

TNT
DNT

Sulfuric acid Yellow orange ClO4
–
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4.3 Summary

The seizure of a clandestine lab often goes beyond the scope of a traditional 
crime scene. The dynamics of hazardous materials involved must be taken 
into account, and the safety of the personnel processing the scene must be 
paramount. However, during the process, personnel cannot lose sight of the 
goal of preserving the physical evidence that indicates the existence of a 
clandestine laboratory. This balancing act can be accomplished through the 
use of specialized teams with specific functions. The number of people 
involved can give the process a circus-like atmosphere; however, with a doc-
umented set of policies and procedures delineating the responsibilities of each 
of the teams in place, order can be derived from what appears to be total 
chaos. The array of arbitrary unknown items can be sequentially identified, 
documented, preserved, and properly disposed of in such a way that the 
health and safety of all parties is protected, while at the same time, a forensic 
investigation can be conducted that will prove or disprove the existence of 
criminal activity.
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5
Laboratory Analysis

To analyze samples from clandestine labs, a variety of scientific techniques 
are employed. These techniques range from simple chemical color tests to 
the use of x-ray and infrared energy to elicit the compound’s chemical fin-
gerprint. The type of test used depends upon the information desired from 
the sample and the burden of proof required to establish its identity.

In this chapter, the techniques used to analyze evidentiary samples from 
clandestine labs are specifically addressed. A number of technical issues will 
be presented in a basic format to provide an understanding of the analytical 
process for readers. The purpose of this chapter is not to provide a detailed 
discussion concerning the theory of a particular examination technique. It is 
simply to present the options available to the analytical chemist. By reading 
this chapter, the investigator can gain an understanding of what examinations 
to request when submitting his evidence for examination. Also assisted will 
be the attorneys involved in the case, by providing them information con-
cerning why certain tests were used as opposed to others.

The laboratory analyses of samples taken from the scene of a clandestine 
lab are the link between the investigation and the opinions. It provides the 
scientific proof that corroborates the investigator’s theories and is used to 
justify the opinions rendered in reports, deposition, and testimony. Without 
complete and thorough laboratory analysis, the case may be unresolved.

The laboratory analysis of evidence is more involved than simply iden-
tifying a controlled substance. Identification of the components of the sample 
matrix may be just as important. A complete analysis is important in estab-
lishing the manufacturing method. It is not absolutely necessary. However, 
if the chemist’s analysis is not complete, it may be implied that he is not 
qualified to perform the analysis or that he has something to hide. The lack 
of a complete analysis may also affect other aspects of the investigation or 
prosecution of which the chemist is not aware.



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

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.

5.1 The Chemist

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

The chemist’s role in a clandestine lab investigation requires a different 
thought process when approaching his analysis. He approaches each sample 
as if he has to tell 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 inves-
tigators know what components to look for.

There are two schools of thought concerning which forensic clandestine 
lab chemist analyzes the samples once they enter the laboratory. One school 
has the chemist who processes the crime scene analyzing the samples, essen-
tially, a “cradle-to-grave” approach. The other school has an independent 
chemist analyze the samples once they reach the laboratory. This school 
theorizes that it should not matter who does the analytical work, as long as 
the person is trained in clandestine lab analysis. Practical applications in 
Chapter 9 contain examples of actual situations. These applications demon-
strate the ramifications that need to be considered when addressing how 
many chemists should be assigned to process a clandestine lab case.
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5.1.1 Single Chemist

Having a single chemist process the scene and subsequently analyze the 
samples can streamline the analytical process. The scene chemist understands 
the relationship between samples and the importance of each in the investi-
gation. This broad understanding produces an intuitive prioritization of the 
samples based upon the direct knowledge of the sample’s origin. If a sample’s 
analytical results are consistent with the chemist’s on-scene theories, analysis 
of similar subsequent samples may not be necessary. If they are not theories, 
analytical schemes and opinions may need to be modified to follow the 
direction in which the evidence leads.

The scene information is extremely useful to the analytical chemist. He 
uses this information to devise his analytical scheme. The scene chemist 
makes mental notes concerning what he believes was the process the operator 
was using. His sampling scheme is affected by the observations made. Each 
sample should be geared to address a specific question or questions that will 
be used to establish that a manufacturing operation was, in fact, taking place 
at the location. Unless the scene chemist prepares a detailed written report, 
the information concerning his intuitive impressions of the operation will 
not be effectively relayed to the analytical chemist.

When the analytical results differ from the on-scene theories, the chemist 
gains a different perspective of what could have been taking place at the scene. 
The differing results may address questions the scene chemist had at the scene 
but could not rectify without a laboratory analysis of the item. The additional 
knowledge allows the analytic chemist to adapt his analytical scheme and 
mold his opinions to conform to the new information.

Courtroom presentations should also be considered when addressing 
how many chemists should be involved. The use of a single chemist provides 
continuity during courtroom presentations. He can explain the sampling 
scheme, transition into the laboratory analysis, and finally tie the two together 
and provide an opinion concerning the operation. All the forensic informa-
tion can be provided from a single source. The jury receives a less fragmented 
presentation that walks them through the process. A single chemist addresses 
what was found at the scene, why samples were taken, and subsequent lab-
oratory results. Finally, as an expert in clandestine manufacturing techniques, 
he ties all the information together and renders an opinion concerning the 
totality of the circumstances in the case.

From a case management standpoint, using a single chemist can reduce 
the overall time necessary to process the samples once they reach the labo-
ratory. As the scene chemist processes the scene, he has subliminally priori-
tized the samples. Once the samples reach the laboratory, he can analyze only 
the samples he believes would be necessary to establish the facts of the case. 
Without a detailed report or specific directions from the scene chemist, the 
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analytical chemist is compelled to analyze each sample. This may lead to 
unnecessary analysis and longer turn-around times for the investigator.

5.1.2 Independent Analytic Chemist

The independent analytic chemist does not have specific knowledge concern-
ing the history of the samples from a clandestine lab operation. Philosophi-
cally, it is believed that he will provide objective analytical results. 
Theoretically, he would not be inclined to skew the analysis to meet the 
opinions formed at the scene.

The independent analytic chemist does not have independent knowledge 
of the sample history of the case, and he may be obligated to analyze every 
sample. Unanswered questions may lead to other problems by not doing so. 
Assumptions concerning the facts of the case can be avoided by providing 
the analytic chemist with a detailed report and a complete set of the scene 
photographs. This information should provide an understanding of the 
thought process used by the scene chemist at the time the samples were taken. 
Proper scene documentation should convey this information adequately to 
avoid as many problems as possible.

The case management philosophy of the forensic laboratory will dictate 
the use of the scene chemist or an independent analytic chemist to analyze 
clandestine lab evidence. The proper processing of a clandestine lab scene is 
a time-consuming process. It can remove a chemist from the bench effectively 
1 day or more per scene. The skills required to process a clandestine lab scene 
are different than those required to analyze the samples. Having chemists 
trained in specific areas of forensic clandestine lab investigation may provide 
a more efficient flow of the case through the forensic system.

Documentation and the flow of information are essential to the effective 
forensic investigation of clandestine lab cases. No matter whether a single 
chemist or multiple chemists are used, communication is critical. A single 
chemist must document his activities completely to justify his conclusions at 
any point during the investigation. A qualified chemist should be able to 
review the scene chemist’s documentation and arrive at the same conclusion. 
Therefore, providing a copy of this documentation to the analytical chemist 
should provide the information necessary for him to perform a complete 
evaluation of the evidence.

5.2 Types of Analysis

The analysis of samples from clandestine labs involves a broader range of 
analytic techniques than are traditionally used by forensic controlled sub-
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stance chemists. Many of the same instrumental and wet chemical techniques 
are used. The differences are the way the techniques are applied and the way 
information is interpreted. Organic and inorganic examinations can be per-
formed on any individual evidentiary sample. Each type of analysis provides 
insight into the manufacturing process used by the operator. An individual 
examination type is necessary to establish the identity of a specific chemical 
used in the manufacturing process, i.e., organic analysis is used to establish 
the identities of specific precursor chemicals, or inorganic analysis is used to 
identify reagent chemicals. A combination of the two types of analysis may 
be required to establish the manufacturing method used, i.e., using a com-
bination of organic and inorganic analysis to establish the presence of the 
components of a reaction mixture.

The burden of proof required to identify a particular chemical varies with 
its role in the manufacturing process. Controlled substances have the highest 
burden of proof, “beyond a reasonable doubt,” because their possession is 
regulated in some manner. The burden of proof for the presence of precursor 
chemicals varies with the circumstances. The beyond a reasonable doubt 
standard may apply if possession of the precursor chemical is illegal under a 
given set of circumstances (e.g., possession with the intent to manufacture a 
controlled substance). A preponderance of evidence may be all that is 
required if the chemical’s identity is associative evidence, and thus, the burden 
of proof may be lessened.

The burden of proof determines the level of testing required. Beyond a 
reasonable doubt requires specific confirmatory tests that will provide a 
chemical fingerprint of the substance under examination. These fingerprints 
can be obtained through the use of mass spectroscopy (MS) or infrared (IR) 
spectroscopy. Techniques such as nuclear magnetic resonance (NMR) and 
Raman spectroscopy are considered confirmatory tests, but they are not 
widely available to the forensic chemist analyzing samples for clandestine 
labs, and they will not be addressed in this chapter.

A series of nonspecific tests indicating the presence of the chemical in 
question may be sufficient to meet the burden of proof that requires estab-
lishing a preponderance of evidence. These examinations can include one or 
more chemical color tests, microcrystalline tests, or instrumental examina-
tions that produce nonspecific results. The following is an example of a series 
of nonspecific tests that can be used to establish the identity of a chemical 
without using a specific test.

Under low-power microscopic examination, a white powder is found to 
have granules containing a cubic crystalline structure (Test 1). The granules 
are water soluble (Test 2). A chemical color test indicates the presence of 
chloride ions (Test 3). A microcrystalline test indicates the presence of sodium 
ions (Test 4). When combining the information from these four nonspecific 
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tests, a chemist could reasonably conclude that the substance is consistent 
with sodium chloride (NaCl), common table salt.

Techniques such as x-ray diffraction and the use of x-ray detectors could 
provide specific information concerning the identity of the compound. How-
ever, because NaCl is not a controlled substance, the burden of proof does 
not require that level of detail in the examination. The simple identification 
of the compound as being “consistent with” NaCl may provide the forensic 
investigator insight into the manufacturing process used by the operator.

5.2.1 Inorganic Analysis

Many reagent chemicals are considered inorganic (i.e., the molecule does not 
contain carbon). Their ability to dissolve in water, the resulting pH, and their 
physical and chemical properties, provide the first insight to their identity. 
Identifying the inorganic chemicals involved in a clandestine lab or the inor-
ganic components of a reaction and waste mixture enables the clandestine 
lab chemist to definitively establish the reaction methods that the operator 
employed or the step in the manufacturing process the operation was in at 
the time of seizure.

Inorganic analysis is not something routinely performed by the forensic 
drug chemist. However, many of the same techniques and instruments can 
be used. The types of tests that can be performed on inorganic compounds 
include chemical color tests, microscopic examinations, ion chromatography, 
IR spectroscopy, and the use of x-ray energy.

5.2.1.1 Chemical Color Tests
Chemical color testing is one of the oldest methods of chemical identification. 
It is a method with which to rapidly establish or exclude the presence of 
certain categories of compounds or ions. The specificity of the results varies 
with the test and the ions under examination.

In a chemical color test, a chemical reagent is added to the unknown. 
The color of the resulting mixture indicates the presence or absence of a 
group of compounds. For example, a white precipitate resulting from the 
addition of a 1% solution of silver nitrate to an aqueous solution containing 
the unknown indicates the presence of chloride ions. Additional testing would 
be necessary to exclude borate and carbonate ions, which also form a white 
precipitate with the silver nitrate reagent.

Chemical color tests provide a method with which to identify inorganic 
acids. The use of a series of three chemical color tests can reveal the identity 
of a clear acidic liquid. These tests have laboratory and field applications. 
However, caution should be taken when conducting these tests in the field 
due to the potentially violent nature of the reactions. Nitric acid is a reagent 
chemical that reacts violently with certain organic acids and has been known 
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to cause ignition when it comes in contact with methamphetamine reaction 
mixtures containing phosphorus.

Simple chemical color tests can be used to quickly provide presumptive 
information concerning the identity of acidic liquids. The same color test 
reagents described in Tables 4.4 and 4.5 can be used for the examination of 
acidic solution under the controlled conditions in a laboratory setting. Cor-
related in Table 5.1 are the various color reactions with the inorganic acids 
commonly encountered in clandestine lab operations.

In some laboratories, a simple chemical color test is the only test available 
to establish the presence of some inorganic compounds (Table 5.2). For 
example, the reaction between hydrolyzed starch solution and iodide ion 
produces the characteristic blue color seen in an elementary school science 
experiment. This may not be a specific identification of iodine. However, to 
a trained forensic chemist, the color reaction is characteristic enough to 

Table 5.1 Acid Test Color Reactions

Acid
Silver Nitrate 

Reagent*
Silver Nitrate 
+ Nitric Acid

Barium 
Chloride 
Reagent*

Barium 
Chloride + 
Nitric Acid

Diphenylamine
Reagent*

Hydrochloric 
acid (HCl)

White 
precipitate

Precipitate 
remains

No reaction No reaction No reaction

Hydriodic 
acid (HI)

Yellow 
precipitate

Precipitate 
remains

No reaction No reaction No reaction

Sulfuric acid 
(H2SO4)

White 
precipitate

Precipitate 
dissolves

White 
precipitate

Precipitate 
dissolves

No reaction

Nitric acid 
(HNO3)

No reaction No reaction No reaction No reaction Blue

* See Appendix J for reagent composition.

Table 5.2 Color Test Reactions for Inorganic Compounds

Reagent* Color Indication

Silver nitrate White
Crème
Yellow
Brown
Black

Cl–, CO3
–2, SO3

–2

Br  –

I–, PO4
–3

OH–

S–

Barium chloride White CO3
–2, SO3

–2, SO4
–2, PO4

–3

Diphenylamine Blue NO3
–, ClO3

–, ClO4
–, nitro compounds, oxidizers 

Thymol Green
Brown

NO3
–

ClO3
–

Nesslers Orange NH4
+

Starch Blue I–

Sulfuric acid Yellow orange ClO4
–

* See Appendix J for reagent composition.
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establish the preponderance of evidence of its existence. The chemist cannot 
make a statement concerning the existence of iodine in a sample without 
testing to support his conclusion. This simple color test provides that support 
for those situations in which the laboratory does not have access to the 
instrumentation that can establish the presence of iodine beyond a reason-
able doubt.

5.2.1.2 Microscopic Techniques
Microscopic examinations of inorganic compounds are the second type of 
testing that can be performed on inorganic compounds. As in chemical color 
testing, the specificity of the results depends upon the compounds being 
examined and the tests being performed.

The three types of microscopic examination involve observation of the 
compound’s basic optical properties, recrystallizations, and microcrystal 
examinations. Each type of microscopic examination requires different levels 
of microscopic expertise. Each method requires practice on the part of the 
examiner to be able to recognize crystal structures as specific to a given ion.

Observing the optical properties of pure compounds under the micro-
scope can be used to identify them (Table 5.3). Information concerning the 
compound’s color, crystal form, and index of refraction can be used to make 
a specific identification. Contained in Appendix G is a table of the optical 
properties of inorganic compounds found in clandestine laboratories. The 
physical structures and optical properties of a compound or a mixture of 
compounds can be observed by placing the unknown in a drop of nonvolatile 
organic liquid, such as mineral oil, or the Cargile liquids that are used to 
establish the refractive index. The use of polarized light and optical filters 
can assist the chemist in visualizing the various crystals as well as can provide 
information concerning their birefringence and other optical properties.

Recrystallization is a method in which the inorganic components of 
pyrotechnics have been identified. The component is dissolved in a minimal 

Table 5.3 Microcrystal Development Techniques

• Add a few crystals of the unknown to a liquid in which the substance IS NOT soluble, and 
observe the crystalline structure and optical properties.

• Dissolve a few crystals of the unknown in a liquid, and observe the crystals that develop 
as the liquid evaporates.

• A drop of reagent solution is caused to flow into the test drop.
• A drop of the reagent is added directly to the test drop at the center (or vice versa).
• The reagent and test drop mixture is scratched or mixed to induce crystal formation.
• Reactions take place in a capillary tube.
• A fragment of solid reagent is added to the test drop.
• A drop of the reagent is suspended over a test drop (or vice versa).
• A drop of acid, base, or solvent may be added to the test drop to assist in the volatilization.
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amount of deionized water and is placed under a microscope. As the water 
evaporates, the solution reaches the saturation point, and the compound 
begins to crystallize around the edge of the drop. The shape of the resulting 
crystals is characteristic of the compounds in the sample. As with other 
microscopic techniques, the use of a polarized light microscope is beneficial 
but not absolutely necessary.

Microcrystal tests are conducted in a manner similar to how chemical 
color tests are conducted. A chemical reagent is added to the substance under 
examination. Instead of observing the resulting color, the examiner looks for 
the formation of characteristic crystals under the microscope. The use of a 
polarized light microscope is not necessary but can be beneficial. Caution 
should be exercised, because a number of anions may produce similar crystals 
using the same chemical reagent. However, results of a series of microcrystal 
tests can be considered specific identification for an anion. Listed in Appendix 
H are the various reagents used for inorganic microcrystal examinations.

Microcrystal tests can be used on pure compounds as well as mixtures. 
There is a limitation. A single test will only identify one half of the inorganic 
compound. Only the cation (Y+) or the anion (X–) component is identified 
using a given reagent. Additional tests need to be undertaken to identify the 
other half of the compound. In mixtures, this can be problematic if there is 
more than one set of cations and anions present. The burden is on the 
examiner to establish which cation is paired with which anion. Assumptions 
can be made using information from the scene. However, if the only infor-
mation the analytic chemist has is the sample in front of him, he may be 
hard pressed to “prove beyond a reasonable doubt” what the cation and anion 
pairing was originally.

The use of microscopic techniques as a means of identification can be 
problematic if the testing is not documented. All testing used to make iden-
tifications should be documented in such a manner as to allow an indepen-
dent expert to evaluate the results. Instrumental techniques, such as MS and 
IR spectroscopy, provide a paper record of the results of the examination. 
This demonstrates that the analytic chemist actually performed the test, 
documents the results, and provides a means of independent evaluation if 
that becomes necessary.

When the analytic chemist utilizes microscopic techniques as a means 
of identification, he should follow the same protocol of documenting his test 
results, as he is obligated to do when utilizing instrumental techniques. It is 
recommended that the results of microscopic examinations used to identify 
compounds be documented through the use of photomicrographs. This 
provides a record of examination used to identify the compound. This also 
provides a means for an independent evaluation of the results. If he cannot 
use photomicrographs to document his examination, he should sketch and 
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describe the crystal forms he observed and used to make his identification 
(Table 5.4). Each photomicrograph or sketch should have documentation 
correlating the resulting crystal form to the sample preparation technique 
used.

5.2.1.3 Infrared Spectroscopy
Infrared (IR) spectroscopy has long been used as a method of positively 
identifying organic compounds. A compound’s IR spectrum has been called 
its chemical fingerprint. For the identification of inorganic compounds, it 
has not been extensively used in the forensic arena. This may be due to the 
broad bands and lack of detail in the spectra. Even with these handicaps, IR 
spectroscopy can be used to identify inorganic compounds.

The two keys to using IR for inorganic compound identification include 
sample preparation and peak identification. As with any analytical technique, 
sample preparation is the key to obtaining a usable spectrum. The exact 
locations of peaks in the IR spectrum are critical in identifying the salt form 
of an inorganic compound.

The broad absorbance bands of inorganic IR spectra make it difficult to 
identify the maximum absorbance of the peak. The sample concentration 
should be diluted until a definite peak is observed in the primary absorbance 
band. This will allow the examiner to identify the maximum absorbance of 
each peak of the spectrum.

Determination of the maximum absorbance of each peak in the spec-
trum is critical. A shift in the maximum absorbance of 10 wave numbers 
can be the difference between the sodium and potassium salt of a compound. 
These minor shifts may seem insignificant, but if they are reproducible in 
properly prepared samples, they provide the specificity required for identi-
fication purposes.

Sample preparation is critical when using IR to identify and differentiate 
inorganic compounds. Many inorganic compounds are efficient absorbers of 
IR radiation and easily overload the test sample. It is essential that the primary 
absorbance bands of the resulting IR spectra have well-defined peaks with 
resolvable maximum absorbance values, as opposed to broad nondescript 
bands with rounded or flat maximum absorbance areas. Broad rounded 
absorbance bands do not show subtle absorbance shifts needed to differen-
tiate between salt forms of an inorganic compound.

Many anions have characteristic absorbance bands in the IR spectrum.
These can be used as a screening tool to classify the type of inorganic com-
pound with which the examiner is dealing. The presence of particular anion 
absorbance bands in a mixture can provide information that can be used to 
categorize the types of compounds that may be present. Appendix I contains 
a table of anions and their corresponding IR absorption wavelengths.
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Table 5.4 Crystal Descriptions

Crystal Shape Description
Blade

        

Broad needle

Bunch /
Bundle

       

Cluster with the majority of the crystals lying in
one direction

Burr /
Hedgehog

Rosette, which is so dense that only the tops of the
needles show

Cluster Loose complex of crystals

Cross Single cruciform crystal

Dendrites Multibrachiate branching crystals

Grains Small lenticular crystals

Needles

        

Long thin crystals with pointed ends

Plates

  

Crystals with the length and width that are of the
same magnitude

Prisms

   

Thick tablet

Rod

          

Long thin crystals with square cut ends

Rosette Collection of crystals radiating from a single point

Sheaf Double tuff

Splinters Small irregular rods and needles

Star Rosette with 4 or 6 components

Tablet Plates with appreciable thickness

Tuff / Fan Sector of a rosette
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In some instances, the results from IR analysis cannot distinguish 
between salt forms of a given compound. In these situations, the analytic 
chemist may be able to use the results of other techniques to make a specific 
identification. For example, the IR spectra of sodium and potassium cyanide 
are almost indistinguishable. However, sodium and potassium are easily dis-
tinguishable using microcrystal techniques. Combining the results of these 
examinations provides the analytic chemist with the information necessary 
to render an informed opinion.

5.2.1.4 Ion Chromatography
Ion chromatography (IC) is an instrumental method that allows the chemist 
to identify the anion and the cation of an inorganic substance or mixture. 
The analysis is a three-step process. First, the cation is determined. Then, the 
anion is determined. Finally, the results are combined, and the compound is 
determined. (e.g., Na+ + Cl– → NaCl). Additional testing may be necessary 
to establish the hydration state of a compound that contains multiple hydra-
tion states.

Ion chromatography is effective in separating and identifying cations and 
anions. However, when there are multiple components in a solution, the IC 
cannot distinguish which cation is associated with what anion, or what were 
the forms of the compounds originally placed into the mixture. Here is where 
the chemist uses his knowledge of clandestine manufacturing methods, along 
with the chemical inventory from the clandestine lab scene, to establish the 
most probable combination of chemicals that would produce the results 
obtained from an IC run on a complex mixture.

An example of how ion chromatography can be used to propose a reac-
tion mechanism would be the analysis of a basic aqueous solution from a 
clandestine lab that contained a trace of methamphetamine. Anion analysis 
revealed the presence of iodide with small amounts of chloride and carbonate 
present. Cation analysis revealed the presence of sodium. From this informa-
tion, the chemist proposed that the iodide originated from HI, and the 
chloride originated from the HCl salt of the ephedrine precursor. The sodium 
came from sodium hydroxide that was used to neutralize the HI. The odd 
trace of carbonate was a result of the sodium hydroxide reacting with the 
carbon dioxide in the air to produce sodium bicarbonate.

5.2.1.5 X-Ray Analysis
The use of the x-ray detector on various instruments provides the analytic 
chemist with a method for identifying the elemental composition of a com-
pound or mixture. This is accomplished by recording the energy emitted 
from the substance that has been exposed to a beam of electrons. Each 
element releases a characteristic wavelength(s) of x-ray energy, as it releases 
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the energy it absorbed from the electron beam. The instrument also calculates 
the percentage of each element in a sample. This information can be used to 
determine the molecular formulas of most inorganic compounds.

The drawback to this method is that many x-ray detectors cannot detect 
hydrogen, carbon, nitrogen, and oxygen. This limits their use in organic 
analysis and in the determination of hydrogen, oxygen, nitrogen, and certain 
low-molecular-weight metals, e.g., lithium that can be used in the Birch 
reduction method is outside the detectable range of most x-ray detectors.

Mineral acids are an example of compounds that cannot be directly 
identified using x-ray technology. Besides the acid being corrosive and det-
rimental to internal instrument parts, the detector cannot detect hydrogen. 
However, derivatization techniques can be used to compensate for this prob-
lem. The chemist replaces the undetectable H with a detectable element, like 
potassium or sodium, by reacting the mineral acid with a strong base. The 
water is evaporated, and the remaining solid is analyzed (e.g., HI + NaOH 
→ NaI + HOH).

X-ray techniques can be used to analyze solid inorganic waste to deter-
mine the elemental makeup of the mixture. The dried waste solids are essen-
tially the same inert inorganic salts that are created when a mineral acid is 
neutralized with a strong base. However, these waste solids can contain other 
inorganic by-products that may complicate data interpretation. A Practical 
Example in Chapter 9 demonstrates the utilization of this technique.

5.2.2 Organic Analysis

The examination of organic compounds is the analysis that is most familiar 
to the forensic chemist who analyzes controlled substances. The methodology 
and instrumentation used to analyze drugs of abuse and explosives are rou-
tinely used in the analysis of organic compounds. Gas chromatography (GC), 
IR spectroscopy, MS, chemical color, and microscopic techniques can be used 
to analyze organic compounds. As in inorganic analysis, each technique has 
advantages and limitations.

5.2.2.1 Test Specificity
The analysis of individual organic chemicals is relatively straightforward. The 
process begins with a visual examination, followed by presumptive testing, 
and concluding with a confirmatory examination. However, before this pro-
cess can commence, the analytic chemist must decide what degree of cer-
tainty is required for the identification of this exhibit. The degree of 
specificity needed to identify a solvent may be different than that needed to 
identify a precursor chemical or a controlled substance. The degree of spec-
ificity needed will determine the type of examination sequence used to 
identify the compound.
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Solvents are an example of chemicals that have a low degree of specificity 
needed for their identification. Positive identification of the type of solvent 
used is generally unnecessary to establish the elements of a manufacturing 
charge. The solvent’s identity only assists the chemist in formulating his 
opinion on the manufacturing method being used. Generally, the scene 
chemist can establish the probable identity of a solvent by comparing a 
container’s contents to the label. If the contents look, feel, smell, taste, and 
act like the solvent on the label, generally, that will be sufficient to establish 
the probable identity of the solvent. If it does not react as expected, the scene 
chemist should perform presumptive tests on the substance to confirm or 
refute the label, and possibly sample the substance for laboratory analysis.

Clear liquid solvents present a unique problem. Laboratory analysis is 
the only way to determine whether a controlled substance is dissolved in 
them. What appears to be an unused liquid may, in fact, contain the final 
product or other components that would give light as to the manufacturing 
process used. Therefore, at a minimum, the analytic chemist should perform 
a screening examination on unknown solvents and not disregard them just 
because the liquid sample appears to be unaltered.

Reagents are an example of chemicals that require a moderate degree of 
certainty in establishing their identity. Reagents are not controlled, but they 
are used to create a controlled substance. Their identification may help in 
identifying the manufacturing route. An example of using a reagent chemi-
cal’s identity to establish a manufacturing method would be the use of acetates 
to manufacture phenylacetone. Sodium and lead acetate can be used to man-
ufacture phenylacetone. Each is used in a specific synthesis route, and they 
are not interchangeable. A simple microcrystal test for the presence of sodium 
or lead, along with a chemical color test for the presence of an acetate, can 
be used to identify the type of acetate, which helps identify the manufacturing 
route the operator probably used.

Nonspecific presumptive tests include chemical color and microscopic 
techniques, ultraviolet (UV) absorbance, GC retention time, index of refrac-
tion, or density. Each test has its own degree of specificity. A combination of 
these techniques is necessary to rule out other compounds.

Precursor chemicals and the controlled substances they form, as a rule, 
need to be specifically identified. This usually involves using instrumental 
analysis to confirm any presumptive test that may have been done. The 
possession of precursor chemicals may not be controlled. However, the neces-
sity of their positive identification increases when they are possessed in con-
junction with the appropriate reagent chemicals or equipment, which creates 
the potential ability to produce a controlled substance. In that situation, the 
identity of the precursor chemical should be specifically established, as well 
as the identity of any controlled substance.
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The specific tests used in most forensic laboratories include IR spectros-
copy and MS. NMR and Raman spectroscopy are also considered specific 
tests; however, this book will not address those techniques. Each technique 
is considered specific for the identification of a compound, but each has its 
limitations. For example, the salt form of a compound cannot be determined 
by using MS. With MS, there may also be problems differentiating between 
stereo- and geometric isomers. The resulting ion patterns can be almost 
indistinguishable. Without retention time data or derivatization before anal-
ysis, identification is not completely possible with MS alone. IR spectroscopy 
cannot distinguish between optical isomers.

With a significant portion of the samples submitted for laboratory anal-
ysis, it is required that organic compounds be identified. The composition 
of the samples may vary, but the procedure remains the same. Each sample 
requires a screening step, an extraction or sample preparation step, and a 
confirmatory step. These steps can be subdivided into wet chemical or instru-
mental procedures. Wet chemical procedures are used as screening methods 
or for sample preparation. Instrumental procedures are used for screening 
or as a confirmation tool.

5.2.3 Wet Chemical Procedures

Wet chemical procedures are used in the initial stages of the organic chemical 
identification process. These nonspecific tests provide a method with which 
to quickly indicate whether a controlled substance is present within a sample. 
These procedures can also be used to isolate controlled substances for con-
firmatory testing using instrumental techniques. Wet chemical procedures 
consist of chemical color tests, microscopic techniques, thin layer chroma-
tography, and various extraction techniques. A series of these tests can be 
used to deductively identify a compound or mixture.

5.2.3.1 Chemical Color Tests
Chemical color tests are chemical reactions that provide information regard-
ing the structure of the substance being tested. Certain compounds or classes 
of compounds produce distinct colors when brought into contact with var-
ious chemical reagents. (See Appendix J for a list of color test reagents and 
their compositions.) These simple reactions can indicate the presence of 
generic classes of compounds.

Chemical color tests are generally conducted by transferring a small 
amount of the substance being tested to the well of a spot plate or into a test 
tube. The test reagent is added to the substance. Some tests may be conducted 
in a sequential fashion utilizing multiple reagents. The results of each step in 
the sequence are observed and noted. Positive and negative controls should 
be run on a regular basis to ensure the reliability of the testing reagents.
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There is a certain amount of subjectivity when a color is reported. It is 
not uncommon for two people to describe the same color differently. The 
colors produced can also be influenced by the concentration of the sample, 
the presence of diluents and adulterants, and by the age of the reagent. The 
length of time the reaction is observed may also influence the color reported. 
Color transitions and instabilities are not unusual. Allowances should be 
made for these differences.

5.2.3.2 Microscopic Techniques
Microscopic techniques are used as a screening tool to confirm a diagnosis 
made using other testing methods. Many of the same microscopic techniques 
used for inorganic analysis have organic applications as well. They are fast, 
simple to administer, and can be highly specific. There is a debate as to 
whether they are specific enough to be used as a confirmatory test.

The microscopic crystal structures of a compound can be used to tenta-
tively identify components within a solid mixture. The examiner can obtain 
a profile of the various components within the mixture by placing a sample 
into a liquid test drop in which most, if not all, of the components are 
insoluble. (Mineral oil works well for this type of analysis.) The component’s 
physical and optical characteristics are then observed under plain or polarized 
light. Commonly encountered components can be tentatively identified and 
quantitated when using this technique.

Microcrystal tests involve observing the crystals formed when the ques-
tioned sample is reacted with a test reagent. The test reagent and the sample 
can be combined using any of methods described in Table 5.3. A reaction 
between the component of interest and the test reagent forms a solid com-
pound that is not soluble in the test drop. This solid forms uniquely shaped 
crystals that can be observed with a microscope (Table 5.4).

Microcrystal tests can also be used to determine the optical isomer of a 
compound. Single isomer compounds (d or l) produce different crystal forms 
than a racemic mixture (d and l) of the same compound. Single isomer crystals 
will form if a substance with the same isomer is added to the test solution 
prior to addition of the test reagent. Racemic crystals will form if the opposite 
isomer configuration is added to the test solution prior to analysis.

Mixed crystal examinations can give insight into a compound’s optical 
orientation. They are performed by seeding a sample with a known isomer 
of the substance under examination. The crystals that result from the addition 
of reference material with the same optical orientation will result in single 
isomer crystals. Racemic crystals are formed if the optical orientation of the 
two compounds is different.

Microcrystal identification relies on the comparison of the crystals 
formed by the unknown with those formed by a reference standard using 
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the same reagent. Difficulties obtaining a match between the crystals of the 
unknown and those of the reference sample may arise. Impurities in the 
unknown sample may lead to the formation of deformed, irregular, or 
unusual crystals. These problems can be overcome by utilizing a cleanup 
procedure, such as TLC, extractions, or particle picking, prior to microc-
rystal analysis.

Polymorphism can occasionally be a source of trouble. Sample concen-
tration and reagent age can lead to the creation of different microcrystalline 
forms. This reemphasizes the comparative nature of microcrystal identifica-
tion. The comparison should be done using the same sample concentration 
with the same crystal reagent.

Differences in crystal appearance can arise from the concentration of the 
solution. The crystals in highly concentrated test drops develop rapidly, 
resulting in a distortion of the classic crystal shapes. Concentrated test drops 
should be diluted to a concentration that produces classic crystal forms that 
are conducive to comparison and identification.

The reagent’s age will also affect crystal development. Therefore, 
unknown and reference samples should be run using the same reagents, under 
the same conditions, and at approximately the same concentrations. Reagent 
should also be checked on a regular basis to ensure not only that it will 
produce crystals with reference standards, but also that the crystals produced 
are consistent with the accepted crystal form for the reaction between the 
reagent and the substance in question.

5.2.3.3 Thin-Layer Chromatography
Thin-layer chromatography (TLC) is a wet chemical test used to screen for 
the presence of drugs and explosives. It is a separation technique that utilizes 
molecular mobility and solvent compatibility to separate and distinguish 
compounds within a mixture. In other words, the way a component dissolves 
in the TLC solvent and how it reacts with the coating on the thin-layer plate 
as the solvent travels over it affects the separation. Compounds are separated 
by their size, shape, and reactivity with the solvent, similar to rocks flowing 
down a river. Small compact molecules will travel across the TLC plate at 
different rates than large rambling molecules.

In the typical TLC procedure, a sample of the unknown is placed toward 
the bottom of a glass plate containing a thin layer of silica gel. A sample of 
a reference compound is placed the same distance from the bottom of the 
plate. The TLC plate is placed into a tank containing a solvent (or mixture 
of solvents). As the solvent travels up the TLC plate, the various components 
within the sample are separated. When the solvent migration is stopped, the 
TLC plate is removed from the tank, and the solvent is allowed to evaporate. 
The compound movement is then visualized through observation under UV 
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light or through development with a chemical color reagent designed to react 
with various compounds.

The Rf value is used to establish the identity of the spots on the TLC 
plate. The use of Rf values for a known solvent system only provides a generic 
insight as to the identity of the unknown spot. They should not be relied 
upon for confirmation of unknowns. A known reference sample, run on the 
same TLC plate, should be used for comparison.

Rf values can be affected by many factors. The adsorbent uniformity on 
the thin-layer plate, sample concentration (spotting is too weak or strong), 
room temperature during the mobile phase, and development distance of the 
solvent during the mobile phase, all will affect the results. Care should be taken 
to eliminate variances in the method caused by any of these factors. Placing a 
reference sample containing the suspected compound on the TLC plate with 
the questioned sample reduces the variables involved in TLC comparisons.

5.2.3.4 Extractions
Extractions are not a screening test per se. However, the fact that the com-
pound was isolated as a result of the extraction indicates that the compound 
had certain chemical characteristics. These are class characteristics the can 
be used to deductively support the confirmatory test.

Extractions are used to separate the compound of interest from the rest 
of the sample. The type of extraction used will depend upon the compound 
of interest and the matrix in which the compound is located. In some cases, 
multiple extraction techniques are necessary to separate the substance of 
interest from the remainder of the sample. In other instances, instrumental 
analysis is the only way to separate compounds with similar chemical prop-
erties for confirmation.

The screening techniques used should be designed to identify as many 
of the components of the sample matrix as possible. This allows the examiner 
to select the extraction technique that efficiently and effectively isolates the 
component of interest from the rest of the compounds. Misidentified or 
unidentified components within a sample mixture may lead to the selection 
of an inappropriate extraction technique, which in turn, may affect the results 
of the confirmatory test.

5.2.3.5 Wet Chemical Documentation
Wet chemical tests are generally nondocumentable techniques. There is no 
independent record of the performance of the test. The test documentation 
solely rests on the examiner’s handwritten notes. Therefore, the chemist 
should describe his observations as completely as possible. A (+) or (–) 
notation next to a test name does not provide a peer reviewer insight as to 
the examiner’s observations during the performance of the test.
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The colors or transition of colors that were observed during the course 
of a chemical color test should be described. Photographing a chemical color 
test may or may not be a solution to the documentation issue. Photography 
demonstrates the color that was observed during the examination. However, 
it may only preserve a portion of the test. Many chemical color tests have a 
transition of colors from the beginning of the test to the end. Photographs 
do not adequately reflect the examiner’s total observations.

No supporting documentation is generally generated with microcrystal 
examinations. Therefore, the examiner’s description of his observations 
should be as complete and accurate as possible. When definite crystals are 
formed, their forms and habits should be noted (described, sketched, or 
photographed). Listed in Table 5.4 are descriptive terms with diagrams that 
can be used to describe the observed crystals.

Lack of supporting documentation may be less significant if microcrystal 
tests are used as a screening tool. However, if they are to be used as a tool to 
specifically establish a compound’s identity or isomer configuration, steps 
should be taken to provide reliable documentation concerning the examiner’s 
observations. Photomicrographs should be taken of the microcrystals that 
were used to make identifications. The photomicrographs should be included 
in the examiner’s notes for peer review, when necessary.

As with chemical color and microcrystal examinations, no supporting 
documentation is generally generated using TLC. Accurate notes regarding 
the solvent system used should be included in case notes, along with the Rf
calculations used for compound identification. Any deviations from the ref-
erenced method or unusual occurrences should also be documented. The 
examiner should thoroughly describe the observations used to make his 
conclusions, including the colors and patterns observed on the TLC plates as 
well as any observations made under UV light.

Photography of TLC plates is an option. Photographs can document the 
examiner’s observations of the colors and positions of the sample spots. If 
the photograph is scaled properly, a peer reviewer or independent examiner 
can calculate Rf values.

The extraction phase of the analysis is not used for preliminary or con-
firmatory identification purposes. However, it is a means to those ends. As 
such, it should be documented. Peer reviewers should be able to evaluate the 
extraction technique used to prepare the sample for any subsequent testing.

5.2.4 Instrumental Examinations

Instrumental examinations are documentable testing methods. This point is 
key to the confirmation process. It is not enough for the examiner to be able 
to say the compound had the same chemical fingerprint as the substance in 
question. He has to be able to demonstrate it beyond a reasonable doubt. 
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This includes subjecting the examination to peer review. Instrumental exam-
inations provide the vehicle for this review.

There are four basic instruments routinely utilized by forensic chemists 
analyzing clandestine lab samples. The UV spectrophotometer and the GC 
are used as screening and quantitative tools. Liquid chromatography is uti-
lized as a screening tool but not as widely. The IR spectrometer and the mass 
spectrometer are instruments used to confirm the identity of unknowns. As 
stated previously, NMR and Raman spectroscopy are used as confirmatory 
tools, but they do not have as broad a base of use.

5.2.4.1 Ultraviolet Spectroscopy
Ultraviolet (UV) spectroscopy is an instrumental technique that provides 
compound classification. It is a screening tool and not a confirmatory test. 
Although some compounds exhibit unique UV spectra, the spectra are con-
sidered class characteristics and do not contain sufficient detail (individual 
characteristics) to be considered a compound’s chemical fingerprint.

The two general uses for UV spectroscopy in the controlled substances 
unit are general screening and quantitation. The shape of the spectrum 
provides insight into the identity of the compound. The amount of UV light 
absorbed can correlate to the amount of substance in the sample.

UV spectroscopy is a useful tool for single-component analysis of samples 
with known or suspected composition, such as pharmaceuticals. The UV 
spectrum can confirm or rebuff the composition of the preparation under 
examination. However, if compound identification is required, it should be 
done using a specific test such as IR or MS.

Mixtures of compounds capable of absorbing UV energy can present an 
analytical problem. Compounds have differing capacities to absorb UV light. 
A strong UV-absorbing substance mixed with a controlled substance that is 
a weak UV absorber, may result in a UV spectrum that does not reflect the 
presence of the controlled substance.

Quantitation is another venue in which UV spectroscopy is useful. To be 
most effective, the sample should contain a single UV-absorbing component. 
If there are multiple UV absorbers in the sample, the component of interest 
should have a distinct resolvable absorption band. The quantitation proce-
dure can be as simple as comparing the concentration of the suspected 
tampered sample with that of a known unaltered sample. The UV absor-
bances should be the same if the concentrations and compositions of the 
samples are identical. An in-depth analysis can determine the actual concen-
tration of the substance in question. The absorbance value of the test sample 
is compared to the absorbances of a series of known solutions. The concen-
tration of the test sample can be taken from the graph of concentration versus 
absorbance values of the reference samples.
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5.2.4.2 Gas Chromatography
Gas chromatography (GC) is a documentable chromatography form that can 
be used in lieu of TLC. It is not a specific confirmatory test for controlled 
substances. However, dual-column techniques and the evaluation of alkaloid 
peak patterns can be used for identification purposes. The GC is also used 
as a separation device for confirmatory examinations, such as MS and Fourier 
transform IR spectroscopy (FTIR).

The GC separates compounds by their size, shape, and reactivity with 
the chemical coating of the GC column, in a manner similar to rocks flowing 
down a river. The carrier gas acts as the water, and the column coating acts 
as the riverbed. The small molecules travel through the chromatographic 
column more rapidly than larger molecules. Their shapes and their reactiv-
ities with the column’s coating separate molecules of the same size.

Chromatograms from GCs are used to identify unknowns based on the 
retention time or relative retention time of a peak under certain operating 
conditions. The retention time (Rt) is the time it takes a compound to travel 
from the injection port of the GC to the detector. The relative retention time 
(RRt) is the ratio of the retention time of the substance to the retention time 
of an internal standard placed into the sample.

The RRt is considered a more reliable value. The use of an internal 
standard provides a reference point with which to calculate RRt values. It also 
demonstrates the precision and accuracy of the instrument. The internal 
standard eluting at the proper time indicates that the gas flow and oven 
conditions are operating properly. The size of its peak indicates proper oper-
ation of the detector, if the concentration of the internal standard is known.

The GC can be used to differentiate geometric isomers. An example of 
the use of GC retention times to differentiate between isomers is the identi-
fication of the cis- and trans-phenylaziradines that are by-products of the HI 
reduction of ephedrine to methamphetamine. Even though these compounds 
have essentially the same mass spectrum, the GC retention times are signif-
icantly different. On a nonpolar GC column, the cis- isomer has a retention 
time noticeably less than the trans- isomer. Baseline resolution of the three 
isomers of the explosive compound dinitrotoluene is another example.

Analysis by GC alone is not generally considered confirmation of a con-
trolled substance. More than one compound could possibly have a given Rt
or RRt. Therefore, with conventional detectors (i.e., flame ionization, electron 
capture, nitrogen/phosphorus, etc.), the chemist cannot definitively tell what 
compound elutes at a given Rt or RRt. The specificity increases with the 
specificity of the detector. For example, the use of a nitrogen/phosphorus 
detector will only detect compounds containing nitrogen or phosphorus, 
thus, narrowing the field of potential organic compounds. Fortunately, this 
group is the one to which many drugs and explosives belong.
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Dual-column GC has been used as a confirmatory test. A single sample 
is injected into a GC that divides the sample into two chromatographic 
columns. Each column contains a different liquid phase (the interior coating 
that causes compound separation). A compound is considered identified if 
it has the proper Rt or RRt values on both columns.

Commonly, GCs are used as separation tools for the confirmatory tests 
of MS and FTIR. The GC separates the compounds, and the MS or the FTIR 
provides information concerning the chemical properties of each of the com-
pounds as they elute from the chromatographic column.

Quantitation is another use for the GC. This can be accomplished by 
analyzing a series of diluted samples using a method similar to that used in 
UV analysis. The other method uses the relative response of the item in 
question to that of an internal standard.

As a quantitation tool, GC has an advantage over UV. The effects of 
multiple components within the sample are reduced or eliminated, because 
the GC separates the components of the sample during the analysis. The 
compound’s UV absorbtivity also does not affect the analysis. Each compo-
nent has a similar detectability range with a given detector.

5.2.4.3 Mass Spectroscopy
Mass spectroscopy (MS) is the workhorse instrument used by the forensic 
chemist. It uses the pattern of molecular pieces (ions) produced when a 
molecule breaks apart after it is exposed to a beam of electrons as a means 
of identification. The resulting characteristic pattern is called the mass spec-
trum. It is considered one of a compound’s chemical fingerprints.

The mass spectrometer exposes the compound under analysis to a beam 
of high-energy electrons that shatters the molecules. The mass spectrometer 
then sorts and counts the resulting pieces (ions) and produces a pattern, the 
mass spectrum. When the energy of the electron beam remains constant, the 
molecule will produce the same mass spectrum, which is considered one of 
the compound’s chemical fingerprints.

MS has its limitations. It cannot differentiate among certain types of 
isomers. Stereoisomers and geometric isomers may produce mass spectra that 
are essentially identical. Stereoisomers (molecules that are mirror images of 
each other) have identical mass spectra. Without additional information, i.e., 
GC retention time data, the chemist may not be able to say the compound 
was one isomer or the other. Ephedrine and pseudoephedrine are examples 
of two compounds that have essentially the same GC retention times and 
mass spectra.

Geometric or positional isomers will also produce similar, if not the same, 
mass spectra. Many times, the compounds can be differentiated by their 
chromatographic retention times. Other times, there are one or two clusters 
© 2004 by CRC Press LLC



of ions that have ratios specific to a particular isomer. Methamphetamine 
and phentermine are two geometric isomers that can be differentiated 
through the use of MS.

The mass spectrometer generally cannot distinguish between the salt- 
and freebase form of a drug. The salt portion of the compound is generally 
outside the detection range of the MS. The detector only “sees” the freebase 
portion of the compound.

The information obtained from the mass spectrometer can be used to 
establish the synthesis route used to manufacture the controlled substance. 
Each reaction produces by-products. In some instances, the by-products 
produced are specific to a particular manufacturing method. Even if the 
detected by-products are not specific to a reaction, their presence can be used 
to corroborate other information, i.e., notes, chemicals on hand, etc., as to 
the method of manufacture. Shown in Appendix K is a five-peak table of 
drug precursor chemicals, controlled substances, and by-products. Also 
included is the reaction indicated by the presence of these compounds.

There are a number of mass spectra libraries available to assist in the 
identification of unknowns. The spectra in these libraries can provide insight 
into the identity of numerous components that can potentially be within 
these mixtures. However, final confirmation is only accomplished by com-
paring the mass spectra of the unknown to the mass spectra of a traceable 
reference standard. The reference spectra should be obtained on the same 
instrument, under the same operating conditions. The burden of proof 
required in a given situation will dictate how the information from these 
libraries should be used.

Library spectra should not be used for proof beyond a reasonable doubt. 
The variations in operating parameters between the instrument used to 
obtain the sample’s spectrum and the one used to obtain the library spectra 
will differ. These deviations may be subtle, but they can be significant enough 
to eliminate the compound as the source.

Library spectra provide a preponderance of evidence concerning the 
identity of a compound. Many of the by-products of clandestinely produced 
controlled substances do not have traceable primary standards that can be 
used for positive identification purposes. However, their probable identity, 
established through a mass spectral library search, can be used as associative 
evidence to render opinions concerning the manufacturing methods used in 
the operation.

5.2.4.4 Infrared Spectroscopy
Infrared (IR) spectroscopy has been the traditional method used for con-
firming the identity of a controlled substance. Traditionally, the sample went 
through a series of screening tests to establish the compound’s suspected 
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identity, and the identity of any adulterants or diluents were determined. The 
controlled substance was then extracted and purified. Finally, an IR spectrum 
was obtained. With the instrumentation of modern technology, an IR spec-
trum can be obtained from a single particle or from a peak in a GC run. This 
has reduced the need for the nonspecific tests used as screening tools and the 
extractions necessary to isolate the compound of interest.

IR spectroscopy uses a compound’s ability to absorb IR light as a means 
of identification. The bond of each of the molecule’s functional groups will 
absorb specific wavelengths of IR radiation. The exact wavelength will 
depend on the arrangement of the functional groups on the molecule. The 
pattern that results from charting the absorbance or transmittance of IR light 
that is pasted through (or reflected from) a sample is considered a chemical 
fingerprint.

The ability to differentiate between isomers is a benefit of using IR as a 
confirmation tool. Compounds with isomers that are indistinguishable by 
MS may be differentiated through the use of IR. The position of the functional 
groups on the molecule dictates how they will vibrate, which affects the 
wavelength of IR radiation that is absorbed. The stereoisomer of the com-
pound may allow or hinder the vibration of a particular functional group. 
This allows the chemist to differentiate between stereoisomers such as ephe-
drine and pseudoephedrine (Figure 5.1). However, optical isomers, i.e., 
d-ephedrine and l-ephedrine, do not exhibit significant differences in their 
IR spectra.

In some jurisdictions, a compound’s salt form may be important in 
determining the sentence after a conviction is obtained. IR spectroscopy can 
be used to identify a compound’s salt form. In Figure 5.2, a differentiation 
between freebase cocaine (crack) and cocaine hydrochloride is made. The 
specific salt form can be used to establish a manufacturing method. Shown 
in Figure 5.3 are the IR spectra of the HI and HCl forms of methamphet-
amine. In both examples, the most obvious difference is demonstrated in the 
spectra’s front portion (4000 cm–1 to 2000 cm–1).

IR spectroscopy is also useful in differentiating structural and geometric 
isomers that the MS cannot without derivatization, retention time data, or 
both. Changing the position of a functional group on an aromatic ring will 
change the IR spectrum enough to allow easy identification. Figure 5.4 is an 
example of the IR differences of the three structural isomers of dinitrotoluene. 
The only difference is the position of one nitro (–NO2) group on the aromatic 
ring.

Traditionally, IR confirmation has been limited to compounds that have 
gone through some type of extraction to produce a pure compound prior to 
analysis. Analysis time could be lengthy, depending on the resolution the 
analyst desired. Advances in technology have reduced the time required for 
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sample preparation and analysis. With the advent of FTIR analysis, time has 
gone from minutes to seconds. The ability to obtain an IR spectrum instan-
taneously has allowed FTIR detectors to be used in conjunction with GCs. 
This allows the chemist to identify the components of a mixture by IR without 
first separating each of the components. Additionally, the micro-FTIR can 
isolate and obtain IR spectra of individual particles within a mixture.

Sample preparation is a key element in IR examinations. The physical 
state of the sample will significantly affect the resulting spectra. For example, 
the spectra obtained from the GC/FTIR will be in the vapor phase. These 
spectra will be different than the liquid- or solid-phase IR spectra a chemist 
traditionally uses for identification purposes. Pellet spectra of solid samples 
will vary from those produced using the thin-film technique. Transmission 
spectra and reflectance spectra of the same compound will have variations. 
There can even be significant variation between thin-film spectra of the same 
compound that are a result of polymorphism when the compound crystallizes. 
Each sample preparation technique produces a unique reproducible result that 
can be used for identification purposes. However, the analytical chemist must 
be sure to compare “apples to apples” when making an identification.

Figure 5.1 Ephedrine/Pseudoephedrine IRs.
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With computerization, we now have the ability to compare the IR spectra 
of an unknown to those in various libraries. As with the MS library searches, 
the results should not be used for identification purposes for compounds 
that require proof beyond a reasonable doubt. The compound’s physical state, 
type of detector used, and sample preparation techniques will affect the 
spectra obtained and the results of a computerized library search. Identifica-
tion should only be made by comparing the spectra from the questioned 
sample to the spectra of a sample from a traceable reference that was prepared 
under the same conditions, using the same instrument.

5.2.4.5 Documentation
Instrumental techniques are documentable in that they generate analytical 
data in a form that demonstrates that the analysis was performed. The data 
are objective and can be subjected to peer review as part of a quality assurance 
program or independent evaluation at a later date. Interpretation of this data 
is less subjective than in other areas of the forensic laboratory. However, it is 
still subject to interpretation.

For peer review purposes, case notes or instrument printouts should 
include the operating conditions of the instrument during the analysis. This 

Figure 5.2 Cocaine Base/Cocaine HCl IR comparison.
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Figure 5.3 Methamphetamine HI/HCl comparison.
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Figure 5.4 Dinitrotoluene isomer comparison.
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allows the reviewer to evaluate whether instrumental results are consistent 
with analytical conditions. If necessary, an independent examiner should be 
able to achieve the same results under the same test conditions. All data 
should contain, at a minimum, the examiner’s initials, case number, exhibit 
number, solvent information, and date of analysis. The examiner should have 
the instrument print this information on the spectra at the time of analysis, 
if the instrument has the capacity to do so. For GC analysis, the calculated 
RRt value should be on the chromatogram or on the printout of the peak 
retention times. The divisions of the mass value axes on MS data should be 
such that the examiner can easily determine the mass value of each of the 
ions of the spectra. The wave number of the significant peaks of an IR 
spectrum should be labeled or should be easily determined by a peer reviewer. 
The examiner should have the instrument print this information at the time 
of analysis, if the instrument has the capacity to do so.

5.2.5 Analytical Schemes

The analytical schemes used to examine clandestine lab samples can be 
divided into solid and liquid schemes. Solids are usually precursors, reagents, 
or controlled substances and should be treated as unknown controlled sub-
stances. Liquid samples can be organic, aqueous, or a mixture of the two. 
They can be pure chemicals, reaction mixtures, or waste products and should 
be treated as if they contain a controlled substance.

It is common practice for operators to remove the labels from chemical 
containers and repackage chemicals into different containers. They place 
waste or finished product into empty chemical containers. Therefore, a chem-
ist may find a container’s label little more than insight into what chemical 
the operator possessed at one time. A container labeled ethyl ether may just 
as well contain a brown liquid with a chlorinated solvent odor, as the clear 
volatile liquid it is supposed to be. The chemist will need to modify his 
analytical scheme to identify the unknown mixture in this situation, as 
opposed to confirming the identity of a chemical from a labeled container.

All samples should be screened for the presence of controlled substances. 
The screening method used is up to the chemist and the capability of his 
laboratory. The screening method should not only detect the presence of 
controlled substances but should also include techniques that would tenta-
tively or positively identify the presence of precursor chemicals, reagent 
chemicals, or reaction by-products commonly used or encountered in the 
manufacture of the controlled substances. If a controlled substance is 
detected, its identity should be confirmed. If the substance appears to be a 
precursor, reagent, or solvent, its identity should be established to the degree 
of certainty dictated by the circumstances.
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5.2.5.1 Solid Samples
The analysis of solid samples follows the same analytical scheme as a con-
trolled substance unknown. The same systematic analytical approach is used, 
as if the sample was an unknown and even if the identity of the substance is 
suspected. Sample analytical schemes should include screening for the pres-
ence of controlled substances, confirming the identity of controlled sub-
stances that have a high burden of proof, and confirming the identity of other 
substances to the extent their burden of proof dictates (Figure 5.5).

The sampling schemes for solid samples from labeled containers and 
loose solid materials are basically the same. Initially, the samples are screened 
using a combination of nonspecific tests. At this point, a decision is made. 
In the case of known samples, the following questions are asked: Is the sample 
consistent with the label? Does the sample contain a compound that needs 
a confirmatory examination? In the case of unknown samples: What does 
the sample contain? Does it need a confirmatory examination? The answers 
to these questions and the levels of specificity needed for particular identifi-
cations will guide the flow for the balance of the testing.

5.2.5.2 Liquid Mixtures
Liquid samples from clandestine labs deviate from the sample form normally 
encountered by the forensic chemist who deals with controlled substances. 

Figure 5.5 Unknown solid scheme.
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These samples, however, can give the chemist the most complete picture of 
the type of synthesis the operator was using. An in-depth analysis of these 
liquids can produce information about the product and by-products of the 
reaction as well as the precursor and reagent chemicals that were used in the 
synthesis. By evaluating the information that can be obtained from these 
liquid samples, the chemist can also determine at what step in the process 
the operation was at the time of seizure.

Liquid samples come in organic and aqueous forms (Figure 5.6). Both 
forms can be analyzed using the same analytic tools that were utilized for solid 
sample analysis. Organic samples are usually extraction solvents that may or 
may not contain a controlled substance. They are treated simply as a controlled 
substance exhibit in a liquid substrate. The analysis of unknown aqueous liquids 
requires a combination of organic and inorganic analytical techniques.

5.2.5.2.1 Organic Liquids. Organic liquids from clandestine labs can be 
reaction mixtures; extraction solvents (ether, Freon, chloroform, or petro-
leum products) that contain the final product; extraction solvents from 
which the final product has been removed, leaving only trace quantities of 
the final product; wash solvents that contain reaction by-products with traces 

Figure 5.6 Unknown liquid scheme. 
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of the final product; clean unused solvents, reagents, and precursors; or the 
final product.

The only way for the chemist to definitively say a clear liquid contains 
more than a single component is to analyze its contents. Just because a liquid 
looks, smells, feels, and tastes like Freon, does not mean there is not some-
thing dissolved in it. In almost every case, if the final product came in contact 
with the organic liquid, there will be a detectable amount of that substance 
in the liquid. It is the chemist’s challenge to find it, if it is there.

The analysis scheme of organic liquids mirrors that of organic solid 
samples. Using chromatographic techniques, the sample is screened to estab-
lish whether or not it contains a controlled substance. A profile of the sample’s 
contents is used to establish the liquid’s place in the manufacturing process. 
Confirmatory tests are performed on compounds for which burden of proof 
is required. Finally, a report is generated.

5.2.5.2.2 Aqueous Liquids. Aqueous liquids can be reaction mixtures or 
waste products. Each type of liquid contains a wealth of information con-
cerning the manufacturing process and will require organic and inorganic 
examinations. The inorganic profile of the liquid will guide the analysis.

Determining the pH of an aqueous liquid is the initial analytical step that 
provides the analytical chemist information concerning the liquid and the 
compounds that it may contain. As a general rule, acidic liquids are reaction 
mixtures, and basic liquids are waste material. Each type of liquid will have 
characteristic organic and inorganic compositions.

Once the pH of the liquid is established, the chemist must determine 
what type of information he desires from the sample. He should ask himself: 
Does he simply want to isolate and identify any controlled substances from 
the sample? Does he want to extract all of the organic constituents from the 
solution and try to establish a synthesis route? Does he want to identify the 
inorganic components of the aqueous solution? Or, does he want to forego 
analyzing the sample, because it is similar to 12 other samples from the same 
location? The answers to these questions will determine the analytical 
sequence as well as any extraction techniques that may be used.

Establishing the inorganic profile of an aqueous sample is the next seg-
ment of the analysis. This can be accomplished by using the same methods 
described in the inorganic analysis section. The chemist is looking for the 
type of acid or base that was used in the reaction as well as any inorganic 
reagents that may indicate a particular reaction route. A series of chemical 
color tests and microcrystal examinations can provide the chemist with a 
sense of what the sample contains and where it fits into the manufacturing 
process. Three drops of sample may be all that is necessary to provide the 
chemist with a complete inorganic profile of the aqueous liquid.
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As a general rule, the chemist should screen all aqueous liquids for their 
organic component content. Acidic liquids are generally reaction mixtures, 
and potentially, they can contain large quantities of the controlled substance. 
Basic liquids are generally waste products that will contain reaction by-prod-
ucts characteristic of the manufacturing process used as well as a detectable 
amount of the controlled substance that was manufactured. The fact that there 
were no organic components detected in the sample is significant information.

Most controlled substances and precursors are soluble in acidic aqueous 
liquids and may be visually undetectable. Thus, the analytic chemist should 
expect high concentrations of these chemicals in acidic solutions. To remove 
the controlled substance from the aqueous solution, he should change the 
pH of the solution and extract it with an organic solvent. This will remove 
the basic and neutral organic compounds from the aqueous solution. The 
organic extract can then be analyzed as if it were an unknown organic liquid.

There may be instances in which the acidic and neutral compounds that 
the aqueous liquid may contain will be of significance. In those situations, the 
acidic liquid should be extracted with an organic solvent prior to making the 
aqueous solution basic to extract any controlled substances that may be there. 
Again, the organic extract is analyzed as if it were an unknown organic liquid.

The analysis of the organic extracts of aqueous samples mirrors that of 
organic liquid unknowns. Chromatographic techniques are used to screen 
the sample to establish if the sample contains a controlled substance. The 
chromatographic profile of the sample’s contents is used to establish the 
liquid’s place in the manufacturing process. Confirmatory tests are performed 
on samples that contain compounds for which burden of proof is required. 
Finally, a report is generated.

5.2.5.3 Chromatographic Screening
Chromatographic techniques include gas and liquid chromatography. They 
are useful tools for analyzing organic liquid samples. These techniques allow 
the chemist to obtain a profile of the organic makeup of the unknown with 
a single test. The chemist can then determine whether a liquid contains one 
component, a mixture of a dozen, or none. Using retention time data, the 
chemicals and reaction by-products associated with various clandestine man-
ufacturing methods can be identified. The peak areas from the chromatograms 
can be used to establish concentration ratios leading to quantitative estimates.

With chromatographic analysis, the chemist can quickly establish the 
number and probable identity of the components in an organic mixture. 
Under general screening parameters, the unknown’s solvent will elute from 
the chromatography column with the solvent the chemist uses to prepare his 
sample for analysis. If the analyte is a clean solvent, the resulting chromato-
gram will appear to be blank. The identity of the analyte solvent can be 
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determined by modifying the chromatograph’s acquisition parameters to 
enable separation of the low-boiling-point solvents.

The significance of the peaks in the chromatogram is determined by the 
analytical chemist’s interpretation of data. The relative amounts of the com-
pounds will depend on the sample preparation technique used. The chemist 
should use an established sample preparation scheme so that the results from 
all of the samples of a case can be compared. For example, a sample of an 
extraction solvent will contain a large amount of final product, possibly 
overloading the chromatographic column. If the sample is a waste solvent, 
there will be only trace amounts of product present. If the chromatographic 
peaks of samples that were prepared identically produce different peak areas 
for a peak that elutes at the same time as methamphetamine (e.g., Sample 1 
area is 500 counts; Sample 2 area is 500,000 counts), the analytical chemist 
could infer that Sample 1 was a waste solvent, and Sample 2 was an extraction 
solvent containing the product.

The symmetry of a chromatographic peak can provide information con-
cerning the sample. In some instances, it can be used as a presumptive test 
to establish whether the compound in a solution is the freebase or is in a salt 
form. Generally, the peaks of freebase and neutral compounds produce sharp 
symmetrical GC peaks when using nonpolar columns commonly used in 
drug and ignitable liquid analyses. Sulfate salts and HCl salts of low-molec-
ular-weight compounds chromatograph poorly, producing asymmetrical 
peaks that can tail badly. High-molecular-weight salt compounds do not 
demonstrate this tendency.

If there is an indication of a controlled substance, its identity must be 
confirmed by a documentable technique. The type of information desired 
will determine the confirmatory route taken. If only the identity of the com-
pound is desired, purification extraction prior to confirmation may be desir-
able. If the identity of all of the components of the mixture were desired, a 
simple dilution and analysis would be appropriate.

The chromatograms from similarly prepared samples can be used to 
establish a common origin or manufacturing technique. The pattern and 
ratio of product, precursor, and by-product peaks can be used to determine 
common origins of samples or positions in the reaction sequence. Samples 
from the same case can be compared in a manner similar to the way a chemist 
compares ignitable liquids and the residues extracted from fire debris.

5.2.6 Extractions

Extractions are used to separate the compound of interest from the rest of 
the sample. The type of extraction scheme used will depend upon the com-
pound of interest, the sample matrix, and the information desired from the 
resulting analysis. In some cases, multiple extraction techniques are necessary 
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for separating the substance of interest from the remainder of the sample. In 
other instances, instrumental analysis is the only way to separate compounds 
with similar chemical properties for confirmation.

In devising an extraction scheme, the chemist must decide what he wants 
to isolate and the form it will be in after it is separated. The answers to these 
questions are in the statutes under which the chemist is working. Some 
statutes require only the presence of the controlled substance without regard 
to its salt form, isomer status, or purity. Other statues are specific when it 
comes to identifying a controlled substance by its salt form, structure, isomer 
form, or purity. In these cases, be sure that extraction does not alter the form.

The basic types of extractions include physical extractions, dry washes, 
dry extractions, and liquid/liquid extractions. In this section, the generic 
applications of the different types of extraction will be described. Specific 
extraction procedures are described in Appendix L.

5.2.6.1 Physical Extraction
Physical extractions are the simplest. They involve physically removing the 
substance of interest from the balance of the sample. The isolated substance 
is then analyzed by the technique the examiner deems appropriate.

Physical extraction is appropriate when the examiner observes particles 
of different sizes, shades, and consistencies within the sample. The particles 
are physically or manually separated from the bulk sample by using stere-
omicroscopes, tweezers, sieves, or other devices designed to physically isolate 
particles of different sizes.

5.2.6.2 Dry Wash/Extraction
Dry washes and dry extractions are different versions of the same process. 
The only difference is the substance that is removed from the sample matrix. 
With a dry wash, a solvent is used to dissolve and remove adulterants and 
diluents from the sample matrix, leaving the compound of interest. With a 
dry extraction, a solvent is used to dissolve and remove the compound of 
interest from the sample matrix.

5.2.6.3 Liquid/Liquid Extractions
The ability of a substance to dissolve in a liquid can change with the liquid 
environment. Liquid extractions utilize these solubility characteristics to sep-
arate a substance from a mixture. Listed in Appendix L are the general 
solubility rules used for liquid/liquid extractions.

During a liquid/liquid extraction, the sample is initially mixed into an 
aqueous solution. The aqueous liquid is washed with an organic solvent in 
which the compound of interest is not soluble but the diluents and adulter-
ants are soluble. The organic liquid is separated, and the pH of the water is 
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changed in such a way that the compound of interest is made insoluble in 
the water solution. An organic solvent is used to separate the substance from 
the water.

Care must be taken when selecting the acidic environment and the 
organic solvent used in liquid/liquid extractions. Some drugs are subject to 
ion pairing. This means that the hydrochloride salt form of the drug is soluble 
in chlorinated solvents (i.e., chloroform) and will choose the chlorinated 
solvent over an acidic environment with a high chloride concentration (i.e., 
HCl).

Ion pairing can be used to the examiner’s advantage when there are 
multiple basic drugs within a matrix that need to be isolated. If one of those 
drugs is subject to ion pairing, it can be isolated from the other drugs that, 
under normal circumstances, could not be separated.

In some instances, the compound of interest cannot be isolated, because 
the sample matrix contains multiple drugs of the same salt type. In these 
instances, a combination of techniques may be necessary to isolate the com-
ponent of interest. An example of a combination extraction would be per-
forming a TLC separation of the final extract of a liquid/liquid extraction. 
The silica gel around the spot corresponding to the compound of interest is 
physically removed from the TLC plate. A dry extraction or another liq-
uid/liquid extraction is performed to isolate the substance from the silica gel.

5.2.7 Isomer Determination

Once the identity of a substance has been confirmed, the analysis is usually 
complete. Most statutes are written to include isomers, salts, and salts of 
isomers when defining a controlled substance. However, there are instances 
when the statute is specific in defining the controlled substance. They spe-
cifically define the structural configuration or the optical isomer of the com-
pound that is controlled. In these instances, additional work may be necessary 
to satisfy the statutory definitions.

“Isomer” is a generic term that can encompass a number of different 
meanings. Isomers are compounds that have the same molecular formula but 
a different structural formula. The differences can be obvious, as in the case 
of structural isomers, or subtle, as with stereoisomers.

Structural isomers are compounds that have the same molecular formula 
but a different structural formula. Examples of structural isomers are ethyl 
ether and ethanol. Each compound has the molecular formula of C2H6O. 
However, the structural formulas are CH3OCH3 and CH3CH2OH, respec-
tively. Their different structures give them different chemical and physical 
properties that allow them to be differentiated through various instrumental 
techniques.
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Geometric isomers are isomers that result from the positioning of two 
different functional groups attached to different ends of a double bond. The 
double bond prevents rotation, creating a cis (functional groups on the same 
side of the double bond) and trans (functional groups on opposite sides of 
the double bond) configuration. Geometric isomers have similar chemical 
properties but different physical properties. GC and IR can be used to dif-
ferentiate them through analysis.

Optical isomers are compounds that have the same structural formula. 
The only difference is the arrangement of functional groups around a chiral 
(asymmetric) carbon. This difference affects the rotation of plane polarized 
light. One configuration will rotate light to the right (d, dextrorotatory) and 
the other to the left (l, levorotatory). Otherwise, the chemical and physical 
properties of these isomers are identical. Microcrystalline tests and instru-
mental analyses of the derivatized compound are two methods available to 
forensic labs to use to differentiate optical isomers.

5.2.7.1 Microcrystal Examination
Microcrystal examinations used to determine the orientation of optical iso-
mers are rapid analytical methods that require only a microscope and the 
necessary reagent chemicals. The compound in question reacts with an inor-
ganic reagent chemical to form a complex that is insoluble in the test solution. 
The resulting complex has a characteristic crystal shape that can be observed 
under the microscope. Racemic mixtures (mixtures that contain both optical 
isomers) produce different microcrystals than single isomer compounds. The 
microcrystals of a single optical isomer generally cannot be distinguished 
from the microcrystals of the other optical isomer.

If the chemist needs to know the optical orientation of a compound, he 
can perform a mixed crystal test if the microcrystals of a single optical isomer 
were observed. A mixed crystal test involves placing an equal amount of a 
compound with a known optical orientation with the unknown sample (e.g., 
a small amount of known d-methamphetamine is combined with the same 
amount of unknown single isomer methamphetamine). The microcrystal test 
is performed on the known/unknown mixture. If the resulting crystals are 
single isomer crystals, the unknown has the same optical orientation as the 
known. If the resulting crystals are the crystals obtained from a racemic 
mixture, the unknown is of the opposite optical orientation.

5.2.7.2 Derivatization
The other method of determining the optical orientation of a compound is 
through derivatization. In this technique, the derivatizing reagent reacts with 
the compound at a reactive on the molecule, usually at a nitrogen site or at 
a hydroxyl group. The addition of the derivatization agent to the molecular 
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structure of the compound alters the chromatographic properties of the 
compound to such an extent that optical and stereoisomers can now be 
chromatographically separated.

Derivatization not only alters the chromatographic properties of the 
derivatized compound, but also alters the resulting ion patterns of the mass 
spectra between the derivatized isomers, making them differentiable. Shown 
in Table 5.5 are the eight most prominent peaks of the n-trifluoroacetyl-(S)-
prolyl chloride (TFAP) derivative of the amines commonly encountered at 
clandestine drug labs or in the controlled substance samples. Not only are 
the mass spectra differentiable, but also, each is distinguishable chromato-
graphically.

5.3 Quantitation

Once the identity of the controlled substance has been established, it may 
become necessary to determine the exact amount of that substance that is 
the sample. This may be necessary for a number of reasons. The governing 
statutes may require that the exact amount of controlled substance be deter-
mined. The percentage of the sample that is a controlled substance may 
influence the chemist’s opinion as to whether the substance is finished prod-
uct, waste material, or something in between. Or, the chemist might just want 
to know.

As a general rule, there is no statutory requirement to perform a quan-
titative examination on controlled substance samples. Quantitation is used 
as an investigative tool or is done as part of a laboratory’s internal security 
policy. With a few exceptions, criminal statutes regulate only the possession 
of a given substance. The concentration of a sample does not affect guilt or 
innocence.

The concentration of a sample may become an issue during the sentenc-
ing phase of a trial. Some statutes provide enhanced penalties for possession 
of a substance over a given quantity. The words “possession of X grams of 
compound Y” are distinctly different than “X grams of substance containing 
compound Y.” This wording may affect whether a quantitative exam is 
required to establish a sentence of 1 year or 10.

There are numerous quantitative techniques that the chemist can use to 
determine the concentration of a substance in a sample. Before the chemist 
can begin his quantitative analysis, he must determine the type of information 
he is trying to obtain. Does he want to accurately know how much controlled 
substance is in a given sample? Or, does he want his analysis to reflect the 
amount of substance the operator could obtain from the sample? The answer 
to these questions will determine the type of quantitation method used.
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K7 PK8 Mol. Ion

167 41 None
167 77 None
167 43 None

77 41 None
182 167 348
182 167 348

44 167 None
69 41 None
69 96 None
42 119 None
41 167 358
69 41 358

209 167 418
209 167 418
209 69 418

69 44 418
468 69 467

69 468 467
69 44 402
69 44 402
69 44 372
69 163 372

135 77 386
251 96 386

 With permission.
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Table 5.5 TFAP Derivative MS Table*

Isomer PK1 PK2 PK3 PK4 PK5 PK6 P

l-Ephedrine 58 166 251 252 69 42
d-Ephedrine 58 166 252 251 69 42
l-Pseudoephedrine 58 166 251 252 42 77
d-Pseudoephedrine 58 166 252 251 69 42
(1) Propylhexadrine 166 58 69 125 55 41
(2) Propylhexadrine 166 58 69 41 125 55
l-Amphetamine 166 237 194 91 118 69
d-Amphetamine 166 237 194 91 118 44
l-Methamphetamine 58 166 251 91 42 41
d-Methamphetamine 166 58 251 91 69 41
(1) p-Methoxyamphetamine 148 166 194 121 44 69
(2) p-Methoxyamphetamine 148 166 121 194 149 44
(1) 3,4,5-Trimethoxyamphetamine 208 166 418 194 181 193
(2) 3,4,5-Trimethoxyamphetamine 208 166 418 194 181 193
(1) 2,4,6-Trimethoxyamphetamine 181 208 166 182 44 121
(2) 2,4,6-Trimethoxyamphetamine 181 208 166 182 209 120
(1) 4 Bromo 2,5 dimethoxtamphetamine 166 285 256 194 44 237
(2) 4 Bromo 2,5 dimethoxtamphetamine 166 285 256 194 44 237
(1) 4 Methyl 2,5 dimethoxtamphetamine 192 166 402 194 193 165
(2) 4 Methyl 2,5 dimethoxtamphetamine 192 166 402 194 193 165
(1) Methylenedioxyamphetamine 162 166 194 135 372 163
(2) Methylenedioxyamphetamine 162 166 194 135 44 77
(1) Methylenedioxymethamphetamine 166 58 162 251 163 69
(2) Methylenedioxymethamphetamine 58 166 162 69 163 135

Source: From McKibben, T., J. Clandestine Lab. Investigating Chemists Assoc., 2, 1, 13, January, 1992.



The four basic methods of quantitating the amount of controlled sub-
stance in a sample are microscopic examination, gravimetric comparison, 
UV analysis, and GC analysis. Below are the generic descriptions of the 
various quantitation methods.

5.3.1 Microscopic Examination

The quickest and most subjective solid sample quantitative method is accom-
plished through microscopic examination. In this technique, a sample is 
placed on a microscope slide and diluted with a solvent to which the com-
ponents are insoluble. The examiner estimates the percentages of crystals of 
the various substances in the sample under observation. This is the most 
subjective, least precise, and least accurate method. It is subject to the exam-
iner’s ability to recognize the microscopic crystalline form of the controlled 
substance under consideration. The uniformity of the bulk sample also affects 
the accuracy and reproducibility of the results.

5.3.2 Gravimetric Techniques

Gravimetric analysis provides a rapid means with which to determine the 
approximate amount of controlled substance in a sample. This technique 
can be used on organic and aqueous samples. This technique also mimics 
the method operators use to extract the final product from reaction mixtures 
or extraction solvent. Therefore, it provides a practical approximation of 
how much of the final product the operator could expect to recover from 
the sample.

Gravimetric techniques can be performed in conjunction with the extrac-
tion phase of an analysis. The examiner weighs or measures the volume of 
the sample to be extracted prior to the extraction process. He obtains a weight 
of the extracted substance prior to any confirmatory tests being performed. 
The ratio of the postextraction weight to the preextraction weight provides 
the percentage of the item that is the controlled substance.

A limiting factor to the precision and accuracy of this technique is the 
efficiency of the extraction solvents. If they do not effectively remove the 
diluents and adulterants, the calculated controlled substance percentage will 
be high. If the solvents do not efficiently and completely isolate the controlled 
substance, the percentage will be low.

An advantage of gravimetric techniques is that the identity and compo-
sition of the final extract can be confirmed. If all the diluents and adulterants 
have been removed from the matrix, the resulting residue can be analyzed 
for purity and then identified.

The examiner must be aware of the salt form the controlled substance is 
in before and after the extraction process. This will affect the percentage 
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calculated, because the molecular weights of the salt form differ from the 
molecular weights of the freebase. For example, a 100% pure sample of 
cocaine hydrochloride contains 89.38% by weight freebase cocaine. The 
examiner must take into account the mass of the salt when calculating the 
percentage of controlled substance in the sample or must qualify the conclu-
sion by stating the salt form of the substance identified.

5.3.3 UV Techniques

The use of UV light provides an effective method to quantitate a sample, if 
it has a single UV absorber. If the sample has components with overlapping 
UV absorbances, the instrument cannot determine which compound is con-
tributing to the absorbance. Compounds also absorb UV radiation at differ-
ent rates. Therefore, UV methods are not conducive to quantitating mixtures.

Simple “yes” and “no” concentration comparisons can be accomplished 
with the use of UV techniques. These comparisons are conducted in associ-
ation with a product tampering case, in which the product in question may 
have been diluted or altered. Comparison of the UV spectra of the item in 
question to a known reference sample can indicate if the unknown has been 
diluted or altered. The compositions of both samples should also be con-
firmed through separate examinations.

A detailed examination can determine the concentration of the substance 
in question. To accomplish this, the examiner obtains the UV spectra for a 
series of solutions with a known concentration of the substance in question. 
The absorbance values are placed on a concentration versus absorbance 
graph. A solution of the unknown is prepared and analyzed. The absorbance 
value is placed on the graph to determine the concentration of the substance 
in the solution. This value is then used to calculate the percentage of substance 
in the unknown.

UV techniques done properly are precise. However, the accuracy of the 
results for multicomponent mixtures may be in question because of the 
interference of the UV absorbance of other compounds in the sample.

5.3.4 GC Technique

The use of GC for quantitation provides the most accurate and precise results 
compared to the other analytical techniques discussed. This technique pro-
vides the examiner the ability to isolate and quantitate a specific compound 
in a single method. The identity of the chromatographic peak can be con-
firmed at the time of the analysis or by analyzing the test solution with a 
GCMS. The same chromatographic conditions should be used during the 
confirmation test so that a direct correlation between the two techniques can 
be made.
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Traditionally GC quantitation uses a concentration versus peak area plot 
to establish the concentration of an unknown solution (Figure 5.7). If the 
peak areas of the serial dilutions of a substance are charted, the concentration 
of an unknown solution can be determined from its instrumental responses. 
This method uses the relationship between the concentration of a sample 
and the instrumental data to calculate the concentration (i.e., doubling the 
sample concentration will double the GC peak area). A series of diluted 
samples is prepared and analyzed on the GC. The resulting peak areas are 
plotted on an X/Y graph with their corresponding solution concentrations. 
The unknown solution is analyzed in the same manner. Its concentration is 
obtained by using the graph generated by the known solutions.

The increase in the precision and accuracy of modern instrumentation 
has allowed the analytical chemist to reduce the number of reference samples 
necessary for GC quantitation. The relative response GC method of deter-
mining sample concentration uses the ratio of the compound’s and internal 
standard’s peak areas, known sample concentrations, and algebra. Two GC 
injections using this method can provide the same results as multiple injec-
tions using the serial dilution method. This procedure is based on the pre-
dictable relationship between sample concentration and the peak area of a 
chromatogram, i.e., doubling the sample concentration will double the result-
ing peak area of the chromatogram.

Figure 5.7 Beer’s law plot.

Instrument Response

1000 2000 3000

C
on

ce
nt

ra
tio

n 
(m

g/
m

l)

1

2

3

Unknown Value

Unknown
Concentration
© 2004 by CRC Press LLC



The use of the area concentration ratio to determine the concentration 
of a solution is dependent on the precision of the volumes injected into the 
GC for analysis. Small deviations in injection volumes will affect the accuracy 
and precision of the analysis.

To compensate for any deviations in injection volumes that may occur, 
a known concentration of internal standard is placed into the standard and 
unknown solutions prior to analysis. The concept of a given concentration 
producing a given peak area is just as true for the internal standard as the 
samples in which they are placed. This being the case, the ratio of peak area 
of sample to peak area’s internal standard (IS) will not change for a solution, 
no matter what volume is injected into the GC.

When quantitatively analyzing organic liquids, the chemist must dilute 
the sample until the unknown sample produces approximately the same 
compound-to-internal-standard ratio that exists in the standard solution. 
With the known dilution factor, the chemist can calculate the original con-
centration. If the sample in the previous example had a 20:1 dilution factor, 
the concentration of the original sample would have been 25.2 mg/ml.

By converting the concentration term into its basic units of weight (W) 
and volume (V), the concentration equation can be manipulated into an 
equation that describes the percentage of the unknown that contains the 
target compound.

5.4 Summary

The complete analysis of clandestine lab samples is an essential portion of 
the forensic investigation. The information derived from the testing can only 
be obtained through the scientific examination of the evidence. This infor-
mation is used to meet the burden of proof required to establish the presence 
of a controlled substance, beyond a reasonable doubt. The cumulative effect 
of the examinations that can only establish a preponderance of evidence can 
be used to formulate expert opinions concerning the operation.

The tools the clandestine lab chemist uses to analyze these samples are 
the same tools that the forensic chemist uses to analyze controlled substance 
samples. The only difference is the clandestine lab chemist may apply certain 
techniques in a method to produce more detailed information concerning 
the sample. The scope of the analysis goes beyond the forensic chemist’s desire 
to determine whether or not a controlled substance exists. The clandestine 
lab chemist needs to know what else is in the sample so that he can develop 
opinions concerning the operation.
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