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Abstract 

Toxicology is defined as the study of adverse effects of drugs, chemicals and any other xenobiotics on biological systems.  

Forensic toxicology is the application of toxicology cases and issues where the results are likely to be used in court. It is a 

modern science combining disciplines such as analytical chemistry, biology, pharmacology and clinical chemistry to help 

medical or legal investigations of death, poisoning, and drug use. Most widely, forensic toxicology is applied in 

postmortem toxicology, human performance, doping control and work place drug testing. The analytical methods and 

techniques are basically summarized in two categories of forensic tests used to analyze drugs and other unknown 

substances: Presumptive tests (such as color tests) which give only an indication of which type of substance is present, 

but they can't specifically identify the substance; Confirmatory tests that are more specific and can determine with 

precision the identity of the substance. Confirmatory tests include chromatography techniques such as gas 

chromatography (GC)/mass spectrometry, high performance liquid chromatography (HPLC). 

In this review, the drugs commonly investigated for forensic purposes, the specimens and samplingare reviewed. The 

analytical methods and techniques are described enough in order to give a guidance for identifying both qualitatively and 

quantitatively unknown powders, liquids and pills that may be illicit drugs. 
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Introduction 

     Forensic toxicology is the study and practice of the 
application of toxicology to the purposes of the law. It is a 
modern science combining disciplines such as analytical 
chemistry, biology, pharmacology and clinical chemistry 
to help medical or legal investigations of death, poisoning, 
and drug use [1]. It is not only encompasses the 
identification or quantification of drugs, but also the 

meaning of those drugs in the setting of death: 
postmortem toxicology, human performance, doping 
control and work place drug testing [2]. 
 
     Interpretation of forensic toxicology results depend on 
multiple of factors among them the time since death or 
intoxication, the possibility of tolerance, the presence or 
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absence of other drugs that may lead to interactions, 
toxicity even if all of the drugs present are within 
therapeutic range [3].The half time and volume of 
distribution when known may help in the interpretation 
of values obtained. According (Pounder 1990) [4] the 
volume distribution more than 3L/kg may show 
significant redistribution, and samples from sites other 
than peripheral blood may require more scrutiny. 
 
     Most postmortem cases contain a plethora of 
specimens available for toxicological analysis, but it is 
important to know which specimens are most useful for  
yielding drug concentrations that are practical for 
interpretation [5]. Not all specimens may be available in 

all cases. For instance, decomposed bodies may no longer 
have blood, yet may have vitreous, urine, and tissue.  
 
     The purpose of this paper review is to assist forensic 
professionals in gathering the modern technical methods 
for screening and confirmatory test for supporting 
evidences when forensic investigations are required. 
 

Common Drugs of Abuse 

     Most forensic toxicology methods for drug analysis 
offer a screening test to determine the presence or 
absence of the majority of significant drugs described in 
(Table 1). 

 
Class Some common effects Examples References 

Cannabinoids 
Euphoria, altered sensory perception, 

sleepiness, disrupted coordination 
Marijuana, Hashish 

(Szabo, 2005; Pertwee, 
2005) [6,7] 

Narcotics 
General sense of wellbeing, 

drowsiness, inability to concentrate 
Opium, heroin, morphine, 

methadone, oxycodone 
(Health, 2009; Anglin, 

1988) [8,9] 

Stimulants 
Euphoria, exhilaration, wakefulness, 

agitation, hostility, hallucinations 
Amphetamines, 

methamphetamines, cocaine 
(Police, 1992) [10] 

Depressants 
Sleepiness, amnesia, impaired 

judgement,, confusion, slurred speech, 
loss of motor coordination 

Alcohol, barbiturates, 
benzodiazepines, GHB, 

Rohypnol 
(Police, 1992) [10] 

Hallucinogens 
Altered perception of mood, mild to 

severe hallucinations 

LSD, MDMA, PCP, Ketamine, 
peyote, 

mushrooms(Psilocybin) 

(McCall, 1986; Kyzar, 
2012) [11,12] 

Synthetic drugs 
Agitation, irritability, impaired 

perception of reality, reduced motor 
control, inability to think clearly 

Bath salts( Cathinones), 
DXM, salivia 

(Haynes, 2015) [13] 

Steroids 
Mood swings, hostility, impaired 

judgement, aggression 
Human growth steroids, 

testosterone 
(Hartgens, 2004) [14] 

Inhalants 
Loss of inhibition, intoxication, slurred 

speech, decreased coordination, 
euphoria, disorientation 

Ether, nitrous Oxide, butane, 
cyclohexyl nitrite, amyl 

nitrite 

(Dutta, 2017; Hassan, 
2017) [15,16] 

Table 1: Drugs of abuse and their common effects. 
 

Types of Specimens and their Utility 

     In Guidelines, 2006 [17] it stated as following: The 
proper selection, collection and submission of specimens 
for toxicological analysis is of paramount importance if 
analytical results are to be accurate and their subsequent 
interpretation is to be scientifically sound and therefore 
useful in the adjudication of forensic case. 
 
     Each specimen provides different information about 
time and extent of use and likelihood of impairment. 
Some of these specimens (e.g., urine and oral fluid) can 
even be analyzed with simple on-site, non-instrumented 

testing devices, as well as through standard laboratory 
methods [18]. 
 
     A wide variety of body fluid specimens have been 
utilized for analysis for the presence of drugs of abuse. 
Urine has been and remains the most widely used body 
fluid specimen for routine testing for drugs of abuse, but 
several alternative specimens are establishing their place 
as suitable for drug testing [18]. 
 
     The purpose of this section is to give a brief overview 
of the types of specimens available, the utility of the each 
specimen, and the collection criteria as mentioned by 
Suzuki, 2005 [19]. 
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Blood: Blood is widely regarded as the specimen offering 
the best correlation between drug levels and likely dosing 
and likely concomitant pharmacological, cognitive, and 
psychomotor effects. There have been many controlled 
dosing studies examining blood levels of drugs and 
concomitant effects.  
 
     The majority of data reported regarding the 
therapeutic and toxic concentrations of drugs was 
obtained from blood specimens [20]. Blood is a relatively 
easy sample to obtain and store. For postmortem studies, 
peripheral blood is more desirable than central blood as it 
is less affected by postmortem redistribution. It is usually 
recommended that femoral blood be obtained 
preferentially, followed by subclavian, heart and, lastly, 
cavity blood. Unfortunately, in cases of severe trauma or 
decomposition, blood may not be available. 
 
Urine: Urine is 95% water, with sodium chloride and urea 
in about equal amounts as the main dissolved substances, 
and with much smaller amounts of a wide variety of other 
constituents [21]. Urine is attractive as a specimen 
because it can be conveniently provided as a normal 
waste product in relatively large volumes. Typical urine 
production rates are about 1 mL/min during waking 
hours, so collection of a specimen of sufficient volume for 
both initial screening by immunoassay as well as any 
subsequent confirmation testing is generally not 
problematic. Furthermore, the large specimen volume 
allows the option of splitting the specimen into two 
portions at the time of collection for assurance of proper 
chain of custody and specimen integrity in the event of 
adversarial challenges to the test results. Drugs and their 
metabolites are reasonably stable in urine when 
specimens are refrigerated or frozen. As far as specimen 
handling is concerned, urine is generally not considered 
infectious unless visibly contaminated with blood.  In 
most of guidelines of drugs testing, the urine is used to 
test five drugs of abuse: cannabinoids (marijuana), 
cocaine metabolites, opiates, amphetamines, and 
phencyclidine [22,23]. 
 
     In spite of the well-established place of urine as a 
specimen for drug testing, its use is not without any 
challenges:  

- One issue is the potential invasion of privacy involved in 
specimen collection. Most workplace and other drug-
testing programs do not allow direct observation of 
specimen collection, except under special circumstances. 
It involves the privacy in specimen collection; 

- Without direct observation, the opportunity for 
specimen adulteration and substitution exists. 

 
Oral fluid: Oral fluid is an exciting alternative matrix for 
monitoring drugs of abuse in workplace, clinical 
toxicology, criminal justice, and driving under the 
influence of drugs (DUID) programs [24]. Although saliva 
has been the commonly used term to describe fluid 
specimens from the oral cavity, this fluid, as collected by 
current simple swabbing or absorbent pad devices, is 
really a complex mixture of several different oral fluids, 
including saliva. Accordingly, the broader term oral fluid 
is preferred. Oral fluid represents a mixture of not only 
the saliva from the three oral salivary glands (parotid, 
submandibular, and submaxillary), but other oral fluids as 
well (e.g., gingival crevicular fluid) [25]. 
 
     Oral fluid has been used for a wide variety of analytes, 
including steroids, hormones, enzymes, antibodies, DNA 
typing, therapeutic drugs, and drugs of abuse [26]. 
      
     The mechanism by which drugs are found in saliva is 
passive diffusion, although there are examples of active 
secretion (e.g., lithium). The major factors affecting drug 
entry into saliva are lipid solubility and degree of 
ionization at saliva pH. Unfortunately, oral fluid has not 
proven very sensitive for detection of cannabis use, as it 
appears that cannabinoids are not secreted from the 
blood into oral fluid. 
 
Hair: Hair testing has gained interest because of its ability 
to provide a history of drug use. The advantage of the 
sample material hair in comparison to blood, urine, sweat, 
or oral fluid is the extended time window, allowing the 
retrospective detection of chronic consumption up to 
years.  
 
     Hair specimens from ancient mummies have been 
demonstrated to contain cocaine. Several famous 
deceased persons have also had their hair analyzed for 
drug exposure [27]. Drugs have been demonstrated to 
remain in hair for extended periods of time, and even 
decades of years [28].  
 
     The simplest model proposed for drug incorporation 
into hair is the simple passive transfer [29,30]. In this 
model chemicals move by passive diffusion from the 
bloodstream into the growing hair cells at the base of the 
follicle and then during subsequent keratogenesis they 
become tightly bound in the interior of the hair shaft. The 
incorporation is dependent on the drug concentration in 
blood, which depends on the ingested drug dose.  
 
     The best collection site for hair is from the vertex 
posterior on the back of the head.  It is important to label 
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the hair with a rubber band, twist tie, or string to clearly 
differentiate the end that is closest to the scalp. Strands of 
hair, approximately 200mg should be cut as close to the 
scalp as possible and placed in aluminum foil, an 
envelope, or plastic collection tube [31]. Storage at 
ambient temperature is sufficient. Nails removed from the 
fingers or toes are stored in similar conditions to hair 
samples.  
 
     The main issues facing hair testing is distinguishing 
environmental exposure/contamination of the hair from 
drug incorporation in the hair shaft from use or abuse. 
 
Sweat: Drugs of abuse and their metabolites have long 
been known to be excreted in sweat [32].  
 
     The criminal justice community has shown great 
interest in sweat-patch testing for drugs of abuse. The 
patch offers the primary advantage of constantly 
monitoring for any drug use over a period of approx. one 
week obviating the need for multiple urinalyses to 
effectively monitor for any drug use over that period. The 
development and patenting of a sweat patch collection 
device [33] in the 1990s has allowed for the ready 
detection of drug use over a period of about one week. 
 

Tissue Specimens 

     Tissue samples are usually readily available in large 
quantities; however, interpretation of drug concentration 
can be difficult since data is not often available for 
comparison. Tissue concentrations may also be elevated 
in oral overdoses and chronically administered drugs. 
Following are some tissue specimens:  
 
Muscle: Muscle is a preferred tissue sample as research 
has shown very good correlation between drug 
concentrations found in muscle with those found in blood 
[34]. The distribution of drugs into muscle depends on a 
number of factors among them blood flow, the partition 
coefficient of the drug between blood and the muscle, the 
degree of ionization of the drug at the pH of plasma, the 
molecular size and the extent of tissue and plasma protein 
binding [35]. 
 
Liver: In most postmortem toxicology cases, a liver 
sample is usually the most valuable tissue specimen [33]. 
Liver has long been used as a secondary sample when 
blood is not available. Since most drugs and poisons are 
metabolized in the liver, both the parent compound and 
its metabolites may be present in high concentrations in 
this tissue. Additionally, quantitative analysis of a liver 
specimen may assist in differentiating acute overdoses 

from therapeutic use of drugs that have a narrow 
therapeutic index. To minimize the effect of drug diffusion 
from the small bowel and stomach on quantitative 
findings, the sample should be from deep within the right 
lobe of the liver. Approximately 25-50g of tissue should 
be collected [36]. 
 
     Among published studies, liver probably has the most 
data available for comparison of postmortem drug 
concentrations [34]. Some drugs, such as tricyclic 
antidepressants, are sequestered in the liver, resulting in 
higher levels than in the blood. Liver concentrations may 
also be higher if the drug was taken orally or if it 
undergoes hepatic metabolism. In cases of hepatic 
metabolism, higher concentrations of the metabolites will 
often be seen in comparison to lower concentrations of 
the parent drug, which may indicate chronic use versus an 
acute overdose [37]. 
 
Kidney: Kidney specimens may be used as any other 
tissue specimens, although the utility of the kidney 
specimens is mainly in heavy-metal testing as metals 
often accumulate in the kidney [38]. 
 
Brain: Since the brain is the primary site of action of 
many drugs, it becomes a useful specimen particularly for 
lipophilic substances such as halogenated hydrocarbons, 
narcotics, and antidepressants [39]. While drug and 
poison concentrations may have significant variance in 
different regions of the brain, current data do not suggest 
that one portion should be collected over another. When 
collected, a minimum of 25g of unfixed brain should be 
provided. 
 
Lungs: Lung is a useful tissue specimen for inhaled toxins 
such as volatile compounds including the halogenated 
hydrocarbons. The lungs often contain high 
concentrations of drugs and poisons in cases of inhalation 
and intravenous exposure. The apex of either lung (25-
50g) is the best choice of specimen for STA 
[40,41].Exhaled breath has also been developed as a 
possible specimen for drug testing based on the collection 
of aerosol particles originating from the lung fluid [42]. 
 

 Other Specimens 

     A wide variety of additional body specimens have been 
analyzed for drugs of abuse. These are not widely used, 
but a few will be discussed briefly and for details, the 
reader is referred to (Jenkins, 2013) [43]. 
 
Meconium: Meconium is a newborn’s first stool. It is 
formed over the last trimester of pregnancy, and thus can 
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represent exposure to drugs over 16–20 weeks 
prepartum. Meconium is collected from the neonate’s 
diaper and extracted with solvents. 
 
Breast milk: Drugs and alcohol have also been detected 
in mother’s breast milk, with implications for healthcare 
concerns about neonatal exposure. It has been 
demonstrated that alcohol is eliminated in breast milk, 
and that newborns can detect the flavor of alcohol in 
breast milk and actually suck harder but obtain less milk 
as a result of alcohol’s inhibition of prolactin secretion, 
thereby inhibiting milk release. More dramatically, 
methamphetamine and cocaine have been found in 
mother’s breast milk and linked to adverse neonatal 
health effects. 
 
Semen: Semen has been demonstrated to have 
measurable levels of drug after drug use. It is occasionally 
proposed as a basis to explain positive drug tests as a 
result of exposure to drugs through sexual relations. 
However, the absolute amount of drug present in semen 
is very low and could not account for significant exposure. 
 
Vitreous humor: Vitreous humor is the gel that fills the 
eye. It is obtained at autopsy and analyzed for drugs. 
 
Spleen: Spleen is often utilized as an alternative source 
for blood in cases of carbon monoxide poisoning. 
 
Adipose tissue: Fat is an excellent specimen for pesticide 
poisonings and volatile analysis. 
 
Stomach contents: Stomach contents are often collected 
in cases where an oral drug over dose is suspected. 
Concentrations of drugs in the stomach, however, do not 
accurately represent the concentration of the drug in the 
body. The presence of a drug in gastric material, even at 
elevated concentrations, may not indicate that the drug 
 contributed to death. Stomach contents may be useful in 
specifying that the blood should be analyzed for a 

particular drug, which may have been overlooked or not 
seen without special testing. 
 

Drugs Testing 

     Drug detection in the forensic context requires 
numerous analytical techniques. Depending on locally 
adopted standard procedures, different techniques are 
used for handling and screening samples for potential 
illicit substances [19]. Generally, in forensic toxicology, 
there are two types of tests: screening tests and 
confirmatory tests [44]. Samples are usually first 
screened for the presence of medications and/or 
intoxicating substances, then a more specific, 
confirmatory test is performed to determine the exact 
substance and, often, concentration. A confirmatory test 
should be a different methodology from the screening test 
and should be run on a different sample/specimen, if 
possible.  
 

Sample Preparation 

     Prior to testing of any sort, the first step is sample 
preparation. For many methodologies, the drugs must be 
separated from the organic matrix in which they are 
suspended. This can be accomplished by heat, protein 
precipitation, liquid–liquid extraction, or solid phase 
extraction. In the postmortem setting, protein 
precipitation and liquid–liquid extractions are the most 
commonly used techniques. Depending on matrix where 
drug is suspended, details for each case can be found in 
Moffat, 2004 [45]. 
 

Screening tests 

Color tests: Color tests expose an unknown drug to a 
chemical or mixture of chemicals. What color the test 
substance turns can help determine the type of drug that's 
present (Table 2). 

 
Type of Test Chemicals What the Results Mean References 

Marquis Color 
Formaldehyde and concentrated 

sulfuric acid 

Heroin, morphine and most 
opium-based drugs will turn the 
solution purple. Amphetamines 

will turn it orange-brown. 

(Manura, 1978) [46] 

Cobalt thiocyanate 
Cobalt thiocyanate, distilled 

water, glycerin, hydrochloric acid, 
chloroform 

Cocaine will turn the liquid blue. 
(Haddoub, 2011; 

O’Neal, 2000) [47,48] 

Dillie-Koppanyi 
Cobalt acetate and 

isopropylamine 
Barbiturates will turn the 

solution violet-blue. 
(O’Neal, 2000) [48] 

VanUrk P-dimethylaminobenzaldehyde, LSD will turn the solution blue- (Scott, 2007; Moffat, 
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hydrochloric acid, ethyl alcohol purple 2004)  [49,44] 

Duquenois-Levine 
Test 

Vanillin, acetaldehyde, ethyl 
alcohol, chloroform 

Marijuana will turn the solution 
purple. 

(Fochtman, 1971; F 
Kelly, 2012)  [50,51] 

Scott tes 
T 

 
A blue color result in the final 

step denotes a positive indication 
for cocaine. 

(Marcelo, 2016)  [52] 

Table 2: Presumptive color test of drugs of abuse 
 
Immunoassay: Immunoassays are bioanalytical methods 
in which the quantitation of the analyte depends on the 
reaction of an antigen (analyte) and an antibody. 
Immunoassays have been widely used in many important 
areas of pharmaceutical analysis such as diagnosis of 
diseases, therapeutic drug monitoring, clinical 
pharmacokinetic and bioequivalence studies in drug 
discovery and pharmaceutical industries [53]. Antibodies 
are the key reagents on which the success of any 
immunoassay depends. 
The introduction of immunoassays into forensic 
toxicology in the early 1970s has had a major impact on 
the speed and efficiency that samples can be screened for 
the presence of certain drug classes. For the most part, 
forensic toxicologists use commercial immunoassays 
directed primarily towards abused drugs. Commercial 
immunoassays developed for therapeutic monitoring of 
other drugs, veterinary drugs and pesticides, as well as 
immunoassays developed in research laboratories for 
specialized studies, may find a role in the forensic 
toxicology laboratory for specialized cases [54]. 
 
 Immunoassay Types: 
Radioimmunoassay (RIA): RIA are based on the 
competition of a drug in a specimen with its radio labelled 
one for binding sites of a specific antibody, which had 
been prepared previously. The sensitivity of RIA is usually 
very high with detection limits of pg to ng levels. 
Enzyme multiplied immunoassay (EMIT): [55] Fluorescent 
polarization immunoassays (FPIA): Immunoassays are 
routinely used in the screening of commodities and foods 
for fungal toxins [56]; Kinetic interaction of microparticles 
in solution (KIMS) [57]; Enzyme linked immunosorbent 
assay (ELISA) [58]: The basic principle of the enzyme-
immunoassays (ELISA) is the same as that of RIA. ELISA 
employs an enzyme linked to a drug as a marker in place 
of radioisotopes. The tests can be performed at any 
laboratory without any license for radioactive 
compounds. 
 
Microcrystalline tests: A more specific way to test drugs 
is with the microcrystalline test in which the scientist 
adds a drop of the suspected substance to a chemical on a 
slide. The mixture will begin to form crystals. Each type of 

drug has an individual crystal pattern when seen under a 
polarized [59]. They offer all the features required by a 
good confirmation technique while being very fast to 
administer and interpret, although they do not offer 
quantification capabilities. 
 
UV- Spectrophotometer: Modern spectrophotometers 
are quick, accurate and reliable and make only small 
demands on the time and skills of the operator. However, 
the user who wants to optimize the functions of his 
instrument and to be able to monitor its performance in 
critical areas will need to understand the elementary 
physics of the absorption process as well as the basic 
elements of spectrophotometer design. 
 
     Not commonly used except for the determination of 
carboxyhemoglobin; historically also used for 
barbiturates and salicylates. Basic Principle: Molecules 
will absorb/distort light of different wavelengths in 
particular ways. A spectrophotometer can measure the 
changes in the wavelength of light passing through a 
substance to determine the presence or absence of certain 
molecules within the matrix. 
 
Types: 
Ultraviolet (UV); visible spectra Infrared (IR); 
Advantages: Ease of use; Disadvantages: Lack of 
sensitivity and specificity. 
 

Confirmatory Tests 

     Analytical identification and quantification of the 
analyte of interest require the physical separation of the 
analyte from the mixture of sample components. The 
most important separation methodologies for drugs-of-
abuse testing are the chromatographic technologies, 
although electrophoresis techniques have also been 
developed for drug analysis [60]. 
 
Chromatographic techniques: The advancement of 
technologies was marvelous during the past half century; 
new analytical instruments have been being invented and 
improved [61]. About 30 years ago, thin-layer 
chromatography (TLC) was being used most widely for 
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detection and identification of drugs and poisons. Around 
that time, the use of GC/MS started in the field of 
medicine [62]. Therefore, an ideal procedure for analysis 
of drugs and poisons was considered to be the screening 
by TLC, followed by the final identification and 
quantitation by GC/MS. 
 

Tin layer Chromatography (TLC) 

     TLC is a method of chromatography in which a thin-
layer made of silica gel, alumina, florisil or cellulose is 
coated on glass or aluminum plates. Numerous types of 
TLC ready for use without the need of pretreatments are 
commercially available. An extract fluids is spotted onto a 
bottom area of a plate. After drying the spot, the plate is 
developed with a mobile phase consisting of various 
ratios of organic solvents, acids and/or water [63]. During 
the development with a mobile phase, a compound 
spotted moves at a certain speed towards the top. The 
movement of a compound to be analyzed is usually 
expressed by Retention factor (Rf) values. This number 
that represents how far a compound travels in a 
particular solvent. It is determined by measuring the 
distance the compound traveled and dividing it by the 
distance the solvent traveled. Detailed TLC conditions are 
described in Cooper, 2013 [34]. 
 

 

Figure 1. TLC model 
 

High-performance liquid chromatography 
(HPLC) 

     When combined with a detector, can be used as a 
screening test for a large number of drugs. 
 
Basic Principle: Drugs are dissolved into a liquid mobile 
phase, which is then passed through a stationary phase in 
a column allowing for separation and isolation of the 
constituents of the sample. 
 
     The time taken to traverse the column is recorded by a 
paired detector and compared to an internal standard, 

allowing for detection of each component within the 
sample. 
 

 

Figure 2: Principle and System Configuration of HPLC. 
(source: http://chemistry.tutorvista.com/analytical-
chemistry/biomolecules.html, 15 October 21017) 
 
There are mainly three steps in HPLC: 
1) Injection of the sample: Sample injected to column 

under high pressure is very easy and automated. 
2) Retention time: The time taken by a certain compound 

to travel through the column to detector is called as 
Retention time. Retention times depend on various 
factors like the pressure in column, the particles size 
and nature of the stationary phase; The composition of 
the solvent used in column and temperature 

3) The detector: Various detectors used for detecting the 
substance that has passed through the column. 
Generally ultra-violet absorption is used by using UV-
detector and the output is recorded in the form of 
peaks. 

 

Gas Chromatography (GC) 

     GC was previously called “gas-liquid chromatography”. 
It is based on separation by partition between gaseous 
and liquid phases for vaporized compounds flowing 
together with a carrier gas (Nitrogen or Helium) inside a 
GC column at relatively high temperatures [64]. 
Therefore, GC is not suitable for analysis of non-volatile or 
thermolabile compounds, but is superior in separation 
ability, because of the high number of theoretical plates; 
the reproducibility of the method is excellent, because of 
the simple structure of the instrument. GC is now being 
indispensable for drug analysis. 
 
     Usually paired with a flame ionization detector or 
nitrogen phosphorous detector for identification, (Table 
3). 

http://chemistry.tutorvista.com/analytical-chemistry/biomolecules.html
http://chemistry.tutorvista.com/analytical-chemistry/biomolecules.html
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     GC or LC paired with mass spectrometry (MS) is the 
gold standard for confirmatory testing in forensic 
toxicology. This paired method allows for mass spectral 
analysis of analytes after they have been separated and 
isolated by chromatography. Mass spectrometry is 
accomplished by fragmenting a molecule by a barrage of 
electrons and then analyzing the relative abundance of 
the fragments (electron ionization) or by ionizing 
molecules and analyzing the charge transference 
(chemical ionization). 
 

 

Figure 3: Schematic of the GC/MS system. 
 

Type of Detector 
Applicable 

Samples 
Detection Limit 

Mass Spectrometer 
(MS) 

Tunable for any 
sample 

.25 to 100 pg 

Flame Ionization 
(FID) 

Hydrocarbons 1 pg/s 

Thermal 
Conductivity (TCD) 

Universal 500 pg/ml 

Electron-Capture 
(ECD) 

Halogenated 
hydrocarbons 

5 fg/s 

Atomic Emission 
(AED) 

Element-selective 1 pg 

Chemiluminescence 
(CS) 

Oxidizing reagent 
Dark current of                  
Photomultiplier 

tubes(PMT) 
Photoionization 

(PID) 
Vapor and gaseous 

Compounds 
.002 to .02 µg/L 

Table 3: Typical gas chromatography detectors and their 
detection limits. 
 
     Mass Spectrometer (MS) detectors are most powerful 
of all gas chromatography detectors. In a GC/MS system, 
the mass spectrometer scans the masses continuously 
throughout the separation [65]. When the sample exits 
the chromatography column, it is passed through a 

transfer line into the inlet of the mass spectrometer.  The 
sample is then ionized and fragmented, typically by an 
electron-impact ion source. During this process, the 
sample is bombarded by energetic electrons which ionize 
the molecule by causing them to lose an electron due to 
electrostatic repulsion. Further bombardment causes the 
ions to fragment. The ions are then passed into a mass 
analyzer where the ions are sorted according to their m/z 
value, or mass-to-charge ratio. Most ions are only singly 
charged [66].  
 

Conclusion 

     Sample collection, analysis and interpretation are the 
key factors influencing biological specimen selection. 
Most forensic toxicology methods for drug analysis offer 
about five basic screening tests to determine the presence 
or absence of the majority of significant drugs. These are 
the amphetamines (amphetamine and 
methamphetamines), cocaine, cannabinoids (marijuana), 
narcotic (morphine, codeine and others) and 
Phencyclidine).The screening tests of illegal drugs is 
primary focused in determining what type of banned 
drugs a person may have taken in a variety of situations 
[67]. 
 
     The techniques of drug analysis have continually 
evolved to HPLC, GC/MS, and LC/MS improving 
sensitivity and reducing samples sizes, thus allowing 
effective analysis of additional specimens such as breast 
milk and meconium that were previously inaccessible. For 
drug analysis, the process of interpretation should include 
consideration of all aspects of the investigation, including 
the analysis of multiple specimens. 
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