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ABSTRACT

Forensic Toxicology has remained a dynamic science since the early milestones in
drug and poison detection more than 500 years ago. Paracelsus, in the sixteenth
century, spoke of the "Toxicon", the toxic agent, as a chemical entity and was
quoted as saying that "dosage alone determines poisoning' (1). This principle has
been repeatedly affirmed over the intervening years as the relationships between the
chemical structures of medicinals and their therapeutic activity and toxicity
unfolded. Consequently, the modern Toxicologist has evolved into a true expert in
the field, not only capable of analyzing body fluids and tissues and quantifying any
drugs and poisons found, but as the expert in the interpretation of the effects of such
chemicals on the human body, often establishing the cause of death or impairment.
Change in all areas of science occurs at an ever accelerating pace, and Toxicology is
no exception. The discipline of Forensic Toxicology grows in complexity with the
appearance of new drugs, both on the pharmaceutical market as well as in the area
of recreational use or abuse. Concurrent technical advances in methodology in
terms of sensitivity, reproducibility and specificity have enabled the Toxicologist to
keep pace. This review will focus on the advances of the last three years.

INTRODUCTION- CURRENT ISSUES OF CONCERN TO THE
TOXICOLOGIST.

Discussions with contemporary Forensic Toxicologists about the current state of
their science will generally surface several common themes.

New Drug of Abuse Patterns:

One must be cognizant of recently introduced chemical agents focussing on those
which may be commonly used or abused. Are they considered potentially toxic,
mood altering or impairing? Are current analytical methods capable of isolating
and identifying such drugs or must new procedures be developed to cope with such
chemicals? Of particular interest to Toxicologists are the changing patterns of drug
abuse in general. Over the last several years the analysis for 'rave' drugs such as
Ecstasy (MDMA - methylenedioxymethamphetamine) and the particular use of
drugs such as benzodiazepines and gamma hydroxy butyrate (GHB) for sexual
assaults have gained notoriety and special interest (2-14). Toxicologists must be
aware of trends in drug abuse patterns such as the emergence of methamphetamine
as a drug of choice for abuse with the concurrent problem of clandestine laboratory
production. Recreational drug use patterns vary by geographical location. For
example cocaine abuse had been largely a North American problem until recent
years, but now is increasingly encountered in Europe and Australia as well.
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New pharmaceutical drugs are approved for human use regularly and some of them
are not readily detectable using routine methodology. As well, the illicit market
produces new agents even as laws are passed to prohibit those currently in use. The
term 'designer drugs' has been used to describe the clandestine production of illicit
recreational drugs. Information on chemical syntheses is widely available on the
Internet as well as in publications. Toxicologists must then do research, often on the
fly, as they encounter new drugs in casework, in an attempt to identify the chemical
agents and their metabolites, and to give some opinion as to the effects of these
chemicals on the human body.

Method development/modification is continuous in toxicology. The resulting
enhancement of sensitivity has progressed to the point that extremely low dosage
drugs such as LSD are now detectable in small forensic blood samples (15,16).

Quality Control / Assurance :

Over the past years, quality in the workplace and in science has assumed a high
priority. Organizations such as the American Society of Crime Laboratory
Directors (ASCLD) and the International Standards Organization (ISO) through
member agencies such as the Standards Council of Canada (SCC) have accepted the
task of the accreditation of forensic Labs. Consequently, properly documented
training of forensic specialists, proficiency testing of Labs and individual scientists
as well as development and validation of methodology (17-22) are some of the areas
which are coming to the attention of the Courts and client agencies. Laboratory
safety is also a growing concern (23-26) for Toxicology and appropriate resources
must be allocated to this issue.

Scientific Literature :

There has been a rapid growth in literature references pertaining to all aspects of
forensic toxicology for more than the last decade. One key textbook, ""Disposition of
Toxic Drugs and Chemicals in Man''(27) summarizes pertinent information on each
commonly encountered substance available (at the time of publishing), and forms a
readily accessible reference source for interpretation of results. In terms of drug
abuse, some excellent reference books and periodicals have appeared in the last few
years (28-32). The use and abuse of alcohol continues to generate significant
numbers of papers (33). One interesting area of research and application is the
analysis of biochemical markers in blood for detecting alcoholism. This application
is being used to detect problem drinking in suspected impaired drivers, especially
repeat offenders. This information can be used to direct the driver into the
appropriate treatment regimens.
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Professional Liaison :

Toxicologists hold meetings of their professional organizations regularly. These
meetings create a forum for discussion and exchange of ideas which are invaluable
in assisting scientists to cope with new developments in the field. In Canada, the
Canadian Society of Forensic Science (CSFS) has some 700 members, of which
approximately140 are in the Toxicology section. In the present situation of limited
financial resources, Toxicologists the world over find it difficult to attend meetings
with any regularity. Communication using services such as the Internet will
therefore become more prevalent. Organizations such as The International Council
on Alcohol, Drugs and Traffic Safety (ICADTS), The International Association for
Chemical Testing (IACT), The International Association of Forensic Toxicology
(TTAFT), Society of Forensic Toxicologists (SOFT), American Academy of Forensic
Science (AAFS), California Association of Toxicologists (CAT), the American Board
of Forensic Toxicologists (ABFT), La Societe Francaise de Toxicologie Analytique
and the CSFS all have Internet Web sites.

Stewardship of Resources :

In full forensic facilities, where Toxicology co-exists with other specialty areas such
as explosive investigations and gunshot residue analysis, expensive instrumentation
must be purchased. Cost effectiveness dictates that instrumentation should be
shared by more than one forensic discipline if possible. One example is the shared
use of mass spectrometry for drug identification in toxicology, as well as in explosive
residue analysis.

In forensic toxicology, limited funding for resources, both human and analytical is
the norm. Toxicologists must employ some form of risk assessment at each stage of
the analysis to determine the probative value of every step in a sequential analytical
operation. Likewise, diligent efforts must be made to obtain the complete picture
from the police investigator and the pathologist in order to enable the analyst to
focus on the drugs or chemicals most pertinent and plausible in the particular case.

Impairment by Alcohol:

Impaired driving by alcohol continues to be a major problem in developed countries
of the world and is becoming a significant problem in developing countries. Some
progress has been achieved in the latter part of the 20" century with the decline in
incidence of impaired driving (34). That trend still continues, but authorities are
monitoring the situation and continuing their efforts to lower the rates even further.
They are especially concerned that the rates may rise again in the face of public
perceptions that the problem has been largely solved. In Canada, Parliament
recently undertook a review of the impaired driving laws (35). As a result, some
changes in penalties were enacted and further studies into the problem of drug
impaired driving were recommended.
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Analytically, breath testing for alcohol has been the method of choice in North
America and other countries for some considerable number of years (36-38). This
method is growing in favour with European countries where blood testing had been
the norm. With this growing international use of breath testing, international
standards for the manufacture of evidential instruments were created through the
Oganisation Internationale de Métrologie Légale (OIML) (39). This organization is
currently working on standards for portable evidential instruments for use at
roadside.

In the United States the use of passive alcohol sensors (PAS) is growing in
popularity among police agencies (40). These battery-operated devices in the shape
of flashlights detect alcohol in the ambient air surrounding a subject( /s mouth.
They incorporate electrochemical sensors (fuel cells), similar to the evidential
instruments that incorporate fuel cells as the detector system for alcohol.

Impairment Due to Drugs:

The analysis of drugs in cases of suspected impaired driving has also come to the
forefront through increased public awareness of this issue. While impairment by
alcohol is still the dominant global problem, impairment by drugs is increasingly
more common. The significant increase in the sensitivity of methods of drug
detection allows the identification of even the lowest dosage drugs.

The Drug Recognition Expert (DRE) program is widespread in the USA and has
been successfully introduced into Canada (41-44). The program educates the police
officer in recognizing signs and symptoms of impairment by particular drug groups
with subsequent presentation of such evidence in Court. While the Forensic
Toxicology lab may not be involved in all these cases, confirmatory analysis is often
necessary to substantiate the DRE[ |s opinion of drug impairment. Interpretive
evidence concerning the effects of drugs on the ability to drive typically becomes the
Toxicologist( s responsibility.

The Drug Recognition Expert program (DRE) was developed first in Los Angeles in
the early 1980's, and has spread from California to at least 34 States and has been
adopted in one Province in Canada (44). In the program, police officers undergo
training to enable them to recognize drivers who are impaired by drugs and to
determine the substances that are active in the driver. Extensive studies were
conducted under the auspices of the National Highway Traffic Safety
Administration (NHTSA) of the U.S. Department of Transportation. The end result
was that officers so trained were correct in their identification of the impairing
drug/drug group in most instances.
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Canada has had legislation for many years making it illegal to operate a motor
vehicle when one( Js ability is impaired by a drug. However, many jurisdictions do
not have legislation in place to deal with impairment by drugs, although some States
in the U.S. and a few other jurisdictions now have lists of impairing drugs as well
levels corresponding to impairment. In Canada at this time, the Toxicologist or
other expert must make the association between the analytical results and the
driving behaviour or pharmacological signs and symptoms in order to support an
impaired by drugs prosecution.

Sexual Assaults Using Drugs:

Various central nervous system depressants, in particular, the short acting
benzodiazepines such as flunitrazepam, triazolam and lorazepam as well as other
agents such as GHB are being used to "drug" victims, especially in combination
with alcohol (45). Historically, alcohol has been the most common agent used due to
its prevalence in society and still remains the most frequently encountered
pharmacological agent in drug facilitated sexual assault cases. However, the past
several years in North America have seen a significant increase in the use of
flunitrazepam (Rohypnol, 'Roofies’) in cases of sexual assault. Typically, a victim
will unknowingly ingest the drug in food or drink, then fall prey to sexual assault.
The victim awakens sometime after the incident with little or no memory of the
offence. Frequently it is the amnesia itself or unfamiliar surroundings that indicate
to the victim that a sexual assault has occurred. The interpretive testimony of the
forensic Toxicologist relating to the presence of the drug in the victim[ s biofluids
becomes of paramount importance in prosecution of the offence.

Workplace Drug Testing:

Various legislative requirements such as those of the transportation industry and of
the military have given rise to workplace drug testing. Typically, cut off levels in
urine are established for various drugs and metabolites. Members of the affected
populations are subjected to random urinalysis, and the presence of a specific drug
at concentrations above the respective cut off level will result in punitive actions.
Cut offs are required to distinguish innocent exposure, poppy seed bagels, hemp
shampoos etc, from deliberate drug use. Along with the growth in the urine testing
industry, a secondary industry has developed. That activity is the development of
commercial products deliberately designed to thwart drug testing. Oxidizing agents
such as bleach, pyridinium chlorochromate and potassium nitrite have been used,
and the use of adulterants in turn has spawned the growth of a tertiary industry to
detect the presence of adulterants. Collaterally other techniques such as
temperature and pH determinations and normalization to creatinine have been used
to monitor the integrity of urine samples.
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TOXICOLOGICAL ANALYSIS

The area of Toxicological analysis in the forensic field has been and continues to be
extremely dynamic.

Initial Screen / Immunoassay:

It is normal for the toxicologist of 2001, when faced with a general unknown, to begin
with screening techniques which are amenable to mass screening, and if positive,
steer one toward individual target drugs which then must be extracted, confirmed
and quantified.

Immunoassay techniques often form the first part of toxicological analysis. Not
classified as extraction techniques, they usually precede extractions and the results
may well dictate the extraction technique to be used. There are a variety of
immunological screening methods available, including Radioimmunoassay (RIA),
enzyme multiplied immunoassay technique (EMIT), enzyme linked
Immiunosorbent assay (ELISA), cloned enzyme donor immunoassay (CEDIA),
fluorescence polarization immunoassay (FPIA) including TDx, and ADx, and
others. Recently an automated form of ELISA screening has been implemented and
gained popularity, replacing older immunoassay techniques such as RIA and EMIT
(46-53).

Immunoassay screening for certain drug groups, however, constitutes only a part of
the total screening requirement. The remaining part of the screen sequence
involving further extraction of drug groups is required and forms an ever increasing
array of screening procedures for particular analytes.

Extraction Techniques :

The older methods of extracting drugs from body fluids and tissues, termed as
liquid/liquid extractions, are still in common use (54,55) with recent innovations in
robotic methodology being applied (56). Most classic liquid/liquid extractions
depend on multi-stage treatment of the sample under carefully controlled pH
conditions to facilitate the selective extraction of a drug or group of drugs. The
scientific literature is replete with research reports of target analysis for single
drugs or drug groups rather than broader all-encompassing approaches.
Extractions are also done for specific drug or drug groups indicated by the results
from the immunoassay screening method. These extracts are then subjected to
other screening or testing such as gas chromatography (GC), high pressure liquid
chromatography (HPLC), and more recently capillary electrophoresis (CZE) and
mass spectrometry (57).

D3-58



13™ INTERPOL Forensic Science Symposium, Lyon, France, October 16-19 2001

A more recent extraction process termed Solid Phase Extraction (SPE) has gained
popularity (58-60), although it is most often directed at targeted or specific
compounds. Robotic SPE systems, while expensive, provide advantage with the
capability to process large numbers of samples quickly, accurately and safely. A
further expansion of this technique involves collection of a sample on fibres or
membranes (SPME) which leads to a cleaner extract for analysis (61-65).

Supercritical fluid extraction (SFE) and chromatography procedures continue to be
developed and are finding increased usage in the forensic field in general (66-71).
Another approach to extraction with great potential for analytical toxicology is the use
of immunoaffinity extraction techniques (72) where target compounds are trapped by
resin bound antibodies.

The preferred method of analysis for alcohol in body fluids continues to be head
space gas chromatography (HSGC) (73). Sampling the head space above a
prepared solution of body fluid eliminates the need to directly inject that solution
onto a GC column with the resultant deposition of protein material on the column.
Gas chromatography is preferred in forensic contexts since this procedure allows
separation of alcohol (ethanol) from other common volatile substances (methanol,
acetone, and isopropanol). Hospital labs routinely analyse blood samples for alcohol
content in emergency room patients for diagnostic purposes using enzyme
methodology (73).

This analysis is conducted on the serum portion which has a higher water content
than the whole blood, and therefore a higher alcohol content than the corresponding
whole blood. This relationship is unimportant in the hospital context, but becomes
crucial when the patient happens to be a suspected impaired driver. Consequently,
Canadian toxicologists find themselves increasingly asked to interpret for the courts
these serum results since the per se law for alcohol (over 80) was written for whole
blood, not serum. The use of SPME for alcohol and other common volatile
substance analysis has been researched in recent years (74). So far, however, this
method does not appear to have gained widespread favour in forensic toxicology.

Unconventional Samples :

Improved sensitivity of analytical techniques have made the detection, identification
and quantification of drugs in unconventional matrices practical. Historically,
urine, blood, vitreous humour and tissues were the only samples considered useful.
Hair, nails, saliva, sebum, stratum corneum, sweat and other biological matrices
have been determined to be useful samples for drug analysis, as either alternatives
or complements to other samples (75-77). Urine and blood matrices provide
relatively narrow time frames for drug use. A trend has been to use segmental hair
analysis to expand the temporal window of drug use and to provide information on
the chronology of drug use. A more recent trend is to monitor drug secretion in
sweat by the use of patches applied to the torso or hands.
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Instrumental Screening and Quantitative Techniques:

Following initial immunoassay and extraction procedures, extracts are subjected to
various instrumental screening procedures designed to give some indication of
specific drug presence. Preliminary identification of drugs within the extracts is
normally done by chromatographic techniques. Quantification is done using GC,
CZE or HPLC with incorporation of suitable quality control procedures. Mass
spectrometry may also be used as a screening and quantification tool as well as a
confirmatory procedure. Sensitivity limits have moved lower and lower with
advancing technology. This applies to all modern techniques, from immunoassay
procedures to GC, CZE, HPLC and the various hyphenated forms of Mass
Spectrometry.

Where packed macrobore columns were in common use in both Gas
Chromatography (GC) and High Pressure Liquid Chromatography (HPLC) a
decade ago, there has been a universal shift in GC to 15-30 m capillary columns and
in, to a lessor extent, HPLC to microbore columns. These columns offer vastly
increased sensitivity, improved separation and more accurate quantification. Drug
detection using HPLC can employ various detectors, from photodiode array,
fluorescence or electrochemical to thermospray MS, while GC detectors include
flame ionization, electron capture, nitrogen phosphorus (7SD) and MS. The design
of instruments changes quickly. Temperature and pressure programmable
injection ports are now common in GC.

The advances in hyphenated techniques for mass spectrometry such as HPLC/MS
(78-81) are quite promising especially with the appearance of tandem Mass
Spectrometry. Capillary zone electrophoresis has a growing application in many
areas of forensic analysis for Toxicology as well as potential in other disciplines such
as Biology for DNA analysis (82-88).

Interpretation of Results and Future Trends:

Much has been published over the past decade concerning the effects, metabolism
and pharmacokinetics of alcohol and drugs. Only a few examples of the multitude
of developments in this area are discussed here. In general terms, the toxicologist
attempts to answer questions such as: 'Are there any drugs, poisons or common
volatile substances (usually referring to ethanol) present?', and 'what is the
significance of that alcohol or drug concentration?'. Typically the toxicologist will
answer the latter question by categorizing the concentration of a drug or drugs as
therapeutic, toxic or lethal concentrations. For alcohol, the categorization extends
to the specific concentration found, whether it be by breath or body fluid analysis.
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The issue of impairment by drugs has grown vastly in significance over the years.
The Society of Forensic Toxicologists along with the American Academy of Forensic
Sciences have formed a joint committee known as the SOFT/AAFS Committee on
Driving Under The Influence Of Drugs. Extensive drug monographs have been
produced by this committee. The T2000 conference on alcohol, drugs and traffic
safety held in Sweden in May 2000 had many significant papers presented on
general and specific issues involved with the drug impaired driver. Papers included
those focussing on specific drugs or drug groups such as cannabinoids,
amphetamines, Ecstasy etc. (89-91), as well as legislative approaches to the problem
from countries around the world. These include the 'zero tolerance' approach of
Germany and Sweden (92,93) and the defined level legislation of Belgium (94). The
countries of the European Union (EU) are participating in a study of the search for
effective roadside testing for drugs through the ROSITA (Road Side Testing
Assessment) project (95). The objective is to identify rapid, efficient, and reliable
roadside tests that will facilitate improved police detection of drug impaired drivers.

In Canada, the Canadian Society of Forensic Science administers two committees
under its Toxicology section which advise the Canadian Department of Justice on
matters pertaining to legislation concerning impaired driving. The Alcohol Test
Committee has been instrumental in the process of testing and validating breath
testing devices, both screening and evidential units for use by Canadian law
enforcement (96). Test results from the evidential units have been used in Canadian
Courts for more than 45 years while roadside screening devices have been used for
the last 25 years. The Committee continues to conduct research pertaining to new
testing equipment prior to implementation under the Criminal Code of Canada. At
this time, most Canadian Police jurisdictions are replacing their photoelectric
devices with infrared instruments. The Drugs and Driving Committee was formed
more recently and has been active in promoting legislation pertinent to drug
impairment. It has also been active in introducing DRE programs in Canada.

Significant discoveries relating to the interpretation of drug concentrations found in
post mortem samples due to the phenomenon of post-mortem drug redistribution
are ongoing as is study of the effects of storage (97-98). Originally observed with
drugs such as cardiac glycosides and the tricyclics antidepressants such as
amitriptyline, the discovery of post-mortem changes in drug concentration
revolutionized the field of post mortem drug interpretation. Simply put, drugs
stored in muscle or body fat are released after death, elevating the surrounding
blood drug concentrations significantly. Thus, if one discovers a lethal
concentration of amitriptyline in post-mortem cardiac blood, a peripheral blood
sample may indicate a lower, often therapeutic, level. Obviously in this case, the
cardiac sample is misleading and interpretation must be based on the concentration
in the peripheral sample. Work has been done in an attempt to learn where drugs
concentrate and if a correlation can be made between concentrations of drugs in
major organs and vessels. Results indicated that the highest concentrations were
found in solid organs, and that databases based on concentrations from blood of
unknown source are highly suspect.
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Lastly, negative findings reported by the forensic toxicologist may spur re-
examination of the autopsy report to determine if some natural disease condition
capable of causing death has been overlooked. Some developments have come from
actual case research in establishing cause of death which may be related to disease
and/or natural causes. For example, the death of diabetics was previously difficult
to prove as being related either to hyper or hypoglycemia. Now determination of
glucose and lactic acid levels in the vitreous humour along with blood acetone
determinations prove the existence of antemortem hyperglycemia in cases of sudden
death.

Forensic toxicology will continue to play an important role in criminal
investigations. The expanding use of drugs in sexual assaults will challenge the
Toxicologist both analytically and in interpretation. Multiple drug use and abuse
will add to the role of interpretation, especially in the area of drug interaction
within the human body. The increasing pressure to de-criminalize the use of
marijuana, especially for medicinal purposes, may potentially increase the amount
of court time spent interpreting the effects of THC in operating a motor vehicle. All
in all, forensic toxicology continues to be a field offering interesting and challenging
tasks.

D3-62



13™ INTERPOL Forensic Science Symposium, Lyon, France, October 16-19 2001

REFERENCES:

1. Casarett L, Doull J, editors. Toxicology; The Basic Science of Poisons. New
York: Macmillan Pub Co. Inc. 1975: 7.

2. Drummer OH. Toxicology Overview. In: Jay P Siegel, Editor-in-Chief.
Encyclopedia of Forensic Sciences. London, UK: Academic Press Ltd, 2000;
1364-1369.

3. Brown E et al. Use of Drugs at 'Raves'. Scottish Medical Journal 1995; 40(6):
168-71.

4. Topp L et al. Ecstasy use in Australia; Patterns of use and Associated Harm.
Drug and Alcohol Dependance 1999; 55(1-2): 105-15.

5. Mas M et al. Cardiovascular and Neuroendocrine effects and
Pharmacokinetics of 3,4-Methylenedioxyamphetamine in Humans. Journal
of Pharmacology and Experimental Therapeutics 1999; 290(1): 136-45.

6. Tagliaro F et al. Hair Analysis by Using Radioimmunoassay, High-
performance Liquid Chromatography and Capillary Electrophoresis to
Investigate Chronic Exposure to Heroin, Cocaine and or Ecstasy in
Applicants for Driving Licenses. Forensic Science International 2000; 107(1-
3): 121-8.

7. Kerrigan S. Sexual Assault. Clinical and Forensic Toxicology News 2000
Sept: 1-6.

8. Elsohly M, Salamone S. Prevalence of Drugs used in Cases of Alleged Sexual
Assault. Journal of Analytical Toxicology 1999; 23: 141-6.

9. Hensley D, Cody JT. Simultaneous Determination of Amphetamine,
Methamphetamine, Methylenedioxyamphetamine ( MDA ),
Methylenedioxymethamphetamine( MDMA ), and
Methylenedioxyethylamphetamine (MDEA) Enantiomers by GC-MS.
Journal of Analytical Toxicology 1999; 23: 518-23.

10. Hartelius J. Designer Drugs. In: Jay P Siegel, Editor-in-Chief.
Encyclopedia of Forensic Sciences. London, UK: Academic Press Ltd, 2000;
631-634.

11. Jurado C et al. Rapid Analysis of Amphetamine, Methamphetamine, MDA
and MDMA in Urine using Solid-phase Microextraction, Direct On-fiber
Derivatization, and Analysis by GC-MS. Journal of Analytical Toxicology
2000; 24(1): 11-16.

12. Bokgusz M et al. Analysis of Underivatized Amphetamines and Related
Phenethylamines with High-performance Liquid
Chromatography-atmospheric Pressure Chemical lonization Mass
Spectrometry. Journal of Analytical Toxicology 2000; 24(2): 77-84.

13. Asante J. GHB ; Grievous Bodily Harm. FBI Law Enforcement Bulletin
1999; 68(4): 21-25.

14. Hindmarch I, Brinkmann R. Trends in the use of Alcohol and Other Drugs
in Cases of Sexual Assault. Human Psychopharmacology 1999; 14(4):
225-31.

D3-63



13™ INTERPOL Forensic Science Symposium, Lyon, France, October 16-19 2001

15. Dalpe-Scott M et al. LSD Casework at the RCMP Laboratory;  Screening
of Pre and Post-mortem Biological Specimens by RIA, EMIT and ELISA
and Confirmation by GC/MS or GC/MS/MS. Presented at SOFT/TIAFT
joint meeting in Albuquerque, October 1998.

16. Smith P. LSD - An Overview on Drug Action and Detection. Forensic Science
Review 1999; 11(2): 158-174.

17. Canada Labour Code - part Il. 125.(1). Ottawa, Canada: Minister of
Supplies and Services Canada, March, 1994: 5-6. (For copies of legislation,
write: Canada Communication Group - Publishing, Ottawa, Ontario,
Canada K1A 089).

18. Thompson J. Administration of Forensic Science. In: Jay P Siegel Editor-in-
Chief. Encyclopedia of Forensic Sciences. London, UK: Academic Press
Ltd, 2000; 64-73.

19. Laboratory Accreditation Board Manual. American Society of Crime Lab
Directors (ASCLD). January, 1994. (Write: American Society of Crime Lab
Directors, Executive Suite 350, 15200 Shady Grove Road, Rockville MD
20850, USA).

20. Smith FP, Kidwell DA. Accreditation of Forensic Science Laboratories. In:
Jay P Siegel, Editor-in-Chief. Encyclopedia of Forensic Sciences. London,
UK: Academic Press Ltd, 2000; 58-64.

21. Shah VP et al. Analytical Methods Validation: Bioavailability,
Bioequivalence, and Pharmacokinetic Studies. Journal of Pharmaceutical
Sciences 1992; 81: 309-312.

22. Tilstone WJ. Quality Assurance. QA/QC. In: Jay P Siegel Editor-in-Chief.
Encyclopedia of Forensic Sciences. London, UK: Academic Press Ltd, 2000;
1307-1314.

23. Sadler DW et al. Prevalence of HIV Antibody in Forensic Cases. British
Medical Journal 1992; 304: 1027-1028.

24. Karhunen PJ et al. Stability of Human Immunodeficiency Virus (HIV)
Antibodies in Postmortem Samples. Journal of Forensic Sciences 1994; 39:
129-135.

25. Triebig G et al. Neurotoxicity of Solvent Mixtures in Spray Painters, Part 1:
Study Design, Workplace Exposure and Questionnaire. Part 2: Neurologic,
Psychiatric, Psychological and Neuroradiologic Findings. Occupational
Environmental Health 1992; 64: 353-372.

26. Rachel /s Environment and Health Weekly # 564, Sept. 18,1997

27. Baselt RC. Disposition of Toxic Drugs and Chemicals in Man, 5th ed. Foster
City, California: Chemical Technology Institute (Pub.), 2000.

28. Karch SB, editor. Drug Abuse Handbook. Boca Raton: CRC Press, 1998.

29. Brands B, Sproule B, Marshman J, editors. Drugs and Drug Abuse. A
Reference Text, 3rd Edition, Toronto: Addiction Research Foundation, 1998.

30. Karch S, editor. Forensic Drug Abuse Advisor, Berkeley.

31. The Drug Influence Examiner, Church Hill, Sentry One Services Inc.

32. The DRE. Phoenix City Prosecutor's Office. Phoenix Arizona 85030-4500.

D3-64



13™ INTERPOL Forensic Science Symposium, Lyon, France, October 16-19 2001

33. Proceedings of T2000. The 15™ International Conference on Alcohol, Drugs
and Traffic Safety, Stockholm, Sweden. May 22-26, 2000.
www.ICADTS2000.com

34. Sweedler BM. The Worldwide decline in drinking and driving: has it
continued? In: Proceedings of T2000, paper # 706.

35. Toward Eliminating the Impaired Driver. Report of the Standing
Committee on Justice and Human Rights. House of Commons, May, 1999.
Public Works and Government Services Canada - Publishing, Ottawa,
Canada K1A 0S9 www.parl.gc.ca

36. Hodgson BT. Alcohol. In: Chayko GM, Gulliver EM, editors. Forensic
Evidence in Canada, Second edition. Aurora, Ontario: Canada Law Book
Inc, 1999; 83-116.

37. Hodgson BT, Taylor MD. Breath Testing for Alcohol. Evaluation of New
Evidentiary Instruments for Canadian Police Use - An Overview. Can Soc
Forensic Sci J 1990; 23(4): 143-144.

38. Jones AW. Fifty years on- Looking Back at developments in Methods of
Blood - and Breath - Alcohol Analysis. In: Proceedings of T2000.

39. OIML R126, Edition 1998(E). International Recommendation: Evidential
breath analyzers. Organisation Internationale de Métrologie Légale, Bureau
International de Métrologie Légale, Paris, France.

40. Fiorentino DA. Laboratory Study of Passive Alcohol Sensors. In:
Proceedings of T1997 The 14™ International Conference on Alcohol, Drugs
and Traffic Safety, Annecy, France. 21 September - 26 September 1997; 539-
545.

41. Adler EV, Burns M. Drug Recognition Expert (DRE) Validation Study;
Final Report to Governor! s Office of Highway Safety, State of Arizona.
Phoenix AZ. Arizona Department of Public Safety, pub. June 4, 1994.

42. Heishman S et al. Laboratory Validation Study of Drug Evaluation and
Classification Program : alprazolam, d-amphetamine, codeine, and
marijuana. Journal of Analytical Toxicology 19980ctober; 22(6): 503-514.

43. Page T. The Drug Recognition Expert Police Officer: A Response to Drug
Impaired Driving. In: Proceedings of T2000, Paper # 536.

44. Jeffery W. Drugs and Driving Committee Report. Toxi-Logic 2000; 25(2):
15-16.

45. Sturman P. “Drug Rape” - Sturman report has lessons for the future.
Policing Today, Autumn 2000.

46. Perrigo BJ, Joynt BP. Use of ELISA for the Detection of Common Drugs of
Abuse in Forensic Whole Blood Samples. Canadian Society of Forensic
Science Journal 1995; 28(4): 261-269.

47. Moore K et al. Screening Postmortem Blood and tissues for Nine Classes of
Drugs of Abuse Using Automated Microplate Imnmunoassay. Forensic
Science International 1999; 106(2): 93-102.

48. Spiehler V et al. Validation of an Automated Microplate Enzyme
Immunoassay for Screening of Postmortem Blood for Drugs of Abuse.
Journal of Analytical Toxicology 1998; 22(7): 573-579.

D3-65



13™ INTERPOL Forensic Science Symposium, Lyon, France, October 16-19 2001

49. Negrusz A et al. Highly Sensitive Micro-plate Enzyme Immunoassay
Screening and nci-gc-ms Confirmation of Flunitrazepam and its Major
Metabolite 7-aminoflunitrazepam in Hair. Journal of Analytical Toxicology
1999; 23: 429-435.

50. Walshe K et al. A Sensitive Inmunoassay for Flunitrazepam and
Metabolites. Journal of Analytical Toxicology 2000; 24(4).

51. Cheever M et al. Detection of Methadone, laam, and their Metabolites by
Methadone Immunoassays. Journal of Analytical Toxicology 1999; 34(6):
500-505.

52. Sweeney S. Amphetamines in Hair by Enzyme-linked Immiunosorbent
Assay. Journal of Analytical Toxicology 1998; 22(6): 418-424.

53. Kerrigan S, Phillips W. Comparison of ELISAs for Opiates,
Methamphetamine, Phencyclidine and Cannabinoids in Whole Blood and
Urine. Clinical Chemistry 2001; 47:3 : 540-547.

54. Sharp ME. Evaluation of a Screening Procedure for Basic and Neutral
Drugs: N-Butyl Chloride Extraction and Magabore Capillary Gas
Chromatography. Canadian Society of Forensic Science Journal 1986; 19:
83-101.

55. Royer-Morrot MJ et al. Liquid-Liquid Extraction and Liquid-Solid Elution
for Analysis of Drugs in Biological Fluids: A Comparative Study. Veterinary
and Human Toxicology 1979; 21:180-182.

56. Extraction of BNA (Bases, Neutrals, and Acids) Using Accelerated Solvent
Extraction (ASE). Dionex Application 1994; Note 317. (Write: Dionex
Corp., 2655 N. Sheridan Way, Suite 100, Mississauga, Ontario, Canada. ISK
2P8).

57. Ktonstrand R, Jones AW. In: Jay P Siegel, Editor-in-Chief. Encyclopedia of
Forensic Sciences. London, UK: Academic Press Ltd, 2000; 598-609.

58. Chen X et al. Pitfalls and Solutions in the Development of a Fully Automated
Solid-Phase Extraction Method for Drug Screening Purposes in Plasma and
Whole Blood. Journal of Analytical Toxicology 1993; 17: 421-426.

59. de Kanel J et al. Automated Extraction of Lysergic Acid Diethylamide (LSD)
and N-demethy-LSD from Blood, Serum, Plasma, and Urine Samples Using
the Zymark Rapid Trace with LC/MS/MS Confirmation. Journal of Forensic
Science 1998; 43(3): 622-625.

60. Chen X et al. Principles of Solid-Phase Extraction. In: Liu RH, Goldberger
BA, editors. Handbook of Workplace Drug Testing AACC press.

61. Jurado C, Gimenez MP, Soriano T, Menendez M. Rapid Analysis of
Amphetamine, Methamphtamine, MDA and MDMA in Urine Using Solid-
Phase Microextraction, Direct on-Fibre Derivatization and Analysis by GC-
MS. Journal of Analytical Toxicology 2000; 24(1): 11-16.

62. de Fatima Alpendurada M. Solid-Phase Microextraction: a promising
Technique for Sample Preparation in environmental Analysis. Journal of
Chromatography 2000; 889 (1-2): 3-14.

D3-66



13™ INTERPOL Forensic Science Symposium, Lyon, France, October 16-19 2001

63. Namera et al. Simple and Simultaneous Analysis of Fenfluramine,
Amphetamine and Methamphetamine in Whole Blood by GC MS after
Headspace-Solid Phase Microextraction and Derivitization. Forensic Science
International 2000; 109(3): 215-223.

64. Hall B, Brodbelt J. SPME-Quadrupole Ion Trap Mass Spectrometry for the
Determination of Drugs of Abuse in Biological Matrices. Applied Solid
Phase Microextraction 1999: 497-509.

65. Cardinal F et al. The use of Solid-phase Microextraction in Conjunction
with a Benchtop Quadripole Mass Spectrometer for the Analysis of Volatile
Organic Compounds in Human Blood at the low Parts-per-trillion Level.
Journal of Chromatographic Science 2000; 38(2) 2000: 49-54.

66. Perrigo BJ, Joynt BP. A Supercritical Fluid Chromatographic Data Base for
Analytical Toxicology. Canadian Society of Forensic Science Journal 1992;
25:79-89.

67. Ashraf-Khorassani M, Taylor LT. Feasibility of On-Line Supercritical Fluid
Extraction of Steroids from Aqueous-Based Matrices with Analysis via Gas-
Chromatography-Mass Spectrometry. Journal of Chromatographic Science
2000; 38: 477-482.

68. Allen D, Oliver J. The use of Supercritical Fluid Extraction for the
Determination of Amphetamines in Hair. Forensic Science International
2000; 107(3): 183-187.

69. Scott K, Oliver J. Development of a Supercritical Fluid Extraction Method
for the Determination of Temazepam in Whole Blood. Journal of Analytical
Toxicology 1997; 21(4): 297-300.

70. Chester T, Pinkston J. Supercritical Fluid and Unified Chromatography.
Analytical Chemistry 2000; 72(12): 129r-135r.

71. Simmons B, Stewart J. Supercritical Fluid Extraction of Selected
Pharmaceuticals from Water and Serum. Journal of Chromatography 1997;
688(2): 291-302.

72. Beike J, Kohler H, Brinkman B, Blaschke G. Immunoaffinity Extraction of
Morphine, Morphine-3-Glucuronide and Morphine-6-glucuronide from
Blood of Heroin Victims for Simultaneous High-Performance-Liquid-
Chromatographic Determinations. Journal of Chromatography (b) 1999;
726(1-2): 111-119.

73. Hodgson B. Alcohol/Blood. In: Jay P Siegel, Editor-in-Chief. Encyclopedia
of Forensic Sciences, London, UK: Academic Press Ltd, 2000: 74-80.

74. Penton Z. Blood Alcohol Determination with Automated Solid Phase
Microextraction (SPME): A Comparison with Static Headspace Sampling.
Can Soc Forensic Sci J 1997; 30(2): 7-12.

75. Rohrich J et al. Analysis of LSD in Human Body Fluids and Hair Samples
Applying Immunelute Columns. Forensic Science International 2000; 107(1-
3): 191-199.

76. Joseph RE et al. Drug Testing with Alternative Matrices I. Pharmacological
Effects and Disposition of Cocaine and Codeine in Plasma, Sebum, and
Stratum Corneum. Journal of Analytical Toxicology 1998; 22: 6-17.

D3-67



13™ INTERPOL Forensic Science Symposium, Lyon, France, October 16-19 2001

77. Staub C. Chromatographic Procedures for Determination of Cannabinoids
in Biological Samples with Special Attention to Blood and Alternative
Matrices like Hair, Saliva, Sweat and Meconium. Journal of
Chromatography 1999; 733(1-2): 119-126.

78. Sutton K, Caruso J. Interfacing Capillary Electrophoresis with Inductively
Coupled Plasma Mass Spectrometry. LC-GC 1999; 17(1): 36-38, 40, 42,
44-45.

79. White S et al. The Determination of Lysergide ( LSD ) in Urine by
High-performance
Liquid chromatography-isotope Dilution Mass Spectrometry ( IDMS ).
Journal of Forensic Sciences 1999; 44(2): 375-379.

80. Schanzle G et al. Rapid, Highly Sensitive Method for the Determination of
Morphine
and its Metabolites in Body Fluids by Liquid Chromatography-mass
Spectrometry. Journal of Chromatography 1999: 721(1): 55-65.

81. Bogusz M et al. Monitoring of Olanzapine in Serum by Liquid
Chromatography-Atmospheric Pressure Chemical Ionization Mass
Spectrometry. Journal of Chromatography 1999; 732(2): 257-269.

82. Hudson JC et al. Capillary Zone Electrophoresis in a Comprehensive Screen
for Basic Drugs in Whole Blood. Canadian Society of Forensic Science
Journal 1995; 28: 137-152.

83. Tagliaro F, Pascali VL. In: Jay P Siegel, Editor-in-Chief. Encyclopedia of
Forensic Sciences. London, UK: Academic Press Ltd, 2000: 135-145.

84. Boone C et al. Evaluation of Capillary Electrophoretic Techniques Towards
Systematic Toxicological Analysis. Journal of Chromatography A: 1999;
838: 259-272

85. Mcclean S et al. Determination of 1,4-benzodiazepines and Their
Metabolites by Capillary Electrophoresis and High-performance Liquid
Chromatography using Ultraviolet and Electrospray Ionisation Mass
Spectrometry. Journal of Chromatography 1999; 838(1-2): 273-291.

86. Byland C et al. Capillary Electrophoresis in Clinical and Forensic Analysis ;
Recent Advances and Breakthrough to Routine Applications.
Electrophoresis 1999; 20(15-16): 3203-3236.

87. Ramseir A et al. Confirmation Testing of Amphetamines and Designer Drugs
in Human Urine by Capillary Electrophoresis-ion Trap Mass
Spectrometry. Electrophoresis 2000; 21(2): 380-387.

88. Hudson J et al. Advancements in Forensic Toxicology. Chemistry in
Australia 1999; 66(11): 28-31.

89. Kruger H, Vollrath M. Effects of Cannabis and Amphetamines on Driving
Simulator Performance of Recreational Drug Users in the Natural Field. In:
Proceedings of T2000.

90. Brookhuisk A et al. A Driving Simulator Study on Driving Performance and
Traffic Safety after Multiple Drug Use, Consisting of MDMA (Ecstasy) and
Various other Psychoactive Compounds. In: Proceedings of T2000.

91. Ramaekers, J et al. Low Doses of Marijuana and Alcohol Severely Impair
Driving When Taken Together. In: Proceedings of T2000.

D3-68



13™ INTERPOL Forensic Science Symposium, Lyon, France, October 16-19 2001

92. Ceder G. Drugged Driving in Sweden - Effects of New Legislation
Concerning Zeo-Tolerance for Narcotic Drugs. In: Proceedings of T2000.

93. Moeller M et al. Zero-Limit Versus Impairment - New Approaches for Drugs
and Driving in Germany. In: Proceedings of T2000.

94. Verstraete A, Maes V. The Elaboration of the New 'Per Se' Legislation on
Drugs and Driving in Belgium. In: Proceedings of T2000.

95. Verstraete AG. Roadside Testing Assessment (ROSITA): a European Union
Project on Roadside Drug Testing. In: Proceedings of T2000.

96. Recommended Standards and Procedures of the Canadian Society of
Forensic Science Alcohol Test Committee. Can Soc Forensic Sci J 1998;
31(4): 205-261.

97. Richardson T. Pitfalls in Forensic Toxicology. Ann. Clin. Biochem. 2000, 37:
20-44.

98. El Mahjoub A, Staub C. J. Pharmaceutical an Biomedical Analysis, 2000 23:
1057-63.

D3-69



