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PREAMBLE

Toxicological analysis involves the detection, identification and quantification of toxicologically
relevant substances and the inter pretation of the results.

In order to obtain reliable results, standards of quality must be applied. The following laboratory
guidelines are intended to serve as a basis on which adequate working practices and methodologies
can be developed. For some specific applications, national or international regulations already in
existence have to be taken into account.

The guidelines apply to the analysis of active constituents or metabolites of pharmaceuticals,
addictive drugs and to other toxicologically relevant substances (e.g. alcohol, metals, pesticides
etc.) in the broadest sense (mainly in biological samples, [human] body fluids, tissues etc.),
including cases of criminal and civil legal relevance, for example:

» detection of poisons and their relevance in determining causes of deaths

» analysis of pharmaceuticals and/or addictive drugs that may impair human behaviour (Human
Performance Toxicology/ Wor kplace Toxicology)

e qualitative and/or quantitative analysis of addictive drugs in biological material or other
forensic specimens

* misuse of substances in relation to sports activities (doping)

* environmental toxicological analysis.

In addition to the qualitative and quantitative analyses as such, interpretation of analytical results
isanintegral part of toxicological analysis.

These guidelines may also be applied to the toxicological analyses performed for diagnostic and
therapeutic purposes (such as in clinical toxicology, transplantation surgery, monitoring or
treatment /rehabilitation of drug addicts).



1. LABORATORY AND PERSONNEL

1.1 LABORATORY

Laboratory facilities for toxicological analysis alid meet an acceptable standard. Access to thwalimioy
should be limited to authorised persons.

The laboratory equipment must allow work to an ptmigle scientific standard. Laboratory facilitiesda
procedures must allow for the safe handling of ity infectious and/or toxic biological samplesd prohibit
access to specimens by unauthorised persons.

Laboratory procedures must allow satisfactory ditecidentification and quantification of individusubstances
(no groups). At present, acceptable techniquesdim&ntation include TLC (thin layer chromatograpt@&L (gas
chromatography), HPLC high performance liquid chatmgraphy), mass spectrometry (MS), spectrophotienet
methods (e.g. UV/VIS, IR and atomic absorption) amtmunoanalysis (e.g. RIA, EMIT, FPIA etc.).
Insufficient technical facilities must not necedyalower the reliability of the results if any weaesses are
clearly stated in the report (see below), but thélycertainly narrow the scope and performancéhef analytical
process (with respect to analytes detectable, ti@telimits, meaning of quantitation steps, numbksamples to
put through, etc.).

1.2. PERSONNEL

The toxicology laboratory must be directed by aprapriately qualified person, preferably with a BPhor
comparable university degree in one of the natuwsekences, plus additional training and experience.
Any member of technical staff must have a professi@ducation adequate to the special respongbilitithin

the laboratory.

The director must:

» ensure that the laboratory personnel are adequalyed and experienced to conduct the work of the
laboratory, and

* maintain the competency of laboratory personneimoyitoring their work performance and verifying ithe
skills, including their ability to act as experttmesses for the purposes of giving evidence.

2. SAMPLES AND RECEIVING

The proper selection, collection and submissiobiofogical and other samples for toxicological s&l are of
paramount importance for the production of accueatd meaningful results as well as for their subeat]
interpretation in the adjudication of forensic Gas€he director should develop and provide detajieidelines
and instructions to all agencies or parties theratory serves. These instructions should statetyghes and
minimum amounts of specimens needed to accompiishrequisite analyses and subsequent interpregation
Whenever possible, the amount of specimen collestenlild be sufficient to ensure that enough rem#ns
subsequent re-analysis, if required by anotheyphrstructions should include specific requirensefotr the type
and size of specimen containers and, if approprib&etype and amount of preservative to be addldbtogical
fluids. Instructions for labelling individual spewoén containers, acceptable conditions for packing a
transportation should be stated. Submitting agensi®uld also be instructed how to clearly labgl ghort



statements “infectious", explained in the accomjanyorms) all specimens from living subjects oceldents
who may carry a highly infectious disease suchukerculosis, hepatitis or human immunodeficienaysi
(HIV).

Specimens received by the laboratory must be adegudentified and stored in a secure manner shahthe
integrity of the specimens is safeguarded. Whermswary, acceptable chain of custody procedureddsihe
followed when specimens are transferred from owation to another. Laboratory procedures shouldmige
any possibility of specimen misidentification omtamination. All specimens must be stored in aemanner
at an appropriate temperature and protected frgim lduring storage. After the initial analysis, idesl or
duplicate specimens must be stored under apprepriatditions for a sufficient length of time (degewy on the
analytes, the type of specimen and the purposeeotialysis) to allow for re-analysis, if requirddhis time
should allow for legal process and take into actany regulations which state a minimum periodtofagye.

3. PRACTICAL WORK IN THE LABORATORY

3.1 ASSURANCE OF SPECIMEN IDENTITY

All aliquots and extracts must be adequately lgdelo ensure the integrity of the analytical resuli/here
necessary, the path of the specimen through tleedtdyy must be documented by the chain of cushoiay.

3.2 METHODS

Clear, written instructions must exist for all medls and procedures used in the laboratory (a starmgerating
procedures manual). Methods should contain sufficgidormation, such that qualified personnel caltofv them

after a brief period of instruction. The methodd @nocedures must be properly validated. All praced have to
be approved by the director of the toxicology lattory. Any changes in the method or procedure ineistiearly
documented, stating the reasons for the changksh&hges must be approved by the director ofaherhtory or
other authorised senior staff.

3.3 ANALYSIS
3.3.1. DETECTION

In qualitative analysis, the first aim is to detegbstances of toxicological relevance. Dependmthe reason for
analysis, different analytical strategies havedgbrsued.

If the toxicological analysis is intended to detacsingle poison, or a group of poisons, speclficaésigned
analytical procedures will be applied (directedid¢ological analysis). Whenever possible, at least different
methods should be applied, each of which uses f@reiift physical or chemical principle to allow for
unambiguous detection and confirmation of a sulostan

If the analysis is required to detect or excludevide range of poisons without specific directiomeheral
unknown"), the complex analytical strategy of Sgsiéic Toxicological Analysis (STA) is adequate.dim is to
detect all substances of toxicological relevanae] & positive cases to identify them unambiguousiy
excluding all other substances except one. Toethis a number of analytical procedures should berrparallel
or in sequence and based on a multitude of analytitnciples. (Acceptable techniques /instrumeaitatvill be



outlined in an Appendix.) It should be noted tHa¢ tabove principle usually requires more than mmra
'screening' test followed by a ‘confirmation’ test.

The results from each test are to be checked aggipsopriate data bases and authentic standasksetavhich
substances would qualify for the response observwadl then the results from all tests should be evetpto see
how many substances remain that are consistenttiétlanalytical responses. In the end, the reshitsild lead
to one candidate.

In order to characterize the degree of certaintythef identification, the methods eventually useddtaw
conclusions should be stated in the report (seediapters 4. and 5.). In the event that a sepaaatirmation
test cannot be performed (if only a single anafjtjrocedure is available, or not enough specireemaining),
this must be stated in the report, as it diminighescertainty of identification.

3.3.2. QUANTITATION

Quantitative analysis should normally only be utale@n where a meaningful interpretation can be exge
Quantitation should ideally be performed on anuadtqof the sample other than that used for scregeaird/or
gualitative analysis.

3.3.2.1. CALIBRATION

Wherever possible, internal standard procedureslidhme employed, since their use minimises erras t
adsorption onto surfaces, losses during extractimses during solvent evaporation, losses dureriyatisation,
and irreproducibility due to transfer and injecttechniques.

Internal standards should ideally be a homologu¢hefanalyte (the drug or other relevant compoueithg
analysed). If this is not possible, a compound g&siag similar physicochemical properties to thelydae should
be selected.

The chromatographical properties of the internahdard should be such that it elutes close to g/ whilst
remaining completely resolved from any substancéchvimight be present. Wherever possible, the iaiern
standard should be prepared in aqueous solutiommaxed thoroughly with the sample prior to the gsi.
Calibration graphs should be prepared from starsdardhe same type of matrix as the sample, antlatds
must be analysed using the same extraction proeeduthe analyte. The calibration graph shouldobstoucted
from detector response ratio against analyte cdrat@n for internal standard procedures (whereagagph
detector response against analyte concentration thacde used if no internal standard is applied).
If a full calibration curve is not prepared, qusative standards should be analysed which bradket t
concentration of the analyte present.

Results must be expressed unambiguously, and Sl eoasentration units should preferably be used.
3.3.2.2. VALIDATION

All methods must be validated using the same pgnmaatrix which will be used routinely in the ass@yg.
blood, serum, organ tissue), to which known amouwtftslrugs have been added and run through the whole
analytical procedure.

(Nevertheless, the criteria of this validation velso depend on the purpose of the analysis. Brisneean e.g.,
that a very low detection limit of a method migtdt e of real relevance for the investigation duspected
cause of death.)



Those criteria to be validated are:

e accuracy, precision, absolute recovery (checkediffgrent concentrations), calibration range, sy,
detection respectively quantitation limit and pblsrobustness as well as time and cost for théysisa

Reagents must be checked by quality assurancedun@se Duplicate analyses should be performed wieene
possible. Chromatographic methods of quantificaticmalways preferable to the more classical agpems e.g.
to the use of direct ultraviolet spectrophotometigce chromatography can separate the drug fometabolites
and other interfering compounds.

The range of concentrations for which the methodsaéd should be large enough to include all of the
concentrations likely to be encountered, e.g. fheutic, toxic and fatal.

4. REVIEW AND DOCUMENTATION OF THE RESULTS

4.1. QUALITY ASSURANCE (QA) AND QUALITY CONTROL (QC)

It is recommended that laboratories have their mtgrnal quality control and quality assurance paog but that
they also participate in external quality assuraarue proficiency testing programs whenever possibépending
on the type of analyses (general unknowns, spegialitative analyses, quantitations), method-oedrdnd/or
substance-oriented quality control is needed.

4.2. DOCUMENTATION OF THE RESULTS

Results of all analyses must be fully documentdtds Written record should include all informatioacessary to
identify the case and its source (together withatiéitional information about the characteristicemstances of
the case), list the specimens analysed, the sudestanm groups of substances searched for, shootdinall test
results and the methods used (explicitly or codedl must bear the signature of the individual wdices

responsibility for its contents. This informatiomosild be easily retrievable.

4.3. REVIEW OF THE RESULTS

Before results are reported, each batch of analytlata shall be reviewed by scientific personnbbvare
experienced with the analytical protocols usedhalaboratory. At a minimum, this review shouldlimte: chain
of custody documentation, validity of analyticaltaldeg. shape and signal-to-noise ratio of chrografhic
peak), calculations and all quality control dathe Teview should be documented within the analyteeord.

5. REPORT

A written report is prepared for the party requestihe analysis. The extent of this report depemdthe request.
For example, a report for a court file may needbé broader than for a negative drug test in drugseb
monitoring.

The report should contain the specimens analybedarialytes (substances or groups of substanaeshsd for.
The methods used for the testing should normallstated by type and include a clarifying statenergtsults are



less reliable than normal (for example, if no hygimformative identification method was included ibra
confirmation test could not be performed for reasonalready outlined under 3.3.1.).
The final results have to be clearly stated andadtarized by the corresponding degree of certairttg report is
concluded by the interpretation of the meaning loé tesults for the ordered purpose of the analysis.
Because the results are confidential, every premawthould be exercised to ensure that only a phppe
authorised person receives the information (esfhgeiten it is transmitted by telephone, computefax). Each
laboratory should formulate its own policy for tlegention and release of information.



SUPPLEMENT

3.3.1. QUALITATIVE ANALYSIS

In qualitative analysis, the first aim is to detalttsubstances of toxicological relevance. Thha,riext aim is to
unambiguously identify the substances found indiétection stage.

Since the outcomes of these analyses can haveastibstegal and/or social consequences, all agpesm and
procedures should be scientifically undisputable lagally defensible.

In all cases, the relevant properties of the aiwalyprocedures used (e.g. selectivity, sensitivibustness,
reproducibility, etc.) have to be adequately erdamred considered and documented in the analyBpalrt.

3.3.1.1. Detection

Depending on the reason for analysis, differentyéical strategies may be pursued. If the toxicadabanalysis
is intended to detect a single substance or a godgpbstances, e.g. in workplace testing, spedificesigned
analytical procedures can be applied (directedyaisal

If the analysis is required to detect or excludeide range of (potentially toxic) substances withepecific
direction (undirected analysis or 'general unknpwthie comprehensive strategy of Systematic Toaiohl
Analysis (STA) is required.

Its aim is to detect all substances of (actual)cwrgical relevance. To this end, a number of il
procedures should be run in parallel or in sequemepresenting a multitude of analytical principles
Prior to the systematic analytical approach, thghoconsideration should enable to reasonably cerifie scope
of the detection stage to compounds relevant tcatiteal problem. Experience with similar tasks ratsp be
considered when possible.

Therefore criteria to define the group of relevammpounds for a given area of interest are desirdltie various
areas of interest (such as forensic and cliniceictdogy, workplace testing, drugs of abuse testohgigs and
driving, doping analysis, environmental analysesidue analysis) represent analytical challengebeaif own,
that should be taken into consideration when enibarn the systematic analytical approach.

3.3.1.2. Identification

When the detection procedures indicate the pospileleence of one or more toxicologically relevampounds,
the latter have to be unambiguously identified.

This can be done by comparing the signals (reswisjhe various tests applied in the detection and/
identification process from the unknown sample wiéta from authentic reference standards analysddriuhe
same actual conditions and/or (less reliably duadiditional variables) with data on reference coomuls stored
in appropriate data bases on relevant substances.

The ultimate aim of the identification processhattfor a given unknown substance only one suitehtelidate is
found (because all measured signals of the unkrenvehthe reference candidate match adequately)trecali
other relevant substances can be excluded (becengser more signals do not match). Experience éahéd
that a single analytical method, even when it iseldaon a highly informative principle, is not alwagufficient to
reach unambiguous identification. The large nundiesubstances, sometimes widely different, somegimgh



very close structural resemblance, make it hardbssiple to really fulfii the exclusion criterion.
Therefore, proper identification requires as a twle, if not more analytical methods (their numbdepending on
their information gain), to exclude all possiblexdmlates except one.

Ideally, the analytical signals for the unknowrgbpuld be compared with those of authentic referestendards
run in parallel with the case sample. This is m&geure than comparisons with literature data oh stiered in
data bases, because the data may be influenceldebgctual analytical conditions. However, keepimpgatn
adequate collection of reference substances iestder certain areas in which the number of relegabstances
is small (e.g. workplace testing). When the numifecompounds of interest is very large (e.g. irefmic and
clinical toxicology, control of drugs and driving),can become very difficult for single labora&sito set up and
maintain adequate supplies of all reference substafand of their metabolites). In these instanttesuse of
reliable, interlaboratory data bases might be thlg feasible solution. The data collection mustntlzentain not
only the toxicologically relevant substances, bilgoametabolites, related substances (including é&em
sometimes enantiomers), endogenous substancesthandike. In addition to the data themselves, the
interlaboratory reproducibilities of the analytidaichniques must be available and have to be iadlud the
evaluation of the compared results and in the cmnmhs.

In recent years, many analytical toxicologists haeene to use the term ‘confirmation’ of a first lgeal
'screening' step as a substitute for 'identificatid/hen this relates to cases in which the re§ulta the detection
or screening phase lead to the presumption theittailc substance is present, and in the confirmatage one or
more signals from the unknown are matching thoséhefpresumed candidate, the presumption is carside
‘confirmed’. However it should be realized, thathsan approach does not necessarily provide unammbgy
identification: it will always depend on the existe of similar analytical signal patterns of othempounds and
on the actually provided information capacity, wieet another substance cannot be distinguished fram
presumed one. Thus, it has always carefully consilevhether the exclusion criterion mentioned abisve
fulfilled.

In order to enable others to estimate the degremedéinty of the result of a qualitative analysfsee methods
applied to draw conclusions should be stated irrépert (see also chapters 4. and 5.), eventuadigther with
their appropriate properties.

Special circumstances, such as limited specimeplygupnavailable or improperly functioning detectiand/or
identification technigues, unexpected interferenets, must be mentioned if occurring in the répsrwell.



