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|SSUE

Sampling is of the utmost importance for a successful systematic toxicological analysis (STA). The
reliability and accuracy of any toxicological result is usually determined by the nature and integrity
of the specimen(s) provided for analysis. Furthermore, proper specimen selection and collection is
of paramount importance for the analytical results to be accurately interpreted with scientific
validity, particularly when the results are to be used in the judicial system. These guidelines
address the issue of sampling for forensic toxicological analyses by providing recommendations of
specimen types, amounts that should be collected and submitted to laboratories expected to perform
STA, and criteria for ensuring quality assurance in sample collection.

BACKGROUND

STA is the application of an adequate analyticatsgy for the identification of potentially toxdmmpounds and
their metabolites in biological samples. Generapeaking, this involves the identification of a rigeal
unknown", as opposed to the detection of commogslon metabolites from a finite list.

As early as 1922, Jansch recognized that in cdsssspected poisoning the collection of insuffitiamounts of
appropriate tissue specimens and the use of ubkiitintainers would lead to unreliable results {@)is
remains the case today.

There are thousands of potentially toxic or letivalgs and chemicals available for abuse or poigpriherefore,
it is important that relevant case histories amdlibst available specimens be provided to thedtogdst in cases
involving both living subjects and decedents whease requires STA.

In forensic toxicology, the purpose of samplingagrovide a representative part of the whole ihauitable for
screens and confirmations, affords reliable intadfon, and, when possible, allows for subseqreantalysis, if
required. Given this, it should be recognized thampling is case-dependent (2). The recommendatitats
follow are specific to cases in which STA is toferformed. This occurs when the case details stiggasen-
routine drug or poison may be involved, requirindp@rough toxicological work-up to be employed.



RECOMMENDATIONS
1.0 - SPECIMENS FROM LIVING SUBJECTS

STA is typically required on specimens from livisgbjects in cases of drug-facilitated crimes oerafited
poisonings. The limitations in the variety of speens available from living subjects can challenge t
toxicologist attempting to identify an unknown stamee in these cases. In all situations, samplesldie
collected as quickly as possible and properly kthelith a means of readily tracking the specimeg.(dull
name of the victim, date/time of collection, inlsiaof the person collecting the sample). The bestainers for
liquid samples are disposable hard plastic or dislsss. When a preservative is needed, sodiumidieichould
be used at a concentration of approximately 2% ktddy volume. Unless otherwise noted, specimend imeis
maintained at temperatures not greater than 4&@d4are sample integrity.

1.1 Urine.

The best specimen for comprehensive drug and psis@ening is urine (3). The accumulation of drygésons,
and metabolites in urine will often result in higbncentrations that facilitate their detection. Aimum of a 30-
ml sample of urine is required for thorough scregnof this specimen (4). The addition of fluoride a
preservative is encouraged, but not always required

1.2 Blood.

The specimen of choice for quantifying and intetipgeconcentrations of drugs and their metabolgddood. At
a minimum, a 10 to 15-ml sample preserved with wsodfluoride is recommended. An additional 5-ml oo
sample placed into a collection tube containindod activator and K2ZEDTA may also prove useful ases of
suspected fluoride poisoning and for obtainingasipla sample (after centrifugation), if so desiredddition to
confirmation and quantitation of drugs, poisonsy ametabolites initially detected in the urine saen@lood
specimens are also useful in cases of attemptadaiental poisoning by gases and volatile orgaompounds.
Maintaining a frozen fraction of blood may help @mrsbetter analyte stability in later re-analyses.

1.3 Hair.

When there has been a significant delay betweepested exposure to a drug or poison and reportinigw

enforcement, one of the most useful specimensTéy IS a sample of hair3. Approximately 100-200 nidhair

should be collected from the vertex posterior anlihck of the head by cutting as close to the s=lpossible,
ensuring that it is clearly marked which end issekt to the scalp and appropriately securing tivértta a bundle
with a rubber band, twist tie, or string. The heample may then be placed into aluminum foil, avetape, or
plastic collection tube and stored at room tempeeatintil analysis.

2.0 - POSTMORTEM SPECIMENS

More so than in any other investigations, casesyterious deaths tend to call upon the forensicdtogist to
perform an extensive STA. The availability of agpspecimens in postmortem toxicology allow for aren
flexible analytical approach to the analysis, alifflo some specimens have more value than others sgssific
drugs or poisons are involved in the death. Howeiteshould be noted that the autolysis and puttafa



processes that occur after death, as well as pastmaedistribution, can have a profound effectdomgs and
poisons that are present in the body prior to death

Postmortem specimens should be collected as quickiyossible (2). All samples must be collectedeiparate
containers. For most specimens, disposable hastiglar glass tubes are recommended.5 Each samydtba
labeled with the full name of the deceased, speatityge, collection site, date/time of collectiomdanitials of
the individual collecting the sample. Samples sticag stored at a maximum of 4°C when analyzed pitgmp
after autopsy, otherwise at -20°C. When liquid 8pens are to be frozen, it is recommended to l@asmall (10-
20%) headspace in the specimen tubes (5).

2.1 Blood.

In most postmortem cases, blood remains the smgk important specimen to analyze. When possileast
two blood specimens should be collected: a) 30 fndeatral blood (from the right atrium of the heanferior
vena cava, or another convenient large vesselydalitative analysis and b) 10 ml peripheral bi¢pceferably
from the left and right femoral veins) by directsealar access (not "milking" the vessels once thsominal
cavity has been opened) for quantitative analyki$s). Both samples should be preserved with sodiuanide/
potassium oxalate, unless suspicion of poisonirl fidoride or a fluoride-producing compound exists

2.2 Urine.

The advantages of urine in postmortem cases idasino its advantage in specimens collected frovindi
patients - many drugs and metabolites are presdrigher concentrations in urine than in blood #rey remain
in urine for days or longer.

A disadvantage of urine occurs in instances in Wwilieath occurs very rapidly after exposure to @ drupoison.
In these cases, the urine specimen may be nedativiee causative agent, so caution must be useddtuating
results from this specimen. In most cases, alllavia urine should be collected in postmortem cé3psThe use
of fluoride as a preservative is encouraged.

2.3 Vitreous Humor.

The fact that vitreous humor resides in an anataliyicsolated and protected area of the body (ke lens of
the eye), coupled with its good stability as a dmidal fluid, makes this specimen more resistargutrefactive
changes than other postmortem specimens (6). Aliladble vitreous fluid from each eye should be exiltd
separately (5).

2.3 Gastric Contents.

Oral ingestion remains the most popular means pbdsxre to drugs and poisons. Therefore, gastritentsare
essential for screening tests. All of the availaample should be collected without the additioa pfeservative.
Undigested pills and tablets should be separatdgkated into plastic pillboxes for analysis (3).

2.5 Bile.

In postmortem cases in which urine samples areavaiable, bile may be substituted. Many drugs poidons
have been shown to concentrate in bile (e.g. nas;dtenzodiazepines, heavy metals). When it ieced, all
available bile should be removed from the gall b&dand preserved with sodium fluoride (2% w/v). avwid
fermentation of this specimen, it should be st@e@mperatures of at least -20°C (5).



2.6 Cerebrospinal Fluid.

Cerebrospinal fluid is a useful specimen for theesring of drugs with their site of action in thentral nervous
system. It is also less likely to be contaminatedave bacterial infiltration due to its protectesvironment.
While there are only a few published referencesassist in the interpretation of drug concentratiéms
cerebrospinal fluid, reference values are docundefaeurea and creatinine. It is also a useful spen for the
detection of glucose and lactate in cases of hygeghia.

2.7 Tissues.

Tissue samples collected in postmortem investigatigenerally provide supplemental information te th
toxicologist to assist in interpretation of thedsults. In STA, analysis of the correct tissue sper may be vital
to the identification or confirmation of an unknowausative agent. All tissue specimens should bmgted as
unfixed samples and frozen until analysis (2).

2.7.1 - Liver.

In most postmortem toxicology cases, a liver sangplesually the most valuable tissue specimenSiice most
drugs and poisons are metabolized in the liverh Itioé parent compound and its metabolites may ésept in
high concentrations in this tissue. Additionallyyagtitative analysis of a liver specimen may assist
differentiating acute overdoses from therapeuti ofsdrugs that have a narrow therapeutic indexmiramize

the effect of drug diffusion from the small boweldsstomach on gquantitative findings, the sampleishbe from

deep within the right lobe of the liver (5). Appimately 25-50g of tissue should be collected.

2.7.2 - Brain.

Since the brain is the primary site of action ohmdrugs, it becomes a useful specimen particufarlfipophilic
substances such as halogenated hydrocarbons, iosrcahd antidepressants (2). While drug and poison
concentrations may have significant variance ifed#t regions of the brain, current data do nggsst that one
portion should be collected over another. Wherectdid, a minimum of 25g of unfixed brain shouldobevided.

2.7.3 - Lung.

The lungs often contain high concentrations of dragd poisons in cases of inhalation and intraveeaposure.
The apex of either lung (25-509) is the best chofcgpecimen for STA.

2.7.4 - Kidney.

Since most drug and poison metabolites must pasagh the kidney to be excreted in the urine, gpiecimen
can be valuable in STA. The kidney has been founthe particularly useful in heavy metal poisonings.
minimum of a 25g sample of kidney is recommendedftbmission.

2.7.5 - Subcutaneous Fat and Skeletal Muscle.

In certain cases, subcutaneous fat and skeletallenogy prove useful to STA. This is particulariye when the
postmortem examination reveals apparent injectitas shat may still contain a region of concenttatieug or
poison. Collection should include the skin and I&ter, in addition to the muscle tissue around gite.
Additionally, a control sample from a comparablesaaway from the suspected injection site showdd ak
collected.



2.8 Hair and Nails.

Keratinized specimens such as nails and hair maysbd to test for chronic exposure of heavy methlsys, or
other poisons. These specimens allow for an asses@hexposure weeks to months prior to collectiime best
collection site for hair is from the vertex posterdbn the back of the head (7). It is importartetoel the hair with
a rubber band, twist tie, or string to clearly éiffintiate the end that is closest to the scal@n8# of hair
(approximately 200 mg) should be cut as close ¢osttalp as possible and placed in aluminum foiermarelope,
or plastic collection tube. Storage at ambient erapre is sufficient. Whole nails should be rentbfrem the
fingers and/or toes and stored in a manner sir@laair samples.

2.9 Insect Larvae.

Entomological specimens collected from human remaiay be useful for STA; however, it should be ddtet
the concentrations of drugs and poisons in theseimens is dependent on the tissue that the ldr@dded upon
and their developmental stage (2).

2.10 Scene Samples.

In many cases, the evidence found at the scenedpsothe best guidance to the toxicologist perfogrTA.
Collection of drug paraphernalia, cups or bottlasd suspicious household products will help enshat a
thorough toxicological analysis is performed.



SUMMARY

Specimen acquisition is often the most criticali greerlooked component of STA. It is usually impbks to

acquire an additional sample of equal quality atiter first opportunity for collection has passetiefiefore, the
Committee of Systematic Toxicological Analysis ofi€T International Association of Forensic Toxicoktgi
strongly endorses the collection of appropriatecspens in sufficient amounts to allow for a thorbugnd

efficient approach to identifying unknown substanitebiological specimens.
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