Osamu Suzuki
Kanako Watanabe
Editors

Drugs and Poisons

in Humans

®@® I o
APHand.book T
of Practical 1 00 o
Analysis caee

*@ Springer



Drugs and Poisons in Humans
A Handbook of Practical Analysis



Osamu Suzuki and Kanako Watanabe

Drugs and Poisons

in Humans
A Handbook of Practical Analysis

With 236 Figures and 90 Tables

@ Springer



Prof. Osamu Suzuki

Assoc. Prof. Kanako Watanabe
Department of Legal Medicine
Hamamatsu University School of Medicine
Hamamatsu City 431-3192

Japan

This is a translation of “Yaku-Doku Butsu Bunseki Jissen Handobukku” originally
published in Japanese in 2002 by Jiho, Inc. 2-6-3, Hitotsubashi, Chiyoda-ku,
Tokyo 101-8421 Japan

ISBN 3-540-22277-4 Springer-Verlag Berlin Heidelberg New York
Library of Congress Control Number: 2005921910

This work is subject to copyright. All rights are reserved, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilm or in any other way, and storage in
data banks. Duplication of this publication or parts thereof is permitted only under the
provisions of the German Copyright Law of September 9, 1965, in its current version, and
permission for use must always be obtained from Springer. Violations are liable to
prosecution under the German Copyright Law.

Springer is a part of Springer Science+Business Media
springeronline.com

© Springer-Verlag Berlin Heidelberg 2005
Printed in the European Union

The use of registered names, trademarks, etc. in this publication does not imply, even in the
absence of a specific statement, that such names are exempt from the relevant protective
laws and regulations and therefore free for general use.

Product liability: The publishers cannot guarantee the accuracy of any information about
the application of operative techniques and medications contained in this book. In every
individual case the user must check such information by consulting the relevant
literature.

Editor: Thomas Mager, Heidelberg

Development Editor: Andrew Spencer, Heidelberg
Production Editor: Frank Krabbes, Heidelberg
Typesetting: Fotosatz-Service Kéhler GmbH, Wiirzburg
Cover design: Martina Winkler, Heidelberg

SPIN: 10959534 14/2109 fk - 54 3 21 0 - Printed on acid-free paper



Foreword

It was with great pleasure that I accepted the invitation to write the foreword for Drugs
and Poisons in Humans. A Handbook of Practical Analysis. Dr. Osamu Suzuki and Dr. Mikio
Yashiki, two outstanding Japanese scientists, first published the Handbook in Japanese in 2002.
Specialists throughout Japan contributed analytical methods for a wide variety of therapeutic
and illicit drugs, pesticides, and natural toxins and alkaloids. In fact, rarely has such a wide
spectrum of analytes and metabolites been addressed within a single reference manual.

At the beginning of the book, general topics are addressed, including instructions on han-
dling biological materials, measurement of drugs in alternative specimens, and guidance on
resolving analytical problems that may occur. There are discussions of extraction modalities
and detection methodologies and how to select these appropriately based on the physiochemi-
cal characteristics of the drug. Analysis of specific classes of drugs and relevant metabolites are
covered in subsequent chapters. Clinical, analytical and forensic toxicology and clinical chem-
istry laboratories will find the volume informative and useful. Toxicologists are often faced
with developing methods for new drugs and metabolites with little information available in the
literature. This book provides a great starting point for method development providing proce-
dures that have been utilized in real life situations. In addition, toxicologists developing new
methodologies may use this volume as a guide to selecting the most appropriate instrumenta-
tion to handle the breadth of their analytical workload.

One of the most valuable aspects of the Handbook is the inclusion of specific case studies.
Useful also are the discussions on suggested analyte concentration ranges and troubleshooting
tips. The 2002 version of the Handbook in Japanese was judged to be highly valuable and led to
the production of an English version. This Handbook also has been updated to include addi-
tional methods and procedures for this edition.

Despite the value of these methodologies, it is essential for laboratorians to validate fully a
method within their own laboratory. Differences in instrumentation, sample size, extraction pro-
cedures (such as different solid-phase extraction columns) and experience level of personnel may
vary markedly between laboratories. Therefore, these methods provide help and guidance in initi-
ating a new analysis, but do not take the place of independently determining limits of detection,
quantification and linearity, and the selectivity and precision of the assay in their own hands. Inter-
nal standardization is always the preferred approach, although use of external standard addition
may be necessary with difficult matrices, such as decomposed postmortem specimens. Quality
assurance and quality control procedures are essential components of accurate and reliable me-
thods and should be included in the analysis of each batch of specimens. Quality control samples
should span the linear range of the assay. The issue of method validation cannot be emphasized too
strongly and is necessary for the accurate application of these diverse analytical methods.
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Foreword

Dr. Suzuki and Dr. Watanabe have gathered an extensive array of methods for the measure-
ment of xenobiotics and metabolites in biological matrices. Drugs and Poisons in Humans. A
Handbook of Practical Analysis will be a well-used reference for toxicology laboratorians and
will help guide assay development.

Marilyn A. Huestis, Ph.D.

Acting Chief, Chemistry and Drug Metabolism

Intramural Research Program, National Institute on Drug Abuse

National Institutes of Health, Washington, D.C., USA

and

President, The International Association of Forensic Toxicologists (TIAFT)



Preface

The readers of this book will immediately realize that all authors are Japanese scientists; this is
the English translation of a book which was published in Japanese by Jiho, Inc., Tokyo in 2002.
Upon translation, the Editors added five new chapters to the previous 67 chapters in view of
international occurences of poisoning by drugs and poisons.

The most important aim of this book is to provide the most reliable and reproducible me-
thods for analysis of drugs and poisons; therefore, the newest methods and ones requiring
skills have not been adopted. Each chapter has been written by at least one expert currently
engaged in the quantitative analysis of each toxin. This book is arranged so precisely that any
fresh analytical chemist can start analytical experiments on a drug or a poison in a crude bio-
logical matrix, even if the analyst has no experience of analyzing the compound. Special care
has been given to clarify the origins (manufacturers) or synthetic methods for chemicals to be
used in reproducing the experiments, and also to present detailed procedures for the extrac-
tion of a drug or a poison from complicated matrices such as whole blood, tissues and urine.

Compounds causing cases of poisoning will increase and vary according to events in the
world; the technology of analytical instruments is also advancing very rapidly. The Editors do
not claim that this book covers all compounds to be analyzed and are well aware of the limita-
tions of the book. The Editors hope that this book will be revised according to feedback recei-
ved in the near future; some groups of drugs and poisons will then be added in a later edition.

The Editors also hope that this book will be widely distributed in the world and be useful
for many analysts affiliated to forensic, environmental, clinical and doping control institutions.

The Editors wish to thank the following people for helping to make the present publication
of this book possible: Dr. T. Mager and Mr. A. Spencer, Springer-Verlag, Heidelberg, for under-
taking the laborious work of the publication; Messrs. T. Araki, D. Kobayashi and S. Hattori,
Jiho, Inc., Tokyo, for kindly encouraging us to translate the original Japanese version; Mr. and
Mrs. Kouichi Watanabe, the parents of one of the Editors, for typing extensive pages of manu-
scripts for the translation.

Osamu Suzuki
Kanako Watanabe
Editors



Notes on the use of this book

Contents

This book is composed of 9 chapters of general nature and 63 chapters of specific toxins. In
the latter chapters, compounds with high poisoning frequency have been chosen; detailed pro-
cedures of analyses have been presented for each compound or each group. The methods men-
tioned are relatively new and easily reproducible in every chemical laboratory equipped with
the standard analytical instruments. In this book, preliminary tests such as color and immuno-
logical reactions are almost omitted; most of them are chromatographic ones.

Each chapter on specific toxin is composed of: 1 Introduction; 2 Reagents and their prepa-
ration; 3 Instrumental conditions; 4 Procedure; 5 Assessment of the method; 6 Poisoning cases,
toxic and fated concentrations; 7 Notes; and 8 References.

Especially, protocols for experimental procedure are headed by small letters of Roman
numerals.

For notes, small alphabets are shown on the right shoulder of a corresponding word in the
text. For references, Arabic numerals in brackets are shown in the text.

Symbols, units and expressions

Length: 107 m has been expressed as nm ( not mp ); volume: 10~ °m? expressed as mL (not cc);
concentration: mol in 1 L volume expressed as M (not mol/L); NMR shift: § values (not y values);
fraction: for example g/mL (not g mL™").

In GC analysis , when the initial oven temperature is 50 °C with 1-min hold, followed by its
elevation at 5 °C/min up to 150 °C; after 5-min hold at the latter temperature, it is again elevated
at 20 °C/min up to 280 °C. These steps of the procedure are simply described as follows.

50 °C (1 min) - 5 °C/min - 150 °C (5 min) - 20 °C/min - 280 °C.



Abbreviations

There are a number of abbreviated words being commonly used in the field of analytical toxicol-
ogy. The following abbreviated words can be used in the text of this book without explanation.

CL
CID:

EL:

FID:
GC:
GC/MS:

GC/MS/MS:

HPLC:

IS:

LC:

LC/MS:
LC/MS/MS:
NPD:

SIM:

TIC:

TLC:

uv:

chemical ionization

collision-induced dissociation

electron impact ionization

flame ionization detector

gas chromatography or its instrument

gas chromatography/mass spectrometry or its instrument

gas chromatography/tandem mass spectrometry or its instrument
high-performance liquid chromatography or its instrument
internal standard

liquid chromatography = HPLC or its instrument

liquid chromatography/mass spectrometry or its instrument
liquid chromatography/tandem mass spectrometry or its instrument
nitrogen-phosphorus detector

selected ion monitoring

total ion chromatogram or total ion current

thin-layer chromatography

ultraviolet (detection)
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I. Chapters of general nature



.1 How to handle biological
specimens

By Osamu Suzuki

Some knowledge to be required before handling specimens

The flowchart for how to handle specimens obtained from poisoned patients is shown in
© Figure 1.1. When a poisoning incident takes place and a patient is sent to hospital, medical
doctors and co-medical staffs should concentrate their efforts on the intensive care of the
patient. However, at this point, the discrimination whether it is a poisoning case or not is, of
course, very important. If the patient dies and the death is judged due to poisoning, the respon-
sible doctor should file the death with the police located at the district within 24 h according to
a law in Japan.

@ Figure 1.1
Poisoned patient
Alive Dead (unnatural death)
No criminality Criminality plus P File with the police
Not discriminated from Not bacterial
bacterial food poisoning food poisoning Local criminal investigation laboratory|
or National Research Institute
i i of Police Science
File with the local
health center Sample to be analyzed
in clinical laboratories
L (or other institutions)

Local hygienic
laboratory

Flowchart for how to handle specimens obtained from poisoned patients.

© Springer-Verlag Berlin Heidelberg 2005



How to handle biological specimens

The death due to bacterial food poisoning should be classified into intrinsic one (disease
death), and be discriminated from the death due to drugs or poisons (extrinsic death); it is not
necessary to file with the police, but it should be filed with a local health center. Irrespective of
being dead or alive of the patient, both bacterial food poisoning and drug poisoning should be
filed with a local health center. It should be mentioned here that deaths due to ingestion of
puffer fish and mushrooms are classified as extrinsic ones.

After the police accepts the file of an unnatural death, the analysis of a causative toxin is
made, according to the need, at a local criminal investigation laboratory of police headquarters
in each prefecture in Japan. When the analysis at the local laboratory is difficult, the specimens
are sent for analysis to the National Research Institute of Police Science in Kashiwa City, Chiba
Prefecture. When a cadaver of unnatural death is subjected to judicial autopsy at a department
of legal medicine of a medical school, the toxin specimens obtained from the cadaver is ana-
lyzed at the department in case that the department is capable to analyze it.

When a patient survives and criminality is suspected in a poisoning case, it should be filed
with the police immediately; in such a case, the police is absolutely responsible for the toxin
analysis.

Only when a poisoning patient is alive with no criminality, and also no discrimination
between poisonings by bacterial food and by drugs/poisons can be made, a request addressed
to a local hygienic laboratory for toxin analysis is possible via a health center. The main duties
of the hygienic laboratory are bacterial tests on foods and analysis of environmental pollutants;
the laboratory is usually equipped with expensive analytical instruments such as mass spec-
trometers, and seems to sufficiently meet the analysis of drugs and poisons. However, at
the present time in Japan, such request is usually rejected by the laboratory after the possibility
of being bacterial food poisoning is excluded. Therefore, a problem arises concerning which
institution undertakes the analysis of specimens collected from a poisoning patient admitting
at a hospital, who survives and shows no criminality (suicide trial or accident). The best way
is that the clinical laboratory of the same hospital undertakes the analysis of the specimens;
however the analysis of drugs and poisons is almost impossible at a local hospital, because
it is usually not easy, and requires a skill of analysts. Unfortunately, in Japan, the so-called
poison control centers for undertaking the toxin analysis are not available; while in the US
and Europe the poison control centers are active for analysis of such specimens. Our problem
is not due to the scientific delay in analytical chemistry in our country, but is due to the
delay in measures to be taken by Japanese Government. To overcome the above problem,
much efforts are being made at non-governmental levels [1]; one of the efforts is presented
in Chapter 1.7.

Sampling of specimens on a clinical scene

Blood

Blood specimens are now being collected from the vein using vacuum sampling tubes; EDTA,
citrate or heparin is usually contained in the tube as an anticoagulant. Some tubes contain
sodium fluoride as a preservative. The analysts should be aware of the presence of such addi-
tives.



Sampling of specimens on a clinical scene

Larger amounts of blood are preferable to be sampled for toxin analysis; however, in view
of the stress to patients, 5-10 mL of blood is to be sampled. If a situation permits, multiple
samplings at different intervals are desirable. The time-course analysis is very useful for decid-
ing the therapeutic policy in poisoning cases. When plasma is required, the supernatant frac-
tion is obtained by centrifuging the tubes containing whole blood at 2,000-3,000 rpm.

Urine

Also for urine, larger amounts are preferable to be sampled. When urine is obtained by cathe-
terization from a patient, it should be taken into mind that a jelly containing a local anaes-
thetic had been applied to the catheter; urine is usually contaminated by such a drug. Also for
urine, the samplings according to time intervals are preferable. According to the need, sodium
fluoride or sodium azide is added to urine samples at a concentration of 1 mg/mL as a preser-
vative.

According to the kinds of drugs and poisons, large amounts of metabolites are sometimes
excreted into urine. Before analysis, some knowledge on the metabolism and excretion for a
possible toxin is needed; a useful dictionary was published for such a purpose [2].

Vomitus and gastrolavage fluid

After oral ingestion of a drug or a poison, there is a possibility that gastric contents contain
a high level of an unchanged toxin. The vomitus and gastrolavage fluid should be stored in
amounts as large as possible; their volumes should be strictly recorded. Also according to the
need, sodium fluoride or sodium azide can be added as a preservative.

Hair and nails

When chronic intoxication by a drug or a poison (especially heavy metals and basic drugs) is
suspected, after getting the consent from the patient, several pieces of long hair are sampled by
cutting off at their roots, put in a dry polyethylene bag with a fastener and kept at room tem-
perature or 4° C.

Nails are also good materials for detection of a drug or a poison which was ingested in the
past, and can be an alternative specimen, especially when the scalp hair is too short or not
available. They can be kept also at room temperature or 4° C.

Collection of informations on a possible drug or a poison
administered or ingested

Inquiries on a drug or a poison to the patient and his/her family are essential. Efforts should be
made to find a cup or a bottle left on a poisoning spot, because there is a possibility that pure
or clean solution of a toxic compound is contained in it. It is a good method to ask members of
the emergency services to look for such items on the spot.



How to handle biological specimens

Sampling from cadavers

Observation on the spot of poisoning

When a medical doctor is requested to make postmortem inspection, he/she should arrive at
the spot of poisoning to achieve the duty. Before the inspection of a cadaver, the doctor should
observe the surrounding situations as carefully as possible, and also should sniff the air. There
are many fatal cases of organophosphorous pesticide and cresol poisonings, in which a strong
aromatic smell is given from the vomitus and from the mouth of a cadaver. When no finding
of vomiting is observed, it is sometime useful for the doctor to try to sniff the smell by keeping
doctor’s nose closer to the nose and mouth of the cadaver and by pushing its chest slowly. Many
of cadavers due to poisoning show dirty mucous fluids, froth or degeneration of the lip or
around the mouth. It is also essential to look for a bottle or a cup containing a toxic compound.
When they are found, they should be carefully stored until analysis. The packages and plastic
cases for tablets and capsules should be looked for especially in a trash can or other places in
the room. If vacant packages or cases are found in the trash can, they should be carefully lined
up according to upper-to-lower layers. In case of failure to find out them inside the room, such
search should be extended to nearby places, where trash is gathered outdoors.

When it is disclosed that the victim has visited a clinic or a hospital, detailed informations
can be obtained on the kinds of drugs and their amounts prescribed; informations on the diag-
nosis of diseases and the time of the last visit can be also obtained by making inquiries to the
responsible doctor. On every package or case for tablets or capsules, code numbers or special
marks are usually shown; it is easy to identify a drug by the code numbers or marks using a
drug-list book [3]. In most cases of poisoning, victims usually ingest multiple kinds and large
amounts of drugs to commit suicide. The final judgement whether a death is due to drug poi-
soning should be made by counting the number of drugs and by considering the toxicity of
each drug ingested.

Sampling at postmortem inspection

When vomitus and gastrolavage fluid are available, it is preferable to keep all of them. Since the
froth or saliva fluids attached to the lips or their surrounding skin may contain high concentra-
tions of a drug or a poison, they should be sampled by wiping them carefully with gauze and be
kept in a sealed case at room temperature or 4° C.

The author et al. usually sample about 10 mL blood at every postmortem inspection, even
if the cause of death is strongly suggested to be only disease; we keep it at —80° C for at least
1 year. This is because any unpredictable matters may be disclosed by further investigation of
the police. Especially in rural areas without a medical examiner system (this system is active
only in some big cities in Japan), the cadavers, which are considered not involved in criminality,
are usually not autopsied, but subjected only to postmortem inspection. Therefore, the storage
of a blood sample for a long time seems very important, because there is a possibility that the
sample will serve as an effective evidence in the future.

Since the punctures for samplings are based on the request of a judicial police officer, they
are not illegal; but it is preferable to get the consent of family members upon samplings.
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Needles and a glass syringe for punctures. The upper big needle is used for stomach puncture;
the smaller one for cardiac, suboccipital and urinary bladder punctures.

The needle usually used for lumbar puncture can be used at postmortem inspection. How-
ever, we are using so-called “a contrast medium needle”, which is thicker and longer than that
for lumbar puncture (€ Figure 1.2); it is about 16 cm long and its internal diameter is about
1 mmy; it is useful for cardiac, urinary bladder and suboccipital punctures. For stomach punc-
ture, we are using even thicker and longer needles (20 cm long and 1.5 mm internal diameter)
(© Figure 1.2), because the stomach usually contains solid contents. The marking with an oil-
based marker pen at the sites of 5 and 10 cm from the tip of a needle is useful to estimate the
depth of puncture. A conventional glass syringe of a 10-30 mL volume is recommendable
rather than a plastic disposable syringe, because the glass syringe easily gives subtle touch sense
to be transmitted to the finger upon drawing blood.

For cardiac puncture, the needle should be stuck rapidly at the depth of about 10 cm on the
following location of the chest; on the straight line combining both nipples, on an intercostal
space and at the left margin of the sternum. After removing the inner needle, the glass syringe
is connected to the needle; together with pulling the plunger, the needle position is moved back
and forth slowly. When blood is present in the heart, it is easily withdrawn into the syringe; at
least 5 mL blood is sampled and stored.

For urine sampling, the pubic symphysis is palpated, and the needle is stuck into the uri-
nary bladder at the upper margin of the pubic bone at an angle of about 45 degree against the
abdominal skin surface. When a large amount of urine is present in the bladder, it is easily
withdrawn into a syringe. Of course, the sampling of urine by catheterization via the urethra is
possible like in the case of a living patient. Larger amounts of urine are preferable for the case
in which poisoning is suspected.

For sampling of stomach contents, the above large needle is rapidly stabbed toward the
stomach at the inner margin of the left costal cartilages. When a large amount of stomach con-
tents is present, it is easily obtainable. However, it is not easy when their amount is small; it is
difficult to inject the needle through the stomach wall, because the latter is too movable in the
absence of a large amount of stomach contents.



How to handle biological specimens

According to the need, cerebrospinal fluid (CSF), hair and nails are sampled. CSF is sam-
pled by suboccipital puncture as follows. The neck is bent forward, and the needle is stuck from
the backside at the level between the foramen magnum and the first jugular vertebra to reach
the cisterna magna; more than 10 mL of CSF can be obtained by such puncture. As stated be-
fore, there are many cases in which basic drugs or poisons are relatively stably retained in hair
or nails for a long time ; hair and nails sometimes become good alternative specimens for
analysis of drugs and poisons in putrefied cadavers, and may be also useful for detection of
toxins which had been taken or administered in the past. The utility of hair and nails is pre-
sented in Chapter 1.2 entitled “Alternative specimens” of this book.

Puncture needles should be kept clean; after their use, blood attached to the needles should
be immediately removed by washing with tap water by moving the inner needles back and
forth. The bloody needles should not be left to dryness after use.

Sampling at autopsy

When death by poisoning is suspected, stomach contents, right and left heart blood and urine
are collected as much as possible (10-100 mL) and stored. More than 20 g of each tissue of the
brain, lung, heart, liver, kidney and spleen should be sampled. In case of a putrefied cadaver,
the skeletal muscle in the thigh may become a useful specimen for analysis, because the tissue
of this part is most resistant to putrefaction and contains levels of drugs and poisons almost
equal to those in blood. The tissues from different organs should not be put in the same con-
tainer or polyethylene bag; they should be kept separately. Special care should be taken for the
stomach contents, because it may contain a very large amount of a drug or a poison, which can
contaminate other specimens.

When subcutaneous or intramuscular injection of toxins is suspected, the probable injec-
tion site is incised, and the skin is carefully removed to sample the corresponding subcutane-
ous adipose tissue or muscle, which may contain high levels of unchanged drugs or poisons.

Storage of samples

Blood or urine obtained from a living patient or a cadaver is kept in a glass vial (or tube) with
a Teflon screw cap; the vial should be sealed completely. When a polyethylene or plastic tube is
used, the contamination of the sample by a plasticizer and other compounds should be taken
into mind. Solid samples (organs and tissues) are separately put in small polyethylene bags
with fasteners to prevent them from drying. It is preferable that every sample is prepared in
duplicate; one is kept at 4° C for analysis within a few days and the other kept at -80° C for a
long storage. When glass tubes are kept at temperatures below 0° C, the rupture of glassware
due to expansion of frozen fluids should be avoided by leaning or laying the tubes.
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1.2 Alternative specimens

By Fumio Moriya

Introduction

Blood, urine and stomach contents (including gastric lavage fluid and vomitus) are usually
used as specimens for analysis of drugs and poisons for living subjects. A blood concentration
of a toxin can be an indicator for estimation of intoxication degree. Urine sometimes contains
large amounts of metabolites and/or an unchanged form of a toxin; it contains low levels of
proteins, which usually interfere with analysis, and thus is suitable for screening tests using
immunoassays without tedious pretreatments. Stomach contents can be a useful specimen for
identification of a toxin, only when the time after ingestion is short; it contains a large amount
of an unchanged form of a compound ingested. However, there are many cases, in which nei-
ther blood, urine nor stomach contents can be obtained, because of various reasons. Even with
urine, illegal drugs become undetectable several days after their administration. Recently, ac-
cording to marked development of analytical technologies, possibilities are being extended to
ultra-sensitive analysis of toxins in hair, nails, saliva and sweat; these specimens are proving to
be useful for toxin analysis, because many toxins are excreted into these specimens [1].

The use of non-therapeutic drugs, by pregnant women is now a problem, because of their
bad effects on the fetus. To assess the effects of maternal use of drugs on the fetus, data obtained
from a newborn baby together with the mother sometimes become necessary. In that case,
blood and urine are, of course, usually used. Recently, however, meconium to be excreted by a
newborn baby has become an object of interest [2].

At autopsy, any body fluid and tissue can be used for analysis; blood, urine, bile, stomach
contents and the liver are being well used. For assessment of intoxication degree, the blood
levels of drugs and poisons are usually used; however, we occasionally encounter the cases, in
which sufficient amounts of blood cannot be collected, because of exsanguination. In place of
blood samples, pericardiac fluid, cerebrospinal fluid, vitreous humor and skeletal muscle can
be used [3, 4].

Hair

Hair consists of its shaft and root; the cross section shows the cuticle, cortex and medulla. The
cortex part consists of keratine and melanin, and the part counts 80-90% of the whole weight.
At the hair bulb, there is the hair papilla with a bundle of capillary vessel, where drugs and
poisons are transported from blood to hair cells. The cells are keratinized during their growth.
Through this procedure, drugs and poisons are incorporated into hair, resulting in their stable
storage in it. The growth rate of hair is dependent to some extent on age, sex, race and health
conditions; the rates are about 10 mm and 6 mm per month for scalp and pubic hair, respec-
tively [5].

Hair had been used for detecting its exposure to heavy metals by chemical analysis from
the 1950s [6]. The first use of hair for drug analysis is not so old; Baumgartner et al. [7] were

© Springer-Verlag Berlin Heidelberg 2005
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B Table 2.1
Segmental analysis of methamphetamine in hair and nails, obtained from a habitual abuser at
autopsy, by mass spectrometry in the Cl mode*

Specimen Length from Methamphetamine
the root (cm) concentration (ng /10 mg)
Scalp hair (parietal region) 0-0.2 10.8
0.2-1.0 1.38
1.0-2.0 2.19
2.0-3.0 0.68
Pubic hair 0-0.2 25.2
0.2-2.0 0.76
2.0-5.0 0.08
Finger nail (left thumb) 0-0.5 0.83
0.5-1.0 0.76
1.0-1.5 0.38
1.5-2.0 0.08
Toe nail (left big toe) 0-0.5 1.51
0.5-1.0 0.60
1.0-1.5 0.23
1.5-2.0 0.23

* Cited from reference [9]; methamphetamine could not be detected from any body fluid or organ.

first to detect opiate from hair of a heroin abuser by radioimmunoassays in 1979. Thereafter,
many kinds of drugs were reported to accumulate in hair. Nowadays, hair analysis is recog-
nized to be a useful tool for detection of drugs use or abuse. It is possible to detect drug use
history of several months by making segmental analysis of hair, when it is sufficiently long [8].
For example, the authors et al. [9] could detect repeated abuse of methamphetamine until the
time 3-5 days before his death by segmental analysis of both hair and nails obtained at autopsy
(© Table 2.1); in this case, methamphetamine could not be detected from blood, urine and
organs.

For samplings of hair, the scalp hair at the posterior part of parietal region is said to be best,
because of its constant growth rate 10]. Prior to analysis, it is necessary to remove environmen-
tal (exogenous) compounds attached to the surface of hair. Some surfactants, 0.05-1% sodium
laurylsulfate, organic solvents such as n-hexane, dichloromethane, methanol, ethanol and ace-
tone, and 0.01-0.1 M HCl are used for washing the hair surface. To enhance the washing effi-
ciency, an ultrasonic cleaner is often used. To extract a target compound from hair, the sample
is put in methanol, 0.1 M HCl or 0.1 M NaOH and incubated at 40-60° C. There are also meth-
ods employing digestion with 2.5 M NaOH or proteinase K. These extracts are subjected to
liquid-liquid extraction or solid-phase extraction to purify target compounds; the final analysis
is usually made by immnnoassays, HPLC, GC or GC/MS [1, 11].

On the basis of extensive data of hair analysis, the cutoff values when measured by GC/MS
were presumed to be 1.0 pg/10 mg hair for marijuana metabolites, 5 ng/10 mg hair for cocaine,
opiate and methamphetamine, and 3 ng/10 mg hair for phencyclidine [12].

Hair is a good specimen for long-term detection of drugs and poisons; it is possible to ana-
lyze a compound many days later. However, we should keep it in mind that the drug use with-
in 3 days cannot be detected by hair analysis.
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Nails

The nail consists of nail body (plate) and root; its growth takes place at the nail root and
the Malpighian layer of the nail bed. The nail contains hard keratin and its growth process is
similar to that of the hair cortex. Drugs are considered to be transported from blood to nail
matrix cells at capillary vessels located around the nail root. Drugs incorporated into nails are
very stable like in hair. Growth rates of nails were reported to be 3-5 mm [13] and 1.1 mm [14]
per month for the fingers and toes, respectively, although they differ to some extent according
to seasons. In spite of the fact that similar mechanisms do exist in nails for transportation and
accumulation of drugs to those in hair, the reports on nail analysis are not many. In 1984,
Suzuki et al. [15] first reported detection of amphetamines from the nails of methampheta-
mine abusers. Since then only a few reports on methamphetamine detection from nails were
reported [9, 16].

The analytical procedure for nails can be similar to that for hair. Before extraction, nails
should be washed with methanol and water to avoid exogenous contamination. The extraction
can be made after dissolution in 2.5 M NaOH with heating or after crushing in 0.6 HCI. Al-
though the reports on nail analysis are not many, its usefulness seems comparable to that of
hair analysis, in view of identification ability of a drug previously administered and estimation
of both amount and time (period) of administration [9]. Nails seem worth considering as a
good alternative specimen for both antemortem and postmortem subjects.

Saliva

It was in the middle of 1950s when drugs were reported movable from blood to saliva [1]. Since
then many researchers examined the usefulness of saliva analysis, and clarified that drug con-
centrations in saliva reflected those in blood, showed close relationship with the pharmaco-
logical effects and could be used for calculation in pharmacokinetics. Recently, saliva is being
tried for therapeutic drug monitoring and for detection of the driving under the influence of a
drug in the world. Drugs are usually excreted into saliva in their unchanged forms. The con-
centration ratio of saliva to blood tends to be less than 1 for acid and neutral drugs, and more
than 1 for basic drugs; the ratio is also dependent on pH values of saliva [17]. The ratio for al-
cohol is about 1.1 and not influenced by pH of saliva [18].

Saliva can be easily sampled by directly spitting to a tube; a small cotton ball, which had
been weighed, can be placed just under the tongue and kept there for a while for absorption of
saliva into the cotton. These are all noninvasive. It is possible to enhance saliva secretion by
biting a Teflon plate or rubber bands; citric acid is also useful for stimulating the secretion.
However, it should be kept in mind that during the change in the secretion rate, the amount of
a drug excreted into saliva may change according to changes in its pH [17].

A close relationship between drug concentrations in blood and in saliva can be found only
under strictly controlled conditions. This means that it is difficult to determine blood drug
concentrations from the results of saliva analysis in actual cases. However, the drug analysis
using saliva is qualitatively useful for proving drug use, when contamination is excluded.
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Sweat

Sweat is a fluid excreted from the sweat glands (eccrine and apocrine types). The eccrine glands
are widely distributed at the surface of the whole body. The apocrine glands are located in
the axillary, mammary, genital and perianal regions. The glands are under the control of sympa-
thetic nerves; but a majority of the glands is cholinergic and a small part is adrenergic. The max-
imal excretion volume was reported to be about 2 L/day in healthy subjects and about 4 L/day in
trained sport athletes; but the volumes and components are greatly different according to indi-
viduals, types of the gland and various stresses (emotional, physical and thermal) [19].

The sweat analysis started in about 1970, and showed that various drugs can be detected
from sweat [19]. Johnson and Malbach [20] reported that there was close relationship between
pKa of a drug and its amount of excretion into sweat, and also between drug concentrations in
sweat and in plasma. However, the sampling of sweat is a problemy; it is difficult to collect it
quantitatively. In actual cases, the sweat components are collected by wiping the skin surface
with cotton, gauze or towel; PharmChek™ sweat patch (PharmChem Lab. Inc, Menlo Park,
CA, USA) is commercially available for absorbing sweat components [19]. Underwears, which
absorbed sweat components, were used for detection of amphetamines [21]. The components
absorbed could be eluted with water, followed by extraction of drugs before instrumental
analysis.

The sweat is not suitable for quantitative analysis of drugs, because of its problem for sam-
plings. However, only advantage of the use of sweat is the longer periods of drug excretion into
sweat; drugs could be detected from sweat even 1-4 weeks after single administration [1].

Meconium

Meconium is dark-greenish/green-black and muddy, but does not smell unlike feces of chil-
dren and adults. It contains meconium vesicles, downs, squamous cells, lipid droplets and cho-
lesterol crystals. It begins to accumulate in the large intestine at week 16 of pregnancy, and is
not excreted before birth; it is excreted 1-3 days after birth [22]. Ostrea et al. [23] first reported
that meconium was suitable as a specimen for drug analysis in newborn babies. A drug, which
has been administered to a pregnant woman, passes through the placenta, reaches the fetus,
and is metabolized in the fetal liver. The drug together with its metabolites is partly excreted
into bile and finally stored in meconium [24]. Amniotic fluid, which may contain a maternal
drug and its metabolites, is swallowed by the fetus, also resulting in the accumulation of com-
pounds in meconium [25].

The samplings of meconium is easy; meconium excreted in diapers is put to a container.
The volume of meconium to be analyzed is usually 0.5-1 g. Liquid-liquid extraction and/or
solid-phase extraction are employed [2]. The author et al. [26] made drug analysis for meconium
and urine of 50 newborn babies delivered from mothers, who had been suspected for their
drug abuse, at University of Southern California Medical Center; as results benzoylecgonine
could be detected in 12 cases; 5 cases positive for both meconium and urine, 3 cases positive
only for meconium and 4 cases positive only for urine. Opiate was also detected in 7 cases;
3 cases positive for both meconium and urine, 2 cases positive only for meconium and 2cases
positive only for urine. In addition, phencyclidine was detected from meconium in one
case [26].
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The author et al. [27] divided the large intestine containing meconium into 5 parts of a
still birth baby delivered from a woman, who had been habitually abusing cocaine during
pregnancy, and measured benzoylecgonine levels in each part; but we obtained similar levels
(1.86-2.24 ng/g) of the metabolite in each part.

Meconium cannot be used for detection of drug use by a mother on a few days before de-
livery; but it is useful for the use during an earlier period. The merit of the use of meconium is
that drug concentration is usually high when a drug was habitually used by a mother and that
the amount of meconium obtainable is large enough. It seems to be a better alternative speci-
men for living newborn babies than hair and nails.

Pericardial fluid

Pericardial fluid exists in the pericardial space; 5-10 mL or more of it can be obtained, if a ca-
daver is relatively fresh. The fluid can be easily sampled with a syringe after opening the peri-
cardium.

Pericardial fluid has not drawn attention as a specimen for drug analysis until now. How-
ever, the author et al. [3] have clarified its usefulness in forensic toxicology by examining
autopsy cases. The concentrations (x) of acid, neutral and basic drugs in pericardial fluid
were compared with those (y) in blood of the femoral vein using fresh cadavers almost with-
out postmortem changes [4]; there were good correlation between the two body fluids
(y=1.03x-0.034, r=0.994, n=16), suggesting that drug concentrations in pericardial fluid is use-
ful for estimation of intoxication degree. The ratio of drug concentration in pericardial fluid to
that in blood of the femoral vein was 1.33+0.55 [4]. Other merits are that sufficient amounts of
pericardial fluid can be obtained even from a completely exsanguinated body and that the
clean fluid can be directly used for drug screening with an immunoassay kit such as Triage™
without any pretreatment. In addition, the author et al. [4] reported that an average value of
drug concentrations in pericardial fluid and in cerebrospinal fluid gave more accurate value for
estimation of blood drug concentration than the value of pericardial fluid only.

Care should be taken against that pericardial fluid is easily contaminated by postmortem
diffusion, when a large amount of a drug is present in the stomach. The mechanism by
which a drug is transported from blood to pericardial fluid antemortem is considered to be
passive diffusion. The drug concentrations in pericardial fluid seem to change almost in
parallel with those in blood; but more precise data on the pharmacodynamic relationship
between the interval from the intake of a drug to death and its pericardial fluid concentration
are required.

Cerebrospinal fluid (CSF)

CSF is slightly yellowish fluid secreted from the choroids plexus of the ventricle, and fills the
ventricles and subarachnoid spaces; its protein contents is as low as about 0.02%. About 400 mL
of CSF is produced per day, and transported to the sinus; the total amount of CSF in a adult
human is 100-150 mL [28]. CSF can be sampled by lumbar or suboccipital puncture at post-
mortem inspection, or by introducing a thin vinyl tube into the ventricles after removal of
some parts of the brain at autopsy.
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There are almost no reports dealing with the relationship between drug concentrations in
CSF and in blood except for alcohol. The authors et al. [4] compared the concentrations (x) of
acid, neutral and basic drugs in CSF with those (y) in blood of the femoral vein; the equation
and correlation coefficient were: y=1.28x-0.055 and r=0.991 (n=16). The ratio of drug concen-
tration in CSF to that in blood of the femoral vein was 0.55+0.29. Though the value was far less
than 1.0, the data of drug concentrations in CSF can be a supporting evidence for judging
whether a death is due to poisoning.

Vitreous humor

Vitreous humor is a clear gel-like fluid filling the vitreous body of the eyeball. A 1-2 mL volume
of the fluid can be obtained from one eyeball by puncture. Vitreous humor was first used for
alcohol analysis in 1966 [29]. Since then, many researchers tried analysis of various abused and
therapeutic drugs in vitreous humor, and studied the relationship between drug concentrations
in vitreous humor and in blood [30]. The author et al. [4] also made similar experiments; it was
disclosed that drug concentrations in vitreous humor were sometimes helpful for assessment of
intoxication degree, like those in pericardial fluid and CSE However, it seemed difficult to esti-
mate a blood drug concentration only with the concentration in vitreous humor. The volume of
vitreous humor is limited, and thus it is not suitable for extensive analysis for many drugs.

Skeletal muscle

Garriott [31] and the author et al. [3] clarified that drug concentrations in the skeletal muscle
well reflected those in blood. In the case of alcohol, the skeletal muscle-to-blood ratio of alcohol
concentration usually show a value of about 1.0. Therefore, when blood cannot be sampled or
contamination of blood is suspected, alcohol concentrations in the skeletal muscle can be an
indicator for intoxication degree and estimation of the quantity ingested [18, 32]. Although the
concentration equality observed for alcohol in the skeletal muscle is not the case for other
drugs [33], the drug concentration in the muscle seems very helpful for judgement of poison-
ing and its degree. In addition, the skeletal muscle is obtainable in large quantities; the speci-
men is useful in cases in which any body fluid cannot be sampled, and even in cases of muti-
lated and dismembered bodies.
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1.3 Pitfalls and cautions in
analysis of drugs and poisons

By Fumio Moriya

Introduction

Blood and urine are the common specimens for drug analysis in both antemortem and post-
mortem cases. Usually, urine is used for drug screening using immunoassays at the first step;
secondly, the drug detected is chromatographically quantitated with blood. The data obtained
are carefully assessed with taking the values reported in references into consideration together
with clinical and postmortem findings; the judgement of poisoning and its degree is made
comprehensively.

The periods between samplings and analysis and the storage conditions of samples are very
important for assessment of analytical results for human specimens, especially for postmortem
specimens; the postmortem intervals and the degree of putrefaction should be always taken
into consideration. Even in a vial (in vitro) after sampling and also inside the whole body post-
mortem, drugs may be metabolized by coexisting enzymes [1, 2]; postmortem production [3, 4]
and decomposition [5] can take place by the action of bacterial growth. In the autopsy cases,
the source of blood sampled should be recorded exactly; the high concentrations of drugs
present in the lung, heart and liver can diffuse into the surrounding tissues, resulting in higher
drug concentrations in blood there [6]. When a large amount of a drug is present in the stom-
ach, it diffuses into the surrounding tissues and blood postmortem [7, 8]. The urinary bladder
sometimes contains a large amount of urine with a high drug concentration; in such a case,
diffusion of a drug from the bladder into blood of the femoral vein can take place postmortem [9].
When vomitus containing a high concentration of a drug is aspirated into the trachea or bron-
chus, or local anaesthetic jelly is applied to the trachea upon intubation, the concentration of
the drug in heart blood may be enhanced postmortem [10, 11]. Even if analytical instruments
are excellent, correct diagnosis of poisoning is impossible without considering the above phe-
nomena. In analysis of drugs and poisons, there are many subtle points to be considered; in this
chapter, pitfalls and cautions are presented for correct analysis in poisoning.

Metabolism of drugs by coexisting enzymes

Ester compounds, such as local anaesthetics, are susceptible to their metabolism by coexisting
enzymes; they are easily metabolized postmortem by plasma cholinesterase in a cadaver and
even in vitro after antemortem samplings [1, 2]. The cholinesterase activity in blood does al-
most not decline 3 weeks after its storage at room temperature [12]. Cocaine, one of the local
anaesthetics and most popular abused drugs, is largely converted to benzoylecgonine by chem-
ical reaction in antemortem blood at pH 7.4, and a minor part of the drug is metabolized by
plasma cholinesterase to yield ecgonine methyl ester [13]. The latter is further decomposed to
ecgonine by chemical hydrolysis very rapidly and thus not accumulates in blood of living sub-
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jects [13]. In the case of postmortem blood, the pH value of blood rapidly declines due to
anaerobic glycolysis postmortem, resulting in no chemical hydrolysis of cocaine into ben-
zoylecgonine but in accumulation of ecgonine methyl ester by the action of the coexisting
cholinesterase [13]. Therefore, the cocaine concentration in blood at the point of death was
reported to be exactly estimated by summing up the concentrations of cocaine and ecgonine
methyl ester [14].

To prevent ester compounds from their decomposition in blood, the addition of NaF, a
cholinesterase inhibitor, at the concentration of about 1% is being recommended. Cocaine
seems stable in blood for 2-3 weeks in the presence of NaF in a refrigerator [2]. However, in
the case of tetracaine, the addition of neostigmine is necessary in place of NaF to suppress the
in vitro metabolism completely. It should be mentioned that dichlorvos, an ester-type organo-
phosphorus pesticide, is decomposed more easily in the presence of NaF [15].

Heroin is more susceptible to decomposition by plasma cholinesterase than cocaine; the
half-life of the reaction in living subjects is only several minutes [13]. Therefore, it was difficult
to detect heroin from blood of a cadaver, who had received intravenous injection only several
minutes before [16]; but 6-monoacetylmorphine, the main metabolite of heroin, is relatively
stable in blood and detectable postmortem [16].

Postmortem production and decomposition of compounds
by putrefactive bacteria

Various kinds of compounds are postmortem produced by growing bacteria in human speci-
mens; especially alcoholic and amine compounds should be noted in toxicological analysis.
Ethanol is most commonly produced by fermentation. The in vitro production of ethanol in
blood and urine is much less than its production inside a cadaver, and usually give no problems
under storage at 4° C for a week. However, when a large amount of glucose and marked con-
tamination by bacteria are present, non-negligible amounts of ethanol can be produced in
specimens collected. To discriminate ethanol produced postmortem from the antemortem
one, n-propanol can be used as an indicator, because it is produced by bacteria concomitantly [3].
The concentration of n-propanol is not lower than 5% of a postmortem ethanol concentra-
tion [3].

The most typical amine produced during putrefaction is B-phenylethylamine. Its structure
is similar to those of amphetamines. The similarity of the amine sometimes gives false positive
results during screening by immunoassays [17, 18].

In analysis of drugs in specimens collected from cadavers killed especially by severe inju-
ries, followed by intensive medical treatments, a special caution is needed. In such cadavers,
non-negligible amounts of ethanol and -phenylethylamine are sometimes produced by the
action of bacterial translocation [19,21].

The metabolic reactions for drugs by bacteria are essentially reductive; nitro, N-oxide, oxime,
thiono, sulfur-containing heterocyclic and aminophenolic compounds are known to be decom-
posed rapidly [5]. Robertson and Drummer [22] reported that nitrobenzodiazepine drugs were
metabolized to 7-amino reduced forms by enteric bacteria and that such reducing reaction
could not be suppressed by adding NaF. The author et al. collected the cerebral cortex, dien-
cephalons, cerebellum of a nitrazepam user at autopsy, and measured nitrazepam and 7-ami-
nonitrazepam both immediately and 10 days (at 4° C) after autopsy as shown in @ Table 3.1.
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B Table 3.1
Postmortem changes in the level (ug/g) of nitrazepam and 7-aminonitrazepam during in vitro
storage of specimens obtained from a nitrazepam user at autopsy

Specimen Immediately after autopsy 10 days after autopsy*
Nitrazepam 7-Aminonitrazepam  Nitrazepam  7-Aminonitrazepam
Cerebral cortex  3.49 2.55 0.626 5.11
Diencephalon  6.22 2.49 4.61 3.82
Cerebellum 2.17 5.11 0.545 6.55
*Stored at 4° C.

The reductive reaction for nitrazepam proceeds upon storage of specimens at 4° C, but such
reaction can be completely suppressed at —-20° C [22].

Clozapine, an antipsychotic drug, is easily metabolized antemortem to an N-oxide form,
which accumulates in blood of living subjects; the metabolite can be conversely reduced to form
the precursor clozapine in a cadaver and in blood stored in a vial by the action of bacteria.

The concentration ratios of each free form to each glucuronate-conjugated form of opiates
in blood are known to be helpful to estimate intervals after their administration; but the con-
jugated forms can be hydrolyzed to form free opiates by metabolism of bacteria, when bacteria
growth is marked [23].

Postmortem redistribution of drugs

Postmortem redistribution is more common for basic drugs, which have high affinities to the
lung, heart muscle and liver and show wide distribution areas [6]. These drugs are partly liber-
ated from tissues with high contents, penetrate vessel walls and diffuse into blood, resulting in
higher concentrations of the drugs in surrounding tissues than true concentrations at the time
of death. After death, the supply of oxygen and ATP, and the Na*/K* pumping function of cell
membranes stop; then cell membranes and organelles are damaged. In the cells, energy-requir-
ing bindings of proteins with drugs are inhibited, and pH is lowered as a result of accumulation
of lactic acid produced by anaerobic glycolysis. These conditions of cells cause basic drugs to
diffuse outside the cells more easily.

Holt and Benstead [24] first demonstrated the increase of blood drug concentration post-
mortem as a result of redistribution; they found a higher concentration of digoxin in blood of
the heart than in blood of the femoral vein in an autopsy case of a digoxin-user. Jones and
Pounder [25] reported analytical results of imipramine and its metabolite desipramine in blood
and various organs of a victim, who had died by ingesting imipramine and acetaminophen
together with alcohol (postmortem interval: 12 h); when the concentration of imipramine
(2.3 ug/mL) and desipramine (1.5 ug/mL) in peripheral blood is assumed as 1.0, the relative
values were 2.3 and 2.2 in blood of the thoracic aorta, 2.1 and 1.4 in blood of the inferior vena
cava, 3.5 and 3.4 in blood of the pulmonary artery, 7.0 and 7.1 in blood of the pulmonary vein,
70 and 115 in the lung, and 78 and 52 in the liver, respectively. The above data show that imi-
pramine concentrations in blood of the pulmonary artery and vein are higher than those in
blood of the inferior vena cava, although imipramine concentration in the lung was almost
equal to that in the liver, suggesting that the diffusion of the drug into blood is more marked



20

Pitfalls and cautions in analysis of drugs and poisons

B Figure 3.1
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Variation in drug concentration in blood obtained from different locations of each cadaver. Blood
specimens were obtained from fresh cadavers, which had ingested various drugs, with almost no
postmortem changes. Each value was expressed as a ratio of the concentration in blood of a
target location to that in blood of the femoral vein for each victim and for each drug. All values
obtained from blood of each location were averaged irrespective of the kinds of drugs. The bars
show means +SD (n=11-16). The drugs detected were: phenobarbital, phenytoin, ephedrine,
diazepam, nordiazepam, lidocaine, methamphetamine, codeine, barbital, zotepine, amitriptyline
and nortriptyline.

for the lung than for the liver. Hilberg et al. [26] reported, using rats, that the concentrations of
amitriptyline and its metabolite nortriptyline in blood of the heart increased within 2 h after
death, and those in blood of the inferior vena cava increased more than 5 h after death. The
author et al. [27, 28] also clarified that basic drugs distributed in the lung tissue at high concen-
trations diffuse postmortem, through thin walls of the pulmonary vein, into blood of the vein
and are further redistributed into blood of the left atrium of the heart; this is the mechanism of
the higher concentrations of basic drugs in heart blood. The increase in drug levels in blood of
the right heart is less than in blood of the left heart. In many of autopsy cases, drug concentra-
tions in blood of the right heart are similar to those in peripheral blood (in the femoral vein)
(© Figure 3.1). Therefore, blood of the right heart together with peripheral blood seems to be
good specimens for determination of the correct blood drug level, when a cadaver is relatively
fresh [29]. Cautions are needed against that the posture movements of a body at postmortem
inspection and during its transportation can cause a flow of blood in the vessels and thus en-
hance such redistribution of drugs.
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Postmortem diffusion of drugs from the stomach
and urinary bladder

Ethanol is best studied for its postmortem diffusion from the stomach. Pounder and Smith [7]
reported that the body fluids most influenced by the diffusion of the stomach ethanol were
pericardial fluid, followed by blood of the left pulmonary vein, aorta, left heart, pulmonary
artery, superior vena cava, inferior vena cava, right heart and right pulmonary vein; the blood
in the femoral vein was almost not affected. The postmortem diffusion of ethanol from the
stomach is dependent upon the residual amounts of ethanol in the stomach, physique and
postmortem intervals. In actual cases, such diffusion is a problem, when more than 100 g con-
tents containing more than several percent of ethanol are present in the stomach and the post-
mortem interval is longer than one day.

Not many basic studies have not been reported on the postmortem diffusion of general
drugs from the stomach. A drug can diffuse from the stomach postmortem into the surround-
ing tissues and body fluids in the presence of a large amount (more than several ten mg) of the
drug in the stomach with a long postmortem interval. However, the blood of the femoral and
subclavian veins is almost not affected about 2 days after death [8].

Although the postmortem diffusion of a drug from the urinary bladder is rare, it can take
place in the presence of a large amount of urine containing a high content of a drug. The author
et al. [9] experienced an autopsy case of a drug abuser, in which diphenhydramine and di-
hydrocodeine diffused from the urinary bladder, resulting in the remarkable increase in
their concentrations in the femoral vein; although the postmortem interval was 9 days, the
putrefaction was not so marked because of the winter season. The amount of urine in this case
was as large as 600 mL, and diphenhydramine and dihydrocodeine concentrations in it were
22.6 and 37.6 ug/mL, respectively; their concentrations in the femoral vein were 1.89 and
3.27 pg/mL, which were much higher than those (0.204-0.883 and 0.173-1.01 pg/mL) ob-
tained from other parts of circulation, respectively. Although it is unequivocally accepted by
forensic chemists that blood of the femoral vein is most suitable for postmortem analysis of
drugs, it seems dangerous to use only femoral vein blood for drug analysis because of our
above experience.

Postmortem diffusion of drugs from the trachea into heart blood

In the autopsy cases, in which vomitus containing a large amount of a drug is aspirated into the
trachea, postmortem diffusion of a drug into the surrounding tissues of the trachea, especially
into heart blood, should be taken into consideration [10]. In forensic science practice, ethanol
is the case for such diffusion from the trachea [10]. In the ethanol-aspirated case, the story
becomes complicated, because both diffusions from the trachea and from the stomach take
place concomitantly. There are not many reports dealing with comparison of the diffusion
from the trachea with that from the stomach. The postmortem diffusion velocity of toluene
from the trachea was reported to be faster than that from the stomach, after thinner solvent
had been injected into both trachea and stomach of a human cadaver [30]. According to the
experiments, in which ethanol, paracetamol and dextropropoxyphene were introduced into
the trachea, the drugs diffused into blood of the pulmonary vein and artery most rapidly, fol-
lowed by blood of the heart, superior vena cava and aorta [31].
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O Table 3.2
Lidocaine concentrations in various body fluids and organs obtained from 4 victims who did not
regain heart beats after resuscitation treatments*

Specimen Lidocaine concentration (ug/mL or pg/g)

Case 1 Case 2 Case 3 Case 4
Pulmonary artery blood - - - 2.04
Pulmonary vein blood — = — 2.29
Left heart blood 0.349 1.02 - 1.55
Right heart blood 0.102 0.209 - 0.699
Aorta blood - - 0.642 -
Superior vena cava blood - - 0.746 -
Inferior vena cava blood 0.195 0.163 0.133 0.491
Iliac vein blood - 0.074 0.057 0.152
Femoral vein blood - 0.015 ND ND
Cerebrospinal fluid ND - - 0.191
Vitreous humor - - - 0.007
Pericardial fluid 0.193 0.097 0.171 0.489
Bile - - - ND
Urine - - - ND
Cerebrum ND ND ND 0.044
Left lung - 10.9 1.37 9.33
Right lung - 2.65 1.41 2.60
Heart muscle — — — 0.186
Liver ND ND ND 0.183
Right kidney - ND ND 0.020
Right femoral muscle ND ND ND ND

* Xylocaine™ jelly was used at intubation. ND: not detected.

Case 1: 3.5 month female, resuscitation 5 min, postmortem interval about 20 h.
Case 2: 44 year male, resuscitation 5 min, postmortem interval about 20 h.
Case 3: 38 year male, resuscitation 60 min, postmortem interval about 20 h.
Case 4: 60 year female, resuscitation 20 min, postmortem interval about 12 h.

In Japan, Xylocaine™ jelly is usually used at endotracheal intubation in emergency medi-
cine; we frequently experience the detection of lidocaine from blood due to such intubation in
cadavers, which had received the cardiopulmonary resuscitation [32]. Although many victims
without regaining heart beat were included in such resuscitation cases, relatively high concen-
trations of lidocaine could be detected from their heart blood [11]. The distribution of lido-
caine, which had been used at endotracheal intubation, in body fluids and organs of 4 victims,
who did not regain the heart beat, is shown in @ Table 3.2. The postmortem intervals were as
shortas 12~20 h, but rapid postmortem diffusion of the drug from the trachea into heart blood
(especially left heart blood) was observed; there was no influence on the femoral vein blood.
The lidocaine level was remarkably increased in the left heart blood, probably because lido-
caine in the trachea diffused through the thin walls of the pulmonary vein into blood and
then moved to the left atrium of the heart. Lidocaine in the trachea seems to diffuse into blood
of the pulmonary artery. However, the diffusion velocity is slow because of thick walls of the
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artery; the blood of the pulmonary artery hardly flows backward to the right ventricle of the
heart. These seem to be reasons why the concentration of lidocaine is higher in the left heart
blood than in the right heart blood. The postmortem diffusion of lidocaine from the trachea
was also confirmed by experiments with rabbits [11]. Analytical chemists should be always
aware of such a phenomenon for victims who had received emergency medical treatments.

Countermeasures

As stated above, when the handling of specimens is careless, it may cause serious variations
of drug concentrations depending on the kinds of drugs upon their analysis. The temporary
storage of specimens can be made at 4° C in a refrigerator; but they should be kept at -20° C or
preferably at —-80° C until analysis, when the intervals between samplings and analysis are more
than one week. When ester and nitro compounds are analyzed, the addition of a suitable pre-
servative (usually NaF and/or NaNj3) should be considered.

In autopsy cases, blood specimens should be collected from the atrium/ventricle of both
sides, and also from the femoral vein; the analytical data from different locations should be
assessed. For the victims, who had received medical treatments, the analysts should be aware
of the details of the treatments and clinical process.
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1.4 Pretreatments of human
specimens
By Akira Namera and Mikio Yashiki

Introduction

Small amount of drugs and poisons incorporated into human bodies are hidden among large
amounts of biological components, such as proteins, lipids, nucleic acids and membranes. It is
not easy to detect only a target compound from such complicated matrices. Before instrumen-
tal analysis, extraction procedure is usually essential and very important. Extraction methods
are used for removal of such proteins and lipids existing in large amounts in biological matrices,
for removal of impurity compounds interfering with chromatographic separation, for conden-
sation of a target compound, and for removal of compounds causing troubles (such as obstruc-
tion of chromatographic columns and contamination of a detector) in instrumental analysis.
There are numerous methods of extraction, according to target compounds. In this chapter, the
authors briefly present some pretreatment methods including extraction and derivatization
usually being used in biomedical analysis. Many reviews and books on the details of extrac-
tions are available [1-5].

Extraction methods

According to the advancement of analytical instruments, there are some reports on the analysis
of compounds using crude biological samples without any tedious extraction procedure (or
with dilution with water only); this is solely dependent upon the high capability of an instru-
ment. However, in view of the stability and tool life, it is desirable to make suitable pretreat-
ments. In emergency medicine, where a long time for analysis is not permitted, a rapid extrac-
tion method with the minimal purification step is chosen to meet such demand.

For extraction of polar or ionic compounds, a biological specimen can be acidified with
tartaric acid, followed by addition of acetone or ethanol, shaking of the mixture and centrifuga-
tion. To extract metals, organic compounds in a biological specimen should be completely
destroyed; dry or wet incineration methods are employed. For the details of the procedure, the
readers can refer to the books [3, 6]. The authors describe some extraction methods only for
organic compounds as follows.

Deproteinization methods

In analysis of drugs and poisons in human specimens, the main interfering compounds are pro-
tein and lipids components. To remove these molecules, the following methods are being used.

© Springer-Verlag Berlin Heidelberg 2005
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i. Ultrafiltration

Ultafiltration is a separation method according to molecular sizes of compounds, and is also
used for removal of macromolecules. Many type of filters with various pore sizes for passage of
macromolecules (30,000, 10,000 and 5,000 daltons) are commercially available (Millipore,
Advantec or Whatman). The advantages of this method is the simplicity of handling and small
volumes (<0.5 mL) of fluid samples to be required. However, it is impossible to separate drugs
or poisons from the endogeneous medium- and small-sized compounds by this method.

ii. Sedimentation

By adding acids or organic solvents to specimens, proteins can be denatured to form insoluble
aggregates, which can be easily removed by centrifugation. The reagents being widely used for
sedimentation are: methanol or acetonitrile, trichloroacetic acid or other acids, and ammonium
sulfate or tungstate. This type of methods is simple, relatively rapid and thus suitable for use in the
emergency medicine. Analysts, however, should be cautious of the serious loss of target com-
pounds, because of their incorporation into the aggregated and sedimented macromolecules.

iii. Dialysis

Semipermeable membranes of tubular types are usually used for extraction of low-molecular
compounds by dialysis. Typically, a volume of crude specimen fluid is packed in a membrane
tube, which is then put in a large volume of an organic solvent in a beaker with stirring of a
Teflon-coated magnet bar. Since the movement of a drug stops, when an equilibrium is at-
tained between the inner and outer solutions, complete recovery cannot be achieved by a single
extraction. Although the handling procedure itself is very simple, it takes a long time to reach
the equilibrium according to the kind of a target compound; this method is not suitable for
treatments of many specimens.

Headspace method

A specimen is put in a vial with a Teflon septum cap, and warmed (or heated) in a water bath
or on a block heater. After a suitable time of warming, a needle of a syringe is inserted through
the septum to draw the headspace gas containing a target compound. This method is very suit-
able for gas chromatographic analysis. The headspace method is widely used for analysis of
volatile compounds, but is not suitable for thermolabile compounds. It is being used for analy-
sis of ethanol and toluene [5]; and also used for semi-volatile compound such as ampheta-
mines [7].

Liquid-liquid extraction method

Many of drugs or poisons show hydrophobic properties, though their degree of hydrophobic-
ity is different in different compounds. By utilizing the solubility in organic solvent (difference
in partition coeflicients), drugs and poisons can be extracted from an aqueous specimen into
an organic solvent by shaking them. Various modified methods of the liquid-liquid extraction
were reported; each method has its advantage and disadvantage. An example of the methods is
shown in @ Figure 4.1.
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An example of separation of drugs by liquid-liquid extraction (cited from reference 2).

This method allows selective extraction of drugs according to the properties of the com-
pounds (acidity or basicity). The mode of transfer of a drug from a phase to another phase is
well known empirically and can be estimated physicochemically; this is very useful for analysis
of an unknown compound. However, during extraction from specimens with high protein and
lipid contents by this method, emulsion formation sometimes appears and makes it difficult to
separate the two liquid phases clearly.

Extrelut® is a diatomite with a porous structure, and can adsorb and maintain a water
phase on its surface. A crude aqueous specimen can be directly applied onto an Extrelut® col-
umn; then an organic solvent, which is not miscible with water, is used for elution of a drug.
Although the procedure is very similar to that of solid-phase extraction, the principle for Ex-
trelut® is essentially liquid-liquid extraction, which takes place between aqueous and organic
phases on the surface of the diatomite. A merit of the use of an Extrelut® column is that emul-
sion is not formed even for whole blood specimens.

. NH4Cl (solid, pH 7.5-8.0)
0.5M HpS04 CH)Cly (5 % CH30H)

10% NH4OH (pH 7.5-8.0)
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B Table 4.1
Kinds and characteristics of various packing materials for solid-phase extraction

Packing material Characteristic

Octadecyl (C;5) group Reversed phase: highly hydrophobic
Graphite carbon Reversed phase: highly hydrophobic

Octyl (Cg) group Reversed phase: hydrophobic

Silica Normal phase: polar and neutral

Florisil Normal phase: polar and weakly basic
Alumina A Normal phase: polar and acidic

Cation exchanger Cation exchange

Anion exchanger Anion exchange

Mixed mode Reversed phase (Cg) plus cation exchanger
Aminopropyl (NH2) group Normal phase, reversed phase or weak cation exchanger
Cyanopropyl (CN) group Normal phase or reversed phase

Diol (OH) group Normal phase or reversed phase

Solid-phase extraction

Solid-phase extraction is used for separation of a drug from biological components by utilizing
their different affinities to packing materials (stationary phase) [8]. Originally, natural materi-
als such as silica gel was used; but recently, many kinds of packing materials, to which various
functional groups and polymer materials had been bound (€ Table 4.1), have been developed
and have become commercially available. Therefore, the range of their selection has been ex-
tensively increased. For the original types of solid-phase columns (cartridge), activation of the
packing materials before use was required and the materials could not be dried throughout the
procedure. As shown in @ Figure 4.2, however, new items for solid-phase extraction without
need for such activation (abselut™ NEXUS, Varian) and without need for cares not to dry up
the column (Oasis®, Waters) have been developed. To realize a high throughput for extraction,
a plate for simultaneous extraction of as many as 96 samples is now commercially available.

Condensation is required for a large volume of eluted solution after solid-phase extraction.
This procedure takes a long time, when the volume of an eluent is large and the volatility of the
eluent is relatively low. Recently, a thin disk (Empore Disk®, 3M), which enables the efficient
adsorption of drugs and their efficient elution only with a small amount of a solvent, has been
developed.

Solid-phase microextraction

Solid-phase microextraction is a method employing adsorption of drugs to a stationary phase
coated on a fiber attached to a microsyringe [9, 10]. Drugs adsorbed are desorbed inside an in-
jection port of a GC instrument at high temperatures, inside an interface of an HPLC instrument
or inside a capillary of CE, to introduce drugs into each analytical instrument. To adsorb drugs,
both headspace and direct immersion methods are being used. Recently, a special stirrer magnet
coated with a stationary phase has become commercially available (Twister ™, Gerstel).
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B Fig. 4.2
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Handling procedures of solid-phase extraction.

Derivatization

Derivatization of a compound is usually used for volatilization and stabilization of a non-vola-
tile or thermolabile compound, for modification into a suitable form to be detected by a spe-
cific detector (for example, pentafluorobenzylation for ECD of GC and dansylation for fluores-
cence detection by HPLC) and for detecting a high-molecular fragment peak in mass spec-
trometry. In addition, a polar (ionic) compound is occasionally converted to a non-polar com-
pound by binding a hydrophobic group to it for efficient extraction of the derivatized product
into an organic solvent.

The authors briefly mention some methods of derivatization being widely used in bio-
medical analysis as follows. For details on reagents and procedures, the readers can refer to the
books [11] or instruction leaflets attached to each derivatization reagent.
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Alkylation

One of the most popular derivatization methods is alkylation; alkyl groups, such as methyl or
propyl moieties, can be bound to acid or amino compounds using tetrabutyl ammonium
(TBA) or pentafluorobenzyl bromide (PFB-Br). Organic acids, salicylic acid and barbituric
acids are frequently alkylated for GC analysis.

Acylation

Acylation is also widely used for derivatization of amino, hydroxyl and thiol groups, and it
improves chromatographic separation by suppressing non-specific adsorption to gas chroma-
tographic columns; trifluoroacetyl chloride (TFA-CI) and p-nitrobenzoyl chloride are used as
reagents for acylation. Anhydrous conditions are necessary for the reaction according to the
kinds of derivatization reagents.

For the analysis of amphetamines, trifluoroacetylation is widely employed to prevent them
from their adsorption to an injection port and to detect fragment ions in higher mass ranges.
However, the trifluoroacetyl derivatives suffer from their instability and loss due to evaporation.

Silylation

This is a reaction for converting non-volatile compounds due to the dipole action of a hydro-
gen donor group such as hydroxyl, phenol, carboxylic acid and amino groups into volatile
ones. The characteristic fragmentation patterns make structure analysis easier.

The silylation derivatization is usually used for analysis of morphine and codeine. Although
these compounds can be analyzed by GC(/MS) in undelivatized forms, the derivatization gives
much improvement of peak shapes and enhanced sensitivity.

Esterification

Acidic drugs containing a carboxylic acid group are highly polar, show tailing caused by inter-
action between the drugs and a GC column, and are usually involatile due to association among
the molecules. To solve these problems, the esterification is made on the carboxylic acid com-
pounds using hydrochloric acid-containing alcohol or diazomethane. The latter reagent is con-
sidered to be the best compound for esterification, but shows danger of carcinogenesis and
explosion; in place of the diazomethane, trimethylsilyldiazomethane dissolved in hexane is
now commercially available, because of its safety.

Other derivatizations

Derivatizations are also used for purposes to add visible or ultra violet absorptivity, fluorescence
and optical activity to compounds to be analyzed. For such derivatizations, reagents reacting with
amino, carboxyl and hydroxyl groups are available. The details are described in the book [11].
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Automated pretreatments

In parallel with the increase of the number of poisoning incidents, the number of human spec-
imens to be analyzed is increasing. Trace analysis is required in many cases of analysis of drugs
and poisons; this means that a relatively long time is required for pretreatment of each sample.
It is difficult for the limited number of workers to treat many samples simultaneously. The use
of automated pretreatment instrument is labor-saving, decrease artificial mistakes and increase
reproducibility and reliability of data. When hazardous compounds are handled, such instru-
ment makes workers free from dangerous situation and increases safety.

The automatic pretreatment instruments have been constructed for both liquid-liquid ex-
traction and solid-phase extraction. AASP (advanced automated sample processors) are being
sold by Gilson and Varian; PROSPECT from GL Sciences, Tokyo.
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1.5 Detection methods

By Osamu Suzuki

Introduction

The advancement of technologies was marvelous during the past half century; new analytical
instruments have been being invented and improved. About 30 years ago, thin-layer chroma-
tography (TLC) was being used most widely for detection and identification of drugs and poi-
sons. Around that time, the use of GC/MS started in the field of medicine. Therefore, an ideal
procedure for analysis of drugs and poisons was considered to be the screening by TLC, fol-
lowed by the final identification and quantitation by GC/MS.

However, recently, various enzyme immunoassays for drugs without need of pretreatments
have appeared, and some disposable drug screening kits have become available, resulting in a
great change of analytical procedure for unknown toxins in human samples. @ Figure 5.1
shows a flowchart of the current analytical procedure for human specimens. For the details of

Specimens
B Fig. 5.1
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preliminary spot or color tests, the readers can refer to a new book [1], which has been pub-
lished very recently.

Thin-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 with-
out 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. 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 R¢
values (distance which a compound travels from the origin/distance which a solvent front
travels from the origin).

This method requires no expensive instruments and is very simple. Since relatively many
samples can be analyzed by this method in several hours, it is widely used as a simple method
for detection and tentative identification of drugs. For detecting each spot, a reagent solution
specially prepared can be sprayed on the plate to detect a compound specifically. The details of
the TLC method are well described in many books of forensic and analytical chemistry [2, 3];
the specific reagents to be sprayed are also described [4, 5].

The spots separated and detected by TLC can be quantitated to some extent (semiquantita-
tively) by a densitometer; the detection limits are several ten ng to several pg on a plate.

Recently, TLC plates coated by stationary phases with small and uniform particles
(4.5-5 um diameter) have became commercially available [6]; these plates are superior in sep-
aration ability and requires shorter times for development. They are being called “high-per-
formance TLC (HPTLC)”

Spectrophotometric and fluorescence analysis

A spectrophotometer and a fluorophotometer (spectrofluorophotometer) are very common
analytical instruments equipped at almost every chemical or biochemical laboratory. With
spectrophotometers, the absorption of ultraviolet and/or visible light can be measured. The
detection limits are usually several ug/mL by spectrophotometry and about several ten ng/mL
by fluorophotometry. Each spectrum of compounds can be recorded for tentative identifica-
tion by both methods, but only with the spectra of compounds, the final identification cannot
be achieved.

The spectrophotometer and fluorophotometer are also useful as detectors in high-perform-
ance liquid chromatography (HPLC); in these cases, the detectors are simplified and downsized.

Infrared absorption spectroscopy

When a molecule is irradiated by an infrared light beam, a certain rotation or vibration takes
place depending on the nature of a molecule. Infrared absorption occurs only when a change
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in dipole moment takes place. The conventional dispersive type of the spectrometer gives low
sensitivity and requires several ten pg to several mg of a pure compound for measurements. By
comparing the absorption spectra, the confirmation of identity can be achieved for a known
compound; estimation of particular bonds and functional groups may be possible for an un-
known compound.

The conventional dispersive type of the instrument was high-powered by changing optic
structures and by using a computer system to construct the Fourier transform infrared spec-
trophotometer (FT-IR). The instrument is as expensive as a mass spectrometer. By increasing
the scan number and by shortening the scan time, FT-IR can be connected with GC and HPLC.
However, in toxicological analysis, FT-IR does not seem superior to mass spectrometry.

Radio- and enzyme-immunoassays and fluoroimmunoassays

Radioimmunoassays (RIA) are based on the competition of a drug in a specimen with its
radiolabelled 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.

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 licence for radioactive compounds. The recent prod-
ucts of ELISA have sensitivity and specificity comparable to those of RIA. In the sandwich
ELISA method, the primary antibody fixed to a plate and the secondary antibody labeled with
an enzyme marker are employed. The antigen (drugs or poisons) is bound between the two
antibodies.

One of the fluoroimmunoassays is based on the difference in polarization between the
bound and free forms of a fluorophore-labelled drug observable during the antigen-antibody
reaction. Although this method is simple, the sensitivity is not so high.

In all of the above immunoassays, antibodies specific to drugs or poisons should be pre-
pared in advance. There is a disadvantage of cross reactions among drugs of similar structures.
However, when once the method is established for a drug as a kit, a crude biological specimen
can be analyzed without any extraction or purification; it is quite useful for screening or as a
preliminary test.

Now, immunoassay kits are commercially available from manufacturers in U.S.A. and
Europe for amphetamines, antiepileptics, antiarrhythmics, cardiac glycosides, antibiotics,
bronchodilating agents, anticarcinogens, antipyretic-analgesics and immuno-suppresives.

Recently, a disposable kit Triage® is being widely used to screen drugs of abuse and their
metabolites in urine; this kit is also based on an immunoassay using gold colloid particles. It
can qualitatively detect benzodiazepines, cocaine metabolites, amphetamines, a cannabinoid
metabolite, opiates, phencyclidine and tricyclic antidepressants in only about 10 min. Some
similar kits are being sold in U.S.A. and Europe. The situation of widely used or abused drugs
is different according to countries. Abusing cases with phencyclidine are very rare in Japan,
while the cases with phenothiazines, bromisovalum and acetaminophen are very common.
The development of an immunoassay screening kit covering the above drugs widely used in
Japan is being awaited.
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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 (N, or He) inside a GC column at relatively high temperatures. Therefore, GC is not suita-
ble for analysis of non-volatile or thermolabile compounds, but is superior in separation abil-
ity, because of the high number of theoretical plates; the reproducibility of the method is excel-
lent, because of the simple structure of the instrument. GC is now being indispensable for drug
analysis.

GC columns

The conventional packed column is prepared by introducing a packing material into a glass
column with internal diameter of 2-3 mm and with length of several meters. The packing ma-
terials is prepared by well mixing an inert granular support with an oily liquid phase. The kinds
of both supports and liquid phases are numerous; the most suitable ones can be chosen from
many.

Recently, fused silica capillary columns are far more popular than the packed columns. The
former columns are open-tubular and several ten meters long; carrier gas can flow fast through
them. A liquid phase of 0.1-2.0 um thickness is coated on the inside-surface of each column.
There are three types of capillary columns according to the size of their internal diameter; nar-
row-bore columns for 0.1-0.18 mm, medium-bore columns for 0.25-0.32 mm and wide-bore
columns for 0.53-0.72 mm.

The capillary columns give better separation and less adsorption of analytes than
the packed columns, resulting in the appearance of sharp and symmetrical peaks with
high sensitivity. As liquid phases, non-polar dimethylsilicone, slightly polar 5% phenylsili-
cone/95% dimethylsilicone, intermediately polar 50% phenylsilicone/50% dimethylsilicone
and highly polar polyethylene glycol are being used. Even for compounds, which give no
peaks with packed columns, their peaks can be detected with capillary columns in many
cases.

The wide-bore capillary column is useful, when a relatively large amount of gas has to be
injected without splitting; it can be used for alcohol analysis in combination with the head-
space method. Since the gas flow inside the wide-bore column is fast, and thus the time for
exposure to heat is short, the column is sometimes suitable for analysis of relatively thermola-
bile compounds such as benzodiazepines.

Since the gas flow rate for a medium-bore capillary column is usually several mL/min,
1-2 pL of an organic solvent extract to be injected should be split prior to its introduction into
the column; this means that only less than 10% of the entire sample volume injected is detected,
resulting in lowered sensitivity. However, about ten years ago, an automatic switching device
between the splitless and split modes became very popular for new types of GC instruments.
The device made it possible to introduce an entire amount of a compound to be analyzed into
a medium-bore capillary column in the splitless mode at a relatively low column temperature
to completely trap the compound inside a front part of the column; after changing to the split
mode, the oven temperature is elevated gradually, until a large peak due to the entire amount
of the analyte appears.
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Cryogenic oven trapping GC

A microcomputer controlling cryogenic oven temperatures below 0° C became widely availa-
ble for modern types of GC instruments. It had been originally designed for rapid cooling of
an oven to reduce analysis time. The authors et al. [7, 8] used it to trap volatile organic com-
pounds (VOCs) contained in gas samples, and named it “ cryogenic oven trapping (COT)” By
use of this method, a large volume of headspace vapor (5 mL or more) can be introduced, in
the splitless mode, into a medium-bore capillary column at low oven temperatures. The proce-
dure results in trapping of VOCs inside a narrow zone of the inlet end of a cooled column
without any loss of analytes in the splitless mode (@) Figure 5.2). Therefore, very sharp and big
peaks and good separation can be achieved by this method. In spite of the use of the conven-
tional flame ionization detector, the sensitivity obtained by GC-COT is 10-50 times higher
than that of the usual headspace GC. The author et al. [7] first applied this method to sensitive
analysis of chloroform and dichloromethane and established the details of the procedure. After
this study, we extended this line of experiments to other VOCs and got good results.

The cost of the COT device is low, and the handling of the device is so simple that no special
procedure is required during GC analysis. One disadvantage of COT with liquid CO, is the
possibility of CO, poisoning. Air containing more than 3% CO, was reported to be hazardous
to humans; 6-10% CO, is very dangerous. Such danger should be kept in mind, and laborato-
ries should be ventilated during such experiments. The consumption of the liquid CO, is rapid
especially for COT at very low temperatures; this means that more cost for liquid CO, is need-
ed for lower oven temperatures.

B Figure 5.2 glass syringe
E detector
cooled aggregate 280C
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CO:
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solenoid valve GC oven

Structural schema of cryogenic oven trapping (COT) GC. Liquid nitrogen is vaporized in the GC
oven for cooling under the control of a microcomputer. After injection of 5 mL volume of
headspace gas, the entire amount of a target compound is trapped inside a front part of the
capillary column.
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GC detectors

The flame ionization detector (FID) is most common for GC analysis. Every compound having
a C-H bond can be detected with the FID. At the outlet of GC flow, hydrogen gas and air are
mixed with the carrier gas and burnt in the presence of voltage; ion current due to ionized
carbon is measured. The detection limits of an FID is 1-10 ng in an injected volume.

The flame photometric detector (FPD) is partly similar to the above FID in that a target
compound is burnt with hydrogen gas and air; however in this method, the changes in color of
the hydrogen flame are optically detected. It is sensitive and specific for compounds containing
sulfur and phosphorus.

The electron capture detector (ECD) utilizes B-ray irradiated from ®Ni to detect com-
pounds containing halogen and nitro groups in their structures. The detection limits obtained
with an ECD are several pg to several ng in an injected volume.

The flame thermionic detector (FTD) is the same as the nitrogen phosphorus detector
(NPD), and responds to nitrogen- and phosphorus-containing compounds with high sensitiv-
ity. Its detection limits are several ten pg to several ng; the sensitivity with an FTD is about ten
times lower than that with an ECD.

The surface ionization detector (SID) was developed in Japan. It is highly sensitive and
specific for tertiary amino compounds. Good results were obtained for analysis of tricyclic
antidepressants and diphenylmethane antihistaminics.

High-performance liquid chromatography (HPLC)

Many years ago, more than nine million compounds were registered in the Chemical Abstracts;
among them the number of compounds analyzable by GC was said to be only 130,000 (1.4%).
It shows that the great majority (more than 98%) of the compounds are highly polar, non-vola-
tile or thermolabile. Therefore, it seems correct that to analyze unknown compounds, HPLC is
more suitable than GC. In fact, the use of HPLC is increasing.

In an HPLC column, a fine particle packing material (stationary phase) is packed; after
loading purified sample solution onto the column, a mixture of organic solvents and/or a buffer
solution is sent to the column. The target compound can be separated from other compounds
during passage through the column according to the difference in flow rate for different com-
pounds. The separation ability of HPLC is much inferior to that of capillary GC. HPLC col-
umns can be classified into three groups, viz. normal phase, reversed phase and ion exchanger
columns. Among them, reversed phase columns are being used most popularly; as packing
materials, C;g and CN groups covalently bound to support materials are being well used. As a
mobile phase, a mixture of water and methanol (or acetonitrile) is commonly used. When
octanesulfonate or heptanesulfonate is added to the mobile phase, the ion-exchanging effects
can be added to the reversed phase HPLC, resulting in the better resolution ability of the
column. This is called “ion-paring reversed phase HPLC” and is becoming more popular also
in analysis of drugs and poisons.

As one of the trends in HPLC, miniturization of separation columns and the related sys-
tems can be mentioned. In addition to the standard-bore columns of 3-6 mm internal diame-
ter, so-called micro-bore columns of 1.0-2.1 mm internal diameter have become used popu-
larly. Capillary HPLC columns of 0.3-0.5 mm internal diameter are also commercially availa-
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ble. This kind of minituarization makes the volume to be injected smaller, which is eventually
related to enhancement of sensitivity, and makes the resolution ability better.

Before introduction to a separation column, a switching system consisting of a condensa-
tion column and a switching valve can be attached to an HPLC instrument. By this system, as
large as 500 pL of sample solution can be injected and sent to the separation column without
any loss of a target compound, resulting in much higher sensitivity.

As detectors for HPLC, a UV plus visible spectrophotometer and a fluorophotometer are
most common. With the latter detector, several ten pg to several hundred pg of compounds can
be determined under the best instrumental conditions. Catecholomines can be detected with
an electrochemical detector of HPLC with very high sensitivity.

The HPLC sometimes suffers from shifts in retention time during repeated assays and most
seriously from the obstruction of the column. More efforts for maintenance is required for
HPLC than for GC.

lon chromatography (IC)

IC is a specialized type of HPLG; it is exclusively adapted for analysis of ionic compounds in-
cluding inorganic and metal compounds. The arsenic poisoning incident which took place in
Wakayama, 1998, and the following incidents with sodium azide poisoning reminded us the
importance of analysis of inorganic compounds. To analyze inorganic ions with high sensitiv-
ity, IC is now the most useful tool. However, the costs for IC instruments are much higher than
that of a usual HPLC. An IC system consists of a pump, an ion-exchange separation column,
a suppressor, a conductivity detector and a workstation for integration and data processing. For
analysis of inorganic anions and cations, anion and cation exchanger columns are used, respec-
tively.

Since the change in electric conductivity caused by a target inorganic ion is measured
by IC, high baselines and interfering peaks caused by ions being mixed in the mobile phase
become serious problems. Therefore, the suppressor is essential to lower the baseline and to
stabilize it to detect a peak of the target compound with high sensitivity; it should be, of course,
located before the detector. The detection limits are several ng to several ug on-column de-
pending on the kinds of compounds to be analyzed.

Various combinations of a mobile phase with a separation column, almost every inorganic
ion (anions and cations) can be detected and quantitated. IC for inorganic ions is comparable
to HPLC for organic compounds; thus the final identification cannot be achieved only by IC.
For the identification of inorganic ions, ICP-MS is required.

Mass spectrometry (MS)

In the positive ion electron impact (EI) mode of MS, a target molecule is strongly collided by
electron to yield many/some fragment ions. The positive fragment ions are accelerated in an
electric field, introduced into a lens of an electric or magnetic field or into an electric field of
a quadrupole for separation according to the mass numbers of fragment ions, and finally
detected. A characteristic mass spectrum is obtained with the mass number on the horizontal
axis and bars of various intensities on the vertical axis. The EI mass spectrum shows a stereo-



40

Detection methods

typed pattern according to each compound under similar MS conditions; it is widely accepted
that MS is the most reliable identification method. When the profile of an EI mass spectrum
obtained from a compound in a specimen coincides with that obtained from the authentic
compound, it can be almost concluded that the two compounds are identical. In the selected
ion monitoring (SIM) mode of MS, ultra-sensitive quantitation can be realized at pg or fglevels
on-column. The magnetic sector mass spectrometer is relatively large in size and expensive. To
obtain exact mass numbers with four decimal places, high resolution mass spectrometry using
a double-focusing magnetic sector mass spectrometer is necessary. The functions of recent MS
instruments have been markedly improved; even with a low resolution mass spectrometer,
good measurements can be achieved without shifts in a mass unit. Therefore, for analysis of
drugs and poisons, bench-top type quadrupole mass spectrometers, which are relatively cheap
and easy to be handled, are being used widely.

GC/MS

A mass spectrum can be obtained by the direct inlet method; in this method, an almost pure
compound should be used. When a crude extract from a human specimen is analyzed, a target
compound should be separated by chromatography before application to MS. Therefore, on-line
GC/MS is usually used in such cases.

There are 3 types of ionization in GC/MS; positive ion EI, positive ion chemical ionization
(CI) and negative ion CI modes. The positive ion EI mode is most common, standardized and
suitable for measurements of mass spectra. However, there are many cases in which molecular
ions (M*) cannot be obtained; the molecular weight cannot be estimated in such cases.

The positive ion CI mode is a much softer ionization method than the EI mode; the colli-
sion of electrons ionizes the reagent gas, and the ionized gas interacts with a target compound
largely to yield an intense [M+1]* protonated-molecular ion, which is useful for estimation of
its molecular weight.

In the negative ion CI mode, the reaction mechanisms are similar to the above positive one;
but only negative ions produced are detected. This method gives various characteristic advan-
tages; by this method, halogen group-and nitro group-containing compounds can be detected
with high sensitivity, and these groups can be easily identified by the presence of characteristic
peaks of halogens liberated. The method also gives characteristic base peaks for organophos-
phorus pesticides, which is very useful for both screening and sensitive quantitation by SIM.

LC/MS

The reason why on-line GC/MS was first realized is that the connection between GC and MS
is very easy; with use of a medium-bore capillary GC column, the sample gas can be directly
introduced into an ionization chamber without use of a separator, because of its low flow-rate.
However, there were many difficulties for connecting LC (HPLC) with MS until recently. Now-
adays, these problems have been overcome, and many types of on-line LC/MS instruments are
commercially available. Many reports are being published on analysis of drugs and poisons by
LC/MS. The connection device between LC and MS is called “interface”. As interfaces, thermo-
spray, frit-fast atom bombardment, atmospheric chemical ionization (APCI) and electrospray
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ionization (ESI) modes can be mentioned. Among them, ESI and APCI are being used best,
because of their high sensitivity and good quantitativeness.

LC/MS instruments have become widespread very rapidly. Many drugs and poisons in bio-
logical specimens can be identified and quantitated without any derivatization by this method.
The sensitivity of LC/MS has been improved and is now comparable to that of GC/MS.

MS/MS (tandem MS)

Two MS instruments are combined; the first MS is used for separation of compounds like GC,
and the second one is used for selective detection. Relatively crude samples with many impuri-
ties can be injected into the first MS by the direct inlet method, and a single ion produced
is selected and introduced into the second one to collide with neutral molecules (inert gas),
resulting in product ion formation. The latter process is called “collision induced dissociation
(CID)” and useful for identification and quantitation using the product ions.

GC or LC (HPLC) can be connected with MS/MS; GC/MS/MS or LC/MS/MS gives clean
product ion mass spectra without impurity peaks, and enables sensitive quantitation by selec-
ted reaction monitoring (SRM) with very high specificity. GC/MS/MS and LC/MS/MS are now
the most powerful tools for drug and poison analysis.

As described above, the tandem type with two MS instruments is called “tandem-in-space
mode”, and is relatively expensive. Another tandem type is MS of ion trap mode; it does not
need two instruments. One MS instrument can fulfill the tandem function with a different
principle and with regulation by a computer; this type is called “tandem-in-time mode”, and
less expensive than the tandem-in-space MS type. Although the tandem-in-time type does not
allow the simultaneous scanning of both precursor and product ions, the sensitivity is very
high. It is said that quantitativeness of the ion trap MS is low; to achieve accurate quantitation,
the use of a stable isotopic internal standard is necessary.

Inductively coupled plasma-MS (ICP-MS)

“Plasma” is electrically neutral but ionized gas, in which atoms moving randomly, ions and
electrons are coexisting. ICP is argon plasma, which has been excited by high frequency induc-
tion [9].

A copper wire is coiled around a discharge tube made of quartz glass, which is called
“torch”; and an electric field is produced inside the torch by turning on the electricity through
the coil. When argon gas is introduced into the torch, the argon atoms are accelerated in the
electric field to yield argon plasma after repeated collisions. The temperature of the resulting
ICP is as high as 6,000-8,000 K. When a nebulized specimen is introduced into the torch to-
gether with carrier gas of argon, atoms in the specimen are excited and emit each spectrum
beam, which is specific to an element; a part of the atoms is ionized simultaneously.

ICP emission spectrometry is a method for detecting the beam emitted by the ICP spectro-
photometrically; ICP-MS is a method for detecting the ions by MS. In ICP-MS, a quadrupole
MS instrument is usually used; many elements can be simultaneously detected with high sen-
citivity at pg/mL levels within a short time. These ICP methods are suitable for elemental anal-
ysis of inorganic compounds and metals rather than organic compounds.
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ICP mass spectrum for arsenic and other metals. Human nails were used for analysis. The peak at
m/z 75 is due to arsenic. The shadow peaks were obtained from a blank sample.

The mass spectrum of ICP-MS is different from that of usual MS for organic compounds.
It is an elemental analysis and does not show the structure of a molecule. To estimate a struc-
ture of an inorganic ion, it is recommendable to connect ion chromatography (IC) with the
ICP-MS. @ Figure 5.3 shows a characteristic ICP-mass spectrum; the horizontal axis shows
the mass number and the vertical axis the intensity of each ion of elements [10]. In the mass
spectrum for arsenic, it should be kept in mind that Ar being used as plasma gas is easily bound
with Cl to form argride (ArCl*, m/z 75), which give the same mass number as that of As*.
Quantitative analysis can be also made by ICP-MS.

The cost for ICP-MS is as high as that of the magnetic sector mass spectrometer. IC/ICP-
MS is very useful for identification and quantitation of inorganic molecule, but the cost is even
higher. The IC/ICP-MS is comparabe to the LC/MS for organic compounds.

X-ray fluorescence analysis

In the X-ray fluorescence analysis, the word “fluorescence” is used. However, it does not mean
the use of actual fluorescence light. In the usual fluorescence spectrophotometry, when an aro-
matic molecule having a conjugated double bond is irradiated by a light with a shorter wave-
length (higher energy), the molecule absorbs the light energy to be enhanced to an excited
state and emits a light with a longer wavelength (lower energy) as fluorescence. A similar phe-
nomenon can be observed for other radiations; when an atom is irradiated by an X-ray, y beam
or electron beam, an X-ray characteristic of the atom is emitted. Therefore, the emitted X-ray
is called “fluorescence X-ray”

In the X-ray fluorescence analysis, elements having molecular weights not smaller than
that of Na can be easily analyzed qualitatively and quantitatively; the method is very suitable
for elemental analysis of inorganic and metal compounds. The advantage of this method is the
ability of analysis without any damage to a specimen; it is noninvasive, and the specimen, which
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had been used for the X-ray fluorescence analysis can be again used for another analysis. There-
fore, this method is especially useful for screening of inorganic compounds (see € Figure 5.1),
and the final analysis can be made by IC or ICP-MS. In the curry poisoning incident in
Wakayama, arsenic could be identified from curry by these methods [10].

The sensitivity of the X-ray fluorescence method is at pug/g levels, and the cost for the in-
strument is relatively high.

Atomic absorption spectrometry

When NaCl crystals are introduced into a flame of gas burner, the blue color of the flame
immediately changes to an orange color. By utilizing such a phenomenon, various inorganic
and metal compounds can be analyzed spectrophotometrically by burning specimens [12]. It
is especially suitable for analysis of cation metals; however, each lamp, which emits a light
showing a specific wavelength, is necessary for each element to be analyzed.

Recently, so-called flameless atomic absorption spectrometry is being used; it does not use
flame burning, but uses a furnace of high temperature. The advantages of the flameless method
are smaller volume of specimens required and higher sensitivity.

The detection limits of atomic absorption spectrometry with flame burning are at several
pg/g levels. The pretreatments for this method are generally simple.

The method has a long history; the readers can find the details of the method in many
books 12].
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1.6 A computer system for
diagnosis of causative drugs
and poisons developed by
the Japan Poison Information
Center (Tokyo)

by Toshiharu Yoshioka

Introduction

In addition to the well known Tokyo Sarin Incident in 1995, the arsenic-adulteration incident
in Wakayama and the cyanide-adulteration incident in Nagano both in 1998 seem to have trig-
gered several ten poisoning cases, which took place in 1998-1999. An explosion incident of a
chemical factory, a turnover incident of a chemical tank truck and a poisoning murder incident
for insurance have also occurred recently. Such poisoning-related incidents are becoming more
serious social problems also in Japan.

In the arsenic-adulteration incident of Wakayama, the identification of the causative poison
was delayed for some time; the serious incident itself together with the criticism upon the delay
made the Japanese Government reconsider the crisis-management system of Japan. Since the
incident, the Japan Poison Information Center has also studied how to narrow toxin candidates
to a single causative one, by methods other than actual analysis of toxins.

As a result of such efforts, the author et al. [1] have constructed a database for estimation
of a causative toxin (assisting system for diagnosis of a causative toxin) according to clinical
symptoms and a computer system for searching a toxin, which had been used previously, on
the basis of poisoning situations. In additions, by registering experts for each toxin, which was
targeted in the above systems, information exchange between a clinical doctor treating a poi-
soned patient and the expert of a poison has become possible [2].

The setting up of a detailed procedure of pretreatments and of conditions for instrumental
analysis is usually difficult without any estimation of a target compound. It seems very impor-
tant for clinical doctors and analysts to narrow causative toxins by means other than instru-
mental analysis.

© Springer-Verlag Berlin Heidelberg 2005
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Database according to poisoning symptoms (assisting system
for diagnosis of a causative toxin)

Drugs and poisons to be targeted

To enhance the probability for estimation of a causative toxin, all of the numerous existing
compounds should not be dealt with, but a limited number of toxic compounds should be
picked up. Thus, compounds with high general toxicity, which had been used in the previous
incidents, were chosen. Specific antidotes are available for some toxins; they were added to the
toxins list. However, volatile poisons and corrosive compounds, which can be easily diagnosed
by clinical doctors from the circumstances and symptoms, were excluded from the list. As a
result, 488 compounds in 75 groups were chosen as shown in € Table 6.1.

8 Table 6.1.
Target compounds for the database according to poisoning symptoms (the final poison groups
classified)

Industrial item Agricultural item

1 Cyanide and its derivatives 1 Organophosphorus pesticides
2 Toluene/xylene 2 Carbamate pesticides

3 Ethylene glycol 3 Organochlorine insecticides

4 Methanol 4 Cartap

5 Carbon tetrachloride 5 Blasticidin S

6  Sulfur-containing compounds 6 Nicotine products

7  Hydrogen sulfide 7 Paraquat/diquat

8 Arsenic and its derivatives 8 Glyphosate

9 Cadmium and its derivatives 9 Glufosinate

0 0

Urea herbicides

—_
—

Mercuric compounds/mercuric chloride

75 toxin groups

Listing of keywords for searching and their weighting

In poisoning cases, nausea and vomiting are usually observed in common; contradictory
symptoms, such as respiratory acceleration and suppression, sometimes appear in poisoning
by the same compound according to its severity. These complicated problems embarrassed us
much. Much time and efforts were required for classifying clinical symptoms as keywords and
for their weighting. More than 500 words describing poisoning symptoms were carefully
checked in view of each pathology and grouped using our massive data being filed according
to the kinds of causative toxins. As many as 120 words of clinical symptoms were finally chosen
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as keywords for computer research; abnormal values of clinical tests were also classified into 50
through the similar examinations and efforts. The weighting using scores of 0-9 was given to
each word according to its rapid appearance of a characteristic symptom, but it seems some-
what dogmatic and groundless. For example, the severe diarrhea characteristically appearing
in arsenic poisoning was scored 9; while the diarrhea due to cyanide poisoning 3. Conversely,
the acidosis caused by arsenic poisoning is scored 1; while that by cyanide poisoning 9.

Construction of the system

After inputting the basic data of the names of toxic compounds and the scored keywords of
symptoms into a computer, a system for estimating a causative toxin from a total score of
symptoms appearing was constructed. In this system, Visual Basic 6.0 of Microsoft is being
used, and it works well by installing it in a computer not powerless than the Windows 98.

In an upper part of the screen of CRT, the names of organs, such as digestive, respiratory
and circulatory ones, are shown; when a responsible organ is clicked, the keywords (poisoning
symptoms) for the organ appear. When each button on the left side of each keyword is clicked,
“Not clear” is changed to “Observable”. After answering to all items of symptoms, the next
organ should be clicked to undergo the same procedure; after completion for all organs, toxic
compounds together with each total score appear being lined up according to the score number.
The order of the candidate compounds is not important, but the difference in the score be-
tween the top and the second compounds is useful for the final judgment of a causative toxin.

Another characteristic of this system is the addition of a repeated questionnaire for some
clinical symptoms, which is useful for evaluation (weighting) of candidate compounds listed in
a high rank. The operator of the computer confirms the presence of symptoms by communicat-
ing with the responsible clinical doctor according to the questionnaire; this process can further
enhance the probability of a causative toxin. To monitor if a bias in items to be input is present,
the numbers of input for each organ and clinical test are shown on the screen at real-time as
“item navigator”. When one of the causative toxin candidate is double-clicked, a detailed data
file for the toxin can be opened. The 500 keywords of clinical (poisoning) symptoms, which
had been chosen at the initial step of this study, are always stored in the computer, and any
of the symptoms can be automatically added to the 120 keywords by clicking according to
the need.

Although it is a quite different from the above system, the author et al. are developing a new
system for estimating a causative compounds by using complex research of up to 14 keywords.
In this system, the symptoms observable in common to various poisonings, such as vomiting,
diarrhea, convulsion and tachycardia, are not useful for narrow down causative toxins; the
symptoms with relatively high selectivity, such as miosis, hyperventilation and hypotension,
and also the informations about a toxin, such as the color of solution or powder, smell, the form
of a tablet or a capsule, the kind of a container, purpose, the name of manufacturer, solubility
and melting point, are used as keywords for narrowing down toxins.
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A computer system for estimating a causative toxin,
which had been used previously, using the outline of an incident
(retrospective diagnostic system)

A place of incident, a matrix of poison, severity of poisoning, the number of victims, described
in news reports, were chosen and patterned, using poisoning incidents in which causative
toxins had been specified, by searching newspaper database of the past 15 years. The above
items chosen were grouped as follows, respectively; nine groups of places, viz. store, vending
machin, station/underground passage, toilet, nursery school/kindergarten, elementary school/
junior high school/senior high school, hospital/laboratory, other indoor or outdoor place, and
place not clarified; eleven groups of the matrices in which poisons were mixed, viz, drink in a
glass bottle, drink in a can, drink in a paper package, drink in a plastic bottle, drink in an un-
known container, tea in a pot, tea in a water supply device, seasonings, foods, confectionaries,
and others; four groups of severity of poisoning, viz. strange smell only, digestive symptom
only, hospitalization, and very severe or fatal case; four groups of the number of victims, viz.
only one, a few, more than ten, and more than several ten.

If a case, in which one person falls into a severe state after taking a drink in a bottle found
near a vending machine, is assumed, paraquat and cyanide are shown as causative candidate
toxins together with their probability data; when either of the toxins is double-clicked, the de-
tails of incidents which took place in the past appear; by this method, detailed informations
about a causative toxin can be also obtained.

This kind of research system should have been fundamentally constructed by the police,
because the informations obtainable only from the database of newspaper by the author et al.
are limited. There were many incidents in which causative poisons could not be identified only
from the database; these cases had to be deleted. Veterans of forensic science laboratory of the
police might have been able to get more informations about a causative poison or estimate it
with high accuracy using so-called “the sixth sense” in the above cases. These informations
and estimation by the police on causative toxins and details of incidents seem very useful to
construct a more powerful research system.

Database of experts for each causative toxin

The information exchange between an expert of a toxin and a clinical doctor treating a patient
can, of course, enhance the probability of identification of a toxin. Therefore, the author et al.
decided to register experts for causative toxins in the 75 groups, which had been stored in the
present assisting system for diagnosis.

The selection of the registrants was made by literature research using each toxin as keyword
and by recommendation by scientists belonging to toxicology-related societies. For complete
inclusion of experts, the letters for requesting the recommendation were sent to chairpersons
of toxicology laboratories of universities.

© Tuble 6.2 shows the contents of registration for the database of experts for each toxin.
Fifty nine experts from the basic science fields, and 22 clinical doctors have been registered. A
majority of them belongs to medical schools/medical colleges and pharmaceutical schools/
pharmaceutical colleges; others to national institutes of hygiene and health science, laborato-
ries for food and drug safety and agricultural/fishery schools. € Table 6.3 shows examples
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B Table 6.2
Contents for registration of experts for each causative toxin

u A W N =

Causative compound

Name and affiliation

Special field of study/research subject
Communication methods

Representative publication of the registrant

B Table 6.3
Research subjects of the experts registered in basic sciences

vV V V V V V V VVV VY VV V V VYV

Y V.V YV VY V

Molecular toxicology of arsenic, heavy metals and semiconductor materials

Studies on the Minamata disease

Effects of silicon compounds on immune cells

Biomedical influence of trace element

Biochemical studies on mechanisms of poisoning by drugs and poisons at cellular levels
Studies on metabolic disorders of lipids induced by drugs

Studies on anticoagulant and antithrombotic effects of annexin (Ca**-dependent and
membrane-bound protein)

On the metabolism and toxicity of fluorine compounds (especially hydrogen fluoride)
Mechanisms of induction of cytochrome p-450 caused by drugs and poisons

Studies on neurotoxicity of chemicals

Mechanisms of induction of behavioral abnormality caused by nitrile compounds

Mechanisms of acute poisoning by paraquat; cellular toxicity of furanonaphthoquinone;
medicine of active oxygen

Delayed neurotoxicity of organophosphorus compounds
Biomedical influence of organic solvents and their metabolites
Studies on detection methods for volatile compounds and their pharmacodynamics

Studies on quality control and authentication of natural remedies and on the origin of the
traditional folk medicine

Analysis of marine toxins and toxicogenic mechanisms in fish and shellfish
Basic studies on signal transduction and gene expression for environmental chemicals

Chemical and toxicological changes of organic compouns by chlorine treatments,
and production mechanisms of dioxins

Sensitive analysis of trace drugs and poisons by LC/MS and GC/MS

Immunoassay methods

Studies on analysis on drugs and poisons by mass spectrometry

Hair analysis / mechanisms of transportation of drugs to hair

Natural toxins (especially on the analytical methods of plant toxins)

Detection of poisoning by hydrogen sulfide, hydrogen cyanide, carbon monoxide
and other gases
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of subjects of studies being conducted by the experts registered in basic sciences. Among the
488 compounds in 75 groups, there are 15 compounds for which no experts were found, but 47
toxic compounds were newly added by suggestion of the experts.

Conclusion

When a patient is brought to an emergency room, the medical and co-medical staffs should
doubt poisoning first. When the possibility of poisoning is high, they should communicate
with the Japan Poison Information Center on the clinical symptoms and on the results of clin-
ical tests [3]. When estimation of a poison is made only by clinical symptoms and abnormal
data, the reliability of such informations is most important. The information exchange should
be made between a doctor directly treating the patient and a staff of the Japan Poison Informa-
tion Center being well aware of the structure of the database according to poisoning symp-
toms. In their conversation, both of them should clarify clinical symptoms as many as possible;
according to a case, additional clinical tests may be necessary. When a causative poison is esti-
mated, the talks are extended to an expert of the poison using the expert database. Using our
computer systems, the fairly exact narrowing down of poisons can be achieved.

The database according to poisoning symptoms presented in this chapter was targeted only
at compounds, which caused severe damages or even death; such poisoning cases may be not
many. For the volatile poisons and corrosive compounds, which had been excluded, a similar
diagnostic system should be also constructed. There are many compounds to be added as caus-
ative toxins. Efforts should be made for the enhancement of completeness of the diagnostic
system; the upgrade of each system is necessary.
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1.7 Practical use of the
poison-net developed by the
Japan Information Network
(Hiroshima)

By Mikio Yashiki and Manami Nishida

Introduction

Forensic autopsy is an important task for proving crimes medically; unfortunately, every de-
partment of legal medicine of Japanese universities is suffering from insufficient staffs and
budget. About 30 years ago, one of the authors started the analysis of drugs and poisons at the
Department of Legal Medicine, Hiroshima University School of Medicine. At that time, the
author did not have much knowledge about poison analysis; but it is a good memory that many
good friends of toxicological societies gave the author many useful suggestions on analytical
methods. Therefore, the author felt that nationwide non-governmental activities for communi-
cation about poisoning informations were essential among forensic (analytical) chemists, clin-
ical doctors and other people being involved in poisoning. The authors started creating a com-
munication network first with letters, followed by telephone calls, facsimile, personal computer
communication and the mailing list using the Internet; according to the current of times, the
communication methods have changed and the number of registrants has increased in our
network. At the Department of Legal Medicine, Hiroshima University, a home page (HP) was
set up to enable the members to take a look into it subject to passwords. The HP includes the
contents of talks, which had been made for information exchange in the network, and many
other informations related to poisoning. In this chapter, the authors briefly present the practi-
cal use of the network.

What is “poison-net”?

The authors designated the activities of the Japan Poison Information Network as “poison-net”,
comprehensively. It includes “poisoning mailing list”, “analysis mailing list”, supply of informa-
tions of poisoning on Web, requests for analysis of a causative toxin, trials of toxin analysis and

hosting a short course of training for preliminary spot tests of drugs and poisons.

Poisoning mailing list (ml-poison)

The ml-poison (ml-poison@hiroshima-u.ac.jp) was started in about 1994, when the Internet
was introduced into Hiroshima University School of Medicine. The members of the poison-net
were composed of clinical doctors of emergency rooms, clinical technologists and experts of

© Springer-Verlag Berlin Heidelberg 2005
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toxicology; to protect human rights of patients, the press men and the general public were not
allowed to join the ml-poison. The good communication quality is being maintained to be able
to cope with the sudden outburst of a poisoning incident or accident; the complementary talks
are being refrained as possible. The mailing list is convenient for rapid response to an incident
or accident and for getting the newest informations, but caution should be taken against infor-
mations obtained through the mailing list, because they are occasionally not reliable. The
number of the registrants counted about 700 at the time point of August, 2001. A password is
given to each registrant to enable looking into the poisoning information part of HP of the
poison-net.

Analysis mailing list (ml-anal)

In 1998, the Ministry of Health and Welfare of Japan distributed analytical instruments for
toxins to the 8 advanced critical care medical centers and the 65 critical care medical centers.
Each of the latter centers was equipped with an HPLC instrument and an X-ray fluorescence
spectrometer, which costed twenty million yen; and the advanced critical care medical centers
were equipped with an HPLC, an X-ray fluorescence spectrometer, GC/MS and other instru-
ments with the cost of eighty million yen. However, only with the introduction of such expen-
sive analytical instruments, they do not work in the absence of a sufficient number of experts,
who can operate them. Many correspondences and questions about the instrumental analysis
were sent to our laboratory through the ml-poison. Therefore, in 1999, the authors decided to
separately create ml-anal (ml-anal@hiroshima-u.ac.jp) to support toxin analysis in such criti-
cal care medical centers and other hospitals. The registrants of the ml-anal were composed of
the members of ml-poison who were interested in the analysis, engineers of manufacturers of
analytical instruments and attendees of the short course of the preliminary color tests; the
number of the registrants counted more than 300 in August, 2001. At the beginning, both ana-
lysts and engineers of manufactures got embarrassed saying, “Which kind of drugs or poisons
can be analyzed by HPLC?” and, “Which kind of drugs or poisons do the analysts want to ana-
lyze?”, respectively. Later, after the instruments have become to work well, the qualities of the
questions became much higher.

Supply of information by the web

The URL of HP of the poison-net is http://maple-www2.med.hiroshima-u.ac.jp; this is expect-
ed to be changed in the near future according to servers to be used.

Storage of contents of talks made in the mailing lists
(ml-poison plus ml-anal)

The contents of talks made in both ml-poison and ml-anal were rearranged according to causa-
tive toxins, and shown in the “poisoning-talking salon” of HP of the poison-net (subject to a
password given to each registrant). The causative toxins are composed of daily necessaries, drugs
(including over- the-counter drugs), pesticides, natural toxins, industrial materials and others.
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Many cases of poisoning and informations on analysis are shown in the HP. If talk contents
are opened to the public, the permission by each talker becomes necessary; the authors thus
refrain from introducing the contents in this chapter. However, the headlines of the “poison-
ing-talking salon” are being demonstrated in the top page of HP, which can be accessed without
any password.

Databases (DBs) in wide areas of poisoning

Various kinds of DBs related to poisoning are available in HP of the poison-net as shown
below.

i. DB for analytical methods

The papers describing analytical methods for drugs and poisons in human specimens were
searched by the Medline. The papers were selected by the eleven scientists, who were the
members of a joint study project supported by a Grant-in-Aid for Scientific Research (B)
from the Ministry of Education, Science and Culture of Japan. Chemical compounds listed
were: natural toxins, organic solvent/toxic gases, anaesthetics (local anaesthetics, inhalation
anaesthetics, intravenous-injection anaesthetics and muscle relaxants), neuroleptics/anti-
depressants (psychopharmaceuticals, antiepileptics and antiparkinsonian drugs), ampheta-
mines/narcotics, hypnotics/tranquilizers, pesticide and others. On the basis of extensive
informations collected from 900 papers, the most suitable analytical method can be rapidly
found by searching with a combination of a specimen name, an analytical method and a chem-
ical name (target) to be analyzed. Each specimen (urine, blood, authentics, serum/plasma,
tissues or others) and each method (TLC, HPLC, UV-VIS, GC/MS, GC, immunoassay,
MS, LC/MS or others) are chosen using the pulldown menu, and a chemical name (subject)
is input. When the search is made with a dubious name of a chemical, there is a possibility
not to be able to reach a corresponding analytical method; in this case, the chemical name
can be reexamined with a list of “chemical names stored in the DB of analytical methods”.
The analytical methods included in the DB are reliable, because the scientists who select-
ed them are experts of forensic toxicology. When any question on an analytical method is
sent to our Network by the ml-anal, a good answer will be returned by the responsible
scientist.

ii. DB for blood concentrations of causative toxins

In forensic cases in which drugs are involved, the assessment of blood drug concentration is
necessary. Also in clinical cases, the blood drug levels obtained by analysis should be rapidly
classified into therapeutic, toxic and fatal ones to serve for deciding the policy of treatment.
The blood levels and symptoms, reported by Mayer and by Winek both in 1994, and other data
in actual cases were input into the DB. The items for our input into the DB were: a name of a
drug, a name(s) of coexisting drug(s) (single, multiple and not clear), blood levels in the litera-
ture, institution number (forensic or analysis numbers), dead or alive, age, sex, interval after
ingestion, outline of an incident, clinical or autopsy findings, analytical method, levels of the
target drug obtained from blood and other specimens by analysis, unit of the values, the pres-
ence of other drugs in blood, cause of death/diagnosis, comments and address for correspond-
ence of a user. Care was taken for enabling an expert to directly correspond to the user about
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more details of an actual case. By comparing the analytical results with the data in the DB, it is
possible to estimate the antemortem conditions of a deceased and the symptom levels of a
living patient.

iii. DB for poisoning-related journals and toxicology society journals

The DB was mainly created by Prof. Shirakawa of Ehime University Hospital, Emergency Units,
and covers the contents of domestic journals and abstracts related to poisoning, which are not
included in international literature DB. When a user inputs a chemical for research together
with “OR” or “AND”, a list of journal name, society name, year, volume, page and title appears.
By clicking the title, the details of contents (abstract, authors and affiliation) can be obtained.
Even in poisoning cases which had been only presented at a meeting and not been submitted
to a journal, good ideas for medical treatments may be included. When a poisoning incident
takes place with a chemical which is included in the DB, it may give useful informations on
treatments and analysis in the poisoning.

iv. DB for contents of talks in the ml-poison
The contents of talks in the ml-poison can be obtained by the method as described in section 1;
they are stored in a DB to make keyword research possible.

Other articles about poisoning appearing in HP of the poison-net

i. Simple color test methods for drugs and poisons (ver 2)

Screening or preliminary tests for drugs and poisons are essential before their instrumental
analysis to narrow probable compounds for poisoning. The article was abstracted from the
book [Department of Legal Medicine, Hiroshima University School of Medicine (ed) (2001)
Simple Detection Methods for Drugs and Poisons: The Color Tests. Jiho Inc., Tokyo]. It includes
cyanide compounds, carbon monoxide, organophosphorus pesticides, paraquat, bromisova-
lum, acetaminophen, barbiturates, tricyclic antidepressants, boric acid, amphetamines, screen-
ing methods using spot tests and some comments on analytical instruments.

ii. Manual for analysis of drugs and poisons (the first draft)

A manual for analysis of drugs and poisons was first created on our Web site. “Manual for
Forensic Toxicology Analysis” was then published by the Forensic Toxicology Working Group
of the Japanese Society of Legal Medicine in a printed form, on the basis of this article (the first
draft) on the Web. The original draft on the Web contains more detailed description on toxin
analysis. It seems desirable to use both printed and Web ones for getting more detailed infor-
mations on analysis.

iii. Cautions in analysis of human specimens

In this article, pitfalls in analysis are being discussed. The contents are: the procedure of bio-
medical analysis, human specimens (sampling methods and cautions upon sampling and stor-
age), preliminary tests (cyanide compounds, arsenic compounds, azide, organophosphorus
pesticides, paraquat, glufosinate, controlled drugs, bromisovalum and acetaminophen), pre-
treatments of specimens (the methods and cautions), confirmatory analysis (analytical instru-
ments, methods and cautions), substantiation of drug standard collection and critical assess-
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ment of analytical results. In every item, only basic problems are being discussed; but it is em-
phasized that the carelessness causes serious mistake.

Mediating service for the request of analysis of causative toxins
using the network

It is essential to analyze a causative toxin for making an effective treatment. It is preferable to
analyze it at a local laboratory; however, unfortunately, institutions undertaking such analysis
are not many in Japan. Private clinical laboratory companies undertake analysis of the limited
number of toxic compounds. Therefore, the authors established a system for receiving a request
of toxin analysis in the HP of the poison-net to respond to it at any time. When the request
form revealed in the HP is filled, it is automatically mailed to a manager who checks the con-
tents of the form,; after removal of undesirable parts of the contents, which may violate human
rights, it is mailed through the ml-poison to the members. When an analyst is found, direct
communication is made between the requester and the analyst. The analytical results are re-
ported to the ml-poison. If the requested analysis is regarded as a joint study between them, the
analysis is made free of charge for the requester; in principle, it should be presented at a meet-
ing or published in a journal. When no analyst is found, it is requested to a private clinical
laboratory company with a charge. In Japan, many experts are available for analysis of toxic
compounds; their results of analysis and maintenance of their analytical instruments are reli-
able. The above requesting system using the ml-poison can be regarded as a “virtual poison
control center” for analysis. In USA and Europe, many poison control centers dealing with
toxin analysis are present and well utilized; while, in Japan, the situation is much delayed and
no official institutions for toxin analysis are available at the present time. However, thanks
to the spread of activities of private express transportation companies, the cooled or frozen
specimens can reach any part of Japan within two days. With the intellectual and substantial
cooperation of the experts of toxin analysis distributed throughout Japan, similar activities
to those of poison control centers can be realized without an enormous cost using the
Internet and the above express transportation services. Until now, the authors experienced
many cases of analysis requests through the system. For example, in the cresol-poisoning inci-
dent which took place in Aomori, cresols in plasma and urine (free and conjugated forms with
glucuronide and sulfate) were repeatedly analyzed in Okinawa for specimens sampled from
patients at various intervals after ingestion; the results were reported to the ml-poison one
week later. A part of list of the analysis requests is shown on the Web (http://maple-www2.med.
hiroshima-u.ac.jp/analysis_2.html). As explained above, the mediating service through
ml-poison is useful for settlement of a poisoning incident. However, some problems should be
mentioned; it sometimes takes a long time for analysis, resulting in no contribution to clinical
treatments; when neither presentation at a meeting nor publication in a journal is realized after
laborious analysis, the principle of being a joint study collapses, causing a trouble between the
analyst and requester on the cost. The authors feel that, even in a joint project, the cost for
analysis should be paid by a requester for continuation of the mediating service system for a
long time.
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Trial for quality of analysis of drugs and poisons

Actual training of analysis is essential rather than collecting informations on analytical methods
to make accurate identification and quantitation of a causative toxin. Even with an identical
specimen, the discrepancies of analytical results can appear in different institutions, probably
due to different levels of skillfulness of analysts or different capability of instruments being
used; such discrepancies should be avoided by quality control. For this purpose, the authors are
hosting the trial for quality of analysis every year.

In the first trial, a poisoning case was assumed in which a guest staying at a hotel did not
come out of his room for checkout; a bellboy discovered the guest collapsing and sent him to a
hospital. Together with paper describing fictitious situations and comments by a clinical doctor,
each serum specimen, to which a fixed amount of pentobarbital had been added, was sent to
42 analysts who had wished the trial. The second trial (66 participants) was held on pecticide
poisoning with addition of an emulsion product of DCPA and NAC. For both trials, answers
were collected from the participants after a while; about a half of them could achieve both
qualitative and quantitative analyses successfully, and a few could neither make qualitative nor
quantitative analysis for both trial. After the collection, the model answers and the summaries
of the results given by all participants were returned to them. By examining the report, the self-
assessment of each participant could be made; it seemed useful for intensifying a sense of qual-
ity self-control. For correspondence and questions to the participants, the trial ML (ml-trial)
was used. In U.S.A. and Europe, such trials for analysis in poisoning are very common; while
no trials have been made in Japan except ours. Since the trials were made being supported by
a Grant-in-Aid from the Ministry of Health and Welfare of Japan, the participants were free of
charge. The authors are continuing the trials for improvement of analytical techniques of par-
ticipants. At the present time, however, they are being made without any financial support; the
authors do hope that the national organization or official societies will undertake the quality
assurance of analysis of drugs and poisons.

Short course of training for simple preliminary tests
of drugs and poisons

As stated before, upon occurrence of a poisoning incident, preliminary tests are required to
narrow causative toxin candidates before accurate analysis by instruments of high performance.
Although the number of chemicals being analyzable by kits commercially available is limited,
it is very easy to handle them. Because of such easiness and simplicity, the authors hosted a
short course, in which clinical doctors were trained for simple poison analysis with the Kits;
they will be able to analyze poisons at bedside by themselves before sending the specimens to
analytical experts. The short training course is being held under the auspices of the Committee
on Analysis of Japanese Society for Clinical Toxicology on the day before the Annual Meeting
of the Society. In the first course, the participants were trained for tests of glufosinate in urine
(Basta qualitative kit), TLC for drugs (Toxi-Lab®), organophosphorus pesticides in urine, con-
trolled drugs by an immunoassay (Triage®), acetaminophen in serum and cyanide ion in blood;
the number of participants of this course held at Hiroshima University was 80. In the second
course held at Azabu University in the next year, the participants were trained for some of the
same tests as described above, but two tests were newly added, viz. tests for toxic gases and
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boric acid in serum; but the participants counted 38 only. The cause of the decrease of partici-
pants might be due to that the tests were almost the same as those of the previous year and that
some participants wished instrumental analysis. In the next course, the authors are planning to
use some instruments.

Perspectives

The poison-net has been supporting people in the field of clinical toxicology, especially in the
analysis of drugs and poisons using various methods described above. The authors do hope
that more lives suffering from poisoning will be saved with the assistance of the informations
obtained from the poison-net. The maintenance of this kind of system by a single institution is
too hard; it should be changed to be supported by a governmental organization or scientific
societies. The network is based on the mutual trusting relationship of members; it does not
exist only for receiving informations, but does exist to supply reliable informations to members
positively. The latter will make the network more developed and upgraded.

It seems convenient for readers to take a look into HP and URL describing informations on
poisoning. However, the contents and URL will be changed during a long period of time. If the
readers can not access our network, please communicate to Hiroshima University Graduate
School of Medicine by other means.



1.8 Problems in toxin analysis
in emergency medicine

By Makoto Nihira

Introduction

The identification of a causative toxin is one of the most important tasks in emergency medi-
cine; it requires both rapidness and accuracy. In the Japan-shaking poisoning incidents taking
place in 1998, such as curry (arsenous acid) poisoning in Wakayama, sodium azide poisoning
in Niigata and cyanide poisoning in Nagano, the importance of a rapid and accurate analysis
system for poisons was well recognized by Japanese people and goverment. Since then, the
importance of toxin analysis (clinical analytical toxicology) on the spots of clinical treatments
of poisoned patients (clinical toxicology) was also confirmed. The Ministry of Health and Wel-
fare of Japan decided to distribute an X-ray fluorescence spectrometer to be used for metal
analysis together with an HPLC instrument with a photodiode array detector to be used for
drug analysis to the 65 critical care medical centers; the above two instruments plus some mass
spectrometric instruments for the final identification and quantitation to the 8 advanced criti-
cal care medical centers. Such analytical instruments were introduced also to our Advanced
Critical Care Medical Center of Nippon Medical School. Upon introduction of the state-of-
the-art analytical instruments, all staffs of both Department of Legal Medicine and Advanced
Critical Care Medical Center discussed together on the selection of each type of instruments,
which had been proposed by various manufacturers, for strengthening the toxin analysis sys-
tem in emergency medicine at our College Hospital.

At Nippon Medical School, the Department of Legal Medicine and the Advanced Critical
Care Medical Center have been cooperating for practical analysis and studies on new analytical
methodologies of drugs and poisons in specimens sampled from poisoned patients for more
than 20 years since 1980 [1-8]. Screening tests are being made at bedside, viz. inside the Ad-
vanced Critical Care Medical Center and complicated analysis for identification and quantita-
tion is being made at laboratories of the Department of Legal Medicine. The analytical system
has been also improved to become responsible for the 15 toxic compounds, which were pro-
posed by the Committee on Analysis of Japanese Society for Clinical Toxicology [9]. The poi-
sonings taking place in the midst of the metropolitan area, where our College is located, are
largely due to drugs; they are so-called “urban-type poisonings” [1, 6, 10] caused by illicit drugs
of abuse and therapeutic ones. Therefore, our system for analysis should mainly cover these
drugs. In this chapter, the author presents some of our analytical system and discusses on prob-
lems arising during maintaining the system.

© Springer-Verlag Berlin Heidelberg 2005
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Analytical system at Nippon Medical School

Screening tests at the emergency rooms

1. Volatile compounds
Alcohol: a simple kit for alcohol measurements (alcohol dehydrogenase method)
Cyanide: capillary electrophoresis (CE)

Azide: CE

Carbon monoxide (CO): oxymeter
2. Drugs

Psychopharmaceuticals and illicit drugs: Triage (immunoassay)
3. Metals

Arsenic, thallium, mercury and others: X-ray fluorescence spectrometer
4. Pesticides
Bipyridinium pesticides (paraquat and diquat): color tests

Confirmation and quantitation at the laboratories of the Department
of Legal Medicine

1. Volatile compounds
Alcohol: GC [headspace method, flame ionization detector (FID)]
Toluene: GC (headspace method, FID)
Cyanide: GC (headspace method, nitrogen- phosphorus detector)
2. Drugs
Mlicit drugs
a. Amphetamines (methamphetamine, amphetamine and others): GC/MS
b. Opiates (morphine, heroin and others): GC/MS
c. Cannabinoids (tetrahydrocannabinol and others): GC/MS
3. Other drugs

a. Barbituric acids: GC/MS

b. Phenothiazines: GC/MS

c. Tricyclic antidepressants: GC/MS
d. Bromisovalum: GC/MS

e. Benzodiazepines: LC/MS

f. Sildenafil citrate (Viagra): LC/MS

4. DPesticides
Bipyridinium pesticides (paraquat and diquat): HPLC
Amino acid type herbicides (glyphosate and glufosinate): HPLC
Organophosphorus pesticides (MEP, DDVP, malathion and others): GC/MS
5. Metals
Atomic absorption spectrometry (in cooperation with the Department of Public Health)
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Screening tests at the emergency rooms

It is, of course, necessary to estimate a toxin by careful monitoring of symptoms of a patient,
such as miosis in case of organophosphorus pesticide poisoning; but actual screening tests at
the emergency rooms for causative toxins are also very useful. It seems important to simply
detect alcohol and carbon monoxide, at a clinical scene for rapid and suitable treatments, be-
cause their poisoning is most frequent. The screening kit Triage is useful for detection of eight
groups of drugs; an important information can be obtained by this method especially for an
illicit drug, although a confirmatory test is required. The Triage kit utilizes an immunoassay for
detecting drugs in urine and is widely distributed in U.S.A. The items of drugs detectable by the
kit are not fit well for the situation in Japan. As shown in @ Table 8.1, the cutoff values are
established for each drug in the kit; positive results can be obtained at levels higher than the
cutoff values. It does not require any pretreatment and enables tentative bedside diagnosis of
the presence of a drug. Although it is very useful at emergency rooms, it suffers from the inabil-
ity of detecting bromisovalum, phenothiazines and acetaminophen, which are very common
in poisoning cases in Japan; the simple kits using immunoassays for the above drugs are being
eagerly awaited.

Especially for pesticide poisonings, their prognosis is markedly affected by a method
of treatment to be made at the early stage of poisoning; an suitable treatment is necessary
as soon as possible. The screening tests for discrimination among pesticides of bipyridinium,
organophosphorus and amino acid type herbicide groups are very important, because of
the above reason. The bipyridinium pesticides can be easily screened by a color reaction with
hydrosulfite. For organophosphorus pesticides, the clinical findings, such as miosis and
lowered levels of serum cholinesterase activity, are useful as indicators of their poisoning;
a simple color tests using 4-(4-nitrobenzyl)pyridine and tetraethylenepentamine is also avail-
able for the pesticides. For amino acid type herbicides, a TLC method with a ninhydrin color
spot test can be used; its procedure is relatively complicated and a simpler test is being
awaited.

Confirmatory tests and quantitation at the laboratories
of Department of Legal Medicine

The result obtained by the preliminary Triage test should be reexamined using a confirmatory
test, because immunoassays sometimes give false positive results for similar compounds. In
addition, the cross reaction usually takes place among compounds of the same group. When
the Triage kit shows a positive result for OPI, discrimination among heroin, morphine, codeine
and dihydrocodeine is impossible by the kit. The specification of an opiate is very important,
because dihydrocodeine is usually contained in over-the-counter drugs of antitussives and cold
medicines and is not illicit. 6-Acetylmorphine is considered to be an indicator of heroin use;
but there is a possibility that morphine has been prescribed for treating pain of a cancer
patient at a late stage. The confirmatory tests are useful in both therapeutic and legal points of
view.

After detecting a drug (group) by the Triage kit, mass spectral measurements are most use-
ful to identify a compound [11]. The author presents some details of confirmatory tests using
GC/MS and LC/MS in this section.



62

Problems in toxin analysis in emergency medicine

GC/MS

The compounds with an amino group and a hydroxyl group are trifluoroacetylated and tri-
methylsilylated, respectively, for GC/MS analysis [11]. The primary informations by Triage
screening are useful for selection of a derivatization method most suitable. Most drugs can be
confirmed by GC/MS after derivatization; GC/MS is indispensable for analysis of illicit opiates
and amphetamines.

The author experienced a case in which 3,4-methylenedioxymethamphetamine (MDMA)
and 3,4-methylenedioxyamphetamine (MDA) were identified by GC/MS in a urine specimen
(© Fig. 8.1), which had shown a positive result for amphetamine by Triage [12]. The retention
times and mass spectra of the peaks coincided well with those of MDMA and MDA; however,
methamphetamine and amphetamine could not be identified. In this case, it was fortunate that
the Triage test was positive, which enabled us to identify these compounds, because the reac-
tivity of Triage with MDMA is relatively low; the reaction color can be observed only at more
than 3,500 ng/mL of MDMA levels. If the Triage test was negative, MDMA and MDA had been
overlooked.

Secondly, the author mentions another case of phencyclidine (PCP) poisoning [12].
According to the allegation of a poisoned patient, she had ingested a large amount of Tylenol
(main component, acetaminophen). Therefore, the Triage test was not made at her bedside.
However, at the laboratories of Department of Legal Medicine, acetoaminophen could not be
detected, but PCP could (@ Fig. 8.2); the allegation of the patient was found not true. When
illicit drugs are involved, the allegation of patients is usually not trustworthy; the medical team
should be cautious about it and act at their own discretion.

LC/MS

LC/MS is suitable for analysis of thermolabile and non-volatile compounds. The author et al. are
using LC/MS for benzodiazepines and sildenafil citrate (Viagra). Screening of benzodiazepines
by Triage is a problem, because the cutoff level of the drug group is as high as 300 ng/mL; the
lower levels of the drugs are overlooked. The urinary levels of a benzodiazepine are low in a
short time after its intake, resulting in a negative result is the Triage test.

The author et al. [13] experienced a curious case of homicide using benzodiazepines, which
forced us to make a hard work for analysis. In this case, the Triage test was negative; thus a tedi-
ous procedure of urinary screening by GC/MS [14] was adopted, but it gave negative results.
Finally, the blood of the victim was analyzed by LC/MS; surprisingly high concentrations of
triazolam, brotizolam and 1-OH-triazolam could be detected and identified, and their blood
levels were almost fatal [15, 16]. The discrepancy between their levels in urine and blood was
probably due to a short interval between the ingestion and death. The author felt the need for
a new sensitive screening method, which can detect low levels especially of benzodiazepines.

In the confirmatory tests of paraquat, the survival curve proposed by Proudfoot et al. [17]
is still being valid; it is useful for estimation of prognosis of the poisoning. It is possible to
detect paraquat from hair by LC/MS [18]. The hair analysis for paraquat sometime becomes
useful for poison diagnosis, especially when a poisoned patient survives for more than a week,
and paraquat cannot be detected from blood or urine. The history of the patient’s exposure to
paraquat can be known by hair analysis.
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TICs and mass spectra of TFA derivatives of 3,4-methylenedioxymethamphetamine (MDMA) and
3,4-methylenedioxyamphetamine (MDA) obtained from urine of a patient and from the
respective standard compounds. Right panels: TIC and mass spectra obtained from the urine
extract of a patient; left panels: those obtained from the authentic standards. The identities of
MDMA and MDA were confirmed by the coincidence of the retention times and by the same
mass spectral profiles.
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In this chapter, the author has mainly dealt with poisoning by drugs and mentioned some
problems encountered in our actual activities of toxin analysis. Recently, various kinds of drugs
have become obtainable using the Internet; the consolidation of our analytical system is re-
quired to be able to cope with such new compounds.

Perspectives

Securing of the standard compounds for analysis in poisoning

For the final identification and quantitation of toxic compounds, their standard (authentic)
compounds of high purities are absolutely necessary; without them, reliable analysis cannot be
achieved. When the target to be analyzed is a substance controlled by our Government, the
import of its pure compound is limited too severely in Japan. The severe control is being ex-
tended even to its stable-isotopic compound to be used as internal standard upon analysis. There
are many foreigners working or studying in Japan; there is a possibility of occurrence of poison-
ing incidents using drugs or poisons which had been brought to Japan by foreigners. When the
pure compound of such a target to be analyzed is not available in Japan and also the compound
is included in the list of controlled substances, such a problem arises for difficulty in getting the
standard compound. In U.S.A. and Europe, small amounts of controlled substance standards are
being freely transported for analytical purpose; easing of import of controlled substance stand-
ards should be realized for analysts and researchers as soon as possible in Japan.

Checking of the reliability of analytical methods

In the Triage test, cutoff values are being presented as stated before (€ Table 8.1); such setting
of the values seems sometimes inadequate. For example, even in a suicidal case with a tricyclic
antidepressant, the Triage test was negative for the drug in urine; however high concentrations
of a tricyclic anti depressant were proven in blood by GC/MS. This is also true for benzodi-
azepine poisoning. Such limitation of the Triage test should be kept in mind.

In Japan, any third-party institution is unfortunately not available for quality assurance of
analysis of toxic compounds or for assessment of analytical data [19]; the third-party institu-

@ Table 8.1

Cutoff values (ng/mL) of the Triage® kit
PCP Phencyclidine 25
BzO Benzodiazepines 300
cocC Cocaine (benzoylecgonine) 300
AMP Amphetamines 1,000
THC THC (11-non-A°-carboxylic acid) 50
OPI Opiates (morphine) 300
BAR Barbiturates 300

TCA Tricyclic antidepressants 1,000
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tion or a specialized committee of a scientific society dealing with quality control of the analy-
sis should be established as soon as possible.

Support and management of the analytical system

Apart from analytical methods and techniques, the author wants to mention the financial as-
pects for the support and management of the analytical system. Many of analytical instruments
are very expensive; the maintenance of various components of instruments, such as vacuum
pumps and nitrogen gas generators, together with that of the main bodies of instruments, is
also expensive. Financial support is also required for keeping 24-hour analysis; for the purpose,
a sufficient number of analysts should be secured.

The good education for analysts is also important to maintain a high quality of their ana-
lytical skill; the establishment of educational institutions special to toxin analysis is awaited.

Only after solving all of the above problems, the genuine analytical system for drugs and
poisons will be established in Japan.
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1.9 Analysis of chemical warfare
agents and their related

compounds
By Shigeyuki Hanaoka

Introduction

The chemical warfare agents well known count only about 30 kinds of compounds, such as
sarin, soman, tabun, VX, mustard gas, lewisite and others. When unknown toxic substances
should be analyzed upon the occurrence of chemical terrorism, much more kinds of poisons
and related compounds become the objects of analysis. In the Chemical Weapons Convention
(CWC)?, 120 thousand compounds®, including typical chemical warfare agents, their related
compounds, precursors and decomposition products, are being listed to be controlled. In the
CWC, the on-site inspection and chemical analysis to be made by the Organisation for the
Prohibition of Chemical Weapons (OPCW) are also being defined to verify the presence of a
chemical agent; the latter itself or their related compounds should be analyzed rapidly and ac-
curately. The analytical methods can be also applied to other poisons and drugs.

In this chapter, various analytical methods of chemical warfare agents and related com-
pounds based on the verification defined in the CWC [1] are presented.

The classification of chemical agents is shown in @ Table 9.1. The scheduled chemicals
defined in the CWC are listed in @ Table 9.2; the chemical agents not listed in the scheduled
chemicals of CWC, such as riot control agents and others, are shown in @ Table 9.3.

B Table 9.1
Classification of representative chemical agents
Nerve agents G agents : sarin (GB), soman (GD), tabun (GA), V agents : VX
Blister agents sulfur mustard (HD), nitrogen mustard (HN), lewisite (L)
Incapacitant 3-quinuclidinyl benzilate (BZ)
Emetics (sternutators) adamsite (DM), diphenylchloroarsine (DA), diphenylcyanoarsine (DC)
Lacrimators 2-chlorobenzylidenemalononitrile (CS), 2-chloroacetophenone (CN)
Suffocating agents phosgene (CG), PFIB, chloropicrin
Blood agents cyanogen chloride (CK), hydrogen cyanide (AC)

© Springer-Verlag Berlin Heidelberg 2005
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0 Table 9.2
Scheduled chemicals listed by the Chemical Weapons Convention (CWC)

Schedule 1
A. Toxic chemicals

1. O-alkyl (£C,, incl. cycloalkyl) alkyl (£C;)-phosphonofluoridates, e.g. sarin, soman

N

. O-alkyl (£C,,, incl. cycloalkyl)-N, N-dialkyl (SC5)phosphoramidocyanidates, e.g. tabun (GA)

w

. O-alkyl (H or £C,, incl. cycloalkyl)-S-dialkyl (£C;)-aminoethyl alkyl (£C;)- phosphonothiolates
and corresponding alkylated or protonated salts, e.g. VX, VE, VM, VMM, VP, VS

. sulfur mustards (9 chemicals), e.g. mustard gas (yperite), sesquimustard,O-mustard

. lewisites (3 chemicals), e.g. 2- chlorovinyldichloroarsine (lewisite 1)

. nitrogen mustards (3 chemicals), e.g. bis(2- chloroethyl)ethylamine (HN1)

. saxitoxin

0 N o N

. ricin

B. Precursors
9. alkyl (£C;)phosphonyldifluorides
10. O-alkyl (H or £C,,, incl. cycloalkyl)-O-2-dialkyl (C5)aminoethylalkyl (£C;) phosphonites
and corresponding alkylated or protonated salts
11. chlorosarin
12. chlorosoman
Schedule 2
A. Toxic chemicals
1. amiton
2. PFIB
3.BZ
B. Precursors
4. chemicals, except for those listed in Schedule 1, containing a phosphorus atom to which
is bonded one methyl, ethyl or propyl group but not further carbon atoms, e.g.
methylphosphony! dichloride, dimethyl methylphosphonate
. N, N-dialkyl (£C3) phosphoramidic dihalides
. dialkyl (£C3)-N,N-dialkyl (£C3)- phosphoramidates
. arsenic trichloride

. benzilic acid
. quinuclidin-3-ol
. N,N-dialkyl (£C3)aminoethyl-2-chlorides and corresponding protonated salts

= O OV 00 N O WU

—_ =

. N,N-dialkyl (SC3)aminoethane-2-ols and corresponding protonated salts
(exemptions: N,N-dimethyl and N,N-diethylaminoethanol and corresponding protonated salts

12. N,N- dialkyl (£C3)aminoethane-2-thiols and corresponding protonated salts
13. thiodiglycol
14. pinacolyl alcohol
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B Table 9.2 (Continued)

Schedule 3

A.Toxic chemicals
1. phosgene
2. cyanogen chloride
3. hydrogen cyanide
B. Precursors
. chloropicrin
. phosphorus oxychloride
. phosphorus trichloride
. phosphorus pentachloride
. trimethyl phosphite
9. triethyl phosphite
10. dimethyl phosphite
11. diethyl phosphite
12. sulfur monochloride
13. sulfur dichloride
14. thionyl chloride
15. ethyldiethanolamine

0 N O 1 B

16. methyldiethanolamine
17. triethanolamine

Mustard mixtures : mustard HT (60% H+ 40% T), HS ( H+ 15% carbon tetrachloride), HQ (75% H+ 25% Q), HL (50%
H+50% L).

B Table 9.3
Other chemical agents not included in the list of CWC (including riot control agents)

Blister agents methyldichloroarsine (MD), ethyldichloroarsine (ED),
phenyldichloroarsine (PD/PFIFFIKUS), phosgene oxime (CX), arsine oil*

Emetics (sternutators) diphenylchloroarsine (Clark I/DA), diphenylcyanoarsine (Clark 1/DC),
10-chloro-5,10-dihydrophenarsazine (adamsite/DM)

Lacrimators a-bromobenzyl cyanide (CA), 2-chloroacetophenone (CN), 2-chloroben
zylidenemalononitrile (CS), dibenzo-1,4-oxazepine (CR), benzyl
bromide, cyanobenzyl bromide, methylbenzyl bromide, bromoethyl
acetate, iodoethyl acetate, vanillylamine pelargonate

Suffocating agents diphosgene, triphosgene, chlorine

Blood agents hydrogen cyanide (AC), cyanogen chloride (CK)

*The mixture of 5% arsenic trichloride, 50% PFIFFIKUS, 5% Clark and 5% triphenylarsine.
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Verification analysis for the Chemical Weapons Convention (CWC)

Outline of verification methods

To detect traces of the use or production of a chemical weapon, screening tests for nerve agents,
blister agents and their related compounds (chemicals with low molecular weights, such as
phosgene and cyanide, not covered sufficiently), followed by qualitative (identification) analysis,
are conducted for environmental specimens sampled, such as water and soil. For the screening,
gas chromatographs with selective detectors are usually used to narrow down the toxin candi-
dates by retention index (RI) together with informations on specific elements (P, S, As, etc.).
The qualitative analysis is made by GC/MS, GC/ FTIR and NMR; it is preferable to get spectra
by more than two different methods. Usually, GC/MS in the electron impact (EI) ionization
mode is most popular to identify the chemicals; the mass spectral data obtained from speci-
mens are compared with those of the authentic compounds. When the authentic compounds
or reference data are not available, careful analysis of the spectra is made for identification on
the basis of the data of analogous compounds. A flowchart for the verification analysis is shown
in @ Figure 9.1.

Forms of specimens

Environmental specimens: Water (waste water, environmental water, decontaminant fluids),
soil, organic solvents, waste fluids, environmental atmosphere, exhaust gas, solid specimens
(rubber, macromolecular materials, paint, clothes and others)© and wipes (oily adherents, dust,
residues and others).

Human specimens: Blood, urine, skin and hair.

Targets for analysis
Chemical warfare agents, their decomposition products, precursors, synthetic intermediates,

reaction products, polymeric forms, impurities, derivatives, synthetic by-products, binary
chemical weapons? and others.

Pretreatment methods®f

The liquid-liquid and solid-phase extractions are used for the scheduled chemicals in crude
specimens; after clean-up, the extracts are subjected to instrumental analysis. A usual diagram
for analysis of environmental specimens is shown in @ Figure 9.2.
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@ Figure 9.1

Sampling of a specimen sampling of a blank specimen

trapping of gas specimen in an absorbent tube

@ liquid-liquid extraction
solid-phase extraction

ion exchange, filtration, condensation
I—> ‘ Condensation or evaporation to dyrness

Derivazation

[ Screening analysis j

research for GC retrention index values
informations on elements
narrowing down of the peaks * > thermal desorption GC

Qualitative analysis
by GC/MS

GC/EIMS < database research
GC/CIMS < estimation of a molecular weight

measurement of the authentic standard
library search with the database
interpretation of the spectrum

v

[ Determination of the structure ]

of a compound detected

confirmatory analysis, analysis of the results

Verification of the presence
of a chemical weapon

Flowchart for the procedure of the verification analysis of chemical warfare agents and their
related compounds in environmental specimens.
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@ Figure 9.2
Specimen (1-10 mL or g)
. e Specimen for analysis of lewisite 1
FI, LC/MS/MS (10 mL. pH 2)
‘ Derivatization of the thiol group ‘
Specimen for liquid-liquid extraction (10mL)
Dichlormethane extraction (SmL x 2) ‘ Hexane extraction ‘
o)) i GC/MS
GC/NPD, AED. Dichlormethane .
iy ’ —— A h: d resid
FPD, GC/MS extract (10 mL) queous phase and residue GC/AED

| ‘

|

Residue: water extraction (5 mL x2) |

or 1% TEA/methanol extraction .

!

‘ !

‘ !
P :
GC/NPD, AED, Condensation under Cation exchange \ Recovery of lewisite !
FPD, GC/MS nitrogen purge (SCX) clean-up ¢ landits oxidized .
. product I

Condensation by a rotary evaporator or under nitrogen purge

Evaporation to dryness,
derivatization (BSTFA)

Recovery of a non-polar chemical Evaporation to dryness,
warfare agents (sarin, mustard) | derivatization (BSTFA)

Recovery of polar compounds
(incl. aminoalcohols)
Low recovery of O-alkyl alkyl
phosphonic acid

GC/MS

GC/MS

Diagram for analysis of chemical warfare agents in environmental specimens.

Liquid-liquid extraction

! i
. Recovery of O-alkyl '
i alkylphosphonic acid
| Aminoalcohols adsorbed '
! firmly to SCX '

For specimens of an unknown chemical, a suitable volume of dichloromethane® (1-2 vol-
umes for a solid specimen and % volume for an aqueous specimen) is added to each specimen,
followed by extracting two times with shaking”, dehydration with anhydrous sodium sulfate,
filtration if necessary, centrifugation (2,000 g, 3 min), condensation' and finally the analysis

by GC.

For aqueous specimens, the pH should be checked and neutralized with ammonium hy-
droxide or dilute hydrochloric acid solution before extraction. Although chemical warfare agents
and their non-polar related compounds are easily extracted into the dichloromethane phase,
polar decomposition products cannot be extracted into the phase efficiently. Therefore un-
treated solid specimens or their residues after extraction with dichloromethane are extracted
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with pure water’ twice, followed by filtration with a 0.45 pm cellulose membrane filter; the final
analysis is made by LC with or without the condensation of the extracts or by GC after deriva-
tization. Also for the aqueous specimens, the residual aqueous phase is directly subjected to LC
analysis or is evaporated to dryness by pressure-adjustable rotary evaporator followed by GC
analysis after derivatization.

Solid-phase extraction

For neutral aqueous specimens, solid-phase extraction can be used in place of the liquid-liquid
extraction for analysis of chemical weapons, because of its simplicity and high capability; usu-
ally C,4 or Cg cartridges with a packing material volume of 100 or 200 mg are being used.
However, the recovery rates are low for some of the dialkyl aminoethyl compounds derived
from the V series of chemicals by the solid-phase extraction.

Clean-up

For decontaminant fluid specimens, cations should be excluded *! with cation exchange car-
tridges (SCX, 100 or 200 mg) to avoid formations of organic alkali salts or organic acid salts,
before condensation or evaporation.

Many of chemical warfare agents are easily hydrolyzed; in the practical analysis, their
decomposition products, impurity compounds remaining and some reaction products are
usually analyzed.

Derivatization

For derivatization of decomposition products of nerve agents and mustards, methylation
with diazomethane and silylation with N,O-bis-(trimethylsilyl)trifluoroacetamide (BSTFA) or
N-methyl-N-(tert-butyldimethylsilyl)trifluoroacetamide (MTBSTFA) are most common™. The
low concentrations of organic arsenic chemical agents cannot be directly analyzed by GC,
because the bond of arsenic with chlorine or a hydroxyl group is fragile. For GC analysis of
such arsenic compounds, derivatization methods utilizing a stable arsenic-sulfur bond are be-
ing employed. Lewisite 1 and its decomposition product can be derivatized with 1,2-ethan-
edithiol (EDT) [2] or 3,4-dimercaptotoluene (DMT); diphenylcyanoarsine and its decomposi-
tion product with thioglycol acid methyl ester (TGM) [3] or alkylmonothiol as derivatization
reagent”.

As stated above, the most suitable derivatization method should be chosen according to a
target compound. The examples of derivatization reactions for organic arsenic chemical agents
are shown in @ Figure 9.3.
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@ Figure 9.3
Cl
CICHCH — As\ a CHs
S CHs
lewisite 1 + ——»  ccHCH—As] jij
HS \S
_OH SH
CICHCH — As
OH 3, 4-dimercaptotoluene
CVAA (DMT)
CN
OO
diphenylcyanoarsine P 0 , 0
(DC, Clark1l) +  HS—CH.—C — As—S—CH.—C
al ~OCH: ~ OCH;
@ AS @ thiogrycol acid methyl ester
(TGM)
diphenylchloroarsine

(DA, ClarkI)

Derivatization reactions for organoarsenic chemical agents.

Instrumental analysis

Screening analysis

GC analysis with a selective detector is useful for screening of chemical agents in unknown
specimens without any information. When many interfering impurity peaks appear, it is diffi-
cult to narrow toxin candidates at low concentrations only by GC/MS. The selective detectors
for GC to be used for analysis of the scheduled chemicals are shown in € Table 9.4; FID, NPD,
FPD and AED are well used®.

An example of the standard GC conditions for screening of the scheduled chemicals is
shown as follows.

i. GC conditions

For verification analysis, slightly polar fused silica capillary columns, such as DB-5 (5% phe-
nylmethyl polysiloxane), are well used. Intermediately polar capillary columns such as DB-1701
(14% cyanopropylphenyl methyl polysiloxane) are also effective. In the practical analysis, at
least two capillary GC columns with different polarity should be used simultaneously. For
analysis of decomposition products, highly polar CW-20M or DB-WAX columns are applica-
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0 Table 9.4

GC selective detectors to be used for analysis of chemical warfare agents

GC detector
Flame ionisation
detector (FID)

Photoionization
detector (PID)

Nitrogen-
phosphorus
detector (NPD) or
flame thermionic
detector (FTD)

Flame photo-
metric detector
(FPD)

Sulfur chemilu-
minescence
detector (SCD)

Application

It is the most common GC detector, and shows
good linearity in a wide concentration range.
Although the sensitivity is low especially for
phosgene and hydrogen cyanide, it is useful for
most of chemical agents.

It responds to general compounds, but sometimes
show high sensitivity and specificity to certain
compounds. The response is dependent on

the ionization efficiency of a compound to be
analyzed. The detector shows a wide range of
linearity. It shows higher sensitivity than an FID
for sulfur-containing compounds, such as mustard
gas, and for compounds having double bonds,
such as tabun and lewisite. It does not need
detector gases, and can be used on-site. However,
since it shows high sensitivity for aromatic
compounds, the specificity becomes questionable
in many cases of environmental specimens.

It is highly selective and sensitive to compounds
having phosphorus and nitrogen in their
structures. Although arsenic compounds, such as
lewisite can be detected with this detector, the
sensitivity is inferior to that of an FID. It is
especially effective for analysis of nerve agents,
nitrogen mustard, BZ and other agents.

It is widely used for sulfur-containing compounds,
and also responds to nitrogen- containing
compounds. It can be used for analysis of nerve
agents and sulfur mustard. However, for sulfur-
containing compounds, good linearity cannot be
obtained; quenching can occur, when they are
eluted with hydrocarbons. Simultaneous detection
of both sulfur -and-nitrogen containing com-
pounds can be made on two channels.

It is effective to detect sulfur-containing com-
pounds. It detects sulfur oxides produced by
chemiluminescence reaction of the compounds
with ozone in the reducing flame. Its sensitivity is
one order of magnitude higher than that of an
FPD. It shows high selectivity and good linearity,
and does not suffer from quenching.

Target compound
Chemical agents and
their related compounds
in general.

Chemical agents and
their related compounds
in general.

Compounds having
phosphorus and
nitrogen, nerve agents
and their decomposition
products, nitrogen
mustard, BZ and amino
chemicals.

Phosphorus- and sulfur-
containing compounds,
nerve agents, their
decomposition products,
phosphates, sulfur
mustard and its related
compounds.

Sulfur mustard and its
related compounds.
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B Table 9.4 (Continued)

GC detector Application Target compound
Electron capture  Itis applicable to compounds producing negative Chemical agents
detector (ECD) ions by reaction with thermoelectron. The containing chlorine and

chlorine-containing compounds such as erosive their intermediates.
gases can be detected with this detector, but the
decomposition products not containing halogens
cannot be detected. The sensitivity is dependent
upon the affinity of a compound to electron, and
is sometimes very low for certain compounds.
Sufficient sensitivity can be obtained for many
compounds, but sufficient selectivity cannot be
obtained. Especially for environmental specimens,
the detection of a compound to be monitored is
markedly interfered with, because they contain a
lot of compounds, which is sensitive to an ECD.

Atomic emission It is the most effective detector for screening of Chemical agents, their
detector (AED) chemical weapons and their related compounds.  related compounds in
It can detect a selected element with high sensi-  general, nerve agents,

tivity and specificity. It enables the estimation of a their related compounds,
compositional formula of an unknown compound. sulfur mustard, its related
Elements, such as carbon, phosphorus, sulfur, compounds and organo-
nitrogen, chlorine and arsenic, can be analyzed arsenic compounds like
simultaneously; chromatograms for each element lewisite.

can be obtained. However, since its sensitivity to

nitrogen is low, nitrogen mustards and BZ should

be detected with the NPD.

ble. For general screening of wide ranges of the chemical agents, capillary columns with inter-
nal diameter of 0.2-0.3 mm, with length of 20-30 m and film thickness of 0.25-0.33 um are
used.

ii. Simple qualitative analysis using the retention index

In GC analysis, n-alkane (C4—Cs,) standards together with a target compounds are simultane-
ously detected to obtain its retention index (RI) value. The simple estimation of a compound
can be made by comparing the obtained RI value with that of a known compound. It is neces-
sary to use the same column and the same GC conditions for exact comparison of RI values'.
The RI values of the main scheduled chemicals are listed in € Table 9.5. Elemental chromato-
grams by GC/AED for a mixture of some chemical agents and their related compounds are
shown according to each element in @ Figure 9.4.

Identification analysis

When a peak suggesting a chemical weapon-related compound appears, the mass spectrum of
the peak is recorded by GC/MS; the spectrum is subjected to library research to identify a
compound. The EI mass spectra for the main chemical weapons and their decomposition
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0 Table 9.5

Retention index values of typical chemical weapons and their related compounds

Compound name (chemical weapon)

sarin

soman

tabun

VX

O-ethyl S-dimethylaminomethyl
methylphosphono thiolate (VMM)
O- ethyl S-diethylaminoethyl
methylphosphono thiolate (VM)
O- ethyl S-diethylaminoethyl
ethylphosphonothiolate (VE)

O- ethyl S-diisopropylaminoethyl
ethylphosphonothiolate (VS)

O- ethyl S-diisopropylaminoethyl
methylphosphonothiolate (VP)
mustard gas (HD)

sesquimustard (Q)

O-mustard (T)

nitrogen mustard 1 (HN-1)
nitrogen mustard 2 (HN-2)
nitrogen mustard 3 (HN-3)
lewisite 1 (L1)

lewisite 2 (L2)

lewisite 3 (L3)
BZ

diphenylchloroarsine (DA)
diphenylcyanoarsine (DC)
2-chloroacetophenone (CN)

O-chlorobenzylidenemalononitrile (CS)
dibenzo-1,4-oxazepine (CR)
methylphosphonodifluoride (DF)

chlorosarin
chlorosoman

O-ethyl-O-diisopropylaminoethyl
methylphosphonate (QL)

DB-5*

820
1044/1048
1133

1713

1442

1594

1671

1786

1178
1703
1990
1156
1087
1411
1083

1290

1465
2658

1812
1866
1301

1564
1811
488+

977 (973)
1203 (1199)
1354

RI

DB1701**
953
1183/1189
1342
1882

1621

1768

1832

1337
1945
2263
1274
1204
1612

1614

1824
2017

Remarks

— .

1,2

1,2

o R RN R
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B Table 9.5 (Continued)

Compound name RI Remarks
(decomposition product - derivative) DB1701%**

dimethyl methylphosphonate (DMMP) 881 (884) (1048) 1,(3)
O-ethyl-O-methyl methylphosphonate 952 1112 1
(EMMP)

O-isopropyl-O-methyl methylphosphonate 989 1137 1
(IMMP)

O-ethyl methylphonic acid (EMPA)-TMS 1082 2
O-isopropyl methylphosphonic acid 1108 2
(IMPA)-TMS

methylphosphonic acid-(TMS), 1148 (1145) 1270 1,(3)
EMPA-t-BDMS 1300 2
IMPA-t-BDMS 1327 2
methylphosphonic acid-(t-BDMS), 1569 2
1,4-dithiane 1068 1169 1
thiodiglycol 1184 1468 1
thiodiglycol-TMS 1423 3
mustard sulfone 1433 1783 1
quinuclidin-3-ol (3-Q)-TMS 1267 2
benzilic acid-TMS 1098 2
BZ-TMS 2633 2
N,N-diisopropylaminoethanol 1057 2
N,N-diisopropylaminoethanethiol 1120 3
N,N-diisopropylaminoethanol-TMS 1171 2
LI-EDT 1578 3
LI-DMT 2044 3
diphenylarsine-SG 2319 3

* DB-5: 5% phenylmethylpolysiloxane (SE-54, DB-5ms, CPSi18, etc.).
** DB-1701: 14% (cyanopropyl-phenyl)-methylpolysiloxane (OV-1701, etc.).
*** extrapolated value.
1. ROPs [see reference 1] : SE-54, OV- 1701.
2. OPCW:DB -5, DB-5ms etc.
3. Chemicals Evaluation and Research Institute, Japan: DB-5, DB-1701.
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@ Figure 9.4

coms - IAED3 A, carbon 193 (CWA\01082004.D)
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7‘5 1‘0 12‘5 l‘S l'/‘S 2‘0 22‘5 .3‘5 2')5 min
coms JAED2 A, carbon 193 (CWA\01082003.D)
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GC/AED elemental chromatograms for a mixture of chemical agent-related compounds.
Standard mixture: fluorotabun, mustard gas, lewisite 3, Gd-7 and BZ. GC conditions: DB-5 (30 m x
0.32 mm, film thickness 0.25 pum); column temperature: 40° C (1 min) —10° C /min—280° C

(5 min).
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products are usually included in the standard databases (such as NIST library and others) and
their library research is possible. Some compounds, such as sulfur mustards, can be easily
identified only by EI mass spectra using the database research. If the EI mass spectral measure-
ments do not give the final identification, corroboration with other data is necessary. Mass
spectral measurements in the chemical ionization (CI) mode® are useful for estimation of mo-
lecular weights; the estimated compound should not be contradictory to the result of elemental
analysis and the RI value both obtained by GC.

Although GC/MS is the main tool for identification, confirmation by GC/FTIR or NMR is
useful to achieve higher reliability. For identification of decomposition products in aqueous
(liquid) specimens, LC/MS/MS" with electrospray ionization (ESI) or with atmospheric chem-
ical ionization (APCI) is effective. When quantitation with high specificity and sensitivity is
required, selected ion monitoring (SIM) can be used. Analysis by high resolution GC/MS or
GC/MS/MS gives identification or quantitation with high sensitivity and selectivity.

The standard GC/MS conditions are shown below.

Instrument HP5973 MSD (Agilent Technologies)

Column DB-5 (30 m x 0.32 mm, film thickness 0.25 um, J&W)

Column temperature 40° C (6 min) —10° C/min—280° C (5 min)

Injection temperature 250°C

Injection mode Splitless (purge-on-time 1.0 min)

Carrier gas He (1.5 mL/min, constant flow mode)

Ion source temperature 250° C

Ionization methods El and CI

Tonization voltage 70 eV

Scanning methods Scan (EI range: m/z 25-600, speed: 0.5 s);
(CI range: m/z 60-600, speed: 0.5 s)

ClI reagent gas Ammonia or isobutane

Also for estimating peaks appearing in the total ion chromatograms (TIC) using each RI value,
the same GC conditions and the n-alkane standards are adopted for the GC/MS analysis.

Analysis of chemical warfare agents by thermal desorption GC

A gas-adsorbed sample® obtained with a Tenax adsorbent tube is introduced into GC through
a thermal desorption device (ATD 400, PerkinElmer, Wellesley, MA, USA). This methods is
effective for use, when analytical results are rapidly needed or the concentration of a target
compound in the atmosphere is low. It is applicable to analysis of volatile compounds in solid
specimens, such as soil and clothes. The thermal desorption conditions for GC are: desorption
temperature, 250° C (10 min)¥; desorption flow rate, 10 mL/min; and cold trap temperature:
-90° C ( in the case of capillary columns).
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Identification of compounds and analytical database

Analytical database

The identification of a compound in a specimen can be made by comparing the mass spectrum
and the retention index value of a target compound with those of the authentic compound; if
they match well, the final identification can be achieved. However, actually, the authentic com-
pounds of chemical agents and many of their related compounds cannot be obtained except
commercial reagents. The library search for typical (major) chemical weapons or other related
compounds being widely used also for non-military purposes is possible using a database com-
mercially available. However, when a compound to be analyzed is one of the family compounds
of a chemical agent, such search is impossible, because of the absence of their data in the data-
base. Also when a compound is derivatized for analysis by GC/MS, the search also becomes
impossible in the absence of the data on the derivatized compounds. Substantiation of the da-
tabase of RI values may give rapid and reliable informations, but actually the RI database is
much less than the mass spectral data. In addition, such RI data are useless, if analytical condi-
tions are different. To identify a compound without the authentic one and without its RI data
usable, an analogous mass spectrum is looked for in the database, and if found, the mass spec-
trum of the unknown target compound is carefully compared with that of the analogous
compound in the database. Analogous compounds of chemical agents usually contain the same
group in their structures in common; in their mass spectra, characteristic fragment peaks
usually appear. This kind of information is quite useful for analysis of a mass spectrum of an
unknown compound for estimation of its structure. The relationship among a chemical agent
itself, its decomposition product, a reaction product and a derivative, together with other
chemical informations, is also useful for such structural analysis.

Relationship of a chemical agent with its precursor, by-products
and decomposition products

The decomposition of chemical agents is usually rapid and the intact compounds cannot be
detected in most cases. In analysis of a chemical agent, the mechanisms of its decomposition
and chemical reaction should be well understood. When the purity of an agent is low, stable
impurities coexisting, precursor(s) and by-product(s) can be used for specifying a chemical
agent. For example, even when mustard gas is decomposed or disappears, it is possible that
1,4-dithiane, sesquimustard or O-mustard with lower volatility is detected. Since the organic
arsenic chemical agents are easily oxidized and hydrolyzed, the main decomposition prod-
ucts should be analyzed simultaneously. The decomposition processes of lewisite 1 and diphe-
nylarsinic compounds are shown in @ Figures 9.5 and 9.6, respectively. CVAA, CVAO and
CVAOA, the decomposition products of lewisite 1, are known to be equally erosive like lewisite
1 [4]; it is important to detect such decomposition products especially for environmental and
human specimens.
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@ Figure 9.5
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@ Figure 9.6
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Analysis of chemical warfare agents in human specimens

In the analysis of human specimens, the kinds of chemical agent products detectable are usually
different in different human specimens according to the modes of metabolism and excretion.
Recently, analytical methods for detection of bio-markers of chemical warfare agents have
been developed. In this section, the author presents some of them for nerve agents, sulfur mus-
tards and lewisite in human specimens.

Nerve agents

The measurements of acetylcholinesterase activity in blood by the DTNB methods are usually
made after exposure of humans to a nerve agent, because of its simplicity and rapidness; by this
method, it is impossible to specify a causative nerve agent. There is a possibility that a G agent
per se, such as sarin, is detected within several hours and VX within 12 h after exposure from
tissues and blood by GC/MS. Most of nerve agents, however, are rapidly metabolized to the
respective O-alkylmethylphosphonic acid and trace amounts of phosphonic acid. It seems easy
to analyze these products in blood and urine obtained from a poisoned patient by GC/MS [5, 6]



Analysis of chemical warfare agents in human specimens

85

or LC/MS/MS [7]. However, the period suitable for analysis is limited, because these products
are rapidly excreted within a few days.

An analytical method for phosphorylbutylcholinesterase was developed [8]. This method
allows separation and semi-quantitative analysis of a phosphonofluoridate, giving the informa-
tion on the identity of a causative toxin and also the estimation of its level with high sensitivity.
However, the method suffers from limitations due to the spontaneous regeneration and aging
of the phosphorylated enzyme and the natural life-span of the enzyme. Another method
for GC/MS analysis of the phosphorylated moiety separated from the inhibited cholinesterase
after derivatization was reported [9]. Since the nerve agents are easily bound with tyrosine
residues of plasma albumin, the phosphorylated serum albumin is considered to be a bio-
marker of exposure to soman [10].

Sulfur mustard

Sulfur mustard is rapidly bound with nucleophilic atoms under physiological conditions. The
reaction products of the sulfur mustard with nucleophilic atoms of glutathione in body fluids,
of amino acids included in proteins and of DNA can be bio-markers of sulfur mustard
poisoning.

The sulfur mustard metabolites produced in a short period after the exposure are excreted
into urine in the presence of water and glutathione. Thiodiglycol sulfoxide, mustard sulfoxide
and mono-/bis-conjugates of mustard sulfone were reported as the metabolites of sulfur mus-
tard [11]. The metabolites produced by B-lyase, O,S(CH,CH,SOCH3;), and CH,SOCH,CH,S
0,CH,CH,SCHj; were also analyzed by LC/MS/MS [11]. Thiodiglycol, thiodiglycol sulfoxide
and the P-lyase metabolites™ in urine of a victims, who had been exposed to sulfur mustard,
were analyzed by GC/MS/MS with high sensitivity (detection limit, 0.1 ng/mL) [12].

Sulfur mustard easily reacts with nucleophilic moieties, such as the COOH groups of
aspartic acid and glutamic acid, the imidazole NH group of histidine, the NH, group of N-ter-
minal amino acid valine of a-and B-chains of hemoglobin and the SH group of cysteine; such
alkylated adducts were detected and identified by LC-ES/MS/MS after protease digestion [13].
The N-alkyl valine at N-terminal of hemoglobin obtained from victims of sulfur mustard poi-
soning was analyzed by negative ion GC/MS/MS with high sensitivity after derivatization [14].
Sulfur mustard also reacts with cysteine residues of human serum albumin; the alkylated
cysteine fragment could be detected and identified by micro LC/MS/MS with high sensitivity
after trypsin digestion of the albumin [15]. These alkylated adducts detected from hemoglobin
and albumin can be regarded as bio-markers of sulfur mustard poisoning in blood speci-
mens.

Sulfur mustard shows carcinogenicity by alkylation of nitrogen in the 7-position of gua-
nine; the alkylated product N7-2-[(hydroxyethyl)thio]-ethyl guanine could be analyzed for the
skin, blood and urine of animals, which had been exposed to sulfur mustard, by GC/MS/MS
after derivatization, and by LC-ES/MS/MS without derivatization for a blood specimen sampled
more than 20 days after exposure to sulfur mustard [16]. Such alkylated DNAs are considered
to exist in various tissues, blood and urine. There is also a possibility that the unchanged sulfur
mustard can remain in adipose tissues and hair.

The main route of excretion of sulfur mustard is via urine; less parts are retained in the
skin. Only a trace amount of the agent exists in blood. Its levels in urine and the skin decrease
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rapidly within a few days, while the agent remains for as long as 6 weeks being bound with
hemoglobin in erythrocytes in blood [17]; the hemoglobin- bound form of sulfur mustard can
be a bio-marker of a relatively long period in its poisoning.

Lewisite

Lewisite is rapidly hydrolyzed to CVAA in aqueous environments such as blood plasma
(© Figure 9.5); the CVAA should be practically measured for detection of lewisite. CVAA can
be extracted by adding 1,2-ethanedithiol to a specimen, and separated from plasma or urine
for analysis by GC/MS [18]. However, its excretion into urine is rapid; it is difficult to detect the
metabolite from urine obtained more than 12 h after exposure. Lewisite together with CVAA
is estimated to be bound with cysteine residues of proteins, because of high affinity between
arsenic and thiol groups. As high as 20-50% of lewisite is known to be bound with globin after
its exposure to blood. After reaction of CVAA with 2,3-dimercaptopropanol (BAL), the adduct
with L-BAL was extracted (separated) from globin for sensitive GC/MS analysis. The amounts
of the BAL adduct separable from blood specimens decreased according to intervals after ex-
posure to lewisite; about 10% was reported to be found in blood specimens sampled 10 days
after exposure.

In actual cases, specimens are usually sampled a long time after exposure; this means that
trace levels (sub-ppb order) of derivatives of chemical agents should be analyzed qualitatively
and quantitatively. The urinary metabolites of sulfur mustard can be targeted as biomarkers
up to 2 week after exposure; and the adduct with DNA or proteins up to 3 weeks. For such
analyses, GC/MS/MS in the CI mode or LC/MS/MS with an ESI interface can be used as
powerful tools.

Notes

a) The international treaty “The Convention on the Prohibition of the Development, Produc-
tion, Stockpiling and Use of Chemical Weapons and on their Destruction (The Chemical
Weapons Convention, CWC)” had entered into force on April 29, 1997. A Japanese law
(The Law for Banning Chemical Weapons) was promulgated on April 5, 1995 to realize the
above treaty accurately.

b) In the CWC, toxic compounds to be used with high probability as chemical weapons and
their precursors are defined as Schedule 1 chemicals; toxic compounds and their precur-
sors other than the above typical chemical weapons defined as the Schedule 2 chemicals;
toxic compounds and their precursors, which are mainly used for non-military purposes,
defined as Schedule 3 chemicals (@ Table 9.2). The “specified substances” defined by the
Japanese law correspond to the Schedule 1 chemicals; the “designated substances” corre-
spond to the Schedule 2 and 3 chemicals. The family compounds are those with similar
fundamental skeletons. For example, VE,VM,VMM,VP and VS are the family compounds
of VX; all of them had been developed as chemical weapons.

¢) There was a special case in which sarin per se could be detected 4 years after exposure from
a painted metal debris specimen [19]; sarin had been adsorbed into the paint material and
protected from decomposition by water.
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d)

e)

f)

g

h)

i)

)

k)

Two intermediate reagents are separately packed in each cell of an artillery shell and mixed
to produce a chemical weapon just before landing. With this system, the handling of chem-
ical weapons becomes very easy, because of its safety. The DF of the G agents and the QL of
the V agents are equipped with the binary system.

The handling methods differ according to the kinds of chemical agents. To avoid sec-
ondary exposure, all handlings of a specimen, which is suspected to contain a chemical
warfare agent, should be done inside a fume hood or a glove box equipped with an acti-
vated charcoal chamber or alkali scrubber. It is essential to wear gloves not to expose the
skin. The gloves with butyl materials are good for non-permeability, but suffer from their
bad operationality; those with nitrile materials seem best. The glove for surgical operation
made of polyethylene and latex being widely used in laboratories are weak especially
for erosives; the latter chemicals permeate through such gloves in about 5 min after
their contact. When these gloves have to be used, they should be worn doubly; the outer
one is immediately removed upon such contact of the agents. It is important to under-
stand physicochemical properties of each chemical agent to be handled for effective pro-
tection.

The glassware used is put in a decontaminant fluid and kept there for several weeks until
complete detoxification. For blister agents, 5% solution of bleaching powder or sodium
hypochlorite is used; for nerve agents, 5-10% aqueous solution of sodium hydroxide is
also effective for decontamination. For the mustard gas, aqueous solution of nitric acid
is effective. The contents of the DS2 being well known as a decontaminant of chemical
warfare agents are 70% diethylenetriamine and 28% ethylene glycol monomethyl ester
solutions.

The chemical warfare agents usually react with alcohols to yield products; the chlorine or
fluorine group of an agent is easily replaced by an alkyl ester group. Especially, organoar-
senic chemicals such as lewisite 1 rapidly react with water to form decomposition products;
thus upon extraction with an organic solvent, the contamination by water should be avoided.
As extraction solvents, non-polar toluene and hexane are preferable. In dichloromethane
(ultra-pure grade), 0.2-0.5% methanol is sometimes being added as a stabilizing agent; the
solvent should not be used for extraction of organoarsenic chemicals.

Usually, ultrasonic and shaking extractions are used for solid and liquid specimens, respec-
tively. When ultrasonic extraction is made for soil specimens, a matrix inside the clay may
be eluted and give negative influences on the analysis; more moderate tumbling extraction
is recommended for soil specimens. The times for extraction for solid and liquid specimens
are about 10 and 2-5 min, respectively.

Since simultaneous analysis of various compounds with different physicochemical proper-
ties, including volatile chemical weapons such as sarin, is required, drastic evaporation to
dryness and rapid condensation should be avoided not to lose them during the treatments;
the condensation should be made under a gentle stream of nitrogen very carefully.

The nitrogen-containing compounds, such as V agents, are sometimes difficult to be effi-
ciently extracted from soil specimens owing to their adsorption to silicon hydroxide. In
such cases, the soil specimens are extracted with 1% triethanolamine / methanol or 0.5 M
potassium hydroxide / methanol for good recovery. Care should be taken against that these
compounds are easily adsorbed to glassware.

The cartridges should be pre-conditioned by passing methanol and water according to an
explanatory leaflet of each manufacturer.
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)

The eluate should not be evaporated to dryness. Some compounds, such as cyclohexylsalin
and hydrolyzed products of soman, cannot be eluted or recovered from the cartridge due
to their strong adsorption to the resin.

m) The methylation is lower in reactivity than silylation, and thus is not suitable for derivatiza-

n)

o)

p)

Q)

r)

s)

t)

tion of thiodiglycol, a decomposition product of sulfur mustard, and the alkyl amino com-
pounds formed by the mustard. For silylation, a dried extract residue of a specimen is dis-
solved in 0.5 mL of acetonitrile or THF and 0.5 mL of a silylating reagent, sealed with a screw
cap, sonicated and heated at 60° C for 30 min for derivatization. The silylation is generally
useful for derivatization of most of decomposition products of chemical warfare agents, be-
cause of its high reactivity; the t-BDMS reagent is generally more reactive than the TMS reagent.
These derivatization reactions are rapidly completed at room temperature in 10-20 min
after addition of each derivatization reagent to a specimen solution. The hydrolysates co-
existing are also derivatized in many cases. 2,3-Dimercaptopropanol (BAL: British Anti
Lewisite) being used as an antidote can be used as a derivatization reagent. For the
monoalkylthiol, the use of an alkyl group of a different length can give a different retention
time of GC to avoid interfering impurity peaks.

The selective detectors for GC, such as NPD and FPD, are effective for analysis of chemical
agents containing phosphorus, nitrogen and sulfur; however, these detectors result in over-
looking other chemicals not containing the above atoms. For example, pinacolyl alcohol
for soman and benzilic acid for BZ cannot be detected by the selective detectors. When a
selective detector is used, an FID should be simultaneously used not to overlook other
compounds; the FID is also useful, because the FID chromatogram can be compared with
a TIC in mass spectrometry.

In the splitless mode, caution is needed against the memory effect due to adsorption of
a compound in the injection port. For compounds which are thermolabile and highly ab-
sorptive, such as organoarsenic chemical agents, the on-column derivatization method is
effective; in such cases, an inactivated retention gap (about 50 cm in length) is connected
with a separation column to protect it from degradation.

To confirm the absence of contamination by the memory effect of the injection port and by
solvent effect, solvent blank should be analyzed periodically. The memory effect is notable
especially for organoarsenic compounds.

Even under the same conditions with the same kind of a column, variations can be found
to some extent. Usually, under the same condition, an RI value being deviated by only less
than 10 units from that of the authentic is effective. Tentative qualitative analysis by RI is
one of the useful tools, because it is simple and rapid. However, the coincidence in RI does
not mean that both compounds are identical. Further evidence is required for the final
identification by other analytical methods.

In the EI mass spectra of the V agents, many peaks due to fragmentation of the alkylamino-
ethyl moiety appear; only with the mass spectra, the final identification of each agent is not
possible. In the CI mode, the protonated molecular ion appears and is useful for identifica-
tion of the compound. For sulfur mustard, the CI mass spectrum does not give such a dis-
tinct protonated molecular ion. Methane, ammonia or isobutane is being usually used as
reagent gas in the CI mode; isobutane is most recommendable to obtain a protonated
molecular ion, because it gives the softest ionization.

LC/MS/MS is useful, because decomposition products in environmental and biomedical
specimens can be analyzed without any derivatization. However, the database for mass
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spectra of LC/MS(/MS) is not available; for identification by this method, the simultaneous
determination of mass spectra using the authentic standard is required. Flow injection MS/
MS is useful for screening of compounds; in this case, a blank specimen should be analyzed
simultaneously.

u) An atmospheric gas specimen is practically aspirated into a Tenax TA tube to trap a target
compound; the Tenax TA tube should be cleaned before use.

v) For analysis of mustards adsorbed to polymer materials, such as rubber and paint, the de-
sorption temperature should be set at 120-150° C to avoid interference with GC analysis by
impurities being contained in the polymers.

w) Since thiodiglycol sulfoxide endogenously exists in urine of normal subjects at low concen-
trations (10 ng/mL), it cannot be a definitive marker of sulfur mustard poisoning. The
B-lyase metabolites could be detected from urine sampled 13 days after exposure; the
B-lyase metabolites together with the DNA adduct with sulfur mustard in urine can be
definitive bio-markers for mustard poisoning.
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11.1.1 Carbon monoxide

By Keizo Sato

Introduction

The incidence of carbon monoxide (CO) poisoning is highest among those of various poison-
ings in forensic science practice; about 2/3 of the total accidental poisoning deaths is due to CO
poisoning in Japan [1]. Previously, suicides, homicides and accidental deaths frequently took
place using city gas containing about 9% CO. However, during recent years, city gas is being
replaced by natural gas containing no CO, resulting in drastic decrease of the number of CO
poisoning cases. Nevertheless, many incidents of CO poisoning are occurring due to imperfect
combustion, fire, exhaust gas of automobiles and other causes. For a victim found at the scene
of a fire, the saturation ratio of carboxyhemoglobin (COHb) can be an indicator? for judging
whether the victim has died in a fire or had been already killed before the fire.

For measurements of COHb saturation ratios in blood, spectrophotometric and GC meth-
ods are available. Since methemoglobin (Met-Hb) is contained in many of blood specimens in
forensic science practice for measurements of COHb saturation [2], it is important to use a
method®, which is not influenced by the presence of Met-Hb. In this chapter, simple and reli-
able spectrophotometric [3] and GC [4] methods for measurements of COHb saturation not to
be influenced by Met-Hb are presented.

Spectrophotometric method

See [3].

Reagents and their preparation

e 0.1% Na,COj; solution: 0.1 g Na,CO; s dissolved in distilled water to prepare 100 mL solu-
tion.

e 5M NaOH solution: 20 g NaOH is dissolved in distilled water to prepare 100 mL solu-
tion.

e Sodium hydrosulfite (sodium dithionite) obtainable from Yoneyama Yakuhin Kogyo Co.,
Osaka and other manufacturers.

Analytical instrument

A Hitachi 557 dual-wavelength spectrophotometer (Hitachi, Ltd., Tokyo, Japan)

© Springer-Verlag Berlin Heidelberg 2005
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Procedure

i. Two 3-ml volume cuvettes of the same type are cleaned well by washing with distilled
water.

ii. A 2.5-mL volume of 0.1% Na,CO; aqueous solution is placed in a cuvette.

iii. About 2 mg of solid sodium hydrosulfite is added to the above cuvette and mixed well.

iv. A 10-pL volume of whole blood and 0.2 ml of 5 M NaOH solution are added to the mixture
and mixed well.

v. After standing for 5 min, the absorbances at 532 and 558 nm (As;, and Assg) are read against
distilled water in another cuvette as a blank.

vi. The percentage of HbCO can be calculated by the following equation:
COHDb %=(2.44-Ass/ Agyy) X 67

Assessment and some comments on the method

The above spectrophotometric assay for HbCO saturation ratio well meets the needs in forensic
science practice. To perform accurate measurements of low ranges of COHb by this method,
the following modification of the method is recommended.

About 20-30 specimens of fresh blood obtained from healthy subjects is analyzed accord-
ing to the above procedure. A specimen with the lowest COHD value is taken as 0%, which can
be used as the blank test. When the blood specimen with the lowest COHb value is processed
through 1-4 described in the above procedure, the absorbance spectrum 1 due to reduced Hb
can be obtained as shown in @ Figure 1.1; when CO gas is then bubbled in the same cuvette,
the absorbance spectrum 2 shown in the same figure can be obtained. In the spectrum 1, the
isobestic point around 532 nm and the absorbance maximum around 558 nm appear; the exact
wavelengths are re-examined for both points and small shifts of their wavelengths according to
instrumental conditions can be corrected. Even when the absorptions at corrected wavelengths

@ Figure 1.1
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are used, it is not necessary to change the coefficient values in the above equation. The method
using a blank test of a healthy and fresh blood and using corrected wavelengths enables the
accurate measurements of COHb contents less than 10% [3, 5].

For measurements of COHb in bloody fluids in the thoracic and abdominal cavities, a
special care should be taken. Kojima et al. [6] reported that 2.3-44.1% of COHb could be de-
tected from bloody fluids in the thoracic cavities of 7 victims without any fire or CO exposure,
while COHb contents in the hearts were only 0.3-6.0%. The high COHb contents found in the
thoracic fluids are considered due to postmortem production of COHb; the latter may be pro-
duced by decomposition of Hb and myogloblin during putrefaction [6, 7]. The postmortem
production of COHD is said to be most marked for bloody thoracic fluids of cadavers, which
have died of drowning [6, 8]. Putrefied blood also contains sulfurated hemoglobin (Sulf-Hb),
which does not react with hydrosulfite, together with the postmortem COHb; the hemolyzed
solution to be analyzed becomes composed of reduced Hb, COHb and Sulf-Hb, and thus is not
suitable for measurements of COHb by the spectrophotometry.

As one of the factors which influence the COHDb values, smoking should be mentioned. The
COHb saturation percentages in blood of nonsmokers in metropolitan areas are less than 1%,
while those of smokers consuming more than 15 cigarettes per day in the same areas are 3-5%. In
view of such smoking effect and the above postmortem production, it seems reasonable to set up
a cutoff value of COHb in heart blood to be 10%; when a cadaver shows a COHDb value not greater
than 10% and also tendency of putrefaction, the CO exposure can be assumed to be absent.

For fire victims, there are many cases in which only coagulated blood by the action of heat can
be obtained. In such a case, 8-mL of saline solution is added to 2 g of the coagulated blood and gen-
tly homogenized with a Teflon homogenizer®. However, it should be cautioned that the values ob-
tained from the coagulated blood are much less reliable than those obtained from the fluidal blood.

Storage of specimens

Care should be taken also for the storage of specimens until analysis. By the action of strong
light, CO can be liberated from COHb; the shading of specimens from light is preferable. For
long storage, the specimens should be frozen [9, 10]. At 3° C of storage, a slight liberation of CO
can occur [10]; at -30° C, slight production of Met-Hb is obtained, but no changes in values of
COHD and the total Hb for at least 60 days. At -80° C, no production of Met-Hb and no chang-
es in COHD and total Hb can be achieved; the storage with shading at -80 is most desirable.

GC analysis

See [4].

Reagents and their preparation

e Solution of saponin and potassium ferricyanide: 500 mg of saponin (obtainable from many
manufacturers) and 2 g of potassium ferricyanide are dissolved in distilled water to make
10 mL solution.
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Plastic disposable syringes (5 mL, Terumo, Tokyo, Japan or any other manufacturer)

CO standard gas: 50 L (GL Sciences, Tokyo, Japan).

Cyanmethemoglobobin reagent: Hemoglobin Test Wako (Wako Pure Chemical Industries,
Ltd., Osaka, Japan).

Cyanmethemoglobin reagent (by Sato et al. [11]): 20 g of potassium ferricyanide is dis-
solved in 500 mL of 1/15 M phosphate buffer solution (pH 7.1), followed by the addition of
50 mg potassium cyanide and 100 mL of 1% Triton X-100 (obtainable from every manu-
facturer) with gentle mixing. The mixture is made to 1 L by adding distilled water. The final
pH of this reagent is about 7.2.

conditions

Column: Molecular Sieve 5A (60-80 mesh, 2 m x 3 mm i.d., Shimadzu Corp., Kyoto, Japan)

gas

GC condition: a common GC instrument for packed columns with an FID is used. Carrier
is hydrogen at a flow-rate of 40 mL/min; the column temperature is 80° C. The above sepa-
