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20. | Abstract

Methods were investigated for the analysis of biologic samples
containing morphine and morphine-related compounds through uSg'of
bioanalytical systems involving gas chromatograph-mass snecirometer-
computer combined instrumeunts. Most of the work was carried out with
a quadrupole mass spectXometer designed for chemical ionization work.
Methane was used as the reagent gas.

The studies included the synthesis of stable isotope labeled com-
pounds and derivatives of morphine and morphine-related compounds,
and the development of analytical procedures for the determination of
free and total morphine and morphine-related compounds in biologic
samples. Mass spectral studies were carried out by electron impact
ionization, chemical ionization (0.5-1 Torr) and atmospheric pressure
ionizati¢n mass spectrometry., The procedures were, applied in the analysis
of a large number of urinary and blood (serum, plasma) samples.

Methods based upon gas chromatograph-mass spectrometer-computer
biocanalytical systems show high specificity and high sensitivity in
detection, and are generally reparded as reference methods of analysis.
The general procedures developed in the course of this work can be used
in other applications,
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I. INTRODUCTION

At the present time most analytical methods used for the study of
organic compounds in complex mixtures of biologic origin fall into one
of three categories. Gas phase analytical methods based upon the use of
gas chromatograph-mass spectrometer~computer (GC-MS-COM) analytical
systems are coming into wide use; they provide the most reliable and
effective methods now known for the analysis of drugs and drug metabolites
in biologic samples, and they are also used in environmental research
studies for the detection and estimation of toxic organic compounds.
Procedures based on saturation analysis are also widely used. Protein
binding methods have largely been replaced by radioimmunoassay proce-
dures, and a series of special methods have been developed for drug
assays. The EMIT (enzyme mediated immunoassay technique) system is now
being evaluated in clinical chemistry laboratories for use in estimating
blood concentrations of anticonvulsant drugs, and it may prove to be
useful in specific applications of this kind. RIA (radioimmunoassay)
and FRAT (free radical assay technique) procedures have been used widely.
All of these methods are based upon an essentially biological phenomenon,
and their chief weakness is that related compounds may interfere with
the determination. Liquid chromatographic methods are used for prelimi-
nary purification of the sample when this effect is present. A second
difficulty when drug studies are involved is that multiple determinations
for several drugs or drug metabolites may be required, and the necessary
reagents may not be available. A third group of procedures, many of
which are still in use, are based upon spectrophotometric or related
techniques developed before the introduction of more precise analytical
methods. A current example is the use of high performance liquid chroma-
tography, with an ultraviolet absorption detector, for the analysis of
drugs in blood. These methods are not usually highly specific or highly
sensitive, but they can be used in some applications.

The specific problem under study, described in this report, was to

.develop and apply analytical procedures for the determination of mor-

_ phine and morphine~related compounds in blood and in urine, using a gas
chromatograph-mass spectrometer—computer analytical system. This approach
was taken because methods based upon these systems provide both a high
degree of reliability and high sensitivity of detection; wide ranges of
concentrations of drugs in biologic fluids can be determined with a
degree of specificity not associated with other methods. Procedures

based upon these analytical systems are now generally regarded as re-
ference methods.

This report contains a discussion of gas phase analytical proce-
dures for the study of morphine and morphine-related compounds. Other
types of methods are not discussed. The experimental procedures which
were developed an. used are described in detail, and results are given.

II. BACKGROUND

The most important development in analytical chemistry in many
years has been the introduction, development and use of gas phase
analytical methodology. The initial step in this direction was the
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establishment of the basic concepts and technology for the separation of
organic compounds by gas chromatography. This was followed by combining
gas chromatography with mass spectrometiy, leading to a combined instru-
ment in which the mass spectrometer acted as a detector with unparalleled
capabilities for identification and quantification. When small com- {3
puters (4-8K core) were developed for laboratory use, it became possible
to design a new kind of instrument: an analytical system based on a
combination of a gas chromatograph, a mass spectrometer and a computer.
These systems are the most powerful tools now available for the analysis
of complex mixtures of biologic origin for compounds other than macro-
molecules.

The function of the gas chromatograph in an analytical system is to
separate components of the mixtures under study. Many investigations
have been carried out dealing with both the theory and practice of gas
chromatography, but the most important early advances of importance for
biologic studies were the development of thin-film columns, the intro-
duction of derivatization procedures for reducing bonding forces between
molecules, and the invention of ionization detectors. The first of
these developments occurred in 1959-1960. At that time VandenHeuvel,
Sweeley and Horuing (1) described the preparation of thin-film GC columns
prepared with a thermostable liquid film (a methylsi‘oxiae polymer known
as SE-30) which were suitable for the separation .. st~ves ds. This work
provided the first demonstration of the applicability ot GC methods to
the separation of an import+ant class of biologic compounds previously
thought to be essentially non-veolatile and therefore not separable by
gas phase methods. (Most organic chemists were aware of the fact that
some steroids could be purified by sublimation, but since this was
generally carried out under reduced pressure it was thought that a
separation which employed atmospheric pressure conditions would not be
suitable). Methods for preparing columns of this type, published a few
years later (2), are still in use, and the thermostable siloxane polymer
SE-30 is still the most widely used of all liquid phases for separations ;
carried out at moderately high temperatures (200-320%). Most of the -
columns used in this work were SE-30 columns.
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The most significant and still most widely used derivatives are §
trimethylsilyl ethers. These were introduced for steroid separations by ;
Luukkainen, Vandenleuvel, Haahti and Horning (3). At the time that this g
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work was carried out, it was recognized that the most serious difficulty
which prevented the wider use of GC methods was the fact that many
compounds of biologic significance contained hydroxyl groups, and the .
resulting hydrogen bonding between mclecules made it impossible to
volatilize these substances without decomposition. Attempts had been
made to use acetyl derivatives in some instances, but when trimethyl-
silyl derivatives were investigated it was found that they were gener-
ally superior to other types of derivatives because of their great
thermal stability (hydrolysis usually occurs readily, but thermal
elimination of trimethylsilanol does nect) and volatility. Several new
reagents for preparing trimethylsilyl ether derivatives have been intro-
duced since the initial studies, but the principles and practices de-
veloped at that time are still valid and silylation is still the most
widely used reaction for derivative formation. It was used in this

work.
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The introduction of the arygon ionization detector and the flame
ionizatiorn detector were important successive steps in the development
of gas chromatography, siuce they permitted relatively small samples to
be used. The argon ionization detector is no longer employed, but flame
ionization detection is used almost universally as a general, non~
specific and sensitive method of GC detection.

The concepts involved in the design of the combined gas chroma-
tograph-mass spectrometer were familiar to a number of scicatists during
the period 1958-196G. The principal problem was that of .cveloping a
"molecule separator’ which would lead to exclusion of most of the carrier
gas in the effluent stream from a gas chromatograph, while allowing the
sample to proceed into the ion source of a mass spectrometer. This
problem was solved by Ryhage through the development of a jet-orifice
separator (4); other types of separators were introduced later. The
Ryhage separator, together with fast scanning, made it possible to
design the first commercial combined GC-MS instrument (LKB 9000).

The next significant development was the introductior of the tech-~
nique of selective ion monitoring by Holmstedt (5). One or more ioms
characteristic of the substance under study were monitored during the
course of a GC separation in a combined GC-MS instrument. By monitoring
both an ion or ions from a reference compound (the internal standard)
and the compound of interest it was possible to carryv out highly sensi-
tive and highly specific quantification procedures. Holmstedt called
the procedure "mass fragmentography". This method Is widely used, and
it was employed in this work.

The development of small laboratory computers wmade it possible to
design analytical systems of the GC-MS-COM type. These are now used
with a disk to provide additional storage. Mzany operating vwarametcrs
can be controlled by a computer (or by modern circuitry with aicro-
processors), and the computer is also used for the acquisition ard
analysis of data. When a computer is employed, it is also possitle to
use a repetitive scan technique with computer-hased analysis of data at
the end of the run in ocder to identify specific compounds. This pro-—
cedure, developed by Biewmann (6), is called "mass chromatography".

All early GC~-MS instruments and GC-i!S~CCM systems were designed
with electron impact (EL) sources. This iz tha best arrangement when
preblems of identification are involved. Fuor purposes of quantifi-
cation, however, chemical ionization (CI) counditions are ncw generally
preferred. The usual reagent gas is methane, although othe: reagents
may be preferved in specific applications.

[

The current state of development of GC~MS-CCM systems may be sum-
marized in the following way. The mass spectrometer mey be on electri~
cal field (quadrupole) instrumra:, or a magnetic {ield wass Jectrometer.
Clder magnetic field instruments use magnetic field changes for scanning,
and accelerating voltage chunges for selective ion detection. Design
changes are in process for magnetic field instruments in order to avoid
the requirement for relaxacion time. Quadrupole instruments are well
suited to computer-bascd operation and control. Beth CL and ET sources
are used; CI conditions are usually employed in quantitative work, while
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EI techniques are preferred for identification purposes. The computer
is usually a small (4-8K core, 12- or 16-bit) laboratory computer. A
disk is often added; provision for visual display of spectra is gen-
erally included. Microprocessor control of operation is not yet a fully
established technology. The gas chromatograph is usually a packed
column instrument of conventional design, although open tubular columns
will probably come into wider use in the next few years. Hardware
devices for multiple ion detection or selective ion detection (mass
fragmentcgraphy) are available, but computer-based operation is often
preferred.

The system employed in this study was based upon a quadrupole mass
spectrometer, with mass range to 800 amu, arranged for chemical ioni-
zation. The gas chromatograph was of conventional design, and packed
columns (glass) were employed. The computer was a small laboratory
computer with a disk, and visual display of spectra was possible.
Selective ion detection was employed in quantitative studies.

A prototype atmospheric pressure ionization mass spectrometer was
used in some studics. This instrument shows very high sensitivity of
detection. Samples were introduced by platinum wire probe. Details are
included in a later section.

Investigations were carried out of hydrolysis conditions, extraction
and purification methods, procedures for derivative formation, mass
spectral characterization and quantitative GC-MS-COM methods for use
with morphine and movrphine-related compounds. These methods were used
for the analysis of urine and blood samples.

JII. SURVEY 9F METHODS

A. Metabolism and distribution

The literature dealing with morphine and wmorphine-related compounds
is extensive and is distributed through many disciplines. Comparatively
little quantitative data relating to morphine metabolism and distribution
in humans are available, however, because of the earlier lack of analy~
tical methods with sufficient sensitivity of detection and specificity
for use in human studies. The recent review of Boerner, Abbott and Roe
(7) summarizes current knowledge of the metabolism of moxrphine and
heroin in humans.

Diacetylmorphine (heroin) is rapidly metabolized to both 6-acetyl-

morphine and 3-acetylmorphine, but the rate of enzymic hydrolysis of the
ester group at the 3-position is considerably faster than that of the
corresponding group at the 6-position. As a consequence, the apparent
route of metabolism is: 3,6-diacetylmorphine - 6-acetylmorphine =
morphine.

Since hydrolytic cnzymes are widely distributed in the hody, the
removal of the 3~ and 6-acetyl groups probably begins immediately and
occurs at many sites after heroin ingestion. The distribution of these
three compounds, however, is likely to be somewhat different for each
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The rate of entry of diacetylmorphine into the central ner-

compound.
After a

vous system is bellieved to be faster than that of morphine.
very short period, however, the metabolic processes which occur are
those of morphine itself. The concentration of morphine in blood falls
relatively rapidly after a single dose of either heroin or wmorphine, but
low concentrations of morphine persist for a long time, The pattern of
distribution is not known in detail, but the primary site of metabolism
is the liver and excretion occurs both through urinary and biliary

pathways.

From a mass transfer point of view, the principai metabolite of
morphine is the 3-glucuronide, and urinary excretion is the principal
pathway of excretion. The 6~glucuronide is also a human {and animal)
metabolite, but the rate of formation of the 6-glucuronide is very much
slower than that of the 3-isomer. For example, in the rabbit the 3-
glucuronide accounted for 45% of administered morphine, while the
6-isomer accounted for 0.3%. The formation of sulfate conjugates from
phenols is a common reaction, and in the case of morphine the 3-sulfate
would be an expected product. Yeh (8) found that the ratio of 3~glu-
curonide to 3~sulfate in the human (in a pooled urine experiment) was
4:1. The 3-sulfate accounts for 5-10% of administered morphine. The 6-
sulfate has not been found as a metabolic product, although it is prob-~
ably formed in small amount. The rate of reaction of the 6-hydroxyl
group is very much slower than that of the 3-hydroxyl group in both
types of conjugation reactions. The propertion of glucuronide to sul-
fate is likely to vary with individuals, and species differences may be
large. For example, the sulfate is the major urinary conjugate of

morphine in the cat and chicken (9).

The metabolic problems of interest, particularly in terms of physio-

logically active compounds, involve reactions other than conjugation.
Two routes of considerable interest are N-demethylation to form normor-
phine and O-methylation to form codeine. Since both types of reactions
will occur, another metabolite 1o be expected is norcodeine (N~demethy~
lation of codeine and O-methylation of normorphine). Compounds in the
codeine series can form only 6-counjugates, but normorphine can form both
a 3~glucuronide and a 3-sulfate. Since 6-conjugation is a velatively
slow reaction, codeine would be an expected urinary product, with little
conjugation, while normorphine would presumably be excreted in both free
and conjugated form. It has been established in a variety of studies
that codeine and normorphine are authentic morphine metabolites, but
there is also some disagreement about the extent to which these neta-
bolites (particularly codeine) are formed in the human, and the nature
of the conjugated products.
total morphine dose was converted to urinary codeine, largely in conrju-
gated form. Since codeine is known to undergo N-demethylation, norco-
deine would be an expected metabolite as well under these circumstances.

The determination of normorphine is more difficult than that of morphine,

but recent studies (8,11,12) indicate that both free (about 1~5%) and
conjugated (about 1-3%) normorphine will be present as urinary meta-
bolites of worphine. Yeh (13) found 1% free normorphine and 47 total

normorphine,

One study (10) indicated that about 6Z‘of a
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These metabolites account for about 75~857% of an administered dose
The fate of the remaining material is not known. Some

of morphine.
biliary excretion will occur, but conjugates are generally hydrolyzed in
It seems likely

the gut and the biliary products are often reabsorbed.
that additional morphine metabolites remain to be detected, and these
may be formed by known types of reaction. The conversion of a tert-
amine to an N-oxide is a known metabolic pathway, and morphine N-oxide
has been detected as a urinary cowponent after morphine administration
(14). A second drug {(amiphenizole) was also given at the same time,
however, and it is not certain if the N-oxide was a result of enzymic
A potientially important observation was made in a study
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oxidation.
(15) of morphine metabolites in rat brain. Two metabolites were de-

tected; these were considered to have catechol or quinoid structures,
and they reacted with sulfhydryl groups of proteins. These observations
parallel the results of Bolt, Kappus and Remmer (16) with respect to the
protein binding of ethynylestradiol after metabolic activation. The

P450 oxidation of ethynylestradiol was believed to yield 2-hydroxy-
In the casce of morphine, the corresponding compound

s

ethynylestradiol.
would be 2~hydroxymorphine.
During the past few years, numerocus investigations have established
the fact that drugs and other exogenous compounds containing olefinic
bonds or aromatic rings are metabolized in part through the epoxide-diol
pathway. In some instances epoxides have been found as relatively
stable metabolites, and in others the evidence rests upon the isolation
of dihydrodiols (from aromatic compounds) or other diols of appropriate
The formatior of a catechol from a phenolic substance may

structure.
also depend upon epoxidation, although this view is based upon chemical
Interest in the epoxide

analogies rather than upon direct evidence.
pathway of metabolism has increased in recent years because of demons-

trations that epoxides can react with cellular components inciuding
cofactors, proteins containing SH groups, and DNA. Specific types of
epoxldes may be required for reaction with DNA, according to the Hulbert
(17) hypothesis, but many epoxides will react with sulfhydryl containing
proteins. This may be the basis of the cytotoxicity of epoxides.

In the case of morphine, the expected products of epoxidation would
be the 7,8-epoxide, 2-hydroxymorphine, and possibly an 11,12-epoxide.
It is probable that the 7,8-epoxide would be formed more rapidly from

None of

diacectylmorrhine and from 6-acetylmorphine than from morphine.
these substances has been identified with certainty, but the metabolites

of Misra, Mitchell and Woods (15) may be related to 2-hydroxymorphine.
The suggestion (15) that altered cellular function, caused by reaction
of a metabolite with receptor protein, may be the basis of the develbp-
ment of tolerance is difficult to prove, but there is increasing evi-
It seems likely

dence that epoxides can react with cellular protein.
that the 7,8-epoxide from morphine, diacetylmorphine and 6-acetylinor-—

phine would be formed by microsomal P450 oxidation, and these compounds
may be involved in the development of tolerance.

Recognized major and minor pathways, accounting for 75-85% of
administered drug, are shown in Chart 1. Compounds which have not

been identified as morphine metabolites but which are probably also
formed as human products, include the 3~glucuronide of 6-acetylmorphine,

~
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the 6~sulfate of morphine, the 3-glucuronide and 3-sulfate of normor-~

- phiné (the axpected conjugates), norcodeine and unidentified conjugates
of codeine. Since the deacetylation reaction occurs very rapidly,
studiés of the metabolism of diacetylmorphine after an initial period
become equivalent to a study of morphine metabolism. The determinations -
of interest are those of free and conjugated morphine. free and conju-
gated normorphine and free and conjugated codéine. Low concentrations
of morphine last for a long time after the initial period of metabolism.

The chief analytical problems arise -from the relatively low con=
centrations of drug and drug metabolites to be expected in urine and in
blood; these problems are discussed in lateér sections. The isolation of
epoxide metabolites, and the detection of 2=hydroxymorphine, were not
attempted in this study. These may be important compounds since they
may be involved in the development of tolerance.

B. Hydrolysis of conjugates dand isolation of samples -

The principal urinary compounds arising from diacetylmorphine or
morphine ingestion are free morphine, morphine 3~glucurcnide and mor-
phiné 3-sulfate. Small amdunt$ of normorphire, normorphine 3~glucu-
ronicde and normorphine 3-sulfate should also be present, along with a
little codeine and norcodeiné. In one recent study (18) with several
modes of administration of morphine, 65-70% of the dose was excreted in
urine as conjugates and 3-9% as free morphine. In another study 3,
morphiné conjugates amcunted to 64% of the dose, while 10% of free
morphine was found, along with 4% of normorphine conjugates and 1% -of
free normorphine (accounting for 83% of the dose).

Although the urinary excretion of morphine 6ccurs relatively
rapidly, small amounts coantinue to be excreted for a long time after an
initial dose. The reasons for the retention of morphine in the body are
not known; protein binding has beén suggested as a possible explanation,
and fat solubility may also be involved. As a consequence of this ’

‘property, however, it is desirable to employ analytical methods capable
. of detecting and estimating both rélatively high concentrations of
morphine in urine during the initial period of excretion, and low con=
céntrations for the ensuing hours or days. Since the concentration in
blood falls rapidly after the initial dose of diacetylmorphiné or mor-
phine, the methods should also be capable of measuring low concentra-
*tions in blood of both free and conjugated morphine.

The method ¢élosen for hydrolysis of urinary and blood cornjugates of
morphine was adapted from techniques uséd in the study 6f human urinary
steroids. The .enzymé was Glusulase; this contains both glucuronidases
and sulfatases. The hydrolysis rates of glucuronides and sulfates Wwith
this enzyme mixture are influenced by steric effects, but both 3- and 6~
conjugates of morphine are hydrolyzed relatively easily. Urinary rates
may be slowed by inhibitors (13). ' ‘

The method uscd for the extraction of morphine was based upon
studies of salt-solvent pair extraction of drugs (19). The fluid (urihne
of diluted 3:2 plasma or serum) was saturated with ammorium carbonate

s vt




and “"tract@d w1th~>“hyl acetate: ¥ree morphmne is extrdﬁted dndey
“tlhiese conditions; the 1n1t1a1 extraction process, howevet, yields a
mixture that requires additiomal treatment. Morphine and its basic
métabolites (normorph;ne, codeine) were raturred to an agueous phase: by
extraction of the orgari¢ phase with dilute hydrothorlc acid. The
reextraction of the aqueous solution was cariied out with 3:1 ¢hloro-
form:isopropandl aftef saturation with amméonium carbopaté. This pro=
cedure provides a sampie suitable for derivatizadion and 1nstrumental
analysis. .

When enzymic hydrolysis of urine was employed, norphine -and its
basic metabolites were removed from aqueous solution by ion exchange
chromatography (AG50W). After élution with hydrochloric acid (4%), the
desired coiipounds were extracted with ethyl acetate/ammonium carbonate.

In previous studies, the extraction of normorphine has been recog-
nized as being more difficult than that of mofphine. It is necessary to-’
employ alkaline conditions (a pH of 9.3-9.4 has been recommended), and
chiéroform:isopropanol 3:1 .s usually employed for solvent extraction
(20). Sodium chloride is often added to depress the solublllty of
morphiné and normorphine in the aquéous phasé. The organic ‘bases are
returhed to an aquéous phase by extraction with dilute hydrochloric
acid, and reextracted in the same fashion as in thé original extraction-
step.

The initial solvent extraction provides a sample containing both
neutral and basic substances. Neutral materials are largely eliminated
when a reextraction step is employed. The effectiveness of the éxtrac~
tion depends upon the pH of the aqueous solution and .the extracting
solvents, and upon a salting-out affect. The recommended pH varies form
9.4 to 10.3; chloroform:isopropanol 3:1 was the preferred extractant
mixture in earlier studies,

Ton exchange column chromatographic procedures have been widely
used for the selective removal of bases from biologic samples. In’this
. study, the chief problem proved to be that of separating urinary neutral
and basic components, and an ion exchange procedure proved to be satis-

factory.

Acidic, alkaline and enzymic procedures have all been used for the
hydrolysis of morphine conjugates; alkaline conditions result in very
low recovery of free drug, possibly because of air oxidation. The
recovery after acidié or enzymic hydrolysis is about the same (95-100%) »-
The use of -Glusulase is necessary in order to hydrolyze sulfate as well
as glucuronide conjugates,

The direct study of glucuronides by gas phase procedures is pdssible;
the most satisfactory derivatives.aré the methyl ester=trimethylsilyl
ethers. Conjugates of morphine have not béen studied in this way,
however, since the analytical 1nformat10n that is usually needed is that
resulting £rom an estimation of free and -tonjugated morphine. In this
work, frée and conjugatéd values were determined.
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The most satisfactory derivative of morphine for analytical purposes ‘§

is the ditrimethylsilyl ether. The phenolic group, and the allylic . 3
hydroxyl group, are readily converted to trimethylsilyl ethers by the 3

2

usudl silylating reagents. Bis~trimethylsilylacetamide, bis-trimethyl-
silyitrifluoracetamide or N-trimethylsilylimidazole may be used; the
reaction may be catalyzed by the addition of trimethylchlorosilane, but
this is not required. The trimethylsilyl (TMS) derivative has gouod gas
chromnatographic properties.

This derivative was employed by Wilkinscen and Way (21) in an early
quantitative study of morphine metabolism, and it has been used many
times in later investigations. Although trimethylsilyl ethers undergo i
hydrolysis relatively easily, they are thermally stable and show little 4
adsorption on GC columns. Column loss may occur if acidic conditions N
develop on the column packing; the best way of avoiding this circum-
stance is to employ an initial 1-2 cm zone of 10% SE-30 packing, accord--

. ing to the practice described by Thenot and Horning (22). The TMS

. derivative was used in the present study and in the recent metnod des-

AN cribed by Clarke and Foltz (23). Other studies {24-30) have also been based
) upon the use of TMS derivatives.

s

PPN

Codeine forrs a 6-trimethylsilyl ecrher; this derivative is suitable
for analytical studies. Diacetylmorphine does not require derivative
formation. 6-Acetylmorphine forms a 3-trimethylsilyl ether. Normorphine
forms a ditrimethylsilyl ether, in the same fashion as morphine. The
secondary amino grcup will also react with most silylating reagents, but
not with N~trimethylsilylimidazole, to yield an N-trimethylsilyl deriva-
tive. Compounds of this type are active silylating agents, and when

PO they are employed as derivatives it is not unusual to find both the free i
amine and the N-trimethylsilyl derivative present during the GC separation. yng

Acetyl derivatives of amines have frequently been used in GC identi-
fication studies, but the perfluoracyl derivatives usually have better
GC properties., Ebbinghausen, Mowat, Vestergaard and Kline (31) recently
developed an analytical procedure for the study of morphine and codeine
based upon the use of the trifluoracetyl derivative (morphine) and the
heptafluorobutyryl derivative (codeine). Smith and Cole (32) used the
3-trifluoracetyl derivative of 6-acetylmorphine in a study of diacetyl-
morphine metabolism. Ebbinghausen, Mowat and Vestergaard (33) used tri-
fluoracetyl derivatives in a study of codeine metabolism. Diacetylmor-—
phine has been detected and quantified in illicit preparations (34-36),

0y

Shage w part Giype

an ioternal standard is usually employed when quantitative studies
are carried out by GC techniques. Tetraphenylethylene was used in the
early work of Wilkinson and Way (21); this is suitable when a flame
ionization detector is employed. Smith and Cole (32) used a nitrogen
detector; the intermal standard was ethylmorphine acetate.

A number of screening procedures in which the identification step
is based upon GC data have been described. Derivative formation is not
necessary if the purpose is to detect diacetylmorphine or methadoné but
most screening procedures have as their purpose the detection of a
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number of drugs. The problems associated with the development and use

of screening methods are manifold. The method of "on-column" silylation
(37) is useful in secrcening work, but in research studies involving
quantitative work it is desirable to complete the derivatization step

before the sample is analyzed.

D. Mass spectrometry and GC~MS-COM methods

Analytical systems based upon a combination of a gas chromatograph,
a mass spectrometer and a computer, and operated as a single instrumen-—
tal system, provide the most powerful and most reliable method of analysis
now known for the study of complex mixtures of biolegic origin. They
are particularly valuable in studies of drugs and drug metabolism. The
function of the gas chromatograph is to separate components of the
mixtures under investigation. For example, most drugs yield multiple
metabolites; some metabolites may have a physiological action related to
that of the original drug, some may have toxic properties due to their
specific structure, and some may be inactive. The structural differences
introduced through metabolic transformations are usually such that
separation of the parent drug and individual metabolites is possible
with ordinary GC columns. It is usually necessary to prepare derivatives
prior to the instrumental analysis step, since many metabolites contain
polar groups which would lead to undue adsorption if derivatives were
not prepared. The mass spectrometer provides an intermittent or contin-
uous record of mass spectral data. If the primary purpose of the analysis
is to obtain qualitative data, the system may be operated manually so
that mass spectra are obtained for each peak detected in the GC effluent
stream. In this mode of operation, the "total ion current' is usually
used as a guide to determine when spectra should be obtained. A second
mode of operation, given the descriptive name of mass chromatography,
involves the continuous cycling of the mass spectrometer to provide a
series of mass spectra obtained throughout the separation process. Each
scan may require about 2 to 6 seconds, depending upon the mass range
selected for the scan. Some relaxation time is required between scans’
when the scan is accomplished by magnetic field changes; if the scan’
involves electrical field or accelerating voltage changes, the cycling
is essentially continuous. An analysis may require 5-10 min if only one
or two compounds are under study; if multicomponent analyses are needed,
the analysis time may be 30-60 min or more. The mass spectral data are
subjected to computer-based analysis. The programs may bLe relatively
simple, but generally a sophisticated program is required in order to
deal with problems of incomplete separation. The greatest value of this
approach lies in its unparalled capabilities for the detection, often in *
small amount, of specific compounds of interest because of their bene-
ficial or toxic physiological action. For this reason, electron impact
spectra are almost always obtained for amalysis. It is also possible in
some instances to employ a charge transfer mode of operation with nitrogen
as a carrier gas, but this form of operation has never been investigated
in detail. The advantage of using fragmeuntation spectra lies in the
fact that it is usually possible to arrive at a unique identification
when EI mass spectral data are combined w.“h GC data. Retention behavior
is a physical property which is based upon the free energy of solution
of the solute under the conditions of the separation, while the fragmen-
tation spectrum is based upon the chemical structure of the compound.
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Some types of isomers give virtually identical EI wass spectra, but thne
retention times will be different. Structurally unrelated compounds nay
show virtually identical retention behavior with a specific column, but
the EI spectra will be different. Identifications based upon criteria
involving both physical properties and chemical structure have high

-y validity.

Analytical systems are also used for quantitative purposes., The
usual mode of operation is to monitor two or more ions during the course
of the separation. The technique was originally called mass fragmentography;
other terms that have been used are multiple ion detection, selective
ion detection and selected ion detection. 1In early applications, EL
conditions were used with magnetic field instruments, and the usual
procedure was to monitor at least two ions derived from the compound
under study, and one or two ions derived from an internal reference
compound. Response factors were needed to relate observed ion intensi-
ties to mass relationships, and ratio measurements were carried out to
compare ion intensities for the compound under study and the internal
standard. Two fragment ions, or the molecular ion (M ) and a fragment
ion, were used to decrease the possibility of interference from other
compounds. Two recent developments in quantitative work have been the
use of chemical ionization techniques and the use of stable isotope
labeled compounds. The advantage of CI over EI techniques is that it is
usually possible tc choose an ion found in high yield as the ion whose
intensity is to be used (this is frequently the protonated molecule,
MHT) and it is usually possible to conserve the stable isotope label in

ige ion used for quantification. The preferred stable isotope label is
C, since there is no di Sernable isotope effect in the separation or
ionization proggsses for 77C compounds. It is customary to introduce
: three or more ~~C atoms. The adsorption losses will be the same for
i both labeled and unlabeled compounds, and the retention behavior will be
the same. Deuterium labeled compounds are also used. These are usually
satisfactory, although there may be a recognizable difference in retention
behavior (and perhaps in adsorption losses). For compounds with NCH.~
groups, the usual label is NCD,. Homologs and analogs have also beed
. used as internal standards. Tgey are less satisfactory than stable
isotope labeled compounds, but they have been used in some applications.
The usual practice is to monitor two or four ions (one or two each for
thie compound under investigation and one or two each for the internal
standard), and most programs allow for the monitoring of eight jiomns if

necessary {for multicomponent analyses).
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The technical problems associated with quantitative work are not ..
simple. From an instrumental point of view, it is necessary to employ
power supplies of high stability in quadrupole instruments, and to have
a means of detecting or correcting drift for both magnetic field and
electrical field imstruments. The peak setting is usually made to the
nearest 0.1 amu, and adjustments for mass defects may be required.
Derivatives should be selected to minimize adsorption losses, and the
sample size should be large enough to avoid errors in ion intensity

measurements.
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In this work, an electrical fie2ld (quadrupole) instrument was used
in the CI mode with methane as the carrier gas. A conventional 4 mwm
glass GC column was employed for the separation processes. The internai
standard was morphine-d, (NCD. morphine) prepared from ordinary morphine
by N-demethylation folldwed by conversiom to the NCL, compournd. Two
ions were monitored for morphine and for the internmal standord. For
morphine, these were at 340.2 (corresponding to (MH~90) ) and 414.2
(corresponding to (MH~-15) ) for the plasma andlyses, and #30.2 (corres-
ponding te MH ) and 414.2 for the urinary analyses. The corresponding
ions were higher by 3 amu for the internal standard.. The formation of
an ion at (Mi~15) dis normally observed for trimethylsilyl derivatives
of all kinds; derivatives of alcohols also usually show strong (MH~90)
ions under methane CI conditiomns.

This approach was also used by Clarke and Foltz (23). The game
internal standard yas used, and morphine iors at 340 amn (Mi~50) and
at 414 amu (Mi-15) were empleyed; the di-~TMS derivative was prepared
with bistrimethylsilylacetamide.

A related approach based upon trifluoracetyl and heptaf;uorobutyryl
derivatives was used by Ebbighausen, Mowat, Vestergaard and Kline (31)
and by Ebbighauseén, Mowat and Vestergaard (33).

A number of reference substances were prepared and studied by mass
spectrometry during the course of this work, and amslytical procedures
were alsc employed for the detection of diacetylmorphine, 6-acetylmor-
phine, codeine and normorphine. Both diacetylmorphine and 6~acetylmor-
phine are short-lived in the human, but normorphine and codeine should
be present in low amount in parallel with morphihe concentrations.

Since it was expected that low concentrations in plasma would be
encountered, a study was carried out of ionizationm reactions in an
atmospheric pressure ionization (API) mass spectrometer. This is a new
instrument (38-43) showing subpicogram sensitivity of detection, in
which the jonization process is carried out at atmospheric pressure in a
small reaction chamber externmzl to the mass analyzer region of a quadru-
poie mass, spectrometer. Conditions were examined for the formation of
MH and M ions. For diacetylmorphine, morphine and codeine, one of the
problems in analysis is that the group attached at the 6-position (hydroxyl,
acetyl, trimethylsilyloiy) is+readily lost under both EI and CI conditions,
with the result that MI or M ions are present in low intensity. When
M dons are formed from these sugstances by charge transfer from aitric
oxide ioms (NO ), however, the M ions are the base pecak. This obser-
vation by Jardine and Fenselau (44) was confirmed in API studies. The
predominant reaction observed was M ion formation, through charge
transfer.
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- IV. EXPERIMENTAL

A. Synthesis of reference compounds

A Roec

AN, 1. Acyl derivatives

S N

Acetyl derivatives of alcohols or phenols are best prepared by

N reaction with acetic anhydride, usually in pyridine solution. The

, preparation of acetylcodeine is a typical procedure. Thirty mg (0.01 t
' mM) of codeine were dissolved in 5 ml of pyridine. One ml of acetic ;

- anhydride was added and the mixture was allowed to stand for 24 hours. ?

Ice and water were added, and the product was extracted with 5 portions
of 10 ml of chloroform. The combined extracts were dried over anhydrous
sodium sulfate, and the solvents were evaporated. The yield was 31 mg
(77%) of 6-acetylcodeine as the acetate salt.

g 2

! The preparation of perfluoroacyl derivatives was described by ;

& Ebbinghausen, Mowat, Vestergaard and Kline (31). §

% 2. Alkyl derivatives %

S

N The procedure used in this work was first described by Corey (45,46) @
and later employed by Hakomori (47) for the permethylation of sugars and

Sy, S
LA

. by Haegele et al (48) for the peralkylation of peptides and amino
’ acids. The preparation of diethylmorphine was carried out in the
following way. Morphine hydrochloride (10.7 mg, 0.1 mM) was dissolved
’ in 600 yl of dimethylsulfoxide (distilled over calcium hydride). To
this solution, 150 yl of a 1 M solution of methylsulfinylmethide car-
banion was added. The reaction mixture was sonicated for 10 minutes to
break gel particles which were formed. This was followed by the addition
of 310.5 ul of ethyl iodide (equimolar excess) and the reaction mixture
was sonicated for 50 minutes. Ice and water were added (approximately 1
ml) and the diethylmorphine was extracted with 2 ml of chloroform. The
chloroform solution was washed 3 times with 1 ml portions of water, and
" the solvent was removed with a stream of nitrogen. The reaction is
conveniently carried out in a 3.5 ml screw cap vial, which is flushed
with nitrogen when reagents are added, since the carbanion solution is
extremely sensitive to moisture and to oxygen. The yield was 10.9 mg
(96%).

Dimethylmorphine and ethylcodeine were prepared in the same fashion,
Deuterated derivatives were also prepared.

3. Trimethylsiiyl (TMS) derivatives

The procedure described by Thenot and Horning (49) was used with
slight modification. In a typical procedure, 100~200 pg of compound was
reacted with 100 ul of silylating reagent (bistrimethylsilylacetamide or
bistrimethylsilyltrifluoracetamide) at 60—10000 for 60 minutes. ALliquots
of these solutions were injected.

WL L

The expected derivatives were obtained from morphine,;codeine and
b~acetylmorphine. Normorphine formed a tri-TMS derivative. Deuterated
derivatives were also prepared.
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carbamate ester which does not require the preparation of normorphine as
the starting compound for the introduction of the N—CD3 group.

e
2

il

The most satisfactory method involved the use of ethyl chlorofor-
mate to effect N~-demethylation of morphine, leading to formation of the
corresponding normorphine carbamate as described by Elison et al. (51).
The reduction of N~czrbophenoxynormorphine, according to Abdel-Monem and
Portoghese (52), and reduction of N-trichlorocarbethoxynormorphine, as
described by Montzka et al. (53), were not as satisfactory.

c. Synthesis of 03,06,N—tricarbethoxynormofphine

The procedure described by Elison et al.(51) was £ 118WGd without
major change, but the final groduct was identified as 07,0 ,N~tricarb-
ethoxynormorphine, and not 07 ,N-dicarbethoxynormorphine as indicated by
the authors.

Normorphine as the free base (28 mg, 5.0l mM), 0.4 ml (4 mM) of
ethyl chloroformate, and 1 g (20 mM) of potassium hydroxide in 6 ml of
water and 10 ml of chloroform were shaken in a separatory funnel for 15
minutes. The chloroform layer was collected, and the aqueous phase was
extracted with 2 portions of 10 ml of chloroform. The combined chloro-
form extracts were washed with 1N hydrochloric acid and with water. The
chloroform sclution was evaporated. The yield was 44.2 mg (88%) of a
slightly yellow, resin-like material identified by 1ts mass spectrum as
a diester carbamate.

d. Preparation of N—CDa-morphine (morphine—d3)
03,06,N-tricarbethoxynormorphine (79 mg, 0.162 wM) was dissolved in
5 ml of tetrahydrofuran. (The tetrahydrofuran was freshly distilled
from lithium aluminum hydride.) To this solution, a suspension of 42 mg
(1 mM) of lithium aluminum deuteride in 2 ml of tetrahydrofuran was
added dropwise and with stirring. After the addition was completed, the
reaction mixture was heated under reflux for 2 hours. Ethyl acetate was
added to destroy excess reagent. This was followed by the additioa of
25 ml of 2N hydrochloric acid and 4 g of potassium tartrate, and the
mixture was heated under reflux for 2 hours. After adjusting the pH to
8.3 with aqueous potassium hydroxide, the mixture was extracted with
methylene chloride for 24 hours by using a continuous extractor. After
evaporation of thie solvent, 22 mg (47%) of N—CD3~morphine (morphine—ga)
was obtained. NS
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B. Mass spectral data

1. Electron impact mass spectra

Electron impact mass spectra were obtained with an LKB 9000 GC-MS
combined instrument. The conditions were: ionizing voltage, 20 eV;
current, 60 pA; accelerating voltage, 3.5 kV. The column was a 9 ft x 4
mm id glass coil containing 1% SE~30 liquid phase on 100-120 mesh Gas
Chrom Q. Helium was used as the carrier gas. Both temperature pro-
grammed and isothermal conditions were used.

2. Chemical ionization mass spectra

Chemical ionization mass spectra were obtained with a Finnigan 3200
quadrupole mass spectrometer designed for chemical ionization work.
Methane was used as the carrier and reagent (0.5-1 Torr) gas. The
ionizing voltage was 100 eV. The glass column (U-tube) was 6 ft x 4 mm
id containing 17 SE-30 liquid phase on 100-120 mesh Gas Chrom Q. Both
temperature programmed and isothermal conditions were used. The mass
range extended to 800 amu.

= 3. Atmospheric pressure ionizaticn mass spectra

The atmospheric pressure ionization mass spectrometer was a proto-
type instrument. The mass analyzer was a quadrupole mass spectrometer
qugyped with pulse counting circuitry. The ionization chambers utilized
a “Ni source or a corona discharge souvce. Details of the design and
operation of this instrument have been published (38-43). Samples were
introduced with a platinum wire probe. A liquid chromatograph-mass
spectrometer-computer system was also used.

Analysis of urine

1. Free morphine and other bases in urine

a. Extraction and derivatization

The extraction step was carried out hy the salt-sélvent pair
extraction procedure of M. G. Horning et al. (19). Ammonium carbonate
(so0lid) was added to saturate 5.0 ml of urine, to which 1.5 ug of mor-
phine-gs (NCD,~morphine) had been added, and the aqueous solution was
extracted twicCe with 5 ml portions of ethyl acetate. The combined
organic extracts were dried with anhydrous sodium sulfate, and the
solvent was evaporated with the aid of a nitrogen stream.

For the determination of morphine, the sample was convertéd to
derivative form by treatment with bistrimethylsilylacetamide (25-50 pij
25 pyl was used when morphine concentrations were low) at 60° for 20 min.
Under these conditions morphine forms a ditrimethylsilyl derivative,
while codeine forms a monotrimethylsilyl derivative. 6-Acetylmorphine
forms a monotrimethylsilyl derivative, but diacetylmorphine remains
unchanged. For the determination of normorphine, 25 uyl of N=trimethyl-
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4. Preparation of internal refercnce compounds labeled with deuterium

St o

Internal reference compounds labeled with stable isotopes are the
most suitable standards for quantitative analysis by gas chromatograph-
mass spectrometer-computer techniques. Deuterium labeled standards
possess physical properties nearly identical with their corresponding
unlabelled analogues but they are distinguishable by mass spectrometry.
Due to the ease and low cost of synthesis, deuterium labeled internal
standards are commonly used for the purpose of quantitative analysis of
drugs and drug metabolites. Since many drugs contain an N-methyl
function, the most accessible site for the introduction of the deuterium
label is by forming the N-demethylated compound (normorphine in this
work) which in turn is then alkylated using d.,-labeled methyl iodide to
form the N-d.-labelled drug (N-d,-morphine); the reduction of the car-
bamate with lithium aluminum deuteride is another method.

a. Preparation of normorphine

Cyanogen bromide method of ven Braun (50)

Diacetylmorphine acetate (215 mg, 0.5 mM) was dissolved in 4 ml of
anhydrous chloroform. A solution of 96 mg of cyanogen bromide (0.9 mM)
in 1 ml of chloroform was added to the solution, and the reaction mix-
ture was heated under reflux for 2.5 hours. The chlorofcrm was evap-
orated, and the residue was treated with 5 ml of boiling water. The
solution was allowed to cool and the precipitate was removed by filtra-
tion. After recrystallization from ethanol/water, colorless needles of
diacetyl-N-cyanonormorphine were obtained. The yield was 164 mg (86%).

Upon refluxing 121 mg (0.33 mMol) of diacetyl-N-cyanonormorphine
for 5 minutes with concentrated hydrochloric acid, the twe ester func-
tions wzre saponified and N-cyanonormorphine crystallized from the
cooled mixture. To complete the crystallization process, the mixture
was refrigerated overnight. The product was removed by filtration. :The

. yield was 94 mg (957).

d-Cyanonormorphine was converted to normorphine by refluxing 94 mg
(0.217 mM) with 60 ml of 6% hydrochloric acid for 6 hours. The solveat
was removed in vacuo and the residue was dissolved in ethanol. Normor-
phine hydrochloride was precipitated upon addition of n-pentane. Storage
of the mixture (freezer) completed the precipitation process. The
product was removed by filtration, washed with cold n-pentane, and
dried. The yield was 79 mg (81%) of normorphine hydrochloride.

b. Preparation of morphine~N-CD., (morphine-d3)

The synthesis of morphine labeled with deuterium in the N-methyl
group may be accomplished either through direct methylation of normor-
phine with d,-methyl iodide or by the reduction of a carbamate ester of
normorphine with lithium aluminum deuteride. The diract route was used
by Ebbighausen et al., but as expected the yield was low and other
products were obtained as well (codeine-d,, unreacted normorphine and
norcodeine—gs). The method of choice is therefore the utilization of a
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silylimidazole was uscd as the derivatizing reagent under the same con-
ditions; a ditrimethylsilyl derivative was formed. (Conversion to a
tritrimethylsilyl derivative occurs with bistrimethylsilylacetamide).

b. GC-MS-COM procedure

A Finnigan Model 3200 GC-MS combined instrument, with a Model
6000 data system, was employed. Methane was used as the carrier and
reagent (0.5-1 Torr) gas. A 6 ft x 4 mm id glass U-tube column with 1%
SE-30 on 100-120 mesh Gas Chrom Q column packing was used for separation
and sample introduction. The column was programmed at 4% /minute from
180" . The ionizing voltage was 100 pA. A solvent/reagent bypass was
used.

The system was calibrated with perfluorotributylamine, and then
with an authentic sample of the ditrimethylsilyl derivative of morphine.

The ions of interest for the quantification of worphine,are at
430.2, 414.1 and 340,2 amu. These correspond tc the ions MH , (MH~16)
and (MH-90) . The related ions for morphine-d, are 3.0 amu greater.
A study of possible interferences indicated that measurements of each
pair of these ions from morphine and mv:n:phine—g_3 would be satisfactory;
the ions at 414.2/417.2 and 430.2/433.2 ama weré chosen. After cali-
bration with an authentic sample of the TMS derivative of morphine, the

values 414/417 aud 430/433 amu were used.

+

Ratios of ion intensity values were used to calculate the morphine
concentration in the sample. No examples of interference from other
substances were encountered, bu* two pairs of ious were always monitored
in order to decrease the possibility of error due to unrecognized inter-
ference by other urinary comporents.

Derivatized samples were subjected to analysis for codeine and .
normorphine., The codeine inalysis was based upon a comparison of ion
intensities at 372 amu (MH ) for codeine and at 433 amu (MH for mor-~
phine-d,), after determinaticn of the response factor under the con-
ditions”of operation. Normorphine was not detected in aay sample.

Urinary samples which were relatively high in morphine coacen-
tration were examined for the presence of dizcetylmorphine (370 and 328 .
amu) and 6-acetylmorphine (as the TMS derivative with ions at 400 and
358 amu). These compounds were not detected in any sample.

2. Total morphine and other bases in urine

a. Hydrolysis, extractiova, purification and decivatization

A 5,0 ml sample of urine, to which 1.5 ug of morphine—g3 had
been added, was adjusted to pH 4.5 with G.5 g of sodium acetate tfihy-~
drate and a few’'drops of acetic acid, and 0.2 ml of Glusulase (Endo
Laboratories Inc., Garden City, New York) was added (this corxresponds to
30,000 units of B~glucuronidase and 3,000 units of sulfatase). The
mixture was kept at 37° for 18 hours. This condition results in the
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hydrolysis of morphine glucduronide and morphine sulfate, but it also
liberates free steroids from urinary conjugatcd stevoids. Direct ex-

traction results in a mixture containing both morphine and urinary
steroids; a fractionation step is necessary before analysis.

Ton exchange fractiopation. A small ion exchange column containing
0.30 g of the sulfonic acid ion exchange resin AG 50W-X8 (200~400 mesh)
(Bio Rad Laboratories, Richmond, California) in the acid form was pre~
pared in a disposable Pasteur pipette. The flow rate was controlled (at
the exit) at 1.5 ml/minute through use of a four-channel peristaltic
pump. The hydrolyzed urine sample was passed through the colummn, and
the column was washed with 10 ml of 0.2 N hydrochloric acid. Morphine
was eluted withOZS ml of 4N hydrochloric acid. The eluate was evap-
orated at 40-50" under reduced pressure.

This procedure was developed with the aid of 14C—labeled morphine,
as indicated later.

Fractionation by back extraction. The hydrolyzed urine was extracted
as described for the isolation of free morphine samples by extraction
with ethyl acetate after saturation with ammonium carbonate. Hexane (1
ml) was added to the ethyl acetate solution from the initial extraction.
Morphine was extracted into an aqueous solution by washing the organic
solution with 2 x 1 ml of 0.1 N hydrochloric acid. The aqueous soclution
was extracted with athyl acetate (5 ml) after saturation with solid
ammonium carbonate. The ethyl acetate solution was dried with anhydrous
sodium sulfate, and the solvent was evaporated with the aid of a nitro-
gen stream.

Direct extraction. The hydrolyzed urine was extracted with ethyl
acetate after saturation with solid ammonium carbonate, as described for
the isolation of free morphine samples. The resulting mixture contained
the urinary steroids androsterone, etiocholanolone and dehydroepiandros-
terone, as well as morphine. g

Recovery experiments. Radiocactive morphine (N*lACH ), was obtained
from Amersham Searle Corp., Arlington Heights, Iilinois.™ This material
was used in recovery studies of three procedures: direct extraction,
extraction followed by back extraction into aqueous solution, and isolation
through use of an ion exchange column. In each instance, the final
sample was prepared in scintillation vials; the residue obtained after
evaporation of the solvent was dissolved iu 0.5 ml of methanol, and 10
ml of toluene/POPOP solution was addéd for counting: .

..

Preparaticu of derivatives. These were prepared in the sawme way as
described for free moxrphine samples.

Trimethylsilyl derivatives of androsterone, etiocholanolone and
dehydroepiandrosterone were prepared employing the conditions used for
morphine samples. The methoxime~trimethylsilyl derivatives of these
steroids were prepared in the usual way (54).
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b. GC analyses , .

Comparisons of retention behavior for the trimethylsilyl 12
derivatives of morphine, codeine and normorphine, and for diacetyl ~§
morphine, with the properties of the trimethylsilyl derivatives of ig

~ androsterone, etiocholanolone and dehydroepiandrosterone, indicated that He
=4 interference would be expected under the usual conditions, based on use : %%

of SE-30 columns. Methylene unit (MU) values were compared for a 1% SE- §§

8 30 column, {g
. 4

) c. GC-MS-COM analyses. %

» ~

Instrumental analyses of samples were carried out in the same
way as for free morphine determinatioms.

)

YR A DG B HA RS

Studies were made by selective ion detestion to determine the
degree of overlap of urinary steroids and morphine and related substances
in the separation process.

Comparisons of results indicated that a fractionation or purifica-
tion step would be required in order to preveat interference by steroids
in the morphine determination. The procedure selected for use was the

. ion exchange method of sample ijsolation. This method was used in subse-
quent urinary analyses.

D. Analysis of serum

- 1. Free morphine and other bases in serum

a. Extraction, purification and derivatization

Serum samples were extracted by the salt-solvent pair proce-
dure of M. G. Horning et al. (19) as described for urine analyses. One
ml of serum, to which 1.5 ug of morphine-d, had been added, was extracted
twice with 5 ml of ethyl acetate. Hexane %1 ml) was added to the com-
bined ethyl acetate extracts and the organic phase was washed twice with
1 ml of 0.1N hydrochloxic acid. The aqueous phase containing morphine
and other bases was then extracted with ethyl acetate or with a mixture
of chloroform—isopropanol (3:1) after neutralization and saturation with
solid ammonium carbonate. The organic solution, dried with anhydrous

Ri i

t sodium sulfate, was evaporated with the aid of a nitrogen stream. The .
residue was treated with 25~50 pl of bistrimethylsilylacetamide at 60° .
_ for 20 minutes. Trimethylsilyl derivatives of morphine, codeine and
. normorphine were formed under these conditions.

In some experiments, proteins were precipitated with tungstic or p e
. trichloroacetic acid prior to the extraction step. Lower recoveries :
were obtained, due to protein binding. The most satisfactory extraction

method was that described here.

SN TR B T AL AEG I,

T

b. GC-M3-COM analyses

Analyses of serum samples were carried out in the same way as
for urine samples. The ions which were monitored were at 414/417 and
340/343 amu.
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: When the back extraction procedure was used, there was no inter-
ference with morphine determinations by erdogenous substances.

2. Total morphine and other bases in serum

Hydrolysis, extraction, purification and derivatization .

2_'

The internal standard (1.0 ug) was added to the serum sample
(1 m1) and the solution was adjusted to pH 4.5 with acetate buffer after
3:2 dilution with watér. The conjugated morphine was hydrolyzed, employing
the same conditione as described for total morphine determinations in
urine. After hydrolysis, the sample was extracted, purified and deriv-
atized by procedurés identical to those described for free morphine

determinations in serum.

In some experiments, samples of 0.1 or 0.2 ml were analyzed;
these were diluted to 0.5 ml before hydrolysis, and a correspondingly

lower amount of morphine~_q3 was added.

i

b.  GC-MS-COM analyses

Analyses of serum samples were carried out in the same way as
for free morphine measurements.

After enzymic hydrolysis and purification by hack extraction, serum
samples gave cleaner mass fragmentograms than urine samples.
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V. RESULTS AND DISCUSSLON

A. Mass spectral data

1. Electron impact mass spectra

—

The chief value of electron impact (EL) mass spectral data
lies in uses in detection and identification studies, although quanti-
tative work is carried out in some laboratories by EI techniques. In
this work, where the objectives involved quantitative measurements, a
study of EI spectra in the morphine series was carried out to determine
if there were any advantages to be gained by using EI methods with a
variety of morphiné derivatives. The structuras of all compounds used
in this work were also validated by EL procedures.

The behavior gﬁ organic bases under EI condjitions is not always
predictable, but M jons are often formed; (M~H) ions may also be
present. Fragmentation pathways may lead to cleavage products with or
without a nitrogen-containing group. For morphine, and morphine-related
compounds, elimination of the substituent at the 6-position (Chart 2)
and elimination of most of the ring structure containing the 6-position,
occurs relatively easily. The base peak is usually M, hut for diacetyl-
morphine the most prominent ion corresponds to (M-CH,CO) ; this is not
unexpected for acetates. The major iogs for morphineé itself are at 285,
215 and 162 amu. The molecular ion (M), at 285 amu is the base peak;
the ion at 215 amu corresponds to (M-70) , indicating loss of most,of
the ring containing the 6~position. 07,0 -Dimethylmorphine and 07,0 -
diethylmorphine had good gas chromatographic properties, and the mass
spectra were very similar, allowing for the difference in substituent-
groups. The major jons corresponded to M ‘4 Groups 5hat were eliminated
from dimethylmorphine led to ions at (M-15) , (M-31) ind (M~84) ; the
(M-84), ion for dimethylmorphine corresponds to (M-70) for morphine and

. (M-98)  or 243 amu in the diethylmorphine mass spectrum. The ions at
176 and 178 amu for dimethylmorphine correspond to the ions at 190 and
192 amu gor digthylmorphine, suggesting that these fragments contain one
of the 0” or 0 substituent groups. The spectra for the deuterated
derivatives dimethylmorphine~d, and diethylmorphine~d,, showed ions at
179 and 181 amu, and at 195 aﬁﬁ 197 amu respectively, indicating that
these ions contain only one substituent group of the 07 and 0 pair. .

Diacetylmorphine has been used as a derivative in gas chromato-
graphic studies, and 6~acetylmorphine is a metabolite of diacgtylmor-
phine. The mgst suitable derivative of 6-acetylmorphine is 0" ~tri-
methylsilyl-0 -acetylmorphine. Mass spectra of these compounds are in
the Figures.
03,06—Ditrimethylsilylmorphine is a good derivative of morphine for
qgantitative studies. The major EL peak is at 429 amu, corresponding to
M'; the ions at 234 and 236 amu correspond to ions found at 176 and 178
amu for dimethylmorphine. The gg derivatiye shows the expected shifts
in amu values. A prominent peak”at (M-90) was not present (elimination
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of trimethylsilanol) for the derivatiye, but the .elimination evidently
occurred to give an fon at (M-90-15) or 324 amu.

The mass spectrum of morphine-d (§CD3—morphine) showed a shift of
the major peaks of morphine to 288 “(M ), 218 and 165 amu; these were
all shifted by 3 amu, indicating that the NCD. group was present in
these ions. iu the spectrum of the ditfimeth?lsilyl,derivative, ions at
432 amu, or M , 417, 404, 290, 239, 237, 199 and 149 amu all showed a
shift of 3 amu, indicating that all of these ions contained the NCD,

group.

The TMS derivative of 6-aceiylmorphine has good gas chromatographic

properties, A characteristic mass spectrum showing ijons at 399, 327,
234 and 196 amu was gbtained. These ions correspond to M, (M-42) corres-
and to the ions 2t 234 and 196 amu found in the

ponding to (M_CHZCCE ’%
mass spectrum of 07,0 -ditrimethylsilylmorphine. This indicates that

the ions at 234 and 196 amu contained the aromatic ring with its 3-
substituent group, and as shown earlier, tha NCH3 group.

Mass spectra were also obtained for a group of compounds in the
normorphine series. When the NH group was present, the base peak was a

cleavage product; when the NSL(CH,), group was present, the molecular
ion was the base peak. The peak at™222 amu for the ditrimethylsilyl

derivative of normorphine probably corresponds to the peak at 237 ob-
served for the related derivative of morphine.,

Intermediates in syntheses leading to morphine-d, were also char~
acterized by their mass spectra. These spectra are included in the

Figures.

2. Chemical ionization mass spectra

All methane chemical. ionization mass spectra obtained for morphine
and morphine derivatives, and for relatgﬁ compgpnds, showed well defined
fragmentation patterns. Ions due to MM and M  were present, along with

* ions resulting from the elimination of the subitituent proyp at the 6-

position. Small peaks corresponding to (M+29) and (M+4l) were also

present.

+ Mgrphine ihowed ions at 286, 285, 284 and 268 amu, corresponding to
MH', M, (M~H) and (MH-18) . Tons from the ditrimethylsilyl derivative
of morphin$ were found+at 430, 4%9, 428, 414 gpd 340 amu. These corres-
pond to MH', M, (M~H) , (MH-lQ) and (MH-90) . The methyl group elimi-

nation leading to the (MH~CH4) ion involves a trimethylsilyl group, and
not the NCH3 group.

The same effgets are shown in the methane chemical ionization mass
spectrum of the O -trimethylsilyl derivative of worphine. The base peak
corresponds to (MH-18) ', arising from the elimination of thg 6—gydroxyl
group as water. Other Reaks were found to correspond to MH , M and

(M~H) , and to (MH—CHA) .
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Diacety1$ot§$ine showed ions at 370, 3&9; 368 and 310 amu, céfresr
ponding to MU , M, (M-H) and (MH-CH,COOH) . The base peak resulted
from the elimination of the subscituent group in the 6-position.

- Codeine gave tge eipected ions at 300, £99, 298 and 382 amu,
corresponding to ML, M, (M-H) and (MH-18) , with the latter ion as
the base peak. 6-Acetyl$pdeine show$d ions at 342, 341, 340 and 282
amu, corresponding to MH , M, (M-H) and (MH~CH3C00H) . ) \

§prm$rphine ihowed ions ai 272, 271, ZYQ and 2%4 amu, corresponding oo
to MH', M, (M-H) and (MH-18) , with the MH dion as the base peak. The
tritrimethylsilyl derivative of Eormgrphing gaye ions at 48§,-487, 472
and 398 amu, corresponding to MH , M, (MH-16) and (MH-90) .
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Isobutane CI spectra were similar to methane CIL spectra, but the
mass spectrum of the ditrimethylsilyl e&her showed ogly two (rather than
The same effect

three) major peaks, corresponding to MH and (MH-90) .
was found in the mass spectrum of the trimethylsilyl derivative of

This difference is characteristic of the rcagents.

T

2k

normorphine.
The condition chosen for quantitative work was based on chemical
ionization with methane as the reagent gas, and with .erivatives obtained

by silylation.
Atmospheric pressure ionization mass spectra

3.

The observation that chemical ionization mass spectra of morphine
and related compounds, obtained with methane or isobutane as reagent
gases, usually led to fragment ions as the base peaks (due to elimi-
nation of the 6-position substituent group) led Jardine and Fenselau

It was

(44) to inveitigate the use of nitric oxide as a reagent gas.

found that M dions were formed by charge transfer, and that fragmen-
Similar studies were carried out by atmospheric

It is not difficult to use 0.1% nitric

tation did not occur.
pressure ionization techaniques.
oxide in helium as the ioniziag pas, since a heated filament ig not

Both morphine, codeine and diacetylmorphine formed M ' iomns by
This is a satisfactory

" present.
charge transfer, as indicated in the Figures.
method for the ionization of morphine and morphine-related compounds,

and it may be used to detect impurities in morphing—related prepar-
For example, a sample of acetylcodeine (0 -methyl-0 ~acetyl-

ations.
morphine) was analyzed by atmospheric pressure ionization mass spectro-~

The original sample evi-

metry with nitric oxide as the reagent gas. :
dently contained free morphine, since the minor components were found to g

be diacetylmorphine, a monoacetylmorphine, and morphine, as well as-

codeine.
A sample of the trimethylsilyl derivative of codeine gave an unusual
mass spectrum indicating the presence of a codeine-related impurity; i

this result requires further study.

In a separate study of the use of a liquid chromatograph-mass

spectrometer—-computer analytical system based on API mass spectrometry,
cthylmorphine was investigated. The |
i

3

the sensitivity of detection of 43
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gi labeled substance was employed, since this would be required as an
internal reference compound for the diethyl ‘derivative. About 1 ng could
be detected (Figure 40); the limiting sensitivity of detection of the
LC-MS(APL)~COM system is about 0.5 ng. On a concentration basis, this

is about the same as the subpicogram sensitivity of detection demonstrated

for the APIL mass spectrometer alone.

B. Analysis of urine

L. Free morphine and other bases in urine

a—

Exploratory studies with the procedure described in the Experi-
mental Section indicated that interfering substances were not likely to
be encountered in urine except after hydrolysis. The free morphine
method, with the ditrimethylsilyl derivative, was then applied to a
number of urine samples. The internal reference compound was morphine-
d, (NCD,-morphine). To avoid the possibility of error, two ions were

monitoréd, as indicated in the procedure.

The results of a series of urinary analyses are in the Appendix.
Since morphine is excreted largely in conjugated form, the concentra-
tions of morphine as free morphine are much less than those expressed as
total-morphine for all samples containing an appreciable concentration
of morphine. For samples containing only trace amounts of morphine, the
concentrations may be nearly the same. Free codeine was found in samples
obtained soon after drug ingestion in amounts corresponding to 1-57% of

the morphine concentration.

Diacetylmorphine and free 6-acetylmorphine were not detected in
urine samples, for those samples containing relatively large amounts of

morphine.

2. Total morphine and other bases in urine

The determination of total morphine concentration in urine presents
a number of difficulties. Yeh (13) found that the hydrolysis of the 3~
glucuronide of morphine was slow and dependent upon the volume of urine.
This effect may be due to unrecognized inhibitors, but a more likely
source of difficulty lies in the fact that steroid glucuronides are
present and these may act as competitive substrates. When a large
excess of enzyme was used, the hydrolysis of conjugates was complete.
Direct extraction, however, yielded a sample that was not suitable for .

Continued study of the problem indicated that steroids were

analysis,
This may also have been the

responsible for the observed interferences.

source of the interferences described by Ikekawa ct al. (55) for samples

obtained by acid hydrolysis of urine.

Figures 41 and 42 show the nature of the problem, and two solutioms.
Ion monitoring at 430.2, 414.2 and 340.2 amu for the ditrimethylsilyl
ether of morphine, and at the corresponding masses for the derivative of
morphine-d., (3 amu greater) showed a cousiderable amount of interference
due to othér compounds. Back extraction into an aqueous solution,
followed by reextraction, gave suitable samples (Figure 41). The use of
an ion exchange column also gave good results., The analytical samples
prepared in this way were free of interference from steroids (Figure

42).
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Chart 3 shows the origin of the interference due to urinary steroids.
Trimethylsilyl derivatives of androsterone, etiocholanolone and dehydro-
epiandrosterone are eluted from non-polar columns with nearly the same
retention time as the trimethylsilyl derivative of morphine. THese
three steroids, under the conditions usgd for the derivatization of
morphine, wili form both the expected O —trimethyls§ly}7derivatives and
the derivatives of the enol form of the steroids (07,0 ~ditrimethylsilyl
derivatives), ag indicated in Chart 2. The GC separation with an SE-30
column of the O ~trimethylsilyl derivatives of androsterone and dehydro-
epiandrosterone, and of the ditrimethylsilyl derivative of morphine, is
shown in Figure 43. ghii7was obtained by selective ion monitoring under
CI conditions. The 07,07 ~ditrimethylsilyl derivatives of androsterone
and etiocholanolone are also not well separated from the morphine deriva-
tive, so that interference mav be expected from three steroid derivatives:
the two dgrivacives of the enol forms of androsterone and etiocholanolone,
and the Q0 —-derivative of dehydroepiandrosterone. Introduction of the
ion exchange procedure for sample treatment resulted in analytical
samples which were free of interference from steroids. TFigure 42 shows
the change in a typical sample; the ion exchange procedure decreases
greatly the degree of interference for morphine«;d__3 ions which would
otherwise be present.

The conditions for the elution of morphine from the ion exchange
column were established by use of radioactive morphine. Figure 44 shows
the elution step as accomplished with 4N hydrochloric acid.

Urinary samples were analyzed for total morphine content after
hydrolysis and with use of the ion exchange method of sample purifi-~
cation, ‘Tha results are in the Tables in the Appendix. The excretion
of morpbune occurs relatively rapidly, but small amounts are present in
urine for a number of days after the major period of excretion has
ended. 1his effect has been noted previously. The urinary excretion of
morpnine occurs primarily through conjugation.

Normorphine was not detected as a urinary metabolite.

In a few instances a slight increase in urinary morphine was noted
well after establishment of trace excretion concentrations. The effect
is not believed to be due to analytical artifacts or interference from
unknown sources (for example, a human metabolite), but the increases are
also so small that direct drug ingestion is not likely. Indirect trans-
fer through smoke may be a possibility; this is known to occur for
nicotine. S

C. Analysis of serum

The determination of morphine in plasma, serum or cerebrospinal
fluid, for samples containing relatively low concentrations of worphine,
is difficult because of the small sample size available for analysis,
and because of sample loss during the process of isolation and transfer
into a small volume of derivatization reagent(s). These problems were
discussed by Wilkinson and Way (21) for a gas chromatographic method
based upon the use of the ditrimethylsilyl ether of morphine as the
derivative of choice for the determination. Some sample loss was en-
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countered due to the adsorption of morphine hydrochloride on glass
during the concentration of a IN hydrochloric acid extract. The in-
ternal reference compound was tetraphecaylethylene,

The method developed in the course of this work involved extraction
by the salt/solvent procedure of M. G. Horming et al. (19), followed by
back extraction with 0.3N hydrochiloxic acid (after the addition of
hexane to depress the solubility of morphin: hydrrehloride in the organic
solution), and reextraction with chloroform:isopropanol (3:1) after
saturation with ammonium carbonate. The final evaporation of the transier
solvent (methanol) and the derivatization step were carried out in
conical tubes (Reactivials). 1In this sequence of steps, the back ex-—
traction showed considerable losses until hexane was added to the ethyl
acetate solution containing the sample.

The internal reference compound was morphine~d,, and the instru-
mental analysis was carried out by GC~MS-COM techniques using methane
chemical ionization. The ion pairs which were monitored were at 414/417
and 340/343 amu; the derivatives were the ditrimethylsilyl ethers of
morphine and morphine-d,. The instrumental analysis procedures were
similar to those used if urinary analyses.

Morphine concentrations were determined both as free morphine and
as total morphine, after enzymic hydrolysis with Glusulase of diluted

samples.

Blood samples (serum or plasma) from humans and from animal experi-
ments with baboons were analyzed both for free and total morphine. The
results are in the Appendix. .

Figure 45 shows a comparison of morphine analyses both before and
after enzymic hydrolysis. Most of the morphine in blood, after morphine
or diacetylmorphine ingestion, is present in conjugated form. From
urinary studies, the major conjugate is known to be the 3-glucuronide.
The transformation of diacetylmorphine into 6-acctylmorphine and mor-
phine is extremely rapid; in the dog (32) the half-lives of the acetyl-
ated compounds are a few minutes.

VI. CONCLUSIONS

The most reliable and satisfactory methods for the analysis of
biologic samples containing morphine and morphine-related compounds are
based upon the use of gas chromatograph-mass spectromerer—~counputer ¢
analytical systems. In this work, a system based upon a quadrupole
(electrical field) mass spectrometer was employed; the instrument was
designed for chemical ionization work, and methane was used as the

reagent gas.

A series of studies were carried out which included the synthesis
of stable isotope labeled compounds and of a variety of derivatives of
morphine and morphine-related compounds, and the development of analy~
tical procedures for the determination of free and total morphine and
morphine~related compounds in biologic samples. Mass spectral studies
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T were carvied out by electron impact ionization, ¢Hemical. jonizaticn
) " (0.5~1 Torr) and atmospheric pressure ionization mass Spectrometry.
méthods were appliéd in the analysis of a large number of urinary and

some blood (serum,plasma) samples.

The

The procedures developed and applied in the course of this work can - )
be used in other applications. Methods based upon GC-MS=COM systems )
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} ) show high specificity and high sensitivity in detection, and are gen-
[ erally regarded as reference methods of analysis.
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Codeine

METABOLIC PATHWAY OF DIACETYLMORPHINE

-Me i N-Demethylation O
o )
N-CH3 N-CH3 ' NH
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CH3C0-0

} Diacetylmorphine
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Figure 1. Mass
Figure 2. Mass
Figure 3. Mass

morphine, with deuterium
Figure 4. Mass

Figure 5. Mass
morphine, with deuterium

Figure 6. Mass
Figure 7. Mass
EI, 20 eV.

Figure 8. Mass

gspectrum of morphine; EI, 20 eV.

spectrum of 03,06—dimethy1morphine; EI, 20 eV.

spectrum of deuterium labeled 03,0§-dimethyl—
(d6) labels in the methyl groups; EI, 20 eV.

spectrum of 03,06-diethy1morphiﬂe; EI, 20 eV.

spectrum of deuterium labeled 03,06-diethy1-

ggio) labels in the ethyl groups; EI, 20 eV.

spectrum of diacetylmorphine; EI, 20 eV.

spectrum of 03,06-ditrimethylsilylmorphine;

3

spectrum of deuterium labeled 0 ,06-ditrimethy1-

silylmorphine, with deuterium £g18) labels in the trimethylsilyl groups;

EI, 20 eV.

Figure 9. Mass
deuterium (gs) labels in

Figure 10. Mass

spectrum of deuterium labeled morphine, with
the N-methyl group; EI, 20 eV.

spectrum of deuterium labeled 03,06-ditrimethyl-

silylmorphine, with deuterium (93) labels in the N-methyl group; EI,

20 eV,
Figure 11. Mass

Figure 12, Mass

spectrum of 06—acetylmorphine; EI, 20 eV.

spectrum of deuterium labeled 06—acetylmorphine,

with deuterium (éﬁ) labels in the N-methyl group; EI, 20 eV.

Figure 13. Mass
EI, 20 eVv.

Figure 14. Mass
EI, 20 ev.

Figure 15. Mass
EI, 20 eV.

Figure 16. Mass
morphine; EI, 20 eV,

Figure 17. Mass
normorphine; EI, 20 eV.

Figure 18. Mass
EI, 20 eV.

spectrum of 03~trimethylsilyl-06~acetylmorphine;

spectrum of 03,06-ditrimethylsilylnoxmorphine?

spectrum of 03,06,N—tritrimethylsilylnormorphine;

spectrum of 03-methyl—06—trimethylsilylnor-
3 6
spectrum of 0 -methyl-0 ,N-ditrimethylsilyl-

spectrum of 03,06-diacetyl-N-cyanonormorphiné;
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Figure 19. Mass spectrum of N-cyanonoxmorphine; EI, 20 eV.
Figure 20. Mass spectrum of 03,06,N—tricarbethoxynormorphine.
Figure 21. Mass spectrum of morphine; CI, methune.
Figure 22, Mass spectrum of 03,06—ditrimethylsilylmorphine;
CI, methane.
Figure 23. Mass spectrum of 03—trimethylsilylmorphine; cI,
methane.
Figure 24, Mass spectrum of 03,06—diacetylmorphine; CI, methane.
Figure 25. Mass spentrum of 03~methy1morphine (codeine); CI,
methane.

Figure 26.

Mass spectrum of 03-methy1-06—trimethylsilylmorphiﬂe

(0 ~trimethylzilyl ether of codeiné); CI, mathane.

Figure 27.
acetyl derivative

Figure 28.

Figure 29,
C1, methane.

Figure 30.

Figure 31.
€1, isobutane.

Figure 32.

Figure 33.
isobutane.

Figure 34.

Mass spectrum of
of codeine); (I,

Mass

Mass

Mass

Mass

spectrum

spectrum

spectrum

spectrum

gpectrum
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Mass spectrum of
acetyl derivative of codeine); CI,

3
O”~methyl—06—acetylmorphine (Oé-
methnae,

normorphine; CI, methane.

03,00,N-tritrimethylsilylnormorphine;

morphine; CI, isobutace.

03,06-ditrimethylsilylmorphine;

03,06—diacetylmorphine; CI, isobutane.

03—methy1morphine (codeine); CI,

03—methyl—06—acetylmorphine (06—
isobutane.

Figure 35. Mass spectrum of normorphine; CI, isdbutane.

Figure 36.
CI, isobutane.

Figure 37.

6

Mass spectrum of 03,0 ,N-tritrimethylsilylnormorphine;

ass spectrum of a sample of codeine derivatized by
formation of the O -trimethylsilyl ether; API, nitric oxide.
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Figure 38. Upper panel: mass spectrum of 03,06-diacetylmorphine;
APTI, nitric oxide. Lower panel: mass spectrum of a sample of codeine
derivatized by acetylation; API, nitric oxide. Some unreacted codeine
was present. 3Mogphine was also present as an impurity, leading to te
presence of 07,0 ~diacetylmorphine, a monoacetylmorphine and morphine
in the analytical sample.

Figure 39. Upper panel: mass spectrum of morphine; API, nitric
oxide. Lower panel: mass spectrum of codeine; API, nitric oxide.

Figure 40, Detection of 03,06-diethy1morphinefg (labeled with
deuterium in the ethyl groups) with a LC-MS-COM system based on an
API mass spectrometer.

Figure 41. Selective ion degecgion charts for the analysis of
morphine in urine, employing the 07,0 ~ditrimethylsilyl ether of morphine
as the derivative, and with CI (methane) mode of operation. Left
panel: analysis of a sample extracted directly from urine. Right
panel: analysis of a sample partially purified by back extraction. 1In
both instances the internal standard was morph:i.ne--g_3 (NCDB-morphine).

Figure 42. Selective ion desecgion charts for the analysis of
morphine in urine, employing the 07,0 -ditrimethylsilyl ether of morphine
as the derivative, and with CI (methane) mode of operation. Left panel:
analysis of a sample extracted <irectly from urine. Right panel:
analysis of a sample partially purified by an ion exchange procedure.

In both instances the internal standarc was morphine—_g_3 (NCD3-morphine).

Figure 43, Selective ion detection chart showing the interfcrence
of thg trimethylsilyl ether derivative of dehydroepiandrosterone with
the 07,0 -ditrimethylsilyl ether derivative of morphine. The tri-
methylsilyl ether derivative of audrosterone is eluted before the derivative
of morphine; the corresponding derivative of etiocholanolene is also
eluted before the derivative of morphine.

Figure 44. Elution of morphine from an ion exchange column
(AG 50Wx8) with 4N hydrochloriec acid.

Figure 45. Selective ion detection charts showing the analysis ef
a plasma sample for free (left panel) and total (right panel) morphine.
1‘1ﬁorplu‘.ne--‘£i__3 (§0D3—morphine) was used as the internal standard; the derivatives
were the 07,0 ~ditrimethylsilyl ethers.




.. ’\‘.* an m‘u» o) .; Py sty . .

ﬂh‘ o ﬁ ‘«.4 %@ "’fi‘"’ N v;? P »Y‘«‘\ \.,\m\ pw““f"r";*;‘ﬁ;._*"";gr::-a e ‘!3} K \‘:}35!. "?L"")' W "‘—?'
’—W@f . {f"m\‘r”{ .,w-"f.s\. TR T a”.:.w”‘wﬁ T "’*i’“” % A w?ﬁv-.m“‘éslﬁa.f‘a‘“«x **&ﬁm '
o . - on W S B AP REmae s MR YR Y MR T BARAS  Heaf eIt ers “ . . o eiee, mmea N

-

k]

300
MR

s [29-0
by
F
L
o~

R

-t »
[{¢
S

2

268
W

i
1
ST

PP

_,.
1

A

228 oyo 256
41

|

215

iir“;‘ £y
%

200

174
Il ‘...l..
m/e

162
Figure 1

"

L

MORPHINE
150

4
T

o e PR T,

A

APEAE R 48

R PR T aloT S I S e et SRURS R AR

th Q 0

A~

100 1




50

e €5 4 28 P LA ,",kl/ﬂ,{\d

2
b
e

4

o

5

:

3.

&3
E ¥

53

3

¥4
x4
k

LT

)
» g

o

PSR

M!}.‘

-hv'i‘z\
@ ﬁ

~

k‘},'\\‘.‘m»‘ A T 3 ";'E

nc -'3:“"’.&’.‘~.-.

. = H-h B u\mﬂvafs‘.

AaTpE:
'"+§ éﬁ&“
'\‘”h,j 0 o

...m;,

-—bas - -

"K’l‘u

&'a”{?bﬁ,‘:‘“‘ %ﬁgg o Fabeg

L - §
~-~":*‘.:’§””35‘§*

. Y RN

Y
o

T

20 eV

DIME THYLMORPHINE

T

100

h
'\-

100 1

o
N

».4:4 =,
SRR




Y erAan

ety

. .. ® il 21d
b w PO € 2an

S .wn a7\

o
R
Sk sy
bl

K]
&

(el

oy

¥
-~

-

¢
95

~
!

PR
Gt
A3

R
;
s
R
n - . -~

, et
e
e

1
e,
(4

3%

“u
W
o

thi
s8¢ «

A

o 2
i
',
Sy

RS

s
'&
SR
¥,
s
o TR

5

&
Xl

-0S

B

oJ

-
1

i

g

2 EEVLE
N
|
ALISNIINT 3ATLBT3Y

NG
oyl

sy
.
o
Y
"

5

\:. K,

S
~:

T

&
X
(Y

crial 61 - 00!

g | IP-INIHJHOW TAHL INIT o2

Al T

it
EARLY
i1 R}

A

Avgth
‘. ..‘l" .
fae]

.

@
»
nag SN

P

Ced
)‘.

N7k

S
A
£9

oy
4

i

K
v
2

o g ‘4\
it

Ry

L n,

e,

e
vl
%

3 ) ' e
ER , . ﬂw ,
E o CY
52 . P
> sk
1 .,v.wwm ‘ . ,uamw@
M 3 PR Bt o

0y
o

ent
o od o et g bR

A




S Eurave

PR
Loy

¢ o2

a;"}

A

-~
WO

L

Xre,

s

iy
and mde
\-»r.'g{

X

oL
Ml
)

'
e
.

S
S,
P
o

:
X

Jo
e
. “-\d‘

e
.

%

Ad

P d
f
46

o

o
]
o,
3

b
@w
“1:44‘4"

o 3
ﬂyﬁﬁﬁ,ﬁ
A Y

aad '
l\.h

ARN
0¥

4

R
o
%

ﬁ Q-"'
TR L
i

§ Aot
N
7, ‘.‘

X
26
ot

A

'y
AN S
o
oY)

o

o

4

“
S
ok S W

kel
W
e

<

SR
R
PR

\ g X
20 T,
RES

)
o d

¥

2 )
oo

i

B,

L s L T

1o

S s

BRI
w3 »

. ;,;41
2R PRI gLt e Eoedi
I e

3

Eh:zz

WL KT w..nnw.ﬁ«y R ,.gfﬁvmsfa ,52%. R g 8 ooy Ak

H mu=MHm;

a/u
00¢ om__

et P T o

NS
AT

v

e

PSR

e

:.156*

R

e

INTHJHOWTAHL3IA

‘ S
3 > *

prrychy i

A

e 20 s -

ny

ettt

I};‘
n

ALISNIINI 3ATLHT3H

©
[1g}
e

Fasos

th
[ haad

e

=

FI




® - .-a“‘/i-}}&’%“:;ﬁw{é- PO
:%JSAM?»«-«.

%f"':.,‘:‘. Rt www
SRS "‘, k“%}r :
EER A f«i;gmv:..rm o]

e L) -

iy = ‘,,J
,ﬁ-, .mmm‘mgw % 4
b N*«.:mwf‘m«nmaf

W eeme

4 ER SR
B R s L L R Py B

s e s - ) -

l

. 7
RO SO NPT PRSP IRc-c < AP PR Te UL PRE e v FICINEA PR RIS VR

-25.4
3

REY

Figure 5
Lot L in

{3

i
!
o
v
i
1
v i ~
) s =
3
) = o 3
Q 4
i [an} R :_3
L .{r— 4
| o '
_ o 3
i : | ~ Z
',i.‘ L) o o 3
‘:‘ Z ::-———-‘Jr‘m @
N —t (S} N ?
I 2
0_ i 2
. o £
o) i L3
P ] )
—J 2
> = s {
X =
t—.
L
—e
O

: i - _%
E i i :
£/ !
- Eod !
A T bt
= ~ . 3
3 ' N ——d :
27‘ bl -O ;;
w0 4 n e
& ©___ S0 _

eyt
[ N

o
A o
(4 1=
]

£ e
¥

3 -
N

T T L

ro—

20eV
5

1

208 &

1
) A
S P
=

ALISNILNI 3ATLEN3Y

2
'




e o SR €

" "w}ts:mm

N

#44%“ v‘, 4" 4-.-‘4 '.n

Ni £ ) .Q:%: ‘){»

LYY

N
RN S
’\ '”‘“ :-‘ Dbl .lu.l

y ¥

5 = v 3 .z "
Bn‘.
g ’ ‘ gf‘\w‘“‘i' nk o %@%ﬁ .‘ﬁ .k'w "?‘ e \"'5"’;'- Q‘-*\«ﬁ:ﬂ“f -

2 AN ey T ;
a,--*'~~'7*“*"£?:»’“ "'"s 45 ..ui'w .:’fxsn*:.«.,*.w,u “gd mwwf' T /;43:?'

e Q. - veva m

i3
)
7 APy
34
K

-

-22.0
- 11

F
L
~

T

369
1l

327

DIACETYLMORPHINE

.jf

it

Figure 6

11)_ A

46
A hl

100 -

th o "

™~ mn s

ALISNIINT 3ATLE3Y

R T A e e e

A RN

IR A A KRS HASS
SR

ot

an

ety

B oo PR it




/ @and1yg

/U
0Sh oo: omm_ . o._um L omm o oum ; _m” o 0_9 cs
m!/.m i ._=_ USRI .._ T T | “z&.. v T Y A o 1_‘_ _ -
£ et hee . _ 022 65

10k
hee
hlh S61 ghi
N;
9(¢e
grnd 6
INTHJHOW SWL-1d
A2 02

H0S

S

- 00t

ALISNIINI 3AT1B3Y




g 2and14

o/l
0ch 00k 0s¢ 00¢ 052 ag2 051 ol 0s
.: 1 .‘1_1 n 1 —: 1 ,—dm- i 1 3 ] 1 —u— I _4 -P‘- —.—— —— —~_ _H _-4 A 1 e \-de 1 3 —— ] " 9 ] N
ST F Y7 T L I AR [T
= | 08t oce ob .
~ 962 6 |
62561h
Che
50¢ Shl
LA 0g
<)
She
ggi{ <hb L 001

INIHJHOW- (6P ) SWL-10

A3 Q2

ALISNILINI 3ATIUI3Y




6 2andtj
a/ul
OOﬂ 1 Omm | [ 1 1 Omum 1 1 A ] O—lquﬁ g 1 1 1 OBOF 1 1 1 om
N L DIRLALY ...—: __ M AALILE Bl | ML .—.:. ._... Mt ™ T [:—.I T ~y Aﬁy’_
& Cm_ 652 ch gaa e *._t_ _1 4_ ﬁ
£ L2l €L
+ (e
8le -G
G3i
el H0S
Gl
ghe{ 98¢ 00l
(CA3-NJ) INIHJHOW
A3 02

ALISNIINI 3AILH3Y




vy

0T 3andr14g

INTHJHOW €03-N-SW1-10

o/l
0Sh Q0h 0S¢ ot £se L oce L ocy L to_n;\L . cs
. A TLHJ{,—.J» -F...;_ i i _._» 1 ﬂr., ._”. . i —~<m1 i v T q_ T a_.m ~— 1
& __ _ A J W €he 1 W | ] ]
s 062
h0h -
2
6l
e

cad o n

Ad 02

S

5L

ﬁoo_

ALISNIINI 3ATIBI3Y




1T 2an314

a/\J
00¢ 052 002 oL ool s

. 1 \ ! 1 1 M ! _ - ..._.. _._ S ! 1 v v _ v 2 _ .

& oKt jﬁ el ,um_ R o |

- h02

~ St

€l-

892
g ge L%
IANIHAHOW TALIOV-9 .

0S

S

- 001

ALISNIINI 3ATLIUN3Y




0S¢ O@m .
l/l 1 ——-—\ ——
™~ i€ 8¢
A
€14
hGa 0cE

ZT @and1y

- _
0S¢ 00¢ 0s!

[] ] 1 |
T

_:m cq I

L0¢
8l

€00-N-INHJIMOW  TALIDOV-9

A2 02

05

- GOt

ALISNIINT 3ATLIHT3Y




I e R L B O R R e A R SN e S ’
o A % & { K 1y {7y
b s

€1 axIn8tJg

o/
omN 00¢e ost 001 0s

T T T A ) I B | s

‘AP}
R
N
fanmer v

K]
Wy
o

X
3
-

b

o
st
¢h YA

o
L

X
.
AN

N UR.'%A’
et
w
[9)]
=
w
T

wn

n

hee

1

s

o
R
L ‘:’-“No

64
05

.
fg

'S
=

B ST
*

s
-~

)

i,
™ oresin,
o

o,
X

s
H‘ﬁ*\“ - §

%
4

- iy

66¢ A

*

s

3 Gt TR
AR
wpasys

ALISNIINI 3ATLHI3Y

-

by
&

25¢

AR

IR
40
‘\‘54'
~
D
[s0]
--

!

INIHIHON TTALIOV-9-SINL-C - 001

i
g

N
L
s,
&
o

o

i’
2

>
=
L Rt 1

o
né
o
¥
»

A202

0

YN

o

b

{;‘3“{

by
NoF
-t

-

e
'+

&- s‘f 0%
.%‘bﬂ;s_é

ﬂ“ .wuv. .
\mwr‘ﬂ
D e
W , 2
. . 1%
1 B \.)E.uu“ 4 f.m,wu
2 Wﬂ ..mv‘
! %M . s
. o
. 5
o R
, . ofote
3
A . o
4 . 3
3 s ' su_
“ LI s . « [
e 0 v . -7
% E AN | AU ’ i
3 §7 - ' (oo
. e Lo - - - - ‘
5 m:\, o . “ : vz ey o - e - , m RER
& 4 bl T ; ; r s st et X
T A , PN Raaiis ~r y e
! B Sy %
. L9
S s e o |5
v ena s s i oy

RN
P

o b
i

P

e

. .‘\.:<
Steatinib e s L . s Y ‘wm. ;iw&
L ,\milnitw.rv!uv? Lot i s s b e <oty i s oy 0ee 8 AT q M & i
N ST AN, 42 At 4 IR NIy g gy v g

N1 PPN N Loy,
A A e

Sy




%1 @an31y

eV
00h 0S¢ 00¢ 052 002 0si 00! 0s

. —__n I N S | PL’_\. 4 w‘ 1 i e -d. _—» L ~:_ - A A1 ”n_ 1 L .-r ~<~ . i 1 )
x ﬂ __ _~ R j ] 1 T T
=4
- 0Ch ;8¢

Sy

14 sia 802 2l

8'(1- 2

INIHJHOWHON SWL-10

N 0¢

S

cl

- 001

ALISNIINI 3ATLIBI3Y




. . AR 2 e RO 5 1 1 gREsb o)
T BT i WAL, K . . :

K S e TR A

f Y
. ¥
i
,wm 2 . .
er 31 , ,
gt
..ﬁ ;ﬂw .t
LEEs 6T @anS1g . g
L A :
PAj
ey .
3 h.mr,.? o/ ,
By AR /t
A

[EX)
s
o
3ol

00s . omr , Q0h 0sg 00¢ 0se 602 ost 0ot , os

LETTTe AR MAD RN R I

eLh ! .
62

oo

1
L)
T
PA9Hiie
.

\
i%e
B

)

[ Suas
o An
a3
."é
B

Ry

AL 87
2% %‘3"
L, o

n
1
0
n

Tay,
e

.

)
Y ov

0S
hse

5L

]
, 80¢
: g'g4 48h

ALISNIINI 3AILBI3Y

'to01

INTHJHOWHON SWi-[H] - |
A3 02

L

A
[

-
.
o m e g oeewosem . . . > [ - . N
P .
> . . « .
- anmr—r iran - . - oty " N &‘D?m
N

R e T e v o e B R s Sy
v pe

e i TreehrT ey

O\ e

g AL
St Seoeande s R SRR, v.waw

R R e R A S

B A s U Sttt G B
e A e s L SR L

& PRI




R R T S ‘cw,,wm— ‘agx&*%ﬂﬁ‘ﬁvf?&wg AN
i :,.',Y-"f\’ou DRt % .,.... o ... ,,q-l;“" Co, - oy ‘,
e s el RS
m &ﬁ’.‘&"&-\m‘”mﬁﬁw\‘ "’"‘M’.u.‘y.q‘-. "s‘ " ‘*‘c\ﬁidb" .’vu-

" 17":7"‘95.}‘\‘«.ur 2

N M Mwas T A wle A b e imm e AR e u W LAt et sute 4 PN

-21.3
1
F
A
=N

'\4 -
wm —
B
g
mns
e nham
™M
% -
™M
Q L.
e )
Q -
. m O
- O
-1 &
L
0
o=
mna
t 10
prd 4
* — =
Ll ~—
()] =
> uD]
=1 o
= . ] .
fu )
2 PR
o & 0
) 4" &
> g =
}'— [s0) g—)
, L, ©
) oy -
Z hins %
o -
b o
¥
5
. nd
5 a +
< ‘ ..-
2 ~
- ; -1
%, H H F"C_?
o=
> =l
o A
Yy
=

th Q )

n Y]

ALISNIINT JATLIBI3H

1001

T . & T 14 - ::r»:"'*..«:;:w’ e
- P :i:l; L - ',..;ﬁ.;::ﬁfg,,;;:@%’ S
TR e
- e x T P T T T B e e e
R e L 8 e S o i




" T ikt ok AU o NP T IR N aprind i
TSt s s oo 7537

A L AR - TN oSN T e

t “"‘ \ 4‘;’ T e \,_.'l,qf.n sy AN Ta “‘“li R ‘;&' *\,-Nm\ ase - “ ..,roa;,%‘-.. . o % 'W:m 11 .
1’@ --‘i’g‘f"x'j e ’!'i:x Xeen *3‘}‘ ke "‘"7?"7 NM L ”*‘%:“" ““ *‘wlx e W&‘ 3 7
v, w'w‘t f"-.u.r..i.‘..“! SCHELENGA ...:...wf 4 ‘!’;2’-1..\{\- 3 S etk 3 %

s
YRl
: A
..g........../..\,u v.._ e e - e ————— e e x s . ae wme st - O LR
o) B ‘ o
> AR
’ * Q

F16.3
8
ey
I
=~

— s Q
PR o )
N L ’
o R
= B3
> > E
= 3
T 0 o4
_8 o
> e
- B «
..‘ N -
: { +
‘3 b
. v1 g__
, . .! (‘:.— o
: -
N . ~
: . o
) 2
i [a)
. -; |
i 1
. i
a ' :
ny %
. a ~ :
" L ~ l:
Z & i
—t ::"
(T k3
[} ~ -4
L) &= :
¢ b—ele, & .;
o———-—— nu‘ .
() 0 1~ 2 3
= F E o
-3 =
) - )
= . i
p—
! L
-t da
Q . S
fu
—f
L
J» - .
3 PR
5y =
N . -
< . — 5
¢ —3 3
3: ~
v H
3 L
e - q
; -
¥ q 2
I ’
5 : -39 .
7 L and
v %
k- _
& ey e
1 R 2V B - B
R »
z | 3 °
2 o) I
b «~ B
$7 -

o

i -
= L ‘ ALISNIINI 3JAILET3M . I
i o el

Iy

IR < I T T < . o
3 ,we.:,ﬂ' N Tyt sy P F o] e e sabosnt o it

AN e




I R Py R T

R S

v
e

PP

G
T

&

o O
- Mg
Q
-4
£

g1 2and1g g

e
o5

iy
SN
e

Py
2
i

90¢ 0se 602 st om: ~ 0s }

1 )] : www (] ol e i lIﬂ!Ll}\:JM-'AJ_.'I:*_ h_ _.m“f- mﬂ v ] L ) oy 1 | S 1 _._ - I

Ay

LS
|
=]
>
Q
T8}
)

Y

s we?,

~
=4

nt
s,

¢h Y

4-‘;:.‘;,4 ;

s
AP
oA

-~
o
e

-

L

05

we oA

] 3

ALISNIINI 3ATLET3Y

§
3

Il

&

o 9° 824 etct : 00!

A
sl esial
- )
[{a]
[
[ad]
SRS S e LY
TR T TITWE

Sy
2
Lo?

A
Y @
ATy,
e

INTHJHDWHON SNUAJ-TAL33J10

‘xrw\c.fl'w

e Byt -

¥l A3 OZ

.,,M&,u..u a - M

o
L

¢
‘,‘l \

[N

SRR ASEAN
29
(¥
.
Q-
o
o

\J
T
e

.

A
R

ier P . aemm e - et s - . e . . . > -t e oA 4 " - - - .l(oll-l .l ;
i . Dok B < e : Eg Sk A b
- e T W S Mk R A T AT AR Ts s AR S L YT .- e - 2 l&gf . .

Lty 210)

,
] 2 .
I N N s L T

: .
‘ 508 o

% )

7 PN TIR NN TN T R R A AN -3
N W«m DB s e e e
RN E T 0L = >

U S 8 oy e e S 2 H a8 S0 B b g e rt
&r\. €.,,, nﬂ, ,,,Hsiﬁ,,u 1, W PR R S AT MR T4




PR RS I8 S8 T Dos i S ;«ﬁ.%,iz«.} e R SRS

YATRIEE W R T AN ¢ BT Y ¥

ke
PN PR PAEIINERY

THEIRLT

Q«&# S

T

RN

e s

SN
'v{ ™
L e,

sk 3
-

.
o
S

‘.L;‘&
b

-
eed WL
Yoaay -y

.i‘ .
[ ,“q

T s
1\'&;’6 S
AN
Yrn b

M 4Bt B AV S A

€

e &

2

L
P58 oy

Ricoa Al
2 ‘% SR
Y
E‘..‘.ﬂ.

st
ok
bkl

SR
3%3;

A0
N
W e
-
A e s

T
End
L
-

ALS LSt

e

e

[t 2w

omm

05d

00¢

6T @an314

a/ul

0St

| i

00!

} 1

ch 1Y

1

8°1c

86

M

]
R

J_
192

i
et

9dd

60

i «—- m ﬁ—_ m 4“_.:. .sﬁa

i ] [l 1 ]
1 J._*._: ._= Ty

—_ﬁ

INTHJHOWHON ONBAJ

..—. ] 1

H0S

ALISNIINI 3JATLIHT3Y

np—— e A a N $a Ay e ke aia 4 W sEar g o g

- P -

- * id .

s ‘ H
o]

e Ay rten e g1

T
ST %
s

5
IRs &M?ﬁ A

AL b e, I
IR A o nd urhe 208 2 L e

ATHRI I G LA SA 2

oo i e DAY

ey
X
)

Qf@«

1”"«?-3';?;?"“ %
A ,r.!; g ,_\wr%‘\ A
&, % d

ST A e S

=

Gl dhil

o

=

~—

2

Rl




S R TR e R S R N A ST

2
w2
bR U2 vae
JadiE IR S O Yyt
vea

#,
1Py

3
oyt
Qe

00s , 0Sh 0Ch

g
P

0st

2

b
,
-

L
hh VA
™
o

Ea
===
o
b33
vy

X3 S 01+

v
R
e

N R
1%
:,..f 3

ety

.

£ht

R e A MY A6 e

<

s

AR b

0z @an3tyg

L2

602

INTHJHOWHON AXOHL38HEI 141

Lot wedi vy,
P

P i — aX. ....w.v
O.m- ] 1 1 (] O_Dn Om
Y = 1y _ —— —.- 1 A _x

vl

m

2ot e o

l

<<

m

05

=

—f

m

N TR

=

-~

- 001

A2 02

e
o
A

B o
o
N

g
¥
AN
X ENTS

A

R
\é\)r,.‘i\
foan

¥)

b .
o
LRy

NER
V\,_I}V Ry
4

&
8
™

)
4w,
P

»;

“
P
2
!
o
o

S
N W
S8k

. r.." ‘L:‘aﬂ
Py

T

o

ey
A
8
AL

'Y { N
. L ARAR O 1 B e e

B

g —— |.i_u.»ln.~ -2

,- j .«mﬂ - .

AN
e,

~

~

Lo
i

N A

TP ~vo-s

s

g

SR

e

@
5




s
3
bt

G

[RSTI R

(e

P Ay AT a A W A TS

MHT
286

v

g

203

e

i

e
RE
C

A
A itsioh i

s

Figure 21

> T sl
A s
0
<
[
+O
N
~
Ll
=z
T .
I
b
i
=
d
il
=
-t
I
a.
oz
(o]
=
02
9 r L] T )
e T
e SO L S
N S M RS e A
N Y e A o PR AN K

e e

.

pot e .

s e hevame - o = s eanses T s P

§ e gt g ’q)«a.\‘ [y Rz
3

T N T
Sitp LAy

G T
3 o EYAY
o Ty A

e

Sr b
e r S I T Tl S

St N

.

g, o
"3

e

e in

B SR N S T IR N S st RO e

o -:*,.;\)p&'fes:

SR

s N R
IR G .",

g 'ﬁ’f'- -f*)"."& S £R

BTN,

e




2120

ptres

Tl

N

FEASE 1R,

Y T

e o

I ER AT ENIRC

i

MERON

pLYTSY

=i fﬁﬁﬁﬁﬁ

Ly

.

ot

430

3

414

S ool
A ER“ Y

450

480

+A
(@)
m -
1 o i
. T .
Tp]
2 4
O .
N ] ¢
M i
' X)
[ow]
2 m M
1 o~ :
~N
3 [
. =
o]
v - 80
P
- £
- &
t 3
P —
(a0
X .
. = ,
) 18} i -
= "
e
N » .
U_J v
P4
— - ) .
I — B o,
Q. o .
oz 3 t
o
" : '
2 S
F .
—
° i i
& i
-f D
- 1
z
&5
D - T T -8
-— U T 1 T T T T 5
—
i am et s s e s n ....;..-...._ e - s
. .., a - ey ﬁM"ﬁ"’\Q e oy oo b:‘:’ oLy P I "ri:\'_,
& "?\w ,.,,,ug;; ,,._h o '*‘::f',;, ,,W \-.y,:.:'"ﬂb.,:f,.‘g ,,; -:&,’j..:*;ﬂi-; ~a ozg & :ﬁ.' J",« "':.f" :.,Zw.. RIS T
‘ oo 5 ‘." .f s o '-.r XY o " g P .
¥ ,J_’}:t .z "?"»Jm#_ & o,E»;--\C'.ﬁ’.vg,. ity Wm"\;ﬂ.ﬁ@v#ﬁ'}w SR B ip "; _’f:ﬁx, 2 :vv,.n.,,ﬁ\ar,.'s::&? _"i’,\

TN

‘*5*& O et 2T,

PO P ARDES SV IR

B

AR I it 1

p

A Al R e s

o
Atieng s

.
1)
Corga

e S

‘
i

2

Wﬁ%ﬁﬂmw
1258y, B

3
PR cslotisa s thaits A

-

5
NIRRTy 22 Xt el

PO N

s
A,

&

555
sl

AP TT
Sesii i

e

et

Mgk

PN ¥

T T Y Y TS R SIS

-

N “‘.i;&%

.-i{-r

‘?‘*.. %

40

5, v

5 g



= X7y N L Ny §

[N TN Y

' .w\w?fag%m~ PO

h g S5 RS =
( "
W »I -."{‘-Mﬁ

A e

oy - -

. .u!»-\h,‘ \ls
M) l,"-“\,;* Ch SN
et

. .;'o,

4"' "‘

mr—
A"" RS

b‘:i.i&r‘u

:::c LI S
“\4"‘!»«0,‘ ‘,.t‘# ‘\C ,/’é‘.?.\

,..H-a. X

’

r eRaame e A

™

e

25

-CH4)+
MHT

(MH

(M +C2H5)+

(MH-H0)

MORPHINE-3-THMS CHj4z

deedd

e

400

350

150

Figure 23

Ghtye

Y

g

e g

i

Catag e mre

.

Y

PN

LTS,

B R e LA S

et P
i AR B

it

i

S

A5 WA r AR

Bosiatesly

o R

gndn £5% VLS

f

< o

.

gk, 4 gt




i

B l“h

b paw e,

B

DIARCETYLMORPHINE (METHANE)

(MH-CH3COOH) ™

45

gure 24

.
Fi

S I TR o

i

ﬁHS:m

/w\-‘q‘;; ;i'-";&;). -,,-v- S ivel .u n‘, ' \,

oS ot ;‘4‘5

-x‘fs
¥ -d‘i\

A

,-.. m.. &,..‘: ,,,... ANy

9 ‘L\-’ }sr, :qf::,’ﬂf“t.\?: .

b

,."\'m-'-u.“ TetT, )
e

BT
%G u\’u

ce \,n-“

ne

e

£ A

>?%¥‘

L3
2

"
Fy

ugal
i

e

5

e s

(2w Lt B 2R E v

Han gt 3l

B )




e - ALy - TR 1 %%
9 - =
@ y . P
™M , H
o 3 , :
. — .
.
, — +_ O -
‘ @) O .
QA =M i
T (o]
i 3 0O
T (4p]
3
= 4
o . L
h . =
2 1
& I E
£ N .
s}: .
. 3
- )
e (D .
4 N i;
4
P o
-~ i
1
F 3 H
£
L3 3
2 Q %
5
E o E
- 5 3
E © & S
-4. ". 7 ’;ﬁ;‘]
_ ; - 1%
L i §
: = ~ :
SIS - . 3
By @ IR E
i 3 . :
33 & I 2 s, ;
5 = . bt
B ud 1
e = o E
;— - 3
if ; '. -+ LD . ;{
- i 3 vt L] iy
I 1 BN
. [ F ;}
] LLJ :_ ;%
: ()] 3 &k
. 1 <)‘
3 i
k3
3 -
o ! T I T T T T T T T %

.. - e . R
sy poe e s — po— . I e Y R
;%”‘“”“"%Lf . .»._.l\ P 7.;".-”““)"5:"&-:.?'-“«9 4,“;; g '.‘7.. W ‘“u :*-" o A \‘:-v.'.," ',7‘ it A 3 e .,“-E"" RS
. 4 (5 !q: : R iy ¥ ol iy e A e o - R
S ;F PR aery v : ‘....t D) - BATNEY 1,-'\. » }-ﬁ* 2y, &
FEATER TR ST RIS 3%-:.“-%"" .}", Ay x‘&-'.«"’a»..a '"W el s "‘”‘ &

A
&

; 3 G2
B A :-;.h,,;"."‘_'w%‘ ./,_,.. 1A .'?F‘,::’k".q&/,{f’

X4t

2

W ex . gy
PRGN W > R o
R PP A

ﬁ% .ca.-}( : ﬁ -ﬁffit

R LA E FTe, e gy T S Rl T D W - S A el v e
LR AR -




5

T

Ty ¥
S
o

<

Zs

&

e N T e

372

v ——

(MH-CH5COOH)

282

366

CODEINE TMS (METHANE)

Figure 26

200

T

T s fay A Grate wtrtdsad KON LAV GRS 13 VST Kl e b e S

by ¥

o a5,

Gt ke

FINETCRT

Y

SaB PP

X

DI PeY

16

s

4

¥ st

i
k)

N DA P e

oS ik

sl

Far e Vet eremiva ascemn os —ne e v e s

“""v -f;-'.,- ..,ar» ..n. Py AL
o ,.n,.‘

*-1',;_%.,7-
oA

. ,,( Ta "J“-»*'v




T ——
T.

M
342

3

J—
5
ek
T IS

£

R

i3
3200t e s A

(MH-CH3COGH)

282

[FROEO

Figure 27

COCEINE (METHANE)
290

{
L

6-RCETY

i !
; %

I 3

] -
: ol
1 * -

: , 1
- i /

Iy :

F S o
R H o I T T T T T T T T )
~§“ H L a ]
5

;

THNEATS

. . . [ ca e
T s i e A TN TR e
Q‘; ﬁ,-a Pt }&"’:’ -~ ‘:.._,.‘ "":’\"k S g " VAR \,..l\_ : ";Q;;h
n * - "
'r. y ‘ ‘.‘ & e, + s
L: '\‘J‘ .”‘ > e rety e N
__31 «7) ‘1/ w,'ﬂ"":.}’.ﬂ‘,\q- iy I\,.'é" "9 vy -:.m‘_ u"..t“"y*

) : » i %%z%%%
i - *“‘333'} igbgﬁ\ SonErr el

o N R T TR e




S S T WA LM

%

1A

Ve
i

A DA

¥
P

272
Sabiiyiin

%

5%

#

Sl

250

i
¥

2

¥

5

+

}
T~
200
skt

S

<4

SR B T L T e A e N e e L e

¥

Avadenid

o

ER3

Figure 28

S,

3
Sa il

2
¥
A ) E:
h - ;
B 1 hmven e ] | B 7
Qi m'ﬁ-u—nu'n.h e da s A e s - e —en e . . N
- P T R 1 ) oAy e oy u-.m-o:?:-datp-_; " m’y:.-ﬂ‘q
b~ ’ g 3 - . . o " 'y
rocd ﬂﬁw 2T, _.’-.\Q,’“ k Ty f:\":-y-“r .in.', A "7,('7..?.‘11'.",.«_(4 s M(""'Eﬁ‘“-.\?'f,& .‘,,/.,u q-/-»" Pt S "‘"\' "W PR Sl S g 3 ‘v‘* S5 -

B e Ao SR
‘?)5 SLI TN ,\,u ;r:y___‘g. X A b RE: WA EROAREIS N
: HORST A0S S ».--.*? i ﬁ'@:ﬁ' O FEN NS *»r‘:‘ﬁwmm¢}~ "”‘ .?:’{:w*”" PR MO 3" e

%
3

i “ ST i S%@%’%' S

e s o . BRI
et RS ;aE ..W .J.vfaw\ i ‘-*‘ o cutss S e -




0y use

R e AT e

e

s ep b g agis

{06-HW)
g g8t +
HIN

'y S1

‘ .
APHO-HW)

|

%

|

3 .

FUSTRE WD wd TN OF, AR - .

g .h..ww_v. . e
N ! m . A
v e (s . - . -~ “ e . .. - - P * 9 PN

6¢ @an31y

0oe 95¢ 0o2 esl £o1

ry Lot 4 T ey Lol Lo ¢ TPy e Tt

001

(3NVHLIW) SWL 4 INTHJYOKEON

o

hs

.

ey
1

s P i,

Wy LIS

RO

A mp—nr .

-~

[

'

s
P
oot 8 &}ST’-_?"

o¥ )

arme
hrdas

YT s of et
ot SR o e
IS e J.x:};

LSRG SN
AT T WAL TY WY
cE P A e A

oy

£ -
”

v
v,
¥

v
* 4,

g
R)

.

v e,

anrsoe
(AT )
et
%

1,
"V’h
*

bt

4

e
ANy
s 5
SR S

2 o
e,

ey oy
e AN
SR Al e L_
AL

St

S PO S—

HETSee e s

&

®

TR

=t o e

auads

s

T 9B T 008 sl 20 gt s L
A e G g e S ) B O A R KM

;: u
Bl AT 0 0T £ Conty o o Ffamaetie s 83T bt Pt B o U8 ey ol 30 eiNA
o CHEEN

o208 Gy



v *0

; %
3
3 3 pEY
3 , :"
, $ 4=y
< ' 3550
r v EEs

b4

! 8
3 2
- N

Py
*

200

peyervhecete i
Figure 30

~
(¥ 8]
et
C
| o
—3
Q )
o] . ;
e
-
L
. =
—t
s ot
Q.
v 0.4
o
: =
i
.
S
— T 1 ) 1 T 1 Y T T Y
Bl o
28
A .
g - i’ :
Isu . ﬁ
S - e g
S 5
4

(A TSy 3y ey, g4, "-‘v!-'u"\vm a meN e e .-4 [ A
- fmsbe vyerys - . H X o
‘i‘“\ e l:‘\"'*“‘-:!' W R 5-»‘1" f""ﬂa't m.-.«r\»?’ Nl "h.)':- oy A P ";“mv AN ,..-'w
.‘-: s oA (‘u i-' r ‘x \# K ",ﬂ V’ﬂ-m. 1 AT »),"t ekt "'
__ ,}. i AN e ,-. = ,4- ., . '.;. i N :,'A' i3
ped ""‘»’mt’mr—?“' B “b? ..'.- -:. ..-,M.,.a‘ ‘&...‘:“wrk g ,\m..ﬁ Advard *. ot ,N'

i L RSRANCI AR TY,

g i BRSO
Pl
— .
R i ¥ e R T e SR i s b
i S b




ORI D R T TSR

MmHT
4

p

A

-
b

1]

¥
3
3

400
ok

i+ a4

508

(MH-90)+

350

S aevaie e PR YD

R s

300

250
Figure 31

£}

2551 . @ A
= a &2
% i = N
o 3 .
é Pl faw) "
i ’
24 (Tp)
YO by 3 : ‘
. % . g 3 [y
g - ;
! = - ) ’
z = |
E fon] § s Poeenn
. w w
i =z 3
M -t [
; T ;
; o - !
; o :
; D 3 13
i = o
: -

4
8 o
—_ T T T Y ~T T T T 7 [} :
vy 4

e  ma a1 mene o e . PR e eeem S [P
P o et “ ,.,r"'-* Ay N oy ey -vn: 5" > .
%a ( Akf-’.::t‘-h\ ;3’." 40‘“&-0 7 'w’a{,f, DN u{s.,X. LA ,/.._-1..‘9.;9";""\ oy J"’? '1 C T Y !‘?‘ - 2:\2'"7ng ,"("Z"i

".. &.2,',3",..»;\ Ry % Y Sel TR pon LYY
m.

o8 -v «1’ &% ‘rlc"’u\‘ “‘m, RN 3 .\.a. w&_
s W, St N i AR AN ,.-G_«,-_W.M.,a‘». RO PP -"" O RANNE AT 2 oA Nﬁyx@&‘»ﬁ& 5."‘!*“?'%3‘

ol'fx

D et

D P - = qQ by =t a2 5n * a REs z
SR 580 50 S0 e S ST 20 e

FoT




f

. w0 ‘ -
‘ 1D o
- £ :
L © :

< !

350

O

(MH-CH3COOHTT

310

ho oo rdh B a

. o S
] . :
3 i
:
f |
§ ¢ 3
- iy
: e
D ——
) ‘ ’
(U]
N
: 3 ~
1 )
; 3 qa
B ’d g
3 pe]
3 o0
et
fz.
3 ?."!"1;\:
vl .

200

CIRCETYLMORPHINE

-
» 9 «y
{
-

{ISOBUTANE)

34 aecdad gNeeh Tinae

150

5

:
X

t 2

1 %

1 j

hob

v

0 G0 1)

.
—

4,

xi{g»;géh‘“**‘
SR ional

hepmamces st g Cemremi ek

G e ; A .
e T -w ke ~,' p PO A o - SRS coe g st
4 D R e iy «é‘»- T P Ao - SR
AT z-. “~ Koty
¢ SN t Nl

OSSN TTR u-ﬁ.:'
‘o.- ,./‘ s ‘\‘"“ o J Sy i s\.-—. AN \< \.r. .‘\,\t gs"v'\ f."‘ﬁ'r"t"_ ‘-\2:;
.M‘ é‘ AN L /\J....'Lm.,m/#"’- Sk e P i

. Ob AR s A




.vww

"“:;: A : x
3 - ‘
ﬁ-
~a | S—
4 Lo .
.. ) O I 8 3 Fu-;s,'s
H ) N 2 D
' T =5
) ™
. T i |
"2’ —;—%===%_ :
) ] :
: . -D lx e
: I *
. - 1 |
2 :
E, r—
S 7
N R
3 ja
W . @
L . P
= . .
T -
=y ) 3 i
-’ . '
g ' 1
¢9] .
: -
s
’ 5 p
2 "
H v
Lu o
¢ D . . .
- S j ‘
u -
3 e, .
i
' ' ' ! T ¥ T T 1

100

gy

i,

Lo Wiget adanit o Lo priaA i »: iy .-‘wﬂq £ anpw;,‘. >
s PR umapriaaliied ._.\.. .. - 1 e 5T e rh
;.ﬁ-\.-&,l ": g G5 ":.;:- X \r);. o o 3’4 7‘ J‘ ..;'} N Py S e
opom i, o e et }" son e ‘a oA RN g NS 2hzedinil
e A e B D e ST R 5&%@%«.« ATt E «::-;%ej’. i (TR 2 i e
0% i b
‘S ” % e
> - - AT
3 ) R M""‘;—;\% S OTRY
WW
—RIAT T T i S A et sy ~ -

"
s duns iR

wbow h 72 mn i ) et B

Aty

[PETETISR g

PN T

ek 1 P b e d

L2 ama LI bt b € vaeth L

.

R bos s 15 e

N ﬂéﬂucxm\e‘w“\ prres

e g A E 5 P

b

it sr oy

Lo i

2.3 ray sl

ur oy ok

i g P g 17 B

.
o b SO (R g2




o L ﬁ;gﬁwﬁ SERTNE

AEPE QN AR SN S Y SRR AR AT A e

X &5 ,.?; iy

L 15 A B ST TR ST T e 050 B N i T A SN E T AR R T i e S TR U e R S

oete

] Pry : i,

~e n e .

-n
-
=0
&

_—
LS

- aT

et

SR
8Tt
£ %
it

Y

> 001 EEH
ooy s 00E L poz est G I3

&

F

Al

<
5o
T
" P
Ao %
B
"t.w:u"

K R

+ 13 R ¢
a-mva ‘ AM

st S

R e

7.... ) i s,

s, §

- RS )

it ¢

o,

oy
e’y

B }
&

A

= ol
e

g
o,

.
1,

LY
5
g

A

.28 - i
(HOOD™HO-HIN) Sy

S
1Y
t‘-

+ 001

s
IR
W

ta
&

(3INBLNGOSI) 3INI3F0E0JTALIIB-9

PR Vo

[P P L

w,ﬁ [

Sty

Ssats

REES

it @ 427 SRR R 3




s,
SRR,

R

m)
- D ;
N ‘ ™ -
T
" = i
T, N 2 3
S € - N + < . 3
1 . . _ {
] S et i _
: al o ;
. ‘ 1 N .
I .
2 -~
-
P - &) 2
L) b & )
£ 3 I |
5 - SN
2 |
2 ] =}
!-"2 § i Lf,
T B A |
t pu P - )
Q. — s
S 3 :
O + o
: —-—t
; - ‘ :
= 3 -
R C
T T T T T Y T T T "8 %
-t f.:;;

- v s ::"l'- ves T Sl | e ws Agera Tmesemy NPT WEN -
T TPttt 2P et g o 3 . AR e e
PR P ek o I T e T R e R SV RS iR g e
RN S =i e I e TR D Ao e R B e k.*""‘?#’; 54)}.*.' SR 40
e A e ey T T ek Y N T A L XV L ooR Ao AR e L

P e bt .
. N T A . AA - ‘v;. ,\‘..r«’_,:-{;‘:v~ s g 3 et gt S
> B L, P T e, At P e M
il S RN A A P AT Ry, <

RO — ] ‘ - v :. -‘;0‘ 3 “;“%i%-a‘%:ﬁ (j%? ‘
_ ’ A g

4

B oo n o . ATTa
S Tt e et NS

P e
N NN S PA S



o
H
L 2 R
e

o
¥
Ry ?"“;‘,Z'

o

R
)
>

3

e
A

ok

{:;‘a

L

5!

RGN T e

ZR%

FhImeTagar

NORMORPHINE TMS (ISOBUTANE)

35|(MH-90)

100

450

1at

Figure 36

i
PR

.
i VB
Faingd

«}31'

TR

Kb ot

5

i
“iﬁ"f«@m

. A
> aaiMuL'

ey

N
o e

o

Gyt

Lfetsh

P ess

(s
4,

"

%t:

:

et gy

#

- 9t et
-
l

o~

GO T

P

x *
LRSS T

P - iRy
. T W vy (PR
2 &%\k.-)_ Rt o D P S n‘\.‘“.’."(‘:.t’:v#“:‘

oo e s

B e b
P e S O
S "i"',ﬁ‘?—;y 3e ar

e

N

 wag i ge

- 5
‘5 ¥

w5
s
0

RIS

b AE A4
4% en
PERIW

8

MR L o




el ny. SRR RS SO ) SER Vet R Y B
SRR IR AT i T T N o LY agn iy A R
L P ey b S G S A, NI AR AT A e SULIE N A B S e o, AET R T
s PO R oy "\..m.: G / . 3 Y L SPIR t An DAR A e, Seh e Rt St y
N e e e g T ke S 0 R R R A R MR TGRY

- LT s .
- - PRPRTAFN B L T LA S T Ty ”
e e -~ ..

VikEe - vl ¥ e am

e -

4

CODEINE-TMS

Figure 37

APl MASS SPECTRUM
O1% NITRIC OXiDE IN HELIUM

L

MORPHINE
CODEINE

&7

etk
5

A
o

gk
i

4

1(;%5 . e ‘{
)
i
b

3y LA Y U
SRS I o RO, e
Y
4
»
e RS AT SV A IIONEAE ¢ 7 20 5 .
.
¥
.

PNARNS - .
3 jr&l_v Lt ) AT

) : SRR
T

e




gg 2an31y

API MASS SPECTRA
0.1% NITRIC OXIDE HELIUM
200°C

M+

DIACETYLMORPHINE

N

M+

ACETYLCODEINE

MORPHINE ACETYL- DIACETYLMORPHINE

MORPHINE
CODEINE '




6¢ @an31g

MORPHINE

APl MASS SPECTRA
01% NITRIC OXIDE IN HELIUM

200°C

M+

CODEINE




Y

Pt

e

Z
:

P S

i
2
&
i

15,4

. -

.

|

&

[
It
1

3

:
[
i
{
N

‘*\:“\ei A R S 1 .-« S N s 2oy \:,:‘,v . N\ e
\}? 5 Lo *’\" » {:@' DY r‘a

‘ﬂ.
e
-(-.’*,«5‘,33‘ :g:-n ...u,uu ;\,».w.a‘ i - Z u.‘ﬂ e ,~ :.1‘:‘-”."?\.-. m,..,p.’,,r -Zi)“"" N,‘S\, "‘"’f""” ﬁm,‘,‘gs ),
Q--(c-.d

G T w,t-v wr-r‘.- .,’(‘1-«,‘ WS s
‘\‘—9(‘«»’ Ve Yy, ;,;%”;J \ 4,;- .u.?r‘. o “}k“’v{i ’;“-’,; a Q}}‘%r}:gﬁw m’

ﬂ'l?z:r’w"’}if 5w~“‘:~£»?.’-"i’t€.£‘-*n &

L Y T TSR

}

asee s ~— A WA S W ar secas FUREEY N T R s

20 - LC-MS-COM |
Sensitivity of detection
Diethylmorphine-dyg |

ERN

IE TV PRIV S WS DPRVETS R

e
Frrmes

ey

SEen

"
A

it

3

RELATIVE PEAK- AREA

¥ Wadealaize

"

Y

SRS 7T

P

T sl

R

TS

pyee
Wty
st

m—
il
At

wTEY

0 2 4 6 8 10

SAMPLE SI1ZE 1079 gm

Figuie 40

\i‘zc TR i s

AL s

3;@52&:5"‘ SEAT Srasiiss e = P S N NG i a5 e .




L et e Ay

L g " - e .. e
I Gy T o ,-,(‘s, ’*”V ¢ e .m*. Lot ARp( ‘\9: vm..,,.
W a‘ \\u e Mv& “t:r,r’t‘{;“ A, o
"'m:'"e I N &"“."'xu“". "“ ASa " e o -.,\“"f" AT "’Vf N"ﬂ """ ’

e LA,
Q(-V vy Q«‘.-,:ii“.';‘, u“ e t‘ b "’" "

‘h-‘m o \.{%,

~ +oeas

7 3 . ’i{f'
A’-..‘p. o , ;
--.r-“ém'yt ioh 8

Direct Ex traction

M-d 417.2
P 3

l ’ 414.2

RS

e 41

MORPHINE (HYDROLYZED URINE)

Back Extraction

| M-ds

417.2

414.2

343.2

et Lharioh $hedtet stk fabron d A ShE A Rettey e b B 4 bl

e

i

£ ek i

g RS

b
{

i

il

Ll

¥

e
kG

TR LR

! 4
vy

‘

b

‘
b RN

el Lehrhad

i
%,

L



“" ] e “s.m BAY AN Y T 0% o

L TR b n o1 4 gt [N
{ 5.; q va ,.n.._. ‘Qa'. ""xq':"v! s A I'A,FN PR i) ?}; ol k-,x R i 8 Y, e
X é! V% ""“'n\ ‘ ‘L*-’ T i T nwe i g B e - 'J'\l”-‘ £37 [‘ ‘;/ “1‘\"("41 )

PO

X P
"“i"‘ ,Ae -o. o \.'l < A'!'.\*‘.'n o TG el .:“ P S LAY “;‘,‘J.'I"" . f'} qu““ et ""-"4' ""u e Y

nh: PR AL nk—u"
it S L S Y R LERND U AN POTMERE { WPITRwb'V W F VY -

o
B s w-wlu"‘\w

- s e P Y

e

e

o

TR TN Y N

b bt B s b

5,
i

e

MORPHINE. (HYDROLYZED URINE)
i * Direct Extraction fon Exchange

- | 4232 1 M-d3 4.2

industse A

]

‘.,
Py
LD

S

2,

i
kil

by

A e BN G

Do sty S8 v s FAE

s
|
#
)

ot

4
i
1

1
S |

s

R R OISR X |
-«

4 417.¢ M-d3 417.2

fr iy

=

[« 8
W

S

PEN

(‘
/‘

268 386 468 28 163 200 385 450 "

Figure 42 ) N

. P A

- ““3" ﬁg‘gﬁ‘% '4; ' %
c - ‘Gi?;:~ T T LI AT AT, LIRS~ gy e N"* _ 3
i AR Rt 2 3«34\ NG  Vo ;t:éﬁéa@«% Ry ‘\».x“mm.. T s B ;

Y S



L

PR i

“oud weih
-

..

e o aT

rad LTS

QWL T ST P PR
P sli-piengipioAl smangiud

spef i B

) 112'00..“”#“
c——

[ “Siaret

k]

| qhog

.
PO
- ——————— e vt S

¢ -
LAY, T AR W A T
L R IR A e Tl & 2 ’é" H
S ‘v\,m't‘f"*""\n*:} Sdion SR AL
Crlt e

W
< RN
PPN
Ladh M KN TR T

MORPHINE, ANDROSTERONE, DHER -
TMS DERIVATIVES :

HORPHINE
4 ANDROSTERONE
I 3FT SZSE-30
: 195°C 4°E/MI |
DHER R

| \\ﬁ\uwuwwt333) (436). . |
e e e NURUUI VA, .+

"¥111T171“Illlllzlrl111lllll!II—I]TII]I‘717]I1l]l’]r{l‘[l[l(r'|!1]"(1

200

o0 100 150 2650 300 36




LA R S R R P Y PP PO AT BRI iy L T BT

A

/-&:;g&:é P

T SR
s el

HC! 4N

£

Figure 44
G VHEREAR

AG 50W x 8 resin

e MORPHINE + HYDROLYZED URINE
5

-
po
L
Py
hans




4R AGT ARSG LT AR

AP T LY

VT

SRR G PR SRR R T

'

S -
(45 \ ¥4
; RN

LR (L LT Y N

Sl MR RNGE 1 e e Rastaa s dhat it s

Seiine
A
s, ":‘\'"\
%
T

O

et
‘ﬁ

L T

Rard
il

v,

v e

il
LS

g
" F

2, W LB

8 >
N

Vo,
-
(et
o
P

g
o
Y

@t o

Lt O TR

o
y

o
1

Peix
Wy
An /
b

s
t ~¢
)
frlonb2

N
..\Q.H.T.
P P
S
v.u.\.w H

Y
o
»_. Fép

V.

-4
TA'y

+

gty
=

Lt ae mnn e

MORPHINE (PLASMA)

412.2

M-d

414.2

MA“!

Total

166

417.3

J
|

414.3

343.3

348.3

hd I,
[ T

b cratiyian ih o 38 it £ o dnsd

T SR ATy

360
Figure 45

286

[

7,

N e
s oy
K

ok
o

4
g,

o e

R

C e s cee

am wer ek wne

:
TR
b s ke M NGEEIRER

T NI O e et Ve £ ALY S a e T




-

3
J
1
¥

B3

Fush

Xy
%

3k
S ind

prat:
i

VII.

l.

2.

3.

b

.

6.

7.

8.

9.

10.

11.

| 3ad

13.

PRI

LITERATURY CITED

W. J. A. VandenHcuvel, C. C. Sweeley and E. C. Horning. Separation
of steroids by gas chromatography. J. Am. Chem. Soc., 82, 3481

(1L960) .
E. C. lorning, W. J. A. VandenHeuvel and B. G. Creech. Separation
and determination of steroids by gas chromatography. ‘'Methods

of Biochemical Analysis'", Vol. XI, Ed. D. Glick, Interscience Publ.,
New York, N.Y., 1963.

T. Luukkainen, W. J. A. VanuenHeuvel, E. 0. A. Haahti and E. C.
Horniag. Gas chromtographic behavior of trimethylsilyl ethers
of steroids. Biochim. Biophys. Acta, 52, 599 (1961).

R. Ryhrge. Use of 2 mass sjectrometer as a detector @ad analyzer
for effluents emerging f{rom high temperature gas liquid chromuto-
graphy columns. Anal. Chem., 36, 759 (1964).

C~G. Hammar, B. Holmstedt and K. Ryhage. Mass fragmentography:
Identificatien of chlorpromazine and its metabolitez in human

O
~ed. ~

PPN M iy s

¥

bt

blood by a ncw method. Anal. Biochem., 25, 532 (1968).

R. A. llites and K. Biemann. f.omputer evaluation of continuously

scanned mass spectra of gas chrco.atographic effluents. Anal.

Chem., 42, 855 (1970).

U. Boerncr, S. Abbott and R. L. Roe. The wmetabolism of morphine
and heroin in men. Drug Metab. Rev., 4, 39 (1975).

T
N L SOl
-

S. Y. Yeh. 1solation and ideutification of morphine ethereal
sulfate, normorphine and normorphine conjugate as morphine meta-
bolites in man. Fed. Proc., 32, 763 (1963).

J. M. Fujimoto and V. B. Haarstad. The isolation of morphine
ethereal sulfate from urine of the chicken and cat. J. Pharmacol.
Exp. Ther., 165, 45 (1969).

U. Boerner and S. Abbott. New observations in the metabolism of
morphine. The formation of codeine from morphine in wan.
Experientia, 29, 180 (1973).

S. Y. Yeh. Report of the Committee on Problems of Drug Dependence,
National Academy of Sciences, National Research Council, N. Y.
Academy of Scieuces, 1973, p. 215.

U. Boerner, R. L. Roe and C. E. becker. Dectection, isolation and
characterization of normorphine and norcodeinc as morphine meta-
bolites in man. J. Pharm. Pharmacol., 26, 393 (1974}.

Urinary excretion of morphine and its metabolites in
J. Pharmacol. Exp. Ther., 192,

S. Y. Yeh.
morphinc-dependent subjects.
201 (1975).

R TR

G G o

ST




14. J. T. Woo, G. A. Gaff and M. R. Fennessy. A note on the effects
of 2,4~diamino~5-phenylthiazole and 1,2,3,4-tetrahydro-9-amino~-
acridine on morphine metabolism. J. Pharm. Pharmacol., 20, 763

(1968) .

15. A. L. Misra, C. L. Mitchell and L. A. Woods. Persistence of
morphine in central nervous System of rats after a single injection
and its bearing on tolerance. Nature, 232, 48 (1971).

Studies on the metabolicm of
the signiiicance of 2-
Xenobiotica,

16. H. M. Bolt, H. Kappus and H. Remmer.
ethynylestradiol im vitro and in vivo:
hydroxylation and the formation of polar products.
3, 773 (1973).

17. P. B. Hulbert. Carbonium jon as ultimate carcinogen ¢f polycyclic
aromatic hydrocarbons. Nature, 256, 146 (1975).

18. S. F. Brunk and M. Delle. Marphine metabolism in man. Clin. Res.,

21, 467 (1973).

M. G. Horning, P. Gregory, J. Nowlin, M. Stafford, K. Lertratanangkoon,
C. Butler, W. G. Stillwell and R. M. Hill. Isoiation of drugs and
drug metabolites from biological fluid- using salt-~solvent pairs.

Clin. Chem., 20, 282 (1974).

19.

26. K. Milthers. Normorphine, nalorphinc and morphine. Quantitative

separation and determination of small awounts in blood and tissues.
Acta Pharmacol. Toxicol., 18, 199 (1961).

Sub-microgram cstimation of morphine

21l. C. R. Wilkinson and E. L. Way.
Biochem. Pharma-

in biological fluids by gas~liquid chromatography.
oL., 18, 1435 (1969).

- A Ay,

e . ., o vaad
HR I B N ok 8B S (AN IR A, I 5 e n A o

22. J-P. Thenot and E. C.'Horning. GC behavior of 3-ketosteroid
.ethoximes. Application to GC studies of adrenocortical steroid
hormone MO-TMS derivatives. Anal. Letters, 5, 801 (1972).

LN A i,

LA S b s i

23, P. A. Clarke and R. L, Foltz. Quantitative analysis of morphine
in urine by gas,chromatography~chemical ionization-mass spectro-
metry witli {N-C H3] morphine as an internal standard. Clin. Chem.,

20, 465 (1974). .

1o,

Sk i

24, D. E. Fry, P. D. Wills and R. G. Twycross. The quantitative deter-
mination of morphine in urine by gas-liquid chromatography and
variations in exccetion. Clin. Chim. Acta, 51, 183 (1974).

Gas chromatographic determination

25. TF. Tish and W. D. C. Wilson.
J. Chromatogr., 40, 164 (1969).

o &

of morphine and cocaine in urine.

26. R. Truhaut, A. Esmailzadeh, J. Lebbe, J-P. Lafarge and N. P. Lich.
Contribution a la recherche et au dosage de la morphine dan l'urine
par chromatographie en phase gazeuse. Ann. Biol. chim., 32, 429

(1974).

- €, 4 ”W’w

B

oy 5 e P I
et Aoy G Bk
R R i T T T I ey




hromatogiraphic detection of
J. Chrowcatogr., 101, &24

27. G. J. Digregorio and C. O'Brien.
narcotic antagonists in human urine.

(1974) .

28. H. E. Sine, N. P. Kubasik aud J. Waytash, Simple gas-liquid
chromatographic method for confirming the presence of alkaloids

in uriae. Clin, Chem., 19, 340 (1973).

29. S. Felby, H. Christeusen and A. Lund. Morphine coucentrations in blood :
and organs in cases of fatal poisoning. Foren. Sci., 3, 77 (1974). ?
30. K. D. Parker, J. A. Wright, A. F. Halpern and C. l. Hine. Preliminary :
report on the detectiun and quantitation of opiates and certain other

drugs of abuse as trimethylsilyl derivatives by gas-liquid chromato-
J. Foren. Sci. Soc., 10, 17 (1970).

graphy.
31. W. 0. R. Ebbinghausen, J. H. Mowat, P. Vestergaard and N. S. Kline.

Stable isotope method for the assay of codeine and morphine by gas
chromatography-mass spectrometry, A feasibi'ity study. Adv. Biochenm.

Pharmacol., 7, 135 (1973).
D. A. Smith and ¥. J. Cole. Rapid and sensitive gas chromatographic

32.
determination of diacetylmorphine and its metabolite monoacetyl-
morphine in blood using a nicrogen detector. J. Chromatogr., 105,

377 (1975).

33. W. 0. K. Ebbinghausen, J. Mowat and Per Vestergaard.
graphic detection of normorphine in urine of man after codeine intake.

J. Pharm. Sci., 62, 146 (1973).

Rapid gas chromatographic assay for
Anal. Chem., 44, 385 (1972).

.‘3’“&“‘2}&@, TESEAN Bt 55

Mass fragmenta-

D i f

5 ke,
A

it TV
PR AT

34. J. M. Moore and F. E. Berra.
heroin in illicit preparatious.

ha,

RAES A

G. R. Nakamara, T. T. Noguchi, D. Jackson and D. Banks. Forensic

35.
identification of heroin in illjcit preparations using integrated
Anal. Chem., 44, 408 (1972).

gas chromatography and wmass spectrometry.

The quantitative determination of heroin in
J. Chromatogr. Sci., 10,

36. P. de Zan and J. Fasanello.
illicit preparations by gas chronatography.

k|
333 (1972). i
37. H. V. Street. Gas-liquid chromatography of submicrogram amounts of ;

IV. Identification of barbiturates, hydantoins, amides,' imides, f

it
AR e ks s

drugs.
carbamates, phenylbutazone, carboxylic acids and hydrazine derivatives
by direct derivative formation within the gas chromatograph. J. &
Chromatogr., 41, 358 (1969). e
N :
38. E. C. Horning, M. G. Horning, D. I. Carroll, I. Dzidic and R. N. £
Stillwell. A new picogram detection system based on a mass g
spectromeler with an external ionization source abt atmospheric
pressure. Anal. Chem., 45, 936 (1973).
39. D. I. Carroll, I. Dzidic, R. N. Stillwell, M. G. Horning and

A subpicogram detection system for gas phase
upon atmospheric pressure ionization (API) mass

Anal. Chem., 46, 706 (1974).

E. C. Horning.
analysis based
spectrometry.

S .
N )

. E o v 7,
o e T VT S

4 IR o lm ST ,}-«.395_;\;_( o

- A‘“ﬁﬁggég%ﬁﬁ%iif‘zg 3




¥

40. E. C. Horuning, D. L[. Carroll, 1. Dzidic, X. D. Haegele, M.G. §

) Horning and R. N. Stillwell. Liquid chromatograph-wass spectro~ E
meter analytical systems. A contiuuous flow system based on %

. atmospheric pressure ionization mass spectrometry. J. Chromatogr., §

. 99, 13 (1974). &
3

. 41. E. C. Hornimng, D. I. Carroll, 1. Dzidic, K. D. Haegele, M. G. 3
’ Horning and .. N. Stillwell. Atmospheric pressure ionization 3
! (API) mass spectrometry. S rent mediated ionization of sample g
. introduced in solution and iu a liquid chromatograph effluent g
) stream. J. Chromatogr. Sci., 12, 725 (1974). %
i

42, 1. Dzidic, D. I. Carroll, R. N. Stillwell and E. C. Horning. ~§

Atmospheric pressure ionization (API) mass spectrometry. Form- 2

ation of phenoxide ions from chlorinated aromatic compounds. kS

Anal. Chem., 47, 1308 (1975). 3

E

43. D. L. Carroll, . Dzidic, R. N. Stillwell, K. D. laegele and =

E. C. Horning. Atwospheric nrassure ionization mass spectro~ %

a2

Corona discharge ion source for use in a liquid chroma-~
Anal.

o
LR

metry.
tograph-mass spectrometer~—omputer analytical system,

Chem., 47, 2369 (1975).

S
R
)

Charge exchange mass spectra of

44. 1. Jardine and C. Fenselau.
Anal. Chewm., 47, 730 (1975).

morphine and tropane alkaloijds.

45. E. J. Corey and M. Chaikovsky. Methylsulfinyl carbariva. J. Amer.

Chem. Soc., 84, 866 (1962).

Methylsulfinyl carbanion (CH_-

46, E. J. Cor2y and M. Chaikovsky.
J.

SO~CH2-). Formation an¢ applications to organic synthesis.
Amer . Chem. Soc., 87, 1345 (1975).

47. S-1I. Hakomori. A rapid permethylation of glycolipid and poly-
saccharide catalyzed by methylsulfinyl cexrbanion in diweth, lsul-
foxide. J. Biochem., 55, 205 (1964).

48. XK. D. Haegele, G Helzer, W. Parr, S. U. Nakagaw. and D. M.

Desiderio. Mass spectrometry of syathetlce oligopeptides N,0-
permethylated, N-acetylated derivatives. Biomed. Mass Spectr.,
1, 175 (L974).

[

49, P. A. Leclercq and D. M. Desiderio. A laboratory procedure for
the acylation and permethylation of oligopeptides on the wicro-
Anal. Lettexrs, 4, 305 (1971).

am scale.

gra
1t
50. J. von Braun, kerichte. Untersuchungen uber morphium alkaleida
Berichte, 47, 2312 (1914).

51. C. Elison, H. W. Elliot, M. Look and H. Rapeport. Some aspects

of the fate and relationship of the Nemethyl group of morphine o

its pharmacological activity. J. Med. Chem., &, 237 (1963).

£
e . 5
) N TINTY ‘-r:f B 5}

o
e PN
‘ SEwe ey M""—‘Kﬂ - e T el L
G e — [EC——
P e W"
TS S
% AM -, ROy,

A TR R . I
SREDES PO Kl ety o e L B Ry
4 ~ S SA R 2erd e bt ¥, 2 o 0y W

= ' g, Wl o b
S Eaat.) s




e ot b S )

prem

i
3
E

¥4

2%
£

1-"’*;«'-&';;;&'
by
{irs,
A ’j-;,_f%xﬂ

bitd
PRIV AL

TN s v ]

_h W e
kel er

.;.:' u" " “n e i P
VI by Ty R BTvE &{31‘5{ »
e R e TR
ek s y e

52.

53.

54‘

53.

PR N

e

A e N

M. M. Abdel-Monem and P. S. Portophese. N-demethylation of morphine
and structurally related compounds with chloroformate esters.

J. Med. Chem., 15, 208 (1572).

T. A. Montzka, J. D. Matiskella and R. A. Partyka. 2,2,2~Trichloro-
ethyt chloroformate: A general reagent for demethylation of tertiary
methylamines. Tetrahedron Lett., 14, 1325 (1974).

MO~IMS derivatives of human urinary

J~P. Thenot and E. C. Horning.
Aral. Letters, 5, 21 (1972).

steroids for GC and GC-MS studies.

N. Ixekawa, XK. Takayama, E. Hosoya and T, Oka. Detcrmination of
morphine in urine by gas chromatography. Anal. Bilochem., 28, 156

{1969).

pp o - .
@.:__:‘“‘m ;_(’?‘3 B i

ol b l

v en

v

]

.

VOLEY N K oL

i,»qfk.»’w*:% iﬁ‘*"‘%‘ﬁu"‘ Ty

). x‘;-’r’xz,b,_

el

o

o

Rtk

{8 e

BB Y

POty poke
A R A L0 P R T AN i ey
DL I oS € rmsrer gt o

S M S Fn Al e eyt s 4

"
gl

PR

N

s

HRGERT st U

ot

S

.
s

ooy

S5

VEALIN LT
L e

18 b 5
£

P
4




R B QAN PR T Y SESA K 2 NN YOS E MRS PO Y R A Y B R SR TN, NS 3 o
PRI PR : ot ¢ TP B VR sl ity
- o Lo YRR A
.
' -~
-
Ead
~
an.)
=
=
=)
~
o
<
N
-
=
—
> .
-
3
.
- oo . ‘
- . » .
w ! - o . X _
- - "
1 ° b ] v . . .
] - v

s

o
AL

T

ped

>

SFIN TR

hao

CETIE
£,

K2

L

L

o5 e

i

e

>

"

N
Y

5 «-,.: s
AN T
AR SN AT
RN ey



B T A e S R o, T e Y TR e ST
2 SR R LR e i eptad iy rrivpaaseyasie JLret wi\na
LR
i

30 T e TSI P NI A PN NI B

A TS IS ST [ 30

1y S R e R S T B L B TSN it
- - s e - - e s LA 2
ooy
-
(=
[<3]
W
=]
¥
] xu
$
M“
¥ .mww
H M |
¢
3
(
i
'
i
'
.
i
i
H
Sy
i
'
1
[
m . u
9 . B
. . !
.
& . W
. N .
,a . " w
: hd L4 . - m
} N ' - ) 4
; ' ‘
‘s, - w

. ., . .....
e e ot & il o P ; ‘e : y
S ] R TI RS s A e . : £ : 5 : AR oty 3 e '

Bl X £ %ﬂ«\.sﬂ. .%M%r%ﬂ« ST \,;,,\ sl Bk e e/ ke s D0 L S0 s S 2o 3 ey st et 26 S : s Wb JRETAN: ik decn s 1 ¢ : ; . .»\,w#-« 2




s ” e i n s .w,...:.
B e T SR N Rl e £L AT TR B OTR SRR [ 0 M TIAY P L e A NG B gh A T TRl s h AT PR O Y M.Muﬂ ;.é:i}.g.d: CL N e ..}.;:.ﬁ%% S troyon

7R G PRI A EEAT YR S TR SV

s
2

renn

22,

+
SO

-
ey 020
B
u&@mf
; .N,
B . ¥
: 4
‘I
] §
- 8 0
5
/... :
£,
i ¥
M 71

GO P
e
-

RN R 25
279
5?“%

k2]

TR TIER K o EAR Lo ni
or

NN

S COINA ST,
o

ok

Trace detected (amount too small to measure)
Repeat analysis (value changed from lst results sent)
Corrected result, error on first results sent

Resul.ts not sent previously

Never detected

SYMBOLS :

ND =
+ -
R —
* —_—
o) —
S —

5
&
2

5

s - - . 5 5 -y AR,

SO e b ot s U e s ot e R WS TR I A L
R 3 T AT BRI



A&ﬁ?ﬁwgmﬁ@%@%%;%ﬁw@%%ﬂg PRI &@4{@ & % AM &éﬁ «r ..._%ﬁw\ﬁ 3N BN ‘,rézélx;imh.‘&arz LN tt!. m. ..“ \tﬁ reoas i % ! a ” ?m:w. M,ﬁv«;&ww
8 Y TV R RSN vy < . ek s e e s -
an an 061°0 £0°0 8¢°0 0LL2T-9 1 %0
an an ov8° ¢ [A 4] 6.°¢€ ZEETT-9 -t
an an Ge0°0 00°0 10°0 20L21-9 5=z
anN (N 6c0°0 00°0 10°0 GE6Z1-9 V§-2¢
aN aN 01070 00°0 10°0 ¢9%21-9 ¢
aN aN 0%0°0 ——— 00°0 L9GCT~-9 £-T
an aN 070°0 - 00°0 80L7T-9 -2
an an 0T0°0 ——— T0°0 9€67T-9 0-2
w
M an an T10°0 00°0 ¢0°0 »€0€T-9 ¢I-1
%.‘ N
¥ an an z70°0 00°0 %0°0 %0$2T-9 L-T
,, aN an Sv0°0 €0°0 80°0 CeY¢T-9 S-T
: an + 058°S SE*0 £5°'8 $0ZZT~9 0-T
A % Tu/3n Tu/8r
autydaou-aoN auTapoyn aInTep surydaoy =29ayg autydaoy Te30] *OoN usuroadg Leq/iustaeg
$93TTOoqeIsH Ieay SH-09 SH~09
m SW-09
|
T
WN “ ! ‘ P . « »

e b Al it a R e dader T wd s b i b o v

?i

o

2 h%%wm&?fv&:,i .
a2l I cayes

£y

o L Al L

R

e Sk bt ey

3 ads




R Y S O R S R L e e S
ol an 270°0 00°0 20°0 1662T-9 6%
@ aN 0LT%0 00" 0 10°0 %062T-9 8-% ?
a an 2zT°0 00'G %00 T0§721~9 = |
an ax 820°0 09°9 €0°0 015219 9-¥
an an $91°0 00°0 TT°0 268719 S-¥ :
an an 0Ly 0 T0°0 SE'0 VCTAARS: e~y :
ax an LT0°0 co'n 00°0 €E0ET-5 90T~€
an an {100 00°0 00°0 SESTI-9 VOT~€
an an 220°0 00°0 00°0 €EHTT-9 6~€ | |
an an 900°0 00'0 00°0 Y9£2T~9 8-¢ :
an an 8000 000 00'0 S0SZT1~9 L€ _
i an an 021°0 N9*0 000 0L$2T-9 g-¢ o
m an an LE0"0 00°0 00°0 9£2ZT~9 s-¢ :
. A % /30 Tu/3r , :
] surydaow-ioN  durdpoyn angep surydioR 991y aupydaoy Te30] *oN usuwrdedg Aeq/iuatieg :
$93770qEI0K IB3g SH-09 SKH-09 b
SH-09 ik
b
i e e e e

AT p A R :
sl SRS LA AR : ——— . Lt v o Pty
R T e T T L e e e S R T D R

Piakias, Lt




; —
s S PR ARE R TR T A.:.?m,ux

YR A AT R S BTy BT T
an aN 010°0 00°0 10°0 ®%£2TT-9 v¥-9
an anN 0%6°0 [A%8Y) 90°T OT1Z1~-9 -9
an an OET'0 J ) ¢1°0 0ynZI-+9 0-9
aN an £L0°0 ———— 00°0 TE8Z1-9 ot-¢
aN aN 700°0 == 00°0 691ZT~9 6~S
’ an anN LEO0"Q (VPR T0°0 60L21~9 8-¢<

aN an 100°0 09°0 €0°0 $€5CT~9 9-¢
anN an 0160 €0°0 69°0 LEBIT-9 1700
an aN 00s°t L1°0 (8'¢E ZEVCI~9 4]
aN aN 00°0 a3°'0 o,o. 1) 600€T-9 [4 8
aN an 290°0 oen ¢0°0 6£TZT-9 1T-%
aN an 70°0 00°0 10°0 £962T-9 (1) At/

% % Tu/3n Tu/ 3"

‘s sutydiouw-aoy  auyapo) anyep auTydzon s9xy autydaop Te30] *oN usuroadg deq/ausiseg

- S33TTOqRIaN Jexy SK~092 SW-09

& SK-~29

R

URECIEER

N LT

MR Rt R,

e
eyt

ST}

%
Yald
R

N s
L K

=, I

|

s

e

AR



R

S .
ARSI,

e avadt8bsecne e )

L s

. BT,
FALY:

T P

e Y T T TR EOL T R T RN Ra..A}:_!.uwx\...v,..“.«:\alwf.\:a....ﬁ«ﬂiﬁd«xﬂﬁwﬂvﬂm@@ﬂm&tﬁ?3&3&@3?@@&»&4@w@n« R rraywvwd‘.\m.a%«,,&&«%/,_?«.i.ﬁukgﬁm,\ N ¥ AT
uww
-.NW
¥
i
. “
i
an an $20°0 ———— 00°0 1€621~9 0-T1 wy u.,
an an 00€° %1 L5°1 6°¢€8 T196CT~-9 1-0t
an LE°T 09L°€E L0°0 0c°¢ LOTET~9 0-01
i
aN + 00€°2 it°Q LS°¢ 9e£e¢TI-9 i-6 .
an S0°T oyL°s 2%°0 A 296219 0-6
aN 96°0 008°81 Ly | A Ye6CT-9 -8 .
+ 6S°T £92°1¢ 9 L €t 99T¢1~-9 0-8
an an 0TE"2 %0°0 LE°0 GeeETE-9 L
an an 000°0 00°aQ o 606271-9 -9
an an 0¢0°0 00°0 10°0 CORCT-9 a%-9
% % Tw/3n Tw/3n
surydaom-iIoN  SUTOPOD oNTEA autydaoy 99xg ssuyydaoy 1E30L *oN uawyoedg Leqfauatieg .
S33TT0qBIY jexg SK~-09 SH~-JD ok
SH-29 .n,
§

s




CA PRI RS T B R R BB ARG T s A S )

ORI R e m R Ry ) Sl (2ern @ﬁnawxﬁ TP sts
)

JTe T

. ,§mwﬂw§§§§$§ﬂﬁ@ﬁwﬁvﬁwﬂﬁx&ﬁ,.%,,ﬁ, s, i o
an an 210°0 00°0 £€0°0 $912T-9 TT1-CT
an aN €20°0 00°0 T0°0 90421-9 0T-€1 ,
an an 800°0 —— 0G°0 890¢1Y f=F1
an an $%0°0 00°0 16°0 0LEZT~9 BueT
an an 0€0°0 0c'o €0'0 BEYZT=Y 3%\
, an an Z80°0 00°0 10°0 WeLrT=9 S-€1
| el an an 0£0°0 00°0 20°0 oOvezT~9 y-€3
% an an Z81°0 00°0 71y LHTTT~9 2-€1
: ] ax an 082°2 170 €'z 9€L2T-9 T-61
w an S0°Z 00Z°€ zeQ %S¢ YEETT9 q0~€T
4
M | GN 81°0 006 ¢ FAN 8 %1 19121-9 VO-£€1 w
aN an 009°21 T€E°0 €L°6 £9L2T~9 0-2% M
g A % Tw/3n Tw/3n
1 autydiow-aoN aurapo) anTep auyydaoi @213 AauTudioy TE3O] *ON uaupordg £3q/3ueT3Rg V
S931T1TO0qeIoN Jeag SH~09 SK~-09 )

j SH-39

T




an G8°0 009°2 L6°0 25°¢C 9¢%21-9 ZI-%1
aN an 0€0°0 00°0 10°0 90121-9 01-%1
anN an $90°0 00°0 ¢0°0 BOSZTI-9 g5-%T"
aN aN 280°0 ———= 00°0 89¢¢1~9 Vé~-¥1
an an 911°0 10°0 £0°0 89621-9 8-%71
aN an 26T°0 ¢G'0 ¢0°0 ¢0sZT-9 L-91
an an $80°0 - %0°0 T9€21-9 =41 .
an an o%T°0 £0°0 01°0 €08¢71-9 TE-vT
an €0 0TI0°% 81°0 9% ¢ 9%21-9 -71
aN 06°0 0es°9 7%°0 ' 87 €0ECT-9 T-%1
aN an 090°0 10°0 ¢0°0 ¢HETT~9 az1-¢t1
aN aN 290°0 00°0 ¢0°0 102219 CI-tT
A % Tw/38n /St
autrydaou-10N UTSpO) anTEA aurydaoy 990a4 aurydaoy [v3Io0g *oN uaurroadg Le@/austsegd
3 $93TTO0qe3Iay Ieag SH-09 SW-39

SH-D9




TS d Wi

e A5 EEAY 0 Yo R e L NwTy oy
Powmec TRe 0 agent oo v

YR 4 TR G

00°0

10°0

2 288828 g
B 886888

8%°0

%2°0

6470

- v

00°0

00°0

£ 2 2 2 8
2 82 8 8 8

00s°T %0°0

to°o 0T6ZT~9

00°0 YE92T~9
¢0°0 €€LTT~9
oo 0T%2T~9
Y £ETZT~9
9c°8 © ZETTI-9
6y ¢ 6022T-9
9"ve $952T~9

00°0 SE8ZT~9

00°0 £952T~9
100 LOEZT~9
¢0°0 80121-9

21 %0€2T-9

v VA Tu/3n Tw/8r
surydaouw-aopN aurs3po) anyep aurydaoy =91g autydaoy tezoy . *ON uswyoadg Leq/3justieg
sa3TTOqRI9) Jeag SKH-09 SK-09
Si~09

(it




G UL ARSI S PR, SUEL
" ] ;

- e e s seATYT
o taviet o o w ey gz E3eTem N PR AN , , :
. e tave B ., e g :
T e .
T T e D ) ) . o
i i s 215 < ot » (Seps i is T WEAR S St XTe¥ COMPA RN —aromt s PR} e e [ W
’ . ) 4
.
’
s
.k |
.
5
| .
.
| N
’l v 4
| f
A -

an 0L1°0 20°0 40°0 S062Y-9 L~0C
022°0 01°0 91'0 S0E2T-9 _ 9-0T"

00€°T 0T°0 55°0 LETTT-9 . §=0T

g
28 8 & &

098°T 61°0 8s°1 TEETT~2 $=02

£

g
E

0L8°2 80°C ¥9°¢t 990219 A1 [4

000°0 — 00°0 e0321~9 ¢-6T

o
=

100°0 —-—== 00°0 89%CT~9 %61

600°0 - 00°0 C %0TZT-9 £-61

g 8 & €
=

010°0 ——- 00°0 90€ZT~9 a1-61 %

2 8 &

9T0°0 - 20°0 192219 Vi-61

4
=

]
000°0 00°0 10°0 L9021-9 €T-L1 M

g
e

e y‘!sﬁ\sf’"-.:? ‘%

e
-

17070 === 10°0 0%221-9 ZT-L1

>

o
2
g

o
1 5%

:3 L
-rey
Tyl

o, IR

R

yu

% % Tu/31 Tw/3n
outydiow-10y  2UTIPO) anTeA sutydaoy 2913 surydaoy TeE3O0] *oN uauwpoedg Leq/auaraed
S9ATTOqEIMW ey SW-00 SK~0D
SWR~-09

P

nal
AN
~

pioa
Lag

R

y

)
x

A

R

TR

.
. . . L . "
BTN
e — S —— o e zon kb SR TR
e N T e s i L e S




an ax 152°0 20°0 800 808719 0T~12
an an 0$%°0 €0°0 L0°0 90721~9 8-T2

an an 0871 §2°0 P11 £9%21-9 €-12 E

. ) ,J.

an + 0zL°2 I9°0 9g¢ Z0TZ1~9 A ¥4 B

ax %0°T 025°9 £9°2 L 1€ £9021~9 I~T2 A,

an 12°S 00S°¢ Zvo ze'z 9022T-9 $T1~02 . V,‘

N 52

an an SE0°0 —— 00°0 TESTI-9 £1-02 i .nw

an an £00°0 ~——— 00°0Q €OTET~9 Z1-02 S
s 4
an an %00°0 00'0 ¥0°0 T062T~9 11-02 N
Y

i3 an an 000°0 - 00°0 €9€2T~9 §0T-02 ¥
iR an an 640°0 00°0 00" 0 SEZTT~9 VCI-02 :
w. an an £20°0 ———— 70°0 $9£ZT~9 96-02 g
2 an an 050°0 00'0 10°0 80Z21~9 6-02 :
"
; i
: i
. A % Tw/8n Tu/81 = w._m
i surydiow-I0y SUTIPOY antep autydxoy svag surydaoy Te30] *ON nauwyoadg Leq/austaeg %2
§33TTOqRIAR Ivag SH-09 SK~39 L
| SW-09 . Bl
a
$ u\._ f Ay
Ly ' _\,. BY::3

.~“ W‘

%
t Y
5 » - «H.\,.
. : w
A D2k RSP ARSNGB “§r§w&§v‘§§t ' .“ \,\
Y ;mmmw,.«. 4

Bl siiieis .".“wn\%f eiad (5o SRR



erE e R S R R LR ¥
o nﬁ?ﬁﬁi.}i{m;iﬁsﬁ:.tsckuE237&5:?@@237,,.\53«!.ﬁ}:.,mzw PP TR O R R A ,;«M« m&mw i m% ;
o SO I AP M B H B . . TR AWDoY
mﬂW. c.?. g

" < Era LN O eI LTARN] P
LR A A e i

et s At 2 TN KA R ST ARV
oo S VSR HASES YT TR 0 P0G 20 (YA N AT -

o ém
9 : . s L SRRy
g o ntaties 1 b a = . S . iy g 3
i phls
; :
B ..\~ K/
. 2
; e
G ' R I
1 eyl
ﬁw
£y ! k :
3 - - ‘
<% N . %.Mb%
<1 5 &
(5 nw.r.
{

&
PLIRIRT 20
AT O T

A

£50°0 JE— 10°0 994219 2122

g ;

S TS
-t

. . ;'*;
o RN

BT PR T

S€0°0 —— €0"0 6902T~9 T1-22

2
g & &

2

S£0°0 00°0 00°0 202219 q01~-2¢

0200 ———— 00°G £9821-9 VO1~22

8
g £

RS LA 1

zv0°0 ———- 10°0 ~ T0LZT-9 6-22 .

2 < um
) an 6800 ——=- 10°0 0182T-9 8-22 B
7500 = 00°0 TEYST~9 9-22 i 8
= $€0°0 e 10°0 0L72T-9 522 ‘

VS‘\ =

Iz3

09T°1 80°0 96°0 9€8T1-9 [Aat 44

g 8 8 8 8 §
+ 8 &8 B

006°¢ ST 0 0L°¢ 99¢t1-2 1-7¢

i e AR &

f,‘!z,f‘%“ " o&'{?},
2
/
=4

711°0 i0°0 2070 TETZT-9 €112

—TOE T

S, OO 2 st

8
g

662°0 ——— 80°0 £8821-9 T1-12

% VA Tu/3x Tw/3n
auTydou-IoN QUTIPNY anyep aujydaopr 9913 aurydiop [elol *oN mawpoadg Leq/iuatied
i+ S93TT0qeIaN ' 3'ag SH-0D SK=~29
s SK-09

. ' *
. IR
¢ g o e3NE ﬁ%&,.,.w..“eﬁ.m%\ﬁww
DNty T A A R




ﬁﬁa.,wutnzidé.ﬁf RIS aa:ﬂ:i&.ﬁ« :~: ;\.; g — _.S,; T , , e vt TR TR ..,.:ixlwﬁi.!un.‘:.,,\.,_A » ;.ux.‘f..%x H 7 LAl A PTR S D Remados vt ' , s Tathdin ~ e e .,u“ﬂ,.. ‘.,.,_,.
N . @™ L10°0 000 . 000 €€57T-9 9-ve
an an 2260 00°0 70°0 96ZT-9 =42
N an ats 0480 $0°0 19°0 01221~9 VAng 74
an an 002°2 ¥1°0 19°2 908ZT-9 T-9Z , .
i
an an %00°0 —-—— 00°0 0T0ET~9 YI-€2
an an 020°0 S 00°0 LETZT-9 €I-€2 -
an an 0T0°0 ———— 00°0 10821~9 01-€2
an an LT0°0 ) 00°0 00°0 80€7T~9 6-€T
an an 900°0 . 20°0 %0°0 Y0LZT-9 5-€2 i
an an I%0°0 00°0 60°0 %€1ZT-9 €2 o
an an 002°T 11°0 98°T 6€€2T~9 €~€T
) an + 0TS° Y $9°0 6S°9 8062T-9 Z-€C .
|
- - 006°€ 16°0 IS AR7 $0%Z1-9 T-€2 “
W . % % Tu/3r Tu/8n
w surydaouw-aoN 2UuT9po) anTep autydaoy 9913 autydaoy Te3I0] *oN usuyoadg Leq/3uarled
{ S93TTOQqEIBN Jeag SH-09 SK~09
> SW-09
g
7
M_«p '




S gty o
N S — A A L A P g M S B bR A e N TE e

S ¢ A B R R L NN B LR R o A S RS BT IR E AN 2P
M@ A M i N s A s A LA e i L e L R A R v , R v
NI~ ey ,
A -

X

ey .

B

il e ocumm ey T S Y AT AT S S omA St .

- U TER

, G W ozt —— | 00°0 wezT-9 iz ;., " NMW

a g 20c 0 ., S 00°0 LoLz1-9 9-12 S %

ax ax €900 90°0 109 8€22T-9 -1z, . . M

an @ 0ET°0 10°0 L6°0 $0821-9 XA . :

an | an 0%5°0 '£0°0 87°3 59621~ I-LT ._

ax ax 200°0 —— T0°0 608719 9-57 | )

an an 900-0 -—— 09°0 0TL2T-9 C esz :

GN an 10°0 —— 00°0 LC6IT~9 ~67 ,

an an 9700 ———- 00°0 9£02T-9 052 , 1

an an 960°0 ———— 00°¢C YE82T-9 ET-%2

GN an 2L0°0 %0°0 0°0 S0LZT~9 T~ & . :

an | a 0£0°¢C — 60"0 ¢9321~9 8-42
C 4 % Tw/3n Tu/3n |

wcwﬁauoe.puoz aurepc) antep vurydaoy 9oxyg surydaoy Teio] *ON uswrdadg deq/3uataegq
S93TT0qRIaR Ie1g SK~-09 SKR-09 o

SK~09




; : Y
| @ . an €80°0 00°0 £0°0 6€0ET-9 - ot-eE,
an * 090°2 60°9 £8°T 9621~ . 9-08
L an 00°T 0zL°8 9L°0 L7 SE0ET~9 © o g-0g
| an QN $90°0 00°'0 . 99°0 ( SOTEL-9 €1-87
| a an 00 10%0 70 . 0gT-0- 682
| ax an 06%°0 20°0 SE*0 9L0T-9 v=8C | N
an’ B 00L°T $T°0 6L°1 stezT-o 2-¥g A Y
, a a z00°¢ ———- 10°G 89121-9 €1-L2 v B
- Can a %000 === 10°0 o412T-9 eI~ WM
an ' lan 100°0 == 00°0 69¥21-9 L7 i ,.NM
i S 600°0° ~—— 00°0 0£0ZT~9 VIT-(2 a w,
! ay an 2900 e | 00°0 £0TZ7-9 91-L2 1P

+ an 27070 ——— 00°0 95219 8~.C

% % Tw/37. Tu/3n

surydaow-IoN = 2uropon anTep aurydiol s2.ag autydaol Te3IOL *oN uaupoadg Leq/austied
, o 59ivIoqEIsRy IRy SW~29 SK-09 ‘

, SR=05 -

e &mi.sﬁ: e
L

“ A VA ;
R @ B
«.# X%

s wk :dx,, S oS
fqd{f}gi‘n




L C R S 05 AREOT RS ATRRIRR S A T DRI INE G g RA R ST VR PR o 25T TN VT SRl PSSV 2#‘\1..“4./42.u.z.(«m_wﬁ.ﬁ..w%.ﬁiwma.n\xmmém,.mmﬂﬁﬁﬁﬂwﬁwiﬁmﬁﬁﬂw

et SR AL P TR S P Gt AR P2 T B HTSE SRR CNTISTINE I FRAATROOT VISR 8
il ) ¢ f»/& 5
X : —— e e L L R e L RN L R
[ Lritsteding. YO | iy 4 i A San o
4 . 1 '
. f P
]
; / \ \ "
. . > PR
-
£
A .
.

o an 'aN oy1°0 00°0 G0°0 eEveI-9 A A

an an L50°0 —r== 10°0 0%0€T~9 AR L0 1S

an ', aN ¢T10°0 0070 20°0 996¢T-9 , mwom .

aN an G£0°0 ———— 10°0 ZOTET~9 R A
AN an Z10°0 10°0 . 20°0 89621-9.. (Y€ 3

an a8 800°0 . — 10°0 €00ET-9 6-EE , iy

an an L1070 - 1070 0L6Z7~9 g~z€ . . I

a ax 100°0 —— 10°0 900€T~9 9-2¢ . ”

; ﬂ

an an 2700 00°0 T0'0 S00ET~9, C8-TE W

. a an 000°0 00°¢ 10°0 - LOOET-9 9-1¢ - “ i
) an a 7L1°0 00°0 80°0 700€T~9 $~1€ ‘ , b

& - % y Tu/8n Tw/3
e aurydaow-I0§  dUTIPON anTeBp aurydaoy @914 autydaol Te30L +oN uawpoadg = Keq/iusried q
@ £33TT0qRI®K jexy SW-20 SK-09

SWH-00

* - , a «

i s R

R A SO SRy




L

’

| npr e

BT AN

P R ke ]

R

R

R i LA LS
! - PR

B

2 8 B B
g 8 & 2

8

et o 1

S%0°0
900°0
0€0°0

Z10°0

00%7° %1

ST 4

00°0

81°%

00°0
0070
Q0°0

10°0

BE6

292219
$98¢T-9
T0ETT~9

906219

8€6¢T1~9

%1-66
€-66
Z-66

1-66

0-8¢

A %
aurydxom-aoN ClisacTelei}
S23T10qRISR
SH-29

anTep
Jeag

u/Sn
sutydaop 991y
SH-00

Tuw/30
surydaoy] Te3ol
SH--00

*oN uswEoadg

- 3 3
. »

PR oS

Keq/austIed

RIS ptoere

CroyiTary I

B

T

—
ey

o=

3%

CRTP ST
e Kt . ot Ead
WA AR AN -

o

A

o,
T

T

FEs S

P35




s A AR ST k3 .av%%w m ﬁwwﬂ,mw,

. o 3t MY . CAEKT AT S SRS Ry
Ty 1T Y0 u,msi..%ﬁ.r»q;.:?.wa.ﬂnﬁw&z?@4&3&%&...2(v;e«u:?%&.,._iﬁ?w S R N LY il ;
. R P \ R 2K 5 R e b DA - . ' T
S S T L IV T VR TS cy Y b
; haint
S, .
. ¢

SN

R

&

R VD

e

go°0 10°0 600€T1~9 Ty

00°0 ¢0°0 1€5CT1-9 6~%

10°0 90°0 T0621-9 L=y

10°0 L2°0 %9L¢21~9 1 3ad/

/30 Tu/dn
aurydaoy s9aag autydiaoR Telo0], *oN uswidadg Leq/auatied .
SH~DD SK-D0D

T

ANV X8 CALSIN0TY SV I ISVHA v.uomm SIVddEy

A

0B e & A A
oy T IR A



O A SRR DRI T

o e A IS R A ST
7% Y TSR PR R TN TR AR S K

e
P

¥

S B SN
e

R

RE

g

TR

Ty

e

R

T

e
=

i

.t

*

Raos

-
M
=3
7}
=
&

.

N
iy N
A A
s
mvwm. H
B
[ 4
[
R
.
%
¢
13 S
N h
,,“w 3
i BE
-
3
B
i i
N &g
T
by
b
e BF
A
.sw
By
r W
4
W
:Mm
»
Fh
&
. ww&
< 3
k.
wa
=
S
&
e
»«.‘.‘.
3
Mp
.
|
N
.
Fi
¥
&

s b Sl Sprs gt e ek,

8. R IR

faiat

fe



For T

R 2
ﬁ

;
2

WML

RTRE BRI Gy L

¥

T I

R

o )ytg;
£
Ty

st idl

2,

e

7

AL

%2

%

LN ©

RN

- ;vu’«“‘;‘,"f A

e R 1,

o

TR AT R A

.

) SYMBOLS :

Never detected

Trace detected (amount too small to measure)

Repeat analysis (value changed from lst results sent)

Corrected result, error on first results sent

Results not sent previously

A

AR

. e

o~ v N 1 fudh

R
Ay A SR

t o T8

Pl

33
“SATET

) B >

[T T LA S e,

o oaz 10PN Y DY e T The e

B

ik 3650

2t et

i
o,
el

?

Wik




g
3

S

2

aN an L1070 00°0 00°0 10°0 10°0 GsTee 61900-9 TT-T
an aN 00°0 Moo.o m°o.o 00°0 00°0 1339 mo@QOLo T1-1
aN aN €¢0°0 00°0 00°0 00°0 00°0 097 00800-9 OI~-T
an an €20°0 00°0 00°0 | 000 10°0 1939 96.00~9 6-1
an N 820°0 00°0 0070 00°0 10°0 ST19 . 66£00-9 8-1
an an ¢v0°0 00°0 T0°0 T0°0 10°0 09¢ %6£00-9 L-T
aN aN £90°0 T0°0 T0°0 10°0 1070 088 69.00-9 9-1
N an $%00°0 00°0 00°0 10°0 10°0 §90T T9200-9 61
an an LT0°0 0070 00°0 T0°0 20°0 6es 1%.00-9 -1
anN anN £9°0 00°0 10°0 81°0 17°0 Shy 9€£.00-9 £-1
- - 1L°T —-— ——— ——— — -— usuroadg oN -1
an an 0L°s 020 £%°0 00°€ 1€°9 SLy ¥1£00-9 -1
an an $8°¢g 1¢°0 %e°0 96°¢ 8C°Y 626 80200-9 0-1
p % Tw/3n 1y ﬁ\ww Tw/81 1y 4z/3w  quw/3n  (Tw)
supydaow-i0N  SUFIPO) anTep supydaop 2913 autydaoy TeIOL 2UNTOA *oN usuioeds Aeq/3uaTied
S23TT0qeISH jeag SR~09 SH-09 Te30]
SH~-09
. . e o mz.,ﬁwé?.‘.u: e r.w&ﬁ%w;\:&%ﬁ

AR

b e e O

e A

S aedndnl *
L
AL K

:‘.f 3
g

N

-
2

Q
wow

A
7

153&" -,
P

b

A

)

e

Sy

“"‘Eﬁ""{‘ ooy




“ e S tagcs .
A 5 SEe b e tan g A eemensi smpr e

aN AN L£0°0 00°0 00°0 20°0 70°0 68y 89L00-9
an an 06T°0 00°0 *oo.o (A" 0Z°0 £09 65£00-9
an an 008°¢ £1°0 £€2°0 96°0 LL°1 ovs 2%1.00-9
N an o%8°¢ 1s°0 - 0£°0 YA 16°T 0TLT LELOO-9 -t |
aN + 009°71 6€° 1 09°'2 L8°6 ¥°81 GES %2.00~9 0-¢
«aN aN 00°0 00°0 00°0 00°0 10°0 STS £6.L00-9 LT 1
aN an GgT0°0 00°0 00°0 00°0 00°0 0.21 0LL00-9 9-7 _W
aN aN g€0°0 00°0 00°0 10°0 10°0 0zs8 09.00-9 6~ w
aN aN 100°0 00°0 00°0 00°0 00°0 S00T £€%.00-9 -2 W
anN an %00°0 00°0 00°0 000 00°0 0711 G€L00-9 | Ant m
aN an 910°0 00°0 00°0 00°0 060°0 GL9T S2L00-9 fAA
an . an 200°0 00°0 00°0 00°0 00°0 G161 €TL00-9 1-2
aN an 00°0 00°0 00°0 00°0 00°0 *mon L0£00-9 0-¢ _M
% % Tw/81 Iy yz/Bw /3 ay yz/Bw  qw/3 (W) v
supydaow-IO0N  SUTIPOD aniep surydaoy 2914 .mﬁﬂnmuoz Te30% QWRTOA *oN uamyoads Leg/auatied W
$23TTO0qBIBH jead SK~-09 SW-09 Te3oy ,

SR~-0D

.

B R IS

0 e (IR s e

ORI g S VNS A

R L A -~

i I I Me v s A o




W
5

..,»\‘M—-,

aN ax 0€0°0 00°0 00°0 10°0 10°0 0SL ¢1%00-9 99 v

an ax §9T7°0 T0°0 10°0 %0°0 S0°0 569 £0%00-9 S-Y

o - 09Z2°0 ——— ——— —— ——— ||J uswroadg ON h-% “

- -— 90 ——— — —— — — usmyoadg oN €9

— ——— Hg — ——— —— ——— — uswrdosdg oN =%

anN ot T25°9 €E°T 0470 6°1¢ 9°1T 88T £€900-9 =Y |

a T9° v°gE 95°9 8°0Y 91900-9 0-%
wm“ aN an LTO0 00°0 00°0 oo'o0 . 00°0 0sL 8T900-9 J oT-¢ , T
MM aN aN 220" 0 00°0 00°0 00°0 00°0 STL 60900-9 .. 6-¢
m%m an aN 900°0 00°0 00'0 00°0 10°0 ST9 10900-9 . 8-t
M%“ ‘aN anN 00°9 ¥00°0 mOo.o 00'0 00°0 688 66£L00-9 L€
WW an an L10°0 00°0 00°0 82°0 £E"0 S48 86L00~-9 9-¢
wn an an LEO"O mOo.o moo.o T0°0 1070 SES L6L00-9, S-€

% % Tu/3n y gg/3u  qw/3d  ay ¢z/Sw /B (Tw)

aurydaow-ioN aurapo) anTep autydaoy saag autydioy fe3ol aunTop *ON uawgoadg Leq/austaeg
$93TTOqEIaN Jeay SW~09 SW-09 Te30]

SH-29

AR

S A

o




h

T T AT T M SN g s Gty Ve gy b o g0 e

«
s

-

.
%
*
&

: f Siiae
LNV ;"‘“1
o AL

5
Ci

B
an a 1000 00°0 00°0 00°0 000 0291 £€Iv00~9y 9-4% _ w%‘m
. - ez
an w 200°0 00'0 00'0 90'0 00°0 SBYT §0%00-9 -5 .mw 3
aN aN €20°0 0070 00°0 00" 0 0070 QLet £€6900~9 Y-S
nz aN CT16°0 0°0 T6'0 4*Nm.o *mq.o $89 §9900-9 1 304
N ‘ aN e5°e a0 0 00" 0 69°'2 66°¢ 006 05900~9 YA
an R ory €0 0£°0 18y €19 cott %£900~9 =S
- - —— —~— — ——— -—— —— uswEsads o 0~S
i i ‘qoo.c Rtated = - - - uswidadg ON (ARl
an an 29070 0070 0070 10°0 fo°o £48 L6%00-9 1Ty
an an 1%0°0 00°0 00°6 £0°0 €0°0 094 moqoonw ot~
- - 71070 - - - — ——— uawEdads ON 6~Y
N + 0L1°0 00°0 00°0 S0°0 L0°0 069 S%%00~-9 8-Y
%. —— - 2210 —— ——— -— -— - uawypoadg oN LY .
.%1 ‘ . +
P i % Tu/3d oy pz/8u  Tw/8n ay yz/8w  Tw/St (L) H
5 " . aupydiom-~IoN  SUTIPOD ante) autydaoy sv1g surydaoR TeIOL aunfop *oN uswgoadg Ae@/auaTivg
" s23TT0qEI9 Jexy SH-09 SK-09 Te30]

7

s
P aa st ooty vies 3 B st cad i s S Loz T 7




I T T R ]

R RESLTS 5

s bser EAT

PRt 6 $ A

PR TR

. s S T i L e e R
m ,M Wm.. Y : “ m.v "

a a S€0"0 00°0 00°0 00°0 00°0 S6L H5%00~9 ot £ S .
~ az an §20°0 00°0 00°0 10°0 10°0 0.8 €£Y00~9 o1t

oN an YA 00°0 00°'0 00°0 00°'0 05671 60%00~9 Wmfom |
’ aN an 0100 00°0 00°0 00"c 00°0 096t #6900-9 Y-9

a aN z10°0 00°0 00°0 00°0 00°0 060T - 99900~-9 €-9
_ ai an %50°0 T0°0 T10°0 10°0 T0°0 0621 16900-9 At

anN a 076°0 §0°0 %0°0 011 08°0 SLET 6€900-9 -9

N an 0€T°0 00°0 T0°0 92°6 19°0 S8E L1900-9 0-9
N an 050°C 00°0 0o0°0 00°0 00°0 S06 86%00-9 i-6

an an €L0°0 00°0 00°0 ou*o 00°0 0tl6 0L4%00~9 G1~S

an an ?00°0 00°0 00°0 T10°0 10°0 e1ct 857009 6-'S

an R €1 (£0°0 00°0 00°0 1070 10°0 SE6 94%00-38 8-¢

an AN 020°0 00°0 00°0 00°0 00'0 ové 6¢%00-9 L~S

A % Tu/8n ay 4z /3u Tw/3n ay 4z/3u ﬁé*mn (w)

supydaow-ION  SUTIPOD INTEN aupydaol 8313 surydaoy te3O0J, awnyop *o uwawyoadg Leq/auataeg

$23770qEIdK ELET SR-09 SKR-09 TB30L

SH-J9

XS

D e e I

. YR
ot A gt Yt «%&W
el s

‘::*-— & .‘A" 3

T
N

354

R
bz

LA s

TR
i s

e

L

LI
P T

Lt

M s i g Tt <

1

2

e Y e,

P

S
e

,‘5‘«}?’ e

Ex

> p ’§ _
RS elaloE

o

T AT
& )
> o

SR IT
0 LY
iy L Ly

iy
"

G



N (0 T30 P TRARS NORT A SV ORI AT AR N Y R A 14
PATRTR IR H
Ay . .

LY

00°0

A P b e g T LI NUGE L L R WOVPEYKABE B SR NA IR ﬁiﬁﬂ«}m AR

‘aN an 0€0°0 0070 1070 10°0 098 9%€T0-9 y-E1
an an %50°0 00°0 00°0 1070 €0°0 (IR O%£T0-9 e-£T
N anN 0281°0 10°0 10°0 91°0 IT1'0 Ov9T CNWHo:m €1
an - Jm.o 82°¢ 60°0 €1°0 670 EV°T SL9 £6%00-9 T-€T
aN ¢8°¢C 06°¢€ s%°0 TAAS% 89%00-9 O~€T
an an - 00°0 00°0 00°0 00°0 06€ Y8E0T-CT LI-1T
aN aN ——- 00°0 00°0 00°0 10°0 0€¢s £9€T0-9 8-T1
an anN: - 00°0 00°0 00°0 00°0 oveT 79€£10-9 {-1T
an anN S moo.o mOo.c 00°0 00°0 026 6£€£T0~9 9-1T
. an an -~ 000 00°0 00°0 00°0 01SsT 6TET0-9 &-T1
o
W. an aN - 0070 00°0 ¢0°0 T0°0 OvLT 96%00-9 -1t
;w - — ———— — — — ——— —— uauroadg oN €11
2 - - —— - - -—- —— e uswtoads oy z-T1
7
mw‘
W % y /31 ay pz/Su  Tw/Bn a1y yz/8m  Tw/Sh (Tw)
surydaiou-aoN auTapo) anTep autydion 2214 aurydaop Te3jol |uUNToA *ON usuydadg Leqg/3uetaeg
sa3Ttroqelay Jeag SH-29 SH-09 1e3og
SH-0D

- ~

N R

8 ¥

Y




- - T0°% — —— — - — uaugoeds oy Z-9T 13

an an €6°9 L2°0 1€°0 %01 81t 088 %6%00-9. | CI-%T K B
‘ o I
- - —_— —_— ¢ — ——— — — TnowWEoads -ON . mlca , ‘ %
- W
' anN an L00°0 00’0 00°0 00°'0 00°0 0711 ¢8L0T~2X YI-€T 1w“
4 o
aN an ¢T0°0 00°0 00°0 00°0Q 00°0 06£< TLE0T-CT €T-¢T
an (N 290°0 00°0 00°0 20°0 T0°0 021¢ SEEOTCT €l @
an an ¢10°0 00°0 00°0 00°0 00°0 0sL T6Z201~¢T T1-¢1 .
i an an €20°0 co*0 00’0 10°0 i0°0 080T 2920121 0I-€T
w an an 800°0 00°0 00°Q Q0°0 00°0 0691 9%701-71 6~¢tl }
4
% an aN S70°0 00°0 00°0 10°0 10°0 SL9 66£TN-9 ) 8-€T
i {
3 anN aN 0€0°0 8070 000 00°0 10°0 088 88€T0~9 L-t1
w w - - —— —— — ——— — —— uswroads ON 9-¢T
M. aN aN z80°0 00°0 00°'0 T0°0 10°0 0197 S9ET0-9 S-€1 !
i : B
: % % Tu/3n ay 4z/%u  Tw/3n  ay 4z /3w Tu/3a (Tw) " w
0 + aurydaou--10N auTapon anTes sutydxop soayg aurydxo 1BIO] aunTop *ON usuroadg Leq/auatied T u
iR S93TFTOqeI=aR jeay SH~-09 SW-09 TB30g, www
i SH-09 i p
& i
i ! N
[ :

~
4
yoo e
P T S K 5?%:?3%%

-«lffﬂaw,.; Yot

AL

Ay



TR I BRI R RGNS SRR ETTE AN AT LTIV
- gy D N s h
2 ' v
N Y, '
um.h SN AN
53
[
« f .—. N
.,
- ——
—— ——
\ an an
' an an
'
OQZ OQZ
an an
]
an an
jig an an
,m an an
1
m aN an
I
¢ ' :
: ‘ an aN
‘ _
; anN an
5
aN aN

AT T AT MRS 0 AT S LT T AT Y

LS0°0

0€0°0

09°¢

0£0°0
¢80°0
9T1°0
(A Y]
c80'0
¢80°0
2¢80°0

o%1°0

RO

00°0
0070
00°0
00°0
00°0
00°0
00°0
00°0

00°0

00°0.

00°0

00D
eo0°0
(U]
00°0
00°0
00°0
00°0
00°0
00°0
00°0

T0°0

W AT VTN AN Loy AHPTHC NNABAKRRNDO W # F o VIRIC LY

b33

co*0
03°0
00°0
00°0
10°0
10°0
mo.o
¢0°0
20°0
¢0°0

€070

SR RS R AR TR WA SA DIV UNRILAT Y LI TSR HOFRWE T TR IIRY

S vt

00°0
T0°0
00°0
10°0
¢0°0
10°0
90°0
ﬂo.o
¢0°0
¢0°0

90°0

€89
114
0€9
0s8
o6y
SeYy
oLy
oLy
s06
08

01s

uswidoadg ‘ON

uswioadg oN
0L£0T-CT
9¢€E0T-CT
26201-2T
T9201-21
L9201-CT
00%T0~-9
L8109
0LET0-9
99€T10-9
Ly€T0-9

7€10-9

3

3

0-c1

yI-91
€T-4T
ZT-9T
TI-9T
0T-%T
6-4T
8-4T
L1
9-9T
g~41
=41

€-¥1

% %
aurydiou~I0N  IUTIPoOH
. S$931TT0qRIaN

, SH-09

B bt e A R i P
Tl R e ST S e L s R

Wit e A
.

Tu/3r
snTep
Ieag

st B

a2,

o M

R oA,

iy yz/3u  Tw/3n
autydaop s9x4

SH-09

1y vz /3w
aurydaop TRIOY,

Sk—-09

Tu/3n

(Tw)
awnyoyp
TE301

‘oN usuinadg

Leq/3yuvatieg

AR PR O RNy

AT -

ey % -,

i RS .
@Fﬁ&&%ﬁmﬁt, R N Ay AT
i

SR TN £ e A arth

5 st feal s ek

S nds

N, 0T




: . 8 . ~o e e eom o < m st RAARAY A8 TUSEREARTNGY Yoy
R IITE Aht ] B T O LI T V- LG SRR N iy :»_ P b3

) RS R - . + , [ ‘ ‘
' f ' - o ., .
aw . o@E . 9000 0070 40070 00°0 00°0  90TT €8€0T-2T © =T
AU | s ,,oaz k, ——— 00 0 o00°0 o00°0 o000 0GYT [A2%0) Sl 2 U ‘ €T-5T L
PR ¢ aN o LTOT0 Muo.o , moo.o -~ 00°0 uo'o 3LTT 9€€01-21 ©TI-ST |
‘N GN 299°0 00°G 00°9 00°0 09°0 068 ' €620T-TT . - Ti-ST ‘ o
- Ly
GN < QN 910°0 00°0 000 00’0 0070 oveT 69Z0T-21 NI-6T ‘ m
aN G 98¢ Q 00'0 Q0" 9 00°0 50°0 oey 87201~k ,. 6-51 . . J‘,
' , R »»% M
an an - ¥e0°0 - 000 oo’ ou*0 00°0 08y L6ETO0-9 8-¢T - Ak
. R _«‘/ >
a, ax geoto 00°C 00°0 00°0 00°0 0%9 98€10-9 L-ST o Nu %
. ' . w)._/ 53
. aN an 250°0 00°0 060 000 0070 000% £59€T0-9 9-:T . *‘ 5
: | . , b
oN . aw 910°0 00°0 600 uo*o 00°0 00TT #9€T0-9 S-CT ‘ R
aN ar £10°0 0Cc° 0 UVARE) 200 70°0 CETT §YET0~9 ot R ﬂ
- —a —— ———— ———— —— ——— — uauroadg ON €-6T
oo . L.
. W ax 0s°1 70° G €0°0 GE'T €0°'T 01et 1Z€10-9 [4d) !
aN an <t 9 0e’o 90°0 6t°¢ 10°1 862t S6%00-9 1-6T1 w
; T
. w i
A % Tu /31 ay %z /3u 1u/3n  ay #z/3a Tur/3r (Tm) '
N aurdiow-ION  WFIPOY aniep aupydioy s suyndaoy TEIOL aunTop  *ON uswrdadg Aeq/auatieq
o S33TT0qRIDN Jeag SH~09 SW-09 Te3oL

g B y ot 3 e $oande,
R S et et ey Vi gt I N I Lo




e e i i
an £10°0 . 00'0 00°0 00°0 00°9 0€ST 6280T~2T - W,er
QN SE0°0 00°0 00670 ~ 10%0 10°0 S8TT 0180T~21 R aad 44 N | s
< an 0IT°0 - T0°0 . 10°0 %0°0 S0°0 S6¢L 6850T~2T of7eT
aN 91°T €0°0 v0°0 c9°¢ 90°¢ STL %LS0T-2T v MN..NN ,
AT 6°¢ ST°0 ST°0 9y ¢ [AA8) Y101 9%S0T-ZT =2l ‘
- 9" 81 ———— ——— ——— ——— — uamyoadg oy 0-22 |
an aN 00°0 00°0 00°0 00°0 00°0 016 §9¢01~CT . m_sm._”.
,. m h aN aN .noo,o. 0090 00°0 oo - 00°0 00ST 6£€0T~CT v-6%
% k aN aN o0l0° 0 00°0 co'o - 00°0 ¢0'0 S6€T £020T-2¢l v-6T
www _ ax aN 0n°0: 00°0 00°0 00°0 00°0 0L8T %7920T-21 Z-61 o
m,% an an 910" ¢ | 00°0 -0 00°0 90°0 S0ST (A4 rA T-6T
4 an ay 020°0 000 00°0 040 C0'0 08 LTZ0T-71 0-6T
4 % Tw/Sn 1y y7 /3w Tw/3n ay vz /3w Tu/3r (Tw) ,
" surydaow~aoyN ~ durepo) aatep aurydioy 991g autydioR fejof aunop  *oN usuwydadg deg/austaeqg
S93ITI0qeIny Iezg SH-29 SH~09 T®30], )

SR-09 \ ,

e e
FHRITA B sst o Sk NS Ad e 53




i

an aN 0z 1 S0°0 80°0 6%7°0 SL°0 0se 8950171 £-£Z
aN an (AN 0¢°0 €e°0 8C°¢ (8°€ 06§ TLS0T-C1 €2 .
aN *Nme.o 06°¢ 9T°1 L9°0 % [AR A 19°¢ GL8T £4501-21 1-€¢
an «Nm €9°tT 0L°¢ STt S Te L LE 068 %2s0T-21 0-€2C -
aN an €10 0 00°0 00°0 00°0 00°0 0€9 9960T-C1 y1~-2¢
an ar s%0°0 00°0 00°Q 00°0 000 0001 LY60T~CT £€1-2¢
N aN £80°0 00°0 00°0 £0°0 0°0 509 $Z60T-21 [4 44
QN aN ~GE0°0 00°0 00°0 00°0 00°0 011t 0160121 11-2¢
an an S€0°0 00°0 00°0 00°0 00°0 0211 26801-2C1 01-2¢
- - T90°0 —-—= - - - - uswrd3dg oN 6~CT
aN aN 680°0 00°0 00°0 00°0 00°0 019 8980T-21 8~2¢
aN aN 020°0 00°'0 0onD°o0 00°0 00°0 ovL £6801-2T A A4
an an $%50°0 00°0 00°0 00°0 000 006 I%80T-21 9-2¢
% % Tu/31 ay pz/8m  Tw/ed Iy yg/w Tu/St . (TW)

surydaow-ioy  dUTBPO) anTeA aurydaop 2313 surydaou Tejo] awntop *oN uauwpoadg Leq/3ustlred

S931TTOqRION Jeag SW~09 SK-09 18301,
SK-29

i ;sesﬁﬁﬁﬁuW@%wmm%xﬂﬁﬁ%ﬁ%&wmmmW&m%@w&%m«mmuHmmwm T S A e

it

2, Ly g Empred

4

W

R

=
B
W

<%

”«'*ﬁ?:"i

wen

»

ey

S5

o R

R
NI

o
R
s,




o R R R L RN T R e A L T
Fha e

} tf i e st ® T ,
an an 0zt 55°0 %1°0 0°€T 9€°¢ 088¢ ¥%50T-21 -v2 |
) an an Ly L 80°0 LT°0 16" Y T°TT Oo%Y $TS0T-2T .\ 0-%¢
AN an %00° 00°0 00°0 10°0 10°0 0LYT L9601-2T | y1-€T .
; an an 0z0° 10°0 T0°0 10°0 10°0 G811 8%601~-2T , €1-€T
- - 760° - - - — - usupdadg ON N.Tmm “
\ an an 290" z0°0 10°0 €e°1T £9°0 S8T TT60T-2T TTI-€2 . w L
an an ot0° 20°0 10°0 10°0 10°0 0091 £6801-2T 0T-€2 A
, an + LT0° 10°0 10°0 T0°0 10°0 0L2T ¥880T-C1 6-€2 | m
mw a an L£0° 00°0 00°0 10°0 10°0  00TT 0L80T-21 8~£7 - v
wm an an S10°0 10°0 10°0 2G°0 L1070 0€02 6530T-21 L~€2 . ‘ m
m., aN an S€0°0 00°0 00°0 $0°0 90°0 09% £980T-¢T 9-€£2 3
T an an 900°0 00°0 00°0 10°0 10°0 0081 92801-2T S-€2
- N an 1%0°0 00°0 00°0 €0°0 20°0 00%1 L08OT-TT o A W
| &2
% % Tw/81 ay yz/8w  quw/31 Iy pz/3m  Tu/3d (Tw)
: auTydaoR-ION  DUlIPO) anTep supydioR 9913 aupydaoR TeI0], aunTop  *ON uswroadg Leq/3uatired
S93TTOqRION Jeag SW~09 SH~09 T®30%

SR-29




pioscomsosrmer oy st L e M i e LM 1 ADA R SN SH AR G: .3;.%§az&,ési;ﬂﬁ..é..ﬁs%%&%.x.,s,wﬂwﬁ.%ﬁé.,..,,g,.@.33.%&%&%&%%@%mwmﬂwmﬁ,«
an aN 8¢0° T0°0 10°0 10°0 T0°0 OSET 8960T-¢CT ﬁ”..&m, ,
an an 900" 00°0 00°0 10°0 T0°0 08¢T 6%601~-C1 ET-%2 h
. an an Lo’ €0°0 .No.o %0°0 €0°0 0Tyt 0Z60T-¢1 7192 | '
an an 870° 00°0 00°0 €0°0 10°0 1 YAi4 2160121 _ A.m..wm
aN aN - 10°0 10°0 10°0 10°0 o9t qmwo._”..w.w - 0T-%¢
L an aN -%00° 00°0 00°0 00°0 00°0 S8ETC ¢880T-CT 6~%¢ . ' m.» \
43y 41»/‘.: __w
% an an 0t£0° T0°0 1070 10°0 10°0 0001 6980T—-CT 8-%¢ - » _ _%
W an an 670° 00°0 00°0 Q0°0 00°0 0691 8G680T-CT L—%C ;} .m
wwf an an L10° 00°0 00°0 00°0 00°0 ST6T Z%80T-CT 9-%¢ _M
. aN aN 820° 00°0 00°0 00°0 00°0 1) § Y4 LZT80T-CT S-%¢ ,.
i, . ¢
t aN aN ¢eo’ T0°0 10°0 T10°0 T0°0 08ST 8080T-7T 7-%¢ W
an an £€20° 00°0 00°0 Z0°0 10°0 0ce6l 06G0T-¢t £-%¢ y,
1
4 an anN oyg8-” [SYARY 59°0 SY°1 %€'0 oveYy 2LS0T-T1 ¢-9C 5 w
% % Tu/31 ay yz/8m  Tw/S1  ay pz/3m  Tw/SM (Tw) pre
autydIoK~I0N AUTIPO)H antep aupydaop 2914 surydaoy Telol JWNTOA *oN usufpoodg Leqg/auetaed ”Mwm
S331TT0qeI=axN Jeaq SW~09 SH-09 TEB30] %\% :
SKR-09 b
. .M,W,pm,
m - & =

B - : o lgese S
e T . ; B NSRRI L . L < e O I iy .
it § A S Bl a5 et 2R e PN 43D R L :fmﬁe@.iu§:i::,.w..w.ﬁww,..«&ftﬁ iR mmﬁ
i A ke A A 4 AN Eicad




ST Semingren morss sen

. T T e s ; ; Jaﬁi,m..ww%%ww ;
}
an anN 200° 00°0 00" 0 00°0 00°0 (VT4 »¥801-21 9-62
an anN 000° 00°0 0070 10°0 10°0 S%01 8¢80T~Z1 5-6¢
an an T10° moo.o mOo.o 00°0 00°0 G811 60801T~¢T Kt TR
,&x an an 900° 10°0 10°0 10°0 10°0 098 L8S0T-CT £-62 ¢ m@
m..»m ! ,\.w,,
s an an 910" 00°0 00°0 20°0 2070 SHZT €LG0T-CT (A4 BE
WM d q 3
e ) £
w an an 910° moo ‘0 moo. (Y *oo. 0 00°0 01¢eT SYe0T-2T 1-s2 %
5 kL
an an 910" 060’0 . TI0°0 00°0 10°0 0o0¢g 9¢501~-2T 0-5¢ v
% 9 Tu/Sn 1y yz/8m  qu/3  ay yz/8w  Tw/3n (Tw) N
aurydiop-aoN  surapo) anyep surydaoy 9vag surydaoy Te3lO0l aunyop *oN uswroadg Keq/iustieg
S93TTOoqeIay 3eag SW-D9 SH~-09 1e3o],
SH~09 -

A
st
?@%@fJ,,,«\.n.w%%@ammif :

5ot -Sshsoh et




S Y B si.:i:l..m wn

N TR AT

PHASE IIT

+
X

Ll
T P

B
3
)

G

-

k3
%
i}

o
3

=,
~

T
o
Tty

Crper
Py
R

o
*

2

N
:'ryqv
R

=

N

Ry NS

¥,

&

<o 3, «x

A e L 3 ; Serdenaiideky
,.v&f. St A

e

S .q.tfvﬁ S



ND

B

)

RSO R AR T

b

A S A P e e Y St

;{:,y,n}’&{-::vﬁ«

e

k
%
2 et

i

e

e
a1
-

RS 532
"
.

413

TP T spio.

PR

5

TR i b B e L

R
TR T

3

et

@

e A

G eIt Lagee e Al £ SRR

S i
R

~ Ry e

SYMBOLS:

Never detected
Trace detected (amount too small to measure)
Repeat analysis (value changed from 1lst results sent)

Corrected result, error on first results sent

Results not sent previously
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