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HEASUREMENT AND INTERPRETATION OF BERCIN, 6-ACETYLMORPEINE

AND MORPHINE CONCENTRATIONS IN BIOCLOGICAL TISSUES OBIAINED
FROM BERGIN USERS AND HEROIN~RELATED DEATHS. Bruce A,
Goldberger* and Yale WM. Caplan, Natiocnal Center for
Forensic Scianca, Baltismors, MD 21227 and Edward J. Cone,
Addiction Research Center, NIDA, Baltimore, MD 21224.

Understanding the role of heroin in hercin-related
deaths was facilitated by the developmant of an assay for
hercin and its metatolites in blological specimens.
Recagnizing heroin’e susceptibility to rapid chemical and
metabeolic hydrolysis, procedures were developed for the
efficient recovery of heroin, 6-acatylmorphine (AM) and
morphine from tissues utilizing liquid-liquid and solid-
phage extraction, Aprotic sclvents, mild elution solvents
and an enzyme inhibitor were employed to ensurs maximum
analyte stabilitcy. Extracts ware analyzed by gas
chromatography/mass spsctrometry. Specinena were
cellected and analyzad from 21 cases of death dus to acute
narcotic intoxication., The mode of death in these cases
was categorized as rapid, delayed or undetermined.
Compared to delayed deaths, rapid deaths were characterized
by the following trends: higher mean concentrations of AM,
free morphine and totsl morphine in blood; higher ratio of
free to total morphine concentration in blood; lower mean
concentrations of AKX and morphine in urine; greater
likelihood to detect AM in blood; and lesser likelihood to
detact heroln in urine. 7In a detailed study of two heroin
averdose cases, hercin was present only in urine specimens.
Concentrations of AM in cerebrospinal fluld, spleen and
brain were substantially higher than in blood, liver, lung
and kidney. All specimens ware positive for morphine.

" Hair analysis was used to corroborate prior hercin
axposure. Halr specimens, collectad from 20 heroin users
and two heroin~related deathe, containsd AM and morphine,
Hderoin was found in 7 of 20 haroin user spacimens.
Generally, the AM concentration in hair was higher than
that of heroin or morphina.

The identification of heroin and AM in biclogical

" tissues sftactively established heroin use in cases of

acute narcotlc intoxication. These studies demonstrated
that measursment of hercoln and its metaboclites provides
useful information in the differential diagnosis of
hercin-related daaths. )

3

DISPOSITION OF HEROIN AND METABOLITES IN BLCCD FROM
SUBJECTS WHQO SMOKED HEROIN

Amanda J. Jenkins®, Terrance M Grant, Robent M, Keenaa, ang Edward J
Cone, Addiction Research Center, NIDA, Battimore, MD

Smoking has been the traditional route of seif-administraton for drugs
such 3s nicotine. marijuana and phencyclidine. In recent years, there has
bean an increase in the abuse of other drugs, such as cocaine and heroin, by
this route.  Technical difficulties associated with delivenng precise doses of
smoked drugs have limited research of this route. We modified a method for
smoked cocaing base defivery for the delivery of smaked heroin to human
subjects. The system utifized a nichrome wire coi heating element for drug
volatilization. Drug was applied in solution to the call and dried, The cod was
placed in & smoking chamber connected to a diferential pressure transducer
and pneumotachograph sensitive to changes in air flow, inhalason produced
an activation of the power supply which volatilized the drug. The entire dose
was inhaled as a single puff, Studies showed that approximately 89% of the
parent drug was deliverad 1o the subject by the device.

Two subjects completed ten experimantal sessions dunng which they
received a tatal of tour intravencus, one aral and four smoked doses of herain
m an ascending dose design. One of the smoked doses was randomiy
repeated. Physiclogital, behavioral, subjectwe and pharmacokinetic
parameters were measured. Blood samples were analyzed by solid phase
extraction-gas chromatography/mass spectromelry for heron, 6-acetyl
morphine {6-AM} and morphine {(M}.

Heroin, 8-AM and M were detected n biood one minute after heroin
administration by tha smoking route. Time to peak herdin concentrations
varied between 2-5 minutes after smoking, comparsd with 2 minytes after
intraverous administration. A peak heroin concentration of 108 ng/mi. was
rpached after smoking 10.5 mg of heroin bass compared 10 a peak of 315
ng/mL following V¥ administration of 6 mg of heroin HCI.  Within 15 min.
concentrations had declined to 2.0 ng/mL following smoking and 3.1 ng/mi
following IV administration. Following smoking, a peak 6-AM concentration of
§8 ng/ml. was achieved at 2.minutes. Concentrations deciined (0 17 ng/mi.
by 30 minutes, compared to a peak of 1267 ng/mL at 2 min and none
detected at 30 mun by the IV route. M concentrations peaked at 11.8 ng/mL
following smoking and 105.0 ng/mi. following 1V administration.

These data indicate that smoking heroin  produced biood
concentrations of heroin, 6-AM and M n a pattern similar to that by IV
administration; however. the biocavaiability. appeared 1o be substantially
reduced by this route of administration.

POSTMORTEM CLOMIPRAMINE CONCENTRATIONS:
THERAPEUTIC OR TOXIC LEVELS?

*lain M. Mcintyre, PhD); C.V. King, BSc(Hons): O.H. Drummer, PhD.
Victorian Institute of Forensic Pathology, Sth. Meboume, Austrafia.

This study was undertaken to compare postmortem biood and liver
clomigraming concentrations, and lo provide an interpretation of their
toxicological significance.

The analysis of clomipramine was by HPLC/dual ultraviolet
wavelength detection. The detector was operated at 220 and 254 nm.
Blood or liver homogenates were made basic and extracied with
hexane/butanol (95%/5%). The organic layer was then extracted with
100 ul of 0.2% phosphoric acid. 30 ul was injected into the
chromatographic system. The mobile phase consisted of 40%
acetonitrile in 0.1M sodium dihydrogen phosphate butfer containing 2.5%
diethylamine, pH 8.0, Total flow rate was 2.0 mL/min, and the run time
was 40 min. The lsecratic conditions ware capable of separating,
identitying and quantifying 20 antidepressants and selacted metabolites.
Clomipramine siuted at about 32 min with a relative retention time (RAT)
to the internal standard {cianopramine) of 3.60. The main metabolite,
dasmethy! clomipramine, was detected at about 10 min with a RAT of
1.13, but this was not quantitied.

Ten cases containing clomipramine were identitied by routine
toxicological screening. Clomipramine was then quantified with the
above method and found to range from 0.21 to 4.9 mg/L in blood, and
from 7.0 to 320 mg/kyg in liver. Two cases of clomipramine toxicity were
clearly differentiated by the analysis of liver homogenates. The liver
concentrations were 10 - 30 times greatar than the other cases where
overdase was not suspected, One case involving a natural death, whare
mixed cardiac blood was collected in place of famoral blood, showed the
highest bicod level (4.9 mg/ml), but a therapeutic liver concentration (13

).

it is coneluded that femoratl blood concentrations up to 0.9 mg/L,
and ltiver levels up to about 20 mg/kg may constitute the therapeutic
range for clomipraming. The analysis of peripheral blood, together with
liver, reduces interpretation problems arising from postmortem
redist \bution and diffusion from sites of high concentrations.

Fentanyl Related Deaths in New Jers
Reng~lang Lin, Ph.D., Paul Rusen, B.S., Robert Goode, MD
New Jersey Medical Examiner Office, Newark, NJ

Twelve cases of fentanyl related deaths were reported
in New Jersey in early February 1991, when fentanyl
was being sold as heroin under the name of “Tango and
Cash” and "Goodfellas”. Victims were all males (10)
blacks, {1} white ad {1) hispanic with ages that range
from 23 to 39,

Fentanyl concentrations in the postmortem body fluids
ard tissues were determined by the GC/MS method
utiliz‘ng the deuterium-labeled fentanyl as the
internal standard. Fentanyl concentrations ranged
from 0.014 - 0,064 mg/L in hlood, 0.036 - 0.293 ma/kg
in brain, 0.003 - 0.290 mg/L in urine, 0.008 - 0.0220
mg/L in bile, 0.031 ~ 0.377 mg/kg in liver, 0.03Z -
0.0408 my/kg in kidney, 0.047 - 0.422 mg/kg in spleen,
0.002 - 0.015 mg/L in vitreous humor and 0.046 - 3.899
my/kg in stomach contents. Fentanyl was also detected
in the correspording formalin-fixed tissues: brain,
liver, kidney and spleen.
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- THE FORENSIC INVESTICATIONS OF "DEATH IN THE
CAMPGROUNDS?", J. Bidanset*, H. Rind and C.J. Abraham,
{nter-City Testing & Consulting Corproration, Inc., 167 Willis Avenue,
Mineola, NY, 11501,

During the last three years, our office has investigated three separate
instances of deaths which have occurred while families were tent
camping. In each instance, a propane heater produced sufficient carbon
monoxide to cause the death of the tent occupants. Were those deaths
the result of a defect in tent design, a heater malfunction or an expected
and predictable result of using a propane heater in a confined space?
our studies included a permeability measurement of the fabrics used in
the floor, walls and roofing of the tents. The effect of moisture in the
fabric dramatically altered the permeability of the material. When
camping in freezing temperarures was reconstructed using a low
temperature chamber, frozen moisture in the tent fabric produced a
nearly impermeable barrier with virtually no gaseous exchange possible.
Wind velocity (turbulence at the tent surface) markedly increased gas
exchanges through the fabric. Because one of the incidents occurred in
a high altitude campground (>6,000 feet) the tent and heater were
tested at different sititudes. At higher altitudes, oxygen depletion
occurred more quickly, with accompanying rapid buildup of carbon
dioxide and carbon monoxide. When oxygen concentrations approach
16%, the buildup of carbon dioxide and carbon monoxide accelerate
markedly. In some of the instances, drug substances had been used by
the tent occupants prior to their death. The relatively minor role of
these drugs will be discussed.
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Review and Recommendations: Ethylene Glycol
Analysis, A. Poklis, Dept Pathology, Medical College of
Virginia, Richmond, VA. 23288-0597

Ethylene Glycol (EG) intoxication, although
Infrequent, is often life-threatening. The rapid
determination of EG by Clinical laboratortes is
tmportant for the diagnosis and treatment of
intoxication. Postmortem analysis by Forensic
laboratories In conjunction with autopsy findings 1s
necessary to accurately establish EG polsoning as the
cause of death. An extensive review of the literature
reveals that gas chromatography (GC) is the most
popular method for EG analysis. Analysis of EG is
usually performed on polar, polyethylene glycol,
columns while Boronic acid derivatives of EG are
analyzed on iIntermediate polarity substituted
polysiloxane columns. 2.3-Butanediol and 1.2-
propanediol, novel metabolites in chronic alecholics
have been reported as possible interferences with GC
methods. The apparent misidentification of an
organic acld as EG In serum from an infant with
methylmalonic acidemia (Shoemaker, et al, J. Pediat
120. 417, 1992) raises questions concerning EG
identification by GC. Although this case involved
extremely unusual circumstances, toxicologists may
wish to consider the following recommendations:
1}Clinical laboratories should expand interference
studies to include organic acids and other
metabolites associated with inborn errors of
metabolism or chronic alcoholism 2)Forensic
laboratories, particularly In death of infants, should
gecrform qualitative analysis of derivatized EG by
/MS.
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METABOLIC TESTING OF SUDDEN INFANT DEATH SYNDROME
CASES: EVIDENCE FOR  FUMARIC ACIDEMIA AS A NEW
CAUSE OF SIDS, *William Shaw, Ph.D.., Ellen Kassen.
{Children's Mercy Hosp.., Kansas City. MO} and John
Ooverman, M.D. {Jackson County Medical Examiner's
of fice, Truman Med. Ctr., Kansas City, MO)

The Medical Examiner's Office in large metro-
politan areas can play a key role in the elucid-
Jation of the metabbdblic causes of Sudden Infant
Death Syndrome (SIDS). Blood and urine samples
from 30 cases of SIDS were collected at the Jack-
son County Medical Examiner's Office over a period
of one year. Serum samples were tested for sodium,
potassium, chloride, uric acid, glucose. choles-
terol, bilirubin, urea.calcium, phosphorus. total
protein, albumin, triglycerides, magnesium, bicar-
nonate, several enzymes, amino acids, and organic
acids. Organic acids were tested on urine when
available. Postmortem changes in electrolytes.glu-
cose, and serum enzymes were so large that this
information was not able to be interpreted.

Urine organic acids appear to be the single
Imost useful laboratory test for evaluation of SIDS
deaths and even 0.1 ml of urine may be useful in
ldetermining cause of death. We found that fumaric
acidemia, a genetic deficiency of the Krebs Cycle
enzyme fumarase appears to be a new metabolic
cause of SIDS and we have found that fumaric acid
episodes, possibly indicating that fumarase defi-
ciency may be a significant risk factor for apnea
episodes and SIDS. Organic acid testing of the
urine by GC/MS is an extremely powerful tool for
testing metabolic diseases since it can detect ab-
normal metabolites from about one hundred differ-
ent diseases including those involving abnormal-
ities in carbohydrate, fatty acid, purine, pyrim-
idine, and amino acid metabolism.
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FATAL METHANOL POISONING: METHANOL, FORMIC ACID
CONCENTRATIONS AND THE COURSE OF METABOLIC ACIDOSIS
Ashraf Mozayani® and Peter Singer

fodical Examiners Office, 4070 B Rosd, N.W., Calgasy, Alberta, Canads T3B 3R7)

Reports on the formation of formic acid and acidosis following
methanol poisoning have been published before, but rarely for the same case.
We report on a fatal methanol overdose which was monitored extensively as
the patient deteriorated. A large number of amemortem specimens allowed for
the determination of the methanol, ethanol, formic acid and acetic acid levels
with the corresponding values for the acidosis, osmolar gap and anion gap.

Methanol and ethanol were assayed by head-space gas
chromatography (GC) using {-propanol as internal standard.! Formic and
acatic acid were esterified, in situ, with methanol and sulfuric acid catalysis.
The resuiting methyl esters were analyzed by automatic head-space GC, using -
di-isopropylether as the internal standard.?

The patients admission blood pH was 6.75. The first antemortem
blood specimens show methanol 3.1 g/l, formic acid 1.7 g/l, anion gap 41
mmol/l and an osmolality of 462 mmol/kg. Levels of formic acid this high are
normally fatal and despite specific therapy: bicarbonate to correct acidosis,
ethanol to competitively inhibit alcohol dehydrogenase, and hemodialysis to
accelerate elimination, the patient died the next day. The postmortem levels
were:

methanol formate ethanol acetate
blood 0.4 gn 0.0 g/ 0.2 g1 0.2gl
vitreous 0.5 gi 0.8 g/ 0.1 g/l 0.8 gil

The kinetics of the methanol/ethanol elimination and the formic/acetic acid
formation and their relationship to acidosis will be presented.

1. D.8.Christomue, R.C Kelly and L. A.Doshicr. Improved recavery and stability of ethanal
in automated head-space analysin. J Forensic Sei. 29:1038.1044, 1984,

3. P.P.Singer and G R Jones. Formate analysia in casey of methanol poi g by 4
head-space gas chromatography. Can.Soc. Forensic Sci.). 18:280,1986.
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MARIJUANA TEA: TOXICOLOGICAL FACT OR FICTION?

Andrew P. Muson, Ph.D.'®, Curl M. Selavka, Ph.D., DABC', Fredric Rieders,
Ph.D., DABCC, DABFT', LTC Ernest Oertli, DVX and Joe Custorena, M.S.,
DABFT*

' Nunonal Medical Services, Inc., Willow Grove, PA

* Air Force Drug Testing Laboratory, Brooks Aur Force Base, TX

! Bexar County Medical Examiner's Otfice. San Antomo, TX

In (WO recent cases. a military member was charyed with a Uniform Code
of Military Justice offense baced on the Posiuive finding of THC-Acid 1n a urine
sample. In cach case, we were asked to comment on the member’s claim that he
had consumcd a manjuana tea beverage a short ime before the unne collection,
which purportedly explained the presence of THC-Acid in the unne sample. In the
ahsence of uscful literature data, we performed controlled expenments (o determine
whether of not the defendants” claims could be supported during expert testimony.,

[n one case, four ditferent methods of hrewing were attempted - hot and
cold infusion, percolation and decoction - followed by GC-FID analyses of the
resulting manjuana beveraye solutions. In this expenment. it was demonstrated that
all of the hot methuds of hrewiny resulted tn recovery of the haliucinogen THC in
approximalely 8% vicld from the botanical matenal.

In the second case, reconstruction of the purparted circumstances of
unknowiny ingestion of marijuana tea was attempted using boiling water contaimng
crumbled marijuana leaf and tea hags. AMer 3J0-minutes of brewing the muxture was
cooled, and TLC and GC-MS testing of the beverage wentified THC. In addition,
one male volunteer ingested 250-mL of the heverage, and urine samples were
collected at umed intervals after ingesnion.  EMIT and GC-MS testing of these unine
sampies demonstrated that consumption of the manjuana tea heverage led to Positive
urinalysis findings for THC-Acid.

These experiments demaonstrate that it 15 quite possible to hrew a marijuana
tea which, when ingested, wilt lead to contirmed Positive THC-Acid uninalysis
tindings. Therefore. due caution must he exercised in the interpretation of similar
arrcunistances when protered to explain such findings dunng admunsstrative or
udiaal actions,

ABSTRACTS
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FORMATION OF BENZOYLECGONINE FOLLOWING THE
ADMINISTRATION OF COCAETHYLENE IN DOGS: A DOSE
RESPONSE STUDY

Craig A. Sutheime;:‘, Ph.D.", Eric S. Laving',
Robert J. Hennipng®, M.D., Gary F. Sabrc:ky' and
Lance D. Wilson’, M.D.

Cuyahoga Coun:y Coroner's office' and Mt. sinai
Madical Center®, Cleveland, OH 44106

Following an IV dose-response study to
evaluate the pharmacokinetics and cardiotoxic
effacts of cocaine and metabolites, and cocaine
in combination with ethanol in a dog model, a
second dose-response study was undertaken to
evaluate the cardiotoxic effects of
cocaethylene and any metabolic products.

Specimens were extracted using a SPE
techniqua. Residues were derivatized with
MSTFA and quantitatively analyzed via SIM
utilizing a MSD for Cocaina (CocC),
Benzoylecgonine (BZE) and CocaEthylene (CE).

Data from the studies is as follows:

t cp,
(AT toa )
-+ £0CL7.3 mg/kg):nes
coc 379022769
BIE 132227 8591 196
- TOC(7.3 mg/kg) o
ELGNLY g/Rgd: nré
coc 817822480
BIE 188237 8082 283
CE 8310 7% S8
- CE(T.S eg/kg): sk
cE 842327145
270135 730t 196
« CE(3.75 mg/kg):nné
33 22332 684
(243 285158 7 58

Utilizing this technique postmortenm
specimens can also be analyzed and cocaine
related deaths may potentially be more easily
interpreted.

1

A CASE STUDY OF ETHANOL, COCAINE AND HEROIN USE, J.
Bidanset*, R. Dettling, C. Salerno, J. Segelbacher, W. Redner, and F.
Zugibe, St. John's University, Jamaica, NY and Rockiand County Office
of the Medical Examiner, Pamona, NY.

This paper provides detailed analytical results on autopsy specimens in
comparison to paraphernalia from the scene. A 38 year old white male
collapsed at home and was subsequently pronounced dead at the scene.
A history revealed smoking crack/snorting cocaine on the night preceding
death. No specific timing could be obtained between drug use and death.
In addition to the routine autopsy specimens (blood, bile urine, liver and
brain), nasal swabs, a foil packet, and paraphernalia, including four
straight glass tubes (used as pipes) and a straw were submitted to the
toxicology laboratory for analysis. The following Table provides the
tissue distribution :

BLOOD URINE BRAIN
Ethanol 0.18% 0.25% 0.18%
Cocaine <0.1 mg/L 1.0 mg/L
Benzoyl Ecgonine 1.6 mg/L 16.7 mg/L
Morphine 0.9 mg/L 3.5 mg/L

Based upon the above toxicological data, the cause of death was
determined to be "Multiple Drug Synergism”. Analysis of the evidence
revealed the presence of cocaine on the aluminum foil packet and the four
glass pipes in amounts greater than 30 mg. Heroin was found in the
straw and the nasal swabs in amounts greater than 1 mg. No needle
punctures were observed at autopsy. Based upon the analysis of the
evidence, one could conclude that the cocaine was smoked and the heroin
was snorted.

12

BREATH AND ROOM AIR CONCENTRATIONS OF
COCAINE AFTER SMOKING CRACK

David Yousefnejad” and Edward J. Cone, Addiction Research
Center, NIDA, Baltimore, MD 21224

Many crugs of abuse are self-administered by the
smoking route. During "crack™ smoking, the pipe is heated
rapidly resulting in vaporization of the cocaine “rock.” A single
inhalation delivers the majority of drug as a bolus of vapor to
the pulmonary system where it is quickly absorbed.

We studied the release of residual cocaine into the
atmosphere from “side-stream” smoke during “crack”™ cocaine
smoking and from expired breath. On separate occasions,
four subjects smoked 25 and 50 mg of cocaine base. Room
air samples were collected prior to smoking, immediately after,
and at 5 and 15 min after smoking. Air samples were
collected approximately 0.4 m from the smoker by vacuum
withdrawal through SPE extraction cartridges (1-L/min). The
SPE cartridges were eluted and the eluates were analyzed by
GC/MS. Immediately after "crack” inhalation, three subjects
collected breath samples in a 2-L Tedlar® bag. The bag was
sealed immediately. Breath cocaine was determined by
analyzing bag air by GC/MS. Also, residual cocaine in the bag
was removed with solvent and measured. Total combined
cocaine in bag air and residue was used for estimation of
%dose recovery. k

Analysis of room air in the vicinity of "crack® smokers
indicated that room air cocaine increased from background to
approximately 300 ng/L of air within a few minutes of smoking.
Concentrations remained elevated through 15 min. Recovery
of cocaine in breath (bag air & residue) ranged from 0.7-2.5%
of the administered dose. These data demonstrate that
relatively minor environmentai exposure to cocaine occurs
when drug escapes into room air during smoking and from
breath exhalation after "crack” smoking.
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PRELIMINARY RESULTS INDICATE THAT PASSIVE INHALATION
OF COCAINE VAPOR FAILS TO PRODUCE POSITIVE URINE
RESULTS AT DHHS CUTOFF CONCENTRATIONS

Edward J. Cone®, William D. Darwin, Rosalind Willis and Mary
Hillsgrove, Addiction Research Center, NIDA, Baltimore, MD 21224

Cocaine is released into the atmosphere when “crack® cocaine is
smoked. Individuals in the immediate vicinity could absorb cocaine
from environmental air, resulting in passive exposure. The amount of
cocaine absorped would be highly dependent upon numerous factors
including amount of cocaine vaporized, length of exposure, ventilation
conditions, and individual pharmacologic factors such as rate of
metabolism and excretion. Several claims have been made that
posigve urinalysis results occurred due to passive exposure to "crack”
smoke.

We investigated whether passive exposure to cocaine vapor
would fead to positive urine results at concentrations above the DHHS
cutoft for cocaine metabolite. Drug-free sub’ects who provided
intormed consent and had a recent history of cocaing use were
exposed to the vapor from 100 and 200 mg of cocaine base for ona hr
in an ynventilated 7 X 8 X 8 it room. All urine samples were collected
alter exposure. For comparison, the same subjects were
administered, at separate times, 1 mg of cocaine HCI by the
intravenous (IV) route. In addition, urine samples were coliected from
medical staff who assisted in 3 research protocol involving "crack”
smoking by volunteer subjects. Samples were analyzed by EMIT®it
Cocaine Metabolite assay and by GC/MS for cocaine,
benzoylecgonine (BE) and ecgonine methyi ester.

All urine samples collected after drug-exposure consistently
tested negative lor cocaine and metabolites by EMIT Il assay. By
GCIMS, some samples collected after exposure to 100 and 200 mg of
vaporized cocaine contained traces of cocaine (0-20 ng/mL). BE
concentrations peaked at approximately 125 ng/mL in 4-8 hrs, Similar
concentrations were obtained when subjects received 1 mg of cocaine
l\;} Etafi urine samples contained BE in concentrations below 10
ng/mL.

These preliminary data suggest that although DHHS cutolf
concentrations were not achieved throu?h passive exposure,
absorption of cocaine can occur readily from environmental air
resuiting in excretion of detectable amounts of cocaine and metabolite

.in urine.

18

USE OF A SKIN PATCH YO MONITOR COTAINE ARUSE

Havcelline Eurns, Ph.D.e Fandall C. Bazelt, Fn.D
Sao, Calié. Research [natituse Cheoscal Toaxicology Institute
Los Angeles, CA Faoster Cruy, Ca

This study 1nvestigated & sethod of monitoring cocaine use. 4
Collection device ("Ratch™! was plazed on & sublect’'s (§'8)  :orsa,
Diceps, or Dback and warn fir up to 12 days. The paten consiets oF
A agsoretion pad  and an  outer layer of polyuarethane/agnesive,
which allows the water coripnt of swaat 10 ®Vaporate ~hils scting
és & barriar to  the CutsiTI envir LI alatile comp %
from the si1n are retaines and concentrated on the adsorpt:on pad,
Aftar a pad 1g remaved, 1% s autracted (4 0.5 al of D0 M pM 5.0
Acwtate bufier with O 1X Tritan-X and analyied by %14 (Diegnostsc
Frogucts Carp.! or SC/MS.

In  an initial phase of the study, LB non-cocaine using
volunteers =ore !4 patches €or 2 to 1D cays. The sean  c3caine
sontent of the pads (N=1T41 by RIA snalysis ~as C.1 ngsml, No pes
contained Y4 ngrmt.

in 2 second study phase., patches wers S0pliwgd to (6 volunteers
G SRt CocCains-use criteria.  AFLEr %igaing an 1aformed consent,
wach § participated in twa: treslment periols, separated By A ~eel
washout, snd took 30 and 124 sy cocaine HOL intranasxily. S wace
2s%igned to counterbalances trsatment order by randes procedures
With tha excoption of one of the authors (MUB.3, §% and  SERL andg
CYI 2ta#f wars blind o traiztment Growr and  BPECimEn seauence and
code. ° -

Undar Both treaimant conditione, + Patch was removed #nd urine
speciman obtained &t 1~hr Fost-dIse  intervels for six  hours. The
semaining  patches ware razaved during the next  seven days, GC/MS
analysis identified parant cozaine am  the dominant cocaine~related
component 1n tha pad contents, which reflected & clearcut dosew
resoons®  relationship, analyis of some pads  revealed 1% ng/mt
COCAIN® within & few hours of dosing, while othors did not bocoms
pos1tive fOr I3 nrs. After the 0 Ay dose, the mean gad Content was
3 ng/ml oa Day | and camdined sbove 17 ng/ml theough  Day 7,
Following the 1246 ng dose. tra correspon®:ng §indinos wery 28 ag/al
on D3y 1 and 45 ng/ml. througn 7 days.

With an arbrtrary selezt:an 3f 1% sa/~. cacatos by RIA as  the

POBItivu/negative decision point, L o al)  petohos srom poth
d33as ware positive from Lay ! thesush Day 7. A Day | P%% positive
rata for veine specimen 100 agsal BE ny ALAY dropeed  To zera by

Lay 3. Thg patch  teenrziziv  22zears to offer 4 sersitive  and
raliable ~ethod of monstariod fOr SUCALDE aduse,

ANALYSIS OF 3 4-METHYLENEDIOXYMETHAMPHETAMINE
(MDMA) AND ITS METABOLITES IN HUMAN PLASMA AND
URINE BY HPLC-DAD, GC/MS AND ABUSCREEN-ONLINE®*

H.-J. Helmlin®, K. Bracher, S.J. Salamone and R. Brenneisen

Since 3 4-methylenedioxymethamphetamine (MDMA) is legally
used in Switzerfand as an adjunct in psychotherapy it was the aim of this
study to establich and validate the analytical methodology for monitoring
MDMA znd its metabolites in body fluids and to investigate the pharmaco-
kinetic behavior of MDMA in man under controlied conditions.

After administration of 1.5 mg/kg MDMA to patients, body fluids
(plasma and urine) were collected over a period of 9 and 22 h, respectively.
The solid-phase extracts of the plasma and urine samples (before and after
enzymatic hydrolyzation). were analyzed by HPLC with photodiode array
detection (DADR) and GC/MS (HFBA derivatives), In addition, some urine

specimens were measured by the Abuscreen-ONLINE® immunoassay for
amphetamines on a COBAS MIRA Plus automated analyzer.

Maximum plasma leveis of MDMA (about 300 ng/ml) were reached
after about 140 min. >17 pg/mi MDMA were measured in 22 h-urine speci-
tmens, The main urinary metabolites of MDMA are 4-hydroxy-3-methoxy~
methamphetamine (HMMA) and 3,4-dinydroxy-methamphstamine *
(HHMA), both eliminated mainly as conjugates, and 3,4-methyienedioxy-
amphetamine (MDA). Minor metabolites are 4-hydroxy-3-methoxyamphet-
amine (HMA) and 3,4-dihydroxyamphetamine (HHA).

The cross-reactivity of the Abuscreen-ONLINE immunoassay varied
between 0% (HMMA, HMA) and 35 % (MDA). An increase of the cross-
reactivity was observed in the mixture of MDMA and MDA, e.g to 100%
when adding 1500 ng/ml MDA to 500 ng/ml MDMA. For example, ata cut-
off of 1000 ng/ml d-amphetamine 1.5 h- and 3.5 h-urine samples gave nega-
tive results, whereas 10 h- and 22 h-urine samples were positive.
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URINE CREATININE LEVELS IN RANDOM AND DAILY URINE
COLLECTIONS IN A CONTROLLED CLINICAL STUDY

Marilyn A, Huestis, Ph.D.*! and Edward J. Cone, Ph.D.Z, 11030
Brookview, Westlake Viilage, CA 91361, 2Addiction Research Center,
NIDA, Balémore, MD 21224

Random urine samples are routinely used for urine drug testing.’
Individuals may attempt to lower drug levels below the mandated HHS
cutoffs by imbibing large quantities of liquid. Urine creatinine analyses
monitor possible adulteration of the sample due 1o dilution. However,
the within and between subject variation in urine creatinine levels has
been poorly characterized. The variation in urine creatinine levels of six
healthy male subjects, and the relationship of time of collection to urine
creatinine level were studied. Each urine void was collected over a three
week period for six subjects participating in a controlled clinical study at
the Addiction Research Center, NIDA. Creatinine analyses were
performed on 895 specimens on a Hitachi 704 analyzer utilizing
Boehringer Mannheim reagents. The mean x SD urine creatinine level
across subjects was 127.3 & 44.0 mg/dL (CV=34.6%), with a range of
urine creatinine from 6-360 mg/dL. Individual subject’s mean urine
creatinine levels were as follows: 118.8 + 433 (CV=40.7%); 1557 £
39.0 (Cv=25.0%); 123.6 & 47.8 (CV=38.7%) 1013 + 612
(CV=60.5%). 68.8 * 48.6 (CV=70.7%); and 1959 %z 57.1
(CV=29.1%). Twenty-six urines (2.9%) had a creatinine level below 20
mg/dL and would be considered dilute according to current policy. Four
of six subjects produced at least one dilute urine, with 17 of 26 produced
by a single subject. Mean urine creatinine concenirations across time
were determined from 2400 to 0600, 0600 to 1200, 1200 1o 1800, and
1800 to 2400 h. The mean creatinine concentrations varied by less than
10% scross these time periods. Urine 24 h creacinine values for each
subject over a 21 day period ranged from 431.7 to 2359.9 mg/day, witha
mean across subjects of 1556.3 £ 506.8 mg/day. Normalization of drug
concentrations to urine creatinine levels in serial urine samples have been
shown to be useful for determining drug reexposure in a drug treatment
serting. However, the inherent variation in random urine creatinine levels
within and between subjects will increase the variability of the
normalization of drug levels to urine creatinine concentration.
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EVALUATION OF TOLMETIN AMND QTHER NONSTEROIDAL
ANTI-INFLAMMATORY DRUGS FOR INTERFERENCE WITH
EMIT® AND TDx® ASSAYS FOR CRUGS OF ABUSE

Robert Joseph®, Rosaling Willis, Diane Frankenfield and Edward J,
Cone, Addiction Research Center, NIDA, Baitimore, MD and Donna
RCSmith, United States Deparntment of Transportation, Washington,
o]

Nonsteroidal anti-inflammatory drugs (NSAIDs) are frequently
prescrived for the retiet of pain and inflammation. Some NSAIDs
have been tound 10 interfere with immunoassays for drugs of abuse.
Recently, @ number of urine samples collected from employees
tested under DHHS guidelines were determined to be "unsuitable for
analysis® by forensic urine dru% testing (FUDT) laboratories. 1t is
possible that the presence of NSAIDs in these sampies was the
cause of the immunoassay failure. This study systematically
evaluated the effects of the following fourteen commonly prescribed
NSAIDs on EMIT® and TOx® assays for drugs of abuse:
fenoprofen; ketoprofen; ibuprofen; naproxen; indomethacin;
sulindac: tolmetin; diciofenac; meclofenamate; mefenamic acid;
piroxicam; flurbiprofen; acetaminophen; and aspirin. NSAID urine
standards were prepared by adding the maximum recommended
daily dose of each NSAID to '1-L of drug-free urine. In addition,
urine samples were collected from an arthritic patient who ingested
toimetin. Tolmetin was the only NSAID that interfered with EMIT
assays; it produced extremely high absorbance readings resulting in
non-linear detector responses and instrument alarms, The sample
was unacceptable for analysis by this technique. Similar results
were obtained with specimens collected after ingestion of tolmetin,
In contrast, TDx analyses of NSAID urine standards produced
acceptable negative resuils for all assays; but, fenoprofen,
ketoprofen, indomethacin, loimetin, and flurbiprofen produced higher
Ihan background readings in the TOx benzodiazepine assay.
Samples that contained NSAIDs combined with drugs of abusa
produced depressed responses in all EMIT assays. GC/MS
analysis of selected samples containing tolmetin and drugs of abusae
was successful. These resulls indicate that EMIT analysis of urine
sampies containing tolmetin may result in a report ot “unacceptable
specimen,” byt these samples may be successfully analyzed by TDx
and GC/MS assays.

ABSTRACTS
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A COMPARISON STUDY BETWEEN RADIGIMMUNOASSAY AND TWO
ENZYME IMMUNOASSAYS ON UNTREATED WHOLE BLOOD AND URINE
SAMPLES Timothy A Appel and William H, Philtips, Jr.. California Desartment
of Justice, Sacramento, Califarnia.

The Department of Justice Toxicolagy Laboratory has ysed
radivimmunoassay (RIA} for tha screening of drugs of abuse in bisiogical
specimens since the early 1980's. Confirmation rates for this method have
exceaded 35% by GCMS.  In recent years howeves, environmental concerns
and spiraling cost increases fof low-lavel radicactive weste disposal hive fostersd
rasearch into allernative methods for delacting drugs of abuse.

Enzyme immunocassay {EMIT" } procedures for the snalysis of drugs of
abuse in whols blood have basn published, but required maniputation of the
sample end were tharefore rejected. Flyorescence Polarization Immuncassay
(ADW/TOX®) proceduras were summarily dismissed as tme consurming and
prohibiitively axpensrva.

Two y screening p s, Sigma imm vy (51A®)
and Milmia’; i ig by the T logy Laboratory utilize rmucrotiter plates,
permitting drug analysis in whois blood without deproteinzing. Each case
screened by onw of the new procedure was aiso screened by the current RtA
Only discrepancies between RIA and the new procedures were confirmed by
GCMS and GCMCMS,

Seventy-one {71) cases ware scraaned by SIA®, snd 142 by Mileria® for
traw Morphi gimi, d-M p 130ng/mi, Benzoylecgonine
300ng/mi, Phencyciidine 10ngimi, and 11-Nor3-Carooxy-Defta-§-

Tetrahydr | 30ng/ml. Results wete os {oliows:
Sigma | y 1 Falsa positive Methamphet;
. 4 Felse negative Benzoylecgoning
Mitenia® 1 Fulse positive Phencyclidine

4 False negative Methamphatamine
Radioi y 3 False positive Benzoyl i

1 Faiss positive Mathamphetamine

EVALUATION OF YHE TRIAGE™ PANEL FOR DRUGS OF ABUSE TEST FOR THE SIMUL-
TANEOUS DETECTION OF MULTIPLE DRUGS IN URINE

3. F. Bruni®', T. Xoch!, §. K. Wang, . A. Calfisx®, and A, M, Was*

"Biasite Disgnostics inc., San Diego. CA; "Marytand Medicel Laboratorias, Baitimaore, MD;
*ohme Hopking Hospitel, Batdmare, MD: *Nichols Instituts, San Oiega, CA; *Hartford
Hospital, Hertford, CY .

The Trige™ Penel for Drugs of Abuse is 8 10 minute, s3id phaae. manocionsl entibody besed,

thet si usly 19818 8 urine speciman for the presence of
madtiple drugs of sbute.  Approaimately 100 positive specimans from sech drug class
b : opistes, inaid!

methadone, and cocsine matabolites] weres selected 1o be positva using Emit immunoassays,
and confiemed to be positive using GC/MS. The Trisge test is narmally canfigured to contsin

the 5§ drugs iscommended by HHS pius and i An

version of this tast contains the seven dnugs Aoualy pius Anothet
atudy was performed to asasas the performance of the Trisge test when the {hreshoid
toncentraton {x fowsrsd to 30 ng/ml. for Nnoid: 100 3 o ware

wvelusted for sach drug cisss.

Irisge™ISYVA  Trisga™/SYVA  Triage-SYVA

Sensitivityl %) Specificityi%]  Agresment {%)
PCP 100/100" 100/100 100
Banzodiazepines 98/92 24/83 88
Cucmine Mrtabolites 100/100 1001100 100
Amphstamines 87/100 47/8% 20
THC isanasbinoids) 100 agimt  83/100 100/100 37
THC 50 ng/iml 1001100 1001100 149
Opintas 1007100 971827 100
Barbiturates aroeo 1061100 98
Mathsdone 1H0oNee 100/98 95
* By design, Emit shouid be 100% ities, positve were 1 be
Ereit positive.  Thersfore, the Envit test should only sacifice performance in the
pacificity.
The parformance of the Internel quality gontrol zones snd the sffects of verious
dut ing sub will be p d, in addition t¢ the ability of the Triege test
to detact @ browd class of i il b EL pared to other
screening tests. The clinical perf speed, y and ision of the
Trisge™ devica maka it 8 rapid af ar to based

SCTEMNUNG teals.
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EFFECT OF HYDROLYSIS PRETREATMENT ON
URINE BENZODIAZEPINE SCREENING USING EMIT
I® AND TDx® Robert Meatherall, PhD, Clinical
Biochernistry, St. Boniface General Hospital,
Winnipeg, MB, Canada, R2H 2A6

Urine specimens were collected from indi-
viduals who were prescribed oral doses of one of
the benzodiazepines: diazepam, oxazepam,
temazepam, lorazepam, alprazolam, fluraze-
pam, and chlordiazepoxide. An aliquot was en-
zymatically hydrolyzed to cleave the glucuron-
ide and sulfate conjugates. Both the hydrolyzed
and unhydrolyzed urine were subjected to the
EMIT I and TDy screening immunoassays for
benzodiazepines and to GC/MS confirmation.

GC/MS analysis showed greater than 93%
of the urine benzodiazepine metabolites are
conjugated. Flurazepamm metabolites are
detected equally well on either hydrolyzed or
unhydrolyzed urine. An increased response is
observed after hydrolysis for all other
benzodiazepines. Hydrolysis is required to

adequately detect oxazepam, temazepam and
lorazepam. The manufacturers’ 200 ng/ml cut-
off must be lowered to 100 ng/ml to detect
lorazepam following therapeuric doses, EMIT O
is a more sensitive benzodiazepine screening
test than the TDy.



http:radioimmunoas.ay
http:SAMPl.es
http:p4tCim.nl

S.O.F.T./C.A.T 1993 JOINT MEETING

21

IMMUNOASSAY DETECTION OF BENZODIAZEPINES AND
BENZOD!AZEP'NE METABOLITES IN BLOCD

David E. Moody  and Wei Huang, Center for Human Toxicology,
Depariment of Pharmacology and Toxicology, University of Utah,
Salt Lake City, UT 84108

The ability of commercial benzodiazepine immunoassays to detect
24 benzodiazepines and 16 benzodiazepine metabolites in blood
samples was investigated. Abuscreen’s and Diagnostic Products
Corperation's serum radioimmunoassays: the EMIT TOX serum
enzyme immunoassay: and X-systems Serum fluorescence polari-
zation immunoassay were evaluated. Drug-free human blood was
fortified with the different compounds at concentrations of 7, 30 and
70 ng/mL. Blood samples were extracted with butyl chioride (7:1),
reconstituted with buffer to one-half the original volume, and assayed
per manufacturer’s instructions, with nordiazepam fortified biood used
as the calibrator in all instances. The following were detected by all
four dssays at concentrations of 70 ng/mi or lower: alprazolam, o-
hydroxyalprazolam, norclobazepam, diazepam, estazolam, flunitraz.
epam, norflunitrazepam, midazolam, $-hydroxymidazolam
nitrazepam, oxazepam, prazepam, 3-hydroxyprazepam, temazepam,
and triazolam. Haloxazepam, loprazolam, oxazolam, and the reduced
and/or N-acetylated metabolites of nitro-benzodiazepines (7-amino- .
clonazepam, 7-acetamidoclonazepam, 3-hydroxy-7-acetamido-
clonazepam, 7-aminoflunitrazepam, 7-aminonitrazepam and 7-acet-
amidonitrazepam) were not detected by any of the four assays at
concentrations up to 70 ng/mi.. A number of benzodiazepines or their
metabolites were detectable by some but not all of the assays. The
detectablitiy of benzodiazepines depends upon their structure and the
immunoassay being employed. Metabolism alters the cross-reactivity,
for those benzodiachincs flowing through nordiazepam and
oxazepam it is generally improved, for ozhers. immunoreactivity can
be greatly diminished.

ABSTRACTS
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EVALUATION OF THMREE SCREENING TESTS FOR THE OETECTION OF
BENZ2ODIAZEPINE MEYABOLITES IN URINE, CONFIRMATION USING GAS
CHROMATOGRAPHY - MASS SPECTROSCOPY, J.F, Bruni™, T. Koch?, R. Raglin,
J. Buschier' and 8. Kirk {*Blosite Dmgm:m Incorpovated, San Diego, CA 32121

and *Marylsnd Madicai L i MD 21227

The benzodiezepines ars « class of hypnotic sedatives that ere among the most

frequantly ebused ibed drugs. The benzodiszepines undergo minor 1o
iy i i d by i to ¢ acid prior to

excration by the kidnay, Very littls of the ingested I d s d

unchangad in the wins, Thras ialty Habil Q tests ware

evalusted to detect the pe of b di; inas In approxi ly 300 urine

specimans; Tringe™ Panei for Drugs of Abusa, Blosite Disgnostics, San Oisgo, CA,
Emit’. SYVA Co., fala Alte, CA snd the TD2", Abbott Oisgnostics, North Chicago,
L. The Triage b'nzodinopm- tast, unfike the Emit ond TOx tasts, wes standard-

izad to the gh of the b i boti Al hod!
ware perf d gto th. dati d ibad in the kage insert
of the ive kit Th' 9 and cut-off wes 300 ng/ml. Ad
specimens producnq e positive scresning rasult wers confirmed using Ges
< Y using mass sslective d ion to simuit

neously «dlmsfy e mnufy tho 1uuowmq mejac monbomu of the most commonly
prascribed b yifty

3 siph thyifiu ipha-hyd §

and slpha-hydroxy- mzokm Tha ruum compared & GC:’MS nro puumud below:

Trisge™/SYVA/TDx Tringe™/SYVA/TDx Trisge™/SYVA-TOx
Sensitivity(%] Spscificity(%)

Agggnmum [ﬁ}

Bentodiazepines 98/92/78 94/63/97 88/84
Statistical snalysis of the clinicsd itivity and ificity of these N tests
provided the foliowing resuits:
Sensitivity Trisge > Emit > TOx {p < 0.08)
Spesificity Trisge = TDx > Emit (g < 0.08}
Thass resuite d-mmmu that thn Trisge banzodiazepine test is & sansitive and
speclﬂc g test for b bolitas In urine, A di d{on of the

nnd ific diff irs the test systems will be presented.

A COMPARISON OF TWO GC/MS METHODS FOR CONFIRMATION OF
WORDIAZEPAM AND OXAZEPAM. .

G. Meenan,* M, Lehrer, and T, David., Long Island
Jewish Msdical Center, Naw Hyde Park, New York 11042.

Benzodiszepine analysis is & growing area in work-
place testing. The NRC, CAP, and governmental agenciles
such as those in the states of New York and Florida
require an ability to test and quancify benzodiazepines.
Howaver, in the case of benzodliazepines different GC/NS
vechodologies may yield quanticative levels of oxazepan
and/or nordiazepam that are vastly differsnt from each
other. This hss the potential to create gross incon-
siscenciss in results and hence to poss significanc
problens in result interpretation.

Negacive urine was spiked with nordiszepas, oxaz-
spam, or both compounds. The spiked samples wers ana-
lyzed by two different GC/MS machods. The inicial
method was based on acid hydrolysis to yleld Z-amino-5-
chlorobonzopb.mc (ACB). Hydrolysis was performed at
100°C to ensura complets ACE formation. The second
method employed snzyme hydrolysis and trimechylsilyl
derivatizacion with BSTFA and 1X TMCS. This wsethod
yislded two differenc derivatives for oxazepam and
nordiazepan. A comparison of recoveriass for ACB and
the sus of TMS-oxazepam and TMS-nordiazepaa demon-
strated agreement for both GC/MS methods,

Human urine samples thac tested positive for
benzodiazepines by imaunocassay were analyzed by both
GC/MS methods, The mean ACB concentration was 1,143
ng/al. The sum of the mean THS-oxazepan levels (689
ng/mL} and TMS-nordiazepam levels (387 ng/wl} was 1,076
ng/mL. The correlavion coefficient of a linear ploc of
the two methods was 0.3980.

In summary, our study indicates that calibrators
should consist of both nordlazepam and oxazepam, and
that enzyms hydrolysis with trimechylsilyl derivaciza-
cion i$ & preferred mechodology.
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GC/MS CONFIRMATION OF URINARY
BENZODIAZEPINE METABOLITES

Robert Meatherall, PhD, Clinical Biochemistry,
St. Boniface General Hospital, Winnipeg, MB,
Canada, R2H 2A6

A GC/MS method is described for the confir-
marion of benzodiazepines in urine. The rtargeted
drugs/metabolites  are  diazepam, nordiazepam,
temazepam, oxazepam, lorazepam, a-hydroxyvalpra-
zolam, a-hydroxytriazolam, 2-hydroxyethylflurazepam,
N-desalkyl-3-hydroxyflurazepam and N-desalkylflu-
razepam. They are the metabolic end product follow-
ing the ingestion of the most commonly prescribed
benzodiazepines.

The conjugates of these urinary merabolites are
hydrolyzed with f-glucurenidase (Helix Pomana). The
urine is made alkaline and extracted with an orgamc
solvent. The solvent is evaporated and the residue
subjected to sequenrial derivitization. The secondary
amine on the lactam ring is_ propylated then the free
hydroxyi groups are propionylated to form esters.

The derivatives are separated on a methyl sili-
cone capillary column. Full scan mass spectra were
acquired swith a Finnigan MAT IT$40 ion trap mass
spectromerer. Quantitation is based on on ratios of the
analyte to one of four internal standards - oxacepam
D3, lorazepam D4, s-hydroxyalprazolam D3 and a-
hydroxytriazolam D4.
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"QUANTITATIVE ANALYSIS OF CODEINE AND ITS MAJOR METABOUTES IN HUMAN
HAIR BY POSETIVE CHEMICAL IONIZATION MASS SPECTROMETRY: A CUNICAL
APPLICATION™. D. Rolfins, *D. Willans, J. Seaman, G. Xrueger and R. Foitz.
Center for Human Towcalogy, Dept. of Fharmacoiogy and Toxicology and Div. of
Derm,, Univ. of Utah, Sait Lake City, UT, 84108,

Pharmacokinetic and epidemiologic studies of the disposition of drugs of abuse]
nto human har requires sensitive anaiytical methods. A highly sensitive and
spacific method has been developed for the quantitative analysis of codeina and
1ts major metabofites in human har. Har samples were collected from four male
volunteers by plucking or cutting from the back of the head after a single 120 mg|
oral dose of codeine. At least two mg of hair and 100 ng of deuterated codeine,
morphine and normorphine were digested overnight in flat-bottom glass vials
containing SO0 ul of 1M NaGH at 379C. Eleven calibration standards containing
known concentrations of drugs dned onto human hair were also prepared and
digested. Oigest solutions were extracted using a modified sclid-phase procedure
with Bond-Elute Cerufy® bonded sifica extraction columns. The final eluate
containing drug was evaporated to dryness, derivatized with TFAA, evaporated
and reconstituted in $0 4l of ethyl acetate. Derivatized extracts were anaiyzed
by gas chromatography/mass spectrometry on an [TS40™ mass spectromater,
Chromatographic separation was achieved with helium carrier gas on a DBSMS-
15m-.25y capiliary column. Positive chemical ionization mode was utifized with
acetone as reagent gas to enhance sensitivity and specificity, Regression analysi:
of the extracted standards indicated 3 linear range of 0.1 ng/mg to 75 ng/mg for
codeine and morphine (0.998 to 1,000). The assay 1s capable of detacting as
fittle as 10 pg of codeine and/or morphine on column, intra-assay precision
ranged from 8-22%. Accuracy was venfied with controi hair specimens of
known concentration, .

Hair samples were plucked from the scalp for 21 days and then cut at the
scalp for eight weeks. The maximum mean measured concentration of codeine
was 2.9 ng/mg in the proximal Tem of hair (containing the bulb) at 12 hours
tollowing admunistration of codeine. Codeine was detected in hair for at least 8
weeks following the single dose. No norcodeine, normorphine or morphine
detected in hair sampies at this single dose. Hydrolysis of samples with 8-
glucuronidase prior to extraction yielded no evidence of the presence of codeine
or morphine glucuronide ¢onjugates. The method is currently being used to
quantitate codeine and its major metabolites in further dose-response disposition
studies in human subjects. Supported by NIDA Grant DA0O7820.
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HAIR CONTAMINATION FROM ENVIRONMENTAL COCAINE
Wen Ling Wang® and Edward J. Cone. Addiction Research
Center, NIDA, Baitimore, MO 21224

Drugs are often released into the environment as vapors,
powders, and agqueous solutions. I is impartant in hair testing
for drugs of abuse to be able to discriminate active drug use
fram environmental exposure. We deliberately contaminated
hair with cocaine and studied its characteristics 10 determing it
use of specitic markers or wash methods would allow distinction
belween aclive use and passive exposure.

We found that “cut” hair can be readily contaminated with
either cocaine vapor or aqueous cocaine solutions. In the
cocaing vapor experiments, cocaine and anhydroecgonine
methyl ester were absorbed in a linear manner over time.
Significant contamination occurred after 13 min of cocaine vapor
exposure; however, the amount of cocaine adsorption appeared
to be capacity-limited and reached a piateau with ca. 25 mg of
vaporized cocaine in room air {7 X 8 X 8 #t room dimensions).
There was near guantitative removal of cocaine with a briet
methanol wash, but residual cocaine remained detectable in
hair. Alfter aqueous contamination with cocaine HCI (0.01-0.1
mg/ml.), hair was highly contaminated. Less cocaine was found
in the wash fraction than in the extract fraction indicating that
aqueous c¢ocaing conlgmination differs substantially from
contamination by cocaine vapar,

Head hair of two subjects (A & B), who had no previous
exposure to cocaine, was contaminated with cocaine vapor (100
mg) in the passive exposure room. Cocaine extract
concentrationg in hair immediately after exposure were 56
ng/mg and 8.6 ng/mg, respectively. After 1 and 8 days, with
regular shower and shampoo, cocaine concentrations feli to 1.2
and 0.6 ng/mg for Subject A and 0.7 and 0.5 ng/mg for Subject
B, respectively,

We conclude that hair can be contaminated from
environmental cocaine and may bs difticult to distinguish from
active drug use.

HAIR DETERMINATIONS BY INFRARED MICROSCOPY

Kathryn S. Kalasinsky*, Joseph Magluilo, Jr., and Teresa Schaefer
Armed Forces Institute of Pathology, Division of Forensic Toxicology,
Washington, DC 20306-6000

Infrared microscopy has been shown to be a unique method of
analysis for drugs of abuse determinations in hair, with the ability to
analyze only the central core or medulla region of sectioned hair. By
spectrally mapping infrared fimctional groups related to the various
drugs, a three dimensional image of the drug location can be obtained
from cross-sectional and laterally cut hairs, This technique eliminates
the question of externally contaminated hair by analyzing only that
portion of the hair which is formed from within the root where ingested
material would transpost.

Compositional differences at various lengths of a hair from a
single root have been found and  determinations of the relative

* concentrations of the various components at different lengths can be
obtained. This technique utilizes curve fitting routines and principle
component regression of the hair in question.  Compositional
differences can also be gbtained across the hair defining the outer and
inner core material. Variations in overall composition have been found
in hair with different color and type.

Prepared hair used as standards can be mapped for effective
concentrations across the hair. Wash kinetics can also be monitored
and removal of the drug at various layers of the hair can be determined.

Visual differences in the hair can be seen by the infrared
microscope in the viewing mode before the hair is sectioned. These
hairs can then be tediously separated and sent on to analysis by the
established GO/MS technique.  Differences found by infrared
microscopy can be compared to the overall homogeneous analysis of
GCMS and critical differences in the hair sampling can be determined.
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OPTIMIZATION OF DRUG ANALYSIS USING GAS
CHROMATOGRAPHY AND THERMODYNAMIC RETENTION
INDICES

Richard A. Morehead®, Restiek Corporation, 110 Benner Circle,
Bellefonte, PA 16823

Method development in gas chromatography involves making
choices for many different parameters. Many combinations of
column dimensions and instrument conditions may be tested in
order to find the combination that provides the oprimum separarion
for a set of analytes. In order to make the best choices, the analyst
should be knowledgeable about the variabies that effect separation
efficiency and rerention time. Too often the process of method
development is a time consuming process that involves empirically
varying column length, inside diameter, stationary phase film
thickness, oven parameters, carrier gas velocity and many other
parameters. This often results in 2 hit or miss approach to method
development that may result in 2 method that is acceptable but not
optimized for maximum resolution in the shortest amount of time.

Thermodynamic rewention indices are refated to the equilibrium
solubility of an analyte in the stationary (liquid) phase and the
mobile (gas) phase at specific temperatures. These thermodynamic
characteristics can be used to predict the retention time and peak
width of a compound under a given set of chromatographic
conditions. By combining a computer program designed to model
retention time with a database of compounds, separations involving
a large number of compounds can predicted,

This paper will describe the basis for this computer model and
demonstrate examples of drug separations using the model to
predict the optimum set of chromatographic conditions. Data will
be shown comparing predicted and actual separations.
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DRUGS OF ABUSE TESTING IN EUROPE: QUO VADIS

Rokus A, de Zeeuw, Ph.D.

Department of Analytical Chcmisgiv’ and Toxicology,

gntiger?ltydCenLre for Pharmacy, NL-9713 AW Groningen. The
etherlands

Drug abuse has increased and spread rapldly tn Europe
in recent years and, consequently, there is much debate on
whether and how to implement drugs of abuse testing {(DAT)
programs, both at the political and at the sclentific level, An
additional factor that needs to be considered is the
abolishment of the internal borders between the 12 member
states that form the European Community (EC).

To get an adequate overview, various surveys have been
held lately and discussions between national representatives
and experts are taking place at the EC level.

s presentation will evaluate the present status of DAT
in the EC. Though legislation or regulations on DAT are
virtually non-existent in most member states, a lot of testing
i3 already being done. On the other hand, the drugs of
interest, the analytical strategles used, and the interpretation
of the results show considerable differences as compared to
the situation tn the US, Specific problems will be highlighted
and some projections into the future will be made.

ABSTRACTS
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OSMOLAL GAP, ENZYMATIC ETHANOL AND INHALANT ABUSE WITH
ETHYL CHLCRIDE .

C. A, Robinson, Ir., Marityn A. Hall®, lnas Yacoub
Division/Farensic & Clinical Toxicology, Department/Pathology, University of}
Alabama at Birmingham, P230 West Pavilion, Birmingham, AL 35233-7331

Clinical toxicology faboratories make use of delta osmolality (the]
difference between measured and calculated osmolality) and enzymatic ethanol
assay to determine the need to measure volatiles by GC. Osmolality is measured
by freezing point depression. Calculated osmolality is determined by thel
formula [1.86 (sodium) + glucose/18 + urea nitrogen/1.8] / 0.93. Thel
contribution due w ethyl alcohol is calculated by multiplying the deita osmolality
by 4.6 (weight of ethanol per dL, to give ethanol in mg/dL). Conditions causin
an increase in delta osmolality include alcohols, ketones, mannitol, elevated
proteins, lipemia and inhatants.

We report here the use of delta osmolality, ethanol assay and the findin,
of ethyl chloride in two cases, Ethyl chioride is a vapor coofant used for topical
application 10 control pain associated with minor surgical procedures, Ethyl
chloride is available at local “head shops® as VCR head cleaner. Inhalation may
produce narcotic and general anaesthetic effects. Ethyl chloride sensitizes thej
myocardium to epinephrine which can lead to ventricular fibrillation.

The first case was a 22 year old coilege smdent discovered by hi
parents. He was taken o the hospital where he was declared DOA. A
antemortem serum sample revealed the following: glucose 92 mg/dL, Na 14
meq/L, BUN 18 mg/dL, measured osmolality 321, ethanol by ADH <5 mg/dl.
Delta osmotality was 25 mOsmukg. Volatiles by GC showed ethyl chloride tof
be 20 mg/Adl. '

Case two was a passenger in a waffic fatality, no serum was available,
vitrsous humor results were as follows: Na 129 meq/L., glucose 60 mg/dL,

ethyl alcohol 90, lality 309, calculated osmolality was 261, delta osmolality
was 39, Increase in osmolality due to ethanol was 21 mOsm/kg. In this case,
ethyl chloride was 20 mg/dL.

These cases demonstrate the usefulness of obtaining an osmolality]
measurement and the finding of an unusual volatile, ethyl chioride, in the blood]
of inhalant abusers.

APPLICATION OF A PALMTOP TYPE COMPUTER TO FORENSIC
TOXICOLOGY

H. Horton MoCurdy, Ph.D.
Division of Forensic Scisnces
Decatur, GA 30037

The sxtraordinary database program of & new palmtop
type computsr hae besn sxtended to applications in
forsnalc toxicology. Although the computer can
literally fit into a pocket, it ia the squivalent of
an IBM~XT, but faater becaues all progrems are built
into ROM. Through a connectivity pack, it can run
almoet any DO8 program that a desktop computer can
run. The computer comms squipped with 1 megabyte of
RAM cemory and has up to 20 MD of mass storage
capability in ite PCHCIA slot.

Cne databass application has been conetructed to
contain the & most prominent GC/KS lone of over 1200
hundred druga as well as the Base Ion and M.W. for
asch drug. Depending upon the complexity of the
search parameters, the entire database of 1280 drugs
can be ssarched in less than 10 ssconds. Complex
search parametecs involving ssarches of multiple GC/MS
lons in random order will, of course, take longer; but
can be usually accomplished in less than &0 seconds.
Ancther database was designed to contain over 1%0 of
the most common drugs and stores information on
therapeutic and lethal levels, relative retention
timen, base fton, MN.¥W., metabolites, trade namesa, etc.
A search of this database, depanding upon the search
parameters, often takes as little as 3 seconds.

Also, built into the computer ia a full~blown version
of Lotus 1-2-3, & statistics package capable of
plotting regression lines with ease, DOS 5.0 and a -
host of other remarkable features. N
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DEVELOPMENT OF CEDIA® ASSAYS FOR DRUGS OF ABUSE IN
URINE: Rueyming Loar*, Neal Bellct, Greg Mar, Terry Morton, Harkanwal Singh,
Heidi Scholz, Noah Schuyler, David Davouzadeh, Mary Crenshaw, Jeff Shindelman,
and Pyare Khanna (Microgenics Corporation, Concord, CA 94520). Dave Moorman.
Gerry Singler, and Michae! Hansen {Bochri Mannheim Corporation, indianapolis,
IN 46250}.

We have developed seven h enzyme i ys, listed on the
Lable below, for detection of drugs of abuse in urine using the CEDIA technology.
Assays have besn applied to the BM/Hitachi 717 and other Analyzers. In these assays.
the enzyme B-galactosidase has been genctically engincered Into fwo mactive parts:
Enzyme Acceptor (EA) and Enzyme Donor (ED). which can spontancously reassociate
1o form active enzyme, Each drug dérivative is covalenty auached 1o the ED molecule
50 that enzyme reassociation is not affecied, however, binding of the antibody o the
ED-drug conj inhibits the igtion with EA. The assays ar¢ performed on the
Hitachi 717 s follows: Sample (3.12 pL} is pipetted into 2 reaction cuvette, followed
by 130 ul, of Reagent | ining EA and antibody, rixed and incubated for § min at
17°C. Then, 130 L of Reagen: 2 containing ED-drug conjugate and substrate CPRG is
added, and the incubation is continued for 4 min at 37°C, Drug present in the sample
binds to antibody in the first reagent, thus preventing binding of ED-drug conjugate to

the antibody. The jugate s thus available for reassociation with EA,
resuiting in formation of active 8.galactosidase. The amount of cnzyme formed is
proportional ta the drug o ion in the sample which is detrmined by the rate of
CPREG hydrolysis measured at 570 nm. The concenuation of drug in the sample can be

ined by (1) 2 qualitative result positive or negative (above or below the cut off
level). or (2} & j-quantitati by point-to-poimt interpretation using 4

calibrators.
Using these CEDIA drugs of abuse assays. the following results are obuined:
Assay range  AA (mA) Dose precision  LOD
{ng/mml)

Assays (eut-off. ng/mi} Qocut-offy arqurofff%CV  ng/ml
Opiates (300) 0-2000 150 .2 135
Cocaine met (150,300)  0-10000 100 10 14.7
Cannabinoids {25, 50, 100} 0-50.100,150 210,240, 220 08.1.0.09 18,42
Phenyclidine (25) 0-150 150 1.5 4.6
Meti/Am (500, 1000} 0-3006 90 30 27
Barbiturates (200, 300) 0- 3,000 118, 165 36,38 10.0

Benzodiazepines (200, 300) 0 - 3,000 108, 146 322 134

We have also developed several assays listed on the table with muluple cut-off levels
to meet the requirement of different customers. The method comparison of CEDIA
assays against GC/MS  revealed 97%-100% assay sensitivity and specificity. In
comparison with other commercial assays. the CEDIA assays are more precisc at the
cut-off level and better 2ero to cut-off separation due (o a greater signal to noise ralio

1 summary, the saven CEDIA drugs of abuse assays provide 3 rapd, convement and
ecsiva method for sereening drues in yrine.
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USE OF EMPORE™ EXTRACTION DISKS FOR PREPARATIVE
PURIFICATION AND CONCENTRATION OF IMIQUIMOD AND
METABOLITES FROM LARGE VOLUMES OF URINE. R.L. McQuinn,
J.H, Machacek, A.M. Draper, P.E. Myhre, G.L. Carison and

D.A. Wells”!, 3M Pharmaceuticals, Drug Metabolism Department and
'3M New Products Department, St. Paui, MN 55144

Empore™ Extraction Disks wers investigated for processing large
volumes of urine {up 1o 100 mL} from human, rabbit and rat for
chromatographic and mass spectral analyses of the investigational
compound imiquimod and its metabolites. Sclid-phase extraction
{SPE) by maans of small disposable columns is a commonly used
technique to concentrate and purify drugs and their metabalites from
biological matrices prior to analysis. However, the sample volums
throughput in most SPE columns is slow due to a narrow diameter
{5 to 13 mm]; capacity can be insufficient for concentrating several
metabolites present in low concentrations; and resutting eluants
sometimes need further warkup before GC/MS analysis. Empore™
Extraction Disks overcome the deficiencies of SPE columns for this
purpose. The disks used in this study were 47 mm diameter,

0.5 mm thick, and contained either C-18, mixed mode C-8/cation
exchange or poly(styrene divinylbenzene} within a stable, inert matrix
of fibrillated poiytetrafiucroethylene. Single aliquots of urine {up to
100 mL) were axtracted rapidly {5 min for human ufine using filter
aid beads) and with nearly 100% racovery. Sclvent sluants were
analyzed directly by GC/MS and radiomonitored HPLC and TLC.

A low level of contamination from endogenous urine substances was
noted with an improved signal-to-noise ratio for the analyte of
interest, Extraction of fecal homaogenates also yielded excellont
recoveries and clean chromatograms. Mixed mode disks allowed for
selactive elution of basic and acidic metabolites. Empora™ disks are
usehul in toxicology applications to purify and concentrate drugs and
metabolites from large volumes of urine prior to GC/MS and HPLC
analyses.

ABSTRACTS
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CORROBORATION STUDY ~ A COMPARISON OF DRE NFINIONS
TO TOXICOLOGY EVALUATIONS OF IMPAIRED DRIVERS IN
MINNESOTA

Glenn Hardin, M.P.H., R. F. Meyer,+* Ph.D.,

and S. G. Jejurikar, Ph.D. Forensic Science
Laboratory/BCA State of Minnesota

The purpose of this study was to compare the
opinions of Drug Recognit:ion Experts (DRE) to
toxicolegical evaluations of urine specimens from
izpaired drivers.

There were 71 cases, at this writing, in
which DRE opinions were compared with the resulcs
optained from urine samples.

The urine samples were analyzed by cur
laboratory. Ninety-seven percent of DRE samples
suomitted to this laboratary were urine. The
nuzber of blood samples sunmitted was
insignificant to warrant .ne¢lusion in this study.
Urine samples were screened using SYVA EMIT® for
cannabinoids, cocaine, criates, anphetanines,
phencyclidine, barbiturates, and benzocdiazepines.
Positive urine samples were confirmed by gas
chromatography-mass speciremetry procedures using
selected ion monitoring with deuterated analogues
as internal standards.

At this writing, the overall ceorrcboration
rate for the presence of at least cne predicted
category was 84.5 percent. The corrnboration rates
tor individual drug categeries were:

Cannabis, 91.8 percent; Cencral Nervous System
Deprassants, 64.3 percent; Central Nervous System
stizmulants, 66.7 percent; and Narcotic Analgesics,
54.6 percent.

The DRE program, if followed properly,
appears to ba a useful screening tool for
predicting drug categories.

SENSITIVITY AND SPECIFICITY COMPARISONS OF
THE ROCHE ON-LINE AND SYVA EMIT 2000
AMPHETAMINE ASSAYS. Michael Sheehan® and Ray
Cordery, Southwest Washington Medical Center,
Yancouver, Washington

Abuscreen On-line (Roche) and EMIT 2000 (Syva)
amphetamine assays were compared on a Cobas FARA 11
analyzer. Both assays were performed according to the
manufacturers’ directions for qualitative analyses with 1000
ng/mi cutofTs set for each u%‘o,' Spiked urine specimens
containing 800, 1000, and 1500 ng/m] of d-amphetamine were
(=), (+), and (+), respectively, l?/{ the On-line assay and (-), (+),
and (+), respectively by the EMIT 2000 assay. Of the 15 urine
specimens {emergency rgom patients) confimmed (+) for
amphetamine/methamphetamine by GC/MS and/or TLC, all
specimens gave (+) results by both assays. By serially diluting
each of these specimens and reassa{ying them by both assays
until a (-} result was obtained, we found that the EMIT 2000
assay gave (-) results at lesser dilutions than the On-line assay by
roughly a factor of 2.5. Specificity experiments of a similar
nature are currently in grogm using urine specimens that gave
(+) screen results by either assay but were negative for
amphetamines by GC/MS, Data to date indicates both
methods to be comparably specific.

. In conclusion, we found the On-line assay to be more
sensitive at detecting amphetamine abuse than the EMIT 2600
assay.
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EMIT® THC 50/100 ng ASSAY, A DUAL CUT-OFF, LIQUID, READY-
TO-USE ASSAY FOR THE DETECTION OF CANNABINOIDS IN
URINE ON THE OLYMPUS AUS000 ANALYZERS. J. Visor*, L. Anne, E,
Berger, J. Blanc, M Henson, M. Hu, S. Hussain, and C. Messenger (Syva
Company. San jose, CA 95161)

_We have dcvclqg:d an improved Emit® assay for the detection of
cannabinoids in urine. The Emit THC 50/100 ng assay utilizas either 2 50
ng/mL or 100 ng/ml 11-nor-A%-THC-9-carboxylic aci¢ (A%-THC-COOH)
cut-off. This homogeneous immunoassay is provided in a stable, liquid two-
reagent format, with liquid ready-w-use calibrators that contain only the L
isomer of A9-THC-COOH. Reagenis and calibrators have been formulated
for increased stbility and precision on the Olympus AUS0OC series
analyzers. Adsorpiion of A9-THC-COOH from the calibrators has been
minimized W the degree that special handling instructons to prevent
adsorption are ric longer required.

One thousand five hundred ninety-nine (1,599) patient samples were
analyzed on the Olympus AUS12! analyzer by the Emit THC 50/100 ng
Assay and the corresponding Emit® [1 Cannabinoid 50 ng or 100 ng Assay.
Using the 100 ng/mL cutoff, the Emit THC 50/100 ng assay and the Emit I[
Camnabinoid lg!) ng assay showed >99% agreement, Using the 50 ng/mL
cutoff, the Emit THC 50/100 ng assay and the Emit [I Cannabinoid 50 ng
assay showed >99% agreement. More than 99% of the samples that were
positive by both Emit assays were confimned a5 positive for A”¥.THC-COOH
by GC/MS. Within-run rate precision at the SO ng/mL and 100 ng/mL cut-
off calibrators (N=24) yielded coefficients of variation of 1.0 and .9%. The
reagents typically provide at least 5 days of calibration stability on the
AUS121 analyzer, Samples containing A”-THC-COOH at £20% of the 50
and 100 n cut-off calibrators were accurately assessed with greater than
95% confidence.

The Emit THC 50/100 ng assay offers dual cut-offs at 50 or 100
ng/mL A9~‘!1-IC-COOH. Liquid reagents and calibrators are stable, ready-to-
m and give accurate and precise results on Olympus AUS000 series

yzers.
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SPECIFICITY OF THE BIOSITE TRIAGE™ URINE DRUGS OF
ABUSE TESTING DEVICE FCR BENZODIRZEPINES.
Leslie E. Bdinboro® and Alphonse Poklis
PDepartment of Pathology, Medical College of
Virginia/ Virginia Commonwealth University.
Richmond, Virginia

A new point of care urine drugs c¢f abuse
testing device, the - BI0SITE "TRIAGE™® was
evaluated for specificity for benzodiazepines
(BNZ}. TRIAGE™ utilizes a unique, competitive,
visual immunocassay methodology to simultaneously
detect seven classes of drugs of abuse. The
technolegy utilized permits the use of multiple
drug specific antibodies within each drug class.
For BNZ, the monoclonal antibodies in TRIAGE™ are
specific for the glucuronide conjugates of
oxazepam and temazepam not the parent compounds.
These two facters may produce conflicting test
results when TRIAGE™ is compared to conventional
immunoassay techniques. Apparent TRIAGE™
benzodiazepine false positive results may cocur
when GC/MS confirmation utilizes oxazepam as the
analyte used to confirm BNZ presence. We
evaluated the specificity of the BNZ component
of TRIAGE™ by comparing TRIAGE™ to Syva EMIT™

“ results of urines screened in our laboratory.
Both negative and positive urines are confirmed
by GC/MS. The following drugs were monitored
during confirmation; oxazepam, nordiazepam,
desalkyl flurazepam, hydroxy ethyl flurazepam,
lorazepam, temazepam, alpha hydroxy alprazoiam
and alpha hydroxy triazolam. Initial screening
results (n=150) found an B85% agreement between
TRIAGE™ and EMIT™, GC/MS data will be presented.

ABSTRACTS
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COMPREHENSIVE DRUG ANALYSIS BY TANDEM MASS
SPECTROMETRY IN A FORENSIC TOXICOLOGY LABORATORY
Gary W. Davis, Timothy A. Appel, California Dept. of Justice, Tomwcslogy
Laboratory, 4949 Broadway, Sacramento, California

Tandem mass specromany {GC/MS/MS) has been shown 1o be an effective tool 1n
the analysis of forcnsc samples for vanous types of drugs. The California Department of
Justice Toxicology Laboratory has developed methods which utilize this wechnology for the
analysis of morphine and codeme. In order o more effectively wtilize avaulable resowrces,
this faboratory has now exiended the use of GC/MS/MS to the analvsis of cocane and its
metabolites ecgonune metyl csm and bcnzovlccsomm In addition, we are now sble o

detext !h: h:rom bl hi This paper will suromarize the
and 1 p utilized 1o datect the above drugs in blood

samples,
The extraction of the abave drugs {mm blood samples all follow :he same basic
schemc One milliliter of bload with & d internal dard added gocs a brel
p St Towed by an at pH 8.5, The cpxa(c cnmpo\mds are extracted usung
ethyl accme while the cocaine p use 8 chiond | sojvent
system. Adl samples are derivatized with mcm»lchlorosﬁane—BSTFA Pmmux methods
used by this lab v uulized pentafluoropropyl denvatives. The present dervauve was

chosen because it is lesy caustic to uss'.nlmcnta! hardware with no loss of detection
sengitinty,
The deri d drugs are d d by itoring parent (o daughter ion

that sre specific for the analyte of interest. Initial ionization of the GC luate in the mass
spectrometer source 15 by either electron impact (opiate pounds) or pesitive chemical
ionization (cocaine and related P The ions produced in the source undergo an
argon induced dissoci to produce daughiter ions, Transitions for each drug are chosen by
using (e molecular wn (i.e. 304 for cocaine) as the parent jon and determining which
daughter ion is produced i the tughest sbundance (i.e. 182 amu for coc.lme} The deutersted

internal standards are detected by monitoring ) ad i (307 0
185 amu for D3<cocaine). The specific ion umsmons for each drug will be detailed.
Lismits of & for each compound will be outlined. In genaral, opiates can be .

detected to a level of | og/ml while cocaine and its refated metabolites are detected 10 §
ng/mi. Quantitstion curves for all the compounds are linear with cxcelicnt correlation valuzs.

Thzu.lcofmicmnmn o y in this lad i many facets
of lat Y op The d tivily and selecti "o\'l}us hnology allows the
taxicologist o use small sample vol , & sample preparation lime and increase
sample throughput while stiviry. This lab y sresns over 5,000 samples

flv. Therefore, there is a premiuvm on cfliciesty wulization of available resources.

Tander mass spectromers provides an effective tool for ths purpose.

DETECTION OF URINE SPECIMENS ADULTERATED WITH URINAID

Heidi L. Sansom, B.S.*, Michagl D. Fraser, M.8., Christing Bolelho, B.S,
David J. Kuniz, Ph. D. and Rodger L. Foliz, Ph. D.

Northwest Toxicology, inc., Salt Lake City, Utah 84124

UrinAid is a commercial product that is sold for the purposa of
defeating urine drug tests. Tha major component of UrinAld has been
identified as glutaraldehyde, a highly toxic compound which reacts
with proteinaceous material, UrinAid can be effeclive in preventing
the detection of drugs in uring by the EMIT® test, prasumably because
the glutaraldehydae reacls with the enzyme and prevents a change in
absorbance. As a result, urine specimens containing UrinAid give an
abnormally negativa test result, which often is the lirst indication of
the presence of the adultsrant. UrinAid is not effective in defeating
other immunoassays, such as the Abuscreen® RIA and Online®, and
can even cause an apparent false positive resull when these tests are
performed on UrinAid adulterated specimens.

GC/MS confirmation of drugs in uring containing UrinAid is
oftan difficult due to tha tendency of glutaraidehyde to inhibit efficient
extraction of the drug and its internal standard. We have developed a
simple GC/MS test for glutaraldehyde in urine consisting of extraction
with - methylena chloride and injection of a3 small fraction of the
extract into the GC/MS using 2 15 m x 0.2 mm id. methyisilicone
capillary column which is heid at 50 °C for 1.5 min, and then
temperature programmed from 50 to 110 °C at 15 *min, Under
these corgditions glutaraldehyde elutes at approximately 2.5 min and
gives a characteristic mass spectrum consisting of abundant ions at
miz 44 (100% RA), 57, 72 and 82. with chemical ionization
glutaraidehyde gives an intense protonated moleculs ion at rvz 101,

Because of the increasing use of UrinAld, we recommend that
laboratories instilute procedures for identifying urine specimans
containing this adulterant.
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DETECTION OF A METABOLITE OF HALOPERIDOL IN
URINE BY LIQUID CHROMATOGHRAPHY. Paul J. Orsulak,
Ph.D., University of Texas Southwastarn Medical Center,
Dallas, TX and Steven R. Binder*, Bio-Rad Laboratories,
Hercules, CA.

Haloperidol is commonly administered to psychiatric
patients but is rarely detected in toxlcoiogacal screens. We
evaluated the use of REMEDI HSTM, a multi-column drug
profiling system, for detection ot haloperidol in urine.

Sera and urines were collected from seven hospitalized
psychiatric patients who were receiving therapeutic doses of
haloperidol. Serum haloperidol levels were measured by a
raterence laboratory, using a gas chromatographic method.
The urines were analyzed without prior extraction or hydrolysis,
using the automated LC system.

The serum levels ranged from 2 ng/mi [subtherapeutic) to
22 ng/mi (above upper limit of therapeutic range) with a mean
value of 8.3 ng/ml. All of the urines contained a peak with an
LC retention of 1.9 minutes and maximum absorbance of 252
nm. The spectrum of this peak was similar but not identical 1o
the spectrum of haloperidol. NoO peak was seen for the parent
drug at its expectsd retention time {about 5.5 minutgs) in any
sample; this was consistent with literature reponts. The spectra
observed for all unines were satisfactory for matching, except
for the urine collected with the 2 ng/mi serum.

Wae conclude that therapeutic levels of haloperidol produced
a metabolite which was consistently observed using REMEDi
HS. Studies are in progress which will establish the structure
of this metabolite.
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ZFFECT OF SALICTLATE ON DETECTION OF URINARY
BDISOY‘LSCGOII" BY THE BIOSITE TRIAGE'™ IMWUNOASSAY. Mark
W. Linder® and Roland Valdes Jr. seapartment of Pathology,
University of Louimville, Louisville KY 40G23%2Z.

Our laborstory has recently demonstrated that
urinary salicylates negatively interfere with the Syva
EMIT II d.a.u. assays. This nagative intsrferencs
effectively increases the concentration of benzoyl-
scgonine (82}, a metabolite of cocaine, required to
produce a2 positive result in the EMIT asexy.

Thiw etudy evaluates the Triage™ (Tr) Grugs of
Abuss immuncamsay system for detection of BE in urine
samples shown to have negative interference in the EMIT
cocaine assay. Benzoylecgonine was added into urine
containing salicylate at 0, 2.8, £4 and 123 mg/dL. As
indicated in the Table, in samples with salicylate con-
centrations of 84 and 123 mg/dL, the change in absorbance
rate. determinad by the EMIT assay was less than that
determined for the cutoff, even at concentrations of BE
of 375 ng/mL {25% above the cutoff}. Further, in ths
sample with 123 mg/dlL ealicylate, the rate obtained at
560 ng/ml. BE is only elightly above the cuteff.

Benzoylecgonine Assay

[BE] Salicylate Concentration

ng/mi | 0 mg/dL | 2.8 mg/dL | 84 mg/dL | 123 mg/dL

Emit Tr [ Emit | Tr | Emit | Tr | Emit Te

0 I U B e I e -

300 52 ~ * 50 - b 3% - + 28 - *

378 59 + * 50 + + 43 ~ > 47 - i

$60 76 + hd 80 + +* 67 » * 56 ~ *

150 83 « + 596 + .| + 83 + +* 81 » *
The delta absorbance rate [(mAU/min] of the cutoff cali-
brator {300 ng/mlL BE) wae 53.

In contrast, the gensitivity of the Ttxsge"‘ agsay
for detection of BE was not effected by concentrations of
galicylate in urine up to 1231 mg/dL.

ABSTRACTS
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EVALUATION OF THE UTTHLITY OF SERUM AND AQUEOUS
HUMOR SAMPLES IN THE TRIAGER IMMUNOASSAY DRUG
SCREB‘J]NG DEVICE. Guy Puroell®, Lucy Thomas, Office of the

di Phitadelphia, PA and Tully J. Speaker, Temple
Umvemty School of Pbamxy. Philadeipha, PA.

Aliquaots from 2 series of approximately 10 bupdied sets of samples
of buman blood serum, urine, and aqueous Lurnor were screened for the
pressnce of several classes of drugs and meebolites using the TriageR
immusoassay device. The test resuits obiained with serum and aqueoas
bumar were compared with those froms urine, the matrix for which the
device was developed. 10 assess the uality of the alemative marrices in
e device. [n addition aliquots frowm the same sample s were
analyzed usingdzsandwdmmnuo( the toxicology ladocatory of the
office of the madical examiner (OME). All positive drug findings were
subjecied to analytical confimadon by gas chromatography-mass
spectromeery (GC-MS). Results from Triage® sereening and from OME
prokocols were kept blinded unul the outcome of both series of asalyses
were completed for each sample set and then :uz.uufrm‘(‘mgex

g were compared with from tbe

Aquecus bumor and serum samples, including samples froom partially
hmlymbloodwebundmxmmulummmmm
3 wrine samples when 4 with the TriageR device,
Positive screens with the device were confirmed by GC-MS. The
modest sumpie size (140 L), rapid resp and eadly recognized signal
of the TriageR device recommend it 10 routing scraening for several drug
classcs. The ange of sample matrices which may be usefully screened
m&wumywumwmmbbodmmdm

SCREENING FOR DRUGS OF ABUSE OH THE CHEM Y ANALYZER
USING SYVA IMIT II REAGEKTS

John J. ¥ucmanic, B.S., Daiva 5. Psliulis, B.S., and Daniel S,
Isenschaid, Fh.D,” CPFP MetPath Laberatorias, 21007 Scuthgste Park
Blvd, Cleveland, OH 44117

The Hiles CHEM I analyzer wvas svaluated for use in screaning drugs
of abuse in urine for federally mandated testing using tha S5YVA
EXIT II reagents. The EXIT II rasgjents varas avaluatad for accuracy,
precision, patient corrsiation, linearity around the cut-off, and
carry-over.

EMIT LI reagants (146 mi test kits) were raconstituted with 72 alL
daionized vatse, sxcept cannablincids, vhich were reconstituted with
52 alL deisnized vater. Reagents cassettes wars prepared by using 10
nl of reagent and 1285 L of watting rsagant.

Accuracy vas evalusted using by sontrols fortifiad at 20% abhove and
below the cut~off concentration for each analyts for five days
{N=10). The results indicated that the CHEM I could satisfacterily
distinguish positive from negative rasulce at thase concentrstions.
Precision studiss vars performsd by assaying replicates of the EMIT
11 calibrators. Cosfficianta of variation fcr beth in-run and
betwaan-run precision studias wers less than 3% for all analytss
tasted.

Over 1500 patients vere uuyod using both the SYVA d.a.u. and ENIT
I

.. Fev disersp ias vere found except im the cass of a
U.aued nu.canr aof spccimm at or near sach assay's cut-cff. Thers
wak & 502 & in« positives dus to sympathonimstics

athay than amphctuin- ar Mthlaphltaminl using the EMIT II
seathadology.

Linearity around the cut-off was evalustsd by assaying 10
replicates sach of the cut~off callbrater and controls fortlified at
20% above snd below the cut-eff concentration for each analyte ovar
savaral days. The average corrslation cosfficiants obtained (>0.9%
for esch analyte} indicated geod linearity arcund che cuteosff,

The effect of carry~ovar was studied by assaying fortifisd samples
containing high drug concantrations Zfolloved by five negative
contrals. NO appreciable carry-over (>20% of the negative to cute
off deita absorbance} vas chssrved for any assay sxcept for PCP at
soncantrations excesding 1,000 ng/mL.
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CLINICAL COMPARISON OF THE BIOSITE TRIAGE PANEL FOR DRUGS OF
ABUSE WITH THE ABBOTT ADX EMERGENCY TOXICOLOGY DRUG PANEL.
*1. Coppola, D. Krsft, D. Hohnadel, T.K.Mayer and J. D"Souza, Clinical Labs, The
Geneses Hospital, Rochester, NY 14607

The Biosite Triage™ method tests urine samples for drugs giving thmwe
results. The emsargency twxicology dmg panel isted of 5
b diazephi barb ds, cocame bolites, oprates and
phem:ychdmc The Triage was compared with Abbott’s AD, Semi-Quantitative method
for the same drug panel. We found that the Tnage agreed »\.eu with the AD, and had
an advantage in time saving, reducing both our STAT turn around time and the
number of FTE's needed 1o wn lhe A558Y.

The Triage is a p procedure that employs monoclonat
antibodies which are specific for the metabolites of the tested drugs. The Triage panel
takes about fifteen minutes to complete and has a visual end point appearing as 3
colored bar on the test stnp. The cutoff values for each drug are based on
recommendations made by NIDA {National Institute on Drugs of Abuse).

Seventy drug levels were tested from frozen proficiency samples by Triage and
AD, and alt were found in agreement except one sample for cannabinoids which was
positive by the AD, but negative by Tnage. The disagreement was atinibuted 1o
differences in cutoff levels. The sample read SO ng/mi on the AD, (cutoff =25 ng/ml)
and negative on the Triage {cutoff= 100 ng/mi).

Seventy-seven frozen urine samples were tested Oy both methods and all were
found to be in agreement except one sample for benzodiazaphines which read positive
by Triage and negative by AD,. The difference was acributed 1o the fact that AD,

the parent pound (presant in the urine at approximaiely 25 %) and Tnage
measures the metsbolites (present in urine at approximately 75 %).

Three levels of commercial quality control material were tested consisting of one
negative panel, one positive panel with cutoff values close to the stated Tnage cutoffs
and one higher positive panel, Both the AD, and Triage agreed with manufacrurer

- stated results for atl three fevels of control.

In conclusion, we found the Triage to be a good alternative method 1n our Jab for
gency toxicolngy ing which will produce greater productivily because of
savings in instrument maintenance, rurn around time and FTE's.
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WORKFLOW & COST ANALYSIS, SYVA EMIT d.a.u. vs. ROCHE ONUNE;
WHICH ASSAY SYSTEM DEUVERS THE GREATER VALUE? Craig Letwnann,
Ph.0., CONRCC)* and Alan Leiken, Ph.D., SUNY at Stony Brook, Stony
Brook, NY 11794

A comparative analysis was performed to evaluate the labor required
1o prepars Syva and Roche reagants for drug abuse testing (DAT).
Additicnally, the time and cost of calibration requirements of the two methods
was compared. The study was conducted in a laboratory which has contract
pricing with both manufacturers. The laboratory is affillated with a non-profit
corporation which provides human services 10 persons expérancing mental
ingss, smotional disorder or substance abuse problems. The overall cost
differences using the two methods was then determined. Assays under study
included amphetamines, barbiturates, benzodiazepines, cocaina metabolite,
opiates, PCP, and THC.

The lab processes approximately 19,000 reportable patient tests for
DAT per year. Syva Emit d.a.u. and Roche ONLINE reagents were used to
process the work on two respective COBAS MIRA systams, by the same
technologist with appropriate experignce andd !raining. Time and motion
studies were pedormed to determine labor time associaled with daly
cafibration arx daily reagent preparation. Any additional costs associated with
differences in calibration such as calibrators, reagents and cuvettes were also
determined based on the prices as established with respective manufacturers,
Differences in reagent waste were also identified. Finally, differences in annual
operating costs were computed.

Annual expenditures using Syva Emit d.a.u. amounted to $30,865 as
comparad to annual expenditures of $14,730 when Roche ONUNE were used.
The difference was largely atiritited to the additional calibration cost with
Syva and the large amount of waste when Syva was used for low volume
tests. In such situations, between calibrators and controls, three tests were
needad 1o produce one patient result, Additional labor costs assoclated with
the increased frequency of calibration with Syva amourted to $2,193 per
year. One hour of labor time is spent each evening, 5 days per week
preparing reagents for the following day. Using an average salary for a
rmedical technologist of $18 per hour yields an average additional labor cost
of $3.900.
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A MEXILETINE INTOXICATION

Julie Kempton
*Barry lLavine
anthony Manoukian
John E. Smialek
Office of the Chief Medical Examiner
State of Maryland

A case is presented of a 26 year old white
male with a history of depression and previocus
suicide attempts. No anatomic cause of death
was ascertained at autopsy. The blood was
negative for ethanol or other volatiles.
Comprehensive drug testing of the blood and
urine ldentified  mexiletine, a class 1B
antiarrhythmic drug. This drug had been
prescribed to the decedent’s roommate. The
presence of mexiletine was confirmed by full
scan electron impact gas chromatography/ mass
spectrometry. Drug quantitations as performed
by gas chromatography were (in mg/L or mg/kg):
heart blcod-38; subclavian blood-14; urine-370;
liver-190; kidney-170; vitreous humor-17; bile-
440. The normal therapeutic range of mexiletine
in plasma 1is 0.7%5-2.0 mg/L. The medical
examiner ruled that the cause of death in this
case was mexiletine intoxication and the manner
of death was suicide.

EVALUATION OF TWELVE SYVA EMIT II DRUG
ASSAYS ON TIE ROCHE COBAS MIRA S ANALYZER:
CONCENTRATION SENSITIVITY, PRECISION,
CALIBRATION STABILITY AND METHOD COMPARISON
R. Lyle Christensen® (Toxicalogy Laboratary, Department of
Pharmacology and Toxicology, Indiana University Medical
School. Indianapolis, IN 46202) and Chris B. Zurface (Syva
Cor;lpany. 3403 Yerba Buena Road. P.O.Box 49013, San Jose,
CA

Twelve Syva Emit 11 assays were evaluated for application as forensic
drug screening tests using 2 Cobas Mira S analyzer. The test kits were
prepared by the prooedures cutlined in the Syva application bulletin for the
mstrument. The data below resulted from studies performed as follows:

iign. using the thres level ConDOA control material (Diagnoatic
drcdnct g:rp.) in daily independent replicates of (ive repeated Sver a five
2y period; soncentralion sensitivily, using amalytically diluted Syva kit
a&’bnlm Calibration stability was monitored using Condoa level 11
control material
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Within run and between run precision were very acceptable (<2% CV
in most cases) Most of the assays showed acceptable sensitivity to
concentration changes by approaching or entering their respective
therapeutic ranges of the drugs. All of the assays exhibited calibration
stability of at least 14 days {de(ined by the level Il control remaining above
the calibration concentration point),

These data illustrate that the Syva Emit 1] assays can be used {or the
routine evaluation of urine in forensic drug related cases by being precise,
stable, easy to use, relatively cost effective assays. Furthermore, the
Freunted concentration sensitivities, which are well below the SAMSHA

NIDAY cutoffs, sbeuld allow thess assays to effectively address toxic
situations as well as drug involvement in the impaired subject where lower
drug concentrations can %c involved.
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DETERMINATION OF 4% - TETRAHYDROCANNABINOL
{THO)
AND ITS METABOLITE 11-NOR- 4% . THC-9-
CARBOXYLIC ACID {THCA} IN WHOLE BLOOD
Bethany Telepchak, Gerald Long® and Christine Moore®

A GC/MS method has been developed for the anaiysis of parent
THC and its metabolite in whole blood. Due to the very low levels of THC
and THCA present, very sensitive extraction and analytical procedures are
required. Determination of both compounds in a single sample, to date, has
involved tedious, exhaustive, time cc ing liquid-liquid extractions
resulting in poor recoveries and matrix interfering substances.

The method presented uses a.Clean Screen® bonded phase
extraction colurnn that provides a simple, purified extract contauning both
compounds. A whole blood sample is first precipitated, then acidified and
extracted on a copolymeric bonded-phase extraction column. The effect of
pH and solvent strength on the retention and recovery of both compounds is
demonstrated. Samples were spiked at the 1-10 ng/ml range and relative
standard deviations within a run were assayed to be less than 10%. Absolute
recovery was determined to be greater than 80% for both compounds. The
derivatizing reagent, BSTFA with 1% TMCS was used to enhance the
chromatography and separation on GC/MS using electron impact detection
in a selected ion monitoring mode for data acquisition.

Case samples which tested positive for cannabinoids were analyzed
using the bonded-phase extraction method and accurately quanttated by
GC/MS. The bonded phase extraction procedure required less extraction
time and reduced solvent use as compared to liguid-liguid methods.
Cleaniiness and recovery were increased due to the selective copolymeric

functionality of the Clean Screen® bonded-phase extraction columa
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CHARACTERIZATION OF ONE MECHANISM OF NEGATIVE INTERFERENCE
IN THE GC/MS ANALYSIS OF DRUGS OF ABUSE IN URINE. 0. Ostheimer
{Andarson)®, M. Cremess, E. Forts, A. Wu ({Clin Chem Lab, Hartford Hospital,
Hartford, CT, 061158).D. Hill (Microchem Lab, Univ of CT, Storrs, CT 06269).

Negative interfarence due 10 the pressnce of unwanted drugs in the targeted
GC/MS analysis of drugs of abuse in urine can theoretically occur in the sxtraction,
derivatization, gas chromatographic or mass spectrometric steps of the analysis.
Recently, we reported on the negative interference of fiucanazole (FLUC) in the
GCMS confirmation analysis of banzoylecgonine (BE) ollowing derivatization wo
trimethyisilyl (TMS) analogs in bath the hull scan and SIM modes, Four patients on
FLUC had positive resutts for BE by the Syva EMIT and Abbott FPIA immunoassays
at approximatsly 0.400 mg/L but negative results {«< 0.150 mg/L) for BE by GO/MS
analysis. FLUC-TMS cosluted with BE-TMS using aur chromatographic conditions.
For a 0.500 mgl. sampis of BE. the recoversd concentration was bsiow the
thrashold concentration when the ratio of FLUC to BE was 40 in the SIM mods and
60 in the fUll scan mocie. Experimants were conductad 1o determine al which point
in the anatylical peocess the interference occurred and wheiher the intersrence was
specific to FLUC or if it was a general probiem of coslution.

Methanolic sofutions of BE were prepared at an squivalent urire conceniration
of 0.500 mg/L, and were spiked with varying concentrations of FLUC ranging from
016 SO mg/l. They were derlvatized with BSTFA with 1% TMCS, The GO/MS
analysis wasg performed on a HP 5880/59708 GC/MSD using a HP Ultra-1 methy)
silicone gum calumn in the full scan and SIM mode. The intensity of the BE-TMS
chromatographic peak decreased with increasing concentrations of FLUC In both
modes ruling out the extraction step as the source of interference. The above
axperiment was repeated except ths solutions BE and FLUC were combined after;
derivatization with BSTFA, The sames decrease in BE was abserved indicating that:
derivatization was not the cause of interference. A direct probe analysis was!
conducted on solutions of BE and FLUC without derivatization using a HP 5888 MS.j
The same Interference appeared o occur ruling out the GC as the source of
intarference. Two other coeluting drug pairs, propoxypheane/propoxyphene-d7 and
methaqualorie/methagualone-d4 in methanol were tested without derivatization. The
deuterated analogs were kept at a constant concentation of 0.050 mg/A, for
propoxyphene-d7 and 0.500 mg/L for methaqualoned4. They wers spiked with
increasing concentrations of propoxyphene and metbaqualone from 0 to 50 mg/t.
A similar concenfration dependent dscreass in lonization occurred with these
compounds as with FLUC/BE.  Thess results suggest that the soures of the
problem likely occurs in the fonization chamber of the MSD. The negative
intarference appears to be of a general nature and nat unique to FLUC and BE.
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A COMPARISON OF DRUG INDUCED SIGNS AND
SYMPTOMS BETWEEN D.R.E. (DRUG RECOGNITION
EXPERT-EXAMINATION) AND THE MEDICAL LIT-
ERATURE.

Chester Flaxmayer of Forensic Alcohol Science & Technology(FAST)

The purpose of this paper is to present the reported drug induced signs
and symproms from the NHTSA D.RE. program and compare them to
the spectrum of reported drug induced signs and symproms published in
the relevant medical licerature, as well as listing the underying mechanisms
causing the effecws, if known, with references.

The signs and symproms will include the presence or absence of bronchar-
thea, bruxism, diaphoresis, emesis, erythema, exteapyramidal reactions,
lacrimation, nystagmus, ocular convergence, tremors with variations, vaso-
conseriction, vasodilacion, as well as drug induced changes in biood pressure
{syseolic & diastolic with variations), body temperarure, bowel sounds,
capillary refill, conjunctiva, coordination, gait, muscle tone, perception,
pulse rate (rachycardia & bradycardia with variations), pupil size {mydriasis,
miosis), pupillary reaction to light, reflexes, respiration, salivation, sclerae,
and ventricular rthythms. :

Drug relaced medical literature generally provides informarion concerning
direcr and indirecr drug actions. This includes which nerve receprors are
affected, cencral and peripheral nervous system effects, and the necessary
informadion to allow 2 differential diagnosis to be reached. Familiariry with
this licerarure can aid toxicologises in their understanding of the DRE
program and ease their preparation for court estimony.

SELECTING APPRQPRIATE INTERNAL STANDARDS FOR GAS
CHROMATOGRAPHY/MASS SPECTROMETRY ANALYSIS OF DRUGS
QF ABUSE. Ray H. Liu*, Wayne D. Bensley, Graduate Program in
Forensic Science, University of Alabama at Birmingham, AL 35294;
Edward 1. Cone, Addiction Research Center, National Institte on Drug
Abuse, Balimore, MD 21223; and Shiv D. Kumar, Radian Corporation,
Austin, TX 78720

Drug and metabolite analogs that are labeled with three or more
deuterium atoms (isotopic analog) at appropriate positions are considered
1o be the most effective internal standards for the quantitative
determination of drugs of abuse and their metabolites (drug/metabolie}
in biological {luids and tissues by selective fon monitoring (SIM) gas
chromatography/mass spectrometry (GC/MS). Before a specific isotopic
analog can be adopted as an internal standard in a GC/MS assay, the
mass spectrum of the isotopic analog must be evaluated along with that
from the parent drug/metabolite. There should be an adequate number of
sufficiently high mass ions that can be atributed to each of the pair
(rzg;caliy three for the drug/metabolite and two for the isotopic analog);
angd these ions should be sufficiently free of interference by conmbutions
from the other component of the pair. Interferences may be caused by
the presence of an jsotopic impurity in the isotopic analog (extrinsic
factor) or may be due to the ion fragmentation characteristics of the
compound (intrinsic factor). The extrinsic factor may be corrected by the
manufacturer using different manufacturing or purification procedures,
whiie the intrinsic factor may be puniaﬁy or wholly corrected by
adapting different chemical denivatization (sample preparation stage) or

- iomization (GC/MS assay stage) procedures.

With the intention (o sysiematically evaluate the suitability of
currendy available isotopic analogs (commercial and research sources) as
internal standards, we have compiled fuli-scan mass spectra of
;ppro:‘;\matcl?r 30 drugs/metabolites along with approximately 80
isotopic ana ogs. Approxumazcli« 100 mass spectra of chemical
derivatives of these drugs/metabolites and their isoropic analogs have
also been compiled and compared. Exemplary data are presented 1o
iltustrate the selection of appropriaie ions for the development of a SIM
assay, the identfication of the interference source (exuinsic or intrinsic),
and the assessment of the extent of possible {extrinsic or inirinsic)
interference. Compilation and evaluation of a mass spectral data base of
deuterated drugs/merabolites (along with their parent compounds) should
aid future effons in developing GC/MS assays for drugs of abuse.
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URINARY DISTRIBUTION OF COCAINE METABOLITES RESULTING FROM
ETHANOL~MEDIATED METABOLISM IN NON-FATAL EXPOSURES
Frederick W. Fochtman, Ph.D. and Joel D. Burdick, M.S.»x
Duquesne University School of Pharmacy and Clinical
Pathology Facility, Pittsburgh, PA.

It has become increasingly apparent that ethanol-
mediated cocaine metabolism plays a role in the toxicity
associated with coabuse of these drugs. Cocaethylene,
which is formed via the ethyl transesterification of
cocaine in the presence of ethanol, has been implicated in
cocaine related deaths. The objective of this paper is to
present data collected from 40 clinical urine drug screen
specimens which were screened positive for cocaine by EMIT
and ethanol by GLC. )

A GC/MS (SIM) procedure was developed to quantitate
cocaine, benzoyleczonine, ecgonine methyl ester, coca-
ethylene, and norcocaine. Cocaine and the above metabolites
were quantitated in the positive urines. The procedure had
an 10Q of 25 ng/ml for each compound.

The results showed ethanol concentrations ranging from
13 mg/dL to 467 mg/dL in urines positive for both cocaine
and cocaethylene. Cocaethylene concentrations ranged from
49 ng/ml to 5,220 ng/ml. Cocaine concentrations ranged from
64 ng/ml to 27,250 ng/ml. Benzoylecgonine concentrations
ranged from 638 ng/ml to 227,470 ng/ml. Ecgonine methyl
ester concentrations ranged from 238 ng/ml to 64,500 ng/ml.

Urines that contained cocaethylene also contained
significant quantities of cocaine, whereas those negative
for cocaethylene contained little or no cocaine.

Also presented with the above data, are graphs showing
correlations between cocaine and the metabolite
concentrations.
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ANALYSIS OF MECONIUM SPECIMENS FOR DRUGS OF
ABUSE: 1 EVALUATION OF EMIT AND TDx
IMMUNOASSAYS AS SCREENING PROCEDURES. Mahmoud
A. EiSohly, ElSohly Laboratories, Incorporated, 5 Industrial Park
Drive, Oxford, MS 38655. :

The analysis of meconium specimens for metabolites of THC,
cocaine, and morphine was used as an indication of prenatal
exposure to these drugs. Most of the methods reported in the
literature rely on radioimmunoassays. In this presentation both the
EMIT and TDx immunoassays were evaluated, and a procedure
was developed and validated for the screening of meconium
extracts for cannabinoids, cocaine, opiates, amphetamines, and
phencyclidine. The data showed that meconium has to be
extracted and the extract has to be cleaned up prior to analysis.
Levels as low as 20 ng/g THC-COOH, 75 ng/g benzoylecgonine,
100 ng/g morphine, 200 ng/g amphetamine, and 10 ng/g
phencyclidine could be detected in meconium using the EMIT/ETS
system. Much higher levels were detectable with the TDx system.
The procedure was applied to screen 118 meconium specimens.
GC/MS analysis confirmed the presence of 11-nor-A*-THC-9-
COOH in 3 out of the 10 specimens screened positive for
cannabinoids, the presence of benzoylecgonine and/or cocaine in
16 out of 23 specimens screened positive for cocaine, and the
presence of morphine and/or codeine in 3 out of § specimens
screened positive for opiates. The presence of amphetamine
and/or methamphetamine was not confirmed in 2 specimens
screened positive for amphetamines. There was no PCP positive
specimens.  The high rate of unconfirmed positives for
cannabinoids suggests the possibiliry of a different THC metabolite
than the ll-carboxy derivative as the major metabolite in
meconium. Work is in progress to identify this metabolite.
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IDENTIFICATION OF DRUG ANALYTES EXCRETED IN SWEAT
AFTER COCAINE AND HEROIN ADMINISTRATION

william D. Darwin®, Mary Hillsgrove, Terrance Grant, Amanda J. Jenking
gr;gzﬁdward J. Cone, Addiction Research Center, NIDA, Baltimore, MD

Sweat composition and volume varies widely from individual to
individual and coliection methods have been less than satisfactory.
Consequently, the study of the excretion of drugs of abuse in sweat has
been highly limited. We investigated the usefulness of a new sweat
patch device (Sudormed Sweat Patch, Sudormed, Inc.) designed fo
collect non-volatile drugs of abuse from human skin. The device is
applied like a Band-Aid® lo the skin, Substances with the volatility of
water or greater leave the device through a membrane barrier. Non-
volatile substances are concentrated on an absorption pad inside the
pateh, Subjects can wear the patch for periods up to several weaks,
followed by removal, storage and analysis of the contents of the
absorption pad.

Voluntger subjects who parlicipated in these studies provided
informed consgent and were drug-free. Patches wers applied to the
stomach and back area 24 hrs prior 1o drug administration. Control
patches were removed prior to administration of single doses of cocaine
{25 mg, v} and heroin {20 mg, iv). Drug patches were removed at 24
and 48 trs. Deuterated internal standards were added to 2ach patch,
the patch was extracted with buffer by vigorous shaking, drugs were
isolated by solid &hase extraction and the eluate was derivatized and
analyzed by GC/MS operated in full scan and selective ion monitoring
modes. Stability studies of heroin, 8-acetylmorphine and cocaine added
;10 patches indicated that all analytes were stable for a minimum of 48

rs.

Foliowing heroin adminigtration, sweat extracts contained hergin, 8-
acetyimorphine and morphine in varying proportions. Heroin and 6-
acetylmorphine often predominated over morphine content. Following
cocaine administration, sweat extracts consisted primarily of cocaine,
followed by ecgonine methyt ester and benzoylecgonine.

These data indicate that lipophilic compounds are excreted in
sweat in greater amounts than are polar metabolites. Funther, there
appears to be potential for use of sweat analysis for source
differentiation of opiates and for use in monitoring human drug exposurs.
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META-HYDROXYBENZOYLECGONINE: AN IMPORTANT
CONTRIBUTOR TO THE IMMLNOREACTIVITY TN AS3AYS
FOR BENZOYLECGONINE [N MECONIUM

B.W. Steele', £.S. Bandstra', Niou-Ching Wu', G.W_Hime’, W L.
Hm:t

1. University of Miami/Jackson Memorial Medical Center

2. Dade County Medical Examiner Dept.

Meconium has been reported to be a better specimen than maternal
or neonatal urine for detecting fetal exposure to cocaine. [n a study
comparing various immunoassays with GC/MS for analyzing
meconium, several discrepancies among the assays were noted. Thin
layer chromatography of methanol extracts from meconium samples
revealed an immunoreactive spot more polar than benzoylecgonine.
GC/MS analysis of the eluted spot yielded a fragmentation pattern
indicative of an aryl-hydroxylated benzoylecgonine. Standards of
ortho-, meta-, and para-hydroxybenzoylecganines were synthesized,
and m-hydroxybenzoylecgonine yielded the same retention time and ion
zatios as the TLC immuno-reactive spot. Furthermore,
m-hydroxybenzoylecgonine proved to be immunoreactive.  Ten
meconium samples immunoreactive for benzoylecgonine were analyzed
by GC/MS with and without B-glucuronidase (Type IX) pretreatment,
Free m-hydroxybenzoylecgonine comprised 59 to 94% of the toral
m-hydroxybenzoylecgonine, and total m-hydroxybenzoylecgonine
ranged from 0.2 to 6.3 times as high as the benzoylecgonine. Therefore,
m-hydroxybenzoylecgonine appears to be a guantitatively important
cocaine metabolite in meconium that is responsible for a significant
portion of the difference between immunoassay readings as
benzoylecgonine and actual benzoylecgonine concentrations, measured
by GC/MS, in meconium extracts.
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KINETIC STUDIES OF COCAINE EXCRETION IN SWEAT
Mary Hil!s%rove'. Wifliam D. Darwin, and Edward J. Cong, Addiction
Research Center, NIDA, Baltimore, MD 21224

Initial studies in this laboratory have shown that parent cocaine
is the primary analyte excreted in sweat; however, there is little
information on the retationship of drug concentration in sweat to time
of appearance and disappearance and to dose.

We investigated the time course of appearancs of cocaine and
metabolites in sweat and the relationship of dose lo amount of
excreted drug. Sweat patch devices (Sudormed Sweat Palch,
Sudormed Inc.) were used for sweat collection. To determine the
minimum amount of cocaing that was detectable in the pateh, drug-
free volunteer subjects were administered single graded doses of
intravenous (IV} cocaine HC! on a daily basis in ascending order (0,
1, 2.5, 5, 10, 25 mg). Sweat patches were applied prior to drug
administration and removed in 24 hr timed intervals, The time
course of appearance of cocaine in sweat was evaluated by
application and removal of patches at different intervals after
administration of single doses of cocaine by the IV, smoked (SM)
and intranasal {IN) routes. Patches were stored frozen untit time of
analysis. Deuterated internal standards were added to each patch;
the patch was extracted with buffer by vigorous shaking; drugs were
isolated by solid-phase extraction; and the eluate was derivatized
and analyzed by GC/MS.

The minimum dose of cocaine that could be detected in the
sweat patches was 5-10 mg administered by the IV route. Aithough
there was substantial inter-subject variability, concentration in sweat
appearaed to be dose-related. Cocaine was detected in sweat as
aarly as 2 hr after drug administration, but the majority was excreted
in the 2-24 hr period. Intra-subject variabifity was evaiuated by
analysis of duplicate patches. Mean peak cocaine concentrations
{ng/patch) of duplicate sweat patches from 2 subjecls were as
follows: 1V, 38.8, 12.8; SM, 51.2, 8.7; IN, 354, 34.8. Further
excretion was observed during the 24-48 br pericd. Results
indicated that cocaine concentrations in duplicate palches were
highly correlated (r = 0.93).

Overall, these data suggest that cocaine is excreted in sweat
in detectable amounts over a period of 2-48 hrs after drug. Use of
the sweat patch in a treatment or surveillance setting couid provide
a means of monitoring cocaine exposure.
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COCAINE 1S EXCRETED IN SEMEN AFTER USE
Kenichi Kato®, Mary Hillsgrove, William D. Darwin and Edward J.
Cone, Addiction Research Center, NIDA, Baltimore, MD 21224

The use of cocaine by pregnant women has become a serious
heaith issue of major concern because of cocaine’s effects on the
developing fetus. in contrast, cocaine's eifects on the fetus and the
neonate arising from the father's drug use have attracted less
attention. Recently, it was discovered that cocaine binds lightly to
human spermatozoa when added in vilro. However, there is no
information on in vivo excretion of cocaine and its metabolites in
semen after drug use. .

in the present study, we describe the detection of cocaine and
its metabeolites in semen of human subjects following administration
of cocaine by the intravenous (1V}, intranasal {IN) and smoking (SM)
routes. Single doses of cocaine were administered to drug-free
volunteers, who gave informed consent and had a history of cocaine
use, as follows: 25 mg, IV; 32 mg. IN; 42 mg, SM. Semen samples
were collected prior to drug administration, approximately 1-hr after
drug administration. and 24-hr later. Blood samples were collected
before, and periadically after cocaine. Samples were analyzed by
solid phase extraction coupled with GC/MS assay. For five
subjects, the mean semen:plasma concentration ratio of cocaine
and benzoylecgonine (BE) at 1-hr were as follows: cocaine, 0.70

1V}, 0.56 {IN), 0.91 (SM); and BE, 0.67 (IV), 0.57 (N}, 0.59 (SM).
re-drug samples were negative. Samples collected 24 hrs alter
drug administration were negative for cocaine, but contained traces
of BE {«20 ng/g). - )
his study demonstrated that cocaine and metabolites are
excreted in semen immediately after use in a pharmacokingtic
pattern similar 10 that observed in blood. The discovery of cocaine
and BE in semen after cocaine administration could be important in
understanding the causes of abnormal development in offspring of
cocaine users.
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BENZTROPINE IDENTIFICATION AND QUANTITATION IN A
SUICIDAL OVERDOSE CASE. Thomas G. Rosano*®, John M,
Meola, Satya P. Jindal, Lawrence W. Guisti, Barbara C. Wolf.
Albany Medical Center, Albany, NY and Nathan Kline Institute
for Psychiatric Research, Orangeburg, NY.

In a hurnan fatality involving suspected overdose with an
anticholinergic agent, benztropine, gas chromatography/
mass spectrometry analysis was used for drug detection/
quantitation and for investigation of drug metabolism,
Chromatography of a2 hexane extract of serum or urine was
performed on a DB -3 capillary gas chromatography column
with an open split interface to an ion trap mass spectromseter
programmed for full spectrum data acquisition. Electron
impact ionization fragments at m/z 82 (base peak), 96, 105,
124, 140, 165, 167 and 201 were used in drug detection

and a structural identification of the fragments is proposed.
Chemical ionization was used as further confirmation of
molecular weight. Benztropine-d3 was synthesized and used
as internal standard in determining the concentration of
benztropine in blood (183 ug/L) and urine (7,124 ug/L) from
the decident. Drug levels were interpreted in reiationship to
the case findings, the limited published data and an evaluation
of therapeutic drug levels in a group of psychiatric patients.
Potential metabolic conversion to n~desmethylbenztropine
was investigated by organic synthesis of the n—desmethylated
derivative and gas chromat ography/mass spectrometry
analysis. Fragment ions at m/z 68 {base peak), 82, 105, 110,
126, 168, 167 and 187 are consistent with the proposed
fragmentation of the parent drug and the extent of
bioconvarsion is determined. In conclusion, gas
chromatography with a combination of electron impact and
chemical ionization mass spectrometry provide a useful
forensic methodoiogy for toxicological evaluation of potential
overdose with benztropine.

QUININE ELIMINATION AFTER INGESTION OF TONIC
WATER

Vicky White, B.S.*, Dennis Canfleld, Ph.D., and Jerry
Hordinsky, M.D,, Federal Aviation Administration, AAM-
610,0klahoma City OK 73125 '

Blological specimens from eight fatal aviation accidents
out of 775 fatal aviation accidents analyzed In 1991 and 1992
were found to contain quinine. In one case the investigators
wanted to identify the source of quinine found in the pilot. It
was suggested that the quinine may have come from the
consumption of tonic water. Since no recent use of quinine or
tontc water could be found, the investigators asked how long
quinine could be detected in a urine specimen. A lmited
research project was undertaken to establish the approximate
length of um;ﬁumnc could be detected in urine and blood.
-Each of two e subjects was given a 16 oz bottle of tonic
water which contained 35 mg of quinine. Quinine was
detected using standard laboratory TLC and HPLC methods.
One subject reached a maximum urine level of 3.92 pg/mL of
quinine 9 hours after drinking tonic water. In one subject a
maximum concentration of 0.281 pug/mL of quinine in blood
was detected between 2 and 3 hours after ingestion of one
bottle of tonic water. Alter 24 hours the blood quinine level
had dropped to 0.184 pg/mli. The experiment was
terminated at 8 days. at which point the urine still
:;rfnn?ﬁsmted quinine, albeit at a very low level of 0.058

Quinine is used for muscle cramps, malaria, and as an
additive in tonic water. Since adverse affects have been
identified at plasma concentrations between 10-15 pg/mL, no
performance effects would be ected from the maximum
concentrations of quinine found {0.291 pg/mL) after the
ingestion of one 16 oz bottle of tonic water. However, the
possibility of pronged detection of quinine should (a) serve as
2 warning against using this as a sign of recent drinking and
{b) alert the investigators to inquire about disorders or
conditions which might impalr performance but for which
quinine Rx was terminated days before the accident.

THE ISOLATION AND IDENTIFICATION OF COMPLEX
VOLATILES IN POSTMORTEM TISSUES

James D, Beede * and J. Benjarnin Smith
Sacramento County Crime Laboratory, Sacramento. CA

Fatal poisoning through the deliberate or
accidental ingestion of commercial products presents a
unique problem for the coroner's toxicologist.
Conventional analytical techniques for drugs or poisons
in blological materials generally do not apply to cases of
consumer product poisoning, where the analyte tends to
be of a complex chemical nature. When the poisoning
involves products containing petroleum hydrocarbons
{turpentine} or other mixtures of volatile compounds, an
alternative tgrocedure is required.

A method is presented for the recovery of complex
mixtures of volatiles from biological fluids and whole
tissues, The procedure is based on the passive diffusion
of volatile substances onto commercially prepared
activated charcoal strips (Pro=Tek®), carbon disulfide
elution and captllary Gg analysts. It Is a commoniy used
method for the recovery and identification of arson
accelerants from {lre debris.

Two fatalitles due to the ingestion of pine ofl based
commercial products are reportéd. The sensitivity of
this method is demonstrated by the recovery of pine oil
in brain tissue of one subject who had undergone a 24
hour therapeutic intervention prior to death. In the
second sublect pine oil was recovered from blood and
gastric confents following a fatal intentional ingestion
and IV infection of Real Pine ® disinfectant.
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A LEAD POISONING SCREENING PROJECT.
Zuignier B*, Pappas J, Banner W, Beaudoin D, Stattery M, Mon M
Jniversity of Utah, Sailt Lake City, Utah

The Centers For Disease Control and Prevention has recently
-acommended that all children between the ages of 6 months and 6
years be screened for lead poisoning by blood lead determinations.,
Since, blood lead determinations are seldom requested for Utah
Children, it 15 unctear whether routine screening is necessary in this
state. The purposes of this study were to determine whether children
n the Sait Lake City area are at nsk for Lead Poisoning, to identify
risk factors for lead poisoning, and to determine whether blood lead
concentrations correlate with serum iron concentrations in this
sopulation.

Informed consent was obtained prior to collecting blood by
fingerstick or venipuncture for blood lead and serum ron
determinations. Samples were collected from children ages 6
months through 5 years at area Women, infants and Chiidren's
clinics, day care centers and from private pediatricians. A
Juestionnaire  was  compieted for each subject to gather
dJemographic, and sociceconomic information, Age of housing
nformation was determined from county records. Biood lead
concentrations were determined using an Atomic Absorption
Spectrophotometer with a graphite furnace. Standard measures of
central tendency were used to describe the continuous variables,
Regression analysis was used to test the refationship between the
continuous variables. Analysis of variance was used to test the
relationship between lead and the categorical variables,

A total of 317 subjects were screened for lead poisoning, The
mean blood fead concentration was 4.6 mcg/dl with a range of 0.6
20.5 meg/dl. There was no relationship between lead and iron lead

and the categorical variables such as age, race, sex or age of house.

In the population studied, no significamt risk factors for iead
seisoning were identified. Although the mean biocod lead
concentration was low in this sample, further data s needed befors
we can definitively say routing screening is not necessary in Utah,
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DRUG FINDINGS IN DECOMPOSED TISSUES OF A
MULTIPLE DEATH INVESTIGATION.-

William H. Philiips, Jr.; California Depantment of Justice, Sacramento,
California. ’

The discovery of a comunon drug in the decomposed organs of ail seven bodies was
8 key clement of the prosecution’s case against a woman who ran a boardinghouse o F Street
n Sacramento, Californis. Due 1o the lack of vtudies i the hterature ;volving decomposed
tissues relating to concentration of drugs found, the efTects of the decomposition process on
drugs, the state of hydration of the tissues, and the fact that blood was not avatlable for
comparsiive evsiuation stl seven deaths were ruled “undetermuned” i cause. Other facts
concerning the case will be discussad.

The first body was unearthed November 1th {988, The estimated date of how
long the remains had been buried vanes from four mounthy o two and one hall years
according to dates of last sightings. Both Jiver and brawn tissues were svailable w {ive of the
seven cases. In one case the victim's head was not found and in another the organs were
murrufied and the iver was umdeniifiable. The brains and livers vaned w states of
decomposition and brain weights varied from 100 to 500 grams and the hivers from 160 ©©
1790 grams.

Facis in the case led the coronar to believe that flurazepam was wvolved in several
of the deaths. The coroner's wxicologist knew that due to the sarure of the tssu and lack of
specialized instrumentation, he would seek help. The instumentstion needed for the
anaiysis was available at the California Depariment of Justice. A speific request was made
1o look for traces of flurazepam. Homogenates of the tissues from esch victim were suppliad
by Sacramento County coroner's office 1o the Califorrus Department of Justice, Toxicology
Iaboratory{DOJ).

BXOT utilizes 8 3 step sereen and confirm scheme, voutinely involving RIA, GC,
GC/MS.  Benzodiszepines were dentified in all tssues by RIA and flurazepam or us

tites, N-1-hyd hy and N1 il pam were d in all
brain and liver tiswue homogenates from the seven victims, Electron capturs gas
chromatography (EC/GC) and gas cheomstography-clecuon capniurs negative chemucal
ionization Mass Spectromelry (GCECNCIMS) were used in the confirmation and
quanhtation. Calf lver and brain tissue were utilized in preparation of the gquality assurance
matertal.  Deca-deuterated flurazepam was used 28 the unernal standard during & selective
ion monitoring quantitstion.
Other drugs found in the samples include amitriptyline, nonuiptyline,
pine, codeine, di diphenhydramune, doxvismine, haloperidol, and”
phenytoin. Quantitative results will be presented {or all drugs and metabolites in a graphical
presentation.

CONCENTRATIONS OF BUTRIPTYLINE IN BIOLOGICAL
FLUIDS FOLLOWING A FATAL OVERDOSE.

James D. Hutchison Jr., Annalivia Harris,
susan A. Rasmussen® Scott A. Schlueter.
Montana DOJ Crime Lab, Missoula, MT

A fatality resulting from the ingestion of
butriptyline is reported with the methodolegy
of analysis and blood, urine, vitreous levels
of the parent butriptyline and major metabolite
n-desmethyl norbutriptyline.

A 16 year old white female was found dead.
7 empty bubble blister packs and two unmarked
orange, biconvex, film coated tablets found
near the body matched the mother's
prescription, obtained during a visit to
Mexico, for butriptyline, .

Acidic/neutral and basic drug extractions
were screened with HP 5890 GC/FID and GC/NPD
dual column J&W DB-S and DB-17 and confirmed by
Finnigan GC/MS/IT J&W DB-5SMS.

The following concentrations of
butriptyline and norbutriptyline expressed as
mg/l were found: Blood: 14.9/3.6, Vitreous:
.5/.4, Urine: 3/3. In addition salicylate,
acetaminophen, dextromethorphan, doxylamine and
pheniramine were detected.

Since, at the time of this report, no
other fatality with butriptyline could be
located in the literature, the values were
compared with those of other tricyclies. An
autopsy was not performed so we were unhable to
provide tissue distribution levels. In
consideration of the circumstances surrounding
the death and the toxicological findings, the
cause of death had been certified as
butriptyline toxicity and the manner of death
was ruled as a suicide.
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THE SIMULTANEOUS ANALYSIS OF TEN
BENZODIAZEPINE DRUGS AND METABOLITES BY GAS
CHROMATROGRAPHY, INCLUDING REPRESBENTITIVES OF
THE “NEW GENERATION" OF DRUGS.

Ba . jck", and R. Lyle Christensen
(Texicology Laboratory, Department of
Pharmacology and Toxicology, Indiana
University Medical schoel, Indianapolis, IN
46202)

Ten drugs and metabolites of the benzodiazepine
class were simultanecusly extracted and analyzed, The
ten drugs and metabolites were subdivided into two
groups: {1} the “new generation” drugs: Alprazolam,
Clonazepam and Triazolam; and (2) the "old generation"
druge: Chlordiazepoxide, Deealkylflurazepam, Diazepam,
Lorazepam, Nordiazepam, Oxazepam, and Temazepam. The
“new generation” (1) are typically prescribed in low
doses, so lower levels of detection, as low am
10 ng/mL, must be possible in order to confidently
apsens their presence. Dynamic ranges were found to
be 10 - 500 ng/mL and S0 - 2000 ng/mL for (1} and (2},
reapectively. The druge were extracted from whole
blood, serum, plasma or urine ueing Varian Bond Zlute
Certify or Worldwide Clean Screen solid phase
extraction columns. The extractions wers then
derivitized using NTESTFA and analyzed by gas
chromatography with an electron capture detector.
Enzymatlc treatment using f-Glucoronidase enhanced the
extraction of benzodiazepines from urine samples. The
average between-run prsclsion was 16% and the average
within-run precision waa 6%.

The data presented illustrates the utilization
of a combination of salid phame extraction and -TBSTFA
derivatization to produce a quantitative agsay capable
of confirming the prasence of ten benzodiazepines.

The dynamic ranges of this prucedure permits the
avaluation of low dosed benzodiazepines throughout
their respective therapeutic ranges. This procedure
may be utilized to evaluate forensic cases involving
sither phyaical impairment or gquest ionabie overdoses.
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