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KEAS1.1REM!:!/'t lUm IH'l:IIIU'~"XION 01' III!;ROIN, '-"C~ORPIIIIIl!l 
J\!I'D KORPIIIHII CONCEII'rlI.ATIONS IN lUOLOOIClU. XISS11I!;S OBXAIIIl!lIl 
FROM HEROIN USUS lUm 1I£1l0IH-IlI!t.AXI!;!) CI!;ATlIS. Bruce II. 
Goldberger- and Yale H~ Caplan f National Center tor 
Forensic Scienc., B.ltLmor.~ MD 21227 and Edward 3. Con., 
Addiction R•••arch Center t NIOA. aaltimore, HD 21224. 

Underatanding the role of heroin in heroin-related 
death' was facilitated by the development Qf an a••ay for 
heroin and ita metabolites in biological 8peeiman.~ 
Recoqni~inq heroin'a Busceptibility to rapLd chemical and 
metabolic: hydrolysis, procedur•• were developed for the 
efficient reeovery of heroin, 6-acatylmorphine (AM) and 
morphine from ti••u•• utili~1nq liquid-liquid and solid
phase extraction. Aprotic solvents, mild elution .olvent. 
And 4n enzyme inhibitor ware etnployed to ensure maximum 
.nalyte stability. Extracts w.re analyz.d by g.s 
chromatographyIma.s spectrometry. S p. c ito. en a w. r. 
collected and analyzed from 21 ca8ee of death due to ac~te 
narcOtic intoxiCAtion. The mode of death in the.e casee 
was categori:ad a. rapid, delayed or ~ndetermined. 
COmpared to delay.d deathe, rapid d.ath. were characterized 
by the following trende~ higher mean concentration. of AM, 
tree morphine and total morphine in blood; hiqher ratio of 
free to total morphine conc.ntration in blood; lower mean 
concentratione of AM and morphine in urine; greater
likelihood to detect AM in blood; and less.r likelihood to 
detect heroin in urine. In. detailed .tudy of two heroin 
Qvardos. C•••• f heroin wa. pre.ent only in Qrine IIpecimen... 
Concentration. of AM. in cerebro.pinal fluid, .pleen .nd 
brain were .ub.tantially hiqher th.n in blood, liver, 1~n9 
and kidney. All specimen. were poeitive for morphine. 

Hair analy.il w.s used to corroborate prior heroin 
expolur.. Hair speCimens, collected from 20 heroin ~ser. 
.nd two herOin-related deathe, cont.in.d AM., and morphine. 
Heroin was found in 7 of 20 haroin ~ear specimens. 
Generally, the AM concentration in hair wa. higher than 
that of heroin or morphine. 

The identUication ot herOin and AM in bioloqical 
tissues effectively eatabli.hed herOin u.e in ca.,s of 
acute narcotic intoxication. ~h••e atudie. demonstrated 
that mea.tursment of haroin and it. metabolite. provide. 
uaelul information in the diff.rential diagnosia of 
heroin-related deaths. 
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POSTMORTEM CLOMIPRAMINE CONCENTRATIONS: 

THERAPEUTIC OR TOXIC L.EVELS? 


'lain M. MCintyre. PhD; C.V. King. BSc(Hons): O.H. Orummer. PhD. 

Victorian Inst~ute of Forensic Palhology. Sth. Melboume, Australia. 


This study was undertaken to compare postmortem blood and liver 
clomipramine concentrations. and 10 provide an interpretation 01 their 
toxicological sigMicance. 

The analysis 01 clomipramine was by HPLC/dual ultraviolet 
wavelength detection. The detector was operated at 220 and 254 nm. 
Blood or liver Ilomogenates were made basic and extracted with 
hexanelbulanol (95%15%). The organic layer was then extracted with 
100 uL 010.2% phosphoric acid. 30 uL was injected inlo .the 
chromatographic system. The mobile phase consisted of 40% 
acetonhrile in 0.1 M sodkIm dihy<lrogen pIlosphate buffer containing 2.5% 
dielhylamine, pH S.O. Total flow rate was 2.0 mUmin. and tile run lime 
was 40 min. Thelsecratic conditions were capable of separating. 
identifying and (JIantilying 20 antidepressants and selected metabolitllS. 
Clomipramfne eluted at about 32 min wHh a relallve retention time (RRT) 
to the intemal standard (cianopramine) 01 3.60. The main metabolite. 
desmethyl clomipramine. was detected at aboul10 min with a RRT of 
t. 13. butlhis was not quantHied. 

Ten cases containing clomipramine were identified by routine 
toxicological screening. Clomipramine was Ihen quantified with the 
above method and lound to range from 0.21 to 4.9 mg/I.. in blood. and 
Irom 7.0 to 320 mglkg in liver. Two cases of clomipramine toxic~y were 
clearly differentiated by the analysis 01 liver homogenates. The liver 
concentrations were 10·30 times greater than the other cases where 
overdOse was not suspected. One case il'lllolving a natural death. where 
mixed cardiac blood was coRec!ed in place 01 femoral biood. showed the 
highest blood level (4.9 mglml). but a therapeutic liver concentration (13 
mg/kg). 

It is concluded that femoral blood concentrations up to 0.9 mglL. 
and liver levels up to about 20 mglkg may constitute the therapeutic 
range for clomiRramlne. The analysis 01 peripheral blood. together with 
liver. reduces interpretation problems arising from postmortem 
redis! ;bution and diffusion from s~es 01 high concentralions. 

DISPOSITlON OF HEROIN AND METABOUTES IN BLCCC "ReM 
SUBJECTS WHO SMOKED HEROIN 
Amanda J. Jenkins'. Terrance M Grant. RODer! M. Keena<!. aoo E:lward J 
Cone. Addiction Research Center. NIOA. Battimore. MO 

Smoking has been the Iraddional route of se~·admlnistrallon lor drugs 
such as nicotine. marijuana and phencyclidine. In recent years. there has 
been an increase in the abuse of other drugs. such as cocaine and herom. by 
this route. Technical difficunies associated wrth delive"ng precise doses of 
smoked drugs have lim~ed research of this route. We moddied a method lor 
smoked cocaine base delivery for me delivery- of smoked herom to human 
subjects. The system utilized a nichrome Wife COil heating element lor drug 
volatilization. Orug was applied '" solution to the COil and dlied. The coil was 
placed in a smoking chamber connected to a differential pressure transducer 
and pneumotachograph sensrtive to changes in air flow. Inhalation produceO 
an activation of the power supply which volatilized the drug. The enllre dose 
was Inhaled as a single puff. StudIes showed that approximately 89% ot Ihe 
parent drug was delivered to the sublecl by the devlce_ 

Two subjects completed ten e><peflmentat sessions dUring which they 
received a lotal of four Intravenous. one oral and four smoked doses Of herom 
In an ascending dose design. One 01 the smoked doses was randomly 
repeale<l. Physiological, behaVIoral. subjectIve and pharmacoklOetlc 
parameters were measured. Blood samples were analyzed by solid phase 
extraction·gas Chromatography/mass spectrometry for hero,n. 6·acetyl 
morphine (6-AM) and morphine (M). 

Heroin. 6-AM and M were detected 10 blood one minute after herOin 
administration by the smoking route. r,me to peak heroin concentrations 
varied betWeen 2·5 minutes after smoking. compared w~h 2 minutes after 
intraveOOU$ administration. A peak heroin concentration Of 108 nwmL was 
reached after smoking 10.5 mg 01 heroin basEl compared to a peak of 315 
nwmL following IV administration of 6 mg of heroin HC!. Within 15 mIn. 
concentrations had declined to 2.0 nwmL follOWing smoking and 3.1 nwmL 
lollowing IV administralion. Following smoking. a peak 6·AM concentration of 
55 ng/mL was achieved at 2 mInutes. Concentrations declined to 1 7 nwmL 
by 30 minutes. compared to a peak 01 126] nwmL at 2 min and none 
detected at 30 mIn by Ihe IV route. M concentrations peaked at 11.9 "Wml 
lollowing smoking and 105.0 nwmL follOWIng IV administration. 

These data indicate that smoking heroin produced blood 
concentrations of heroin. 6-AM and M In a pattern similar to that by IV 
adminIStration; however. the bioavallability. appeared to be substantially 
reduced by this route of adminostratlon. 
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Fentanyl Relate:! Deaths in New Jersey 
Rang-lang Lin, Ph.D., Paul Rusen, B.S. ,arxt Robert Goede, MD 

New Jersey Medical Examiner Office, Newark, N.J 

TWelve cases of fentanyl related deaths were retX'rted 
in New Jersey in early February 1991, when fentanyl 
was being sold as heroin under the name of "Tango and 
Cash" and ·'Goedfella.s". victims were all males (10) 
blacks, (1) white and (1) hispanic with ages that range 
fran 23 to 39. 

Fentaz;yl concentrations in the post:lrcrtsn bc:xly fluids 
and tissues were detemUned by. the GC/MS llEtl'.o:l 
utiliz'ng ti'.e deuterium-labe~ed fentanyl as the 
internal standard. Fentanyl' concentrations ranged 
fran 0.014 - 0.064 rrq/L in blood, 0.036 - 0.293 rrq/kg 
in brain, 0.003 - 0.290 mg/L in urine, O.OOB - 0.0220 
rrq/L in bile, 0.031 - 0.377 mg/kg in liver, 0.032 _ 
0.0408 rrqlkg in kidney, 0.047 - 0.422 mglkg in spleen, 
0.002 - 0.015 mg/L in vitreous humor and 0.046 - 3.899 
rrq/kg in stanach contents. Fentanyl was also detected 
in the corresponding foxmalin-fixed tissues: brain, 
liver, kidney and spleen, 

http:analy.il
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THE FORENSIC INVESTIGATIONS OF "DEATH IN THE 
CAMPGROUNDS', J. Bidanset·, H. Rind and C.J. Abraham, 
Inter-City Testing &: Consulting Corproration. Inc., 161 Willis Avenue. 
Mineola, NY, I ISO\. 

Duiing the last three years. our office has investigated three separate 
instances ofdeaths 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 ofa 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 ofthe 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 temperatures 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 !ltitudes. AI higher altitudes. oxygen depletion 
occurred more quickly, with accompanying rapid buildup ofcarbon 
dioxide and carbon monoxide. When oxygen concentrations approach 
16%, the buildup ofcarbon 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 dis<:ussed. 
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Review and Recommendations: Ethylene Glycol 
Analysis. A. Poklls. Dept Pathology. Medical College of 
Virginia. Richmond. VA. 23298-0597 

Ethylene Glycol (EG) Intoxication. although 
Infrequent. 15 often life-threatening. The rapid 
determination of EG by Clinical laboratories 15 
Important for the diagnosis and treatment of 
Intoxication. Postmortem analysis by Forensic 
laboratOries In conjunction With autopsy findings Is 
necessary to accurately establ1sh EG polsonlng as the 
cause of death. An extensive review of the I1terature 
reveals that gas chromatograpby (GC) Is the most 
popular method for EG analysis. Analysis of EG Is 
usually performed on polar. polyethylene glycol. 
columns while Boronlc acid derivatives of EG are 
analyzed on Intermediate polarity substituted 
polyslloxane columns. 2.3-Butanedlol and 1.2
propanedlol. novel metaboUtes In chronic alcoholics 
have been reported as possible Interferences With GC 
methods. The apparent misidentification of an 
organiC acid as EG in serum from an Infant with 
methylmalonic acidemia (Shoemaker. et al. J. Pedlat 
.l.2..Q.. 417. 1992) raises questions concerning EG 
Identification by GC. Although this case Involved 
extremely unusual ctrcumstances. toxicologists may 
Wish to conSider the follOWing recommendations: 
llClInlcal laboratories should expand Interference 
studies to Include organic aCids and other 
metabol1tes associated with Inborn errors of 
metabol1sm or chroniC alcoholism 2JForensic 
laboratOries. particularly In death of Infants. should 
perform qualitative analysis of derivatized EO by 
GC/MS. 

.• ETABOLIC TESTING OF SUDDEN INFANT DEATH SYNDROMe: 
CASES: EVIDENCE FOR FUMARIC ACIDEMI!\ AS A NEil 
CAUSE OF SIDS. *William Shaw. Ph.D •• Ellen Kassen, 
(Children's Mercy Hasp .. Kansas City: MO) and John 
verman. M.D. (Jackson County Medical Examlner's 
ffice. Truman Med. Ctr .• Kansas City. MO) 

The Medical Examiner's Office in large metro
politan areas can playa key role in the elucid
ation of the metabolic causes of Sudden Infant 
Death Syndrome (SIOS). Blood and urine samples 
from 30 cases of SIOS 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. phospho:us. t~tal 
protein. albumin. triglycerides. ~agne51um. blcar
bonate. several • amino aClds. and organlc 
acids. organic were tested on ur.ine 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 
ost useful laboratory te~t for evaluation of SIOS 

deaths and even 0.1 ml of urine may be useful in 
etermining cause of death. We found that fumaric 

acidemia. a genetic deficiency of the Krebs Cycle 
enzyme fumarase appears to be a new metabollc 
cause of SIDS and we have found that fumaric acid 
episodes. ibly indicating that fumarase defl 
ciency may a significant risk fact.or for apnea 
episodes and SIOS. Organic 'lcid testl.ng of the 
urine by GC/MS is an extremely powerful tool for 
testing metabolic diseases since it can det7ct ab
normal metabolites from about one hundred dlffer
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 
Asbraf Mazayani' and Peter Sinaer 
(Medi<ol E_ 011'.... oU1IO 80_ Rood. N.W., CII..",. AI"".... c.n.do T3B JR7) 

Reports on the formation of formic acid and acidosis following 
metllanol poisoninS have been published before, but rarely for the same case. 
We report on a fatal metllanol overdose which was monitored extensively as 
the patientdemiorilled. A larSe number ofantemortem.specimens allowed for 
the determination of the methanol, ethanol, formi.: acid and acetic acid levels 
with the cqrrespondins values for the acidosis. osmolar gap and anion gap. 

Me!hanol and ethanol were assayed by head-space gas 
chromatography (Ge) USing I-propanol as internal standard.' Fonnic and 
aCiltic acid were lISterifled. in liru, with methanol and sulfuric acid catalysis. 
The resulting methyl esters were anaIy1!ed by auto mad.: head-space GC. using 
di·isopropylether as the internal standard.' 

The patients admission blood pH was 6.7S. The first antemortem 
blood specimens show methanol 3.1 atl, formic acid 1.7 gil. anion gap 41 
mmolll and an O$lDOlaiity of462 mrnollkg. Levels of formic acid this high are 
normally raw and despite specific therapy: bicarbonate to correct acid?sis. 
I!tbanolto competitively inhibit alcohol dehydrogenase. and hemod,a1yslS to 
accelerate eJirniJwion, the patient died the ne~t day. The postmonem levels 
were; 

methanol fonnate ethanol acetate 
blood 0.4 gil 0.0 g/l 0.2 gil 0.2 gil 
vitreous O.S gil 0.8 gil 0.1 gil 0.8 gil 
The kinetics of the methanollethanol 'eliminati<;m and the formic/acetic acid 
formation and their relationship to acidosis will be presented. 

I. D,s.ehri...,.,.... R.C.KeUy and L.A.Doohic,. tmp_'" ",",V<I)' e.nd ....ln4.y o( «hanoI 
in ..."""'''' -'IJ>OC" onaIy.iI. J.,...",;, Sci. 29:1031·1044.1984. 
'!. P.P.SinSa" and Q,R..JOftIICI. Pot"I'I'IIl4 anaI)'.u in c.art't ot ~1 pa~l\U'Ia t>y .l!ulolT\oltcd 

-""'''1IU ,1IromaIo.nophy. c.n.s....I'Q_ic Sci.l. 11:!1IO.19&6. 

http:onaIy.iI
http:testl.ng


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


9 10 


.\IARIJUA:-.'A TEA: TOXICOLOGICAL fACT OR fICTIO!"i1 

Andrtw P. ~Ia.~on. Ph.D.'·, Clrl , .. S~la\·k .. , Ph.D.• DABC'. Fredric Rieders. 

Ph.D.. DABCC. DABFT'. LTC Em... , O."li, D\'~I: and ju. C..,turena. M.S., 

DABFT' 

I S .. III,nal MeL,heal S~r.ICC"'. Inc .• Willow Gr(}\·~. PA 

: Air Fnrl..c Drug TC'ilng UNlralory. Brooks .\.Ir Force Ba~. TX 

J Bcur Cl1Unl) \ieL.IIc:..1 Examiner, Ollice. San AnIOniO. TX 


In ' ..... 0 r~cnl ":<I:"C~. il mlill,iUY mc:m~r .....as <:harged ..... llh a Uniform Coc.Ic 
of ~1i1ifary JU~IICc offcn~c ha~ on the PO~III\·c fimJlng of THC·AcIIJ In a urine 
...... mr1c. In GlIch c.lISC. We were a.~kCLI 10 comment on rhe mcmhc=r'~ clillm Ihat he 
h",c,J consumed a manJuana tea hc="cragc a ~hort IlrrtC hc=forc the unnc collection. 
whll.:h pUJl'I<'IrtCLIly c~rla,"eU the rrc~ncc of THC-AcuJ 10 the unnc sample. In Ihe 
ah~cncc of uY<ful hlcrd.(Urc c.Jala ..... c performed controlled e::.:pc:nments to c.Jetennin~ 
..... helher of n'~1 the c.Jefenc.Janb.' d.llm~ ":llulc.J he !'upport~c.J c.Juring e::.:pcrt l~slimony. 

In <lne ca~, four Jlfferenl melhous of hrewing were: anempled - hOi anc.J 
colc.J Infu.!'lIln. pcn;oliliion anc.J c.JC£Oo.:llOn • follo ..... C'd hy GC-FID anaiys.!s of Ih~ 
re:c;ulling maniuana hc\'e:rage: !'o(llutUlns. In this e~pc:nmenC. it .....·as de:monstratc:d that 
all of Ihe hot melhlxi!> of hre: ......In~ re...ulte:c.J In r~o\'e:ry of Ihe: hallucinog~n THC In 

appro'um.llc1y 85{- ylclc.J from the: holamc.. l mate:nal. 

In the: "«onc.J ca:--~. rceon:--lrudlon of Ih~ J'lurrorted clrcumstanc~s of 
unkno...... lng ingestion of marijuana tea ......as alle:mple:c.J using rolling .....·ate:r contaimn~ 
crumhlc:cJ manJuana IGaf anc.J la hags. Aller JO-mlnul~ of bre..... ing: th~ rru:.:lure was 
cooled. anc.J TLC anc.J GC-MS Ie::-Img of the: ~\'C'ra;;e: 1c.Je:nhtic:d THe. In addition. 
one: m:t.le: \'olunICol!r Ing~"led ZSO-mL of the he\·erag:e:. anc.J unn~ sampl~ we:r~ 
collt::l.:led "I ILme:c.J Inle:",al!'. atter In];c..... tlon. EMIT anc.J GC-MS te:~lIng: of thc:sc= urine: 
c;.ampies c.Jemon!'lrah:c.J th.. l con~umrllon of Ihe: man,iuana lea hc\'e:rage: Ic:d 10 POSitive 
unnal):--I!oo linc.Jlnp f,'r THC-,-\clc.J. 

The ...e: e:\pcnm('nl!' c.Jemc1n:-trate: thai It I!' l./Ulle: posslhle to hre:w a manjuana 
ta \\hlch. \\he:n 1nJ.:e::-lec.J ...... 111 Ie:ad 10 ..:onlirme:c.J PO!<olllve: THC-Acid unnill)'~IS 
linc.Jlngs. Ther('fl'r;, c.Jue caution mu.... r he: e::(e:rcIsC'c.J In Ih~ mh:rrrdalion of similar 
..;m:um..tan..:('t;; \\h('n rroti::re:c.J 10 c"J'lhun "'\I,,:h tinc.Jln~s c.Junng ac.Jrrumslra(!,,~ or 
luc.JI..:I ..iI .h:IL...n.... 
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A CASE STUDY OF ETHANOL, COCAINE AND HEROIN USE, 1. 
Bidanset·. R. Denling, C. Salerno, 1. Segelbacher, W. Redner, and F. 
Zugibe, SI. John's University, Jamaica, NY and Rockland County Office 
of the Medical Examiner, Pamona, NY. 

This paper provides detailed analytical results on autopsy spe.:imens in 
comparison to paraphernalia from the scene. A 38 year old white male 
coUapsed at home and was subsequently pronounced dead at the scene. 
A history revealed smoking crack/snoning cocaine on the night preceding 
death. No specific timing could be obtained between drug use and dealh. 
In addition to the routine autopsy specimens (blood, bile urine, liver and 
brain), nasa1 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 mgIL 1.0mgIL 
Benzoyl Ecgonine \.6mgIL 16.7mgIL 
Morphine 0.9 mgIL 3.5 mgIL 

Based upon the above toxicological data, the cause of death was 
detennined 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 nasa1 swabs in amounts greater than I 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. 

fORMATION OF BENZOYLECCOflINE FOLLOW;rHC THE 
ADMINISTRATIOIl OF COCA ETHYLENE IN DOCS: >. DOSE 
RESPONS E STUDY 

Craig A. Sutheimer', Ph_D:, Eric s. LaVin,'. 
Robart J. Henn Lng. M. 0., Gary F. SQbro&lky and 
Lance O. Wilsonl , M.D. 
Cuyahoga Coun~r Coroner'. ottic.1 

and M~. Sinai 
Medical Center, Cleveland, OK 44106 

Following an IV dose-respon•• study ~o 
evaluate the pharmacokinetics and cardiotoxic 
effects of cocaine and me~abolite5, 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 . 

Specimer.s were extracted usIng a SPE 
teChnique. Residues were derivatized with 
HSTFA and quantitatively analyzed via SIH 
utilizing a M50 tor Cocaine (cac), 
Benzoylecqonine (BZE) and Coca Ethylene (CE). 

Oata trom the studies is as follows: 

'... 
(11111'" ~~"'~l · (:oc(7.5 IIIiI,kvJ:n-5 

CDC 51'90.2761 
III IlZ.27 859, 

• (:!X( 1.5 "'9/klJ) • ". 
~tC'Hl v/lt.q,: 


CDC 6178.2i.Sl 

III 188137 882. 283 

01 83110 77. 


• C(7.5 ..,k,): "d. 
01 5623.71'5 

III 270135 7]0, 
,.. " 

• C£(3.~ ../It.,J:"d, 
CE 2253. 684 
Ill! 2M.58 371, 55 
Utilizing this technique postmortem 

specimens can also be analyzed and cocaine 
related deaths may potentially be more easily 
interpreted . 
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BREATH AND ROOM AIR CONCENTRATIONS OF 
COCAINE AFTER SMOKING CRACK 
David Yousefnejad" and Edward J. Cone, Addiction Research 
Center, NIDA, Baltimore, MD 21224 

Many drugs 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 (l-Umin). 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. 

Analysis of room air in the vicinity of "crack" smokers 
indicated that room air cocaine increased from background to 
approximately 300 nglL 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 environmental exposure -to cocaine occurs 
when drug escapes into room air during smoking and from 
breath exhalation after "crack" smoking. 

http:6178.2i.Sl
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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 O. 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 environmenlal air. resulting in passive exposure. The amount of 
cocaine absorbed would be highly dependent upon numerous factors 
inCluding amount of cocaine vaporized, length of exposure, ventilation 
conditions. and individual pharmacologic factors such as rate 01 
metabolism and excretion. Several claims have been made that 
positive urinalysis results occurred due to passive exposure to 'crack' 
smoke. 

We investigated whether passive exposure to cocaine vapor 
would lead to positive urine results at concentrations above the DHHS 
cutoH lor cocaine metabolite. Drug-free subjects who provided 
informed consent and had a recent history of cocaine use were 
exposed to the vapor from 100 and 200 mg of cocaine base for one hr 
in an unventilated 7 X 8 X 8 It room. AU 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 collected from 
medical staff who assisted in a research protocol involving 'crack' 
smoking by volunteer subjects. Samples were analyzed by EMIT®II 
Cocaine Metabolite assay and by GCtMS for cocaine, 
benzoylecgonine (BE) and ecgonine methyl ester. 

All urine samples collected after drug-exposure consistently 
tested negative for cocaine and metabolites by EMIT II assay. 
GCtMS. some samples collected after exposure to 100 
vaporized cocaine contained traces of cocaine (0-2 
concentrations peaked at approximately 125 nglmL in 4·8 rs. 
concentrations were obtained when subjects received 1 mg of cocaine 
IV. StaH urine samples contained BE in concentrations below 10 
nglml. 

11...·c.l1tn. Ecurn ... Ph.D •• "'.nd.ll C. Cluelt. F!'\.D. 
So. C.l,f. " ••••,.e" In.tltu'::. Chelll)c.al To,.,cal0'iY I ,,,.t 1 tut. 
1..011 An9.1 ••• CA Fo.t..,. C,1::,.I1 C.:. 

ThiS st\Jdy In''•• t19 .. t.~ ...... Vu;:.d 01 lI'Ior.ttOI·ln9 coc,un. u$•• A 
coll.etlon d'h'lC:. C"p.tCI\"l ..." pl .. ::::ad on ... Slub).ct'. (j'.) ~O'·.Q. 
bleep .. , 0,. b.ac:k .nd ..o,.n ~=r UP to J::! d.)""~ n,. PtlitC:h c:onSl'lt. Of 
.n .ad.o,.pt~on PI.d .and.n ::Iut.,. I.Y.I· Of poly.•,wE'U·'.n.l.dt\•• ' .... , 
..hJc::h "110",,. tne ....at.,. COr:'!~nt of ...... t:o ."'.Pi:w.t~ ...t\~l••Ctln9 
•• .a b.,.t·lcr,. to tI'. out .. l."::? .nvtro;:onll'l.nt. 'lon-vol.t) to ~ompon.n".
"'0_ the 'l.1:ln .,•• ,...t.ln.d ""'d c::on:e,.,t,..te:1 .d'lO,'pt;on p ..d. 
Afte,. .. p.d I. I'ell\oved. It 111 .::t,...e:.t.d p, 11\1 0+ (I.: 1'I pH !.(. 
.. e.t .. t. buff.,. .. i tl"l <). I Yo r"l t:::ln-X ."'d o\n.l/l!f~d by ;:etA (Ol.,no." ~C 
F'rod",cta Corp~) 0" GC/MS~ 

In .In inItIAl ph.... of the study. 1a non-COCA,n. uSln~ 
voll"lf\teel"s "'0"" 14 p.tch•• fO'" '2 to 1: e:..ys. Tf'\. lI'!e.n C::IC.l". 
C"ontent of th" p ..d. tN_194) by RtA .n.ly'l1'l ...... 0.1 n,/II'Il." NO P4I::S 
c::ont.ln.d )4 ng/l'llt... 

In ••«end .tudy ph...... ".Itch... to Ib ...oll..H"ItE'&r ..W."'. ,U)Pl ••d 
IoOI'\Q lI'!.t C::OC"ln,,-U'l. crtt.,.. ••• Alt.,.. Stgt'>lng; ..'" lnfOt''''ed con"e,t, 
...ch $. p.,.tlcIp.at.d tn tw'3 t,·•• t1llent P.f'lO:::l'l •••p." .. ted by.l ..eel: 
"'••hout ••nd took ~O .tnd 1::~ #>9 coc.jn. !-itt Intt·.n...",!!y. i.,s .... '·e 
"' •• \'in"d to counter·b.t.tnc.~ tl'e~tl'l\.,.,t orC.,- p"oced\J,'e<J.. 
Io:'th thO' .loco-ption of ol'l...H th••~ttl"lcws ). .nd SCh.[ ....d 
CTt ",t.ff ",f,'. b11nd to tt' •• tm.nt 0"'''.'" .1"\":: 'IpeClm.n ".Quencu .nd 
coda. . 

Und.r both tl'•• tIltQl"lt c::J~ditl0n'l~ ... P&tcn ........mo ......d .nd \.I/"ln. 
",peCt""An obt.ln.d At t"'nl~ ?O"t-dQ~. ,nt.I'Y'.,. 101"" 'I1X 1"101.1"'1. TI-I. 

'-.ftI.alntnq p .. tch.... We". ,...,-::~v• .:t d;.l"'11"19 tn. na>:t $e......n d.y", GC/I1S 
.n.. ly.l. ld.ntlfl.d pAI"ant CO:.ln••a the do_in"nt c::oc,un...,".l.t.d 
coftlpon.nt In tho p ..d contiI'Mt'l~ "hien j'./lect.d. cle.,'cut do..... 
".'1901"1'1. r.l .. tionshtp, AI'\.lyt ... gl .Ollt. p.ds ,·.",... l.d ;·1~ 0'9 1 tI'Il.. 
COC.t,n. within .. fe.. hOur. 01 do.ttl9h w~.~. otho,", did I'\ot bIJcolI'!. 
PQ"lt\"'. fo,. :11 n,''I. Aft.r -:n. ~¢ 1"13 do"., tl-l. me.n p"d cont.nt Wol. 

;0 n'9/11t1 gt'l O.y 1 And ('ar.l.ln.d ..bo.... :7 n9/ml tl"l'"OU91"1 O"Y 7. 
FQllo"'~r'9 tf'\. 1:& "'9 .:1,'5., o;:t"'! CO'"'".$pon::nt: ftndln!J'l ::e t'lg/mlM.". 
on O.y t .n,j <·4~ n9/11'1l,. tl'l":'::IJ'9:"1 7 d",)"·S. 

WI th .:"1 .,'bl t""rOy .... l.:t ~ot'l ::lif l~ ."'I~/f"·_ cac .. tn. cy RIA.s t~. 

These preliminary data suggest that although DHHS cutoff 
concentrations were not achieved through passive exposure. 
absorption of cocaine can occur readily from environmental air 
resulting in excretion of detectable amounts of cocaine and metabOlite 

.in urine. 
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ANALYSIS OF 3,4-MElHYLENEDIOXYMErHAMPHETAMINE 
(MDMA) AND ITS M!ITABOLITES IN HUMAN PLASMA AND 
UR.INE BY HPLC·DAD, GClMS AND ABUSCR£EN-ON1JNE'I 

8..J. HeJmIin', K. Bnsdler, S.l. Salamone and R. Bremeisen 

Since 3,4-med!ylenedioxymedwnphetamine (MDMA) is legally 
used in Switzerland IS an adjunct in psychothetapy it was the aim of this 
study to establish II!d valida%e the analytical methodology for monitOring 
MDMA and ilS metabolites in body !luids md to investipte the pharmaco
IcineIie behavior ofMDMA in man IDIder conttoUed conditions. 

After adminisndon of1.5 mglkg MDMA to patients, body fluids 
(Plasma II!d wiDe) were collected over a period of9 and 22 h, respectively. 
The solid-p!uIsc c:xttact:s of the plasma and urine samples (before and after 
e:nzymaIic hydfOlyzaIioo). were analyzed by HPLC with photodiode array 
detection (DAD) II!d GCIMS (HFBA dcrivalives). In addition. some urine 
specimens were measured by the Abuscreen'()N1JNE'I immunoassay for 

amphetamines on a COBAS MIRA Plus autOmaIed analyzer. 
Maximum plasma levels ofMDMA (about 300 nglmJ) were rw:.hed 

aftc:t about 140 min. :> 17 l-'g/mJ MDMA were measw-ed in 22 h-urine speci. 
mens. The main urinary metabolites ofMDMA are 4·hydroxy-3-methoxy
medwnphetamine (HMMA) and 3,4-dihydroxy-methamphetamine ' 
(HHMA), both eIiminaIed mainly as conjuples, and 3,4-methylenedioxy
amphetamine (MDA). Minor metabolites are 4-hydroxy-3-melhoxyamphe!, 
amine (liMA) and 3,4-dihydroxyamphe&amine (HHA). 

The cross-raaivity of the Abuscreen.()NLINE immlDlOUSay varied 
between 0% (HMMA. liMA) and 35 % (MDA). An increase ofthe CtoSS

reaclivity was observed in the mixture ofMDMA and MDA, e.g. to 100% 
when adding 1500 ng/mi MDA to 500 ng/mJ MDMA. For example, ar a cut· 
offof I000 nglml d·amphetarnine 1.5 h- and 3.5 h-urine samples gave nega
tive results, whereas lOb- and 22 h-urine samples were positive. 

PO.lt."'C"· ....g .. tl ...·• d.C'SI0n ~;H,...,t, 7(I Ot 0' ..ll P4ltch". ;"0.11 ooth 
';0:10. ""'it'. pgSI t 1 'Y. frog., C':- I thr·:''.J9n ~.Y "}. A Dol,. 1 ?:;,,, pos I t 1 'Y. 
,· .. ta- flU' ..... , :.ne "?~CIIT,tJon I :.:,,:. n":1,"'l ~5: by ;.,tr.., d'l'OP!J":: to =•••.:1 by 

C!I>:, -1. r ..... ~ .. tc'" t.C""''':-:j:'I.' ",:e.;:".H,r·s to offe,> "s,?nSttlve .JI./"Id 
'·"'11""'.,J~ '"f!-tl'od of ot\O"'lto,·~:",~ fOr ::OC.aU'i'!t ":'0'10, 
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URINE CREATININE LEVELS IN RANDOM AND DAll. Y URINE 
COLLEcnONS IN A CONTROlLED CLn-1CAL STUDY 
Marilyn A. Huestis. Ph.D.·' and Edward 1. Cone, Ph.D.2. 11030 
Brookview, Westlake Yillage, CA 91361, 2Addiction Research Center, 
NIDA, Baltimore. Me 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 to dilution. However, 
the within and between subje<:t variation in urine creatinine levels has 
been poorly characteriled. The variation in urine creatinine levels of six 
~althy male subjects, and the relationship of time of collection to urine 
creatinine level were studied. Each urine void was collected over a thn:e 
week period for six subjeclS panicipating in a controlled clinical study at 
the Addiction Research Center, NlDA. Creatinine analyses were 
performed on 895 specimens on a Hitachi 704 analyzer utilizing 
Boehringer Mannheim reagents. The mean ±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 subje<:t's mean urine 
creatinine levels were as follows: 118.8 ±48.3 (Cy...w.7%); 155.7 ± 
39.0 (CY..25.0%); 123.6 ± 47.8 (CY=38.7%); lOLl ± 61.2 
(CY=60.5%); 68.8 ± 48.6 (CY..70.7%); and 195.9 ± 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 diMe urine. with 17 of 26 produced 
by a smile subject. Mean urine creatinine concenl!'ations across time 
were detennined from 2400 to 0600, 0600 to 1200. 1200 to 1800. and 
1800 to 2400 h. The mean creatinine concentrations varied by less than 
10'1> across these time: periods. Urine 24 h creatinine values for each 
subject over a 21 day periodrangcd from 431.7 to 2359.9 mglday. with a 
mean across subjects of 1556.3 ±506.8 mg/day. Normalization of drug 
concenl!'ations to urine creatinine levels in serial urine samples have been 
shown to be useful for determining drug reexposure in a drug treatment 
setting. However, the inherent variation in random urine creatinine levels 
within and between subjects will increase the variability of the 
nonmalization of drug levels to urine creatinine conccnl!'alion. 

http:coftlpon.nt
http:nvtro;:onll'l.nt
http:wE'U�'.n.l.dt
http:Slub).ct
http:C,1::,.I1
http:Chelll)c.al
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EVALUATION OF TOLMETIN AND OTHER NONSTEROIDAL 
ANTI-INFLAMMATORY DRUGS FOR INTERFERENCE WITH 
EMIT® AND TDX® ASSA YS FOR DRUGS OF ABUSE 
Robert Joseph". Rosalind Willis. Diane Frankenfield and Edward J. 
Cone. Addiction Research Center. NIDA, Baltimore. MD and Donna 
R. Smith. Uniled States Department of Transportation. Washington, 
DC 

Nonsteroidal anli-inflammatory drugs (NSAIDs) are frequently 
prescribed for the relief of pain and inflammatiOn. Some NSAIDs 
have been found to Interfere with Immunoassays for drugs of abuse_ 
Recently. a number of urine samples collected Irom employees 
tested under DHHS guidelines were determined to be ·unsuitable for 
analysis" by forensic urine drug testing (FUDT) laboratories. It is 
possible that the presence of NSAIDs in lhese samples was the 
cause of the immunoassay failure. This study systematically 
evaluated the effects oflhe following fourteen commonly prescribed 
NSAIDs on EMIT® and TDx® assays for drugs of abuse: 
fenoprofen; ketoprofen; ibuprofen; naproxen; indomethacin; 
sullndac; tolmetin; diclofenac; meclofenamate; mefenamic acid; 
piroxicam; flurbiprofen; acetaminophen; and aspirin. NSAID urine 
standards were prepared by adding the maximum recommended 
daily dose of each NSAID tot·L of drug-free urine. In addition. 
urine samples were collected from an arthritic palient who ingested 
lolmetin. Tolmelln was Ihe only NSAID that interfered with EMIT 
assays; II 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 oblained with specimens collected after Ingestion of lolmetin. 
In contrast, TOx analyses of NSAID urine standards produced 
acceptable negative results for all assays; but. fenoprofen. 
keloprofen. indomethacin, lolmetin. and flurbiprofen produced higher 
than background readings in the TOx benzodiazeplne assay. 
Samples thai contained NSAIDs combined with drugs of abuse 
produced depressed responses In all EMIT assays. GCIMS 
analysis of selected samples containing !olmetin and drugs of abuse 
was successful. These results indicate that EMIT analySis of urine 
samples containing lolmetin may result In a report of "unacceptable 
specimen: but these samples may be successfully analyzed by TOx 
and GCIMS assays. 
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EVALUATiON OF THE TRIAGE.... PANEL FOR DRUGS OF ASUSE TEST fOll THE SIMUL
TANEOUS DETECTION OF MUlTlPl.E DRUGS IN URINE 

J. F, lruni- I
, T. Koch', S. H. WOnt!, J. A. C......•• end A. H, Wu4 

'Sioaite OIepo.dca tnc.. S.", Diego. CA; 'M..-ytlotld Medic.. Laboratori••, lhwtimor •• MD: 
'JoftN Kopi:iM Ho...... 8I11:imor•• MD: "Nichol, In'titute, Sa" 01-00. CA; 'Hartford 
Hospital. HlItford. CT 

T'ttt Tril,.."PMMI for ON" (I' Abu••i,. 'O~. ,Gfidphlil'. rnonoc.tontllft1ibody baud. 
c0mp4nve immut"tOa'''Y th.t JilNSlt.~:&I, t • .,. aurin. ap.c:im.n lot tf'ttl pr••.oc. of
multi". dt\l;. of .bu.... ApptO&it"nately 100 politiY' apecirnan, from 'Kh drug cla.. 
(ph.ncyclldfn,. b.tbcturaul. bfW\l~u,pine.. opi.t... MtptM:tamm... Clll"lnibinoids 
m.~~ and coeline metabollt••J w." leI«tH to be CWUidM u:a.inv Emit immunoa....... . 
Met con"'",," to tM poai1Mt \I4iftg GCJMS. The Trfl9l ...t i. nann..., COt\flguf.d 'to ccn~ft 
me 5 droOt '"otnft'ltndecIlty "HI pkq: blnzocla.... ud b.rbiturat... Af\ .6ditional 
yttsion of thi. bft c.ontaifta 1M ....... dNp lINviou"~ nwm:kH'1" piul methadone:. Anom... 
sftIdy WH ~ to au... t:M pctrlOl~ of thI Tria.. t ••t w~ thot: 'thtfthold 
c:or')(:antr.-, J. low..., 10 50 ""mL fClt cfll'\lNbinoicn. 100 ~.tiv••p4tCim.nl W.'. 
evalu.tad f« nc.h dntt dol. 

T!!!a1W!!YVA Tril••"'ISYVA Tri!S!e·SYVA 
S_II Seecdllci!:Xi%) Agr!!!!!antl%! 

PCP 100/100· 100/100 100 
8"1~1""," 9a/9Z 94/Sl SS 
CrxlliM MIrtaboitaI 1001100 100/100 100 
Am""~. 97/100 97/85 90 
THe (caMabinoidl) 100 ",/mt.. 931100 1001100 97 
Ttfe so ../ml 1001100 1001100 100 
Opi8t•• 100/100 97/97 100 
lartlitvr8t•• 971100 1001100 ISMa_ 100/100 100/98 99 

• By .aign~ Ernit lhouid " 100" l.nt.it:i_. posi'ti~ IPHinMl"I.I were laiilK1~ to M 
.etftt po.titin. 11Mr.for.. the Emit teat shoutd only IKlifice ptrfcfmanc. In tM 
.....IIc!ty. 

The ~rfonnenee of the tntemel quality t;:ontrol lOMS .nd the eff4~ctl of varioua 
adultetadnt aubatance'! will b4t pte..ntad. in addition to the .biUty of the Trieg. teat 
to det.ct • btoed cia.. of benladilllpiM mlteboUt...a comparld to other 
acreening ...r** Tn. clinical p.rformlnee. speed. tccurecy and precilion of the 
Triag.... dovfca mike it a rapid alternetlve or suppfement to inlcrument band 
scrHnint r..tl. 

A COMPARISON STUDY BETWEEN RADIOIMMUNOllSSAY AND TWO 
ENZYME IMMUNOASSAYS ON UNTREATED WHOLE Blo'OD AND URINE 
SAMPl.es Timothy A Appfoland WiI1iam H, Phillips, Jr,; CIHfor;oul Oeoartment 
of Justice, Sacramento, California. 

The Department of Justice TOXicology Labotatory has tlstH1 
radioimmunoas.ay (RIA) for the screening of drugs of abuse In bIological 
specimen, since the eany 1980's. Confirmation ratH fOt thiS me~hod have 
IxCeeded 95% by GCIMS. In (Kent vears, however, enVlfonmentai concerns 
and spiraling cost ,neruus fo/IO'tN-level tadlcactive weste dls~csal have foster'd 
tete.rcn Into al'ernattve methods lor dejectIng drugs af abuse. 

Enzyme Immunoasuy {EMI-r4) procedures for the analySIS of drugs of 

Ibut. in whole blood hay. b..n published, but requlf.a manlpulatlon of the 
sample end were theteto,. reJected. Fluorescence PolariZation Immunoassay 
(AOxITOx-) procedutu wet. summatily dismilSed as time constlmlng and 
prohlbit' ..... y expensIVe. 

Two Immunaa...ay sereening proc.ctutn, Sigma immonoauay (SlA-) 
Ind Milenia-; investigated by the TOXtcology Laboratory utilize mlctotlter plates, 
permrtting drug analysiS in whc»e blood Without deprotelntZlng. Each case 
screened by on. of the new- procedure was also screened by the Ctlrrent R!A 
Only discrepanCies betwHn RIA and the new procedures were confirmed by 
GCIMS and GCIMClMS, 

Seventy-an. (71) eases wlr. scteened by SIA·, .nd 142 by Milenla- ror 
IrM Morphine 'Onglml, d--M.thampnatamJne 100nglml, Senzoyltegonine 
300nglml. Phencycljdino 10nlliml. on<$ l1-Nor..g.c.rboxy-Oo~••9
Tetrahydrocannabinol 30nglml Results were as follows: 

Sigma !mmuno.ts.y , Fllse posit""l Methamphetamine 
.. Fllse "&gltiva 8e~oylecgonin. 

Milenia· 1 Fel" positi\o. Phencyclidine 
e FalSi negattw: Methamphl1amin. 

Radioimmunoassay 3 False pOSItive aenzoylecgonine 
, F.IM positive M.thamphetamine 
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EFFECT OF HYDROLYSIS PRETREAD1ENT ON 
L'RJ).'E BE"ZODlAZEPl:\'E SC~G USING EJl.fIT 
II® AND IDX® Robert ~ieatherall. PhD, Clinical 
Biochemistry, St. Boniface General Hospitai, 
Winnipeg, t-ffi. Canada. R2H 2A6 

L'rine specimens were collected from indi
\iduals who were prescribed oral doses or one or 
the benz.odiazepines; diazepam, oxazepam. 
temazepam. lorazepam, alpraz.olam. 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 
BITT n and IDx screening imInunoassays for 
benzodiazepines and to GC/MS confirmation. 

GCr.-IS analysis showed greater than 95% 
of the urine benzodiazepine metabolites are 
conjugated. Flurazepam metabolites are 
detected equally well on either hydrolyzed or 
unhydrolyzed urine. An increased response is 
observed after hydrolysis for all other 
benzodiazepines. ijydrolysis is required 10 

adequately detect oxazepam, temazepam and 
lorazepam. The manufacturers' 200 ng/ml. cut· 
off must be lowered to 100 ng/ml. to detect 
lorazepam folloMng therapeutic doses. E.\IIT II 
is a more sensitive bem:odiilzcpme scrcc:rung 
test than the IDx. 

http:radioimmunoas.ay
http:SAMPl.es
http:p4tCim.nl
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IMMUNOASSAY DEfEcnON OF BENZODIAZEPINES AND 
BENZODIAZEPINE METABOLITES IN BLOOD 
David E. Moody· and Wei Huang, Center for Human Toxicology, 
Department 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 in\'estigated. 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 concenttations of 7, 30 and 
70 nglmL. Blood samples were extracted with butyl chloride (7: 1). 
reconstituted with buffer to one· half the original volume. and assayed 
per manufacturer's insl1'UCtions. with nordiazepam fortified blood used 
as the calibrator in all instances. The following were detected by all 
four aSsays at concenttations of 70 nglmL or lower: a1prazolam. a
hydroxyalprazolam. norclobazepam. diazepam. estazolam. fluniltaZ· 
epam, norfluniltaZepam. rnidazolam. ';.hydroxyrnidazolam 
nitrazepam. oxazepam. prazepam. 3-hydroxyprazepam. temazepam. 
and triazolam. Haloxazepam. loprazolam. oxazolam, and the reduced 
andlor N-acetylated metabolites of nitro-benzodiazepines (7-arnino
cJonazepam. 7-acelllrnidoclonazepam, 3-hydroxy.7.acetamido
clonazepam. 7-arninofluni=pam, 7-aminonitrazepam and 7-acet
amidoni=pam) were not detected by any of the four assays at 
concenttations up to 70 nglmL. A number of benzodiazepines or their 
metabolites were detectable by some but not all of the assays. The 
detectablitiy of benzodial!epines depends upon lheir structure and the 
immunoassay being employed. Metabolism alters the cross-reactivity, 
for those benzodiazepines flowing through nordiazepam and 
oxazepam it is generally improved. for others. immunoreactivity can 
be greatly diminished. . 
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A COKPARISON OF TWO GC/HS KE1~ODS FOR CONFIRMATION OF 
NORDIAZEPAK AND OXAZEPAK. 
G. Keenan .... K. Lehrer. and T. David. Long Island 
Jewish Kedieal Center. New Hyde Park. Ne.. York 11042. 

BetU:odi""epine analyst.. 1.t a growing area in vork. 
plaee te..cing. The NRC. CAP. and governmental agend.... 
such a.. those in the states of Now York and Floride 
require an ability to te.. t and quantify benzodiazepines. 
However. in the ease of benzodiaz"pines differ..nt GCIKS 
eethodologies may yield quantitative lev.. ls of oxazepam 
and/or nordi,uapam chat are v..tly different froll each 
ocher. Thb has the potantial to ereate gross ineon
si .. teneie. in re.ult. end henee to po•• significant 
probleas in re.ult interprecation. 

Negative urine ..a...pik.. d with nardiazapam. oxaz
epam. or both e..-pounde. The spiked samples were ana
lyzed by ewo different GCIKS ...thode. The initial 
methOd was baaed on acid hydrolysis to yield 2·amino-5
chlorobenzopbenone (AeB). Hydrolysi. wa. performed eC 
1000C to ensure complete ACB formation. The s .. cond 
method employ .. d enzyme hydrolysis and trlmethyl .. ilyl 
darivatization with BSTFA and 11 TKCS. This methOd 
yielded two diff..rent derivativ.. s for oxazepam and 
nordlazepam. A eomparison of recov..ries for ACB and 
the .um of TKS-oxazepam and TKS'nordiazepam demon
strated agreellent for both CCIKS methods. 

HWlLl.n urine sample. that tested positive for 
benzodiazepines by immunoassay were analyzed by both 
CCIKS methods. The mean ACB concentration was 1.143 
ng/=L. The aum of the mean TKS-oxazepam levels (689 
ng/IIL) and TKS·nordiaz .. pam levels (387 ng/mL) vas 1.076 
ng/IIL. The correlation eoeffieienc of a linear plot of 
th.. two methods vas 0.980. 

In summary. our study indicates that ealibrators 
should consbe of both nordiaupam and oxazepam. and 
that ..nzyme hydrolysis with trimethylsl1yl derivatiza· 
eion is a preferred methOdology. 

ABSTRACTS 
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EVALUATION OF THREe SCREENING TESTS FOR THe OETeCTION OF 
IENZODlAZ£PINIi. METABOLITES IN URINE. CONFIRMAT)ON USING GAS 
CHROMATOGIlAPKY· MASS SP£CTROSCOPY. J.F.IItunI"'. T. KOCh', R. Raglin', 
J.luochlor' .nd S. KIrIt' .'lIIooi•• DI._._ ...._ .•d. S.n DIego. CA 92121 
Ind 'Maryland M._l.obor••ori••• 801t1mor. MD 212271 

~ tMnzodiuepiMs are • cla,. of hypnotic sadatives that .r. among t .... mOlt 
fro_n1Iy ._ ....1Cribed dNgo. Tho ......odi•••pin.. UndOfgo mi_ '0 
utensiv. biotr,MIform.tion follow" by con;uption to QW¢Utonic acid prior to 
••cration by 1M kidney. Vorv lin••f.ho ing..t... compound I........ed 
unchanged in tM urine. Thr•• comm.rcililly Ivlilabtl acreaAi", tilts wet. 
.yaluated to dlllct 1M !)rlnnel 01 ......odIa..pino. In .ppro.lmat.ly 300 uri... 
.~....",,: TO.fIII" PoM! for Drugs of AbuH. BlosilO OIJlg_tlc•• S.n Oi.go. CA. 
Emit'. SYVA Co .. Polo Alto. CA .nd tho TO•• Abbon Diagnostics. North ChIc.go. 
Il. The Tn. benzocbz~. tIlt. unlik. the Emit .nd TO. t ••ta. WI' .t.nd.rd~ 
;zld to thI QluCuronkJl: cof'Iiupt•• of thI benzodllzapiM mltabolita •. An methoda 
WI... performed according ta the utcommttnd.ltion. ct••cribed in the lJ1ckage insert 
of tM ,.specdy.ldt. The IC,.,nint and confirmation cut-off WI, 300 ng/ml. AM 
Specimlns producing • poa;t'VI ",..nino t ••ult wer. confitrned using 01' 
ChfomltOQraphyJM... Spectromltry "_no tnUl ulectivI detection to simult.~ 
f'HtOutiv identify and quantify thl faU'owing major mltabolltl' of thl most commonly 
pt..cribed b4:nzOdlUI""I: de,"ylfturNep.m~ nofdllzlplm. OX'UP""~ 
wmulpam,lDfalfMfl\.tIpNH\ydroay..thylflurueplm. elpha..ftydto:ly·alptuollm• 
end aIpha-ny«*oxy·tri.uolem, Tn. ,..uk. compared t4 GCIMS .r. pr•••ntad below! 

TO!R!"'ISYYAlTO' Td ......ISyVAlT!)J Tri!oe"'/SYVA-TO. 
S,nsitivity«,.l Spt((ifieltyCYtl Am"mlnt ,%. 

911192178 94163197 88184 

$ ••';._ono/yll••f .ho cfi_ -IY ond .~1Icity .f .ho.. -ninIl ..... 
IlfOVIdod 1M f....wlng ,..utt., 

Trilll" > Emil > TO" {p < 0.051 
TIl'fIII - TO. > Emit Ip < 0.05' 

The.. "'-. dim_to .hol .ho TtIIfIII "'nzodlu" I." I...._ and 
s~flc ""'_rig IOlt'..........odi....."" mo..boIit.. in _. A dllCUIllon o,.ho 
st.,..,dJzltion end specific c1fflflncl. in the ,••t ,y.tems will be prl..nted~ 
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GC/MS CONFIRMATION OF LRINARY 
BENZODIAZEPINE METABOLITES 

Robert Meatherall. PhD. Clinical Biochemistry. 

St. Boniface General Hospital. Winnipeg. MB, 

Canada, R2H 2A6 


A GC/~IS method is described ror the confir
mation of benzodiazcplnes In urine. The targeted 
drugs/metabolites are diazepam. nordiazepam, 
temazepam. oxazepam. lorazepam. «·hrdro:walpta
zolam. ,,-hydroxytrlazolam. 2·hydroxyethylflurazepam. 
N·desalkyl-3·hydroxyflurazepam and S·desalkylflu· 
razepam. They are the metabolic end product follow· 
ing the ingestion of the most commonly prescribed 
benzo<llazepines, 

The conjugates of these urinary metabolites are 
hydrolyzed \\1th I)-glucuronidase (Helix Pomaria). The 
urine is made alkaline and extracted "ith an organic 
solvent. The soh'ent is evaporated and the residUe 
subjected to sequential det!\itization. The secondllIY 
amine on the lactam ring is. propylated then the free 
hydroxyl groups arc propionylated to form esters. 

The derivatives an: separated on a methrl slli· 
cone capillllIY column. Full scan mass spectra were 
acqUIred IVith a Finnigan MAT ITS-IO ion trap mass 
spectrometer. Quanlitation is based on ,on ratios of the 
analyte t.O one of four internal standards . oxalepam 
D5, lorazepam D-I. ,,-hydroxyalprazolam 0, and ().. 
hydro"~triazolam D-I. 
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"QUANTTTAT!V£ ANALYSIS Of Coo£I"'E AND ITS MAJOR METABOUreS IN ;;UMAN 
HAIR BY pOSlTlVe CHEMICAL IONIZAnON MASS SPECTROMETRY: ACUNICAL 
APPUCAnON". O. Rollins, '0. Wilkins, J. Seaman, G. Krueger and R. Foltz. 
Center for ;;uman TOXicology, aept. of Pharmacology and TOXicology and Div. of 
De""., Umv. of Utah, Salt Lake City, Uf, 84108. 

Pharmacokinetic and epidemiologic studies 01 the dispoSition of drugs of abust 
Into human hair requIres senSitive analyttcal methods. A highly sensitive and 
specific method has been developed for the quantitative analysis of codeine and 
Its major metabolites In human half. HaIr samples were collected from four male 
volunteers by plucking or cutting from the back of the head after a Single 120 m£ 
oral dose 01 codeine. At least two'mg of hair and 100 n9 01 deuterated codeine, 
morpnlne and normorphlne were digested overnight in flat-bottom glass vials 
containing SOO III of 1 M NaOH at 37OC. Eleven calibration standards containing 
known concentrations ot drugs dned onto human hair were also prepared and 
digested, Digest solutions Were extracted using a modified solid~phase procedure 
With Bond-Elute Certlfy® bonded silica extraction columns. The final eluate 
containing drug was evaporated to dryness, denvatized With TF AA, evaporated 
and reconstituted in SO III of ethyl acetate. Denvatized extracts were analyzed 
by gas chromatography/mass spectrometry on an rrS40" mass spectrometer. 
Chromatographic separation was achieved with helium camer gas on a DBSMS
1Sm-.2S11 capillary column. POSitive chemical Ionization mode was utilized with 
acetone as reagent gas to enhance sensitivity and specificity. Regression analysi, 
01 the extracted standards indicated a linear range of 0.1 ng/mg to 75 ng/mg fOI 
codeine and morphine (0.998 to 1.000). The assay IS capable of detecting as 
liltle as 10 pg of cod..ne and/or morphine on column. Intfll-assay precision 
ranged from 8-22'K. Accuracy was venfied with control hair specimens of 
known concentration. 

Hair samples were plucked from the scalp lor 21 days and tnen cut at the 
scalp for eight weeks. The maximum mean measured concentration of codeine 
was 2.9 nglmg in the proximal 1cm of hair (containing the bulb) at 12 hours 
follOWIng adminIstration of codeine. Codeine was detected in hair for at least 8 
weeks following the Single dose. No norcodeine, normorphine or morphine 
detected in hair samples at this Single dose. Hydrolysis 01 samples with &
glucuronidase prior to extraction yielded no evidence of the presence of codeine 
or morphine glucuronide conjugates. The method is currently being used to 
qyantitate codeine and Its major metabolites In further dose~response disposition 
stud,es In human subjects. Supported by NIDA Grant OA07820. 
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HAIR DETERMlNAnONS BY INFRARED rvnCROSCOPY 

Kathryn S. Kalasinsky*, Joseph Magluilo, Jr., and Teresa Schaefer 
Armed Forces institute of Pathology, Division of Forensic Toxicology, 
Washington, DC 203~ 

Infrared microscopy has been sho\\tl to be a unique method of 
analysis for drugs of abuse determinations in hair. with the ability to 
analvze onlv the central core or medulla region of sectioned hair. Bv 
speclraily mawing infrared functional groups related to the variot.i$ 
drugs, a three dimensional image of the drug location can be obtained 
from cross-sectional and laterally cut hails. This technique eliminates 
the question of CXlemaJly contaminated hair by analyzing only that 
portion of the hair ""tuch is fonned from within the root where ingested 
material would lranspOrt. 

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


. concentrations of the various components at different lengths can be 

obtained- This technique utilizes CUI'\'e fitting routines and principle 

component regression of the hair in question.. Compositional 

differences can also be Qbtained across the hair defining the outer and 

inner core material. Variations in overall composition have been found 

in hair \."ith 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 vie\..ing mode before the hair is sectioned. These 
hairs can then be tediously separated and sent on to analysis by the 
established GOMS technique. Differences found by infrared 
microscopy can be compared to the overall homogeneous analysis of 
GeMS and critical differences in the hair sampling can be determined. 
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HAIR CONTAMINATION FROM ENVIRONMEN,TAL COCAiNE 
Wen ling Wang' and Edward J. Cone. Addiction Research 
Center, NIDA, Baltimore, MD 21224 

Drugs are olten released into tne environment as vapors,
powders, and aqueous solutions. It is impol1ant in hair testing
lor drugs 01 abuse to be able to discriminate active drug use 
from environmental exposure. We deliberately contaminated 
hair with cocaine and studied its characleristics to determine it 
use of specific marl<ers or wash methods would allow distinction 
between active use and passive exposure. 

We found that 'cut' hair can be readily contaminated with 
either cocaine vapor or aqueous cocaine solutions_ In ttle 
cocaine vapor experiments, cocaine and anhydroecgonine 
methyt ester were absorbed in a linear manner over time. 
Significant contamination occurred after 15 min of cocaine vapor 
exposure; however, the amount of cocaine adsorption appeared 
to be capacity·limited and reached a plateau WIth ca. 25 mg of 
vaporized cocaine in room air (7 x e X e II room dimensions).
There was near quantitative removal of cocaine with a brief 
methanol wash, but reSidual cocaine remained detectable in 
hair. After aqueous contamination with cocaine HCI (0,01·0.1
mg/mll, hair was highly contaminated. less cocaine was found 
in the wash fraction than in the extract fraction indicating that 
aqueous cocaine contamination differs substantially from 
contamination by cocaine vapor,

Head haIr of two subjects (A & Bl. who had no previous 
exposure to cocaine, was contaminated with cocaine vapor (100
mg) in the passive exposure room. Cocaine extract 
concentrations in hair Immediately aller exposure were 5.S 
ng/mg and a.s nglmg. respectively. After 1 and e days, with. 
regular shower and shampoo, cocaine concentrations fell to 1.2 
and O.S n"1/rog lor 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 be difficult to distinguish from 
active drug use. 
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OPTIMIZATION OF DRUG ANALYSIS USING GAS 
CHROMATOGRAPHY AND THERMODYNAMIC RETENTION 
INDICES 
Richard A. Morehead·. Restelc Corporation, 110 Benner Circle. 
Bellefonte. PA 16823 

Method development in gas chromatography invol ves making 
choices for many different parameters_ Many combinations of 
column dimensions and instrument conditions may be tested in 
order [0 find the combination that provides the optimum separation 
for a set of analytes. In order to make the best choices, the analyst 
should be knowledgeable about the variables that effect separation 
efficiency and retention time. Too often the process of method 
development is a time consuming process th'lt involves empirically 
varying column length, inside diameter. statiunary phase film 
thickness. oven parameters. camer gas velocity and many other 
parameters. This often results in a hi! or miss approach to method 
development that may result i:l a method that is acceptable but not 
optimized for maximum resolution in the shortest amount of time. 

Thermodynamic retention indices are related to the equilibrium 
solubility of an analyte in the stationary (liquid) phase and the 
mobile (gas) phase at specific temperatures.These thermodynamic 
~haracteristics 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 in'olving 
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: guo VADIS 

Rokus A. de Zeeuw. Ph.D. 

Department of Analytical Chemistry and TOldcology.

University Centre for Pharmacy. NL-9713 AW GrOningen. The 

Netherlands 


Drug abuse has Increased and spread rapidly In Europe
In recent years and. consequently. there IS much debate on 
whether and how to Implement drugs of abuse testing (DAn 
programs. both at the political and at the sclentiflc level. An 
additional factor that needs to be consJdered Is the 
abolishment of the Internal borders between the 12 member 
states that form the European Community (EC). 

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

111Is presentation wUl evaluate the present status of OAT 
In the EC. Though legislation or regulations on OAT are 
virtually non-eldstent In most member states. a lot of testing 
Is already being done. On the other hand. the drugs of 
Interest. the analytical stratellles used. and the interpretation 
of the results show considerallie differences as compared to 
the situation In the US. Speclllc problems w1l1 be high.llghted
and some projections Into the future Will be made. 
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APPLICATION OF A PALMTOP TYPE COMPUTER TO FORENSIC 
TOXICOLOGY 

H. Horton McCUrdy, Ph.D. 
Olvi.ion ot Foren.ic Scienc.e 
Dec.tur, OA JOOl7 

The extr.ordin.ry databa.. prQ9r&a of a new palmtop 
type comput.r ha. been .xt.nded to appllcation. in 
for.n.ic toxicolQ9Y. Althou;h the comput.r can 
lit.rally tit into • pocket. it ia the equival.nt of 
an IBK-XT, but faat.r beca"•• all prQ9rams .r. huilt 
into ROM. Throu;h a conn.ctivity pack. it c.n run 
almoet any 001 prQ9r&a that a d••ktop comput.r can 
run. Th. comput.r c.,.... equippe4 with 1 megabyt. of 
J\AH _ry and hal up to 20 M.8 of ..... .tor.g.
capability in ita PCHCIA .lot. 

on. databa.. application h•• been con.truct.d to 
contain the 6 mo.t promin.nt GCJHS ion. of ov.r 1200 
hundred drug......11 a. the 8a•• Ion .nd H.W. for 
each drug. 08pendin; "pon the complexity of the 
• earch parameter., tn. entire d.tabas. of 1260 drug. 
c.n be .earched in 1••• th.n 10 .econdi. complex
•••rch parameter. involving ••arch•• of multiple GCJK6 
ione in random ord.r will. of Cour••• t ... lon;.rl hut 
can be uau.lly acc~pli.h.d in 1••• th.n 60 ••cond•• 
Anothar databa.. .... d••i;ned to contain ov.r 150 of 
the mo.t c~n drug. .nd .tor.. information on 
th.r.peutic and l.th.l l.v.l.. r.l.tiv. r.t.ntion 
time., b ••• ion, M.. W., metabolit.... trade n.... , etc. 
A ••arch of thia d.tab.... d.pendin; upon the ••arch 
paramet.r•• oft.n take. a. little •• 3 ••oonda. 

Al.o, built into the computer ia • tull·blown v.raion 
of Lotu. 1·2·3, ••tati.tic. packe;. capa.bl. of 
plotting reqr•••ion lin•• with ••••• DOS 5.0 and. 
hoat of oth.r remarkable f.atur••• 

OSMOLALGAP,ENZYMATICETHANOLANDINHALANTASUSEWlTH 
ETHYL CHLORIDE 

C. A. Robinson. Ir .• Marilyu A. Hall·, Inas Yacoub 
Division/Forensic '" Clinical Toxicology, DepartmentIPathology, University 0 

Alabama at Birmingham. P230 Wat Pavilion, Birmingham. AL 35233-7331 

Clinical lOxicology laboratoriea make use of delta osmolality (the 
difference betw= measured and calculated osmolality) and enzymatiC ethanol 
assay 10 decermine the need to measure volatiles by GC. OsmOlality is measured 
by freezing point depression. Calculated osmolality is determined by th, 
formula [l.U (sodium) + glucose/IS + urea nitrogenll.SI I 0.93. Th 
coottibution due 10 ethyl alcobol is calculated by multiplying the delta osmOlality 
by 4.6 (weigbt ofethanol per dL. 10 give ethanol in mgJdL). Conditions causin! 
an increase in delta osmolality include alcohols. ketones, mannitol. elevated 
proteins. lipemia and inhalantS. 

We reportbere the use of delta osmolality, ethanol assay and the flndin! 
of ethyl chloride in two cases. Ethyl chloride is a vapor coolant used for topical 
application 10 comrol pain associated with minor surgical procedures. Ethyl 
chloride is av';lable at 10Ql "head shops" as VCR head cleaner. inhalation may 
produce narcotic and general anaesthecic effe<:lS. Ethyl chloride sensitizes the 
myocan!ium 10 epinephrine which can lead 10 venrticular fibrillation. 

The first ease was a 22 year old .:ollege student discovered by his 
parents. He was taken lo the hospital where he was declared DOA. An 
antemortem serum sample revealed the following: glucose 92 mgldL. Na 14Z 
meqll.., BUN 18 mgldL, measured osmolality 321. ethanol by ADH <: 5 mgldL. 
Delta osmolality was 25 mOsmlkg. VOlatilea by GC showed ethyl chloride w 
be 20 m&ldL. . 

Casatwo was a passenger in a traffic fatality. no serum was available. 
vitreous bumor resulu were as follows: Na 129 meqll... glu.:o5e 60 mgldL, 
ethyl aI<:OboI90. osmolality 300. calculaled osmolality was 261. delt.a osmolality 
was 39. Increase in osmolality due 10 ethanol was 21 mOsmlkg. In this case. 
ethyl chloride was 20 matdL. 

These cases demonstrale the usefulness of obt.aining an osmolalit) 
measurement and rhe findin& of an unusual volatile, ethyl chloride, in the bloo< 
of inhalaru abusm. 
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DEVELOPMENT Of CEDW.!> ASSAYS FOR DRUGS OF ABUSE IN 
URINE: Rueyming!.oo"'. Neal Bclici. Greg MalT. Tcrry MOTIon. Harkan....1Singh. 
Heidi Schol~ Noah Schuyler. 02vid Cavouladeh. Mary Crcnsh.... leff Shindclman, 
and Pyare Khanna (Microgenic5 Corporalion. Concord. CA 9~S20l. Dave Moorman. 
Gerry Singler. ;mel Michael Hansen (Boehringer Mannheim Corporalion. Indi3l1apolis. 
L>; 46250).

We have developed seven homogeneous enzyme immunoassays. listed on the 
t.ble below. for detection of drugs of .~use in urine using lhe CEDIA technology. 
Assays h.ve been .pplied to the BMlHita<:hi 717 and other Analyzers. In Ihese assays. 
Ihe enzyme 8-galactosidue has been genetically engineered Into Iwo mactive parts: 
Entymc Acceptor (EA) and Enzyme Donor (ED)* which (:an spontaneously reassociate 
to (orm active enzyme, Each drug diriV3live is covalently aU.,lched to the ED molecule 
so that enzyme rP$sodation is not affcc1cd. however. binding of the antibody to the 
EOadrug conjugate inhibits the rcassoci;tion with EA. The :1Ssays are performed on tne 
Hitachi 717 os (ollows: Sample (l·12I1Ll is pipcued inlo a rcaclion c"vetle. followed 
by 130 ill o(Reagent I conwning EA and 3I1tibody. mi..d and inc"baled for 5 min al 
l7.C. Then. 130 Ill. of Reagent 2 <ontaining EO·drug conjug,"e and substrate CPRO i, 
added. ;mel tile incub..ion is continued for 4 min at 37"C. Drug present in the sample 
binds to antibody in the first reagent. thuS preventing binding of EO-drug conjugate to 
the antibody. The unbound conjuiate is thus available for reassociation with EA~ 
resultin. -in formation of active s"galacfosid1k. The amount of enzyme formed is 
proponional to the drug concentration in the sample which is determined by the nue of 
CPRO hydrolysis measured at 370 nm. The eoncenw"on of drug in 'he sample can be 
detennined by (I) a qualitative result pOSitive or negative (abovc or below thc cuI off 
level)~ Of' (2) I semi-qUMIdtaUve measurement by poinHo-poim incerprefauon using 4 
calibraton • 

Using tItesc. CEOIA drugs of abuse 3ssays. Ihc follo\\ing resuils arc obtained: 
Amy range .loA (InA) Dose pre.;,i.n 1.00 

Ala~ CcUI-9ff njlmll UlaImll ~ at cut·off· 'kev Illllml 
Dpiatos(300) 0·2.000 t5026 13.5 
C""aine mel (I~. 300) 0·10.000 100 ~.O t4.7 
Cannabinoicls<lS.SO.IOO) ()'SO.IOO,150 210.240. 220 0.3.10.09 1.8.42 
I'fl<:nyclidine (lS) O· ISO 190 1.5 4.6 
~(.thlAm (500, 1000) 0 • 3.000 90 ~ 0 27 
Bartollurates (200, 300) O· 3.000 118. 165 36. 38 10.0 
S.nlooiaupineH200.300) 0·3.000 108. 1~6 3.2.2.2 13.4 

We have also developed several assays listed on the lable \\ith muluple CUi-off levels 
10 meet Ihe requirement of different CUSlomei"S. The mClhod compans.on of CEOIA 
assays Ipinst GClMS revealed 97lif-IOO% assay sensitiVity and speclfidty. In 
comparison '\io'ilh other commert'iaJ assays. the CEDiA llssa~ s are more precIse at the 
"tn-off level and beneT %efO to cut.offsepanuiQn due 10 a grc;lIer 51£,n.:11 to nOise ratIO 
In'summ.tt)''. the $Oven CEDtA dru&s of abuse 3SSa.yS pro\"lde j rapId. convemenf and 

. .:.fIettivc mc,bod for S"rtcojn2 dNn in uOne. 

http:In'summ.tt
http:compans.on
http:0.3.10.09
http:Rueyming!.oo
http:nitrogenll.SI
http:promin.nt
http:equival.nt
http:for.n.ic
http:extr.ordin.ry
http:Foren.ic
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USE OF EMPORE· EXTRACTION DISKS FOR PREPARATIVE 
PURIFICATION AND CONCENTRATION OF IMIQUIMOD AND 
METABOUTES FROM LARGE VOLUMES OF URINE. R.L McQuinn, 
J.H. Machacek, A.M. Draper, P.E. Myhre, G.L Carlson and 
DA Wells". 3M Pharmaceuticals, DrlIg Metabolism Department and 
'3M New Products Department, SI. Paul, MN 55144 

Empore· Extraction Disks were investigated for processing large 
volumes of urine (up to 100 ml) from human, rabbit and rat for 
chromatographic and mass spectral analyses of the investigational 
compound imiquimod and its metabol"es. Solid.phase extraction 
(SPE) by means of small disposable columns is II commonly used 
technique to concentrate and purify drugs and their metabolites from 
biological matrices prior to analysis. However, the sample volume 
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 resulting eluants 
sometimes need further workup before GCIMS analysis. Empore" 
Extraction Disks overcome the deficiencies of SPE columns tor this 
purpose. The disks used in this study were 47 mm diameter, 
0.5 mm thick, and contained either C-1S, mixed mode C-8lcation 
exchange or poly (styrene divinylbenzene) within a stable, inert matrix 
of fibrillated poly1etrafluoroethylene. Single aJiquots of urine (up to 
100 ml) were extracted rapidly (5 min for human urine using filter 
aid beads) and with nearly 100% racovery. Solvent eluants were 
analyzed directly by GCIMS and radiomonitored HPlC and Tle. 
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 facaJ homogenates also yielded excellent 
recoveries and clean chromatograms. Mixed mode disks allowed tor 
selective elution of basic and acidic metabolites. Emporl" disks are 
useful in toxicology applications to purify and concentrate drugs and 
metabolites from large volumes of urine prior to GCIMS and HPlC 
analyses. 
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SENSmvITY AND SPECIFICITY COMPARISONS OF 
THE ROCHE ON-LINE AND SYVA EMIT 2000 
AMPHETAMINE ASSAYS. Michael Sheehan" and Ray 
Corder)', Southwest Washiogton Medical Center, 
Vancouver, Wa.shiogton 

Abu.screen On·line (Roche) and EMIT 2000 (Syva) 
amphetamine assays were compared on a Cobas FARA II 
analyzer. Both assays were performed acc:ording to the 
manufacturers' directions for qualitative analyses with 1000 
nglml cutoffs set for each assay. Spiked urine specimens 
containing 800,1000. and 1500 nglml of d·amphetaroine were 
(-). (+), and (+), respectively. by theOn-line assa)' and (-J. (-).
and (+). respectively by the EMIT 2000 assay. Of the 15 urine 
specimens (emergency room patients) coru1Ill1ed (+) for 
amphetamine/methamphetamine by GClMS andlor TLC, aU 
specimens gave(+) results by both assays. By serially diluting 
eacb of these specimens and reassaying them by both assays 
until a (-) result was obtained, we found that the EMIT 2000 
assa}' pve (-) results at lesser dilutions than tbe On-line assay by 
roughly a factor of 2.5. ~pecificity experiments of a similar 
nature are currently in progress using urine specimens that gave 
(+) screen results by either assay but were ne~ative for 
amphetamines by GClMS. Data to date indICates both 
methods to be comparably specific. 

In conclusion. we found the On·line assay to be more 
sensitive at dctecting amphetamine abuse tban the EMIT 2000 
assay. 

CORROBORATION S~TOY - A COMPARISON OF D~E ~PINIONS 
TO TOXICOLOGY EVAt.tJATIONS OF !MPAIRED DRIVERS I~I 

MINNESOTA 
Glenn Hardin, M.P.H •• R. f. Meyer.- Ph.D., 
and S. G. Jejurikar, Ph.D. forensic Science 
Labora~orY/BCA state of Minnesota 

The purpose of this study was to compare the 
opinions of Drug Reco9ni~,on Experts (ORE) to 
~oxicolo9ical evaluatlons of urlne speclmens from 
i~paired drivers. 

There were 71 cases, at this writinq, in 
which ORE opinions were compared wi~h the results 
obtained from urine samples~ 

~he urine samples ~ere analyzed by our 
laboratory. Ninety-seven percent ot ORE samples 
s~c~i~e.d Co ~hlS laborae~ry were urine. The 
nu:::ber of blood samples SIlOla ':<::ed IJa·s 
:'nsigniticant eo- '..Jarrant. :.:-;cluslon in this se·.!dy. 
~:lnQ samples were screened using SYVA E~IT~ fo~ 
cannabinoids, cocaine, c:", laees. ar:'lphecar.\ines, 
phencyclidine, barbiturates. and benzodiazepines, 
?osi:ive urine samples were con!ir~ed by gas 
ch~o~at.oqraphy-mass spect~c~eery procedures using 
selec~ed ion ~onieorinq _l~h deuterat.ed analogues 
as in~ernal s~andards. 

At t.his writ.ing, eh~ overall corrobora~ion 
ra~e tor ~he presence of a~ leas~ one predic~ed 
caeegory was 84.5 percene. The corrDbora~ion ra~es 
tor individual drug caeegories were: 
Cannabis, 91.8 percent; Ceneral Nervous Syseem 
Depressants, 64.3 percent; Central Nervous system 
Sti:ulants, 66.7 percene; and Narcoeic Analgesics. 
54.6 percene.

The ORE program, if followed properly, 

appears ~o be a useful screening eool to: 

predlceing drug categories. 


36 


EMfl""ID TIlC 50(100 ng ASSAY, A DUAL CUT·OF!'. LIQUID, READY
TO-USB ASSAY FOR THE DlITECTION OF CANNABlNOIDS IN 
UJUNE ON THE OLYMPUS AUSlXXl ANALVZER.S. J. Visor-, L Anne, E. 
Belier, J, Blanc, M Henson. M. Hu, S. Hussain. and C. Messenger (Syva
CClIIIpany, Sill JOIe. CA 9S161) 

We have develooed an improved Bmillt assay Cor the detection of 
cannabinolds In urine. 'the BmilTIlC SO/Ioo ng assay utilizes either a SO 
ngtmL or 100 ng/IIIL II.nor.69-TIlC.9-Garboxylic acid (~9_TIlC-COOH) 
cut-olf, "This homogeneous immunoassay i.s provided In a stable, liquid !WOo 
reagent formal. willi liquid ready-lO·use calibralOrs thaI comain only the L 
isomer of 69·TIlC.cOOH. Reagems and calibralOrs have been formwated 
for inereased sl4bility and pre~ision on !he Olympus AUSOOO series 
lIIalyzel'l. Adsorption of 69·TIlC.COOH flOm lIIe ~alibl"lllOrs has been 
minimized 10 the degree that special handling insuuctions 10 prevent
adsorption are no longer requin:d. 

One Ihousand five hundred nlnety.nine (10599) patient samples ....ere 
ltIalyzed on lIIe Olympus AUS121 analyzer by the Emit TIlC 501100 ng 
A:t.ay and the corresponding Bmirtln Cannabinoid SO ng or 100 ng Assay. 
Using the 100 ng/IIIL culOlf. the Emit TIlC SOIloo ng assay and the Emit 11 
Cannabinoid 100 ng usay sbowed >99$ agreement. Using the 50 ng/mL
CUIOIf. the Emit TIlC .50/100 ng assay and the Emil II CIIMabinoid SO ng 
assay showed >99'11 aJROClllClll. More lIIan 99'11 of the samples thaI were 
positive by both Emit ways were c:ontinned as positive lor 6 9·TIlC·COOH 
by OCJMS. Within·1UlI nile precision at !he SO ngjmL and 100 ngtmL cut· 
offcalibralOrs (N..24) yielded coefficients of variation of 1.0 and 0.9$. The 
reagents typically provide It least 5 days of calibmion slability on the 
AUS12llt1alyzcr. Samples COIIIainIng 69.mC-COOH II :\:2Q1l, of the SO 
and 100 na;ImL CIIt"ff calibralOrs ....ere aa:utl\le\y assessed with greater than 
9$$ confidence. 

'The Emil TIlC 0501100 ng assay offers dual C1Il-otrs at 50 or 100 
ngImL a9.TIlC.cOOH. Uquid reagents and ~alibtalOrs are Sl.iIble. ready,lO
use. and Jive 'CCUrllIe and precise resuJl$ on Olympus AU5(xx} series 
analyzers. 

http:deuterat.ed
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SPECIFICITY or THE 8IOSITE TRIAGE- URINE DRUGS OF 
ABUSE TESTING DEVICE FOR 8ENZODIAZEPINES. 

Leslie E. Edinboro' and Alpbonse poklis 
Department ot Patbology, Medical College of 
Virginial Virginia Commonwealtb University. 

Richmond, Virginia 

A new point of care urine drugs of abuse 
testing device, the 3IOSITE "TR!AGE~" was 
evaluated for specificity for benzodiazepines 
(BNZI. TRIAGE~ utilizes a unique, competitive, 
visual immunoassay methodology to simultaneously 
detect seven classes of drugs of abuse. The 
technology utilized permits the use of multiple 
drug specific antibodies within each drug class. 
for BNZ, the monoclonal' ant ibodies in TRIAGE~ are 
specific for the glucuronide conjugates of 
oxazepam and temazepam not the parent compounds. 
These two factors may produce conflicting test 
results when TRIAGE- is compared to conventional 
immunoassay techniques. Apparent TR!AGE~ 
benzodiazepine false positive results may occur 
when GC/M5 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 5yva EMIr 
results of urines screened in our laboratory. 
Both negative and positive urines are cqnfirmed 
by GC/MS. The following drugs ·.rere monitored 
during confirmation; oxazepam, nordiazeparn, 
desalkyl flurazepam, hydroxy ethyl flurazepam, 
lorazepam, temazepam, alpha hydroxy alprazo.am 
and alpha hydroxy triazolam. Initial screening 
results (n=150) found an 85~ agreement between 
TRIAGE- and EMIT-. GC/MS data will be presented, 

39 


DETECTION OF URINE SPECIMENS ADULTERATED WITH URINAID 

Heidi L Sansom. a.s:. Michael O. Fraser. M.S.• Christine Botelho, B.S. 

David J. Kuntz. Ph. O. and RadOer L Foltz. Ph. D. 

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


UrinAid is a commercial product thaI ill sold for Ihe purpose of 
defeating urine drug lesls. The major componenl of UrinAid has been 
idenlified as glutaraldehyde, a highly 10xic compound which reaClS 
with proteinaceous malerial. UrinAid can be efleclive in preventing 
the detection 01 drugs in urine by the EMI'" test. presumably because 
the glutaraldehyde reaCIS with the enzyme and prevents a change in 
absorbance. As a result. urine specimens containing UrinAid give an 
abnormally negative test result. which often is the first indication of 
the presence of the adulterant. UrinAid is not effective in defealing 
olher immunoassays. such as the Abuscreen~ RIA and Online~, and 
can even cause an apparent false positive result when these tesls are 
performed on UrlnAid aduUerated specimens. 

GC/MS confirmation 01 drugs in urine containing UrinAid is 
often ,difficult due to lhe tendency of glutaraldehyde to inhibit efficient 
extraction 01 the drug and its internal standard. We have developed a 
simple GC/MS test for glutaraldehyde in urine consisting 01 extraction 
with methylene chloride and injecllon 01 a small fraction of the 
extract Into the GC/MS using a 15 m x 0.2 mm i.d. melhylsilicone 
capillary column which is held at 50 'C for 1.5 min, and then 
lemperature programmed from 50 to 110 'C at 15 ·/min. Under 
these conditions glutaraldehyde elutes at approximately 2.5 min 'and 
gives a characteristic mass spectrum consisting of abundant ions at 
m/:. 44 (100% RAl. 57. 72 and 82. With chemical ionization 
glutaraldehyde gives an intense protonated molecule ion at mI:. 101. 

Because 01 the increasing use 01 UrlnAld. we recommend that 
laboratories institute procedures for identifying urine specimens 
containing this adulterant. 

COMPREHENSIVE DRUG A..'iALYSIS BY TA.."DEM :'.tASS 
SPECTROMETRY C'i A FORENSIC TOXICOLOGY LABORA TORY 
G:uy W. 0.-'., Timothy A. Appel. California Oept, or lustice, TOXlceiogy 
Laboratory. 4949 Bro.. ,", .. y, Sacl'3.IIlIlnto. Califorrua 

Tand"", mass s;>e<!lO""'UY (GCJMSlMS) has been shown to be an efTeetive tool 111 

t.hc anahsis oC forcrmc Scltnplcs for VatlOUS I)pcl of drugs. The Cahforni. Department of 
Justiu TOxlc.cIogy Laboratory has dC\'cioped methods v.1Ucb utilize this technology for the 
analyslJ of morphine u.J eodcuw. J.n order to more c(feetively utilize available resoW'ces, 
this labotatoc'y has no,", ¢:\."tm.dcd the usc of GCIMSIMS to the analysis of <NC.aU\C and its 
tMtabolites ccgoru.nc mt:.b.~'l ester and benzoyiecgoninc, In addition. \Io'e are now able (0 

detect the heroin metabolite, 6-monoac.ctylmorphine. This papa will summ.ariz.e the 
extractiM .schemes acd msu\U'nentai pacamCtc'fS utilized to detect the aoove dn.tgs in blood 
...... pies, 

The t:\1taChoo of the above drugs from blood sampJes aU follow the same basic: 
scheme, One milliliter of blood ....,m deuu:l'ated internal st.andard added undergoes , oncf 
clCIR~p step folIo'lloc4 ~ i.Il extractlon at pH 8.S, The opIate compounds are extracted illUlg 
ethyl acetate whUe the cocaine compounds usc a methylene chlorid~j50prop.anol solvent 
S)'Stern. All samplc;s are dtr\\'alized -.-,;th trimethylchlorosifane*BSTFA Pre\:ious methodJ 
used by this laboralot) uulized pcnl3(]uoropropyl dcn\,atiYe$. The present den\<atlve was 
chosen because it is lcs.s ca\UUc to lNUUmentaJ hard\loille with no loss of dctecllon 
sCnlJltiYl1.Y· 

The d..''t'l\·atlUd drugs are detected by monitoring p:&rent to daught~ ion tran.sitl0ns 
!hat are specific for t.I:K: a.n.tl~1e of interest., Initial ionization of the GC elUilte In the m3.S.1 
5peCtrometCf source: IS ~ either electron impact (opiate eornpounds) or posItive chemical 
ionization (eocaine and related compounds). The ions produced in the s.ourcc undergo at1 

argon indueccl dissoeiaUOll to produce daughter ions. Transitions for each drug Me chosen byusin, the molcc.u1at lCD (i.e:. 304 for CQC.I.lne) IS the parent ion and detcl'111ininl which 
da"lht" ioo is prod"""" 111 the lugheslabundanu (i,e, 182 amu fot coainc). The deuterate<! 
internal sttu'\datds arc ~"'ttd by monitoM, slmuiWteous w analagous transitions ()O7 to 
185 emu for 03.coc1ine). The JpC<;ific ion transitions for each drug ",ill be detailed. 

Limits of ............ rot' eacll e.ompound ,,;U be outlined. In ' ....... i. OPlates can be 
detected to a level of I oa/ml "iule cocamc and its related ~litcs are det¢¢ted \0 S 
n&'ml. tjuanlitllion curves for all the compowwis are line::a.r ",ith excellent cmclation values. 

The usc of tMJ,:m mass spectrometry in Lhis taboretor)' has improved many faGCts 
of laboratory opcta1ion, The ll\Cmued sensitivity and selectivity of this technology allows tile 
tox.icolOSisl to use smaU wnpl« ~olumcs. decreue Silmple preparation lime and inc1ca.se 
sample throupput "1til« mcrcasinl scnsith·ity. This laboratory SCrecn.J over 5,000 samples 
annually. Therefore. th~rcl.' is a pf'tTRium on cfficlcn[\' utilization of available rc:sources. 
Tandem mass specttOm~~ provides an cif«tl\'e too! for Uns purpolte" 
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DETECTION OF A METABOLITE OF HALOPERIDOL IN 
URINE BY lIaUID CHROMATOGRAPHY. Paul J. Orsulak, 
Ph.D., University of Texas Southwestern Medical Center. 
Dallas, TX and Steven R. Binder·. Bio·Rad Laboratones. 
Hercules, CA. 

Haloperidol is commonly administered to psychiatric 
patients but is rarely detected in toxicological screens. We 
evaluated the use of REMEDi HSTM, a multi·column drug 
profiling system, for detection of 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 
reference 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/ml (subtherapeutic) to 
22 ng/ml (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 01 252 
nm. The spectrum of this peak was similar but not identical to 
the spectrum of haloperidol. No peak was seen for the parent 
drug at its expected retention time (about 5.5 minutes) in any 
sample; this was consistent with literature repor1s. The spectra 
observed for all urines were satisfactory for matChing, except 
for the urine col/ected with the 2 ng/ml serum. 

We conclude that therapeutic levels of halopendol produced 
a metabolite which was consistently observed using REMEDi 
HS. Studies are in progress which will establish the structure 
of this metabolite. 

http:inc1ca.se
http:ccgoru.nc
http:alprazo.am
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zrncr or IALICl'LA%11 mr Dftl:crIOH or lTlUlfMT 
IlEJIIOnJICGOIUIIII IT 'rD 110111'11 'tillAGE'· IM)ruHOASSAY. Mark 
w. Linder- and ~ol.nd Vald•• Jr. O.p&r~ment of Pathology. 
Univeraiey of Louisville, Loui.ville KY 40292. 

OUr laboraeory hal re~."tly demonltrated that 
urinary lalieylat•• negatively 1neerfere with the Syva 
!MIT II d.a.u. a••aye. Thi. negative interference 
effectively inc~ea.e. the concentration ot benzoyl
eC90nine (8£), a metabolite of cocain., required to 
produee A poaitiva r••ule in the EMIT a ••ay. 

Thil Itudy evaluate. the Tria,ge™ (Tc) Oruqs ot 
Abu•• immunoa....y .v.tern for det.ection of BE in uri.ne 
lample. Ihown to have negative interference in the EMIT 
cocaine •••ay~ Senzoylecgonine w•• added into urine 
eontaining lalieylate at 0, 2.S 84 and 123 mq/dL. As 
indicated in the Table, in samples with salicylate con
centrations of 84 and 123 mg/dL, the change in absorbance 
rate-determined by the SMIT assay was leaa than that 
determined for the cutotf~ even at concentrations of BE 
of 375 ng/mL !2S\ above the cutoff}. Fureher, in ehe 
sample with 123 mgjdL IAlicylate, the rate obtained at 
S60 ng/mL 

Benzoylecgonine Asaay 

[BEl Salicylate concentration 

ng/mL o l119/dL 2.8 '" /dL B4 m~Jdr.. 

~Emit Tr Emit Tr Emit Tr 

a -2 - - -1 - - -9 - - -8 - -
300 52 - · 50 - · J!1 - · 29 - · 
375 59 • · 60 • · 49- · 47 - · 
560 76 • · so • · 57 • · 56 - · 
750 93 • · 96 •. 

ance rat. {mAli · I"""} ot tna cutotf caU-
S3 • · S1 • · • out" a"8or 

BE io only sUqht1v above the cutoff. 

t 

T 
brator (laO ng/mL BE) w.o 52. 

In contralt I the sensitivity of the TriageUC assay 
tor detection ot SS was not effected by concentration. of 
SAlicylate in urine up to 123 mq/dL. 
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SCREENING FOR 'DRUGS OF ABUSE ON 'tH! CHtl1 I -'!:AL)'ZER 

USING S'lVA EKIT II lU:AGEI<TS 


John ~. l(uCJIanic~ B.S., OaLva 5 .. paliuli•• B.S., and Daniel S. 
r.enschai.d. Ph.D,- CPF l"IetPatb LabOratorie., 4'1001 Soutngata P.rk 
81vd. Clavaland.. OM U 117 

The Mil•• CHEM I an.lyt.er va. ev.luated for u.e in scrae]')lnq drug_ 
of abu.e in urine for federally ..ndatad testinq usi]'); the SY'VA 
EMIT II re.gentl .. 'l'h. £'KIT II r.aqent. var....valuatad tor .ccuracy # 

preei.ion. pati.nt corrllation, line.rity around tne eut""ott. an4 
carry-over. 

tMt't II reagenta (1-01) at, t •• t )(.i1:.') w.re r.conltitut.d v1th 12 aI.
d.ionized vat.r, _Clpt cann.abinoids, whiCh v.re recor\.titut.d vith 
54' a.t. deioniz.d v.tel' • .AeagMta ca•••tt.a vere prepar.d by uainq 10 
'ilL of reaqant an4 125 1,11, of vettinq r ••g.nt. 

Accuracy vaa ...,a1uat.eS ulin9 by control. fortified at 20' above .nd 
b.lov the cut..ott cone.ntration tor each .nalyta tor f1v. day. 
(N-IO). The re.ult. indicat.d that ths CH!:M. t could s.ti.tactcrlly 
4i.tinqui.h positive tro. neqativ. rSlult. at 1:.he.e concentr.tions. 

~i·cci:litbnr:::::~1~~~~r:f:~::.:fbYv:~i:{~:: r::;i;~~~' ~~ ..~~ ~~! 
betv••n-run preciaion .tudie. v.r. 1••• tha]') " for aU .nalyt•• 
t.lt.d. 

OVer 1500 p.eien1:.s vere allayed usiriCJ botn tn. SY'VA d.a.u. and EMI't 
II r.agent•• _F.v di.crlpanei... v.r. tound except in 1:.n. e••• of a 
lillit.d nw::.b.r of slMcilHna at or near ••c.1\ ......yt. cut-ott .. There 
v.a a 5o, d.cr•••• in cUlph.ta.lna po.itive. due to .ympatbolli.etici 
othl!'" than altlphe1:.a.ina O'r Hthampn.t.min. using tb. DlIT It 
=.th04olOfY ~ 

Lin.arity .round 1:.h. cut-ott val evaluat.4 by ••••yine; 10 
replicat.l ••ch ot tha cut...ott calibrator a]')d control, fortified .t 
20' .bove and b.lew ~a cut..ett concentration for ••ch analyte ov4IIr 
••v.r.l day,. Th••veraq:. correl.tion coa:ffieient, obt.ined. (>o.g, 
for e.en analyte) indicated qood lin....rity areund the cut..off. 

tha effect ot carry-over va. studie4 by al••yinq: fortified .allples 
containinq- hie;h drue; concentration. tol10..,e4 by fiv. neq.t.ive 
eontrO'ls .. No .ppr.ciabll carry-over (>20' O't the n.qativ. to eut.. 
ett dalU ab.orb.nca) v•• O'bsarved tor .ny Allay except ter PCP at 
concentratiQns excee4inq: 1# 000 nq/aL. 
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EVALUAnON OF THE lfl1LITY OF SERUM AND AQUEOUS 
HUMOR SAMPLES IN 111£ 11UAGEllllMML'NOASSAY DRUG 
SCREENING DEVICE. Guy PunlcU·. Lucy Thomas. om", ol!.be 
Medical.Examlllcr. PIliladelphia. PA and Tully J. Spu.k:cr. Temple 
Univenily ScbooI oC PlIanIIacy, PbUadelpba. FA. 

AIlquou flnm • ...,.. oC appmxill\a"'ly IWO buodred se15 of samples 
oCb_ blood serum. wine, and "'I""""" Iwmor ...... ><:ree!1ed fa: the 
pres<:!lCe olse.erni ,I....,. of drup iU10 "",taboUra using tile T riageR 
immw>OlWay de";",. The ICSt result.s obWn<d wilb .."." and aqucoos
bumor ".." C:Olllpored with __ ""die. !.be maIrix for ",biclI !.be 
dev;"" " .. developed. to ....... !.be ull1ity ol!.be a1remaUve awn""" i.1I 
tile deV;CC. ID addilioo aliq""" _ !.be WIle sampl..... wmo 
anaIyud usin, tile 5IaIIdan:I proIIXOI.s oC lb. toXlCOlogy lalxnury 0( tile 
alii", ol!.be medical.:umiacr (OME). All positive dnlg fUldings "'''''' 
$Ubjcl;u:d to anaIydcal cooflllll3doo by gas cbn:Jn3lOgraplly-...... 
specrromcuy (OC·MS). 1Wu1t.s from TriageR ~jng and _ OME 
pt'OI.()COIs wen: kept blinded unuI!.be OUlCOmC oC both !.en... of anaIy,.,. 
""'" amplellld Cor cadi sample set and tbcu result.s Cram TriageRsaeeoln, wen: ex>mpared "lib 0IIUmI.. Crom tile SWldanI proII:lCtlI.. 

Aq__and '"""" smlples, i.1Icludia, samplc.s &an partially 

hemolyud blood. W1!te 1Ilund!D give resulU ~widl_ &an 
correspaadiDg wille samples ",ben ~WIldie T,;qeR device. 
Pooicive ICI!!IIM wilb die device ""'" coaflltllCd by OC·MS. The 
IDOdatlllllpie size (140 IlL), ...pa t=pOI>$C and easily rec:ogn.izcd "pal 
ol die Triqe1I device n>a:IIIIXICIld ill!> 1IlU!iDe SCI'eIIlI!.iD, for ...vaaI dru, 
cIuoea. The ~ge 0( smlpie IIIaIIi<cs .,hicb may be usduUy ten:IOD<d 
will! IIIiI de";"" may be alli!lldcd!D indude blood $CI'UDI and ~ 
lwmor. 
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CLINICAL COMPAiUSON OF THE BIOSITE TRIAGE PANEL FOR DRUGS OF 
ABUSE WITH THE ABBOn ADX EMERGENCY TOXICOLOGY DRUG PANEL 
'1. Coppol •• D. Kraft. D. Hohnad.l. T.K.Mayer and J. D'Souza, ChnicaILAb •• Th. 
G.n...., Hospital, Rochester, NY 14607 

The Biosite Tnaae*' method 1e.s15 urine samples for drugs givlnS qu.a:iitative 
results, The emergency tOxicology drug panel consisted of amphetamines, 
bent.odtltephincs, barbHUr:lIC3, cmnabinolds. cocaine metabolites. opiafes and 
phen,yd.dln•. Th. Triag. was compared ....ith Abbott's AD, Semi-Quan'"..'i•• method 
for ,he sam. drull panel. W. found ,hat the Tnag. agr00:4 well wI,h the AD, and hid 
an advantage in time savina. redudnl both our STAT tum around Ilme and the 
...mber oC ITE', needed to run the ....y. 

The Tria~e is • compeutive immunoassay procedure that employs monoclonal 
antibodi.. whi,h are specllic for th. metabolites of th. teSled drugs. Th. Triage panel 
lakes about fifteen minutes to complele and has a VIsual end point appearing as a 
colored bar on the test stnp. The cutoff values for ~cb drug are based on 
ro<ornmendations made by NIDA {Nalional [n~titute on Drug. of Abuse). 

Seventy drug lovols wore tested from ftaun profici••cy ..mpl.. by Triage and 
AO, and aU wefe found in agreement except one. sample for c.a.n.nabinolds which ~as 
positive by the AD. bu. nega.iv. by Tn.ge. Th. dlsag ..... me•• WllS 'I!nbuled 10 
differences in cutoff levels. Th. sample read 50 n81m1 on the AD, (culoff =25 nsiml) 
and .esati"e on the Tria .. (cutofr= 100 nglml). 

Sevenly..se:ven troz.en urine samples were testeQ o-y both methods ana ilt were 
found co be in agreement except one sample for benzodiazephine.s wbich read posit!,,!! 
by Tria,e and nega'ive by AD.. Th. difference was aunbuted 10 'he fOCI Ihat AD, 
measures the parent compound (present in the urine at approximtccly 2S ~) and Tnage 
_res the metabolites (p.....nt in urine a.approximotely 75'i1i). 

Three levels or com.rncrcial quality control material \4'cre tested conns-tlng of One 
nellatlv. panel. one positive panel with cutoffy.lu.. close to the ...Ied Tnag. cutoff. 
and one higher posici ....e panel. Both the AD, and Triage agreed '.I,:,lh manufacrun::t 

. !WIted results for .n Ih..... I.v.ls of co.trol. 
In conclusion. we found the Tria~e to be,a good alternative melhod Ln our lab for 

emer;ency to~icotoiY screeninl which wiH produce £ftI,ter prodU;;:tI'''ll~ bc::cause of 
savinls in instrument mainlenance. rum around time lltld PTE's. 

http:cutoffy.lu
http:SCI'eIIlI!.iD
http:unuI!.be
http:an.lyt.er


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


45 46 


WORKFlOW & COST ANALYSIS, SYVA EMIT d.a.u. 'S. ROCHE ONUNE; 
WHICH ASSAY SYSTEM DEUVEi'i$ THE GREATER VAlUE? Craig LeI11T.a.,n, 
Ph.D., CC(NRCC)* and Alan l.eiken, Ph.D., SUNY at Siony BrOOk, Stony 
Brook. NY 11794 

A comparative analysis was performed 10 e-aluale the labor required 
10 prepare Syw and Roche reagents fOl' drug abuse lesling (OAT). 
Add~ionalIy. the lime and cost of calibration requirements of !he two methods 
was compared. The $ludy was conducted In a laboratory which has contract 
pricing with both manufacturers. The laboratory Is affiliated w~h a non-prollt 
corporation whi<:h provides human sefllices \0 persons experiencing menial 
ulness. emOlionai disorder or substance abuse problems. The o-et811 cost 
differences using !he two methods was then determined. Assays under study 
Included amphetamines. ba~uratas. benzodiaZepines. cocaine rnelabolne, 
opiates. PCP. and THC. 

The lab processes approximately 19.000 reportable patient tests tor 
OAT per year. Syw Emft d.a.u. and Roche ONUNE reagents were used to 
process the work on two respecllve COBAS MIRA sysiems. by the same 
technologist with appropriate experience and training. TIme and motion 
studies were performed to determine labor lime associated with daily 
calibration and daily reagent preparation. Any add~ional costs associated with 
differences in calibration such as cIllibralors. reagents and ewette. were also 
determlnad based on lhe prices as e$l8b/ished with resoectNe manufacturers. 
Differences In reagent waste were also identified. Finally. differences In annual 
operating costs were computed. 

Annual !Ilq)endftures using SY'a Emn d.a.u. amounted to $30.865 as 
compared to annual 8)(pefldnures of $14.730 when Roche ONUNE were used. 
The difference was largely attributed to the addftlonal calibt3tlon cost with 
Syva and the large amount of waste when SY'a was used fOl' low .oIume 
tests. In sueh sftuatlons. between calibrators and .controls. three tests were 
needed to produce one pati&nt result. Add~ionallabor costs associated wfth 
the Increased frequency of calibration with SY'a amounted to $2.193 per 
year. One hour of labor time is spent each ,,,ening. 5 days per week 
preparing reagents for the foIlowtng day. Using an a.erage salary 101' a 
medical technologist of $15 per hour yields an a.erage addnlonellabor cost 
of $3.900. 
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EVALUATION OF TWELVE SYVA EMIT II DRUG 

ASSAYS ON TIlE ROCIIE CODAS MIRA S ANALYZER: 

CONCENTRATION SENSITIVITY. PRECISION. 

CALIBRATION STABILITY AND METHOD COMPARISON 

R. Lyle Christensen' (Toxicology Laboratory. Department of 

Pharmacology and Toxicology. Indiana University Medical 

School. Indianapolis. IN 46202) and Chris B. Zurface (Syva 

Company. 3403 Yerba Buena Road. P.O.Box 49013. San Jose. 

CA) 


Twelve Syn Emit II ......yo were eVOLluoted ror application al rorensic 
drug scrrening ttsLl using a. Cobal !vtitl -S analyur. Th, test kits were 
prepared by tho precedUrol outlined in the Syva application bulletin ror the 
uutrumcnt. 1M data below resulted rrom studleJ performed as Colla.....: 
~ utin, the thr.. le~1 ConOOA central material (Diagnostic 
Product Corp.) in daily independent repUcatH oC ri•• repeated o..r a fi.. 
d.y period; l!OIICIIJtra!iop B.II1if.ix.iI.x using anaclytically diluted Syva kit 
calib....ton. Calibnticft ltability ..... monitored using Condc:l. 10..,1 II 
control materiaL 

"_'~I'"...... _a::... ...."I~It1 ~itr"._....-'-:.- -.....,....,-, to-' au__ III ,_, t-aUl__ ut ' un••••••,.,.., ......... 
-.., .., ... '.1 I.' ... ... I.. ,. 
~.:::~;: ... ... ... 1.1 ... ... ..." ..• ... ... 'i· ... .• ...--::!::....... " " ... I.' ... ,.. .... " tt " :::" ... •.... ...... r ~:: '.r ,..... .. §.. ... ... ....~=--...t. " .. ..• ...• ...I.' I.' ..• ... .. ". ..,--"",.,. .. .., 1.1 ... I ... .,.I •• UHT.;C- '~ ... I.' 

I.' " .."• I., ... ...I.' ... It .. 
1.1 


HI,.,.H« fA '.r
'.'1_ .." .. I.' ......'.' t..••• ,...., I::, ".." ...:l. ..... 
...'1........... 


Within run ""d between run predsion ...... very acceptable (<;2S CV 
in most elKS>. Most of th a.captabJe sensitivity to 
concentration changes by a or entermg their respectift 
therapeutic rang.. of th. dru~s. All the a_,s exhibited calibration 
.tability or .t least I. dayt (dermed by the I.velll control remaining above 
the calibration concentration point>, 

The.. data illu!!r.l. that the Sy" Emit 11 assay. can be u••d (or the 
routine evaluation of urine in forensic dru," related casu by being precise, 
stable, easy to us., relatively cest effective aHaYs. Furtbermore, the 
ptescnted concentration sensiti1llities. ""bicb are weU below the SAM:SHA. 
(I'aDA> eutoCfs. sbould .110w th... a.say. to .erectively add,... toxic 
sltuatlons as wdl as drug involvemenl In tb. impaired subject wbet. low.r 
drug coneentratioru Cln be involved.. 

A MEXILETINE INTOXICATION 

Julie Kelllpton 

*Barry Levine 


Anthony Manoukian 

John E. SlIIialek 


ottice ot the Chiet Medical Exallliner 

State ot Maryland 


A case is presented ot a 26 year old white 
lIIale with a history ot depression and previous
suicide attelllpts. No anatomic cause of death 
was ascertained at al.1topsy. The blood was 
neqative tor ethanol or other volatiles. 
Comprehensive druq testinq of the blood and 
I.1rine identified lIIexHetine, a class 1B 
antiarrhythmic druq. This druq had been 
prescribed to the decedent 1 s roommate. The 
presence ot mexiletine was confirmed by tl.111 
scan electron impact 'las chrolllatoqraphy/ mass 
spectrometry, Druq quantitations as performed
by 'las chrolllatoqraphy were (in IIIq/L or mq/kq): 
heart blood-38; sl.1bclavian blood-14; I.1rine-370; 
liver-190; kidney-170: vitreous hUlllor-17; bile
440. The normal therapeutic ranqe ot lIIexiletine 
in plasma is 0.75-2.0 mq/L. The medical 
examiner ruled that the cause ot death in this 
case was lIIexiletine intoxication and the lIIanner 
ot death was suicide. 

48 


DETERMINATION OF 6.9 • TETRAHYDROCANNABINOL 
(THO 

AND ITS METABOLITE ll·NOR· 6.9 • THC· 9· 

CARBOXYLIC ACID (THCA) IN WHOLE BLOOD 


Bethany Telepchak. Cerald LongO and Christine Moore' 


A CC/MS method h.. been developed for the analys;s of parent 
THC and its metabolite in whole blood. Oue to the very low leyels 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. exhausth'e, time consuming liquid. liqUid extractions 
resulting in poor re<:overies and matrix interfering substances. 

The method presented uses a. Clean Screen® bonded phase 
extraction column that provides a simple, purified extract contaIning Doth 
compounds. A whole blood sample is first precipitated. then aCIdified and 
e.tracted on a copolymeric bOl>lled·phase extraction column. The ~flect of 
pH and solvent strength on the retention and recovery of both compounds is 
demonstrated. Samples were spiked at the 1·10 nglml range and relative 
standard deviations within a run were assaved to be less than 10%. Absolute 
recoyery was determined to be greater thai. 80% for both compo,!nds. The 
derivalizing reagent. BSTFA with 1'1'. TMCS was used to enhance the 
chromatography and separation on CC/MS using ele.:tron impact detection 
in a selected ion monitoring mode for data acquisition. 

Case :;amples which tested positive for cannabinoids were analyzed 
using the bonded·phase extraction method and accurately qUdrllltated by 
CC/MS. The bonded phase extraction procedure required Ie» .,traction 
time and reduced solvent use as compared to liquid·liquid methods. 
Cleanliness and recoverY were incr~sed due to the selective ("~r'olvmeric 

functionality of IheCIe;u; Screen® bonded-phase extraction column . 
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CHARACTERIZAllON OF ONE MECHANISM OF NEGATWE INTERFERENCE 
IN 111E GCIMS ANALYSIS OF DRUGS OF ABUSE IN URINE. D. O$lheimer 
(Anderson)', M. Cremew. E. Forte, A. Wu (Clin Chem Lab. Hartford Hospilal. 
Hartford, CT. (6115).0. HiM (Miaochem Lab. Univ of CT. Storrs, CT 062691. 

Negalive interference due to the presence of unwanted drvgs in the targeted 
GerMS analySis 01 drugs 01 abuse in urine can theoretocaJly OCcur in the extraClion. 
derivatizatlon. gas cImlmatographie or mass spectrometric Sleps 01 the analySis. 
Recentiy. we ,eported on Ihe neoaUve interference of fluconazOle (FLUC) in Ihe 
GCIMS eonflrmarton analysis 01 benzoylecgonine (BEl fOllOwing derivartzation to 
trimethyiSilyi !TMS) analogs in both the full scan and SIM modes. Four partents on 
FLUC hed positive resufts for BE by the 5yva EMIT and Abbott FPIA immunoassays 
at approximately 0.400 mgIL but negative results « O.ISO mc;;'L) for Be by GerMS 
analySis. FLUC·ThIS coeluted with Be·TMS using OUl' chromatographic ccndl~ons. 
For a 0.500 m~ sample 01 BE. me recovered ooneentration was below !he 
threshold concentration 1Nhen the ralio Of FLUC to BE was 40 in the SIM mode and 
60 In the full scan mode. Expariments were conducted to delermine al which point 
in the analylical process the interference occurred and whemer the interference was 
spacific to FLUC or il it was a 9.n....al problem 01 """Iullon. 

Methanolle solullons of Be were prepared at an equivalent urine ooncentretion 
01 0.500 mgIL. and were spiked with varYing oone.ntreHons of FLUC ranging from 
o to SO mgIL. They were derlvaHzed with BSTFA with 1'1'. TMCS. The GerMS 
analySis was parformed on a HP 5a9Oi5970B GCiMSD using a HP Ultra·1 methyl 
silicone gum column in the run sean and 51M mode. The intensity 01 me Be·TMS 
chromatographic peak decreased with increasing concenlr3tions of FLUC In both 
modes ruling out the extraClion step as the sourc. of interferance. The above 
expariment was repeeted except the soIullons BE and FLUC were combined alter; 
d.nvaftzalion with BSTFA. The same decrease in BE was observed Indleaftng thet; 
derivaftzatlon was not !he cause of interference. A direct probe analysis was' 
condueted on solutions 01 Be end FLUe without derivatizalfOn using a HP 5988 MSJ 
The same Interference appeared to OCcur ruling out !he GC as the source of 
interference. Two other coeIuling drug pairs, propcxyphene/propcxyph.ne-d7 and 
methaqualone/melhaqvalone-d4 in methanol were tested without derivaHzalfOn. The 
deuterated analogs were kept at a constant concenlration 01 O.OSO mgIL lor 
propoxyphene-d7 and 0.500 mgIL for methaqualone-d4. They were spiked with 
increasing ccocentraHons of propoxyphene and methaqualone from 0 to 50 m;lL. 
A similar coneentrafton dependent decrease in Ionization ocevrred with Ihese 
compcunds as with FLUCiSe. These results suggest that Ihe source of the 
problem likely occurs in the Ionization chamber 01 Ihe MSO. The negative 
interfer.nce appears to be 01 a general naMe and nof unique 10 FLUC and Be. 
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SELECT!~G APPROPR!ATE INTERNAL STANDARDS FOR GAS 
CHRO~M.TOGRAPHY/MASS SPECTROMETRY ANALYSIS OF DRCGS 

OF ABt:sE. Ray H. Liu·, Wayne D. Bensley, Graduate Program in 

Forensic Science. Cni\'ersity of Alabama at Binningham, AL 3529~; 

Edward J. Cone. Addiction Research Center. ~ationallnstitute on Drug

Abuse, Baltimore, :\10 2122~; and Shiv D. Kumar. Radian Corporation,

Austin. TX 78720 


Drug and metabolite analogs that are labeled with three or more 
deuterium atoms (isotopi~ analog)-at appropriale positions are considered 
to be .the. most effecnve internal s~andards for the quantitative 
detennmallon of drugs of abuse and their metabolites (drug/metabolite) 
in biological fluids and tissues by selective ion monitori"r:g'('SlM) gas
chromatography/mass spectrometry (GClMS). Before~1!!?.e,c}fic isotopic
analog can be adopled as an internal standard in a the 
mass spectrum of the isotopic analog must be evaluated along with' that 
irom t.he P.atel!t druglme!abOlite. There should. be an adequ:lIe number of 
suffiCiently high mass Ions thaI can be attnbuted 10 each of the pair
(typically thrcc for the drug/metabolite and two for the isotopic analog);
and Ihese ions should be sufficiendy free of interference bv contributions 
from the other component of the pair. Interferences mav be caused b\' 
the presence of an Isotopic impurity in the isotop'ic an'alog (extrinsic
faclor) 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 punfication procedures. 
while the intrinsic faclor may be partially or wholly corrected bv 
~dapting different chemical denvatization (sample preparation stage) Or 
loruzauon (G~1S assay slage) procedures. 

With the intention to systematically evaluate the suitability of 
cwrently available isotopic analogs (commercial and research sources) :IS 
internal standards, we have compiled full·scan mass spectra of 
appro.~imately 50 drugs/metabolites along with approximately 80 
ISOtOPIC analogs. ApproxImately 100 mass spectra of chemical 
derivatives of these drugS/metabolites and their isolOpic analogs ha\'e 
also been compiled and compared. Exemplary data are presented to 
illusrrate the selecti~n of appropriate ions for the devel.op~ent.of a 511\! 
assay, the Idenuficallon of the tnterference source (ex!nnslc or tntrinsic). 
and the assessment of the extent of possible (extrinsic or intrinsic) 
interference. Compilation and evaluation of a mass spectral data base of 
deUler.lIed drugS/metabolite. (along with their parent compounds) should 
aid future effons in developing GC/MS assays for drugs of abuse. 

A COMPARISON OF DRUG INDUCED SIGNS A.."lD 
SYMPTOMS BETWEEN D.R.E. (DRUG RECOGNITION 

EXPERT-EXAMINATION) AND THE MEDICAL LIT

ERATURE. 

Chester Flumayer ofForen.ie Alcohol Science Ilc Technology(FASTI 

The purpose of this paper is to present the reported drug induced signs 
and symptoms from the NHTSA D.R.E. program and compare them to 
the spectrum of reported drug induced signs and s)"nptoms published in 
the relevant medicalliterarure.:u well:u listing the underlying mechanisms 
ausing the effeca. if known. with references. 

The signs and symptoms will indude the presence or absence ofbronchor· 
rhea, bruxism, diaphoresis. emesis. erythema, extrapyramidal reaccions. 
I.crimation. nystagmus, oculor convergence. cremors. with variations. vaso
constriction. vasodilation, as well u drug induced changes in blood pc",sure 
(systolic Ilc diutolic with vullcions). body temperarure. bowel sounds. 
capillary refill, conjunctiva. coordin.don, gait. muscle cone. perception, 
pulse rue (.achyClldia &. bradycardilt with variations). pupil siz.e (mydri:uis. 
miosis), pupillary reaction co light, reRexes. respiration, salivation, sdene. 
and ventricular rhythms. 

Drug related medial li.er:lruregenerally provides information concerning 
direct and indirca drug actions. This indudes which nerve receptors ore 
affected, cencral and peripheral nervous sys.em effecu. and the necessary 
information to allow a differential diagnosis .0 be reached. Familiarity with 
this li.erature can aid .oxicologistS in their understanding of the ORE 
program and ease their prepancion for COUrt testimony. 
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URINARY DISTRIBUTION OF COCAINE METABOLITES RESULTING FROM 
E'IHANOL-MEDIATEO METABOLISM IN NON-FATAL EXPOSURES 
Frederick W. Fochtman, Ph.D. and Joel D. Burdick, M.S." 
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 El1IT 
and ethanol by Gte. 

A GC/MS (5IH) procedure was developed to quantitate 
cocaine, benzoylecgonine, ecgonine methyl ester, COC9
ethylene, and norcocaine. Cocaine and the abo"e metabolites 
were quantitated in the positive urines. The procedure had 
an LOQ of 25 nglml for each compound. 

The results showed ethanol concentrations ranging from 
13 mg/dL to 467 mgldL in urines positive for both cocaine 
and cocaethylene. Cocaethylene concentrations ranged from 
49 nglml to 5,220 nglm!. Cocaine concentrations ranged from 
64 nglml to 2i,250 nglml. Benzoylecgonine concentrations 
ranged from 638 nglml to 227,470 nglml. Ecgonine methyl 
ester concentrations ranged from 238 nglml to 64,500 ng/ml. 

Urines that contained caeaethylene 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. 

http:ofForen.ie
http:devel.op~ent.of
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ANALYSIS OF MECONIUM SPECIMENS FOR DRUGS OF 
ABUSE: I EVALUATION OF EMIT AND TDx 
IMMUNOASSAYS AS SCREENING PROCEDURES. Malunoud 
A. ElSohly, 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 
literan.tre 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 nglg THC-COOH. 75 nglg benzoylecgonine, 
100 nglg morphine, 200 nglg amphetamine. and 10 nglg 
phencyclidine could be detected in meconium using the EMITlETS 
system. Much b.igher levels were detectable with the TDx system. 
The procedure was applied to screen 118 meconium specimens. 
GC/MS analysis confirmed the presence of II-nor-A'-THC-9
COOH in 3 out of the 10 specimens screened positive for 
cann.abinoids. 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 5 specimens 
screened positive for opiates. The presence of amphetamine 
and/or methamphetamine was nOI conftrmed in 2 specimens 
screened positive for amphetamines. There was no PCP positive 
specimens. The high rate of unconfirmed positives for 
cannabinoids suggests the possibility of a different THC metabolite 
than the II-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. Jenkins 
and Edward J. Cone. Addiction Research Center, NIDA. Baltimore, MD 
21224. 

Sweat compOSition and volume varies widely from individual to 
individual and collection methods have been less than satisfactory. 
Consequently•. the study of the excretion 01 drugs 01 abuse in sweat has 
been highly limited. We investigated the usefulness of a new sweat 
patch device (Sudormed Sweat PatCh, Sudormed, Inc.) designed to 
collect non-volatile drugs of abuse from human skin. The device is 
applied like a Band·Aid. 10 the skin, Substances with the volatility 91 
water or greater leave the'device through a membrane barrier. Non
volatile substances are concentrated on an absorption pad inside the 
patch. SubjeclS can wear the patch for periOds up to several weeks. 
followed by removal. storage and analysis of the contents of the 
absorption pad. 

Volunteer subjects who participated in these studies provided 
informed consent and were drug-free. Patches were applied to the 
stomach and back area 24 hrs prior to drug administration. Control 
patches were removed prior to administration of single doses of cocaine 
(25 mg, Iv) and heroin (20 mg, iv). Drug patches were removed at 24 
and 48 hrs. 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 operated in full scan and selective ion monitoring 
modes. Stability studies of heroin, 6·acetylmorphine and cocaine added 
to patches indicated that all analytes were stable for a minimum of 48 
hrs. 

Following heroin administration. sweat extracts contained heroin. 6
acetyl morphine 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 methyl ester and benzoylecgonine. 

These data indicate that lipophilic compounds are excreted in 
sweat in greater amounts than are polar metabolites. Further. there 
appears to be potential tor use of sweat analysis for source 
differentiation of opiates and for use in monitoring human drug exposure. 

ABSTRACTS 
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META-HYDROXYBENZOYLECGONINE: AN IMPORTANT 
CONTRIBUTOR TO THE IMMl.iNOREACTIVITY IN ASSAYS 
FOR BENZOYLECGONINE IN ~fECONIUM 
BW. Steele', E.S. Bandstra'. Niou·Ching Wu', GW. Hime'. W L, 
Hearn'· 
I. University orMiami/Jackson Memorial Medical Center 
2. Dade County Medical Examiner Dept. 

Meconium has been reported to be a bener specimen than maternal 
or neonatal urine for detecting fetal exposure to cocaine, Cn a study 
comparing various immunoassays with GCIMS 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. 
GCIMS analysis of the eluted spot yielded a fragmentation pattern 
indicative of an aryl-hydroxylated benzoylecgonine. Standards of 
ortho-. meta-. and para-hydroxybenzoylecgonines were synthesized, 
,md m-hydroxybenzoylecgonine yielded the same retention time and ion 
~atios as tlie TLC immuno-reactive SpOt. Furthermore, 
m-hydroxybenzoylecgonine proved to be immunoreactive. Ten 
meconium samples immunoreactive for benzoylecgonine were analyzed 
by GClMS with and without B-glucuronidase (Type IX) pretreatment. 
Free m-hydroxybenzoylccgonine comprised 59 to 94% of the total 
m-hydroxybenzoylecgonine, and total m-hydroxybenzoylecgonine 
ranged 1T0m 0,2 to 63 times as high as the benzoylecgonine. Therefore, 
m.hydroxybenzoylecgonine appears to be a quantitatively 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 GCIMS. in meconium extracts. 
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KINETIC STUDIES OF COCAINE EXCRETION IN SWEAT 
Mary Hillsgrove'. William D. Darwin, and Edward J. Cone. 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 relationship of drug concentration in sweat to time 
of appearance and disappearance and to dose. 

We investigated the time course of appearance of cocaine and 
melabolltes in sweat and the relationship 01 dose 10 amounl of 
excreted drug. Sweat patch devices (Sudormed Sweat Patch. 
Sudormed Inc.) were used for sweat coUection. To determine the 
minimum amount of cocaine that was detectable in the patch, drug· 
Iree volunteer subjects were administered single graded doses of 
intravenous (IV) cocaine HCI 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 until time of 
analysis. Oeuterated 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. Although 
there was substantial inter-subject variability. concentration in sweat 
appeared to be dose-related. Cocaine was detected in sweat as 
early as 2 hr after drug administration. but the majority was excreted 
in the 2·24 hr period. Intra-subject variability was evaluated by 
analysis of duplicate patches. Mean peak cocaine concentrations 
(ng/patch) of duplicate sweat patches from 2 subjects were as 
lollows: IV. 38.8. 12.8; SM. 51.2.8.7; IN. 35.4. 34.S. Further 
excretion was observed during the 24-48 hr period. Results 
indicated that cocaine concentrations in duplicate patches were 
highly correlated (r z 0.93).

Overall, these data suggest that cocaine is excreted In sweat 
in detectable amounts over a period of 2·48 hrs alter drug, Use of 
the sweat patch in a treatment or surveillance setting couid provide 
a means 01 monitoring cocaine exposure. 
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COCAINE IS EXCRETED IN SEMEN AFTER USE 
Kenichi Kato'. Mary Hillsgrove. William D. Darwin and Edward J. 
Cone. Addiction Research Center. NIDA. Saltimore. MD 21224 

The use 01 cocaine by pregnant women has become a serious 
health issue 01 major concern because 01 cocaine's effects on the 
developing fetus. In contrast. cocaine's ellects on the fetus and the 
neonate arising from the father's drug use have attracted less 
atlention. Recently. it was discovered that cocaine binds tightly to 
human spermatozoa when added in vitro. However. there ·is no 
information on in vivo excretion 01 cocaine and its metabolites in 
semen alter drug use. 

In the present study. we describe the detection of cocaine and 
its metabolites in semen 01 human subjects following administration 
of cocaine by the intravenous (IV). 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. Siood samples were collected 
before. and periodically 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 (SE) at l·hr were as follows; cocaine, 0.70 
(tV). 0.56 (IN). 0.91 (SM); and SE. 0.67 (IV). 0.57 (IN). 0.59 (SM). 
~re·drug samples were negative. Samples collected 24 hrs after 
drug administration were negative for cocaine. but contained traces 
01 SE (<20 nglg). . 

This study demonstrated that cocaine and metabolites are 
excreted in semen immediately after use in a pharmacokinetic 
pattern similar to 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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QUININE ELIMINATION AFTER INGESTION OF TONIC 
WATER 

Vicky Wh.ite, B.S.', Dennis Canfield. Ph.D .. and Jerry
Hordinsky. M.D .. Federal Aviation Admlnlstratlon. MM
610.0klahoma City OK 73125 ' 

Bloio£lcal specimens from eight fatal aviation aCCidents 
out of 775Tatal 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 Qr 
tonic water could be found. the investigators asked how long 
quinine could be detected In a urine Speclmen. A l1mIted 
research project was undertaken to establish the approximate 
ien~ of time quinine could be detected In urine and blood. 
EaCh of two male subjects was £Iven a 16 0% bottle of tonic 
water which contained 35 mg of quinine. Quinine was 
detected uSing standard laboratory n.c and HPLC methods. 
One subject reached a maxInlum urine level of 3.92 llg/mL of 
quinine 9 hours after dr!nklng tonic water. In one subject a 
maxInlum concentration of 0.291 llg/mL of quinine In blood 
was detected between 2 and 3 hours after ingestion of one 
bottle of tOnic water. Mer 24 houra the blooa quinine level 
had dropped to 0.184 j1g/mL. The experiment was 
terminated at 8 days. at which POint the urine stlll 
demonstrated quinine. albeit at a very low level of 0.058 
J,lg/mL. 

Quinine IS used for muscle cramps. malaria. and as an 
additive In tonic water. Since adverse affects have been 
Identified at plasma concentrations between la-IS llg/mL. no 
performance effects would be expected from the maximum 
concentrations of quinine found (0.291 j1g/mL) after the 
Ingestion of one 16 oz bottle of tOnic water. However. the 
posslbUlty of pronged detection of quinine should (a) serve as 
a warning against using this as a sign of recent drinking and 
(h) alert the Inves to Inquire about dISorders or 
conditions which impair performance but for which 
quinine Rx was ted days before the accident. 
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BENZTROPINE IDENTIFICATION AND QUANTITATiON IN A 
SUICIDAL OVERDOSE CASE. Thomas G. Rosano·. John M. 
Meola, Sat-fa P. Jindal, Lawrence W. Guisti, 9arbara C. Wolf. 
Albany Medical Center, Albany, NY and Nalt1an Kline Institute 
for Psychiatric Research, Orangeburg, NY. 

In a human fatality involving suspected overdose with an 
anticholinergic agent, benztropine, gas chromatograjJhy/ 
mass spectrometry analysis was used for drug detectlon/ 
quantitation and for investigation of drug metabolism. 
Chromatography of a hexane extract of serum or urine was 
periormed on a D9-5 capillary gas chromatography column 
with an open split interlace to an ion trap mass spectrometer 
programmed for full spectrum data acquiSition. Electron 
impact ionization fragments at m/z 62 (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 (183f,lg/L) and urine (7,124f,lg/LJ from 
the decident. Drug levels were interpreted in relationship 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 lt1e n-desmethylated 
derivative and gas chromatography/mass spectrometry 
analysis. Fragment ions at m/z 68 (base peak), 82, 105, 110. 
126, 165, 167 and 187 are consistent wilt1 the proposed 
fragmentation of the parent drug and lt1e extent of 
bioconversion is determined. In conclUSion. gas 
chromatography with a combination of electron impact and 
chemical ionization mass spectrometry provide a useful 
forensic methodology for toxicological evaluation of potential 
overdose with benztropine. 
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THE ISOLATION AND IDENTIFICATION OF COMPLEX 
VOLATILES IN POSTMORTEM TISSUES 

James D. Beede' and J. Benjalnln SmIth 
Sacramento County Cr1me Laboratory. Sacramento. CA 

Fatal poisoning through the dellberate or 
aCCidental ingestion of commerctal products presents a 
unique problem for the coroner's toldcologlSt. 
Conventional analytical techniques for drugs or poisons 
In biological materials generally do not apply to cases of 
consumer product poisoning. where the analyte tends to 
be of a complex chemlcal nature. When the POiSOning 
Involves products containing petroleum hydrocarbons 
(turpentine) or other mlJrtures of volatile compounds. an 
alternative procedure Is required. 

A method Is presented for the recovery of complex
mixtures of volatiles from biOlogical fiulds and whole 
tissues. The procedure Is basecf on the paSSive dUTuslon 
of volatile substances onto commercially prepared 
activated charcoal Strips (Pro"Tek®l. carbon disulfide 
elution and capUlary GC analysIS. It IS a commoniy used 
method for the recovery and Identification of arson 
accelerants from fire debris. 

TWo fatalities due to the Ingestion of pine 011 based 
commercial products are reported. The sensitivity of 
this method Is demonstrated by the recovery of pine oU 
In brain tissue of one subject who had undergone a 24 
hour therapeutic intervention prior to death. In the 
second subject pine oil was recovered from blood and 
gastric contents following a fatal Intentional lngesuon 
and IV Injection of Real Pine <PI dISinfectant. 
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I>. LEI>.D POISONING SCREENING PROJECT. 
vu'gnier B'. Pappas J. Banner W. Seaudoin D. Slattery M. Mon M 
Jniverslty of Utah. Salt Lake C'tY. Utah 

The Centers For Disease Control and Prevention has recently 
'ecommended that all children between the ages of 6 months and 6 
years be screened for lead poisoning by blood lead determinations. 
Since. blood lead determ,nations are seldom requested for Utah 
Children. it IS unclear whether routine screening is necessary in th,s 
state. The purposes of this study were to determine whether children 
·n the Salt Lake City area are at nsk for Lead Poisoning. to identify 
'15k factors for lead pOisoning. and to determine whether blood lead 
concentrations correlate with serum iron concentrations in this 
~opulation. 

Informed consent was obtained prior to collecting blood by 
fingerstick or venipuncture for blood lead and serum "on 
jeterminations. Samples were collected from children ages 6 
months through 5 years at area Women. Infants and Children's 
clinics. day care centers and from private pediatricians. A 
"uestionnaire was completed for each subiect to gather 
:lemographic. and socioeconomic information. Age of hOUSing 
·nformation was determined from county records. Siood lead 
concentrations were determined using an I>.tomic 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 relationship between the 
continuous variables. Analysis of variance was used to test the 
relationship between lead and the categorical variables. 

A total of 317 subiects were screened for lead poisoning. The 
mean blood lead concentration was 4.6 mcgidl with a range of 0.6
20.5 mcgldl.' 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 significant risk factors for lead 
~oisoning were identified. Although the mean blood lead 
concentration was low in thiS sample, further data l$ needed before 
we can definitively say routine screening IS not necessary in Utah. 
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CONCENTRATIONS OF BUTRIPTYLINE IN BIOLOGICAL 

FLUIDS FOLLOWING A FATAL OVERDOSE. 

Ja=es D. Hutchison Jr., Annalivia Harris, 

Susan A. Rasmussen~ Scott A. Schlueter. 

Montana DOJ cri=e Lab, Missoula, MT 


A fatality, resultinq from the inqestion of 
butriptyline is reported with the methodology
of analysis and blood, urine, vitreous levels 
of the parent butriptyline and major metabolite 
n-des=ethyl 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 durinq a visit to 
Mexico, for butriptyline. 

ACidic/neutral and basic drug extractions 
were screened with HP 5S90 GC/FIO and GC/NPO 
dual column JiN. OB-5 and OB-17 and confirmed by 
Finnigan GC/MS/IT JiN OB-5MS. 

The followinq concentrations of 
butriptyline and norbutriptyline expressed as 
mq/l were found: Blood: 14.9/3.6, Vitreous: 
.5/.4, Urine: 313. 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 tricyclics. An 
autopsy was not performed so we were unable to 
provide tissue distribution levels. In 
consideration of the circumstances surrounding
the death and the toxicological findinqs, the 
cause ot death had been certified as 
butriptyline toxicity and the manner of death 
was ruled as a suicide. 
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DRUG FINDrNGS rN DECOMPOSED TISSUES OF A 

MULTIPLE DEATH rNVESTIGAnON.· . 

William H. Phillips, Jr.; California Department of Justice, Sacramento, 

California. 

The discovery of a cofTU'tlOn drug in tile d«ompojed organs of all seVert bodu:s 'IAc'lS 

I key clement of the prosec:utton's c.uc: agauut a woman 'lAcito ran a boardinghouse: on F Str«t 
m 5.l.cra.mcnto. California. Due to lh¢ tack of studies Ul the h{ctature Ulyolring decomposed 
tiSSUes relalinB to concentration of drugs found. the effects of t.he dewmPOSiUon process on 
drop. the ,tato af Ilyaration of the tissues. iIIId !he faet that blood '''IS not .",labl. far 
conlparlU\"e ~..luatiou all seven deaths were ruled ·undetermJ.ned- 'In cause. Other faeu 
",.eeminll!he I:&Je Will be di~. 

The flrst body ""'AS unearthed No\'ember i 1th i 988, The estimaled date of how 
long the remains had been buried vanes from four months to ~1) and one half yean 
according to dates artISt sightings, Both Jivet and bralll tissues were available tn five o( the 
S4;V4n cues. In one ca.se the VICtim'S head ""as not found and Ul another the organs were 
mumrruficd and the bver \\"&5 urudentifiable. The l>rains and. liw:.t'S \'ancd. in stales of 
decomposltion t.nd brain WClgh!.J varied from 100 to 600 grams and the hven (rom 160 to 
1790 grams. 

FaC1$ in the case Jed tM C()fQl(tCf to bc::Ueve that fluruepam ,,"'U involved in S<e\'era! 
of the deaths. The coroners tox.i(Ol081st lcne~,. that due 10 the nature of the tlUUl" and iade of 
speciali.zcd instrumentatiOn.. he would seek. help. The instrumentation needed for the 
analysIS \\"&5 .\'adable at the California Ocp.1r'lment ofJushee. A specafic request 'IA.'U made 
to look for U'ata of flurazepam. Homogenat.:s of the tissues from each victim were SlJppli¢d 
by Sacra.mC'nto Count)' coronft"s Om" ~o the Califorrua [)epartment of lu.shce. Toxicology 
laboratar}(OOJ). 

001 utiliza II 3 step S(:reen and confum s.chl"."me, routitw:ly 1.n\'Oivlna RIA. QC. 

GCtMS. B<ozodi>up..... "'CTe Iw,ntified in an ,,= by RIA and fiuraz.epam Of ,,. 

meubolites. N·I-hydto"Ycthylfluraz.epam. and N-I-dc..lkyll1ur_"'cr' confi""ed '" all 
mill and livc:'t .buue h0m08~tes from the SC\'en ... icti.m.t, Electron capture gas 
ch"."alall/1lphl' (EC/GC) :wi PI chta""''''gr'ph)-<I«U'Otl cap""c n<&ltiY< , ••nucal 
ionization Mus Spectromtlry (OCJECINCIMS) werc tl5Cd in the l:onfttmallon and 
quanhtatiol1. Calf ~h"Ct and brain tissue "-ere un1izcd in preparation of the quality &.lStU'mCC 

mlltenal. Dec.t-dC\lunted fluraz.epam "-as uxd u the Illtemal standard during & sclt:Cltve 
ion mottitoring qUlntitation. 

Other drop fOWld in tM samples include amitriptyline, noruip~·line. 
~inc. codeine. d~, dip.,nh~dramJnc. do"ylanUnc. haloperidol. 1U1d' 
ph.en)'1oin. Quanl1talive rcsull$ \10,11 be presented for aU drugs and metabolitcs in a graphu;.al 
presentation. 
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THB SIMULTANBOUS ANALYSIS OF TEN 
BENZODIAZEPINB DRUGS AND METABOLI'rES BY GAS 
CHROMATROGRAPHY, INCLUDING REPRESENTITIVES OF 
THE: "NEW GENERATION" OF DRUGS. 
Barbara E. GliCk", and R. Lyle Christensen 
(TOxicology Laboratory, Department of 
Pharmacology and Toxicology, Indiana 
University Medical School, Indianapolis, IN 
46202) 

Ten drugs and metabolites of the benzodiazepine 
class were simultaneously extracted and analyzed. The 
ten drugs and metabolite. were subdivided into two 
group.: (1) the -new generation~ drugs: Alpratolam,
Clonazepam and Triazolam; and (2) the Mold qeneration"
drugs, Chlordiazepoxide, Oeealkylflura~epam. Oia~epam, 
Lora!epam, Nordiazepam, Oxazepam, and Temazepam. the 
"new generation~ (IJ are ty~ically prescribed in low 
doses, so lower levels of detection, a9 low as 
10 ngjmL, must be po.. ible in order to confidently 
ass••• their pre.ance. Oynamic ranges were found to 
be 10 - 500 ng/mL and SO - 2000 ngjmL for (1) and (2), 
respectively. Th. druq. ware e~tracted from whole 
blood, serum, pla.ma or urine using Varian Bond El\,l.te 
Certify or Worldwide Clean Screen solid phase 
e~traction columna. The extractions were then 
derlvitized uaing KTBSTFA and analyzed by g'" 
chromatography with an electron capture detector. 
Enzymatic treatment using P"Glucoronidale enhanced the 
e~traction of benzodiazeplne. from urine samples. The 
average between-run preci.ion wa. 16\ and the average
within-run preclaion was 6\. 

The data presented lllu.trates the utilization: 
of a combination of solid phase extraction and -TBSTFA 
derivatizatlon to produce a quantitative a.say capable 
ot confirming the pre••nce of ten benzod1a~epines, 
Th. dynamiC rang•• of thi. procedure permits the 
evaluation of low dosed benz.odiazepines throughout
th.ir respective therapeutic range.~ This procedure 
lI\&y be utilited to evaluate forensic cases involving 
either physical imp4irment or questLonabie overdose•. 
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