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ABSTRACT: To collect useful epidemiological data about drug involvement in highway safety, it
is essential that sensitive and specific analytical procedures be used to establish the presence of
and to determine the concentrations of drugs and metabolites in samples collected from drivers.
This paper describes a comprehensive and systematic screening procedure requiring 6 mL of
blood, which has been used for the analysis of samples collected from injured and fatally injured
drivers. The procedure uses radioimmunoassay, gas chromatography with selective detectors, and
high performance liquid chromatography. Drugs and metabolites presumptively identified are
then confirmed primarily using gas chromatography—chemical ionization mass spectrometry.

KEYWORDS: toxicology, screening procedures, traffic safety, epidemiology

The involvement of ethanol and other drugs in driving and highway safety has stimulated
considerable toxicological interest in recent years. Most early research and epidemiological
studies involved ethanol alone, and its relationship to the impairment of driving skiils; this
work has been extensively reviewed by Jones and Joscelyn [/]. The increasing use and abuse
of drugs in addition to ethanol has raised the question of their ability to impair driving per-
formance. A number of recent conferences and literature reviews have helped to place this
problem in perspective [2,3]. It has become clear that epidemiological studies are essential to
accurately determine the role of drugs in highway safety. Workshops organized by National
Highway Traffic Safety Administration (NHSTA) [4] have identified probable drugs of in-
terest. Before epidemiological studies can be performed it is, however, necessary to develop
an analytical screening procedure that will detect these drugs and their pharmacologically
active metabolites at subtherapeutic, therapeutic, and toxic concentrations. Nichols [5] and
Waller [6] have previously noted that perhaps the most limiting aspect of epidemiological
studies to date is the availability ‘of suitable analytical procedures. It is also necessary to
determine blood concentrations of drugs and metabolites if valid interpretation of epidemi-
ological data with regard to drug and cause-effect relationships is to be made.

Previous analytical schemes to screen drugs and driving samples have required urine or
blood and urine [7-9]. Although drug identifications from urine samples are readily per-
formed, it has proven to be a more difficult sample to obtain from drivers than blood [10];
also, drug concentrations in urine are of little interpretative vaiue. Therefore. to obtain data
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concerning drug use among driving populations, a comprehensive drug screening and quan-
titation scheme requiring as little as 6 mL of biood has been developed. Limiting the volume
of blood collected is important especially in cases of traumatic injury or shock.

Radioimmunoassay (RIA) is used to detect the common drugs of abuse, including cocaine
and its major metabolite (benzoylecgonine), barbiturates, phencyclidine (PCP), opiate nar-
cotics, and A%-tetrahydrocannabinol (A%-THC). Gas chromatography (GC) with selective
detectors is used to screen for the benzodiazepines, tricyclic antidepressants, antihistamines,
and other basic drugs. The anticonvulsants and nonbarbiturate sedative-hypnotics are
detected by high performance liquid chromatography (HPLC) and thin-layer chromatogra-
phy (TLC). All presumptive positive results are confirmed and quantitated by other
analytical techniques, particularly gas chromatography-chemical ionization mass spectrom-
etry (GC-CIMS).

Samples

For studies involving fatally injured drivers, samples should be collected in glass containers
containing sodium fluoride and potassium oxalate with Teflon®-lined screw caps. Samples
from either injured drivers or drivers suspected of being under the influence of drugs should be
collected in an evacuated blood drawing tube containing the same preservative and after mix-
ing, transferred to a glass container with a Teflon-lined screw cap.

Materials

Chemicals used in preparing buffer solutions, including sodium borate, sodium dihydro-
- gen phosphate, sodium hydroxide, potassium hydroxide, ammonium hydroxide, concen-
trated sulfuric, and hydrochloric acids, were analytical reagent grade, purchased from Mal-
lincrodt, Inc. A variety of solvents, including toluene, heptane, isoamyl alcohol, hexane,
acetone, isopropanol, r-propanol, furfural, and ethyl acetate, were also obtained from
Mallincrodt, Inc. Chloroform, n-butyl chloride, acetonitrile, and methanol were purchased
from Burdick and Jackson Laboratories. Absolute ethanol for standard preparation was ob-
tained from U.S. Industrial Chemical Co.

Instrumentation

A variety of gas liquid chromatographs were used during the course of these studies. A
Finnigan 9500 gas chromatograph equipped with flame ionization detectors was used for the
determination of volatiles. Hewlett-Packard gas chromatographs (Model 5730A) equipped
with either nitrogen phosphorous or electron capture detectors were used to detect basic
drugs, benzodiazepines, ethchlorvynol, and trichlorethanol. HPLC analyses were performed
on a Varian liquid chromatograph (Model 5020) equipped with either a Varichrom variable
wavelength ultraviolet (UV) detector or a Varian UV-5 filter spectrophotometer. A Beckman
gamma counter was used for the RIA analyses.

GC-MS analysis, in either the chemical ionization (GC-CIMS) or electron impact (GC-
EIMS) mode, were performed on a Finnigan 3200 GC-MS. For the GC-CIMS work, the in-
strument was interfaced with an Incos data system.

Screening

An outline of the procedure is shown in Fig. 1. The application of each of the analytical
techniques used will be discussed separately. For all screening procedures blood samples to
which drugs and metabolites had been added were analyzed concurrently.
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FLOWCHART FOR SCREENING OF BLOOD SAMPLES
BLOOD SAMPLE

F. (NS STIMULANTS
VOLUME USED 1.0 ML

A. 1. ETHANOL AND RELATED VOLATTLES
VOLUME USED 0.1 ML
2. ETHYLENE GLYCOL, XYLENE AND

~
TOLUENE E. 1. ANTICONVULSANTS AND
VOLUME USED 1.0 ML CLUTETHIMIDE
(IF REQUIRED.) 2. CARBAMATES

BARBITURATE CONFIRMATIONS
VOLUME USED 1.0 ML

B. 1. BENZODIAZEPINES
2. TRICHLOROETHANOL AND
ETHCGHLORVYNOL

D. IC DRI
VOLUME USED 0.25 ML Bas s

VOLUME USED 2.0 ML

C. RADIOIMMUNOASSAY SCREENS FOR
BARBITURATES

MORPHINE AND CODEINE
PHENCYCLIDINE
A®-TETRAHYDROCANNABINOL
COCAINE AND METABOLITES
VOLWE USED 0.30 ML

v W

FIG. 1 —Specimen use.

Radioimmunoassay

Commercially available kits (Abuscreen®, Roche Diagnostics), were used to detect bar-
biturates, opiate narcotics, cocaine and benzoylecgonine, and phencyclidine (PCP).
Although a similar procedure is available for the detection of amphetamine, it was not used
because of the cross-reactivity with endogenous 3-phenylethylamine.

Preliminary screening for A>-THC was performed using two RIA methods developed
under contract to the National Institute on Drug Abuse. One procedure used a tritiated
tracer [/1] and the other an I!'2-labelled tracer [12]. Both of these assays are reported to be
specific for A%-THC and to have the sensitivity required to detect A% THC in blood or plasma
samples after the smoking of marijuana. Presently, the procedure using the I'2-tracer is
used exclusively. The method requires 100 uL of blood.

Gas Chromatography

Several different gas chromatographic procedures were used. Table 1 lists the types of col-
umns and chromatographic conditions employed for these analyses. Silanized glass columns
were used for all assays.

Ethanol and related volatiles, ethylene glycol, and aromatic hydrocarbons were screened
using GC with flame ionization detection (GC-FID).

GC with electron capture detection (GC-ECD) is extremely useful for halogen containing
compounds. Several workers, including Peat and Kopjak [/3] and Rutherford [/4] have
used this technique to separate and detect the benzodiazepines. For this study, the proce-
dure of Peat and Kopjak [/3] was modified; 0.25 mL of blood is buffered with an equal
volume of saturated sodium borate (pH 9.0) and extracted with 0.25 mL of a mixed solvent
(toluene : heptane :isoamyl alcohol, 76:20:4). An aliquot of the organic phase is then in-
jected directly onto the column. A second aliquot is used for the detection of ethchlorvynol
and trichloroethanol.
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The nitrogen phosphorous detector (NPD) is ideally suited for the detection and quantita-
tion of basic drugs and their metabolites. Pierce et al [/5] used GC-NPD to screen postmortem
blood samples for these compounds. To obtain the required sensitivity (0.1 pg/mL) and chro-
matograms that were relatively free of interfering peaks, it was necessary to modify this pro-
cedure. Figure 2 outlines the extraction steps used. A similar extraction procedure was used
for the amphetamines. Figure 3 details this procedure.

High Performance Liquid Chromatography

Several liquid chromatographic procedures have been published for the analysis of anti-
convulsants and barbiturates, including those of Adams et al [/6], Kabra et al [/7], and
Soldin [18]. A reverse phase system, based on these procedures, was used for the detection of
the commonly prescribed anticonvulsants (phenobarbital, primidone, phenytoin, and car-
bamazepine), barbiturates, and nonbarbiturate sedative hypnotics (for example, glutethi-
mide and methyprylon). To 1.0 mL of blood is added 0.5 mL of 0.3M sodium dihydrogen phos-
phate (pH 4.5), 12 ug of S-ethyl-5-p-tolylbarbituric acid (internal standard), and 10 mL of
chloroform. The organic layer is removed after extraction and centrifugation, evaporated to
dryness and reconstituted in 100 pL of the HPLC eluent. An aliquot is then injected. The
HPLC conditions used are as follows: column: 25-cm by 4.6-mm Lichrosorb RP-8 (E. Merck,

2 ml of blood, 2 ml of saturated sodium
borate (pH 9.0) and 0.4 yg of flurazepam

Extract with 10 ml of
n-butyl chloride. Centrifuge

} !

Organic Aqueous - Discard

Extract with 3 ml of 1IN
sulfuric acid.
Centrifuge

| }

Organic - Discard Aqueous

Add 0.5 ml of 10 N sodium

hydroxide and extract with
10 ml of n-butyl chloride

Centrifuge

| !

Organic Aqueous - Discard

Add 50 yl of 1% methanolic
hydrochloric acid

Evaporate to dryness under a stream of air
Reconstitute residue in 50 yl of hexane:ethanol (1:1)
and inject 1 yl onto a 3% OV-17 and a 3% OV-1 colum

FIG. 2—Extraction procedure for basic drugs and metabolites.
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1 ml of blood, 1 ml of saturated sodium
borate and 0.2 yg of N-propylamphetamine

Extract with 10 ml of n-butyl chloride
Centrifuge

| -

Organic Aqueous - discard

Extract with 3 ml of IN sulfuric
acid. Centrifuge

! l

Organic - discard Aqueous

Add 0.5 ml of 10N sodium
hydroxide and extract with
10 mls r-butyl chloride

Centrifuge

| o

Organic Aqueous - discard

Add 100 yl of acetic anhydride

Evaporate to dryness at 40°C

Reconstitute residue in 50 yl
hexane:ethanol (1:1) and
inject 1-2 yl

FIG. 3—FExtraction procedure for the amphetamine.

Darmstadt, Germany), eluent: 28% acetonitrile in water, flow rate: 2.0 mL per minute, detec-
tor wavelength: 200 nm.

Thin-Layer Chromatography

The residue from the HPLC screen is redissolved in methanol (20 uL) and screened for
carbamates using precoated silica sheets (Silica Gel 60 Fys4, E. Merck, Darmstadt, Ger-
many), and an eluent of ethyl acetate:methanol:ammonia (85:15:5) [2/]. The carbamates
were detected by spraying with furfural:ethanol (9:1) followed by exposure to hydrogen chlo-
ride fumes.

Confirmation of Screening Results

Although several analytical procedures were used for confirmation of presumptive positive
findings, GC-CIMS was essential for the identification of basic drugs and those drugs of
abuse detected by the RIA procedures. As indicated in Table 1, a two-column gas chromato-
graphic system was used to detect a wide variety of basic drugs at a sensitivity limit of 0.1
pg/mL. Preliminary identification of drugs and metabolites was made by comparing reten-
tion times relative to flurazepam to those published by Pierce et al [15]. The residue from
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this initial screen was then examined by GC-CIMS using a column packed with 3% OV-17
on Gas Chrom Q and a temperature program similar to that used for the NPD screen. A 2-s
scan between 100 and 450 m/z was used for data acquisition. The use of methane as carrier
gas and ammonia as reagent gas, has been shown to produce intense protonated molecular
ions for a wide range of basic drugs [22]. These gases were therefore used for the confirma-
tions. Using this procedure, a positive identification of compounds detected by the NPD
screen could be made by comparison with known CIMS spectra.

It was also necessary to use GC-CIMS to confirm positive findings from the RIA screens
for cocaine and benzoylecgonine, PCP, opiate narcotics, A%THC, and to identify am-
phetamine or its derivatives detected by GC-NPD. The GC-CIMS procedures used for co-
caine and benzoylecgonine, PCP, the opiate narcotics, and the amphetamines have been
reviewed by Foltz et al [22]; all use ammonia as reagent gas and deuterated internal stan-
dards for quantitation. Two GC-CIMS procedures have been used for the confirmation and
quantitation of A%-THC. The method presently used involves extraction of A%-THC, methyl-
ation, and the formation of the trifluoroacyl derivatives. Capillary column GC and negative
ion monitoring are then used to detect A%-THC [23].

It was unnecessary to use GC-CIMS to confirm other positive screening results; these
could be confirmed using alternative chromatographic procedures or GC-EIMS. Confirma-
tions by GC-EIMS are tabulated in Table 2. All of these confirmations used helium as car-
rier gas and an electron voltage of 70 eV.

Benzodiazepines were initially identified using GC-ECD. They are also detected by GC-
NPD, therefore this technique was used as a confirmation of presumptive positives. Chlor-
diazepoxide and its metabolites were confirmed and quantitated by the HPLC procedure of
Peat et al [24].

Barbiturates identified by RIA can be confirmed in the HPLC screen for anticonvuisants
and by GC of the methylated derivatives on a 3% OV-17 column using flame ionization
detection. The latter procedure was also used to confirm the anticonvulsant drugs.
Preferably, the barbiturates are confirmed using GC-NPD on a 2% SP-2110/1% SP-2510-
DA on Supelcoport 100-200 column packing without derivatization. Carbamazepine,
however, was confirmed using identical HPLC conditions to those employed for screening
with the exception that the detector wavelength was set at 280 nm.

Quantitation of Drugs and Metabolites

All drugs and metabolites detected were quantitated using suitable internal standards.
The methods used are tabulated in Table 3. Deuterated analogs were used for all the GC-
CIMS procedures.

Discussion

Although the analytical procedures described here for screening, identification, and
quantitation of drugs and metabolites are generally available to forensic toxicologists, their
use to systematically analyze a limited volume of blood has not been previously described.

TABLE 2—Confirmations performed by GC-EIMS.

Drug Column Packing
Volatiles (except ethanol Tenax
and related volatiles)
Trichloroethanol and 10% SP-1000 on Gas
ethchlorynol Chrom Q 80-100
Glutethimide and the 3% QV-17 on Gas

carbamates Chrom Q 80-100
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TABLE 3—Methods used for quantiration of drugs and metabolites.

Drug Internal Standard Method Comments Ref
Ethanol and related volatiles n-propanol GC-FID  see Table |
Ethylene glycol propylene glycol GC-FID  see Table |
Toluene, xylene, and alternate compound, GC-FID see Table 1
benzene that is, benzene if
toluene is detected
Benzodiazepines (except flurazepam GC-ECD  see Table 1 —single stage ex-
chlordiazepoxide) traction procedure used
Chlordiazepoxide diazepam HPLC norchlordiazepoxide, 24
demoxepam, and
nordiazepam quantitated
simultaneously
Ethchlorvynol and trichloro- alternate compound, GC-ECD  see Table 1—single extrac-
ethanol that is, TCE for tion procedure used
ethchlorvynol
Basic Drugs (except PCP, alternate base. that GC-NPD  choice of internal standard 25
opiate narcotics, cocaine, is, mepivicaine for depends upon drug to be
amphetamines, and tri- lidocaine quantitated
cyclic antidepressants)
PCP, opiate narcotics, deuterated analogs GC-CIMS 22
amphetamines, cocaine,
and benzoylecgonine
Tricyclic antidepressants deuterated analogs ~ GC-CIMS single stage extraction 26
procedure used
A%-THC deuterated analogs GC-CIMS positive or negative ion 22,23
detection used
Barbiturates alternate barbiturate GC-NPD  column packing: 2%
SP-2110/1% SP-2510-DA
Supelcoport 100-120
Anticonvulsants, and 5-ethyl-5-p-tolyl- HPLC-UV see text for conditions
glutethimide barbituric acid
Carbamates diphenhydramine GC-FID  column packing: 3% OV-17

on Gas Chrom Q

In developing this approach, certain problems were encountered in attempting to satisfy
sensitivity requirements necessary to detect subtherapeutic concentrations of drugs in blood
samples. Although Pierce et al [15] developed a GC-NPD procedure for screening basic
drugs and their metabolites in postmortem samples, it did not meet the sensitivity re-
quirements and in addition, interfering peaks were often encountered. To overcome these
drawbacks, the sample volume was increased to 2 mL and a back extraction procedure used
(see Fig. 2). Figure 4a shows a GC-NPD chromatogram of a sample following extraction by
the method of Pierce et al [15]; peaks (numbered 1 to 4) might interfere with the identifica-
tion of more volatile drugs and metabolites, for example the antihistamines. When the same
sample is analyzed using the modified extraction procedure a “‘cleaner” chromatogram is
obtained (Fig. 4b). Flurazepam was added to the sample before extraction as a marker. The
original reference compound used by Pierce et al {/5] was prazepam. Unfortunately, this
benzodiazepine was poorly recovered by the modified extraction scheme. Flurazepam was
chosen as the internal standard because the samples have previously been screened for ben-
zodiazepines; it is also rapidly metabolized to N-desalkyl flurazepam and therefore not de-
tected after normal therapy.

Developing a suitable screening procedure for amphetamines was also difficult. Various
workers {27-29] have described procedures for detection of these drugs in urine or large
volumes of blood, but sensitivity limits are in the ug/mL range. Initial attempts to obtain
ng/mL sensitivity by GLC using either acyl or trifluoracyl derivatives were unsuccessful
because interfering peaks were often encountered on the commonly used silicone phases.
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FIG. 4—GC-NPD tracing of a sample containing methaqualone before (a) and after back extraction (b).

The use of a mixed phase GC packing, potassium hydroxide with either Apiezon L or Car-
bowax 20M has also been described [27]. Following the evaluation of different Carbowax
20M potassium hydroxide packings, optimum resolution of amphetamine, methamphet-
amine, phentermine, 8-phenylethylamine, and N-propyl amphetamine was obtained on an
8% Carbowax 20M and 5% potassium hydroxide on Gas Chrom Q 100-120 mesh packing.
Table 4 lists the retention times of these amines relative to N-proplyamphetamine which was
used as the internal standard.

The identification of A%-THC in blood is one of the most challenging toxicological
analyses. However, previous drugs and driving studies have shown that A®-THC and
metabolites are the most commonly encountered substances [9] after ethanol.2 Two recently
developed RIA procedures for blood, one using a tritiated and the other an iodinated tracer
are reportedly specific for A% THC in blood or serum [11,12]. However, as with other screen-
ing methods, it is imperative that presumptive positives be confirmed. The confirmation
technique must be capable of detecting and quantitating A% THC at concentrations below
0.01 ug/mL, since recent reports indicate that blood concentrations fall below this level 3 h
after smoking [30]. To date, GC-CIMS has proven the most effective means of both confirm-
ing and quantitating A%-THC. Although packed column chromatography and positive ion
detection have been shown to be suitable for analysis of A%-THC in serum at concentrations

ZA. I. McBay and A. P. Mason, personal communication, 1982.
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TABLE 4—Relative retention time (to
N-propylamphetamine) of some amines on an
8% Carbowax 20M-5% potassium hydroxide packing.

Drug Relative Retention Time
Phentermine 0.83
Methamphetamine 0.91
N-propylamphetamine 1.0
Amphetamine 1.26
B-phenylethylamine 1.85

above 0.001 pug/mL [22], a recently developed capillary chromatography-negative ion detec-
tion procedure [23] is more suitable for the analysis of blood samples in the low ng/mL con-
centration range. This latter procedure is the one presently being used.

Conclusion

The analytical screening approach described was designed to satisfy two important criteria
(a) analysis of small volumes of samples (Fig. 1 summarizes sample use) and (b) the detec-
tion and quantitation of a wide variety of drugs, as described in the NHSTA workshop at
subtherapeutic concentrations. These criteria can only be met through the use of sensitive
analytical procedures. To obtain this sensitivity, screening procedures such as RIA, GC-
NPD, and GC-ECD have been used, followed by GC-CIMS for the confirmation and quan-
titation of presumptive positives. Only these techniques can offer the accuracy as well as the
precision needed by the forensic toxicologists. These sensitivity requirements are needed to
assure detection of drugs in multiple use situations and to identify drugs that may cause im-
pairment when used therapeutically.
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