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METHODS OF IDENTlFICATl.ON AND CONFIRMATION OF ABUSIVE 
DRUGS IN. HUMAN URINE 

SUMMARY 

A tllin-layer chromatography (TLC) procedure is described to be used as the 
initial dru.g detection method for urine surveillance in a drug abuse treatment pro- 
gram. While the TLC method is suficiently sensitive. it is prone to false-positive re- 
sults. For this reason, two other drug detection methods (gas-liquid chromatography 
and radioimmunoassay) have been incorporated to confirm positive results obtained 
with TLC. Tile combined methodologies result in a urine surveillance procedure that 
is versatile, sensitive and highly reliable. 

INTRODUCTION 

The analysis of urine for drugs of abuse is currently the most important 
method of determining the incidence of drug abuse. Urine surveillance has become 
essential in monitoring the progress of drug abusers during detoxification and re- 
habilitation. The need for reliable methods of identifying drugs in urine has resulted 
in many drug-detection methodologies and several excellent reviews of these methods 
have been published’-“. The method used for urine surveillance must be fast, sensitive, 
reliable. and relatively inexpensive. In addition. it must be able to detect a large variety 
of drugs. These requirements have been most adequately met by extractionofthedrugs 
from urine and subsequent separation and identilicntion by thin-layer chromato- 
graphy (TLC). At present, no other method can detect the wide variety of drugs in 
the same time and at comparable low cost. 

The sensitivity of present TLC procedures ranges from 0.5l.O[~g/ml of 
urine for the more commonly abused drugs? and we have found that TLC will detect 
most drugs for at least 36 h after a therapeutic dose. For urine surveillance where 
biweekly analysis of patients’ urine is performed this sensitivity is adequate. The TLC 
method, however, has perhaps the highest incidence of false-positive results due to 
interference by other drugs and non-specific factors. The incidence of false-positive 

l Address reprint rcqucsts to: David L. Rocrig. Ph. D.. Pharmacology Rcscarch Lab/ 151, 
Vctcrans Administration Ccnlcr, Wood, Wise. 53193. U.S.A. 
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results necessitates the use of confirmatory tests in conjunction with TLC. Such 
confirmatory procedures should not suffer from the same type of interference found 
with TLC and should be inherently more sensitive to confirm questionable positive 
results. The present work describes a practical method for urine surveillance, utilizi?g 
TLC as an initial screening method followed by two confirmatory procedures, gas- 
liquid chromatography (GLC) and radioimmunoassay (RIA). 

METHODS AND MATERIALS 

Chemicals 
All drugs used as standards were obtained in pure powdered form from com- 

mercial sources. Tile TLC medium used was Gelman ITLC, type SG (Gelman In- 
strument, Ann Arbor, Mich.. U.S.A.). Amberlite XAD-2@ was purchased from Rohm 
& Haas (Philadelphia, Pa., U.S.A.) and prior to use was washed with three volumes 
of methanol and ten volumes of distilled water. Abuscreen@ radioimmunoassay kits 
for morphine, barbiturates and amphetamines were obtained from Roche Diagnostics 
(Nutley. N.J.. U.S.A.). Fluoram@ was purchased from Scientific Products (McGraw 
Park, Ill., U,S.A.). 

TLC eslractioit procedure 
Drugs were extracted from patient urine using a modification of the method 

of Fujimoto and Wangg. A column was fabricated from a 0.004-in., 12.5-cm x 20-cm 
polyethylene bag by heat-sealing a wedge-shaped channel from the lower corner to 
a point midway across the top of the bag *3*ao. The bottom corner of the column was 
pierced with a 15-gauge syringe needle (Fig. I). This hole (1 mm diameter) served as 

ROLE 
L 

12,5 CM -I 
Fig. I. Disposublc plastic bag column filled with Ambcrlitc XAD-2 resin. If clutiny solvents with a 
density greater than that of water arc used, a glass wool plug must bc placed on top of the Ambcrlitc 
XAD-2 to prevent disturbance of the resin column. 



IDENTIFICATION AND CONFIRMATION OF ABUSIVE DRUGS 351 

the outlet of the column. The column was suspended by a hook from a horizontal 
rod and filled to a height of 12 cm (about 4 g) with an aqueous slurry of the washed 
Amberlite XAD-2. Excess water was allowed to drain out of the resin, and urine (35 
ml) was poured in the top of the bag and allowed to pass through the resin. The bag 
was compressed slightly to remove as much urine as possible. Drugs were eluted from 
the resin with 20 ml of methanol. The colored portion of the eluate was collected und 
I5 ml of this eluate were concentrated by evaporation on a Buchlcr Evapo-M ix@’ at 
45”. Two-hundred microliters of methanol were added to the viscous residue. and 
2Oi~l of the residue were spotted on the chromatogram. 

TLC solvent systems 
The concentrated extract from each &ine sample was spotted on three dif- 

ferent sheets of Gelman ITLC. Type SC. Nine patient samples and one standard 
were spotted on each chromatogram. Each of the three chromatograms was developed 
in a different solvent system: (A) benzene-hexane-diethylaminc (2S:lO:l). (B) chloro- 
form-ammonium hydroxide (50:0.1). and (C) chloroform-acetic acid (5O:O.l). The 
solvent was allowed to rise to about 12 cm above the origin (IO-12 min), then the 
chromatograms were removed, and air-dried for S-10 min. 

Barbiturates were detected by spraying chromatogram C with diphenylcarba- 
zone until a uniform pink color persisted. This was allowed to dry (7-10 min). then 
sprayed with mercurous nitrate. The barbiturate appeared as a white spot on a blue 
background that developed in about 5 min. 

Chromatograms A and B were viewed under ultraviolet (UV) light for fluores- 
cence due to quinine and meperidine. Chromatogram I3 was then exposed to am- 
monia vapors for 30 set and sprayed with Fluoram. Under UV light. cl-amphetamine 
and quinine appear as yellow spots. Both chromatograms A and B were tllen sprayed 
with iodoplatinate to detect opiates, opioids and other basic drugs. 

lodoplatinate stock solution consisted of 5 ml of 5 “/, (w/v) platinum chloride. 
45 ml 10% (w/v) KI and 45 ml water. Prior to use the iodoplatinatc stock solution was 
mixed with an equal volume of 2 hf HCI. Diphenylcarbazone was prepared as a 1 ‘x, 
w/v solution in 95% ethanol. The mercurous nitrate solution consisted of 20 g 
HgNO,*HLO in 500 ml of 0.15 N HNOJ. The Fluoram spray. used for detection of 
primary amines. consisted of 15 mg of fluorescamine in 100 ml of acetone. 

Drugs were extracted from 5 ml of urine using the method of Goldbaum 
et al,“. GLC analyses of these extracts were performed on a Hewlett-Packard Model 
5700 dual-column gas chromatograph fitted with hydrogen flame detectors. The glass 
columns were 3 ft. >: 4 in. O.D.. packed with 3% OV-I or 3 “/1: OV-17 absorbed on 
80-100 mesh Chromsorb W HP. Column conditions are as stated in Table IV. The 
injection port temperature was 250” and the detector temperature 300”. The respective 
flow-rntes for helium, hydrogen and air were 60. 60 and 240 ml/min, respectively. 
An injection volume of 2/41 was used and abs’olute retention times were measured from 
the front edge of the solvent peak. 
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Rn~~i~,i,,lr,lun*~s~~ 
The morphine RIA was 3H-labelled. whereas the barbiturate and amphetamine 

RiAs used lzsl for the radioactive label.‘The RIA kits were used according EO the meth- 
od outlined by the manufacturer, and 0.1 ml of urine was allowed to incubate with 
the antibody solution for 1 I?‘. After precipitation of the antibody-drug complex, 
0.5 ml of the supernatant was added to IO ml of modified Bray’s solution and counted 
for 1 min in the tritium channel of a Packard Tri-Carb Model 3330 liquid scintillation 
spectrometer. Both 3H and lrsl can be counted in this manner. 

A control urine, as well as three standard urines containing known amounts 
of drugs, were run for each different drug. The standard urines for morphine, barbi- 
turate and amphetamine contained 60, 100 and 1000 ng/ml of the respective drug. 
A patient’s urine was considered positive on RIA for the drug in question if the counts 
obtained were greater than the mean count obtained for its respective standard urine. 

RESULTS 

The extraction ef’liciency of the Amberlite XAD-2 resin, using the plastic 
bag column and methanol elution, was determined using normal urine spiked with ra- 
dioactive drugs. Efficiencies for morphine, barbiturate, amphetamine and methadone 
are shown in Table 1. The flow-rates expressed in Table I represent maximum flow- 
rates for the bag-type column. Attempts to study the effects of increased flow-rates 
by increasing the diameter of the column outlet resulted in a loss of Amberlite XAD-2 
resin through the outlet. The effect of decreased flow-rate on drug extraction effi- 
ciency was studied by decreasing the diameter of the column outlet. Use of an 18- 
gauge. needle to make the outlet hole resulted in flow-rates of 4.3 ml/min for urine 
and 2.6 ml/min for methanol. While the per cent recovery of all drugs increased slight- 
ly, the time required for the extraction process of a single sample doubled from 10 
to 20 min. Because of this substantial increase in extraction time, the higher flow-rates 
were employed for all subsequent studies. 

As shown in Table I, increase in urine pH from 6.2 to 8.1 increased the per cent 
recovery of morphine and amphetamine only slightly. whereas the recovery of pheno- 
barbital in the methanol eluate decreased to 45%. We have found that patient urine 

TABLE I 

EXTRACTION EFFICIENCY OF AMBERLITE XAD-2 
50.ml urine samples were spiked witheach of the ‘C-labclled drugsat a concentration of I ,!!g/nil. I-/fCi 
total radioactivity was used in each extraction, Each value rcprescnts the mean of at least three scpa- 
rate determinations. Flow-rates for urine and methanol through the column were 8 and 4.7 ml/min. 
respectively. 

DrrrC: Extrraction Exrracliort 
<II pn 6.2 (“,’ 0 ) nt pN 8.1 f”b) 

Morphine 83.3 88.8 
Methadone 88.5 . - 
Phenobarbital 81.4 44.9 
Amphctaminc 80.7 81.3 
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pH just prior to analysis (2 to 12 h after the urine sample is taken) normally ranges 
from pH 5.2-7.5 with a mean pH of 6.2. Urine pH, therefore, was not changed prior 
to extraction, since the lower pH favored efficient extraction of barbiturates. 

Table II shows the RI: and the color of the spot for several drugs separated by 
the three different solvent systems. These represent compounds most frequently en- 
countered in the urine of patients being treated for drug abuse. While only one spot at 
RF 0.5 is listed for codeine, a second spot at R,: 0. I5 (morphine) is usually seen in the 
urine of a patient who has taken codeine. Similarly, we have occasionally observed 
two spots in urine from a patient who has taken heroin, a major morphine spot at RI: 
0. I5 and a spot at RF 0.8 corresponding to 6-acetylmorphine. Because of this appear- 
ance of multiple spots for certain drugs, the standard urines used for comparison on 
TLC were obtained from patients who had received the given drug rather than using 
urine from normal subjects spiked with the drug. 

TABLE II 

RF VALUES AND SPOT COLORS OF DRUGS SEPARATED BY TLC 
DPC = Diphcnylclrrbazonc spray followed by mcrcurous nitrate spray as dcscribcd in the text. 
B == Blue: Bl = black; Br IL= brown; Gr :=: gray: Or =: orange; Pp = purple; R = red: W - 
white: Y == yellow: dk =y dark: FI =y fiuorcsccnt under short-wave UV light. 

_ _ _. 
Codeine 
Hydromorphonc 
Morphine 
Heroin 
Mcthadonc 
Mepcridinc 
Propoxyphenc* I-ICI 
cl-Amphctaminc 
Mcthamphctaminc 
Cocaine 
Benzoyl ccgoninc 
Caffeine 
Procaine 
Pcntobarbital 
Amobarbital 
Sccobarbital 
Phenobarbital 
Mcprobamatc 
Methyprylon 
Ethinamakc ’ 
Dcsipramine 
Hydroxyzinc* HCI 
Chloral hydrate 
Thioridazinc 
Chlorpromazine 
Quinine 
Mandclaminc 

A 

OS, 0.15 
0.5 
0.15 
0.15, 0.8 
I .o 
0.75 
0.2-I .o 
0.85 
0.85 
1.0 
0.4 
0.8 
0.9 

0.15 

. . . . . 

0.2 
0.1 
0.2 
0.1-0.6 
0.8 
0.3 
0.5 

B c 

0.1 
0.1 

0.4 
0.5 

0.3 
0.4 
0.4 
0.65 

0.8 
0.2 

0.7 
0.7 
0.7 
0.7 

0.8 
0.7 

0. I 
0.5 
0.5 
0.7 
0.3 

Iotloplialirrcrlc~ Flrrorml DPC 
sprccy spruy 

h! 
dk Pp 
I3 
B-BI 
Br 
PP 
B 
Gr Y/F1 
Cir 
Pp-Br 
PP 
Gr 
Gr 

Pp -w 
Pp- -w 
Pp---w 
Pp- -*w 

W 
Y-Or 

El 
PP 
dk Br 
B 
Br 
13 
El 
R 
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For certain basic drugs listed in Table II, characteristic spots on TLC were not 
observed wit11 both solvent systems A and B. In these cases, either drug spots were 
obscured by urinary pigments or the drug did not migrate from the origin of the chro- 
matogram. In addition, a drug such as propoxyphene tends to streak in solvent sys- 
tem A, whereas it separates as a defined spot in solvent system B. 

The sensitivity of the TLC procedure was estimated using normal urine spiked 
with morphine, methadone, barbiturates, and amphetamines. Table 111 shows the re- 
sults of analysis of 130 urine samples spiked with mixtures of the above drugs at 
concentrations of 1 .O, 0.5, or 0.2 klg/ml, Analysis of these urine samples was performed 
in a single blind manner in which the technicians performing the test did not know 
the identity or amounts of drugs present. The increase in false-negative results with 
decreasing concentrations of a given drug was ttsed to estimate the lowest concentra- 
tion of that drug which could be routinely detected by TLC. No false negatives were 
observed for morphine, and only one questionable positive was noted for morphine 
at the lowest concentration (0.2,ug/ml). For methadone, the incidence of false nega- 
tives was high at 0.2 /Ag/rnl. and low at 0.5 p&/ml. The estimated sensitivity for detect- 
ing barbiturates is between 0.5 and 1 .Opg/ml and about 0.5 pg/ml for c/-amphetamine. 
For methampl~etamine. however, the sensitivity of the TLC assay is not as good, since 
we observed about 50 “/” false negatives at the highest concentration studied (I /lg/ml). 

Radiointn7ullonssny 
Radioimmunoassay was used for confirmation of TLC results for morphine 

and barbiturates. The amphetamine RIA, at present, is still being evaluated as a con- 
. 

TABLE III 

TLC ANALYSIS OF 130 NORMAL URINES SPIKED WITH DRUGS 

Sonic urine samples wcrc spiked with nlorc than one drug. All chromatograms were interprctcd by 
the same person. 

_~.~.. _. . _ .._ ._ _ ,. .,, ,. _ .._. _. ._--...---__-~--_-.- .__- 

DfW.V TC&ll Corrcetltrafiorr Ncgarivc Positive Quesfio~rublc Approxitrw f e 
wrwkr (I’RlM serrsif irei/ v 
of rrritrcs (Mm0 

._ _. . .._ 
Morphine 23 1 .o - 10 -- “’ 0.2 

0.5 -.. 8 - 

0.2 .-. 4 1 

Methadone 38 I .o 2 17 I 0.5 
0.5 I 9 I 
0.2 2 2 - 

Bal hitll~iltcs 51 1.0 2 20 2 0.5-l .o 
0.5 8 9 2 
0.2 7 1 - 

tl-Arnphctaminc 30 1.0 2 15 - 0.5 
0.5 - 7 1 
0.2 I 2 I 

Mcthamphctaminc 20 I .o 6 7 ._ > I.0 
0.5 3 2 _- 

0.2 2 .- 
. -. - -... _...... .._ _.._. . -.- _,.. ___ _.. _... ..__ . _ __. .-_-_.-._.-.-_.. ._._... -_.. ..__ _..., - 
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firmatory procedure. It should be noted that the amphetamine RIA is specific for 
c/-amphetamine and does not react with methamphetamine. 

For GLC analysis, a multi-extraction procedure was used in which the drugs 
are separated into three fractions: acid, basic and neutral drugslo. The basic fraction 
contains opiates, methadone, amphetamines, and cocaine; the acid fraction contains 
barbiturates. The neutral fraction contains drugs such as glutethimide. Since morphine 
is amphoteric, it is not extracted by this procedure and remains in the aqueous layer. 
For this reason, and because morphine cannot be cllromatographed well by GLC, 
confirmntions of morphine were performed using RIA. 

The extraction efficiencies for the different drugs vary using the above proce- 
dure. However, tile high sensitivity of CLC compensates to give a procedure that is 
more sensitive than TLC for all the drugs tested. Table IV lists retention times for 
each drug; included are the metabolites of some drugs which are found in actual pa- 
tient urine samples. 

., 
TABLE IV 

RETENTION TIMES AND COLUMN TEMPERATURES FOR GLC ANALYSIS OF URINE 
FOR ABUSIVE DRUGS 
Retention times arc relative to the leading cdgc of the solvent front and wcrc measured directly by 
an automatic integrator. EDDP = 2-Ethylidcne-I .5-dimethyl-3,3-diphcnylpyrrolidinc; EMDP = 
2-ethyl-5methyl-3,3-diphcnylpyrrolinc. 
..__ _ . . .._ . .- .._ .__. - .._.. - . . .__ --. _ ..-_.--.._-._ _ -- ..- -. ..-.-.- .- -. - -.- 
Drum Reterrfior~ tiwe (tnitt) Cohrrw tenipvralirre (“C) 

V’ ov-l 3y;, ov-17 . 10 
_ -_-_.- _--. .-. .-.. .- - ..-.- .- -- .- ..-... 
Mcthndonc 5.34 240 
Methadone 0.88 250 
EDDP 4.00 240 
EDDP 0.72 250 
EMDP 3.04 240 
Codcinc I .54 250 
Darvon 5.90 240 
r/-Amphetamine 1.95 140 
Methamphetaminc - 2.43 140 
Amobarbital 0.93 200 
Pcntobarbital 0.97 200 
Sccobarbital 1.20 200 
Phenobarbital 2.05 200 
Quinine 4.GO 250 
Cocaine 8.28 240 
Cocaine I.26 240 
Cocaine 0.97 250 
Benzoyl ccgoninc 3.15 240 

_. . ..- ._ __.. _.- .._____._.._.... -_- _... _ .._.__ ___ ________ 

DISCUSSION 

The sensitivity of the TLC method in detecting abusive drugs in urine is im- 
portant because, as used here as the initial analysis, it determines the ultimate sensi- 
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tivity of the urine-testing program. The sensitivity of the TLC method is related to the 
volume of urine used, the efficiency of the extraction of the drug from urine, and the 
sensitivity of the chromatography system. 

Drugs can be extracted from urine using liquid-liquid extractionl*, ion- 
exchange resin” or absorption resins ‘)*13*1J. In the present study, we used an absorption 
resin column method originally developed in this laboratory9~*“. This method uses 
Amberlite XAD-2, a non-ionic resin, to absorb water-soluble organic molecules 
(drugs) from urine. Compared to liquid extraction procedures or ion exchange, the 
Amberlite XAD-2 procedure is faster, more efEcient, and able to extract a wider 
variety of drugs. The efficiency with which XAD-2 will extract drugs from urine de- 
pends on several factors. Kullberg el al. and Miller et nl. have shown that the rate of 
urine flow through nn Amberlite XAD-2 column influences extraction efficiency, 
and both authors have used elaborate devices to regulate this flowt5*‘“. In addition, 
these authors have shown that extraction efficiency is also dependent on the rate of 
flow of the eluting solvent. The column used in the present study was designed to be 
inexpensive and disposable. Flow-rate is controlled simply by the size of the outlet 
hole in the plastic bag column (Fig. I). Respective flow-rates for urine and eluting sol- 
vent of 8 and 4 ml/min resulted in extraction efliciencies of greater than 80% for the 
four test drugs. While the extraction efliciencies could be increased slightly by decreas- 
ing the flow-rate by 5O’;d. the time necessary to extract the drugs from urine was 
doubled, thus th? higher-flow-ratk column was used in order to keep extraction time 
at a minimum. 

The pH of the urine has also been shown to affect extraction efficiency’s*1r’. In 
the present study, WC f*ound that we could increase the extraction efliciency for mor- 
phine by only about 5 Y0 if the urine were buffered to pH 8.1 prior to passage through 
the XAD-2 column (Table I). At a urine PI-I of 8.1, however, less than 50 % of pheno- 
barbital was extracted. It was decided, therefore. to use the urine as it was received. 
since few urines above pH 7.5 were encountered and the mean urine pH was about 6.2. 

The extraction solvent used to elute drugs from XAD-2 has been the subject of 
some concern. Several different extraction solvents have been reported including 
chloroform-isopropanol’*, ethylene dichloride-ethylacetate’“, methanol-chloro- 
form”, and methanol’*‘“. Elution with non-polar solvents results in an extract that 
contains fewer interfering substances than elution with a polar solvent such as meth- 
anol. However, Kullberg et al. have shown that extraction efiiciencies with non- 
polar solvents are lower unless very slow flow-rates of eluting solvents are used (2 
ml/min or less)15. Furthermore, with non-polar solvents an additional step is neces- 
sary to separate the organic phase from the aqueous phase. 

The TLC method employs three different solvent systems. Others have’used 
a single solvent system and sprayed the chromatogram sequentially with several 
reagents which develop a color with dif’fcrent drugs IJ. Because of the dificulty and 
possible errors in reading such a chromatogram, we used three difTerent solvent sys- 
tems with a less complex spray system. Solvent system C is used to separate barbitu- 
rate and solvent systems A and B are used to separate basic drugs, The RI: WILICS of 
the different drugs are shown in Table Il. To detect barbiturates on the chromato- 
gram developed in solvent system 6, we have used the sequential spray consisting of 
diphenylcarbazone oversprayed with mercurous nitrate as described by Wang and 
Mueller13. Basic drugs such as opiates and opioids are detected on solvent system B 
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sprayed with iodoplatinate. Amphetamines are detected on solvent system B by spray- 
ing with Fluoram and observing under UV light. This chromatogram is then over- 
sprayed with iodoplatinate as a cross-check for the basic drug observed with solvent 
system A. With this spray procedure the technician has time to spray a number of 
chromatograms and interpret in groups rather than individually. 

While the drugs listed in Table II do not represent all the drugs that can be 
identified using the above TLC method, they do rcp:t. rent compounds most commonly 
encountered in. the urine of drug abuse patients. 

The TLC method described is used as the initial method of determining the 
presence or absence of illicit drugs in’the urine of patients receiving treatment for 
drug abuse. The more sensitive methods, RIA and GLC, are used only for COII- 

firmation of TLC results. In terms of sensitivity, we have found that, in general, TLC 
can detect the presence of heroin (as morphine), barbiturates, amphetamines and 
methadone for at least 36 h after a patient has taken one of these drugs. For example, 
in a recent study on barbiturates in out laboratory. TLC could detect barbiturate in 
90 “/, of the urine samples tested for up to 30 h after a subject ingested 100 mg of barbi- 
turate. At 48 h, barbiturate was detected in about 70”/, of the urine samples testedl”. 
This represents about 10% false-negative results for the first 30 h after ingestion and 
30 “/, false-negative results at 48 11. In drug treatment programs where urine samples are 
obtained twice weekly on a random schedule. any patient abusing drugs will not go 
undetected for very long. 

Unfortunately, TLC produces a significant proportion of false-positive results 
which mislead the physician regarding the patient’s progress and status in the drug 
treatment program. For example, of 130 urines analyzed in Table 111, a certain number 
of these urines (data not shown in Table 111) were found positive for drugs they did 
not contain. There were seven false positives for methadone, one for morphine. three 
for barbiturates and two for amphetamines using TLC. These false-positive results can 
occur due to interference by other drugs, interference from non-drug substances or 
nonspecific factors that make the chromatogram difficult to interpret. It is because of 
such false-positive results that other methods are needed to confirm results obtained 
by TLC. 

GLC has been used as a confirmatory method, since it is more sensitive than 
TLC, has greater separation ability, and is less prone to false-positive results. Un- 
fortunately, the increased time for analysis and greater cost of GLC have made it 
less attractive than TLC as a primary method for urine surveillance. 

In routine use, urines found positive or questionably positive for barbiturates, 
amphetamines, methadone or cocaine (using TLC) are analyzed a second time by 
GLC. In addition, certain urine samples which show obvious interference for a given 
drug in the TLC system are subsequently analyzed by GLC. For example, the positive 
and questionably positive TLC results shown in Table 111 (except for morphine re- 
sults) were confirmed us positive by subsequent analysis on GLC. Most important, 
however, the false-positive results previously mentioned (except for morphine) that 
were obtained with TLC were found to be negative with GLC. In this instance, there- 
fore, in the 130 urine samples analyzed, confirmation of positive TLC results by GLC 
reduces false-positive results to ne;trly zero. In adclition to the elimination of false- 
positive results, confirmation by GLC of questionably positive TLC results can slight- 
ly increase the sensitivity of the urine testing. Of the I30 urines tested, one false posi- 
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tive for methadone was observed with GLC; however, this sample was not positive 
with TLC. 

More recently, immunoassay techniques have become available for certain 
abusive drugs. While the antibodies exhibit a high degree of specificity, they do react 
with some analogs of the parent drug. For example, antibodies produced to react 
with morphine react equally well with codeine. Because of such cross-reaction, the 
immunoassay procedures for abusive drugs cannot be relied upon as absolute evi- 
dence of a drug’s presence, but only as an indication. Furthermore, due to the high 
sensitivity of most immunoassay methods for abusive drugs, confirmation by another 
method is difficult. For these reasons, we have used immunoassay for confirmation 
of TLC results rather than as a primary method for urine surveillance. 

At present there are four types of immunoassay procedures for abusive drugs : 
(I) RIA, (2) enzyme multiplied immunoassay technique, (3) free radical assay tech- 
nique, and (4) hemagglutination inhibition. Of these four types, we have been using 
RIA because it is the most sensitive and has the capability of being used quantita- 
tively19. The morphine RIA has proven particularly useful since morphine cannot be 
easily confirmed by GLC. While codeine and other morphinans are detected with the 
morphine RIA, this presents no great problem since TLC can distinguish morphine 
from codeine. In normal practice, RIA is used to confirm all positive and questionably 
positive results for morphine observed with TLC. When large amounts of quinine are 
present (a condition which often obscures the morphine spot) RIA for morphine is 
routinely run on these simples. In addition, when diluted urine samples are received 
(specific gravity 1.005 or less) RIA for morphine is routinely performed. However, 
in the latter two cases, positives for opiates are reported as unconfirmed analyses. 

In addition to the morphine RIA, we have studied the use of a barbiturate 
RIA for the confirmation of positive or questionable results for barbiturates obtained 
with TLC?‘. The results of this study have shown the barbiturate RIA to be an ex- 
cellent method of confirmation; it is as sensitive as GLC, faster and less expensive. 
In contrast to GLC, the barbiturate RIA does not distinguish between the diflerent 
barbiturates. Preliminary data have shown the barbiturate RIA to cross-react with 
glutethimide ; however. this poses no problem since glutethimide can be distinguished 
from barbiturates on TLC13. 

More recently, we have keen evaluating an amphetamine RIA for confirmation 
of positive or questionably positive amphetamine results obtained with TLC. The 
sensitivity of the amphetamine RIA is only lOOOng/ml urine compared wit11 60 and 
100 ng/ml for morphine and barbiturate RIAs, respectively. Prezent evidence suggests 
that the amphetamine RIA will also be a useful confirmation method. 

The use of RIA for confirmation purposes has the advantages over GLC in 
that it is faster and, when confirming the presence of a single drug, less expensive, 
Furthermore. RIA can be performed by a technician with a minimum ol’ training, 
which greatly facilitates the incorporation of RIA into existing urine surveillance 
methods. 

In conclusion, TLC used as a primary method for urine surveillance is snfli- 
ciently sensitive to produce clinically meaningful results for use in the treatment 01 
drug abuse. TLC has the advantag,e of simultaneously analyzing several drugs at a 
moderate cost. However, the possibility of false-positive results is greater with TLC 
than with other methods, and the need for high reliability dictates the use of ccn- 
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firmatory procedures. Confirmation of TLC results by GLC and RIA reduces the 
possibility of false-pcsitive results to nearly zero and results in a high overall reliability 
for the combined urine surveillance method. These two confirmation methods are 
equally sensitive. GLC is, however, more versatile since it can detect a wider range of 
drugs, while RIA is faster and less expensive. Presently, RlAs are available for only 
morphine, barbiturates and amphetamines. As RlAs for other drugs of abuse become 
available it is expected that they can be easily integrated into present urine sur- 
veillance methods for confirmation purposes. 
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