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ABSTRACT: A method using a combination of high-performance liquid chromatography and
diode array detection (HPLC/DAD) with a methanol/perchlorate buifer pH Z.S móUiie ptrase
and reverse phase C-18 column and capillary gas chromatography with nitrogen phosp-horus
detection (GC/NPD) has been developed for the rapid. sensitive and accuiate analysis of
illicit samples of heroin or cocaine. Retention times and UV-spectra we¡e used for the
ident i f icat ion ofvar ious adul terants and svnthet ic  bv-products in st iect  samples.  This methocl
i s comparedw i t hgas -ch roma to .e raph tma . t t p . . t r o r . l r v (CCMS) .Fo r t vs t r ee t samp leswere
analyzed by both methods. It is concluded that the combined use of HPLC/DAD and GC/
NPD as a routine analytical procedure for the analysis of ill icit samples could be a good
a l l e rna t i ve  t o  CC  MS fo r  f t r r ens i c  pu rposes ,  l t  i s  duc  ro  l hc i r  h i gh  access ib i l i t y  and  t he
possibility to perform simultaneously qualitative and quantitative analysis.
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GC/NPD. GC/MS

The analysis of  abuse drugs,  adul terants and impur i t ies in st reet  samples has been
deeply studied f¡om several points of view with different techniques. including simple
color test, thin-layer chromatography, gas chromatography and liquid chromatography.
Nevertheless, GC/MS is the method of choice for the unequivocal identification of heroin
and cocaine.

Various high-performance liquid chromatographic (HPLC) systems have been reported
for heroin or cocaine analysis, including ion exchange, adsorption, reverse phase, and
reverse phase ion-pair chromatography. The best results are achieved when the last system
is used [1]. Billiet et al. [2] reported a HPLC system with photodiode array detection
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using a coupled alumina and Cl8 column. which is suitable tor the separation of both
adulterants and impurities in illicit heroin samples.

Different HPLC techniques for the adulterated cocaine samples have been reported,
using UV-detection [3]. electrochemical detection [a] and photodiode array detection.
which permits the separation of carboxi l ic acids and mono-protic and di-prot ic amines

t5l
Capillary gas-chromatography with nitrogen phosphorus detection has so far received

comparatively l i t t le attention in i l l ic i t  drug analysis. Only a few methods have been
described for the identification of adulterant and impurities present in illicit heroin sam-
ples [ó-8]. Those studies were carr ied out on standard mixtures of drugs or in a repre-
sentative i l l ic i t  heroin sample. Howeve¡. we have not found any report of GC/NPD
analysis of cocaine.

The purpose of this work was to establish a suitable method for the routine anal¡rsis
of i l l ic i t  heroin and cocaine samples in forensic laboratories. We present here a rapid.
highly sensitive. specific and accurate method for the quantitation of heroin and cocaine
as well  as identi f icat ion of adulterants and impurit ies in i l l ic i t  street samples. using a
combination of HPLC/DAD and GC/NPD. It  is appl icable to complex mixtures con-
taining both abuse drugs, even at low levels.

This method was used for the analysis of 40 illicit street samples seized during 1989
and 1990. Samples were previously studied by thin-layer chromatography (TLC. Toxi-
LabR system) and GC/MS.

Materials and Methods

Chemicals

HPLC grade methanol was obtained from Merck (Darmstadt, Germany). Other re-

agents were of analyt ical grade. Alkaloids were obtained from Merck (Darmstadt, Ger-

many). Heroin was supplied by Dirección General de Farmacia (Madrid. Spain) and

other drugs were of pharmaceutical grade and of dif ferent origins.

Sanrples

Forty street samples seized by the pol ice in Granada during 1988 and 1989 were studied.

First ly, samples were analyzed by TLC and GC/MS.

TLC

For the TLC analysis the Toxi labR system (Analyt ical System, Division of Marion

laboratories. Inc. Laguna Hil ls. CA. USA) was used. An amount of 2 to 3 mg of the

sample was dissolved in 5 mL of distilled water. This solution was used for the extraction

and further analysis according to Luna et al.  [9].

GCIMS

A gas-chromatograph Hewlett-Packa¡d Model 5890, equipped with a mass spectrom-

eter Hewlett-Packard Model 5988 M was used. A 50 m x 0.2 mm SE-30 0.33 pm capil lary

column was used for the analysis. The program temperature was 80 to 320"C (init ial

80'C, 1 min; ramp temperature lO"C/min; f inal temperature 320'C. 5 min). the injector

and detector temperatures were 270 and 350'C, respectively. The hel ium carrier gas f low

rate was at 1 ml/min. Samples were prepared by dissolving 10 mg of sample in 0.2 mL

of methanol, and 0.2 pl were iniected in a spl i t less mode.
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HPLC

The HPLC chromatographic system consisted of a binary pump LC-250 Perkin Eimer,
with a Diode Array Detector (LC-235 Perkin Elmer) and an integrator-registrator (LCI-
100, Perkin Elmer) connected to a computer Epson PC AX2 for storage and manipulation
of spectra. A reverse phase column (Pecosi i  HS/5 C-18, 0.46 x 12.5 cm, Perkin Elmer)
was used. The mobile phase consisted of methanol and a perchlorate solution adiusted
at pH 2.5 (modif icat ion of the method of Preskorn et al. ,  U0]). The perchlorate solut ion
was prepared by mixing 0.005 M perchloric acid with 0.045 M sodium perchlorate (9:1).
The solvent was degased by filtering through organic:aqueous filte¡ paper (Millipore FH
VP 04700) primed with methanol. A linear gradient from 25 fo 45c/o of methanol increasing
TVolmin was used. After 15 min it was held at 45Vc for 5 min. Total run time was 20
min. The flow rate was 1.0 ml/min. The eluant was monitored at 230 nm. Samples were
prepared at a final concentration of 0.25 mg/ml in methanol and 10 pl were injected.

GCINPD

A Perkin Elmer 8310 gas chromatograph equipped with nitrogen phosphorus detector
was used. A 15 m x 0.53 mm fused silica, 0.5 pm film, SPB 1 wide bore capillary column
(a dimethylpolysiloxane stationary phase) was also used. The injector and detector tem-
peratures were set at270 and 300"C, respectively. The temperature program was started
at 170"c, increasing 10'c/min to 270'C. This temperature was held for 5 min. A split-
spl i t less capi l lary inlet system was operated in the spl i t  mode (1:25). Helium was used
as carr ier gas (1 ml/min). Samples were prepared at a f inal concentrat ion of 1mg/ml
in methanol and 1 pl was iniected.

Quantitation

The quantitative determination was performed on the basis of the peak areas using
the external standard method. For all compounds, a iinear relationship between the peak
areas and the concentration was observed.

The coefficient of variation of the HPLC analysis of heroin and cocaine (50 pg/ml-)
was 4.7 and3.4Va (" :  5), respectively. When both drugs were assayed by GC/NpD (1
mg/ml-), the coefficient of variation was 5.2 and 4.IVo (n - 5), respectively.

Results

Table 1 shows the compounds detected by HPLC/DAD as well as their concentration.
expressed in percentage of original powder.

Of 40 street samples, 75Vc contained heroin and 25Vc cocaine. Only two of them
contained both heroin and cocaine. The concentrat ion of heroin ranged from 1to 39%:
greater concentrations of cocaine (\2 to 85o/o) were found in the samples containing that
substance. Aduiterants were detected in 67% of the samples containing heroin and 60oZ
of samples containing cocaine. The most common adulterants in the samples containing
heroin were caffeine (50Va), procaine (47Vo), phenobarbital (l3a/c) and acetaminophen
(7 Vo) , while benzocaine was the most common adulterant (40o/a) in the samples containing
cocaine, followed by lidocaine (20o/a).

All the heroin samples contained acetylmorphine. In 23 samples its concentration was
less than l0%. The highest concentration of acetylmorphine found was 24Vc. Morphine
was present in approximately % of the samples, in concentrat ions of up to 4.3% of the
sample weight, whereas codeine was found in only one sampie and in concentration of
2Vo. Papaverine and noscapine were detected in 60o/t, of the illicit heroin samples and
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TABLE I-Composition of 10 illicit samples

Illicit Sample N" Purityb (Range)

Heroin
Adulterants

Caffeine
Procaine
Phenobarbital
Acetaminophen

Impurities
AcetylMorphine
Noscapine
Papaverine
Morphine
Codeine

Cocaine
Adulterants

Benzocaine
Lidocaine
Mepivacaine

Impurities
Benzoylecgonine

30

1 3 ,

1
2

1 -39%

0.5-24c/c
0 . s - 1 8 %
0.5-2Vc'

1 - 1 3 %

0.8-24o/c
3-{ la/o

0 . 1 - 2 . 7 %
1.2-4 .34 /c

2o/a

72-85Vc,

0 . 8 - 1 0 %
4.8-4 .9%

N . D .

N . D .

4
2
I

-5

"Number of samples where the compound was detected.
bContent of compound as percentagi of sample weight.
N.D. :Not  de termined.

always both alkaloids were present. Concent¡ations of papaverine and noscapine of up
fo 2.7 and 4lVo, respectively, were detected.

Good agreement was obtained between the adulterants and impurities determined by
HPLC/DAD. GC/NPD, and GC/MS. Larger discrepancies were obtained when TLC is
compared with other methods. Figure I shows typical chromatograms of an illicit sample
analyzed by different chromatographic methods.

Discussion

The purpose of this work has been to check the efficiency of HPLC/DAD and GC/
NPD with respect to other systems (TLC-ToxiLabR and GC/MS) in orde¡ to be used
routinely in the forensic laboratory for the quantitation and identification of heroin and
cocaine, as well  as adulterants and impurit ies in i l l ic i t  samples.

TLC has been previously used in our laboratory as a system for the screening of illicit
heroin samples [9].  With this method. the most common adulte¡ants are detected, but
only permits a qualitative assay of samples, except when a densitometric UV direct
measurement is used [11]. Furthermore, i t  is t ime-consuming, and some substances can
be erroneously identified since they have simiiar migration and color characteristics. An
additional probiem is the iack of sensitivity for some adulterants that could be present
in very low concentrat ions.

GC/MS is undoubtedly the choice method for such a purpose and served as the reference
method. l t  was able to resolve acetylcodeine from acetylmorphine, and the whole sub-
stances ( l ike impurit ies, synthetic by-products and adulte¡ants) were detected. Neve¡-
theless, GC/MS usually is not avai lable for small  laboratories, and presents other addi-
tional problems. In our assay conditions, noscapine undergoes thermal fragmentation
providing two peaks. one of them coeluted with caffeine.

HPLC/DAD offers an interesting alternative to the other methods. lt is sensitive.
rapid, specific and accurate for quantitation of heroin or cocaine and the identification

30
l 8
l 8
7
I

1,2



1280 JoURNAL oF FoRENStc sctENcES

A

'\ ,i--'i\ r
\ [ [ ] \

I
t1
l\

)

l
i
tl

l|l\r
1 0

I m e  ! m 1 n ,

B

l : j
i l [
i l f i i l

,- J[]l--r J\
5  1 0

f i m e  ( m i n )



- T f ' ¡ f  n t T F ' 7 - 1 - 4  D

HERNÁNDEZ ET AL, .  cHRoMAToGRAPHIc ANALYSIS oF STREET SAMPLES 1281

5  1 '  
t , . o  

t u r , ' " . ,  ? @  ? s  3 a

FlG. I-Chrc¡matograms of a representative illicit sample contdining: (1) Acetaminophen; (2)
Acetl,lmorphine; (3) CaJfeine; (1) Acetylcodeine: (5) Heroin; (ó) Cocaine; (7¡ Noscapine; (81 Pu-
paverine. Conditions Jor HPLCIDAD (A), GCINPD (B) and GCIMS (C) are described in rcxt.

of adulterants and impurities. The HPLC method used was capable to detect the same
number of substances than GC/MS (see Table 1 and Fig. 1 as examples) with the exception
of acetylcodeine that coeluted with heroin. Because the amount of heroin is usually much
greater than that of acetylcodeine. the effect of the interfe¡ence is generally small.

The use of a l inear gradient from 2-5 to 45Vc of methanol permeted a good resolut ion
of almost all compounds with a short time of anal-vsis (20 min).

On the other hand. the use of DAD permits the identi f icat ion of components based
in the retention t ime and the characterist ic Uv-spectrum of each component. This system
is easier than the absorbance ratios at two different wavelengths. A further specific
possibility is using a derivative absorption spectroscopic svstem in order to identify dif-
ferent substances with a very similar spectra.

All adulterants identified by HPLC/DAD and GC/MS were also detected with GC/
NPD. So. the simultaneous assay of a sample by HPLCIDAD and GC/NPD offe¡s the
possibility to achieve the identification and confirmation of different components in illicit
street samples, which is an important aspect from a forensic point of view. Furthermore,
the quanti tat ion of heroin and cocaine by both techniques showed a good correlat ion
(r - 0.912 and 0.975. respectively).

I t  is concluded that the combined use of HPLC/DAD and GC/NPD as a routine
analytical procedure for the analysis of illicit samples could be a good alte¡native to GC/
MS for fo¡ensic purposes. It is due to their high accessibility and the possibility to perform
simultaneously qual i tat ive and quanti tat ive analysis.
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