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Gas chromatographic-mass spectrometric procedures used for 
the identification and determination of morphine, codeine and 

6-monoacetylmorphine 
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Abstract 
An overview of the analysis of opiates by gas chromatography-mass spectrometry (GC-MS) is presented. The 

review is focused on the hydrolysis, extraction and derivatization procedures most widely used for the identification 
and determination by GC-MS of legal and illegal opiates in various biological fluids. 
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1. Introduction 

Opioid analgesics comprise a large group of 
substances. Some compounds have long been 
used for their therapeutic qualities as analgesics 
(morphine) or antitussive agents (codeine and 
the semi-synthetic derivatives, dihydrocodeine, 

* Corresponding author. 

oxycodone, etc.). Opiates are also found in 
opium poppy seeds, an ingredient of bakery 
products. With the rise in the use of illegal drugs 
there is increasing pressure to identify illegal 
drug consumption. Consequently, toxicology lab- 
oratories, especially those testing for substance 
abuse, must have specific and sensitive tech- 
niques to discriminate between the legal and 
illegal intake of opiates. 
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Different methods have been developed for 
the detection and determination of opiates in 
body fluids, including thin-layer chromatography 
[1,2], gas chromatography with flame ionization 
[3,4] or electron-capture detection [5,6] and 
liquid chromatography [7-91. However immuno- 
logical methods are now widely adopted as the 
initial screening test to detect opiates in urine 
because they have adequate sensitivity and pre- 
treatment of samples is not required [lO,ll]. 
These immunoassays are reliable for differentiat- 
ing specimens containing opiate metabolites 
above cut-offs specified in the Mandatory Guide- 
lines for Federal Workplace Drug Testing Pro- 
grams, Notice Fed. Reg. 53 (1988) 11970 (300 
ng/ml for total morphine and 25 ng/ml for free 
morphine). Some radioimmunoassay (RIA) kits 
are highly specific for free morphine [12], but 
generally the immunoassays are not very specific 
as legal and illegal opiates give substantial cross- 
reactivity. Therefore, presumptive positive speci- 
mens need to be retested and gas chromatog- 
raphy coupled with mass spectrometry (GC-MS) 
has been designated as the only acceptable 
confirmation technique [ 131. 

This review is focused on sample preparation, 
derivatization and GC-MS procedures common- 
ly used for confirmatory analysis and determi- 
nation of opiates. The number of protocols 
proposed in the literature is relatively limited 
and numerous minor variations have been de- 
scribed, rendering the choice of a method dif- 
ficult . 

2. Opiate metabolism 

The opiate substances the most frequently 
detected and determined in biological fluids are 
codeine, morphine and 6monoacetylmorphine 
(6-MAM), a metabolite of heroin. 

2.1. Morphine 

In man, morphine metabolism depends largely 
on the route of drug administra,tion. After oral 
administration, morphine is quickly absorbed 

from the gastrointestinal tract and is rapidly 
conjugated in the cells of the intestinal mucosa 
and in the liver, hence no free morphine appears 
in the plasma [14]. After an intravenous in- 
jection, the morphine level rises to a maximum 
in the plasma during the first 5 min and declines 
rapidly during the next 12 h. However, it can still 
be found in plasma 48 h after injection [15]. A 
half-time of 1.9-3.1 h and a detection time of 
lo-44 h have been established [16]. The mean 
half-life for free morphine is reported to range 
from 4.3 to 8.1 h and that for conjugate mor- 
phine is between 6.4 and 9.7 h [17,18]. 

In plasma, morphine is partly bound to pro- 
teins, preferentially to albumin [19,20]. The 
binding to albumin explains why morphine is still 
found in plasma 48 h after injection. The dis- 
tribution of morphine to the tissues, principally 
the liver, kidneys, lungs and brain, then 
proceeds very rapidly. 

Morphine is converted into the 3-glucuronide 
(M3G) and to a lesser extent into the 6- 
glucuronide (M6G) and 3,6-diglucuronide 
(M3,6G). More than 50% of the administered 
morphine is eliminated as M3G [21,22]. The 
level of M6G in the urine could reach 10% of 
that of M3G [22]. M6G has potent analgesic 
activity [23]. Physiologically, this metabolite 
does not accumulate in plasma, but it may be 
present in the plasma of patients with renal 
failure, resulting in side-effects [24] such as 
respiratory depression [25] or brain syndrome 

WI- 
About 5-10% of administered morphine is 

converted into the 3-ether sulphate [27,28] and 
3-5% into normorphine [29]. Codeine was previ- 
ously reported as a metabolite of morphine 
[14,15] but recently Mitchell et al. [17] demon- 
strated unequivocally the absence of codeine as a 
metabolite of morphine. 

The water-soluble conjugates are mainly ex- 
creted via the kidneys and very little is elimi- 
nated via bile and faeces [15]. 

2.2. Heroin 

The route of heroin administration is generally 
intravenous, resulting in a transient high drug 
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concentration in the blood. Heroin quickly dis- 
appears from the blood, its half-life being esti- 
mated to be cu. 2 min [30,31]. Heroin is rapidly 
deacetylated, first to 6-MAM, which is further 
hydrolysed to morphine. The pharmacological 
effects of heroin and 6-MAM are equipotent. 
6-MAM is rapidly excreted in the urine within 
l-4 h whereas the peak of free morphine occurs 
within 4 h (half-life 0.6 h) and that of total 
morphine within 8 h [18]. Hence the detection 
time is a very important parameter for interpret- 
ing results. The detection time for free morphine 
is substantially shorter than that for total mor- 
phine. 

2.3. Codeine 

Codeine is generally administered orally. The 
mean half-life of codeine in plasma ranges from 
1.6 to 2.4 h according to the dose administered 
[18]. It is extensively metabolized in the liver, 
mainly by conjugation with glucuronic acid, and 
minor routes involve N-demethylation to nor- 
codeine (about 10%) and 0-demethylation to 
morphine. Codeine and its metabolites are elimi- 
nated in the urine. 

Fig. 1 summarizes the main routes of opiate 
biotransformation. It is noted that morphine is a 
metabolite of both heroin, an illegal drug, and 
codeine, used in prescription medication. The 
evaluation of the percentages of urinary metabo- 
lites of opiates and the presence of M6M, which 
is solely attributed to heroin, allow the differen- 
tiation of heroin abuse from the consumption of 
legal drugs [13]. Table 1 gives the urinary per- 
centages of opiate metabolites after administra- 
tion of heroin, codeine and morphine. 

3. Assays of opiates by GC-MS 

3.1. Choice of samples 

Many biological specimens can be used for 
substance abuse testing. Each type has advan- 
tages and disadvantages with respect to its avail- 
ability and the information that its analysis can 

supply. 

Saliva is readily available but has low drug 
concentrations and the drug level rapidly de- 
clines [34,35]. Hair is also easily available but 
requires sample pretreatment [36,37]. Tissues 
[38,39] and vitreous humor [40] are sometimes 
used. However, blood (or serum or plasma) and 
urine are the specimens preferentially used for 
the detection and determination of opiates. A 
blood sample often offers the advantage of 
acquiring the parent drug, but its collection 
requires invasive venous puncture and the drug 
concentrations decline rapidly. Blood samples 
are preferred for the follow-up of analgesic 
treatments. However, urine is generally accepted 
as the specimen of choice for drug abuse testing 
or doping analysis. Its collection is non-invasive, 
the volume obtained can be large and the con- 
centrations of drugs or metabolites are often 
high, but the drug concentration can vary widely 
with dose absorbed, time elapsed since adminis- 
tration, etc. [13]. Hence the choice of sample 
depends on the aim of the analysis. 

3.2. Hydrolysis 

The opiates are partly conjugated with 
glucuronic acid and sulphate prior to urinary 
excretion. Hence total opiates can be recovered 
after hydrolysis. However, 6-MAM, a marker of 
heroin abuse, is degraded by acid hydrolysis and 
morphine can also be partially destroyed [41], so 
many laboratories do not routinely hydrolyse 
samples. 

Urine is hydrolysed with concentrated hydro- 
chloric acid at 115-120°C [15 p.s.i.; 1 p.s.i. = 
6894.76 Pa] for 15 min [42,43,44] or with various 
concentrations of /3-glucuronidase at 37°C for 1 h 
[45,46] or 24 h [47]. p-Glucuronidase has also 
been used in combination with arylsulphatase for 
1 h at 60°C [40]. The hydrolysis can be per- 
formed with Helix pomatia juice for 2 h at 56°C 
[48] or 24 h [49]. In a recent study, acidic 
hydrolysis was compared with enzymatic hydrol- 
ysis and a highest codeine metabolite recovery 
was obtained with enzymatic hydrolysis [50] even 
though it is known that p-glucuronidase cannot 
completely hydrolyse codeine 6-glucuronide. To 
overcome problems relating to hydrolysis, in our 
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HEROIN 

CACETYLMORPHINE 

5lORI’HISE COSJLGATE 

NORCOI)EIS~ CODEINE 

Fig. 1. Main steps of opiate biotransformation. 

laboratory we usually assay both acid-hydrolysed 
and unhydrolysed urine. 

3.3. Extraction 

The opiates are extracted from biological 
fluids or tissue homogenates prior to detection 
and determination. Extraction with organic sol- 
vents is frequently used. In this case the samples 
are previously made alkaline (pH = 9) with 1 M 
ammonia solution [3], 1.5 M sodium carbonate 

buffer [46], a mixture of 12 A4 sodium hydroxide 
and 7.3 M ammonium chloride [43] or borate 
buffer [45]. Then they are extracted with 
organic solvents: chloroform-2-propanol (9:l) 
[46,51,52], (4:l) [49] or (3:l) [38], dichlorome- 
thane-methanol (9: 1) [3], dichloromethane-2- 
propanol (9: 1) [47], isobutanol-dichloromethane 
(1:9) [43,53], ethyl acetate 1391, or toluene-di- 
chloromethane-isobutanol (6:3:1) [54]. 

The organic phase is evaporated and directly 
derivatized [46,49,55] or purified by the acid- 
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Table 1 
Urinary metabolites of codeine, morphine and heroin expressed as percentage of administered dose 

Metabolite Codeine Morphine Heroin 

Free 
6-Glucuronide 
3-Glucuronide 
3-Ether sulphate 
6-Monoacetylmorphine 
Morphine: 

Free 
3-Conjugate 

Normorphine: 
Free 
Conjugate 

Norcodeine: 
Free 
Conjugate 

4.9-8.2 [18] 
25-56 [18] 
- 
_ 
_ 

-0.1% [18] 
2-9% [18] 

Traces 
- 

- 
- 

2-12 [14,15,17] - 

<l-10% [21-231 _ 

20-74 [15,17,23] _ 

0.5-10 [23,28] _ 

0.1-2.8 [27,29] 

- 3.1-7.7 [27,29,32] 
- 34-67 [23,27,29,33] 

0.5-1.5 - 

3-5 - 

- - 
- - 

base method [3,38,43,48,53], by organic phase 
partitioning [54] or by the solid-phase method on 
cartridges containing cyanopropyl- or propyl- 
amine-modified silica [53]. Paul et al. [53] com- 
pared solid-phase and acid-base purification and 
preferred the latter method because it provides 
between-run consistency in drug recovery. 

When a solid-phase extraction technique is 
used directly, the samples are first made alkaline 
and passed through a C,, reversed-phase column 
[40,56], C,, Bond Elut column [57-601 or Ex- 
trelut column [4]. The effect of sample pH on 
retention has been investigated. Huang et al. [59] 
found the recovery of compounds such as mor- 
phine, codeine and hydrocodone from urine to 
be independent of pH, whereas a better recovery 
for morphine, codeine and to a lesser extent 
M3G and M6G was obtained at pH 9 by Pawula 
et al. [61]. On increasing the pH, the ionization 
of the basic nitrogen group (pK, = 8) is sup- 
pressed, thus making morphine and normor- 
phine interact more with the C,, group, whereas 
the glucuronides remain completely ionized at 
high pH, so their retention times are not in- 
creased. The optimum pH for extraction of 6- 
MAM was found to be 8-8.5 [53]. The opiates 
are eluted from the column with dichlorome- 
thane-acetone (1: 1) [56,58], chloroform-Zpro- 
panol (9:l) [52] or (4:l) [39], methanol [40], 
ethyl acetate [4] or dichloromethane-2-propanol 

(4:l) [50]. Solid-phase extraction gives the best 
sample purification [40], yielding a low GC-MS 
background which enhances the mass spectral 
characteristics and permits a better identification 
of drugs and metabolites, but it is more expen- 
sive than liquid extraction. 

3.4. Derivatization 

Some investigators do not derivatize the 
opiates before chromatography [6,62]. However, 
the underivatized opiates show poor chromato- 
graphic properties. The derivatization process 
converts the polar hydroxyl groups into a non- 
polar derivative, improving the chromatographic 
resolution and increasing the sensitivity. Several 
methods are available for obtaining derivatives: 
acetylation, propionylation (propionic anhy- 
dride) and the formation of trimethylsilyl or 
perfluoroester derivatives. Although the number 
of derivatizing agents described in the literature 
is relatively limited, there is great variability in 
the experimental conditions. The main protocols 
are summarized in Table 2. 

Maurer and Pfleger [63] described a screening 
procedure for the detection of 56 opioids, anal- 
gesics and their metabolites. However, most 
reports concern methods for the identification of 
morphine, codeine and 6-MAM because the 
purpose is to identify illegal drug abuse. The 
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determination of these compounds requires the 
addition of an internal standard to the samples 
before the extraction procedure. In general, 
nalorphine or corresponding deuterated products 
([‘HJmorphine, [*H,]codeine, [*H,]6-MAM) 
are used as internal standards, the latter permit- 
ting the recovery problem to be overcome. At 
least two ions are monitored for the identifica- 
tion of each opiate. The ions most often used for 
morphine are those at m/z 327 and 353 (acetyla- 
tion), 364 and 477 (TFA), 414 and 577 (PFPA), 
464 and 207 (HFBA); for codeine 282 and 229 
(acetylation), 292 and 395 (TFA), 282 and 445 
(PFPA), 282 and 495 (HFBA); for nalorphine 
353 and 395 (acetylation), 390 and 503 (TFA), 
440 and 603 (PFPA), 207 and 490 (HFBA); and 
for 6-monoacetylmorphine 204, 328 and 372 
(acetylation), 364 and 423 (TFA), 414 and 473 
(PFPA). Table 3 gives a more complete list of 
ions used for opiate identification. 

The acetyl derivatives are stable for up to 72 h 
when stored at room temperature in ethyl ace- 
tate [46,56]. However, the acetylation protocol 
(70°C 20 min) results in incomplete derivatiza- 
tion, and in addition to the major derivatization 
product diacetylmorphine a small amount of 3- 
monoacetylmorphine (3-MAM) is also produced 

P51. 
The m/z 285 ion is found in the mass spectrum 

of both 3-MAM and [*H,]acetylcodeine, making 
this ion unsuitable as a specific ion for 
[*H,]codeine. Morphine and 6-MAM are both 
converted into diacetylmorphine, and therefore 
acetyl derivatives do not permit morphine and 
6-MAM to be distinguished [55]. 

Derivatization with BSTFA is quantitative and 
each opiate gives only one derivative. However, 
TMS derivatives of codeine and norcodeine co- 
elute and 6-MAM gives an additional peak, 
eluting at the retention time of morphine, which 
increases when the 6-MAM derivative is stored 
at room temperature for more than 3 h [3]. The 
TMS derivatives are known as to be moisture 
sensitive [64]. 

PFP derivatives are also sensitive to moisture, 
but no breakdown products are detected after 
storage for 24 h in good conditions [55]. The 
addition of PFPOH improves the yield of the 

derivatives. Christophersen et al. [3] obtained 
only one PFP derivative for each opiate with the 
derivatization protocol described (60°C 15 min) , 
whereas Paul et al. [43] found two derivatives for 
morphine (3,6-di-PFP-morphine and 6-PFP-mor- 
phine). In addition, the morphine and the 6- 
MAM can be clearly detected [56,58]. In spite of 
their disadvantages, acetyl and PFP derivatives 
are widely used for the identification and de- 
termination of opiates. 

3.5. GC-MS procedures 

Some investigators use chemical ionization 
mass spectrometry for the identification and 
determination of opiates with methane [49,42,61] 
or ammonia-methane (1:5) [57] as the reactant 
gas. However, in recent studies the electron 
impact mode is chosen, generally at 70 eV The 
chromatographs are equipped with a 12- or 15-m 
fused-silica capillary column with apolar station- 
ary phases of cross-linked dimethylsilicone, 
phenylmethylsilicone or 95% dimethyl-5% poly- 
siloxane [46,56]. The oven temperature can be 
maintained in the isothermal mode at 230°C 
[52,45], but in general temperature programming 
is used with an initial temperature between 50°C 
[64] and 160°C [40] and a final temperature from 
240°C [40] to 280°C [37], the rate of increase 
being from lO”C/min [31] to SO”C/min [64]. 

4. Conclusions 

Various GC-MS methods have been described 
for the identification and determination of 
opiates. As morphine and codeine are conju- 
gated before being excreted in the urine, hy- 
drolysis is required to recover these two com- 
pounds totally. Acidic hydrolysis is more rapid 
and easier than enzymatic hydrolysis. However, 
6-MAM can be destroyed during this process, 
The assays of opiates include an extraction step, 
first performed with organic solvents but now 
often replaced by solid-phase extraction. The 
latter technique has the advantage of decreasing 
the background noise, which improves the 
identification of the drugs. Further, this pro- 
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cedure reduces the handling of organic solvents, 
but it is more expensive. 

The derivatization agents most often used are 
on the one hand an acetylating agent which gives 
stable derivatives and on the other PFPA, the 
derivatives of which are sensitive to moisture, 
and in some circumstances two peaks can be 
obtained; however, it gives a clean mass spec- 
trum and good results for determination using 
the selected-ion monitoring mode. 

5. References 

111 
PI 

I31 

]41 

151 
161 

171 

181 

191 

HOI 

1111 

1121 

1131 
1141 

1151 

1161 
]171 

]181 

1191 
1201 
]2Il 

1221 

S.Y. Yeh, J. Pharm. Sci., 62 (1973) 1827. 
N.C. Jain, T.C. Sneath, R.D. Budd and W.J. Leung, 
Clin. Chem., 21 (1975) 1486. 
A.S. Christophersen, A. Biseth, B. Skuterud and G. 
Gadeholt, J. Chromatogr., 422 (1987) 117. 
R. Wasels, F. Belleville, P. Paysant and P. Nabet, J. 
Chromatogr., 489 (1989) 411. 
J.M. Moore, J. Chromatogr., 147 (1978) 327. 
R. Caldwell and H. Challenger, Ann. Clin. Biochem., 
26 (1989) 430. 
P.E. Nelson, S.L. Nolan and K.R. Bedford, J. Chroma- 
rogr., 234 (1982) 407. 
H. Derendorf and M. Kaltenbach, J. Pharm. Sci., 75 
(1986) 1198. 
W. Hanisch and L.V. Meyer, J. Anal. Toxicol., 17 
(1993) 48. 
C.W. Hand, R.A. Moore, H.J. McQuay, M.C. Allen 
and J.W. Sear, Ann. Clin. Biochem., 24 (1987) 153. 
E.J. Cone, S. Dickerson, B.D. Paul and J.M. Mitchell, 
J. Anal. Toxicol., 16 (1992) 72. 
W.W. Wahba and C.L. Winek, J. Anal. Toxicol., 17 
(1993) 123. 
Clin. Chem., 34 (1988) 605. 
F.J. Muhtadi, in K. Florey (Editor), Analytical Profiles 
of Drug Substances, Academic Press, San Diego, 1988, 
p. 259. 
U. Boener, S. Abbot and R.L. Roe, Drug. Metab. Rev., 
4 (1975) 39. 
S. Spector and E.S. Vesell, Science, 174 (1971) 421. 
J.M. Mitchell, B.D. Paul, P. Welch and E.J. Cone, J. 
Anal. Toxicol., 15 (1991) 49. 
E.J. Cone, P. Welch, B.D. Paul and J.M. Mitchell, J. 
Anal. Toxicol., 15 (1991) 161. 
G.D. Olsen, Clin. Pharmacol. Ther., 14 (1973) 338. 
G.D. Olsen, Clin. Pharmacol. Ther., 17 (1975) 31. 
S.Y. Yeh, C.W. Gorodetzky and H.A. Krebs, J. Pharm. 
Sci., 66 (1977) 1288. 
J. Svensson, A. Rane, J. Sawe and F. Sjoqvist, J. 
Chromatogr., 230 (1982) 427. 

[23] G.R. Lenz. S.M. Evans, D.E. Walters and A.J. HOD- 

[241 

1251 

]261 
1271 

1281 

v91 

1301 

linger, Opiates, Academic Press, Orlando, FL, 1986, 
p. 1. 
N. Zaw-Tun and E. Bruera, J. Palliative Care, 8 (1992) 
48. 

]3Il 

1321 
[331 
[341 
[351 

[361 
I371 

[381 

[391 

WI 

[411 
[421 

[431 

PI 
I451 

1461 

R.J. Osborne, S.P. Joel and M.L. Slevin, Br. Med. J., 
292 (1986) 1548. 
E. Bruera, J. Palliative Care, 7 (1991) 36. 
S.Y. Yeh, HI. Chevnov and L.A. Woods, J. Pharm. 
Sci., 60 (1971) 469. 
P.F. Von Voigtlander, R.A. Lahti and J.H. Ludens, J. 
Pharmacol. Exp. Ther., 224 (1983) 7. 
S.Y. Yeh, R.L. McQuinn and C.W. Gorodetzky, J. 
Pharm. Sci., 66 (1977) 201. 
J.G. Umans, T.S.K. Chiu, R.A. Lipman, M.F. Schulz, 
S.U. Shin and C.E. Intrussia, J. Chromatogr., 233 
(1982) 213. 
C.E. Inturrisi, M.B. Max, K.M. Foley, M. Schutz, 
S.J.J. Shin and R.W. Houde, N. Engl. J. Med., 310 
(1984) 1213. 
S.Y. Yeh, J. Pharmacol. Exp. Ther., 196 (1976) 249. 
S.Y. Yeh, J. Pharmacol. Exp. Ther., 192 (1975) 201. 
K. Wolff and A. Hay, Clin. Chem., 37 (1991) 1297. 
W. Schramm, R.H. Smith, P.A. Craig and D.A. Kid- 
well, J. Anal. Toxicol., 16 (1992) 1. 
E.J. Cone, J. Anal. Toxicol., 14 (1990) 1. 
B.A. Goldberger, Y.H. Caplan, T. Maguire and E.J. 
Cone, J. Anal. Toxicol., 15 (1991) 226. 
A.W. Jones,Y. Blom, U. Bondesson and E. Anggard, J. 
Chromatogr., 309 (1984) 73. 
N.B. Wu Chen, MI. Schaffer, R.L. Lin and R.J. Stein, 
J. Anal. Toxicol., 6 (1982) 231. 
A.M. Bermejo, I. Ramos, P. Fernandez, M. Lopez- 
Rivadulla, A. Cruz, M. Chiarotti, N. Fucci and R. 
Marsilli, J. Anal. Toxicol., 16 (1992) 372. 
F. Fish and T.S. Hayes, J. Forensic Sci., 19 (1974) 676. 
E.J. Cone, W.D. Darwin and W.F. Buchwald, J. Chro- 
matogr., 275 (1983) 307. 
B.D. Paul, L.D. Mell, J.M. Mitchell, J. Irving and A.J. 
Novak, J. Anal. Toxicol., 9 (1985) 222. 
R.E. Struempler, J. Anal. Toxicol., 11 (1987) 97. 
C. Lora-Tamayo, T. Tena and G. Tena, J. Chroma- 
togr., 422 (1987) 267. 
L.J. Bowie and P.B. Kirkpatrick, J. Anal. Toxicol., 13 
(1989) 326. 

[47] J. Combie, J.W. Blake, T.E. Nugent and T. Tobin, Clin. 
Chem., 28 (1982) 83. 

[48] F.T. Delbeke and M. Debackere, J. Pharm. Biomed. 
Anal., 9 (1991) 959. 

[49] P.A. Clarke and R.L. Foltz, Clin. Chem., 20 (1974) 465. 
[50] F.T. Delbeke and M. Debackere, J. Pharm. Biomed. 

Anal., 11 (1993) 339. 
[Sl] M.C. Dutt, D. Siaw-Teck Lo, D.L. Kheng and S.O. 

Woo, J. Chromutogr., 267 (1983) 117. 
[52] H.N. ElSohly, D.F. Stanford, A.B. Jones, M.A. ElSoh- 

ly, H. Snyder and C. Pedersen, 1. Forensic Sci., 33 
(1988) 347. 



234 R. Wasels, F. BelleviNe I .I. Chromatogr. A 674 (1994) 225-234 

[53] B.D. Paul, J.M. Mitchell, L.D. Me11 and J. Irving, J. 
Anal. Toxicol., 13 (1989) 2. 

[54] H.M. Lee and C.W. Lee, J. Anal. Toxicol., 15 (1991) 
182. 

[55] G.F. Grinstead, J. Anal. Toxicol., 15 (1991) 293. 
[56] J. Fehn and G. Megges, J. Anal. Toxicol., 9 (1985) 134. 
[57] R.H. Drost, R.D. Van Ooijen, T. Ionescu and R.A.A. 

Maes, J. Chromatogr., 310 (1984) 193. 
[58] J. Schuberth and J. Schuberth, J. Chromatogr., 490 

(1989) 444. 
[59] W. Huang, W. Andollo and W.L. Heam, J. Anal. 

Toxicol., 16 (1992) 307. 
[60] H. Gjerde, U. Fongen, H. Gundersen and A.S. Chris- 

tophersen, Forensic Sci. IN., 51 (1991) 105. 
[61] M. Pawula, D.A. Barrett and N. Shaw, J. Pharrn. 

Biomed. Anal., 11 (1993) 401. 
[62] K. Masumoto, Y. Tashiro, K. Matsumoto, A. Yoshida, 

M. Hirayama and S. Hayashi, J. Chromatogr., 381 
(1986) 323. 

[63] H. Maurer and K. PlIeger, Fresenius’ Z. Anal. Chem., 
317 (1984) 42. 

[64] B.H. Chen, E.H. Taylor and A.A. Pappas, J. Anal. 
Toxicol., 14 (1990) 12. 

[65] S.J. Mule and G.A. Casella, Clin. Chem., 34 (1988) 
1427. 

[66] L.W. Hayes, W.G. Krasselt and P.A. Mueggler, Clin. 
Gem., 33 (1987) 806. 

[68] W.H. Philipps, K. Ota and N.A. Wade, J. Anal. 
Toxicol., 13 (1989) 268. 

[67] S.J. Mule and G.A. Caseha, J. Anal. Toxicol., 12 
(1988) 102. 

[69] E.J. Cone, C.W. Gorodetzky, S.Y. Yeh, W.D. Darwin 
and W.F. Buchwald, J. Chromatogr., 230 (1982) 57. 

[70] J.J. Saady, N. Narasimhachari and R.V. Blanke, .I. 
Anal. Toxicol., 6 (1982) 235. 

[71] K.W. Lewis, J. Chromatogr. Sci., 21 (1983) 521. 


