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"SUMMARY

In a case of toxxcologlcm analysxs by gas chromatcgraphy (GC)—mass spec-
trometry—data system, chemical ionization (CI), field ionization (FI) and electron im-
- paci data are shown to lead rapidly to assrgnments for all significant GC peaks. Valu-
able data include not only full spectra in the three ionization. modes, but also exact
_mass measurements in the FI or CI mode. Such measurements, obtained by a dynamic
' ak—matchmg technique, lead to the elememal composition of the compounds of
. ?mzerest This knowledge makes the assignment of key GC peaks uneguivocal and
g ‘prowdes an extremely high level of confidence regarding the identity of whole metab-
- olite series. It is also shown that the nature of the FI information is very similar to
that obtamed from CI data :

: 'INTRODUCI'ION '
, _ The techmque of coupled gas chromatography—mass spectrometry (GC—MS) '
~is well established in laboratories concerned with the analysis of complex mixtures!—3.
~The' information contained in mass spectra -obtained under electron- impact (EI)
- provides” most of the evidence . for-the 1dent1ﬁcatlon of the analyzed compounds.
- Clearly, any’ altcmanve ionization method leading to a different set of mass spectral
}data“ increases the ease and rehabmty of an identification. This is the case for soft
- jonization méthods, for instance chemical ionization (CI)**® or field ionization (FI)™S.
“In:CI, sample moleciiles are fonized by reaction with low-energy i ions, whereas in FI
‘the molecules are ionized under the effect of 2 high electric field. Both processes. -place
- emphasis on the molecular or quasi-molecular ion. This complements EI information
~ where, for seve"al classes of compotmds molecular peaks -are of htﬂe abundance or
'_areabsent.j‘“- T o B : ~

Sampl&s)were_ analyzed m the E:. and CI modes usmg a Vanan—MA’E‘ 112_‘ B



- ';double-focusmg mass sneetrometer eqmpped w1th ,mrbomeieeular Iugh -vac nm
pumping system. A Varian 1400 gas chromatograph was coupled to-the spectromete
__via a variableslit separator adaptable to-a wide range of flow-rates. The chromato- -
. .graph was: fitted with a 4-ft. glass eolumn packed with 3 /,’ OV-‘? and temperature :
' -plogrammed at lf}"/nnn be‘ween 120 and 320" Isobutane was hosen as the CI B
- reactant gas.. B o
. Analyces in_ FI mode Were performed ona Vanan MAT 7 Il mstrument :
equipped with the EI-Fl-field desorpnon IFD) combmatxon ion source. It was rnter-;-_ .
~ faced with a Varian 2700 gas ‘chromatograph by means of a doubie-stage Bxeman—-»{:g
Watson separator.-A 6-ft. glass.columin packed with 3% OV-1 was used in this chro-
matograph, with temperature programming ‘between 150 and 290° at IO°/mm Both-
GC-MS systems were connecied to a Varian-MAT SS 160 MS. data system featurmg'
:a 2. 34-Mword dxsk memory, dlsplay unit, and a hard—copy unit. - . i

Sample preparatmn : : &

' In the case of real-life samples in order to xsolate major drug components of .
both acidic and basic or neutral character, urine ‘extractions were carried out at pH 6.
“Typically, after control of the pH, a 25-ml sample of urine was half-saturated with -
sodium sulphate at room temperature, then extracted with three 15-ml portions of
diethyl ether. After evaporation to dryness of the combined erher extracts, the residue
was taken up in 0.1 ml of metha.nol for mstrumental analysxs.

’RESULTS AND mscusqoxr

EIectron zmpact and chemical ionization data
Recently, an accidentally intoxicated child was brought to the- Cb_tldren s

Hospital in Homburg, G.F.R., and, as often happens in such cases, little information -
.could be obtained about the cause of the intoxication. After emergency measures had
‘been taken, however, it was important for the physxcxan to know: the nature of the "
' compounds involved in order to apply proper therapy. A urine sample was ‘obtained -

and a GC-MS analysis was requested. Gas chromatograms were obtained in the EI

‘(Fig: 1) and CI modes (Fig. 2), and ‘showed the presence of eight major: peaks. As

all significant peaks had to be 1dent1ﬁed EI spectra were first recorded cyclically and

stored on the disk memory. The mass spectrometer was then sw1tched to the CI )
n:ode and all CI spectra were likewise recorded. =~ =
‘On the -basis of compariscns between the EI. and CL spectra and spectral h- :

b1ar1es° 10 “the following assignments could rapldly be made: peaks 1,.2, 3 and 4

belong to barb-tal crotylbarbituric acid, butalbital and %ﬁ'eme, respect:vely '
) In order to ¢heck for the presence -of crotylbarbitune acid (mol. wt.- 210), '

- e~cact mass measurement of the quasi-molecular ion at m/e 211 was' performed in the
CI mode.-For this measurement, obtained by the dynarmc peak-matcbmg techmqr.e, '
~ ‘the spectrometer, operated in the CY mode, was set for a resolution of 3000 (102 °%
_ valley). Experxenee has shown'! that such a medu_m resolution is sumcrent to obtain’
~ ~‘accuracies of 10 ppmi or better. ‘Allobarbital {quaSI-molecular ion, mfe 269) was: ehosen ,

-as the reference compound and was introduced via'the direct insertion. probe- ‘Whife -

- GC peak 2 was being eluted, the ratio between the known exact mass of peak 209 and -

thar of the unknown at m/e 21 Pwas: measured On the basis of that vaiue, the exact
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Fig. 1. Computer-reconstructed gas chromatogram of the urine extract, EI mode
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Fig. 2. Gas chromatogram of the urine extract, CI mode.

mass of mfe 211 was computed to be 211.1099. This value matches that corresponding
to the composition C;oH,sN,0; of (M + H)* for crotylbarbituric acid, with a devi-
ation of 1.6 mU. Within a window of iZ.S mU, and with ten oxygen and ten nitrogen
_ atoms allowed in addition to carbon and hydrogen, only two other elemental composi-
tions were found possible.
-Speetra for GC peaks 6, 7 and 8 (Figs. 3, 4 and 5) showed EI and CI data
- compatible with methylaminophenazone, aminophenazone and acetylaminophena-
zore. An exact mass measurement, described below, confirmed that peak 8 represents
acetylaminophenazone and thus that peaks 6 and 7 most probably belong to the pro-
posed aminophenazone metabolites.
.. - 'This result Ied us to look for the presence of dimethylaminophenazone as a
_ likely precursor. As spectra for this drug have been reported in the literature®, it was
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~Fig. 3. EI and CI mass spectra of methylaminophenazone.
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Fig. 5. EI and CI mass spectrz of acetylaminophenazone. .

possxble to search for their most characteristic masses in the group of EI and CI data.
Mass chromatograms for m/e 231 in the EI mode {Fig. 6) and m/e 232 in the CI mode
were - therefore requested, and indicated that GC peak 5 belongs to dimethylamino-
phenazone. Full spectra for this GC peak were indeed consistent with literature values®
for this compound
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. ‘szg. 6. Mas carcmatogram for mje-231 relative to EL data. .

) ‘Fteld ionization dattz . S

) In order to check. the possxbmty of carrying out routine GC-MS measure-
ments in the FI miode'?’ as an alfernative to chemical ionization, the urine extract
f»sampie was also analyzed using the EE—FI—FD combination source. Before injecting
the ‘e&!—hfe sample, huwever, spectra were recorded for various injected amounts of

=
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m=thaqua!one m order to <5tabhsh the sensxtmty f the m..thod,,Th ‘quality of
~specirum for a_ 50-ng_ amount m_.ectpd ‘was found sausfactory (Fig. 7). 1 beseen
- from this typical measurement that the sensitivity of GC-MS in the FI mode is -
= adequate for the routine analysxs of samplas from mtomcateé patzents. Indeed i
- this field, the concentration of the mvest:vated compounds is moet often at the 100;2 ¥

ntr/,ul level or above ST : o T
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Fizg. 7. F1 mass spectrum reIatxve to .50 ng of methaqualone m;ected

The urine extract sample was then mjected, and spcctra were xecox:ded in the -
" cyclic scanning mode. All major peaks previously detected were found to be present -
in the GC trace obtained (Fig. 8). Mass spectra confirmed the previous ass:gnments in-
that molecular peaks, almost exclusively present in the spectra,’ were found at the. -
:expected mje values, as shown in the FI recording for acetylammophenazone (Fig. 2.
The exact mass of the molecular ion relative to GC peak 8 (m/e 245) was then
mzasured at a resolution-of 8000 (109 valley) as the compound was being eluted. To
effect ‘this. the dynainic peak-matching procedure described above was followed in
the FI mode. The hydrocarbon C;7H; was used as the reference compound and was -
introduced via the direct insertion probe. Working in the FI mode, the reference peak:
at m/e 240 (M‘ for Cl-,Has) was then used for the exact mass determmatlon of the un-?
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Fig. 8. ‘Gas chromafogram of t‘he urine extract, FL mode S e
Flg. 9 FI mass spectrum of acetylamxrophenamne. o
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"known peak at m{e 245 TExe exact mass was measured fo he 245. 1‘85 matchmg that
-for the elementai composition of acetylaminophenazone within 2.1 mU. This result -
was taken as an unequivocal conﬁzmaﬁon of the assxgnment made for GC peak 8on
the basxs of spectrai patterns. -~

CONCLUSION

- -In _cases of acc:dental intoxication, GC-MS analys:s in the conventxonal
EI mode was speeded up by supplementary information obtained in the CI and FI
modes. Information gained from full mass spectra helped to arrive at reasonable as-
signments quickly. Exact mass measurements obtained by the ‘dvnamic peak-matching
procedure made these assignments unequivocal.

~ The analysis and interpretation of results were completed within ca. 2h. It

_ could then be stated that the patient most probably had absorbed the drugs Optalidon®,
Dolo-Adamon®, and Veronal®. An evaluation of the ingested drug amounts was not
possible, because the drug contents of the stomach were not determined. Besides, the
drug concentration in urine depends on the nature of the compounds, and on the

‘time elapsed after drug intake.

AQKNE)WLEDGEMENTS

. The sample was obtained by courtesy of Prof. Pieger and Dr. Ehrenthal of the
Umversnty of -Saarland, Homburg, G.F.R.

REFERENCES

C. Law, V. Aandahl, H. M. Fales and W. A. Milne, Clin. Chim. Acta, 32 (1971) 221.

J. Jenden and A. K. Cho, Amn. Rev. Pharmiacol., 13 (1973) 371.

E. Costello, H. S. Hertz, T. Sakai and K. Bieman, Cén. Ciem.. 20 (1974) 255.

M. Fales, G. W. A, Milne, H. U. Winkler, H. D. Beckey, J. N. Damico and R. Barron, Anal.

Chem., 47 (1975) 207.

F. H. Field, Acc. Chem. Res., 1 {1968) 42.

R. L. Foltz, Lloydia, 35 (1972) 344.

H. D. Beckey, Field Ionization Mass Spectrometry, Pergamon Press, Oxford, 1971.

H. D. Beckey, 4ngew. Chem., Int. Ed. Engl., 8 (1969) 623.

B. S. Finkle, R. L. Foltz and D. M. Taylor, J. Chromatcgr. Sci., 12 (1974) 304.

G. W. A. Milne, H. M. Fales and T. Axenrod, Anal. Cren., 43 (1971) 1815.

A. Zune, P. Dobbesstein, K. H. Maurer and U. Rapp, Varian-MAT Publication No. 20, Vartian-

MAT GmbH, Bremen, G.F.R,, 1975.

12 D.E. Games A. H. Jackson, D. S. Millington and M. Rossiter, Advan. Mass Spectrom., 6 (1974)
137

1

5
6
7
8
9
4
11



