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Grund unglinstiger Trennleistungen quantitative Aussagen nur in begrenztem Masse
zuliessen13

• Wegen der einfacheren Probenvorbereitung schien die direkte Analyse der
freien Carbonsauren aus wassriger Losung am besten geeignet, obzwar bei dieser
Vorgangsweise eine Reihe technischer Probleme -z.B. die Vermeidung von
"Ghosting"- zu berlicksichtigen war l4

,15. Grosse Bedeutung kam der Auswahl der
stationaren Phase zu, da auch die ungesattigten Sauren (Dimethylacryl-, Angelika­
und Tiglinsaure) bestimmt werden sollten, deren Retentionsverhalten im Rahmen
frliherer Arbeiten 14

-
39 nicht untersucht wurde. Da einerseits Styrol-Divinylbenzol­

Polymere, vor allem aber Chromosorb 10]28,31 und andererseits f1lissige Silikonpha­
sen28 ,38 gute Trennergebnisse gezeigt hatten, ergab sich die Frage, ob ein durch
Kombination beider resultierendes Gas-Liquid-Solid-Chromatographie-System auch
die Analyse der ungesattigsten Sauren erlaubt; dabei war zu hoffen, dass die zur
Vermeidung von "Ghosting" empfohlene Sattigung des Tragergases mit Ameisen­
saure14 ,28 vermieden werden konnte. Eine weitere Steigerung der Trennleistung war
durch Verwendung von mikrogepackten Saulen zu erwarten34,40,41. Urn auch Aussagen
tiber die allgemeine Anwendbarkeit des neuen Verfahrens zu ermoglichen, wurden die
Wiederfindungsrate bei der Analyse naturlicher Ester bekannten Sauregehaltes ermit­
telt, wobei die Verseifung unter moglichst schonenden Bedingungen erfolgte.

EXPERIMENTELLES

Gas-Chromatographie
Geriite. Gaschromatograph Perkin-Elmer F 33 mit Flammenionisationsdetek­

tor; Integrator Perkin-Elmer SIP-I; Schreiber Perkin-Elmer 56 am logarithmischen
Intergratorausgang.

Packung. Unbelegtes Chromosorb 101 (100-120 mesh) (Johns-Manville,
Denver, Colo., U.S.A.); Saule, Pyrex 6 ft. X 2 mm J.D.; Tragergas (N2), 35 ml/min;
Temperatur, Injektor-Detektor 175°, Ofen 160° (isotherm); Empfindlichkeit, 10 X 32.

Trennfiussigkeitsbelegungen auf Chromosorb 101. 6 % DEGS, 6 % EGA, 6 %
Carbowax 20M,6%OV-210und 6% OV-IOI; Saule, Pyrex 6 ft X 2 mm 1.0.; Trager­
gasfluss und Temperatur wurden fur jede Packung optimiert.

Bedingungenfiir quantitative Untersuchungen. Saule, Pyrex 2.4 m x I mm J.D.;
Packung, 6 % OV-210 auf Chromosorb 101 000--120 mesh); Tragergas (N 2) 6 ml/min;
Temperatur, Injektor/Detektor 225°, Ofen 170° (isotherm); Empfindlichkeit, 10 X 32.

Die Belegung von Chromosorb 101 erfolgte nach dem Verfahren von Wi1­
liams42

, die Saulenfiillung wurden unter vermindertem Druck und Anlegen von Ultra­
schall vorgenommen, das hintere Ende der Saule war mit einem kleinen Pfropfen
silylierter Glaswolle verschlossen. Berechnung der Standardkorrekturfaktoren und
Quantifizierung der Sauren in der ublichen Weise43

, die Reinheit der Testsubstanzen
wurde bei der Angabe der Einwaagen berlicksichtigt.

Substanzen
Vergleichssubstanzen. Essigsaure, Propionsaure, n-Propanol, Isobutanol, n­

Butanol, lsoamylalkohol, tert.-Amylalkohol, Pentanol-2, Pentanol-3, Methylathylke­
ton und Isobutylmethylketon -jeweils hochster erhaltlicher Reinheitsgrad­
Merck (Darmstadt, G.F.R.); n-Buttersaure, Isobuttersaure, Isovaleriansaure, n­
Valeriansaure, Isocapronsaure, n-Capronsaure, 3,3-Dimethylacrylsaure und Tiglin-
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TABLE I

ESTIMATED CONCENTRATIONS OF PCDD ISOMERIC GROUPS IN FLY ASH SAMPLES

Based 0n peak height comparison of individual peDD peaks from the mass chromatograms of Figs.
1 and 3 with the 1,2,3,4-TCDD standard in Fig. 2 run under the same conditions. A relative response
factor of 1 is assumed for all isomers.

Isomeric group Total concentration of isomer
groups (ngjg)

Tetrachlorinated dioxins
Pentachlorinated dioxins
Hexachlorinated dioxins
Heptachlorinated dioxins
Octachlorodibenzo-p-dioxin

Sample I
(Fig. I)

4.2
4.9
5.1
3.2
0.42

Sample 2
(Fig. 3)

19
27
24
8.8
2.7

of each compound for positive identification. The advantage of the Dual-Mode run
over the more sensitive SIM technique is that mass spectra of the detected components
can be retrieved from disk and compared to mass spectra of standard compounds.
Specific identification of individual isomers can then be made by matching retention
times as in Fig. 2.

Fig. 4 shows the mass spectra of five peDD compounds ranging from the
tetrachlorinated to the octachlorinated species which were all obtained during a single
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Fig. 4. Mass spectra of tetra-, penta-, hexa- and octachlorinated dibenzo-p-dioxins obtained from a
single Dual-Mode run of a fly ash sample.











64
S. A. BOUYOUCOS, D. N. ARMENTROUT

Fig. 3 is a UV spectrum of KDEPT in water, obtained with a Cary 17 spectro­
photometer. From the spectrum the 210 nm operating wavelength for the UV
detector was chosen.

j
J

0.6

0.4

Cell - 1.00 em
Reference - Water

..--- 25 mgt/ite' KDEPT

0.2

Blank and 200 mgtli'., KDEP

260
Wavelength, nm

280

Fig. 3. UV absorption spectrum of potassium O,O-diethylphosphorothioate.

In Figs. 4 and 5 the dual chromatograms for the ethyl and methyl substituted
phosphorus species are shown. Chloride at 2.5 ppm has been added in one case to
demonstrate the interference observed for the phosphorothioic acids using the con­
ductivity cell response. The eluent strength was chosen as a compromise between
short retention times for disubstituted phosphates and long retention times for mono­
substituted phosphates.

When water is injected into the system a negative response results near the
void volume of the column, and hence near the elution time of the disubstituted
phosphates. This makes quantitation for them difficult. The negative peak is the
result of a momentary decrease in the carbonic acid concentration in the eluent, and
can be eliminated by preparing the standards in the eluent or by adding to carbonate
free water samples 1.0 %of lOO-fold concentrated eluent. Table I lists the estimated
detection limits that would have given signal-to-noise ratio of 2.5 on the day the
particular standards were run. By optimizing the elution times for anyone particular
species, better detection limits could be achieved.
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EXPERIMENTAL

P. W. DOETSCH, J. M. CASSADY, J. L. McLAUGHLIN

Plant material
Cuttings of the cacti (Table I) were obtained from authenticated plants growing

at Grigsby Cactus Gardens, Vista, Calif., U.S.A.; Abbey Gardens, Carpinteria,
Calif., U.S.A.; Fairchild Tropical Gardens, Miami, Fla., U.S.A.; Botanical Gardens,
The University of Michigan, Ann Arbor, Mich., U.S.A.; and the Desert Botanical
Gardens, Phoenix, Ariz., U.S.A. Reference photographs are on file. Specimens were
frozen, freeze-dried and passed through a 2-mm screen in a Wiley mill. Samples
weighing 20 g, or proportionally less, were extracted, as previously described1o, to
yield extracts A (alkaloids), B(non-alkaloidal material) and C (water soluble alkaloids).
Extracts A and C were pooled for each species and subjected to anion-exchange
chromatography1l, to separate the phenolic and non-phenolic alkaloids.

Analytical TLC
Analytical TLC and, in some cases, radial high-performance TLC (HPTLC)12

were utilized to determine the presence of alkaloids in the phenolic and non-phenolic
alkaloid extracts. For analytical TLC, silica gel plates (Merck 60, F-254, 5 x 20 cm)
were spotted with 5-15,u1 of the extracts (in 1.0 ml of ethanol) or with reference
alkaloids (1-5,ug) and chromatographed in solvent systems A, B, E, F and G as
previously described13

• A Camag 28600 Series U-chamber system with a digital
solvent delivery system (flow-rate set at I pi/sec) was utilized for HPTLCI2, employing
the same five solvent systems on special silica gel plates (Merck 60, F-254, for nano­
TLC, 5 x 5 em). Evidence for the presence of a specific alkaloid in the extracts was
based on co-chromatography with the reference alkaloid in the five different solvent
systems. Visualization was accomplished by spraying sequentially with f1uorescamine,
dansyl chloride and tetrazotized benzidine or iodoplatinate7 ,1I. Fluorescamine con­
jugates were separated by TLC on the silica gel plates using ethyl ether-glacial acetic
acid (19:1) and visualized under long wave UV light; for HPTLC of the conjugates
ethyl acetate-methanol (17 :2) and ethyl ether-ethanol (2: I) were also found to be
useful.

Gas-liquid chromatography
Traces of mescaline (3,4,5-trimethoxy-p-phenethylamine) and 3,4-dimethoxy­

p-phenethylamine were detected by TLC and HPTLC in extracts of several of the
cactus species screened (Table I). GLC on a Varian Series 2700 gas chromatograph
equipped with a flame-ionization detector and employing a 1.5 m x 0.32 em 1.5 %
OV-IOl (stainless steel) column (chromosorb G, 100-200 mesh) was performed on
the non-phenolic alkaloid fractions to quantitate the amount of mescaline (Table II).
The oven temperature was set at 1500

, and the nitrogen carrier gas flow was 30 ml/min.
Concentrations of alkaloids were estimated by comparing peak areas of reference
standards to those from the non-phenolic fractions. Nearly identical retention times
and peak height enhancement with references served to substantiate the alkaloid
identities in the extracts.

Preparation offluorescamine conjugates
Fluorescamine conjugates of eleven p-phenethylamine (P-PEA) alkaloid refer­

ence standards (mescaline; 3,4-dimethoxy-P-PEA; 2,5-dimethoxy-P-PEA; P-hydroxy-
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