ture peculiar to each compound. The advantage of alkali
halide salts in this respect is that they are readily available
in pure form and highly soluble in aqueous solution.

In summary, use of the external heavy-atom effect in
room temperature phosphorimetry can both eliminate the
need for an auxiliary phosphorescence assembly in many
cases and strongly increase the phosphorescence intensity.
In effect, a perturbing heavy atom performs the function of
a mechanical chopper by distinguishing between fluores-
cence and phosphorescence signals. The enhancement of
the phosphorescence intensity could push the phosphori-
metric detection limit down by one or two orders of magni-
tude in many cases.

A more detailed analysis of heavy-atoms effects on the
luminescence of adsorbed dyes will be published elsewhere.
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Laser Fluorescence Analysis of Chromatograms: Sub-Nanogram

Detection of Aflatoxins

Sir: The presence of carcinogenic mold metabolites, par-
ticularly aflatoxins, in food and feed products has become
increasingly recognized as a serious health hazard (1, 2).
However, the extent and severity of this problem is diffi-
cult to assess because present means of analysis, employing
conventional fluorescence techniques, are normally capable
of detecting only nanogram levels of, for example, aflatoxin
B, although as little as 0.1-0.2 ng has been reported (3-5).
We describe here a new technique for the analysis of afla-
toxins on TLC plates using time-resolved and wavelength-
resolved laser-induced fluorescence. We have detected as
low as 0.2 ng of aflatoxin B; and we believe this simple and
general technique is capable of an order of magnitude fur-
ther improvement in sensitivity.

The aflatoxins are a class of heterocyclic compounds
which have an absorption maximum around 360 nm with a
molar absorptivity of about 20,000 (6). The fluorescence is
in the visible; the B; and Bj aflatoxins are named for their
fluorescence in the blue (425 nm) while Gy and Gy for the
blue-green (450 nm). The aflatoxins are separated by thin
layer chromatography and analyzed by their characteristic
fluorescence on the plate.

We obtained standard samples of (B; 50%, G; 50%) afla-
toxin. These were separated chromatographically using sili-
ca gel G (Merck) on a copper substrate and were developed
(4) in the dark with chloroform:acetone (85:15 v/v). The
copper substrate was chosen over the usual glass backing
because the former eliminated unwanted substrate fluores-
cence. This problem is not normally encountered when less
intense sources of UV light are employed.

Figure 1 is a schematic diagram of the experimental
setup. The output of a pulsed nitrogen laser (337.1 nm)
strikes a chromatogram which may be scanned in position.
Whenever the laser beam is incident on a spot containing
aflatoxin, this spot fluoresces, and the emission is viewed
by a photomultiplier (RCA 7265 S-20 photocathode)
through appropriate apertures and wavelength filters (Cor-
ning No. 52).

At the heart of this experiment is a boxcar integrator
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(PAR model 162) which controls when the photmultiplier
output is interrogated. The boxcar receives a start impulse
from a trigger generator which also controls the firing of
the nitrogen laser. The boxcar has a pre-set delay before
opening an electronic gate to sample the photomultiplier
signal. In addition, the boxcar has a pre-set “window” so
that the photomultiplier signal is sampled only for a fixed
duration. The laser is fired repetitively, at a typical rate of
10 pps. Each pulse has a duration of about 14 nsec with a
power of approximately 100 kW. The boxcar integrator col-
lects and averages the photomultiplier signal; the output of
the boxcar integrator drives a stripchart recorder which
displays the fluorescence signal as a function of time and,
hence, plate displacement.

Figure 2 presents typical chromatogram scans. Here the
boxcar window is set at 0.3 usec and the boxcar gate is set
to open with the laser pulse. The chromatographic separa-
tion of By and G is illustrated in Figure 2a, where the data
were recorded for 30 seconds, corresponding to approxi-
mately 35 laser pulses at the aflatoxin spots. The plate is
scanned manually in the same direction as the chromato-
graphic development; the irregular peak shapes are caused
by the variable, uncontrolled scan speed. Figure 2b shows
the detection of aflatoxin Bj at the lowest level we attempt-
ed. It should be clear from the signal-to-noise obtained and
the crudeness of data acquisition employed that further
improvement in detection sensitivity can be achieved,
probably an order of magnitude with only modest refine-
ment.

Silica gel G also fluoresces in the same spectral region as
aflatoxin when the gel is irradiated by the nitrogen laser.
Thus, the analysis for aflatoxins requires one to measure
the difference between the sample spot and an equivalent
background spot. We find that background interference is
presently the limiting factor in increasing the sensitivity of
this technique. However, the technique of laser fluores-
cence analysis would seem to enjoy the following advan-
tages compared to fluorescence detection (7) using “black
light” excitation and spectrofluorimetry: a) the laser light
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Figure 1. Schematic of experimental setup
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Figure 2. Laser fluorescence chromatogram scans

(a) Separation of By and Gy aflatoxin peaks; and (b) detection of aflatoxin B4
at lowest level attempted. Only an expanded portion of the plate is shown.
For a solvent development iength of 9.5 cm, the By and Gy spot maxima are
separated by about 1 cm

source is many times brighter than a conventional UV light
source during the time the laser is on; b) the laser light
source is coherent and, hence, may be focused on a spot
rather than illuminating the entire chromatogram; c) gated

detection electronics permits the reduction of elimination
of unwanted light since the use of a window may exclude or
reduce the effect of phosphorescence and scattered laser
light; and d) the use of time-resolved as well as wavelength-
resolved detection may permit the analysis of a mixture of
fluorescent species without the need for their separation.
Much work remains, such as the demonstration of linearity
with aflatoxin concentration; however, the present prelimi-
nary results encourage us to belief that aflatoxins can be
detected and quantified at the ultra-trace level with rela-
tively simple equipment. Laser fluorescence analysis has
already been used in the gas phase to detect 107'8-gram
samples of fluorescent species (8) and its use in condensed
media, such as high pressure liquid chromatography (9,
10), should be expected to grow as convenient UV laser
sources are developed.
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Auger Parameter in Electron Spectroscopy for the Identification of

Chemical Species

Sir: X-Ray photoelectron spectroscopy offers two princi-
pal kinds of useful information: a semiquantitative esti-
mate of the relative number of atoms of different elements
in the layers near the surface, and information on the iden-
tity of the chemical species. For the latter, the principal
spectral feature used has been the chemical shift in kinetic
energy or binding energy.

Early thoughts about the Auger lines led to the conclu-

sion that the chemical shifts should be similar and in the
same direction as those of photoelectron lines. Observa-
tions on some Auger lines (1) led to the contrary conclusion
that Auger chemical shifts are abnormally large for metal-
oxide pairs with core-type Auger lines (Auger processes
with final vacancies in core-type orbitals). Earlier work had
also shown that large Auger chemical shifts may also hap-
pen between pairs of nonconducting-salts (2). The effect
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