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INTRODUCTION

The utilization of x-ray fluorescence (XRF) for trace ele-
ment analysis has long been recognized in the blomedical com-
munity as an attractive technique for trace element analysis.
Electron synchrotron-excited x-ray fluorescence (SXRF) pro-
vides several major improvements over conventional tube-
excited fluorescence. Some of the improvements include:
(1) higher brightness, several orders of magnitude improve-
ment, resulting in the availability of monochromated photons
with shorter analysis times; (2) high polarization of the
photon beam so that scattering from the target can be reduced;
(3) better sensitivities; calculations show sensitivities in
the low ppb range for thin carbon matrices with short run
times (Gordon (1982), Grodzlns (1983)); (4) the photons have
low divergence in both the horizontal and vertical direction
so the beam can be focusaed to a small spot, probably at least
1 ym. (The proposed design for the BNL x-ray mlcroprobe has
been given previously by Jones, et al. (1983).); (5) with
monoergic beams, elements can be selectively fluoresced and
chemical states can be determined.

The National Synchrotron Light Source (NSLS) at Brookhaven
National Laboratory is a large facility dedicated only to the
production of high intensity photon beams. When fully opera-
tional it will be able to support over 100 simultaneous ex-
periments. In preparation for operation of the NSLS we have
carried out se.eral experiments at the CHESS facility at
Cornell University. Initially, radiation damage to the struc-
ture of human blood and tissue samples was investigated with
"white" (unfiltered) radiation. Subsequently, we studied sen-
sitivities for trace element analyses and investigated several
materials.



Radiation Damage to Hunan Blood Cells and Tissues

This experiment was to study the radiation damage resist-
ance of certain types of ceils on a gross basis, as it would
relate to trace elemental analyses of entire cells and por-
tions of tissue. Several samples of K^EDTA-anticoagulated
human blood were spun to a monolayer on a glass microscope
slide and then air-dried (Slatkin, et al.(l983>). The slides
were then irradiated in white radiation for 10-33000 seconds
to fluences of 7 x 10 1 5 to 2.4 x 10 1 9 photons/cm2. The aver-
age photon energy was 15 keV. Light microscope and SEM inves-
tigations showed no mass loss from either erythrocvtes or leu-
kocytes with fluences below 6 x lO1^ photons/cm . Obvious
mass loss from the leukocytes occurred at 1.6 x 10*9

photons/cm , and destruction of the leukocytes occurred at
2.0 x 10*' photons/cm2. Figure la shows a sample of cells
outside the zone of radiation on one of the slides, and Figure
lb shows cells irradiated with 1.6 x 1019 photons/cm2. This
level of dose corresponds to 1.7 x 10* seconds radiation at
the NSLS assuming a high bandpass (22) monochromator at 10 keV
with the machine oper&ting at its full design specification of
2.5 GeV at S00 mA. Even though the samples irradiated with
lower fluences showed no structural damage, they did show a
resistance to staining. Samples of 8 um human renal tissue
were also irradiated for 1 x 10* to 2 x 10* seconds. These
tissue samples also showed no apparent structural damage but
stained poorly.

Figure 1. Air-dried K3EDTA-anticoagulated human blood
a) unirradiated, and b)irradiated with
1.6 x 1019 photons/cm2.



Trace Element Analyses with Synchrotron Radiation

Several samples of NBS standard reference materials were
analyzed for trace metals. In Hanson (1983) we showed a plot
of minimum detectable limits (MDLs), as defined by Currie
(1968), for trace elements in 1-mm thick samples of pressed
NBS Orchard Leaves at several incident photon energies. All
of the analyses were performed with a 30-mm2 Si(Li) detector
15 cm from the sample. In Jones, et al. (1983) we presented
the best MDL for each element analyzed. Between nickel and
strontium we were able to obtain 160-290 ppb. The MDLs for
element* lighter than nickel were considerably worse; 0.67 ppm
for iron, 0.84 ppm for manganese, 14 ppm for calcium, and
23 ppm for potassium. One of the problems with analysis of
the lighter elements was poorer transmission of photons
through the beam line components at lower, more optimum
energies.

Figure 2 shows a fluorescence spectrum of yeast fluoresced
with an 8.4-keV monochromated photon beam, the monochromator
having a bandpass of 5-10 eV. The sample was several layers
of yeast spores sandwiched between two 10 pg/cnr formvar
films. The spectrum was accumulated for 600 seconds with a
30-mm2 Si(Li) detector. The Interest in the yeast was in
relation to ingestlon of chromium and nickel ,at trace levels.
The chromium content was less than 20 iig/cmz for a total of
3 jig of chromium in the beam, and the nickel concentration was
1 4 + 2 yg/cm2 for a total of 2 ug. This spectrum is notably
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Figure 2. X-ray fluorescence spectrum of yeast fluoresced
with an 8.4-keV monochromased photon beam.



cleaner from background (under the photo peaks) radiation than
spectra from tube-excited XRF. Since monochromated radiation
was used, the scattered radiation is confined to a fairly
small energy region just below the incident photon energy.
Since energy dispersive (Si(Li)) detectors have problems with
Incomplete charge collection, 3-5% of the photons at a
particular energy will be distributed throughout the spectua
at lower energies. Therefore, reducing the scattered
radiation will reduce the background. Since the photons are
highly polarized, proper placement of the detector can greatly
reduce the scattered radiation. It is estimated that less
than 102 of the photons were able to scatter in the direction
of our detector at 90*.

CONCLUSIONS

The use of SXRF will nicely complement other more widely
used analytical techniques for trace elements. The experi-
ments at CHESS showed minimum detectable limits for 1-mm thick
organic matrices with monochromated photon beams to be on the
order of 160-300 ppb for Ni to Sr with minimal structural dam-
age to the material being irradiated. Extrapolations to
operating conditions at the NSLS, with a facility designed for
XRF, indicate the HDL limits of 10-100 ppb should be achiev-
able. The utilization of wavelength dispersive detectors
should gain an order of magnitude in sensitivity, but with
trade-off of some flexibility in multlelemental analyses.
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