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Recent advances that facilitate the accurate activity analysis of radionuclides as
either single or multiple isotope tracers are presented with some focus on applications in
the agricultural and biological sciences [1]. The advances comprise both experimental and
instrumental techniques and these are described in the following topics:

1. Liquid Scintillation Analysis via a Quench Indicating Parameter. This method is
described as the most popular, and it should continue to be used for years to come because
of it's versatility and accuracy for the analysis of isotopes at low-level activity (near
background radioactivity) and samples of high activity where background is insignificant.
Applications of this technique are described as the most broad among current analytical
methods, as all alpha-, beta- and atomic electron-emitting radionuclides are measured with
optimum detection efficiencies. Modern advances in the technique are discussed.

2. Direct PPM Methods. Modern liquid scintillation analyzers are described as
equipped with computer programs that permit the activity analysis of radioisotopes
without quench correction curves. Such routines referred to as Direct DPM methods are
described. When background radiation is insignificant these methods are demonstrated as
acceptable and used to determine the disintegration rates of alpha- and beta-emitting
radionuclides without interference from gamma emissions. Two methods gaining
popularity are described, namely the Efficiency Tracing DPM (ET-DPM) method and the
newly developed Modified Integral Counting Method (MICM). The ET-DPM method in
conjunction with Cherenkov counting is described for the analysis of mixtures of 3 3 P, 86Rb
and 3 5S as isotope labels for P, K, and S. Applications of the stable isotope 1 5 N
simultaneously with the above radioisotopes are proposed.

3. Low-level Liquid Scintillation Analysis via TR-LSC. Anti-coincidence
counting and extensive passive lead shielding are demonstrated to be no longer
requirements for low-background counting. Modern advances are described, which
include the employment of a bismuth germanate (BGO) solid scintillation detector guard
in a liquid scintillation analyzer in conjunction with time-resolved liquid scintillation
counting (TR-LSC) to reject background pulses. Achievable liquid scintillation counting
backgrounds for С and H analysis of the order of magnitude of 0.20 and 1.00 count per
minute (CPM), respectively are reported. Consequently, modern liquid scintillation
analyzers can be used without difficulty for 14C-dating of soil organic matter and studies
of soil water flux via measurements of environmental 3H.

4. Cherenkov Counting. Advances in Cherenkov counting are described. It is
demonstrated that Cherenkov counting of 3 2 P can yield higher figures of merit (FOMs) and
lower limits of detection (LLDs) than liquid scintillation analysis. Other advantages of the
Cherenkov counting technique for 3 2 P are presented. Applications of this analytical
technique are described as numerous including 3 2P tracer studies in soil phosphorus
dynamics, fertilizer use efficiency, and biological research in general.

5. Microplate Scintillation Analysis. Modern microplate scintillation analysis
instrumentation and techniques are reviewed. With a microplate scintillation analyzer
multiple detector system, microplate multiple sample wells, and automatic sample
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processing it is demonstrated that over a thousand samples can be analyzed daily for
alpha-, beta-, or atomic electron-emitting radionuclides at reduced cost of consumable
materials and waste disposal. Large-scale experimentation, which may require the rapid
analysis of thousands of samples weekly, in the biological sciences and agriculture
including large-scale fertilizer use efficiency studies, would profit from this modern
technique.

6. Multiple Radionuclide Analysis. The conventional dual- and triple-channel
liquid scintillation analysis technique for the measurement of two- or three radioisotopes
in the same sample is reviewed. Disadvantages of this technique are presented. A
relatively new Full-Spectrum DPM (FS-DPM) method is described that permits the facile
activity analysis of mixtures of two beta-emitting radioisotopes with optimum detection
efficiencies. Recent studies are described that demonstrate the solving of multiple
simultaneous equations to determine the activities of as many as six different beta-emitting
radionuclides (e.g. 3H, 63Ni, 14C, 45Ca, 36C1 and 3 2P) in the same sample. Radioisotope
tracer studies in the agricultural and biological sciences are no longer limited to a
maximum of three radioisotopes.

7. Solid Scintillation Analysis. Advances in solid scintillation analysis of
radioisotopes, which are mainly focused on instrumental design and automation, are
reviewed. The automatic solid scintillation analysis of radionuclides such as those used in
micronutrient, enzyme studies, and tests used in the biological sciences, which require
radioisotope tracers (e.g. 65Zn, 54Mn, 59Fe, 99Mo, MCr, n \ 1 2 9 I, 137Cs, 141Ce, etc.) is
discussed. High detection efficiencies of plastic scintillator-coated microplates
(LumaPlate) with multidetectors are reported for 3H, 14C, 3 2P, 5 1Cr and 1 2 5 I . The
advantages of this technique in terms of reduced consumable cost and high sample
throughput are illustrated. Advances in scintillation proximity assay (SPA) with
scintillation glass or plastic microspheres for the analysis of binding reactions, commonly
studied in the field of agricultural biochemistry are described.

8. Radionuclide Standardization. One of the greatest advances in modern
radioisotope analysis is described, which permits the use of a conventional liquid
scintillation analyzer and personal computer to standardize radionuclide samples [2]. The
CIEMAT/NIST method is described in conjunction with a new calibration method
recently proposed to provide a universal and facile application of the method.

9. Instrument Performance Assessment TIP A). Modern instruments equipped with
automated instrument performance assessment are described. A brief review of the current
tests to provide proof that deviations in instrument performance do not affect analytical
results is presented.

10. 'Replay'. The use of computers in modern liquid scintillation instrumentation
to store on hard disk thousands of pulse height spectra of assayed samples is described.
Applications of these stored pulse height spectra are illustrated in 'Replay', which permits
the modification of a sample assay to generate new count rate (CPM) results of samples
counted without the need to recount the samples.
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