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Tuesday Morning, September 30

Cherokee Ballroom

FUTURE DIRECTIONS IN ANALYTICAL CHEMISTRY

9:00 WELCOME: W. D. Shuits, Director, Analytical Chemistry
Division, ORNL

TUESDAY AM, LASER TECHNIQUES

CHAIRMAN: E. L. WEHRY, University of Tennessee

9:05 PHOTOTHERMAL METHODS FOR ANALYTICAL LASER
SPECTROSCOPY, J. M. Harris, D. J. McGraw and
P. E. Poston, Department of Chemistry, University of
Utah, Salt Lake City, Utah 84112.

The introduction of lasers into spectroscopic
instrumentation has produced outstanding gains in detection
compared to conventional light sources. These improvements
arise not only from the higher optical power output of the
laser, but also from the unique coherence properties of
laser radiation. A new class of sensitive, spectroscopic
techniques has been developed in which the heat produced by
nonradiative decay of excited species acts to perturb the
optical path within the sample. The spatial coherence of a
laser beam probing the sample aliaws extremely small
perturbations in optical path to be observed which allows
the detection of very weakly absorbing samples.



The spatial intensity distribution of excitation
determines what form the perturbation of optical path will
take within the sample. For example, excitation with a
focussed Gaussian laser beam forms a thermal lens within a
sample which may be detected by observing the change in
divergence of the beam in the far field region. By
splitting a laser beam and recombining the two beams within
a sample, one CAD generate an excitation interference
pattern which produces a thermal transmission grating or
hologram within the sample. This thermal grating can be
detected by measuring the diffraction of a probe laser beam
into a detector. Unlike a thermal lens measurement, this
diffraction method produces a signal on a nearly
zero-intensity background allowing shot-noise limited
detection of the nonradiative relaxation of the sample.

A brief overview of photothermal methods for
detecting ultra-trace level concentrations or weak
absorption phenomena will be given. The roles which
saturation and quenching play in producing the maximum
photothermal signal from a given sample when using pulsed
laser excitation will be discussed. Observing the
anharmonic response of photothermal diffractions is shown to
be a particularly powerful method for studying excitation
saturation in order to optimize the detection process.
Classification of photothermal methods into isobaric and
adiabatic regimes will also be presented. While the
previous methods fall into the isobaric regime, an example
of an adiabatic experiment is the optical detection of
photoacousic waves in a sample. This technique which is
suitable for remote detection and generating spectra using
tunable pulsed lasers.



9:45 DEGENERATE FOUR-WAVE MIXING AS A SPECTROCHEMICAL
ANALYSIS TOOL,* J . M. Ramsey and W. 15. Whitten,
Oak Ridge National Laboratory, Oak Ridge, TN 37831

Degenerate four-wave mixing (DFWM) is a coherent
spectroscopic technique where three input waves of the same
frequency are mixed together in a nonlinear medium to
generate a coherent signal beam. The species of in teres t ,
or the analyte, acts as the nonlinear medium for the mixing
process. Resonance enhancement of the sample nonl inear i t ies
produces a character is t ic var ia t ion of signal as a function
of laser frequency. The spectral response and magnitude of
the signal beam provide qua l i ta t i ve and quant i ta t ive
information about the sample s imi la r to conventional
spectroscopies. There are several potent ial advantages of
DFWM. The spectra observed by DFWM are " t heo re t i ca l l y "
background f ree , i . e . , no signal is observed when no sample
is present. This feature has obvious advantages for
detecting trace quant i t ies of mater ia ls. In add i t ion , the
Doppler-free nature of DFWM measurements provides spectral
resolut ion superior to conventional techniques, improving
the s e l e c t i v i t y of the measurements. The signal photons in
DFWM are contained in a spa t ia l l y coherent beam allowing
near unity ef f ic iency for co l lec t ion with a high
discr iminat ion against background photons from incoherent
processes. Polar izat ion select ion can also be used to
discr iminate against background photons from incoherent
processes. Polar izat ion select ion can also be used to
discriminate against background signals present in " rea l "
samples. Practical advantages of these measurements over
other coherent techniques are the use of a single laser
source and the wavelength-independent phase-matching
condit ions. F ina l l y , spat ia l-resolved measurements are
inherent due to the crossed-beam conf igurat ion of the
experiment. In th is talk we w i l l present the results of a
study of degenerate four-wave mixing in an analyt ical
flame.

*Research sponsored by the Off ice of Energy Research, U. S.
Department of Energy, under Contract DE-AC05-840R21400 with
Martin Marietta Energy Systems, Inc.



10:0b FLUORESCENCE OF MOLECULES NEAR SHALL METAL PARTICLES,
T. I). Harris, ATST Hell Laboratories, Murray Hill,
New Jersey 079 74

Small particles and rough surfaces of certain metals
are known to give anomalously high electric fields when
illuminated with radiation resonant with the plasmon
oscillation of these structures. The most widely publicized
manifestation of the high field is the surface enhanced Raman
effect, SERS. Equally dramatic but less well known is the
large change in radiative and ̂ non-radiative rates for
molecules near these structures. A reduction of fluorescence
lifetime of 10** with no loss in quantum efficiency has been
reported. U ) This fast radiative rate has been used to
give recovery in quantum yield of H P for a heavily quench
f luorophor.(?) We will present further studies on the
extent to which radiative and non-radiative rates can be
controlled using metal particle substrates. Self quenching,
surface treatment, scattering and the difficult engineering
associated with this method will be discussed. Prospects for
large scale production of substrates and application of the
effect to quantitative fluorescence analysis is assessed.
The direction of future study required to realize in practice
the large demonstrated effects will be presented.

REFERENCES

1 . 0. A. We iU , S. Garof f , C. D. Hanson, T. J . Gramila,
J . 1. Gersten, Opt. L e t t . , 7, (1982) 89-91.

2. T. 1). Ha r r i s , A. M. Glass, and 0 . H. Olson, in Ana ly t i ca l
Sjjectros_cpjvv_, Analy t ica l Chemistry Symposium SerieT^ vT R 7
W. S. l.yon, Ed. , Elsevier Science Publ ishers , Amsterdam,
1984, pp.* 49-52.
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RESONANCE IONIZATION SPECTROSCOPY

10:45 ULTRASENSITIVE ISOTOPIC ANALYSIS WITH RESONANCE IONI-
ZATION MASS SPECTROMETRY: APPLICATION TO 10Be:98e.
T.B. Lucatorto. J.C. Travis, J. Wen, J.D. Fassett, and
C.W. Clark, National Bureau of Standards, Gaithersburg,
MD 20899

The selectivity inherent in the multiphoton resonance
ionization process can be used to enhance the isotopic abun-
dance sensitivity of a conventional mass spectrometer. In
order to achieve this enhancement, the resonant laser must
have a bandwidth much less than the optical isotope shift
between the two isotopes to be discriminated, and in almost
all cases, the effects of the Doppler shifts must be dras-
tically reduced. Under ideal conditions the enhancement
factor should be quite large; for example, we calculate
factors of 1U8 for the pair 10Be:9Be, 10' for 1 4C: 1 2C, and
106 for 90Sr:88Sr. Given the fact that a present day mag-
netic sector mass spectrometer is capable of isotopic abun-
dance sensitivities of about 107, the enhancement factor
associated with the resonance ionization process could pro-
duce an instrument with overall isotopic abundance sensitivi-
ties of l:1013 or better.

The present studies, which are aimed at achieving
optimum isotopic enhancement factors, have begun with the
isotope pair 10Be:9Be. For the resonant laser ionization, we
chose a Doppler-free scheme based on a two-photon Is22s2 1SQ+
Is22s6s XSO transition in Be at 71321 cm'1. Two counter-
propagating beams at 280 mn resonantly induce the 71321 cm"1

transition; a third laser beam at 1.06pm connects the 2s6s
lS0 level to the continuum to complete the ionization
process. A sample of several micrograms of BeCl2 with
approximately 1:3000 ratio of 10Be:9Be was mixed with a
graphite slurry and placed on a rhenium filament. Sufficient
atomic Be was produced to easily detect the 10Be and permit
the first isotope shift measurement for the pair: the opti-
cal shift in the Is2 2s2 + Is2 2s6s XSO transition was
measured to be 13.31±U.O5 GHz.

Research sponsored in part by U.S. Department of Energy,
Office of Health and Environmental Research under contract
No. OE-AI-05-86ER 60446



11:05 APPLICATION OF A COPPER VAPOR LASER TO RESONANCE
IONIZATION MASS SPECTROMETRY,* R. W. Shaw,
J. P. Young, and D. H. Smith, Oak Ridge National
Laboratory, Oak Ridge, TN 37831

We are investigating the application of a copper
vapor laser (CVL) to resonance ionization mass spectrometry
(RIMS). The CVL pumps a dye laser that is tuned to atomic
resonances to excite and then ionize gaseous atoms of a
specific element for subsequent analysis with a single
magnetic sector mass spectrometer. One obvious advantage of
a CVL over other pulsed lasers that have been used for RIMS
is i t s high repeti t ion rate, 5 to 20 kHz. However, the CVL
wavelengths, 511 and 578 nm, res t r i c t operation to dye laser
wavelengths red of 511 nm. Our studies to date have been

-l imited to use of a 10 watt, 5 kHz CVL, pumping R6G or
R6G-based dye mixtures in the region of approximately 570 to
600 nm. Past work has shown that optical transit ions in
this wavelength region are useful for resonantly excit ing
and ionizing lanthanides and actinides by a 3-photon process
of a single color. The mode structure (600 MHz) and band
pass (0.3 cm"*) of the CVL-pumped dye laser output result
in widely variable istopic ionization ef f ic ienc ies, compared
with the lasers previously used; thus, large and variable
isotope rat io biases are observed. Methods to overcome this
problem are under investigation and w i l l be discussed.
Based on our resul ts, higher repet i t ion rates would improve
our ion counting s ta t i s t i cs . The operation of the CVL
system w i l l be described; experimentally determined isotope
ratios and precisions obtained with our system w i l l also be
described and compared with ear l ier results reported for
other pulsed laser RIMS studies.

*Research sponsored by £he Office of Energy Research, U. S.
Department of Energy, under Contract DE-AC05-840R21400 with
Martin Marietta Energy Systems, Inc.



11:25 HIGH RESOLUTION DOUBLE-RESONANCE IONIZATION MASS
SPECTROMETRY*. G. K. Gerke, B. A. Bushaw,
B. D. Cannon, and T. J. Whitaker, Pacific Northwest
Laboratory, Richland, Washington 99352

Continuous lasers offer several advantages over
pulsed lasers for resonance ionization studies. The unity
duty cycle permits better coupling with atomization sources
and higher ion yields without space-charge effects, thus
giving better sensitivity. Cw lasers also have much better
resolution than pulsed lasers, thus permitting isotopic as
well as alemental selectivity. In our experiments, two
counterpropagating single-frequency cw dye lasers are used
to populate a highly excited state which is then ionized by
the absorption of a third photon from a high power cw
infrared laser. The two-photon excitation to the Rydberg
state is resonantly enhanced by tuning the first dye laser
to (or near) one of the atomic resonance lines. Thus far,
we have observed ionization efficiencies of qreater than 1%
using short-lived upper states. Abundance sensitivities of
greater than 105 have been observed in the laser
excitation process. Since the two dye lasers are
counterpropagating, Doppler broadening is reduced and it is
possible to do (near) Doppler free measurements with
divergent atom sources. In addition to the analytical
capabilities of cw double resonance ionization mass
spectrometry, it is an extremely powerful spectroscopic
technique. We will present results for the measurement of
oscillator strengths by the dynamic Stark effect and the
precise determination of isotopic and hyperfine shifts
derived from single-isotope mass-selected spectra.

*This work was sponsored by the U. S. Department of Energy's
Office of Health and Environmental Research under contract
DE-AC06-76-RL0-1830.



11:45 MULTIPHOTON IONIZATION IN SUPERSONIC BEAMS,
John C. Miller, Chemical Physics Section, Health and
Safety Research Division, Oak Ridge National
Laboratory, Oak Ridge, Tennessee 37831

Multlphoton lontzatlon (MPI) of nitric oxide expanded
In a supersonic nozzle has been Investigated. Isotoplc
selectivity Is demonstrated by both wavelength selection and
tfme-of-flIght mass spectroscopy. Sensitivity arises from
the resonantly enhanced three-photon lonlzation of a cold
nitric oxide beam ( I K ) . Using this technique 1 5 N 1 6 0 ,
' 4 N ^ 0 , and ^ N ^ o are detected In a natural abundance
sample of nominally 1 4 N 1 6 0 . It Is shown that on the average
as few as IO3-1O4 molecules of 1 5N 1 80 can be detected In the
focal volume In a single laser shot. The extension of this
work to "single-molecule detection" Is discussed.

In a related study, the sensitivity demonstrated
above Is utilized In a study of weakly bound van der Waals
species present as minor constituents In supersonic
expansions. The nitric oxide-rare gas species (rare
gas = Ne, Ar, Kr, Xe) have been prepared and Identified via
their mass-resolved MPI spectra. Spectra associated with
both Rydberg and valence states will be presented. Several
trends exhibited by these novel molecules will be discussed.

Research sponsored by the Office of Health and
Environmental Research, U.S. Department of Energy under
contract DE-AC05-840R-21400 with Martin Marietta Energy
Systems, Inc.



12:05 - 2:00 LUNCH - POSTER SESSION, SEPARATIONS AND
INSTRUMENTATION

CHAIRMAN: J. L. BOTTS, Oak Ridge National Laboratory

DEVELOPMENT OF AN EXTRACTION CHROMATOGRAPHIC METHOD
FOR RECOVERY OF URANIUM FROM SALTED SOLUTIONS.*
J. T. Shor, A. M. Krichinsky, and E. D. Collins,
Oak Ridge National Laboratory, Oak Ridge, TN 37831

An extraction chromatographic flowsheet, which util-
izes di- sec-butylphenyl Dhosphonate (DSBPP) as the extrac-
tant, has been developed to enable recovery and purification
of uranium from highly salted nitrate solutions containing
aluminum and thorium. In laboratory-scale studies, several
inorganic and organic resin substrates were loaded with
DSBPP (up to a ratio of 1 g of DSBPP per g of substrate),
and the efficiency of loading, capacities of the substrates,
and the stability of DSBPP in process solutions were
measured. Best results were obtained by loading DSBPP onto
a diatomaceous earth (Gas Chrome Q, 60 to 80 mesh)
substrate. The loaded sorbents were then used in small-
scale column tests to determine the capacity of the sorbent
for loading uranium from typical feed solutions, which have
the composition 1.5 M̂  HN0 3—1 M Al(N03)3—2 g/L Th—7 g/L U.
A maximum loading of -40 g of~uranium per liter of sorbent
was obtained. The loaded columns were washed with nitric
acid, and the uranium was stripped with water. A product
purity of ~95% was achieved. The process is now being
scaled up to enable the recovery and purification of
kilogram quantities of 2 3 3U. Both scale-up and actual pro-
cessing data will be presented.

*Researchsponsored by the Office of Nuclear Materials
Production, U.S. Department of Energy, under Contract
DE-AC05-840R21400 with Martin Marietta Energy Systems, Inc.
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CHARACTERIZATION OF VOLATILES IN POLYMERS BY
HEADSPACE GAS CHROMATOGRAPHY*. S. V. Dubiel, Allied
Corporation, Bendix Kansas City Division,
P. 0. Box 1159, Kansas City, Missouri 64141

Physical and chemical properties including materials
compatibility are significantly influenced by the presence
and outgassing of volatile components in polymeric materials.
These components can include monomers, solvents, blowing
agents, catalysts, moisture, plasticizers, impurities,
antioxidants, ultraviolet absorbers, and degradation
products. They affect strength, dimensional stability,
chemical and environmental resistance, and processing
characteristics. Electrical and structural failure resulting
from corrosion, crazing and depolymerization have been
typical compatibility problems associated with volatile
components from materials used in component systems. Recent
publications have shown headspace gas chromatography to be a
valuable tool for monitoring the volatile components evolved
from plastics at ambient or elevated temperatures.
Analytical methods have been established to provide a new
capability for material characterization, and certification
and to enhance the overall quality assurance program for
plastic production parts. Instrumentation and analytical
techniques including examples of analyses performed will be
discussed.

*0perated for tne U. S. Department of Energy by Allied
Corporation, Bendix Kansas City Division, under contract
number DE-AC04-76-0PO0613.
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APPENDIX V I I I ANALYSES IN GROUNDWATERS VIA RTE-6/VM
OPERATING SYSTEMS.* P. C. Canada, A. K. Headrick,
G. J . Pardue, Oak Ridqe Gaseous D i f fus ion Plant , Oak
Ridge, Tennessee 37831

EPA ins t iga ted Appendix V I I I in 1980 to i den t i f y a
broad range of chemicals that should be considered for regu-
l a t i o n under the Resource Conservation and Recovery Act
(RCRA) hazardous waste program. This l i s t includes an
extensive number of organic components, many of which were
impossible to analyze by the required SW-846 EPA p ro toco l .
In February 1986, an in te r im guidance document was issued
e l im ina t i ng some of the problem components.

Even with the abbreviated Appendix V I I I l i s t of com-
ponents, GC/MS analyses are not p rac t i ca l wi thout the use of
an appropr iate data operat ing system. Use of two RTE-6/VM
data systems fo r both v o l a t i l e and semi -vo la t i l e organic
components has proven very sa t i s fac to ry in our laboratory
from the standpoint of e f f i c iency of data a c q u i s i t i o n , data
processing, and I/O. This paper w i l l describe the u t i l i t y
of the RTE-6/VM data system for handlinq data a c q u i s i t i o n ,
EPA QA c r i t e r i a , data processing, and data reports asso-
c ia ted wi th the tedious Appendix V I I I analyses.

*Research sponsored by U. S. Department of Energy under
Contract DE-AC05-840R21400.
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DEVELOPMENT AND APPLICATION OF A M L TI MOO E IONIZATION
DETECTOR (MMID) FOR GAS CHROMATOGRAPHY*, J. W. Haas,
III, M. V. Buchanan, M. B. Wise, and S. K. Parks, oaK
Rtdge National Laboratory, Oak Ridge, Tennessee
37831

The unambiguous identification of an organic compound
in a complex mixture, such as a synthetic fuel, is a chal-
lenging analytical problem. H*'gh resolution chromatographic
methods using selective detection have been the most success-
ful approaches to the analysis of complex mixtures. A new
detector, which features tunable selectivity, has been
developed for gas chromatography (GC). It consists of a DC
mode electron capture cell enclosed in a stainless steel high
vacuum chamber. A gas mixing manifold is used to add reagent
gas (typically argon with 10% methane) to the GC effluent
prior to entering the detector cell.

Three distinct modes of operation can be achieved
simply by varying the pressure of the reagent gas. At low
pressures (1-10 torr) "universal" detection is obtained -
eluting compounds are ionized by excited argon atoms which
results in an increase in electron current (electron
emission). Conventional electron capture response is
obtained at atmospheric pressure. At intermediate pressures,
competition between electron capture and electron emission
occurs. In this case, the electron affinities (EA) of
eluting species determine the types of their responses;
compounds with EAs above the threshold value (dictated by the
operational pressure) produce positive-going electron capture
peaks whereas those with EAs below the threshold produce
negative-going electron emission peaks. Thus, the
selectivity of the MMID can be tuned to a particular
threshold EA value by the judicious selection of operational
pressure. Analytical features of the detector, including
examples of selective mode isomeric and chemical class
discriminations of polycyclic aromatic hydrocarbons in
synthetic fuels, will be presented in this paper.

•Research sponsored by the Office of Health and Environmental
Research, U. S. Department of Energy under contract
DE-ACQ5-840R21400 with Martin Marietta Energy Systems, Inc.

•This research was supported in part by an appointment to the
U. S. Department of Energy Postgraduate Research Training
program administered by Oak Ridge Associated Universities.
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THE INFLUENCE OF OPERATING FACTORS ON ICP-MS
PERFORMANCE, Guangxuan Zhu* and Richard F. Browner,
School of Chemistry, Georgia Inst i tu te of Technology,
At lanta, Georgia 30332-0400

ICP-MS is one of the most powerful trace analytical
techniques for multielement and isotope rat io analysis. As a
new method, i t has attracted considerable in terest . One
aspect of preliminary investigations has been to show some
trends which are quite di f ferent from ICPOES behavior. This
arises because the technique of ICP-MS combines features of
the inductively coupled plasma with features of quadrupole
mass spectrometry. An additional factor to consider is the
inter face. Explanations of the various phenomena observed
are clearly called for . ICP-MS instrumentation is quite
complex, and many variable factors could affect the
characterist ics of signals, although the mass spectra are
generally much simpler than optical emission spectra for
complex mixtures.

Investigations with ICP-MS should not be limited to
studies of the plasma alone. The optimization of operating
parameters for the plasma, should be matched by studies of
the mass spectrometer and other features, such as the sample
introduction route. I t is important to consider the
performance as a whole, which should be helpful for sorting
out the complex responses that sometimes occur.
Addi t ional ly , more data are needed from a number of di f ferent
laboratories for a wide range of sample types.

Al l of the data studied in this presentation have been
generated using a VG PlasmaQuad instrument. The influence of
d i f ferent styles of nebulizers and various plasma operating
conditions w i l l be described. Addit ional ly, optimum MS
conditions for d is t inct elements, the i r response
character is t ics, and possible interferences w i l l be
discussed. F ina l ly , the observed behavior w i l l be considered
with relat ion to the analysis of "real world" samples.

*0n leave from Dalian Inst i tu te of Chemical Physics, Dalian,
P. R. China.
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OPTIMIZATION OF SOLVENT COMPOSITION FOR HIGH
PERFORMANCE THIN-LAYER CHROMATOGRAPHY.* C. Y. Ha.
and C. K. Bayne, Analytical Chemistry Division and
Computing and Telecommunications Division, Oak Ridge
National Laboratory, Oak Ridge, Tennessee 37831.

A method using mixture experimental design has been
applied to optimize multicomponent solvent composition for
high performance thin-layer chromatography (HPTLC). In this
study, the best mixture of five solvents for the mobile
phase was investigated to maximize the separation of twelve
structurally related B(a)P metabolites on normal phase HPTLC
plates.

Volume fractions (rather than absolute quantities) of
the mobile phase components were considered in defining the
constraints of the experimental region, which is a truncated
4-dimensional simplex. While the sum of the volume frac-
tions remained equal to one, the volume fraction of Indi-
vidual solvents was varied within a range restricted by
Snyder's solvent strength scale. The optimization of an
expected separation response over the experimental region
was based on a second-order polynomial equation. A twenty
run experiment was used to estimate the approximating model.
These experimental runs consisted of eleven extreme ver-
tices, the centroid, and eight runs determined by the D-
optimality variance criterion. Five responses for the
overall separation based on the Rf values were evaluated. A
new response function is proposed that overcomes the diffi-
culties of previously published criteria.

Mixture experimental design has enabled us to study
optimum separation for a five solvents composition. This
methodology can be extended to optimization of similar
systems such as the mobile phase composition for two-
dimensional TLC and high performance liquid chromatography.

•Research sponsored by DOE/OHER, U.S. Department of
Energy under contract DE-AC05-840R21400 with Martin Marietta
Energy Systems, Inc.
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A SEGMENTED GERMANIUM WELL DETECTOR WITH A COMPTON
SUPPRESSION GUARD FOR LOW LEVEL GAMMA-RAY
SPECTROMETRY, Colin G. Sanderson, Environmental
Measurements Laboratory, U. S. Department of Energy,
New York, NY 10014

Large diameter germanium well detectors have improved
gamma-ray spectrometry lower limits of detection by a factor
of 6 to 8. Since the well cobnfiguration maximizes counting
efficiency because of its almost 4 pi geometry, further
improvements in detection limits must come from background
reductions. A low level gamma-ray counting system consisting
of a Nal(Tl) well detector for Compton suppression and a
segmented high purity germanium (HPGe) well detector for both
Compton suppression and signal detection has been assembled
at the Environmental Measurements Laboratory.

The lower segment of the germanium well detector
provides a signal which can be combined with the Nal(Tl)
signal and used to gate the ADC so that unwanted pulses from
the well segment of the detector can be rejected. This paper
will describe details of the design specifications and
detection limits for radioactive air particulates collected
on Microsorban filters.
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A TECHNIQUE FOR THE DETERMINATION OF SMALL NUMBERS OF
TECHNETIUM ATOMS, Donald J . Rokop, David B. Curt is,
Norman C. Schroeder, and Kurt Wolfsberg, Group INC-7,
MS-J514, Los Alamos National Laboratory, Los Alamos,
New Mexico 87545

Discrepancies between the present-time experimental
determination and the theoretical prediction of the solar
neutrino f lux has spurred the development of an experiment to
determine th is f lux over a several mi l l ion year period. This
experiment "The Molybdenum-Technetium Solar Neutrino
Experiment," w i l l look at the interaction of solar neutrinos
with a deeply buried molybdenum-bearing ore to form 98"TC
and possibly 9?Tc. Another experiment w i l l look at the
secular equil ibrium of 99jc with U spontaneous f iss ion
isotopes in a part icular ore body to determine Tc
geochemistry in th is environment with implications for
radioactive waste storage. These experiments have generated
the need to develop means to determine 1 0 " ^ g quantit ies
of the Tc isotopes.

The method chosen to determine these very small
numbers of Tc atoms is mass spectrometric isotope d i lu t ion
(MSIO). In this case, because Tc is inherently d i f f i c u l t to
analyze, negative thermal ionization was chosen. As l i t t l e
as 10+H atoms loaded into the mass spectrometer produces
in excess of 2 x 10+6 cps and a resultant dynamic
measuring range greater than 10+^.

18



GAS PHASE PHOTODISSOCIATION OF ORGANOMETALLIC IONS
USING FOURIER TRANSFORM MASS SPECTROMETRY,
R. L. Hettich and B. S. Freiser, Purdue University,
West Lafayette, Indiana 47907

Many of the advantages of Fourier transform mass
spectrometry (FTMS) can be ut i l ized for gas phase
photodissociation experiments. These advantages include; the
ab i l i t y to perform a multi-step synthesis for ion generation,
the ease of experiment manipulation, and capability for ion
trapping, which are all essential to the photodissociation
experiment.

Photodissociation provides a method of experimentally
investigating the electronic and thermodynamic nature of
organometallic ions. The photodissociation spectrum,
obtained by monitoring the appearance of ionic photoproducts
as a function of wavelength, contains absorption information
and often indicates photoappearance thresholds which can
provide thermodynamic information.

Interestingly, fragmentation by photodissociation is
often different than fragmentation by collision-induced
dissociation (CID). As a result of th is , photodissociation
can be used to complement collision-induced dissociation for
structural determination. Low energy CID suffers from the
fact that i t is a mult i-col l ision process, often obscuring
the very information desired. Photodissociation, on the
other hand, is specific to the structure of the ion at the
moment of photon absorption, and may be more useful than CID
for large molecule di f ferent iat ion.
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ANALYSIS OF GLASS FILMS BY INDUCTIVELY COUPLED PLASMA
ATOMIC EMISSION SPECTROSCOPY.* Suzanne H. Weissman,
Sandia National Laboratories, Albuquerque, NM 87185

Fabr icat ion of m ic roc i rcu i ts involves deposit ing
several layers of materials on a s i l icon wafer base; phos-
phos i l i ca te and borophosphosilicate glass films are often
used as the f inal insulating layer. These films are depos-
i t e d using chemical vapor deposit ion from a mixture of
phosphine, s i lane , borane ( fo r B-containing f i l m s ) and
oxygen d i lu ted with n i t rogen. Some control wafers, which
are usually uncoated s i l icon wafers, are included in each
CVD step and the B, P, and Si concentrations in these fi lms
are measured for process control and product acceptance.

Control wafer samples of varying compositions, f i lm
thicknesses and area were analyzed by chemically etching the
phosphosilicate glass followed by determination of the B, P,
and Si content of the resultant solution using induct ive ly
coupled plasma (ICP) atomic emission spectroscopy. A t yp i -
cal sample had an 8100 A" thick f i lm , containing 3.0 wt.% B,
4.9 wt.'S P and 37 wt.% S i . The ana ly t ica l method is
extremely accurate as determined by comparing the summation
of oxide weights calculated from the ICP data (assuming only
B20^, Po0c> and Si02 were present) and the weight removed

from the wafers (determined gravimetr ical ly); relat ive devi-
ations averaged 0.3%, with a standard deviation of 0.7 for a
set of 21 borophosphosilicate glass f i lm samples. Results
obtained from the analyses of several d i f f e ren t sets of
wafers w i l l be reported.

*This~worY~was perTormed"~at TTan'dia National Laboratories
supported by the U. S. Department of Energy under contract
number DE-AC04-76DP00789.
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CROSSED BEAM THERMAL LENS FOR SMALL VOLUME
CHROMATOGRAPHY DETECTION, Thomas G. Nolan and
Norman J . Dovichi, Department of Chemistry, University
of Wyoming, Laramie, Wyoming 82071

The sensitive measurement of sample absorbance within
p i co l i t e r size probed volumes is provided by the crossed beam
thermal lens. In this thermo-optical technique, a heated
region produced by absorption of a pump laser beam is probed
orthogonally and on axis by a cw probe laser beam. The
strength of the thermo-optical element is monitored by
observing the probe beam far f ie ld image. Sample absorbance
is measured only at the intersection of the two laser beams
giving excellent spatial resolut ion. Applications of the
crossed beam thermal lens include i ts use in scanning
microscopy, as a non-instrusive probe of flow veloci ty, and,
in the material to be presented here, as a detector for
compounds separated by 250 micron diameter chromatography
columns. This small volume type of separation has the
advantage of low mass detectabi l i ty for separation of
expensive or rare analyte. Using a low cost detection
system, sub-picomole amounts of derivatized ketones have been
separated and detected. Using a higher power pump laser,
separation and detection of 75 femtomoles of 18 amino acids
with excellent signal to noise rat io is demonstrated.
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TUESDAY PM, LASER APPLICATIONS

CHAIRMAN: J. M. RAMSEY, Oak Ridge National Laboratory

2:00 SIMPLE LASER-DRIVEN, METAL-PHOTOCATHODE ELECTRON
SOURCEa), S. W. Downey, AT&T Bell Laboratories,
600 Mountain Avenue, Murray Hill, New Jersey 07974

An ArF excimer laser was used to produce
photoelectrons from common metal surfaces at modest vacuum.
The photoelectrons are subsequently accelerated across an
anode-cathode gap; Both space-charge and emission-limited
flow were examined. The temporal characteristics of the
emission-limited electron beam produced by this device are
nearly identical to those of the laser pulse used to produce
the photoemission. In the space-charge-limited case, a rise
time of 3 ns was obtained. Maximum current densities of
70 A/cm^ were achieved. A variety of metals were
examined.

d)Workperformedat Los Alamos National Laboratory under
the auspices of the U. S. Department of Enerqy and the
Defense Advanced Research Projects Agency.
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2:20 LASER RAMAN MICR0PR0BE APPLIED TO THE ALTERATION OF
NUCLEAR WASTE GLASS,* Mark Doxtader and David Green,
Analytical Chemistry Laboratory and William Ebert and
John Bates, Chemical Technology Division, Argonne
National Laboratory, 9700 South Cass Avenue, Argonne,
Illinois 60439

•The Nevada. Nuclear Waste Storage Investigations
Project (NNWSI) is currently evaluating Yucca Mountain,
Nevada, as a potential site for the disposal of high-level
nuclear waste. One aspect of projecting the behavior of
waste over long periods of time is the identification of
alteration products that form as the waste ages through
contact with water. These alteration products are the result
of complex materials interactions between components of the
waste package and have the potential of incorporating
radionuclides into their structure.

Laser Raman Microprobe (LRM) is an ideal technique to
study these reaction products because it offers a spatial
resolution of a few microns, while providing chemical
structure information available only from vibrational
spectroscopy. This information, in conjunction with that
obtained using comlimentary techniques, establishes a
complete description of-the phases.

In this report we demonstrate the analytic utility of
LRM for the characterization and identification of
microcrystalline precipitates and reaction products generated
during the reaction of synthetic nuclear waste glasses.
Benefits and limitation of LRM will also be discussed.
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2:40 ANALYSIS OF URANIUM SOLUTIONS USING THE LASLR SPARK.*
J. R. Wachter, D. .A. Cremers, and R. G. Gutmacher,
Los Alamos National Laboratory, Los Alamos, NM b7S45

Uranium concentrations must be monitored continuously
at several locations in DOE nuclear fuel cycle facilities
to maintain process and criticality control and to detect
unacceptable discharges to the environment. A technique
that is rapid, non-invasive, and unaffected by radioactivity
is required. We are developing Laser-Induced Breakdown
Spectroscopy (LIBS) to determine uranium in flowing streams,
in the presence of high concentrations of fission products,
neutron emitters, and other metals. In the LIBS technique,
a powerful laser pulse is focused through an optical access
onto the solution surface to produce a hot spark plasma.
Characteristic uranium spark lines are spectrally and tem-
porally resolved, measured, and recorded.

In experiments on static uranium solutions in nitric
acid, uranium concentrations as low as 0.1 g/L were deter-
mined, using a pulsed Nd:YAG laser and a time-gated photo-
diode array. A concentration of 4.2 g/L was measured with
a 1% RSD in lfaU seconds. Experiments are in progress on
flowing streams contained in test loops that simulate plant
operating conditions.

•Research sponsored by the U.S. Department of Energy under
Contract U-7405-ENG.36 with Los Alamos National Laboratory.

3:00 BREAK

3:30 EXHIBITOR SESSION

5:00 ADJOURN
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WEDNESDAY AM, NEW DEVELOPMENTS IN MASS SPECTROMETRY

CHAIRMAN: T. B. LUCATORTO, National Bureau of Standards

9:00 RECENT DEVELOPMENTS IN FTMS, Robert Cody, Nicolet
Analytical Instruments, 5225 Verona Road, Madison,
Wisconsin 53711

The development of differentially-pumped sample
introduction methods has greatly increased the utility of
Fourier transform mass spectrometry for analytical
applications. Perhaps the simplest approach to the
requirement for low pressure analysis is the dual-cell
geometry, which makes use of the trapping motion to move ions
from one pressure region to another through a conductance
limit.

The ability to accommodate higher sample pressures,
while still maintaining a low pressure for analysis, has had
implications for combined GC/FTMS, MS/MS, and laser
desorption. Our experience with capillary GC/FTMS has shown
that it is possible to obtain high quality chromatograms, as
well as high resolution mass spectra, even with low sample
levels. A mass resolution of 200,000 is found to be
compatible with the chronatographic time scale, and accurate
mass measurements may routinely be made for GC-MS samples.
The dual cell geometry has also made it possible to perform
experiments combining supercritical fluid chromatograph^ with
FTMS.

MS/MS and laser desorption benefit from the fact! that
laser-generated ions, or daughter ions, from MS/MS'
experiments are isolated from reactive neutrals. Examples of
these types of experiments will be presented, along withj
applications to real analytical problems. The use of ' \
ion-electron collisions will be discussed as an alternative
to the use of ion-neutral collisions for MS/MS experiment's.
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9:20 FTMS STUDIES OF NEGATIVE ION CHEMICAL IONIZATION
PROCESSES*, M. v. Buchanan and M. B. Wise, Oak Ridge
National Laboratory, Oak Ridge, TN 37831

Previous studies have shown that isomeric polycyclic
aromatic hydrocarbons (PAH) can be distinguished using
negative ion chemical ionization (NICI) mass spectrometry.
This isomeric differentiation is thought to be based on
differences in electron affinities (EA) of the PAH, with an
EA value of about 0.5 eV being required for ionization. For
example, benzo(a)pyrene (EA=0.64) ionize under NICI
conditions to yield a molecular aniqn at m/z 202. This
potent carcinogen can be readily distinguished from its
relatively benign isomer, benzo(e)pyrene (EA=0.35), which
does not ionize under NICI conditions.

The mechanism responsible for this differentiation has
been investigated using a conventional high pressure NICI
source on a quadrupole mass spectrometer as *ell as a Fourier
transform mass spectrometer (FTMS). The FTMS has a number of
unique capabilities which makes it well-suited for
investigating gas phase ion processes. These investigations
have shown that trace levels of oxygen and water play an
important role in some of the NICI processes.

"Research sponsored by the Office of Health and Environmental
Research, U. S. Department of Energy under contract
DE-ACO5-840R2H00 with Martin Marietta Energy Systems, Inc.
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9:40 A STUDY OF OPERATING PARAMETERS FOR THE MAGIC-LC/MS
INTERFACE,* Deborah D. Perkins, Paul C. Winkler,
Lawrence E. Abbey, and Richard F. Browner, School of
Chemistry, Georgia Institute of Technology, Atlanta,
Georgia 30332-0400

The monodispersed aerosol generation interface for
combining liquid chromatography with mass spectrometry
(MAGIC-LC/MS) has been successfully applied to both normal
and reversed-phase separations. The nebulizer forms an
aerosol from the column effluent, which then passes through
an evaporation chamber where desolvation occurs. The
dispersion gas and mobile phases vapor are pumped away in the
aerosol beam separator, leaving the analyte to travel through
the line-of-sight into the mass spectrometer. The objective
of this study was to evaluate sone of the operational
parameters affecting the performance of the interface, such
as flow rate, ion source temperature, and mobile phases
composition.

Typically, the MAGIC-LC/MS interface is operated at
flow rates ranging from 0.3 to 1.2 mL/min. The lower
boundary is largely determined by adequate formation of the
liquid jet. The upper limit is determined largely by
transport effects. For the mobile phase methanol, the peak
response for a 4 ..g injection of the test compound methyl
stearate occurs at 0.6 mL/min.

The interface works well with gradient elution. Under
conditions involving mobile phases such as hexane and ethyl
acetate, the change in response with varying composition is
negligible. For separations involving reversed-phases,
however, a 2.5 fold increase in sensitivity is observed on
progressing from a 50% water/50% methanol mixture to 100%
methanol.

An investigation into tine effect of ion source temperature on
the intensity of response for the compound methyl stearate
was performed. The ion source temperature changes the
intensity very little from 140°C to 230°C. Thermally
labile compounds which are not amenable to gas chromatography
are perfect candidates for LC/MS. The processes which occur
in the fiAGIC-LC/MS interface as the analyte of interest are
nebulized, desolvated, separated from the helium dispersion
gas and mobile phase, and subsequently introduced into the
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ion source do not decompose a thermally labile compound.
Decomposition of thermally labile compounds will only occur
as a result of ion source temperature. The behavior of
several thermally labile compounds will be shown.

•Research supported by US DOE, Office of Basic Energy
Sciences, under grant No. OE-FGO5-85ER13435.
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10:00 DETECTION AND IDENTIFICATION OF SUBSTITUTED
POLYNUCLEAR AROMATIC COMPOUNDS USING SECONDARY ION
MASS SPECTROMETRY,* P. J. Todd, and C. P. Leibman,
OaK Ridge National Laboratory, Oak Ridge, TN 37831,
and G. Mamantov, Chemistry Department, University of
Tennessee, Knoxville, TN 37996

Detection and identification of oolar-substituted
polynuclear aromatic hydrocarbons (PAH's) is currently an
important analytical challenge as these compounds are often
biologically active, and they are found
of matrices. We have found that
spectrometry (SIMS) may be employed
identification of those compounds if
dissolved in concentrated sulfuric acid. SIMS spectra of
such solutions show intense secondary ions characteristic of
the dissolved substituted PAH.

This method is eminently practical. First, while
H2SO4 is corrosive, its involatility limits any effects
on the secondary ion source. Secondly, almost all
substituted PAH's are soluble in H2SO4 so samples are
homogeneous. Thirdly, SIMS spectra reflect known
PAH-H2SO4 chemistry permitting straightforward
interpretation of spectra. Perhaps most importantly, the
technique is simple and reflects the characteristic
sensitivity of SIMS.

in a wide assortment
secondary ion mass
for detection and
samples are first

•Research sponsored by the U. S. Department of Energy, Office
of Basic Energy Sciences, under Cotract DE-AC05-840R21400
with Martin Marietta Energy Systems, Inc.

10:20 BREAK
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10:40 GLOW DISCHARGE MASS SPECTROMETRY - ITS POTENTIAL FOR
THE NUCLEAR INDUSTRY,* K. Robinson, R. Brown, and
P. Jackson, VG Isotopes Limited, Ion Path, Road Three,
Winsford, Cheshire CW7 38X, England

Glow discharge mass spectrometry is a technique with
great potential for the nuclear analytical laboratory.

Difficulties encountered in the nuclear laboratory
include:

a) analysis of refractory materials
b) analysis of powder samples
c) samples may be difficult to dissolve
d) samples may be highly active
e) a wide range of elements/concentrations may be

encountered
f) standards may be difficult to obtain or are

unavailable
g) minimum operator involvement is a key requirement

For these reasons a technique which can handle solid
samples directly with due regard to adequate sensitivity,
specificity, and with minimum calibration is required.

Glow discharge mass spectrometry is a technique which
meets these requirements.

Its principle features in regard to this type of
analysis are:

a) direct analysis of solids
b) full elemental coverage
c) major, minor, and trace ddtermi nations in the

same analytical cycle
d) quantitative results by ratioing against the

matrix component removing the need for accurate
weighing of samples

e) good semiquantitative NO STANDARDS ANALYSIS
capability

f) minimum standardisation in the fully quantitative
mode of operation
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Analysis of two standard Uranium Oxide (U3O3)
powders - New Brunswick Laboratories CRM series has been
carried out in order to demonstrate the suitability of the
VG 9000 GDMS to this type of analysis.

Data will be presented to illustrate:

a) methodology to analyze powder samples
b) simple sample preparation procedures
c) no standards analysis capability
d) limits of detection
e) precision
f) accuracy
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11:00 THE DETECTION AND IDENTIFICATION OF TRACE ORGANICS IN
AMBIENT AIR USING MASS SPECTROMETRY/MASS SPECTROMETRY
Scott A. McLuckey, Gary L. Glish and Henry S. McKown,
Analyt ical Chemistry D iv is ion, Oak Ridge National
Laboratory,* Oak Ridge, TN 37831

The detection and i den t i f i ca t i on of organic
contaminants in ambient a i r present at trace levels
(<< 1 ppm) is very challenging from the point of view of the
analyst , par t i cu la r l y when high compound spec i f i c i t y is
required in addition to high s e n s i t i v i t y . Nevertheless, the
solut ion to a wide var iety of important problems has such
str ingent requirements. In order to address some of these
problems we have coupled an atmospheric sampling ion source
to a tandem mass spectrometer. The ion source is par t icu-
l a r l y sens i t ive, depending upon whether posi t ive or negative
ions are sampled, to species with high proton a f f i n i t i e s ,
low ionizat ion potent ia ls , or high electron a f f i n i t i e s .
Mass spectrometry is an extremely sensit ive and highly
speci f ic technique. An addit ional stage of mass spectrom-
etry (referred to as mass spectrometry/mass spectrometry or
MS/MS) fur ther enhances spec i f i c i t y and allows for the rapid
screening for members of specif ic compound classes provided
they show common decomposition patterns. The combination of
the ion source with a tandem mass spectrometer provides a
very powerful tool for the rapid, highly speci f ic i d e n t i f i -
cation of trace quanti t ies of organic compounds in ambient
a i r .

Examples wi l l be given showing MS/MS spectra acquired
on the time scale of seconds from trace quantities of
organics in air (< 100 ppb). These examples include data
for positive and/or negative ions derived from hydrocarbons,
nitroaromatic compounds, and fluorinated compounds.

•Research sponsored by the U. S. Department of Energy,
Office of Safeguards and Security and the Federal Aviation
Administration, under Contract DE-AC05-840R21400 with
Martin Marietta Energy Systems, Inc.
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11:20 IMPROVED MULTICOLLECTION METHODS FOR ISOTOPE RATIO
MEASUREMENT IN THERMAL IONISATION MASS SPECTROMETRY,
P. J. Turner, A. I. Gibson, and J. E. Cantle,
VG Isotopes Limited, Ion Path, Road Three, Winsford,
Cheshire CW7 36X, England

Thermal ionisation mass spectrometry is widely used
for isotope ratio measurements for both nuclear and
geological purposes. In recent years multiple collector
systems have been made available and their use has permitted
a substantial improvement in the speed of ratio measurement
and also in the reproducibility and dynamic range of ratio
measurement.

The main advantage of the multicollection method lies
in its immunity to degradation of ratio measurement by
instability of the ion beam. Three distinct new
methodologies have emerged for measurement. These are:

1. Static multiple collection.

2. Dynamic multiple collection.

3. Use of Faraday and multiplier detectors simultaneously
for measurement of very large dynamic ratios.

If internal fractionation correction is available,
reproducibi lities of the order of 20 - 30 ppm are readily
obtainable in the multiple static mode. The limiting factor
appears to be the matching of collector efficiencies. This
effect may be avoided using the dynamic multiple collection
method, and in this case reproducibilities in the range 5 -
10 ppm may be obtained.

Using ion beam calibration, ratios in excess of 10^
may be measured in one step.

Each of these methodologies will be discussed with
emphasis being placed on the dynamic multicollection
approach.
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11:40 COMPARATIVE STUDY OF ICP-MS DETERMINATIONS WITH OTHER
ANALYTICAL TECHNIQUES FOR THE ANALYSIS OF CHEMICAL
TRACERS IN A FIELD SCALE WASTE MIGRATION EXPERIMENT,*
E. A. Stal l ings, 1. S. Gladney, and D. Knab,
Los Alamos National Laboratory, Los Alamos, New Mexico
87545

The Environmental Science Group at Los Alamos is
conducting research on the disposal of low-level radioactive
waste using an arid shallow land burial scenario. At the
f i e l d f a c i l i t y , a groundwater chemistry and hydrology
experiment is underway incorporating a three meter diameter,
six meter deep soil f i l l e d column. The migration of cesium,
l i th ium, strontium, iodide, and bromide is determined in
solution samples collected from various depths within th is
f i e l d scale column. The analysis of the sorbing (Cs, Sr, Li)
and non-sorbing ( I , Br) tracers measured in soil water
collected from the column provides tracer concentration
measurements as a function of time and depth. Breakthrough
curves derived from these measurements w i l l be used to
enhance solute transport modeling ef for ts for unsteady and
steady-state flow conditions in the unsaturated zone.

Presently these tracers are analyzed by a variety of
analytical techniques including inductively coupled plasma
emission spectrometry, flame atomic absorption spectrometry,
ion chromatography, neutron act ivat ion, and ion selective
electrode. Developmental work in the application of the
inductively coupled plasma mass spectrometer for the analysis
of these tracers has been performed and preliminary
comparisons of the results demonstrate the v i ab i l i t y of this
new analytical method for the analysis of these samples. The
combination of rapid, analysis due to the simultaneous
multielement mode of operation, and the sens i t i v i t y , which
the ICP-MS o f fe rs , makes this an at tract ive technique for the
analysis of samples in complex matrices.

•Research funded under contract #W-7405-Eng. 36 between the
National Low-Level Waste Management Program of the DOE,
Office Nuclear Material and Safeguards of the NRC, and the
Environmental Science Group of the Los Alamos National
Laboratory.
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12:00 - 2:00 LUNCH - POSTER SESSION, ANALYTICAL CHEMISTRY
OF THE ACTINIDES

CHAIRMAN: J. L. BOTTS, Oak Ridge National Laboratory

EVALUATION OF THE OPTICAL SPECTRUM OF NEPTUNIUM AS
PRODUCED BY AN INDUCTION COUPLED PLASMA, E. L. DeKalb,
M. C. Edelson and V. A. Fassel, Ames Laboratory, Ames,
Iowa 50011*

An atlas of the optical emission spectrum of neptunium
as produced by an induction coupled plasma source has been
prepared that covers the wavelength range of 230 to 700 nm.
The spectrum was found to consist almost entirely of lines
originating in the first ionized state (NpII). The relative
intensities of several of the stronger lines, as measured
with a high resolution spectrometer, will be given. The
spectral character and line splitting of those stronger lines
from the 237 isotope will be illustrated. Lines suitable for
the determination of.neptunium in the presence of uranium or
Plutonium, and their respective detection limits, will also
be presented.

*0perated for the U. S. Department of Energy by Iowa State
University under contract No. W-7405-Eng-82. This work was
supported by the Office of Safeguards and Security,
WPAS-GO-02-01.
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SILICON SURFACE-BARRIER DETECTORS AND ASSOCIATED
ELECTRONICS TO MONITOR CHEMICAL SEPARATION OF Z 4 9Cf
and 249Bk, M. M. Chiles, Oak Ridge National
Laboratory,* Oak Ridge, Tennessee 37831

Isotopes 249cf and ^ % k are chemically separated by
ion exchange chromatography at the Oak Ridge National
Laboratory Transuranium Processing Plant. Control of the
separation depends on the operator's ability to distinguish
electronically between alpAa radiation from the 249cf and
beta particles from the ^49Bk. Previously, one surface-
barrier detector was used, but with this limited capability
for energy discrimination, it was difficult to separate the
alpha from the beta activity. In order to improve control of
the separation process, a new monitoring system was designed
and installed. This system consists of two surface-barrier
detectors, each having its own channel of electronics and
data acquisition. The two detectors are mounted in a Teflon
holder and positioned near the tip of the ion exchange column
where droplets of solution are formed as the nuclides are
eluted from the column.

Amplifier gain and window settings on the
single-channel analyzer (SCA) for one detector are adjusted
to count the energetic alpha particles from the 249pff
while the electronic settings of the other channel are
adjusted to count the lower energy beta particles fron
249BI<. The alpha count rate will increase first as
'"Cf passes from the column: then the beta count rate
increases, indicating that " % k iS being eluted. At
this point, the operator can make a cut in the separation
process. To date, 6 mg of ^^Cf ^ave ^oen SUCCessfully
separated from approximately 30 mg of ^ % k using this
new detection system.

•OperatedbyMartinMarietta Energy Systems, Inc., under
Contract No. OE-AC05-840R21400 with' the U.S. Department of
Energy.
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THE EFFECT OF ION EXCHANGE ON THE NEW BRUNSWICK
LABORATORY (NBL) COULOMETRIC PLUTONIUM METHOD,
W. G. Mi tche l l , M. I . Spaletto, and K. Lewis,
New Brunswick Laboratory, 9800 S. Cass Avenue,
Argonne, I l l i no i s 60439

The coulometric method of plutonium determination at
the New Brunswick Laboratory (NBL) entails a prior separation
of plutonium from most impurities by anion exchange. As the
precision attainable under routine measurement conditions
improved, concern over the effect on measurement accuracy of
possible small losses of plutonium led to a series of
investigations which attempted to identi fy and quantify that
loss. The f i r s t study was a direct determination of small
amounts of plutonium not usually collected at various stages
of the ion exchange procedure using isotope d i lu t ion mass
spectrometry for analyses. A second study used a series of
mult iple ion exchanges and coulometric determinations of the
cumulative losses in order to calculate an average loss for a
single ion-exchange step. A th i rd study has been done using
a high purity metal to compare ion-exchanged and non-ion-
exchanged samples direct ly by coulometric analyses. The
results of these three studies give an indication of where
losses most l i ke ly occur in the ion-exchange procedure and
establish a value for the loss with minimal s ta t i s t i ca l
uncertai nty.
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REACTIONS OF CONTAMINATED URANIUM WITH FREON 113.
E. T. Creech, W. E. Davis, N. R. Smyrl, and J. C.
Franklin, Plant Laboratory, Oak Ridye Y-12 Plant,*
Oak Ridge, TN 37831

Borax dissolved in a mixture of propylene glycol and
water is used as a coolant for machining uranium. The cool-
ant is removed from the uranium chips by washing them with
Freon 113 and a surfactant, and the chips are then stored in
the Freon mixture for further processing in the Plant. Oc-
casional batches of the chips have been observed to react
with the Freon/surfactant. mixture. This report describes
some of those reactions and summarizes the analytical chem-
istry required to identify and isolate reaction products.

Gas chromatography (GC), gas chromatography/mass spec-
trometry (GC/MS), Fourier transform infrared (FTIR) spectro-
metry, Raman spectroinetry, nuclear magnetic resonance (NMR)
spectrometry, electron microprobe, and X-ray diffraction
were among the analytical techniques used in the investiga-
tion of the reactions. Boron-glycol complexes, uranium
complexes, and at least three gaseous products of the reac-
tion have been identified.

*0perated for the U.S. Department of Energy by Martin
Marietta Energy Systems, Inc., under contract DE-ACO5-
840R21400.
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SEPARATION OF ACTINIDE ELEMENTS BY COLUMN EXTRACTION
CHROMATOGRAPHY PRIOR TO ICP-AES ANALYSIS,*
Edmund A. Huff and Delbert L. flowers, Analytical
Chemistry Laboratory, Chemical Technology Division,
Argonne National Laboratory, 9700 S. Cass Ave.,
Argonne, I l l i no i s 60439

Nuclear reactor projects at Argonne National
Laboratory (ANL) require the characterization of
actinide-containing materials for major and minor
constituents. Since the Inductivijily Coupled Plasma-Atomic
Emission Spectrometer (ICP-AES) system currently available at
ANL does not allow the analysis of highly radioactive
samples, methods were sought that would minimize the
radiation hazard yet allow the determination of required
constituents on a multielement basis.

Column extraction chromatography, using di-n-hexyl-N,
N-diethylcarbamoylmethylenephosphate* (DHDECMP) as the
extracting phase, was chosen for further study. Distr ibut ion
coeff icients as a function of n i t r i c acid concentration were
determined for a large number of elements. Based on these
resul ts , experimental conditions that minimized actinide
contamination prior to ICP-AES analysis were selected.

Experimental procedures wi l l be discussed, and data
w i l l be presented that document the achieved decontamination
and veri fy satisfactory recoveries for the elements of
in terest .

*Work supported by the* U. S. Department of Energy under
Contract W-31-109-Eng-38.
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AUTOMATA TITRATION SYSTEMS FOR PLUTONIUM AND URANIUM
ASSAY, M. C. Burt, Hanford Engineering Development
Laboratory, Richland, Washington 99352

The amperometric titration method for plutonium assay
and the Davies Gray titration for uranium assay are in common
usage in the nuclear industry. The methods are ideally
suited for the analysis of mixed oxide fuels because
separation of one major constituent from the other is not
required and most common impurities do not interfere.

Two systems have been developed utilizing commercially
available components which perform both titrations
automatically, including the pretitration oxidation state
adjustments associated with the Davies Gray titration.
Automation of the titrations has resulted in several benefits
to the laboratory, i.e., improvement in analytical precision
or measurement repeatability, reduced radiological exposure
and increased personnel efficiency.

This paper will describe the system configuration and
its operation, as well as results obtained.

44



AUTOMATION AND UPRATING OF A UFg ISOTOPE RATIO PROCESS
MONITORING MASS SPECTROMETER.* M. G. Heyer,
J. M. Jackson, and S. K. Holshouser, Paducah Gaseous
Diffusion"Plant, Paducah, Kentucky 42001.

A 30-year-old UF5 isotope ratio mass spectrometer used
as a line process monitor has been uprated and automated.
Circuits utilizing solid state design have replaced all obso-
lete vacuum tube circuits. A desk top computer is employed
for system control and data acquisition. Automated ion beam
centering and sample gas flow control are featured. The
amplified ion current signals from the dual ion collector are
input into a precision ratiometer. The computer, through a
programmable digital interface, automatically sequences the
sample manifold, times programmed delays, reads the ratio-
meter, records analyzer pressure, checks raw parameters, and
calculates and prints isotopic results.

A substantial cost avoidance was realized from reuse
of the magnet coil windings, pole piece, and analyzer section
of the existing instrument and the ISO0 ion deflection geo-
metry was maintained. Circuit features, system description,
and performance will be discussed.

* Prepared by the Daducah Gaseous Diffusion Plant,
Paducab, Kentucky 42001, ODerated by MARTIN MARIETTA ENERGY
SYSTEMS, INCORPORATED, for the U.S. DEPARTMENT OF ENERGY,
Under Contract No. 0E-AC05-340R21400.
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ICP-MS: A ROUTINE ANALYTICAL TECHNIQUE FOK THE
NUCLEAR INDUSTRY,* J . E. Cantle, R. C. Hutton, and
P. D. B la i r , VG Istopes Limited, Ion Path, Road Three,
Winsford, Cheshire CW7 3BX, England

ICP-MS is an inspired marriage of two established
analytical techniques, combining the ease of sample
introduction of the ICP with the unparallei led detecting
power of the mass spectrometer.

Each element, except indium, has at least one isotope
of unique mass. The result of this fortunate quirk of nature
is a clean spectrum that is easy to interpret , with only a
few predictable molecular peaks from the ICP source.
Observed count rates of around one mi l l ion per second for a
one part-per-mi l l ion (lmg/1) so lut ion, with a random
background of around ten counts per second can result in real
detection l imi ts better than ten parts per t r i l l i o n for
certain elements.

Application in the Nuclear Industry

a. Trace Elements in a Uranium Matrix

Conventionally, this analysis is undertaken by ICP
Optical Emission Spectrennetry. This technique suffers
from the l imitat ions of in t r ins ic lack of sens i t i v i t y ,
coupled with the fact that the complex uranium matrix
spectrum obscures much relevant data. As a
consequence, the uranium has to be removed from the
samples by time consuming and expensive extraction
procedures. The use of ICP-MS however, precludes the
need for extensive sample pre-treatment.

b. Health and Environmental Monitoring

The detection l im i t for uranium in aqueous solution
has recently been determined to be one part per
t r i l l i o n (10"12)> and i t can be clearly observed
in the majority of our domestic water supplies. Even
at such low levels, the ICP-MS instrument can ensure
that th is uranium is of natural or igin by the
measurement of the isotopic rat ios.
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c. Uranium Isotope Ratios

The bench mark technique for determining isotope
ratios is thermal ionisation mass spectrometry (TIMS).
Such instruments provide extremely precise resul ts,
but are only capable of running a handful of samples
per day because of the time consuming sample loading
procedure.

In contrast, the ease of sample introduction to the
ICP-MS instrument can provide rapid isotope rat io
determinations. Internal precisions of around 0.1% on
ten measurements of one minute each are routinely
achieved by the use of scanning repeatedly over the
peaks of interest , more rapidly than fluctuations from
noise sources such as the nebuliser and per is ta l t i c
pump.
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ICP-MS MEASUREMENT OF STABLE ISOTOPE TRACERS USED AS
SIMULANTS FOR RADIONUCLIDES, C. J. Pickford and
R. M. Brown, AERE Harwell, Didcot, Oxon,
United Kingdom

There is pronounced public concern about the eventual
fate of radionuclides released to the environment by the
nuclear industry. To assess the radiological consequences of
the levels of radionuclides of interest found in water and
foodstuffs is often difficult because of the considerable
uncertainty that exists about the uptake factors within the
digestive tract, for example. Although some data may be
deduced from animal experiments, actual human uptake
experiments are necessary to produce reliable data. Because
of the ethical problems, particularly where children are
involved, it is attractive to use stable isotope tracers
rather than radio-isotopes. For radioelements which lack
stable isotopes, eg Pu, it is necessary to use a stable
element analog for simulation purposes. Stable isotope
tracer experiments have been carried out in the past using
thermal ionisation mass spectrometry as measurement
technique.

The advent of inductively coupled plasma mass
spectrometry offers for the first time the possibility of
carrying out some studies relatively economically. The high
sample throughput and the excellent sensitivity of the
technique enable isotope ratio measurements to be made on
blood and excreta samples with a minimum of sample
preparation. Data are presented, taken from two current
experimental studies at Harwell, to show the scope and
potential power of the approach.
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HIGH SPEED ION EXCHANGE SEPARATIONS PRIOR TO
NEPTUNIUM, PLUTONIUM, AND IMPURITY ASSAYS,
S. L. Maxwell, I I I and H. M. Forrest, E. I . du Pont de
Nemours and Company, Savannah River Plant, Aiken,
South Carolina 29808

Separation of actinides and/or impurities prior to
assay is required when sample matrix components interfere
with the assay method. Separations frequently must be
performed in glove boxes or shielded analytical cel ls due to
high levels of alpha/beta-gamma radioact iv i ty . Conventional
ion-exchange separations are typ ica l ly more effect ive and
quanti tat ive than solvent extract ion, but are prohib i t ively
slow for routine application. At the Savannah River Plant
(SRP), effect ive ion-exchange pur i f icat ions of process
samples are now performed with a modified commercial vacuum
extraction system. The combination of re lat ively small-size
ion-exchange resin particles and applied vacuum provides
rapid, e f f i c i en t , quantitative separations.

High-speed ion exchange has been successfully applied
at SRP to the separation of neptunium from plutonium and to
the separation of trace impurities from uranium product
solutions prior to neptunium and impurity assays by direct
current argon plasma (DCAP) emission spectrometry. This
paper w i l l describe several separations and w i l l present
detai ls of developed procedures and subsequent assays.

*The information contained in this ar t i c le was developed
during the course of work under Contract No.
DE-AC09-76SR00001 with the U. S. Department of Energy.
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ORGANIC REAGENTS AND MODERN CHROMATOGRAPHY IN ACTINIDE
ANALYSIS*, Raul Morales, University of California,
Analytical Chemistry Group, Los Alamos National
Laboratory, Los Alamos, New Mexico 87545

Little attention has been given to the potential
analytical value of ligands which form stable chelates in
highly acidic solution. Organic ligands have proved
attractive in non-actinide analysis because their use has led
to greater sensitivity, selectivity, and more efficient
separations than can be obtained with inorganic raagents.
The application of modern chromatographic techniques, such as
high performance liquid chromatography and ion
chromatography, are beginning to receive significant interest
in metal analysis and should extend the usefulness of organic
reagents. However, the combination of classical chemistry
with modern separation and detection technology in the
analysis of the actinides has, unfortunately, been neglected
to a large extent by the nuclear industry. Among the
benefits that can be expected from the application of organic
reagents and modern chromatography to actinide analysis are:
resolution of difficult metal pairs, rapid and simultaneous
separation and quantification, high sensitivity, improved
detection selectivity, multielement analysis, shortened
procedures, oxidation state speciation, isomer separations,
metal purification, and standards preparation. Analytical
investigations being conducted by the Los Alamos National
Laboratory in this area will be highlighted.

*Work supported by ISR funding and performed at the Los
Alamos National Laboratory under U. S. Department of Energy
Contract No. W-7405-ENG-36.
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AUTOMATED ANALYSIS OF NTS GAS SAMPLES BY MASS
SPECTROMETRY, John C. Newton, Richard W. Crawford, and
Ray 6. Bedford, Lawrence Livermore Laboratory,
Livermore, CA 94550

The determination of the trace noble gas content of
gas samples from the Nevada Test Site is of great importance
to the Nuclear Test Program at LLNL. Noble gases are added
as tracers before detonation or are generated during the
test. The samples, principally air, are pumped from the
underground cavity and sampled. The percent of noble gases
or concentration factor is obtained by analyzing three
aliquots of the original gas sample for the argon content.
Then two more aliquots are concentrated by gettering with
molten Ca. The mass spectrometer is calibrated with air
concentrated like the samples. Both the absolute
concentration and isotopic ratios of He, Kr, and Xe are
determined. The concentration of 2i?Ne iS a ] s o
determined.

Many modifications were made to the hardware of the
mass spectrometer including an automated inlet system. Both
the high voltage and magnet current power supply were
changed to permit computer control. The electrometer was
modified so that input resistors can be switched by
computer.

The numerous manual steps previously necessary for the
determination of noble gases at the ppm level have been
eliminated by writing FORTRAN codes which have the following
advantages:

1. Self-correction of the high voltage linearization
2. Auto-tuning the mass scale
3. Auto-ranging of the electrometer
4. Unattended analysis of eight samples
5. On-line calculation of results

Detection limits and precision data including control charts
will be presented,

*Work performed under the auspices of the U.S. Department of
Energy by the Lawrence Livermore National Laboratory under
contract number W-7405-ENG-48.
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WEDNESDAY PN, ANALYTICAL CHEMISTRY OF HAZARDOUS WASTE

CHAIRMAN: B. R. CLARK, Oak Ridge National Laboratory

2:00 ARE ORGANOTIN PAINTS SAFE FOR KEEPING SHIPS CLEAN?*
G. A. Junk and John J. Richard, Ames Laboratory
(USDOE), Iowa State University, Ames, IA 50011

Convenient analytical procedures are essential for
determining organotin pesticides released into water from
paints that prevent marine organisms from attaching to ship
panels.

A new procedure for determining trace levels of
Bti3SnCl present in seawater, without reporting to derivatiza-
tion, has been developed in our laboratory. The stepwise
approach involves: 1) solid phase extraction of Bu3SnC1 from
100 ml of water using 100 mg of C-18 bonded porous silica; 2)
elution with HC1 treated ethyl acetate to collect 50 pi of
the eluate; 3) on-column injection of 1 ul of the eluate and
separation on a 15 m DB-5 fused silica capillary column; and
4) detection by electron capture.

Empirically established conditions for the successful
and convenient extraction, elution, separation and detection
of pg quantities of Bu3SnCl are described. All steps are
amenable to automation allowing for the eventual development
of low cost and rapid schemes for the direct measurement of
Bu3SnCl and possibly other organotin compounds.

Contrived samples were used to establish the procedure
which was then applied to a limited number of harbor water
samples taken from San Diego and Annapolis. The tests with
both contrived and field samples unveiled problems with the
stability of the bonded porous silica used for the extrac-
tions and the bonded fused silica used for capillary
separations. However, these artifact problems should be
ameliorated through use of detectors more specific to Sn.

*The Naval Ship R/D Center, Annapolis, MD, Paul Schatzberg,
project officer and the Office Health and Environmental
Research, Office of Energy Research, U.S. Department of
Energy under Contract W-7405-Eng-82 provided the financial
support for this research.
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2:20 ANALYSIS OF INDUSTRIAL WASTE STREAMS BY INDUCTIVELY
COUPLED PLASMA ATOMIC EMISSION SPECTROMETRY.*
N. P. Buddin and A. C. Stiff, Oak Ridcje Gaseous
Diffusion Plant, Oak Ridge, TN 37831

The analysis of industrial waste streams presents an unusual
challenge for the analytical spectroscopist. Priority
pollutants such as Ag, Be, Cri, Cu, Ni, and Zn are generally
found in these matrices at trace levels near their limits of
detection. At the same time, elements such as Al, Ca, Fe,
Mg, and Na can be present at concentrations of 1000 mq/L or
more. In samples taken from the nuclear industry, con-
centrations of 1000 mq/L of uranium may also be common.
These major elements can result in matrix effects, continuum
emission, spectral line overlap, and other analytical
problems.

Inductively coupled plasma atomic emission spectrometry
(ICP-AES) is a versatile tool for simultaneous multielement
analysis of such waste materials, due to the excellent sen-
sitivity and dynamic ranqe of which this technique is
capable. A method has been developed to quantify the trace,
minor, and. major elemental constituents in waste streams
using ICP-AES. This method has been used extensively in our
laboratory for several years, and the total number of
samples analyzed in this manner has now exceeded several
thousand. A significant amount of statistical data are
available to verify the accuracy and precision of the proce-
dure. This data includes the analysis of standard reference
materials, the determination of spiked sample recoveries,
and the analysis of duplicates and blind controls. Results
for the determination of uranium via this procedure have
also been compared with those from an alternative analytical
technique.

A discussion of the application of this method to the deter-
mination of 28 elements in a wide variety of industrial
waste streams will be presented, along with a description of
some of the significant analytical problems which have
occurred during its use. In addition, the development of
reliable system automation for the rapid reporting of analy-
tical results will be described.

•Research sponsored by U. S. Department of Energy under
Contract DE-AC05-840R21400 with Martin Marietta Energy
Systems, Inc.
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2:40 RECENT TRENDS IN THE ANALYSIS OF ULTRA TRACE LEVELS
OF CHLORINATED DIOXINS AND DIBENZOFURANS IN THE
ENVIRONMENT, D. M. Catalano, L. A. Pocratsky, and
B. F. Wagner" IT Analytical Services, Knoxvilie,
Tennessee 37923

The toxicological information for the
2,3,7,8-substituted chlorinated dioxins and dibenzofurans
has given these compounds the distinction as "the most toxic
chemical known to man." f High Resolution Gas
Chromatography/Low Resolution Mass Spectrometry (HRGC/LRMS)
is used extensively to provide analytical support for the
majority of the soil and water samples analyzed for dioxins
and dibenzofurans in this country. In many biological
cases, however, required detection limits in the ppt range
and a limited sample size necessitate the use of alternative
analytical techniques.

High Resolution Gas Chromatography/Triple Sector
Quadrapole Mass Spectrometry (HRGC/TSQMS) and High
Resolution Gas Chromatography/High Resolution Mass
Spectrometry (HRGC/HRMS) offer two alternatives for ultra
trace dioxin/dibenzofuran analyses. Both systems are
capable of lower detection limits and greater selectivity
than the standard HRGC/LRMS method; however, initial costs
and preventive maintenance are greater.

This paper will outline the advantages of each type
of analytical instrumentation for various sample matrices
and discuss typical detection limits for each matrix.
Problems unique to each type of instrumentation will also be
presented along with a brief summary of possible future
directions for dioxin and dibenzofuran analysis.
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3:00 ANALYTICAL SUPPORT FOR A WASTEWATER TREATMENT
FACILITY AT THE SAVANNAH RIVER PLANT,* M. D. Baker,
H. G. Winston, and V. D. Jones, E. I. du Pont de
Nemours and Company, Savannah River Plant, Aiken,
South Carolina 29808

In July 1985 a facility to treat wastewater from the
reactor assembly fabrication area at the Savannah River Plant
began operation. The treatment involves pH adjustment to
optimize precipitation of metal contaminants and subsequent
filtration. The treated wastewater is then released to
streams while the filter cake is stored for future
solidification.

Instrumentation was selected based on process needs,
EPA guidelines, and turnaround requirements. Once in place,
early work with the instrumentation included verification of
process stream compositions under a variety of operating
conditions. Additional studies have included confirmation of
optimum pH ranges for removal of metals in actual waste
matrices and determination of uranium oxide solubilities
under acidic conditions.

*The information contained in this article was developed
during the course of work under Contract No.
DE-AC09-76SR00001 with the U. S. Department of Energy.

3:20 BREAK
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3:40 APPLICATIONS OF PATTEKN RECOGNITION AND INFORMATION
THEORY TO MASS SPECTRAL CLASSIFICATION OF TOXIC
ORGANIC COMPOUNDS,* Donald R. Scott, Environmental
Monitoring Systems Laboratory, U. S. Environmental
Protection Agency, Research Triangle Park,
North Carolina 27711

The use of pattern recognition to classify 78 toxic
organic compounds from their mass spectra has been
investigated. The toxic compounds are those routinely
monitored in ambient air samples using Tenax collection and
gas chromatography-mass spectrometric analysis. The Shannon
information content of the binary encoded and full intensity
mass spectra has been estimated and used to select 17 of the
151 masses as key masses. The maximum binary information
contents of the 17 key masses was 15.4 bits.' The 17 masses
with the highest binary information content with regard to
the 78 compounds were used with SIMCA pattern recognition to
determine four major classes among the 78 compounds. These
included aromatics without chlorine substitution,
chloroaromatics, bromoalkanes and alkenes, and chloroal kanes
and alkenes. Alkenes and alkanes with both chloro-and bromo
substitution were classified as bromocompounds. The
principal component models generally consisted of only one
component per class, with five masses per class. However,
the total alkene and alkane class had two components with
twelve masses. Classification accuracy was 96% for the total
aromatics and total alkanes and alkenes and 82% for the four
subclasses. Some information concerning the number of
chlorine groups in the alkanes/alkenes was also found. The
pattern recognition study was performed on a commercially
available microcomputer with a 64k CPU.

*This is an abstract of a proposed presentation and does not
necessarily reflect EPA policy.
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4:00 ANALYTICAL PROCEDURES FOR RCRA HAZARDOUS ORGANICS
PRESENT IN RADIOACTIVE WASTE,* B. A. Tomkfns,
J. E, Caton, and M. R. Guerin, Analytical unennstry
Division, Oak Ridge National Laboratory, Oak Ridge,
Tennessee 37831

The 1984 revision of the Resource Conservation and
Recovery Act (RCRA) specifically forbids the burial of
low-level solid radioactive waste contaminated with eight
specific metals and/or various organics in a landfill. The
latter category includes common organic solvents (e.g.,
chloroform, methylene chloride, and toluene), pesticides
(e.g., heptachlor, toxaphene, and endrin), and phenols (e.g.,
phenol, the cresols, and the halogenated phenols). It is
entirely reasonable to assume that the list of target
organics will be augmented, not abbreviated, by subsequent
revisions of the RCRA. For that reason, there is a need for
analytical procedures capable of detecting trace or
ultratrace quantities of RCRA organics (volatile and
semivolative) in solid, aqueous, and sludge samples that also
contain radioactivity.

The objective of this work was to determine whether
mixed waste samples could be prepared for the various
quantitative procedures for organics in a manner that would
remove a significant portion of the radioactivity. With such
preparation, contaminated samples could subsequently be
analyzed in a conventional organic analytical laboratory
rather than requiring that separate sets of the expensive
equipment required for organic analysis be maintained in a
"contaminated laboratory. Because the initial samples were
likely to contain radiotoxic components some of the
conventional sample preparation procedures such as
liquid-liquid extraction (with liter volumes) and tumbling
were judged to be inappropriate because of the increased
danger of spills, leaks, etc. Thus, procedures such as
continuous extraction, soxhlet extraction, and solid phase
extraction were tested and compared. Decontamination factors
exceeding 1000 were readily obtained by several methods and
the recovery of trace organics was general in excess of 80*.

*0perated by Martin Marietta Energy Systems, Inc., under
contract DE-AC05-840R21400 with the U.S. Department of
Energy.

4:20 ADJOURN

58



THURSDAY AM, AUTOMATION AND DATA MANAGEMENT

CHAIRMAN: P. T. CUNNINGHAM, Los Alamos National Laboratory

8:30 COMMENTS ON THE ROLE OF LABORATORY ROBOTICS IN
RADIATION ENVIRONMENTS, Tony J. Beugelsdijk, Material
Science and Technology Division, Los Alamos National
Laboratory, Los Alamos, New Mexico 87545

The robotics section at Los Alamos National Laboratory
has been in existence for about three years. Our program
focuses on specific areas within the plutonium production
facility that will benefit the most from robotics. Reducinq
the exposure associated with specific operations ranks as the
primary motivating factor for our work. Secondary
considerations include improved accountability of Special
Nuclear Materials, more efficient use of highly trained
personnel, and improved precision and reliability especially
for repetitive glovebox operations.

One of the major thrust areas for the section has been
in the area of chemical laboratory robotics. Two systems are
in place with several more projects currently under
development. Much experience, especially in the area of
glovebox operations and hazardous environment compatibility,
has been gained in this segment of the robotics industry.

This presentation will address some of the special
considerations imposed by this environment on robotic
systems, relay some of our findings on commercially available
equipment, and describe several of the projects in the
robotics section.
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9:15 LABORATORY ROBOTICS PROJECTS IN THE ANALYTICAL
DEVELOPMENT DIVISION AT THE SAVANNAH RIVER
LABORATORY,* 0. G. Lien and A. W. Steele, E. I. du
Pont de Nemours and Company, Savannah River
Laboratory, Aiken, SC 29808

The Analytical Development Division (ADD) at the
Savannah River Laboratory (SRL) has been involved in
robotics technology for several years. Many simple
applications of robotic systems have been investigated
during that time, including a dilution vial capping
operation, an analytical balance calibration procedure,
various titration techniques, and gamma tube and alpha plate
preparation procedures. However, none of these systems were
located in contained facilities and therefore were not used
with radioactive samples.

To encourage the application of robotics technology
for routine radiobench applications at SRL, a laboratory
dedicated to the research and development of contained
robotic systems is being constructed in ADO. The facility
will have several robots located in laminar flow hoods, and
the hoods are being designed to allow the possibility for
multiple robots to work together. This paper presents both
the design features of the hoods and the general layout of
the laboratory, and also discusses an application of a
robotic system for the routine nuclear counting of gamma
tube samples. The gamna tube system is presently operating
in one of the routine analysis laborataories in ADD.

*Research sponsored by U. S. Department of Energy under
contract DE-AC09-76SR00001 with E. I. du Pont de Nemours &
Co.
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9:35 MODIFICATION OF A COMMERCIAL AUTOMATIC ALPHA COUNTER
FOR 2 PI COUNTING, Joseph Bubernak,
Nelson D. Stalnaker, Tony Beugelsdijk,
Walter A. Stone, and David S. Waters, Los Alamos
National Laboratory, Los Alamos, New Mexico 87545

A 2 pi proportional chamber has been substituted for
the existing end-window chamber in a Tennelec automatic
alpha/beta counter. The goal was to achieve better precision
and accuracy in alpha counting at a better efficiency. The 2
pi proportional chamber was fitted with a thin base plate
which has a hole in the center. The sample holders were
modified, and a mechanism fabricated for raising the holder
flush with the hole in the base. Solenoids and manifolds
mounted in a double wide NIM module control counter gas
purging of the chamber and normal gas flow during counting.
These operations are under control of modified logic
circuits. The unit is interfaced to an IBM-PC computer. No
guard ring detector or lead shielding is provided, since low
level alpha or beta counting is not anticipated. A similar
arrangement having the present chamber fitted with a surface
barrier detector and operating under vacuum should be useful
for carrying out alpha pulse analysis.
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9:55 DATA TRANSMISSION BETWEEN ANALYTICAL INSTRUMENTATION,
LAB COMPUTER, AND MAINFRAME - A METHOD TO IMPROVE THE
EFFICIENCY OF DATA MANAGEMENT,* Jack C. Demirgian,
Analytical Chemistry Laboratory, Chemical Technology
Division, Argonne National Laboratory, 9700 South Cass
Avenue, Argonne, Illinois 60439

Computers play a major role in the analysis of samples
from the time of receipt to the issuance of a final report.
The analytical instrument itself is controlled by a
microprocessor and produces a vendor-formatted output. The
data are further processed by a lab computer or minicomputer
so that a report can be written. Finally, the data are
included in a report that is prepared with a word processor.
This presentation gives a method that allows each computer to
communicate with the next computer in the process and
culminates in a final report. Examples include the
interfacing of two instruments to lab and personal computers,
which in turn are interfaced to VAX and IBM systems.

A sample analysis sequence using data communication
links begins with the data generated on an instrument (such
as a gas chronatograph) being transferred to a lab computer
(Perkin Elmer 3600 or 7500), personal computer (IBM XT), or
minicomputer (VAX) where the data are interpreted. Once data
are interpreted, the results are transmitted to a word
processor for production of a final report. This
computerized data transmission eliminates hand collating of
data, data entry, typing, and proofreading. As a result, the
number of manual steps in analysis is greatly decreased.

*Work supported by the U. S. Department of Energy under
Contract W-31-109-Eng-38.

10:15 BREAK
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10:35 ELECTRONIC DATA TRANSFER FROM LABORATORY
INSTRUMENTATION DIRECTLY TO A HOST COMPUTER THROUGH
THE USE OF AN INTELLIGENT TERMINAL AND COMMUNICATIONS
SOFTWARE, C. Apel, 0. Gallimore, J. Dahlby, A. Lovel1,
G. Bentley, D. Hoard, R. Christensen, and W. Barnett,
Analytical Chemistry Group, Los Alamos National
Laboratory, Los Alamos, New Mexico 87545

Through the use of an IBM personal computer (PC)*
and VTERM communications software,^ data are transferred
electronically from laboratory instrumentation directly to a
host VAX^ computer.

The" PC with the communications software serves as an
intelligent terminal which is substituted either as the
console device or as a printer port serving the analytical
instrumentation. Data appearing on the PC terminal screen
are captured on a disk. Necessary format changes, review,
and editing are done by the operator with the PC and
available software. The massaged data are then transferred
through a communication link to the host computer.

A physical description and flow chart of the system
will be presented, as well as a discussion of some of the
diagnostic software developed to decipher the formatting and
communications protocols of both the instrumentation and the
host computer.

Personal Computer, Sales & Service, P. 0. Box 1328-W,
Boca Raton, Florida 33432.
^Coefficient Systems Corporation, 611 Broadway, New York,
New York 10012.

•^Digital Equipment Corporation, Maynard, Maryland 01754.

65



10:55 AN INFORMATION MANAGEMENT SYSTEM FOR ENVIRONMENTAL
ANALYSES AT THE Y-12 PLANT LABORATORY,*
C. J. Chambers, W. R. Green, R. L. Shipp, and
L. E. White, Plant Laboratory, Oak Ridge Y-12 Plant,
Oak Ridge, TN 37831

The Environmental Data System (ENDS) is a computer
system that has been implemented by the Computing and
Telecommunications Division at the Oak Ridge Y-12 Plant to
automate data management associated with environmental
analyses performed by the Y-12 Plant Laboratory. The system
provides the Plant Laboratory with the means to track
samples through the laboratory efficiently, to assign a set
of laboratory procedures to a sample automatically, to store
and retrieve analyses information, and to report results in
a timely manner. This report includes an overview of the
Environmental Data System, a discussion of the problems
associated with managing environmental information, and the
plans for enhancing the capabilities of the system.

*0perated for the U. S. Department of Energy by Martin
Marietta Energy Systems, Inc., under contract
DE-AC05-840R21400.
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11:15 IMPLEMENTATION OF A LABORATORY DATA MANAGEMENT SYSTEM
AT THE SAVANNAH RIVER PLANT, William T. Lewish,1

Cheryl H. Story,2 and Wilburn F. Edgar,2

* Del Lab Service Associates, Wilmington, Delaware,
USA, 2 £# i# du Pont de Nemours and Company,
Savannah River Plant, Aiken, South Carol-ina 29808

The Laboratories Department at the Savannah River
Plant provides a variety of analytical services in support of
production facilities at the site. In April of 1984, a
Laboratory Information Management System (LASSO) was
installed on a DEC PDP 11/44 system to handle the large
amount of data generated in performing over 300,000
determinations per year. Since installation, the LASSO
system has undergone many software modifications and
additions. Several modifications were necessary to customize
the system to suit the specialized needs of a nuclear
laboratory facility. Significant additions include the
incorporation of quality control features, worklist
generation, and monitoring of technician training. An
overview of the current system, implementation strategy, and
future developments will be discussed.

*Theinformation contained in this article was developed
during the course of work under Contract No. DE-ACO9-76ROOOO1
with the U. S. Department of Energy.
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11:35 NETHORKED ANALYTICAL SAMPLE MANAGEMENT SYSTEM.*
H. J. Kerrigan, and W. A. Spencer, E. I. du Pont
de Nemours and Company, Savannah River Laboratory,
A1ken, SC 29808

Since 1982, the Savannah River Laboratory (SRL) has
operated a computer-controlled analytical sample manage-
ment system. The system, programmed in COBOL, runs on the
site IBM 3081 mainframe computer. The system provides for
the following subtasks: sample logging, analytical method
assignment, worklist generation, cost accounting, and
results logging. Within these subtasks the system func-
tions in a time-sharing mode. Communications between
subtasks are done overnight in a batch mode. The system
presently supports management of up to 3,000 samples a
month. Each sample requires, on average, three Inde-
pendent methods. Approximately 100 different analytical
techniques are available for customized input of data.
Several revisions of entry panels in the past 4 years have
resulted in a more user-friendly environment.

The laboratory has implemented extensive computer
networking using Ethernet. Electronic mail, RS/1, and
online literature searches are in place. Based on our
experience with the existing sample management system, we
have begun a project to develop a second generation
system. The new system will utilize the panel designs
developed for the present LIMS, incorporate more realtime
features, and take advantage of the many commercial LIMS
systems. Commercial systems including those of DEC,
Beckman, and Nelson Analytical were evaluated.

*The information contained in this article was developed
during the course of work under Contract No. DE-AC09-76
SR00001 with the U.S. Department of Energy.

11:55 ADJOURN

68


