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INTRODUCTION

W. D. Shulks, Director

The Anaiytical Chemistry Division of Osk Ridge
National Laboratory (ORNL) & a twge and
diversificd organization. As such, it scrves a2
mulitude of functions for a clientele that exists both
in and outside of ORNL. These functions fall into
the following general categories:

1. Amalgtical Reacarch, Dovclopmest, and
Implcmcatation. The division maintains a program
to conceptualice, mvestigate, derclop,  amess,
improve, and impicment advanced techaology for
Emphasis s on problems and needs identified with
ORNL and Depanmemt of Enesgy (DOE)
programs; however, atlention is aiso givea 10
advancing the analytical sciences themseives. This
program s composed of medium- 10 long-term
projects and is supported primarily by the DOE.
Fundamenial R XD constituted approximately 19.8%
of our effort in FY 1988.

2. Programmatic Rescarch, Devclopment, and
Ukilzation.  The division carries oul 3 wide variety
of chemical work that typically invoives anainical
research and/or development plus the utitization of
analytical capabilitics to expedite programmatic
interests.  The cffort in this category comes from
ORNL and DOE programs and from "Work-for-
Others”™ agreements. Emphasis here is on "applicd”
chemistry. Programmatic R&D constitutes ahout
25.1% of gur work in FY 1988,

3. Techaical Sepport. The division performs
chemical and physicochemical analyses of virtually all
types. The deveiopmunt of methodology is an
inherent part of this activity because of the variety
of snelytical problems that arice in 2 multiprogram
and special projects are imvoived. Much of this
work is shori-tesm in nature and comes from other
divsions and programs wkhin ORNL, but a
sign.ficant fraction originates outside of ORIJL and
involves tiy 1s¢ of talert and/or facilities i which
the division is pacticularly strong. This type of wak
accounted for approximzicly 55.1% of our effort in
FY 1988

The Analytical Chemistry Division i orynized
into four major sections, cach of which may carry
out any of the three types of work mentioned
above. Chapters 1 through 4 of this report
highlight progress within the four sections during the
period January 1 10 December 31, 1988. A brief
discussion of the division's role in an especiallv
imporiant  envitonmen’al program i given in
Chapter 5. Information about quality assurance.
safety, and training programs is presented in
Chapter 6, along with a labulation of analyses
rendered. Publications, oral presentations,
professional activities, educational programs, and
seminars are ciled in Chapters 7 and 8.
Approximaicly 44 articles, 32 proceedings, and 27
repors were published, and 153 oral preseniations
were given during this reporting period.  Some
405,542 determinations were performed.
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Oharacterization of the contents of puclear
wates-liquids and slodges in storage tanks--has
become a very important chalienge st ORNL and
other DOE sites. We devoted considerable effort
10 the modification of EPA SW-846 methodology 30
a8 to purge volatile organics and extract semivolatile
be able t0 determine the regulatory Organic
composnds in them.  Surrogate and matrx spike
recoveries have been acceplable and the separated
materinls can be analyzed in comventional organic
smolysis facilities. Concurrently, an inductively
coupled plasma emission spectrometer and an
atomic absorplion specirometer were insialled i
custom enciosures in our High Radiation Level
Analytical Facility in order to provide capabilitics for
cleraental analysis of radicactive materials. These
sysiemns have been used 10 characterize liquids and
sludges from numercus storage tanks around the
Laboratory, 10 classify the wastes as RCRA, TRU,
or "mixed”, and o evaluate options fo disposal
Radiochemical analyses were also performed on
these waste maierials.

We have continued to study the detection of
organic vapors (e.g. explosives) via atmospheric
sampling glow discharge ioawzation (ASGDI) phus
MS/MS analysis. Much interest has developed in
this work, as indicated by the fact that the Finnigan
Corporation was granted a license (0 market our
ASGDI. Our research has tumed 1o the use of ion
trap mass spectrometry (ITMS) for this application.
lon traps are well suited for monitoring since they
are relatively small and have good MS/MS efficiency.
We were the first 1o show ion injection from a high
pressure source directly into an ion trap. We were

aleo first in performing lase: desorption 10NIZation D
an TTMS.

‘We have developed methudology for Ue rape!
identification and quantitation of chemical agents in
sir. Thbe system comsists of an sutomated *hermal
desorption unit with a 16-port  autosampler,
imerfaced to a Finnigan ion (rap mass spectrometer.
The sutosampler can be removed and loaded while
a second betch of sixteen sampies is processed.
Less than 100 picograms of agent simulant can be
detecied, with 2-minute tumnaround, with this
system.

The rapid determination of trace Organics
water and s0il b very impoctant for maay programs
and monitoring activities. We have found that
volatile compounds at the 1-10 ppb level can be
determined in about 2 minutes by purging them
directly into a glow discharge ionization source snd
theace into 8 quadrupoic Mmast spectrometer. Some
semivoiatiles can abso be detected, bul 21 higher
detection limits. Moreover, scoping cxperiments
have shown that volatiles can be sparged directly
into an ITMS with helium and determined with
reproducibilities of 10-20%, in 2 minutes. The
ITMS has many operational advantages over the
quadrupole for this exciting application.

Significant advances in the mass spectrometric
analysis of geoporphyrins were made this year, using
TTMS and sector instrumenis. Many feaiures of the
ITMS were evaluated and used in these studics,
including sclected-reagent-ion chemical ionization
and MS” experiments.

We have investigated «he application of laser
ionzation Fourier transform mass spectrometry (o
characterization of DNA  adducts. Methyi-



and high resolution, BCCUTale MmN MCARNTMCS
were used in these studics. Laser ionization FTMS
bas also beeo used (0 analyze methyl quanosine
isomers directly off of TLC pistes, following
separation.

Work on the differentistion of someric
compounds by ncgative ion mass spectrometry has
continved. We havwe now shown that uader
These reactions proved 0 be key factors to
structural differentiation it an extensive study of
parent PAHs and methyl-substituted PAHs ut we
compieted this year.

Purine dimers are formed as a resuk of the
action of UV radiation upon DNA in skin, and the
photoproducts are thought 10 be ‘mportant in skin
cancer. We are dewldoping procedures  for
quantitating these photoproducts at physiologically
significant levels. We have developed 3 multi-
detection limits of 1-5 ppb, almost two orders betier
than needed 1o study significant UV exposures.

Packed column supercritical fluid chromatography
(SFC) has been used (o separate and detect high
explosives and/or ther manufacturing byproducts.
Carbon dioxide is the soivent and bonded cysno
phase is the column. Decrminations have been
made at ca. 02 ppm. We are evaluating the use of
capifiary column SFC for this ana'ysis.

A method was developed for coliecting and
preserving formaldehyde (from water) as the
dinitrophenythydrazine compiex, and determining it
by HPLC. The sensitivity is ca. 3 ppb. This
procedure was selecied by the US Navy for a large
study of waler contamination in naval housing
(Mhe contamination resulted from the use of

polyacctal plumbicg fittings.)

We continwed 10 wxk on concepts and
instromentation for deterrence of currency
counterfeiting. The feasibility of two concepts was
demonstrated. [n he first a taggant is encrypted in
occors dering sorting operations.  In the second
ncar mfrared rficctance dats of currency are
examined by princapal component acalysis and Kth
pearest neighbor algorithms s0 as to "classify” the
currency.

We performed 2 tank calibration experiment on
a 20000 L plutonium hoiding tank af and in
(SRL) This experiment proved that our lutetiom
doublespike mass spectroretric technique is
have been made to calibrate 3 500,000 L ank at
SRL and 10 conduct several calibration experiments
with the Japanrsc.

We are collaborating with researchers in the
Solid State Division, using sccondary ion mass
spectrometry, to study the stoichiometry of thin film
superconductors over the film's thickness. These
fims arc prepered by laser ablation and then
anncaled in auygen.  Our studics have shown that
stoichiometry varics over portions of the film
thickness, hence that superconductivity i occurring
only in part of the crystal. This type of work will be
enhanced tremendously when we acquire a new
Cameca ion probe (anticipated 1969).

Much research into the mechanisms of orgaflic
SIMS has been carried out. It appears that the
primary ion beam causes reactions in solution that
result in solute-characteristic secondary ions. We
are designing 3 secondary ionzation mass
spectrometer for imaging organic compounds in
various matrices, such as biological tissues.

Construction of 2 new high-cfliciency, high-
resolution von Hamaos crystal spectrometer was



compicted this year. This device s used for
research into  high-resolution heavy ioa X-ray
stimulated emission (HIXSE) spectrometry. We
belicve HIXSE is well suited for non-destructive
excmination of the local chemistry of implanted jons
and thin Gims n the near surface region (ca 5 0
500 am).

Construction of a siow positron source—-an
appeacage to the Oak Ridge Flectron Linear
Accelerator—-has been underway for several years.
Instaliation of the beam lne components was
completed in February and the first positron beam
was detected on March 3, 1968. The design of this
facility permits defivery of both siow and high energy
positrons to an adjacent experiment room. The
highest flux measured for the siow (3keV)
component of the beam was 1 x 10° positrons per
second with ORELA operating at J0% of full
power. This is one of the best such sources in the
world.

The first experiments with this positron source
were directed at  positron ionization mass
spectrometry. The idea is (hat lasge, organic species
will attach a positron, cject an electron by
annihilation, and leave a positively charged molecule.
A time-of-flight mass spectrometer was constructed
and interfaced 1o the positron beam line. Poxitrons
al 2 and 3 eV, obtained through use of a W
moderator, were used 10 obtain specira of
dodecane, toluene, sobutane, and methane.

Initial siudies into multiphoton ionkzation
spectroscopy have demonsirated that high sensitivity
is attainable and that the jonization signals vary
linearly with concentration over several orders of
magnitude. These experiments were carried oul in
our low-pressure spectroscopic cell (reported last
year) (o climinate collisional line broadening. Plans
have been made and cquipment ordered to explore
the utility of an ion-trap mass spectrometer with
multiphioton ionization and the low pressure burner

interface for resonance  jonization | mass
SPECITOmELricC experiments.

Our study of the resonance ionization mass
spectrometry (RIMS) of Pm was compicted this
year. In the process, we were abic to identify meny
spectral iines of Pm and Sm. At 584.6 nm there
shouid be no isoheric interference of Nd in the
determination of Pm.

We have demonstrated the utility of a GeAlAs
diode laser in the RIMS experiment. This was in
fact a “dicde-assisted” RIMS study because the
diode laser was used to pump ground state La
stoms to an intermediate cxciked state from which
they were ionized with & copper vapor laser-pumped
dyc laser. This experiment suggests that mukipic
diode lasers might be used to design incxpensive
RIMS nstrumentation.



1. ANALYTICAL SPECTROSOOPY

J. A Carter

The Analytical Spectroscopy Section is compased of four groups: Laser Spectroscopy
and Instrumentation, Actinides and Isotopic Mass Spectrometry, Spectrascopic R&D Programs,
and Sccondary loo Mass Spectrometry. Speci! risearch and development projects in
radiochemistry arc siso carricd out in the section. The R&D efforts in each group are disected
toward cohancing analyticsl capsbilities through ncw discoveries and developing a clearer
understanding of fundamental physical processes that can be exploited into new instruments
or analytical approaches for solving energy-related probiens. Many projects toward the overall
goal are described in the technical summaries; some outstandiag developments for the year are:
a) diode lasers have been used to initiste electronic transitions in Lu for RIMS analysis; this
gves the hope of developing relatively inexpensive RIMS apparatus for future studics; b) s
VG-9000 giow discharge mass spectrometer, the first of its kind in DOE, hes been delivered
and instafied; initial experiments have demonstrated its unique ability 1o analyze all components,
from major 1o trace; c) the first version of our explosive detector underwent successful testing
at Sandia; a protntype of 8 pew version, 8 combination of our atmaspheric sampling ion source
and an ion trap, is now being tested; early experiments are encouraging; d) oconstruction of
the slow positron facility at ORELA is compicte; we now have & source of positrons that
compares favorably 10 any in the workd and initial experiments are under way; ¢) the ion trap
bas been demonstrated to provide MS® capability (n < 13 20 far) which can be very heipful
in ejucidation of complex structures; ¢.g, MS* was used 1o good advantage in porphyrin
investigations; and f) comstruction of the Organic Mass Spectrometry Laboratory will be
completed in early 1989; uccupaacy will follow shortly thereafter.

About 50% of the section’s research and development support i provided by the Division
of Chemical Scieaces of the Office of Encrgy Research, U. S. Department of Enecrgy. This
effort, broad in sature, provides the technical base from which current and future spectroscopic
necds are addressed. Another 30% of the section’s R&D funding is about equally distributed
among the DOE Offices of Safeguards and Security, Office of Arms Control, and the Office
of Health and Environmental Rescarch. The balance of our zffort is funded by Laboratory
divisions and programs, the Y-12 and K-25 plants, various intcragency agreements (FAA,
ISPO/Siate, and IAEA), and other work-for-others contracts.



LASER SPECTF.OSCOFY AND
INSTRUMENTATION

J. M. Ramsey

This group performs both research and
development in the area of ‘asec-based measurements.
Toe focus of our work i very high resolution/high
seasitivity spectroscopy including degenerate four-wave
mix 1g, multiphoton, and gas jet spectroscopy. The
use of photorefractive optical elements is alo being
investigated.  Projects that are more development
oriented include advanced counterfeit deterrence and
beat pump cfficiency studics. These Iatter projects
also involve the use of laser-based measurements.

High-Resolution Laser Spectroscopy

We have been invesligating techniques for
performing elemental spectrochemical analysis near
the natural linewidth limit (= 10 MHz). Cocventional
atomic sources that use continuous sample
introduction consist of plasmas that operate at high
temperaturet and atmospheric pressure.  These
conditions lead 1o spectral line broadening from
collisional and Doppler effects. Spectral linewidths are
typically a few gigahertz in such an eavironment. The
use of methods that eliminate these \ne broadening
effects can greatly improve spectral resolution and
increase qualitative information. These techniques
could be used for measurement of isotopic
abundances by optical means.

We achieve improved resolution in our experiments
while maintaining the convenience of conventional
atom sources.  The coilisional broadening is reduced
to the natural linewidth imit by performing the
spectroscopy at a reduced pressure, The pressure
reduction 1s accomplished using a sampling urifice on

an evacuated chamber as was reported in last year's
annual report (ORNL 6474). Species produced in
the high temperature and pressure eavironment of a
plasma are extracted into the vacuum chamber
through the orifice where the pressure is typically less
than one torr. Doppler broadening is greatly
diminished by cmploying noulincar spectroscopic
techniques.  Noalinear spectroscopy reduces Doppler
broademng of onc-pboton transitions by “labeling” the
through cancelation of the frequency shifis of two
photons traveling in opposite directions.

Degencrate Four-Wave Mixing

We have been studying degencrate four-wave
mixing (DFWM) to determine its applicability to high-
resolution spectrochemical analysis. Initial studies of
DFWM were performed in an atmospheric pressure
flame. More recently we have compared the use of
DFWM performed directly in the flame and in the
low-pressure cell. Salt solutions are aspirated through
an air-acetylene burner for the production of neutral
atoms for analysis. An argon-ion pumped, tunabic
single-frequency cw dye laser is used as the exzitation
source. DFWM spectra taken in the low-pressure cell
produce spectral features of less than 100 MHz with
resolution of the ground state hyperfine structure of
the sodium and lithium D lines. Comparison of the
spectra obtained in the flame at atmospheric pressure
with thote from the low-pressure cell suggests a
collision-induced shift as well as broadening of the
spectra. This has focussed on lithium which has well-
resolved hyperfine structure, allowing study of the two
isotopes 'Li and “Li. Fringes from a confocal Fabry-
Perot etalon with a free spectral range of 150 Miiz
were used 1o aid in the registration of the high- and

low-pressure data. ‘Thermal drift of the laser and



etalon cavitics made registration of spectra te within
a sufficient degree of accuracy (= 100 MHz) difficult.
To incresse the accuracy of comparison of the
sharp and broad spectra, a lithium heat-pipe oven was
used as a frequency reference. This allows the
rimultancous acquisition of calibration spectra with the
Iithium flame spectra. A portios of the same dye-
laser beam that is used to obtain the DFWM spectra
is plit off and used to oObtain satursted absorption
spectra in the heat pipe. The heat pipe is operated
at low pressure (< 1 Torr), and the spectra can be
madc pearly Dopplerfree by the wse of
counterpropagating beams.  Thus, sharp spectra for
calibration arc obtained with the flame spectra.
Comparison of the low-pressure sampied-flame spectra
agreement of peak positions. The high-pressure
spectra show red shifts of up to several hundred
MHz, varying for the different hyperfine components.
Similar results are observed for 'Li and °Li. We have
also monitored the fluorescence from the flame and
found similar red shifts. The concentration of atomic
species i important in determining the kineshape in
the flame. The shifis arc measured at low atomic
densities where processes such as seif-absorption,
which can alter the lineshape, are minimized.

Multiphoton lonization

We are abso investigating the use of mulitiphoton
ionization (resonance ionization) for high-resolution
specirochemical analysis. The photoionization takes
place in the low-pressure cell to eliminate the
collisional broadening as above. The initial step in the
photoionization process is through a two-photon
transi'tion 10 allow the potential for a Doppler-free
measurement. We have fitted the cell used in the
carlier DFWM studies with a biased wire. The wire

collects electrons produced in the cell by resonantly
enhanced ionization of the atoms produced in the
flame. Initial experiments have employed tae pulsed,
high-power output of a Nd: YAG-pumped tunabile dye
laser 0 drive a two-photon allowed transition.
Generally, the excite3 state produced is photoionized
by the sbsorption of a single additional photon to
reach the ionization continuum. In some cases,
ionization involving collisions with other atoms or
molecules may be important.

The ionization signals are found to depend linearly
on concentration over several orders of magnitude for
Na, Li and Cu for two-photoan trapsi*yns to Na 4d
2D, Na S S, Li 48 ’S and Cu Ss %S. Excclicat
sensitivity of detection is demonstrated for these
species with fimits as follow: Na-20, Li-600, and Cu-
25 parts per trillion: by weight. Calcium was detected
via the two-photon transition to Ca 5s 'S at a limit of
7 paris per billion. Detection of potassium via higher
s and d sates shows a different nonlinear
concentration dependence.  Two-color ionization of
lithium has been demonstrated. When the dye laser
is tuned to the one-photon transition at the D lines,
the third-harmonic of the YAG laser ionizes the
prepered 2p state with a single photon. This
jonization process is efficient and gives signal from
aspirated solutions of 100 parts-per-trillion
concentration. This is comparable in sensitivity to the
single-color ionization via two-photon resunance to the
4s state,

Resonant, one-color ionization spectra of iron,
which has many low-ying excited states, gives
information on the temperature inside the cell. The
iron “thermometer” shows the interesting result that
the expansion into the cell cools the electronic
temperature well below the flame temperature.
Modest vibrational and rotational temperatures are
also seen in the spectra of nitric oxide, which is
produced in all air flames and which is easily datected



bty [2+2] mukiphoton ionization (MPI) in the
sampling ccll.

Further studics are aimed at detection of other
molecular species of interest, notably c=bon
monoxide. We are currently investigating the
spectroscopy of CO in a clean, static cell using the
tunable dye laser and its frequency doubled output.

These initial studies using the pulsed N&:YAG
pumped dye laser have demonstrated that high
sensitivity is obtainable with the photoionization
approach. The bandwidth of this laser is Dot smafl
enough to demonstrate the Doppler-free aspect of
these experiments. Progress is under way 1o perform
these experiments at high resolution using single
frequency lasers.

(P. R Blazewicz* R B. Clark,** T. G. Nolan***
W. B. Whitten, ]. M. Ramsey)

*ORAU Post-Doctoral Rescarch Associaie
**GLCA/ACM Student, Earlham College
***0ORAU Post-Doctoral Research Associate

Appfication of the Jon Trap Mas Spectrometer
0 Resonan. lonization Mass Spectrometry

An extension of our multiphoton ionization work is
10 dO mass spectroscopy on the resujlant photo-
produced ions. This experiment is normally referred
1o as resonance ionization mass spectroscopy (RIMS).
Our choice for making the mass to charge ratio
measurement is the three dimensional quadrapoie or
jon trap mass detector. This mass spectrometer has
created wide-spread interest in the organic mass
spectrometry community. Many potential applications,
detailed elsewhere in this report, are being expiored
within ACD. We believe that the ion trap can also

be used advantageously in RIMS. Two such areas of
investigation are outlined below.

The theoretical elemental selectivity in resonance
jonization often i not realized in single color pulsed
RIMS due to power-broadening cffects; this results
from the need for high laser power in the final
jonization =ep.  Alternctively, cw-RIMS offers
improved selectivity but suffers from low jonization
efficiencics. 'We plan to implement the ion trap to
study the feasibility of collisional ionization of atoms
promated to Rydberg states via laser excitation of
the trap by thermal atomization, will be excited to
high Rydberg states by laser radiation tuned to
then be ionized inside the ion trap by coilisions with
inert atoms (He, Ne, Ar, etc.); these gases are present
at « 10° torr in a normally operating ion trap mass
spectrometer. This technique would obviate the need
for high laser power in the ionization step while still
maintaining the advantages of highly selective resonant
excitation and efficient collisional ionization. In
addition, because the resonant transitions are easily
saturated, a Jow-power, ow laser can be used;
consequently, the duty factor of excitation will be well
matched to continuous thermal atomization from a
filament. Ion collection efficiency should also be
improved due to the spatial overlap of the ionizing
and trapping volumes.

The other area we plan (0 investigaie is the
coupling of an analytical flame to the ion trap. The
low-pressure interface to the analytical burner
developed previously will be used to introduce neutral
species into (he ion trap. Jons will then be produced
by laser excitation and collisions as described above.
The addition of mass selectivity should appreciably
the background presently observed in
multiphoton ionization measurements in the low-

reduce

pressure cell. The combination of the ion trap mass



spectrometer with the low-pressure bumner interface
will provide a very sensitive analytical techoique for
solution sampies.

The necessary equipment for these experiments s
been construcied from parts obtsined from a
cominercial vendor and the vacuum system has been
assemnbicd and tested Work on the switching circuit

serving as an rf generator 8 NOW in progress.

(D. E Goeringer, W. B. Whitten, J. M. Ramsey)

Coberent Trapping Effects in
Resonance lonization Mass Spectroscopy

It has been known for almost 20 years that atoms
with two or more ground states coupied {0 a common
excited state by resonant laser fields can undergo two-
photon optical pumping, called coberent trapping of
atomic populations. This phenomenon produces a
minimum excited state population when the frequency
differcnce between the two laser fiekds matches the
ground siate splitting, and a large cxcited siate
population when the fieids are slightly detuned. The
experimental conditions of many RIMS cxperiments,
namely high intensity multimode-laser excitation of a
Doppler-broadened atomic vapor, are simitar 10 those
necessary (0 observe these coherent trapping cffects.
The resonances in this case woukd ocour if, for a
particular isotope, a mode beat frequency of the dye
laser is close to the ground state spiitting of the
analyte. To see how important the wapping might be
in causing isotope ratio biases, we have made three-
and four-level density matrix calculations of the
excited state population for various combinations of
laser frequencies and Among the
interesting results of these calculations i the

intensitics.

prediction of an unusual saturation behavior at high

intensity.  Fluorescence excitation spectra a8 2
function of laser beat frequency have been calculated

We have cxperimentally tested some of the
theoretical results by measuring the fluoreacence of a
beam of sodium atoms excited by two single-frequency
ring dye lascrs. One laser is tuned to a sodium D,
hyperfine transition and the other lascr scanned in
frequency. Far from resonance, the fluorescence
weak because of one-shoton optical pumping. ' When
the laser frequency difference approaches the ground-
There is a central maxisrum with two sidebands, each
displaced by the upper level splitting. There is a very
sharp dip in the center of the main peak,
corresponding to a 10% decrease in fluorescence from
the peak value when the two-photon resonance i
established. This observed behavior i predicied by
the fourevel density matrix calculations.

(W. B. Whigten, J. M. Ramsey)

Chemical Measurements uging
Photorefractive Optical Flements

Degenerate four-wave mixing (DFWM) uses three
nput beams to generate a fourth signal beam in a
nonlincar medium. This technique produces a phase
conjugate signal beam only if the two
counterpropagating  pump beams arc  phase
conjugates. Spatial overlap of these beams can be
difficult if refractive index variations serve to distort
or to defocus the beams in the sampic region. We
have investigated the use of a BaTiO, self-pumped
phase conjugate miror 10 provide (he
counterpropagating pump beam. The advantages of
using this optical scheme inciude better discrimination
against scattered light at the detector, and higher



refractive index perturbations are present in the beam
paths. In addition, the most critical alignment in the
DFWM coxperiment is performed by the phase
conjugate mirror automatically.

This new approach to DFWM was first
demonstrated by introduciog phase distortion in the
pump beam using the bottom of a cola bottle. The
phase conjugate mirmor corrects for these distortions,
and po change in detection fimit is observed, while the
detection limit increased (degraded) by two orders of
magnitude using a conventional mirror.

This pump beam formation technique s also
important when attempting to determine spatial
variations of species using DFWM. Refractive index
varations can misalign the pump beams leading to
incorrect concentration of density measurements.
Sodium atom density measurements were made in a
slot burner flame as a function of burner position
using conventional and phase conjugate mirrors. At
the edges of the flame, where the temperature
gradient is highest, no signal is observed using a
conventional mirror duc 10 beam steering effects,
while signal integrity is preserved using the phase
conjugate mirror. The conventional approach to
DFWM greatly distorts such density measurements.

(T. G. Nolan,* W. B. Whigen, J. M. Ramsey)

*ORAU Post-Doctoral Rescarch Associate
Two-Wave Mixing Interferometer

In the previous annual report (ORNL 6474), we
descrit 2d a novel interferometer based upon two-wave
mixing in BaTiO, that can be used as a self-zeroing
refracive index detector. During the past year we
studicd the characterisiics of such an interferometer

to optimize the performance as a chromatographic

detector. We hae set up a system where the
pathlength changes in our interferometer are provided
Ly a piczotiectric transiation device which transiates a
mirror under computer control. In this way we
scparate the interferomete- performance from flow
cell performance, in order to  better determine the
properties of the detector. The detection limit of the
detector in this configuration is the same as previous
experiments, 10¢ aRI (aL = 10 nm). The major
advantage of this optical arrangement is the case with
which different time-dependent pathlength changes
can be introduced to the detector for the purpose of
evaluating sysiem performance and verifying theory.
We use step and Gaussian inputs to compere
theoretical and experimental waveform shapes, and we
arc using ramp inputs to simulate the response of the
detector to gradient changes in refractive index. We
arc also investigating the cffect of different barium
titanate crystal orientations on detector response times
and waveform shapes.

(7. G. Nolan,* W. B. Whitten, J. M. Ramsey)

*ORAU Post-Docioral Research Associate

Contiouous Wave Dyc Lasers Using
Photorefractive Tuning Elements

We have previously shown that the output
specirum from a cw dye laser is reduced 10 two
longitudinal modes when a crywal of photorefractive
barium titanate is placed in a dye laser cavity. This
bandwidth reduction is the result of a real-time
holographic grating written in the crystal by the
standing wawe: intensity patterns in the laser cavity.
The grating in the crystal provides bandwidth
reduction and wavelength stability. The frequency
separation between the two modes oscillating in the
cavity can be predicted from the position of the



difference frequency must be appropriste 10 provide
compiete spatial depletion of the gain in the dye jet
and a high coairast interference pattern within the
crystal

We have constructed a modular dye laser cavity to
allow for easy modification of the resonator geometry.
erector set components. The Spectra Physics 375 dn:
laser used in carlier experiments did not allow such
were studied. The first is a three mirror linear cavity
using an end mirror with 12 mm radius of curvature,
ie., a dye-jes to end-mirror spacing of 12 mm. The
difference frequencies measured at various crystal
based on experiments with the Spectra Physics laser.
The second configuration investigated is a four mirror
symmetrical cavity with a gain medium at the center.
With this cavity design the spatial bole burning mode
spacing 18 cqual to the longitudinal mode spacing.
Experiments show tha: the position of the crystal in
the cavity and the bandwidth of the grating in the
crysial must be considered (o determine the difference
irequency. For crystal spacings between 7.5 and 4.5
cm, the difference frequency is that which provides
the highest contrast interference pattern at the crystal.
When the erystal 8 3.7 cin from the end mirror, the
difference is one spatial hole burning :node spacing
less than that predicted. At this point the bandwidth
of the grating is forcing the two oscillating modes to
be closer together despite the Jower contrast
interference pattern produced in the crystzl. At
smaller spucings such as 2.5 cm, adjacent longitudinal
modes are found (o oscillate. The frequency specing
predicted by the crystal position in this case is oo
large for efficient reflection from the grating while the
contrast of the interference pattern from adjacent
longitudinal modes is high.

A third configuration involved placing the crystal in
the cavity with the ¢ axis pointing away from the gain
medium.  In this coofiguration, the laser output
spectrum was broedened rather than narrowed. The
time average spectrum (v = 30 ms) covered = 6 om
with a fairly vniform distribution. The spectrurm was
also found 10 be much different than that of a free-
ruoning cw dye laser. The free-running laser had a
spectrum consisting of approximately 3 peaks covering
a range of 3 or The mode beat spectrum of this
iaser contained discreet frequencies, but more than
just those due to longitudinal modes. We speculate
that whea the crystal is placed inside the cavity with
increases the threshold for frequencies that can utilize
this grating. Thus, the high gain mode that initially
start oucillating is depressed in favor of lower gain
modes. We suspect that the laser systematically scans
over this 6 nm range.

(W. B. Whitien, J. M. Ramsey)

Counterfeit Deterreoce

A program 10 develop concepts and demonstrate
instrumentation for the deterrence of currency
counterfeiting continued at a modest level during this
year. This work was funded as a subcontract from
Sandia National Laboratory, which is providing
management oversight of the counterfeit deterrence
research programs for the Bureau of Engraving &
Printing (BEP), US Department of Treasury.

The technical feasibility of two deterrence concepts
was demonstrated. One concept involves cnerypting
taggant information in the document when it is
produced and then using this information to verify the
document’s authenticity. The encryption will occur at
BEP during the final stage of currency production.



Verification will ocour during currency  sorting
operations at the Federal Reserve Banks.  These are
concept  involves the use of patiern recognition
techniques (o determine whether a document &
authentic. This approach could have application as 8
“point-of-sale” device 0 verify the authenticity of a
currency note; this application is a relatively low-speed
and low-volume operation.

A neccessary requirement for the taggant concept s
information that cannot be duplicated by any printing
or copying process. Spatiaé coordinates are two of the
random variables. 'We have shown, through
iaboratory measurements, that the tlaggant we
proposed, once cmbedded in the paper mairix, yicids
four random variables suitable for eacryption.
measurements can be made at the speeds required by
change the visual or tactile characteristics of 8 note,
and should have no effect upon the printing process.

The pattern recognition concept uses near-nfrared
diffuse reflectance data. The concept was tested with
a sample population of uncirculated currency,
circulated currency, and high quality bond paper
stock. Principal Component Analysis (PCA) and Kih
Nearest Neighbor algorithms were applied in this
study. PCA involves the transformation of a
multidimensional data set 30 that maximum variance
of the Gata set is retained in only a few principle
components or dimensions. By selecting reflectance
vaiues at waveiengths which showed (he greatest
influence on the first principal component of the
entire data set, we were able to significantly reduce
ihe dimensionality of the problem. Using the first
two principal components of the reduced data set, an
excelient separation of the paper stock from the
currency specimens was obtained. This reduction in

dimensiopality 8 mporf=nr hecause it represents a
carresponding reduction in the amount cf raw data
that peeds 10 be gathered and in the computations
during data analysis. With five neares: neighbors and
an she i vouing rule, 100% correct clamification of
al members in the data sct was achieved. A
manuscript describing the pattern recognition work is
being peepared for publication.

(. M. Dale, L. N. Klan, J. M. Ramsey)

Hest Purp Fluid Mcasorement Systems

The development of instrumentation for the in-situ
measurement of absorbent concentration in operating
sbeorption beat pump sysiems has continued.  Work
this past year has focused on the development of 2
probe for the ammonia-water fluid; the concentration
range of interest is 2-50% [w/w)] ammonia. The
refractive index of this fluid ranges from about 1.33
10 1.37, considerably lower than that of the LiBr-H,0
sbeorbent.

The sensor being evaluated is fabricated by taking
a 600 micron diameter quartz fiber optic and bending
it into a arc of about 220°. The polymeric buffer
coat and cladding arc removed before the arc is
formed. The radius of the arc is about 2 mm, and
the separation between the straight fiber segments
leading to and from the arc is about 2 mm.

The curved segment of the fiber optic allows only
a subset of the propagation modes 10 be transmitted
10 the exit leg of the sensor. Changes in the
refractive index of a fluid surrcunding the arc alter
the efficiency with which this subset is transmitted.
This change in transmission efficiency is the basis of
operation of the sensor. T. Takeo and H. Hation
(Jap. J. Appl Phys., 21, 1509-1512 [1982]) presented
a partial theoretical (reatment of hght propagation



around a single bcad.  The refractive index range of
the sensor can be varied by changing the radius of the
arc.

Because the total lighs loss in the arc is very large,
a 2 mW pear-infrared diode laser is used as the
source; a silicon pbotodiode i the detector. The
diode laser contains s photodiode, which i used 0
provide a source intensity reference sigral

The sensor’s response decreases monotonically with
increasing refractive index; a second degree polynomial
is used to modei its response. For diode faser drive
currents between 40 and 50 mA the response curve
& icdependent of drive aurent. Precision of a single
measurement  corresponds 10 about 02%  [w/w]
ammonia. Relative errors in ammonia concentration,
based upon the statistical repeatability of the response
curve, i about 4%. Most of this error is caused by
a long term drift in source intensity associated with
heat dissipation from the diode laser 10 the diode
mounting and fiber optic coupling hardware. When
the response of different probes i normalized with
respect 10 their response for water, the calibration
curves differ by about 5%.

A brief compatibility study was completed. At 7%
[ww] ammonia no changes in the sensor were
detected afier three weeks of continuous exposure to
the ammonia-water fluid; temperature was cycied
from room temperature to 85°C several times during
this study.

(D. T. Bostick and L. N. Klats)

Consolidated Fuel Reprocessing Program

Reports summarizing work in the areas of in-line
and hotcell instrumentation were compieted as part
of the jomt development agreement between the
USDOE and the Power Reactor and Nuclear Fuel

Development Corporation of Japan (PNC). These
reports described development activities sponsored by
the Consotidated Fuel Reprocessing Program (CFRP).
A third report, not part of the CFRP agreement with
PNC, describing in detail the bot-cell titration sys'em
was abo compicted. This instrument has been a
service at the TPP facility for sbout four years. Al
of these reports were published as ORNL/TMs.

Interaction with the technical staff of the United
Kingdom Atomic Energy Anthority (UKAEA) and
review of progress reports on the in-iine photometer
technical cxchange agreement between the USDOE
and the UKAEA has continued.

(L. N. Klarr)

ACTINIDES AND ISOTOPIC
MASS SPECTROMETRY

R. L. Walker

This group performs rescarch and development in
mass spectrometry for improved isotopic analyss of
actinides and other clements. We design and improve
equipment and aalytical methodology for special
spplications in areas of national and internations)
concern such as the nuciear fuel Cycle, safeguards and
security, and the environment. Other analytical
support is given (O sable @otope  enrichment
programs as well as to a variety of Laboratory
research programs. /

Safeguards-Refated Projects

The lutetium double-spike technique (ORNL-6357,
6474) has been further tested as a nuclear safeguards
measurement method. Together with Savannah River
Laboratory (SR1.) personnel, we performed a volume



calibration experiment on a 20,000-er Pu holding
tank Jocated in one of their hot canyon facilities. Our
primary goal was to deiermine the precision of our
tchoique for measuring total tank  solution
quantity/volume at several different iquid levels. Our
results verified the tank'’s current volume calibration
(and mixing/sampling parameters) and showed that we
are competitive with the currently used (National
Institute of Standards) NIST calibration method. We
then discussed with SRL personnet how the technique
could be used both for “spot calibration checks® and
for olume/icvel calbration of new tanks as they are
put oo-line. Plans are being made 10 assist them in
calibrating a new 500,000-iter ank. We have also
recently received funding and begun collaborative
work with the Japanese on several tank calibration
experiments at Tokai Reprocessing Plant.
Col.aboration with the International Atomic Energy
Agency (IAEA) continued this year. The work
coasisted of characterization, both isolopic and
concentration, of mixed internal calibration spikes to
be used for safeguards analyses of U and Pu at the
Safeguards  Analytical Lsborstory (SAL)
Seibersdxf, Austria. The application of internal
standards (0 mass specirometric analyses has shown
great promise for improving bias correction in IOtOpic
measurements of fissile material for accounting
purposes. We made uranium measurements 10 3
precision «f 0.07% relative standard deviation (RSD)
using the VG354E and multicollectors; this compared
10 a precision of 0.28% that was obtained using the

2-stage instzument. Plutonium isotopic measurements
were made 10 3 precision of 0.15% RSD using the 2-
stage, resin-bead  method. Concentration
measurements by isotope difution gave precisions for
Pu or U of 0.1% RSD.

(M. P. May, D.H Smith, E.G. Miller, R J. Fydzik,
E. H. McBay)
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Giow Discharge Mass Spectrometry

In July of this year 2 VG 9000 giow discharge mass
spectrometer (GDMS) was obtained, mstalied, and
made operational. This is the first comme: cial version
of a mass spectrometer using a glow discharge on
source designed for the analysis of solids. This
ostrumerntz’ concept B unique in that i offers for the
first time the possibility of measuring major, minor,
trace, and ultra-trac® sampie components with a singjc
mstrument.  Quanutative analysis requires that a set
of ciemental refative sensiivity factors (RSFs) be
derived from known standards of similar matrix type
as the unknown sample. This must be done under
carcfully controlled conditions such as sample
geometry and plasma discharge conditions. Thus, i
will be of intevest to characterize sensitivity, precision,
and accuracy as a3 function of glow discharge
operating parameters. In this context we will study
isotope fractionation processes that occur in a glow
discharge. We feel that this study will provide basic
information on how ions are formed in the plasma
and how they are transmitted (o the exit sbit of the
cell and subsequently escape into the electrostatic lens
system for mass analysis.

To date preliminary studies have been carried oul
with four matrix types: low alloy iron, stainless sieel,
platinum/irdium, and aluminum alloys. These studics
show that quantitative work can be done if standards
are available 1o derve a suite of clemental sensitivity
factors for each malrix type. A. exampie of the
analysis of stainiess steel is presented in the following
table. In this study, sensitivity factors were derived
from the analysis of NBS s'andards 447 and 449.
NBS standard 446A was then treated as an unkncwn
to produce the tabulated results. These resuits cleariy
demonstrate

the quantitative potential  of  ths

technique when 1t is properly calibrated.


http://Thus.it

Table 1.1. Quantitative Analysis of NBS 446a

Certified GDMS Sensitivity
Bement Wi % Vale % Em Faoor
S 1.19 1.2 25 216
\ .03)° 0035 - 059
O 1835 1832 62 245
Mn 053 05« 20 153
Fe 706 2001 08 1.00
Ni 911 9.62 56 154
Cu 019 020 53 6.14
*Temative value, uncertified

Our insirusnent is equipped with an Ar purification
system that will allow us to measure H, C, O, and N
in alloys, 8 capability that we have not had in 8 mass
spectrometer because of high background in previous
mstruments.

(W. H. Christie)
Jsotope Ratio Mas Spectrometry

The initial concerns of the xenca/krypton project
on the VG3S4E have been addressed and ementially

answered. The focus of this project was 10 measure
the ratios of the major iotopes of these gases 10
errors < 10 ppm standard error of the mean. On the
average, sotopes with abundances of 10% and greater
couid be measured meeting the < 10 ppm
requirements with volumes of 1 std. cc of pure xenon
or krypton admitted 10 the ion source via the gas inlet
system. A 2 std. e volume, however, was required to
meet the < 10 ppm requirement for the mass 80/84
raiio of krypton, owing to the 2.27% abundance of
mass 80. Greatl concern arose when the instrument
began 1o give different ratic measurements for the
same masees measured when only the Faraday
collectors (o which they were admitted were changed.

1

It was found ocoesary to apply an cmpirically
determined correction factor to ion beam intensities
measured in the axial coliector. This i due to the
fact that this collector is recessed behind the focal
plane of the instrument. Divergence of the ion beam
caused this pocket 10 coliect & smaller fraction of its
isotope than the other four pockets, which ic on the
focal plane.

(E H. McBay, ]. A Carter, D. H. Smith)

Mass Spectromsetric Projects and Sepport

We continued our support (0 the stable isotopes
support  for transuranium  production has been
scverely curtaiied this past year due to shut-devn of
the HFIR. Gas analysis continues as an important
aclivity of the group. The majority of ocur gas
analyees arz in support of the Y-12 Plant. However,
important contributions are made (0 research
programs at the other Oak Ridge plants as well. The
most notabic of these was the isotopic and impurity
analysis of Kr and Xe enriched in the centiifuge pilot
piant at K-25. Additionally, many sampies of a more
routine nature were analyzed for gas and isotopic
compasition of the primary efement of interest (e.g.,
hydrogen, carbon, sulfur, suifur hexafluoride, krypton,
and xenon).

We have continued working with members of the
Physcs Division on the US/UK actinides rescarch
program (0 study the behavior cf these nuclides in 2
fast breeder reactor such as the one at Dounreay,
Scotland. This year's effort has been limited to
measurement of actinide dosimeters and rechecks of
physics specimens from fuel pin #2. Work is
expected to start soon on fuel pin #4, the last of the
experiments.  Fuel pin #4 has been removed from



the reactor and s awaiting 81 approved shipping cask
2t this time.

Special analytical support has been given (o the
low-level determination of actinides in waste water
techniques. We have continued using the resin bead
method and isotope dilution mass spectrometry to
cohance the analytical support of waste isols ion
programs and DOE-supporied programs to cicels Up
the local environment a8 well as at former sites
handiing radicective materials.

(L. K Batram, R M. Coleman, R. J. Hydzk, M. P.
May, C. A. Prischard, L. Guinn, M. M. Honaker, E. G.
Miller)

SPECIROSCOPIC R & D PROGRAMS

D. H. Smith

This group performe sesearch, applied and
fundamental, in widely disparate arcas. The pést year
has been noteworthy for the completion of two
construction projects crucial 1o further developments
in their respective arcas of research. An intense
beam of positrons has been obtained from ORELA
It has been characterized and found to compare
favorably with any such beam in the world. Analytical
applications are being explored. A spectrometer for
HIXSE has been compieted and initial experiments
conspieted. This instrument shouid pave the way for
a series of benchmark experiments. Other areas of
concentration for this group are concerned with mass
spectrometry.
resonance ionization as applied to analytical mass

spectzometric problems are featured.

In the inorganic field, studies of

A major
acvance this year has heen the first application of a
solid state diode laser to RIMS. In the organic area,
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MS/MS, both fundamental sad applicd, is the major
focus. Noteworthy progress has been made this year
in appiication of oo trzp mas spectrometry (0
detectiocn of various ambient species and (O
fundamental studics.

Resonence lonization Mas Spectrometry

Toe study of Pm by RIMS that was discussed in
the last aonual report (ORNL 6474) bhas becn
conctoded. By making use of the ETRANS computer
program reported two years ago, the first traasitions
of approximately 50% of the Pm ionization
wavelengths were identified and some 95% of the Sm
wavelengths identified in the 530 1o 560 and 580 to
614 nm spectral ranges. Since the jopization process
is believed to involve 3 photons in cither a 1+1+1 or
2+1 process, pew level mformation is available for
both Pm and Sm within the precision of our
waveicngth measurements. Based on Nd experimental
work reported in the literature, there should be no
nobaric imterference of Nd on the RIMS
determination of Pm at the wavelength of 584.6 nm.

A disposabic graphite furnace assembly is being
developed and should yield some advantages as an
atom and/or ion source for mass spectrometry. The
low work function of carbon lcads (o the generation
of atoms as opposed to iorr. (he presence of carbon
should also reduce the yield of gaseous axide species.
With proper design of the furnace, atom effusion
from the furnace should be more directionat than the
effusicn from heated metal filaments. We have
developed two graphite furnace assemblies that use
simple mechanical pressure or gravity (0 maintain
electrical contact.  With such designs, assembly of the
source is simpie, and the sampie furnace is disposable.
Prototypes of both our designs have been successfully
heated in a vacuum. With the former concept, we

have fabricated a small furnace consisting of a source.,



13 am long graphite tute that can be attached to the
sampie chamber of existing mass spectrometers. The
furnace has been beated to approximately 1200° C
with a current 10 amps at 2 volts. No spectral daia
has beea obtained due 10 cxoessive outgassing that led
to problems with the instrument.

We bave underiaken compasative siudics of the
uscfulness of various lasers for the RIMS
determination of neodymium.  Three iasers have been
used in this study: a8 NG:YAG pumped dye laser
(NDYAG), a copper vapor kaser pumped dye laser
(CVL), and a flashiamp pumped dye laser (FL). AR
lasers were operated in the 580 to 620 nm region.
carried out using the strong Nd RIMS iine seen with
the FL 2t 600 nm; this kne is very weak with either
the NDYAG or CVL systeo.  With all laser systems,
a strong RIMS transition is seen near 586-587 nm;
characteristics of the transition are laser dependent,
however. The transition is very narrow (FWHM of
03 am™) when studied with the 0.3 cm™ bandwidih
CVL systems and consists of one main linc. The
transition is much broader and double-peaked with
the FL; both peaks have a FWHM that corresponds
to the bandwidth of the kaser, 3 cm’. With the
NDYAG, two lines are also seen with bandwidths of
23 cm™. In the last case, power broadening would
seem 1o be responsibie for the broad RIMS peaks.

We are collecting isotope ratio data for the
neodymium system at the present time. We have
preliminary data at several wavelengths that suggest
that the CVL sysiem exhibits large isotope bias effects
( > 20%), for odd/even isotope ratios. At a recent
RIS meeting, other investigators reported large bias
effects for odd/even isotope ratio measurements for
various clements and with various laser techniques.

We have demonstrated the utility of a 750 nm
(GaAlAs diode laser in a three-photon (overall)
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resonance jonization mass spectroscopy scheme.  To
our knowledge this represeats the first time that such
a convenicnt and inexpensive (370) laser has been
used for this purpose. Tunabic dyc lasers previously
used for RIMS range io cost from $30,000 to over
$100000. The singe mode chode laser was
temperature tuned to 753.9 nm to punip ground state
lanthanum atoms (o their 4F,, kvel ai 13260.4 an’;
from that icvel the atoms were subsequently excited
10 an intermediate level and then ionized with two
photons from a 6 kHz copper vapor laser-pumped dye
laser. Excited state transitions t0 six higher,
intermediate levels have been observed. In the R6G
and mixed R6G-Kiton Red dye regions, the CVL-dye
waveiengths for these resonant jonization routes from
the 13260.4 ~m level of La are 5639.4, 566.46, 584.86,
586.54, 600.68, 60172, and 601.73 nm. The first
experiment was performed at a CVL-dye wavelength
of 584.86 nm, and it was expected that photo-ions
would be produced besed on published emission
spectral data for La. The other wavelengths represent
allowed transitions to known intermediate states, but
these bound-bound transitions have not been seen in
emission.  There does not always appear to be exact
wavelength correlation between the known transition
involved and our experimental wavelength. These are
small (<< 0.1 nm) but real chifts from the
wavelengih expected for maximum rate of ion
formation.

This demonstration of diode-laser-assisted RIMS
used a diode laser as the first step in the resonance
ionization process. Multiple diode laser schemes are
feasibie, and a RIMS instrument can be envisioned
where ail the bound-bound
accomplished with these inexpensive  devices.
Depending on the final design of the proposed
instrument, it is expected that isotopic selectivily can
be obtained through the optical process above,

(R. W. Shaw, J. P. Young D. H. Smith)

transitions are



Ovrganic Mass Spectrometry

The overall objectives of this effort are to expsnd
the applicability and improve the performance of
directed both to applications and to fundamental
studics; the results of the iatter may ultimately be
analytically useful The most heavily emphasized
appiication bas been the detection of trace quantitics
of organic explosives in ambient sir. We have
recently initisted investigation of the possibility of
detecting drugs of abuse and other polyatomic
molecules of interest.  Other applications projects,
which have also invoived some fundsmental studies,
include the study of geoporphyrine and cardiac
giycosides. A number of studics have been performexd
to determine and then to demonstrate the analytical
utility of the Ion Trap Mass Spectrometer (ITMS).
These inciude the study of ion injection intd the ion
trap, seif-chemical ionization in ihe ion trap, egative
ion studies, laser desorption experiments, muktipie
stages of mass spectrometry (MS®2) studies, and
seiected reagent jon chemical ionization. Other types
of instrumentation are being developed and used to
study dissociative charge exchange and the ionization
of polyatomic molecules with positrons.

The explosives detection effort has proceeded along
two paths. An instrument based on our original
system, consisting of our Atmospheric Sampling Glow
Discharge Ionization (ASGDI) source coupled 10 a
quadrupoleftime-of-flight (QT) tandem mass spec-
trometer, was completed for the Y-12 Plant in
cooperation with Plant Laboratory personncl. This
instrument has been used to screen mail at the Y-12
Plant. Recently it was moved to Albuquerque, NM,
and successfully underwent testing and evaluation at
Sandia National Laboratories. The results of the tests
were received enthusiastically at a program review
held at Germantown, MD, in Ociober. The
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instrument has since been returned to Oak Ridge and
& currently being used to evaluate a pew operating
mode which promises to reduce detection imits and
the speed of analysis. This mode of operation is also
being investigated on the quadrupole/sector geometry
instrument (the QEB) which provides the capability
for high resolution daughter ion detection. A second
instrument is now being built for Y-12.

The secnnd path in our explosives detection work
has been directed along the interfacing of the ASGDI
source with an TTMS. The ITMS har several features
that make it potentially superior 10 the QT geometry
as the MS/MS instrument in an explosives detector.
Among these are greater MS/MS efficiency (possibly
resulting in reduced detection lkimits), better mass
resolution in the second stage of mass analysis, and
reduced size. The potential for the [TMS in
explosives detection with the ASGDI source, however,
is contingent on the efficiency with which ions can be
injected into the ion trap. Under normal conditions
encountered in mass spectrometry, ie., at low
pressures (< 107 Torr) injection efficiency has been
predicted and observed to be very low. However,
recently we and other groups have been able to inject
jons o the ITMS with efficiencies high enough to
be analytically useful. We have been the first 1o show
ion injection from 2 high pressure ion source and are
currently characterizing this experiment. AL presemt,
under optimum conditions, we estimate our injection
cfficiency to be a few percent. With this injection
efficiency we find that the ASGDI source/TTMS is
comparable in performance to the original QT
instrument. However, collision-induced dissociation
and electron detachment upon ion injection into the
trap are phenomena which must be controlied before
the ITMS can be used completely to replace the QT
instrument.

We have recently begun to study the possibility of
detecting drugs of abuse and certain other organic



compounds that might be present in air.  These
studies sre currently at the stage where jons are being
formed from the molecules of interest in a vasiety of
ways in order 10 understand their mass spectrometric
behavior. These compounds will thea be stindied @
both the pasitive- and negative-ion modes on both the
QT and ITMS instruments firted with the ASGDI
source.

A number of projects other than ion injection have
cither been completed or initisted using the ITMS.
We have demonstrated the capabiity for many stages
of mass spectrometry. A variety of reactions are
possible between siages of mass analysis, including
both unimoiccular and bimolecular reactions. We
have demonstrated a practicat application of sn MS*
axperiment in the structural characterization of a
geoporphyrin. Five or six stages of mass spectrometry
should be routinely feasible, and we have done
experiments with up to 12 stage.

We have also compieted 8 study demonstrating the
usefulness of chemical ionization in the ITTMS using
mass-scjected reagent jons.  These studies have
highlighted the differences between the conditions for
conventional chemical ionization in the ion trap (i.c.,
without mass-sclecting a particular reagent ion), for
chemical ionization in a high pressure ion source, and
for mass-selected chemical ionization. The latter
provides much better control over the encrgetics and
mechanism of ionization. We have been the first to
perform laser desorption ionization in an ITMS,
demonstraling the approach with quatemnary
ammonium compounds, porphyrins and sucrose. We
have studied the kinetics of a number of ion/molecule
reactions invoiving both positive and negative ions.
We have delineated the conditions under which self-
chemical ionization in an TTMS (and in the closely
related jon trap detector) are likely to occur and have
shown that these conditions can be anticipated in a
straightforward manner.
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We have made significant advances in the mass
spectrometric analysis of geoporphyrins using both the
ITMS and a reverse geometry sector instrument. We
have appliecd mscy of the tools available with the
ITMS to the geoporpbyrins, including selected-
reagent-ion chemical jonizazion and MS". We have
shown the “true” behavior of ions formed by the gas-
phase interaction of a selected reagent ion with a
porphyrin molecule and with its comresponding
porphyrinogen and contrasted this behavior with that
observed in high pressure chemical ionization.
lonization by proton transfer or by clectron transfer
is readily promoted in the ITMS with precise control
over the reaction energetics.  Structural information
regarding a porphyrin is available from control of
fragmentation upon ionization and from MS® studiec.
Even more structural information is svailable from
MS"® studics of the in vitro prepsred porphyrinogen
(ic., the reduced form of the porphyrin). We are
aso well along in the study of some charge
permutation reactions of porphyrin jons using the
reverse-geomelry  sCctof mass  spectrometer.
Porphyrins show intense doubly charged ions in their
clectron impact mass spectra.  We are currently
studying the partial neutralization reaction in which
the doubly charged ion is converted to a singly
charged ion in between stages of mass analyss. We
are interesied both in optimizing the cross-section for
the reaction and in being abie to vary the degree of
fragmentation that sometimes accompanics it. These
reactions of the doubly charged porphyrin ions have
not been investigated previously, but they may prove
10 be particularty useful for mixture analysis.

During the last year we have modified the source
to the QEB and designed and built a solids probe.
Several experiments are under way to demonsirate
These include:  high
ion scans, a comparison of

features of this instrument.
resolution  parent
resolution/sensitivity between low: energy and high



encrgy CID; and the performance of a new mode of
operation which promises {0 increase  sensitivity
without the loss of some selectivity.

The construction of instrumentation for the study
of dissociative charpe exchange and for the study of
jonization by positrons has progremed this year. A
system coupling 8 magnet with s differential time-of-
flight system is near compietion. Completion of this
instrument has been delayed by the inability o0 get a
concentrate on the dissocistion of energetic neutral
molecules formed from the neutralization of the
corresponding  cation. A time-of-fight mam
spectrometer has been constructed and attached t0 8
beam line at the ORELA facility. This work, done in
collaboration with D.L. Donohue and L.D. Hulett,
will focus on the interaction of siow positrons with
with this system for fast positrons (kinetic energies of
3 keV). We are interested in the energetics of the
mechanisms kcading to iomzation and their cross-
sections.

(G.L. Glish, SA McLuckey, D.E. Goeringer, H.S.
McKown, GJ. Van Berkel KG. Asano, B.C. Grom,
E.H. McBay, and L K Bertram.)

High-Resolution HIXSE Studies of the
Chemical Environment of lons Implanted in
Insulator Matrices

We have initiated a program to study the chemical
environment of ions implanted in insulator matrices,
¢. g., Si0, (quartz), as a function of the initial charge
state, concentration, energy (depth), deposition rate
and substrate matrix using heavy-ion-induced X-ray
satellite emission (HIXSE) spectroscopy. Because
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HIXSE probes the near-surface region (= 5- « (0
nm) and yieids chemical information, it is ideally
suited for the relatively non-destructive examination of
the local chemistry of implanted jons and thin film
interfaces.

The ability of HIXSE to probe the local chemical
environment of implanted moietics depends upon the
use of the newly constructed high-efficiency, high-
spectrometer combines vertical focusing optics with 8
detector to allow the obeervation of relatively weak
of the chemically sensitive satellitc Enes. The
spectrometer is also cquipped with an energy-
dispersive Si(Li) detector which enabies us t0 obtain
cross-sections, branching ratios and fluorescence yickls.

In our initial experiments, a series of quartz glass
targets was impianted with 70 keV S ions at the Solid
State  Division’s Surface Modification and
Characterization (SMAC) facility. The dosage ranged
fom S x 10° 0 1 x 10km’. Rutherford
backscatiering (RBS) measurements were used 1o
verify the dose, the depth (90 nm) and the uniformity
of the implantation. A 30 MeV Q1 ion beam from
the EN tandem accelerator was used to excite the
sub-surface ions, and high-resolution S Ka L® X-ray
measurements were  obtained  with
spectrometer. The HIXSE spectra of the different
targets exhibit marked varistions in the shape and
intensity of the sulfur KL* (25%2p", where x + y = 3
and x < = 2 ) satellitc line.

the new

Integrated mwe:
HIXSE's sampling range, this transiates into an ability
to detect changes in tie Jocal chemistry of sulfur at a
concentration of less than 0.1 at.%. The observed
effect appears 10 be due to changes in the local
valence clectron densily caused by a change in the
jocal sulfur concentration. If this is verified, then
HIXSE should be capable

of probing the



concentration profile of an implanted ion with fewer
restrictions on the Z of the implant and substrate
than with RBS. Future studies of this model system
will explore the effects of such peramecters as
deposition rate, depth of implantation, charge siste,
substrate temperature, and subsirate on the local
chemistry of the implanted jon.

(T. M. Rosseel, ] P. Young R A Zuhr* C R
Vane,** and R Peterson®**)

*Solid State Division
**Physics Diviss
***University of Teanessee-Chattanooga

The ORNL Siow Positron Source

The construction of a siow positron source, wiich
makes use of wasle ganma cnergy from the Oak
Ridge Electron Linear Acceierator (ORELA) has
been compieted. The facility is being used for
spectroscopic measurements. Installation of the beam
line components was accomplished without major
difficulty at the end of February, and the first positron
beam was detected on March 3.

The ORELA is a pulsed accelerator operated at
150 MeV; pulse widths vary in the range of 10-20
nanoseconds; repetition rates are usually 800-1000 Hz.
Maximum power available is about 60 kW. As the
electron puises strike the tantalum target, showers of
gamma bremsstrahlung are produced generating
photoejected neutrons that are used for nuclear
rescarch. About 15% of the gamma cnergy is
forward-scatiered beyond the tantalum target. This is
intercepted by the tungsten moderator array of the
positron facility. The high atomic number of the
tunguen induces the formation of positrons, some of
which are thermalized and ejected in a monoenergetic
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state. The 3 eV positrons issue from the moderator
in puises coincident with the ORELA electron puises
striking the tantalum target. The open end of an
extraction tube is charged negative (3 kV) as the siow
nasitrons are emitted. As the positrons enter the
exti=-tion tube they are focused into spiral trajectories
by the magnetic field of a coexial solenoid. The
solcnoidal fiedd i continuous, leading to the
cxperiment room; the positrons follow it and are
delivered in pulses having shapes that are essentially
replicas of the clectron puilses of the ORELA. The
delivery solenoid bas a gentle s-bend that offsets the
path of the positrons, allowing the insertion of
radiation shielding 10 block line-of-sight exposure to
the ORELA target. The degree of beam offset for
the ORELA facility is much lower than that of other
facilities. This bas allowed the delivery of high energy
praitron beams, as well as the slow beam, whict is an
unexpected bonus. In addition to siow positrons, fast
positrons are also scattered into the extraction tube
and are transported by the magnetic solenoid. If the
bends in the solenoid had been sharp, as is the case
for other facilitics, the fast positrons would not have
been delivered.

Various diagnostic techniques have been applied
10 characterize the beam composition, flux and
energy. A Nal(T) scintillation detector was mounted
20 m away from the ¢ amber where the positrons
emerge into the Electron Room. This detector with its
associated data system was used to detect the 0.511
MeV gamma radiation produced by the annihilation
of the positrons as a function of their time-of-flight
(which then aliowed a calculation of their energy).
Two main positron-containing components were
detected: a high-energy peak at 80 10 100 keV, and
a 3000 eV peak that corresponds to low-energy
positrons produced in the W moderator assembly and
extracted by the pulser tubc. The highest flux
measured for the 3000 eV component was | x 10°




positrons per second with ORELA operating at 60%
of full power. The high-cnergy positrons represent an
additional source of particies with even greater flux
Other components in the beam such as electrons and
jons were detected by a channelplate detector but are
present in lower abundance.

The first major use for the slow positron facility
has been the positron induced mass spectrometry
mutation studies of DNA, and defect measurements
in oxide superconductors.

(L D. Hulet, D. L. Donohue, T. A Lewis® S.
Pendyala™*)

*Instrumentation & Coatrols Division
**Consuliant, State University of New York

A time-of-flight mass spectrometer has been
construcied and interfaced to the positron beam line
at the ORELA. This instrument is being used to
study  positron interactions with large organic
molecules in the gas phase as a function of energy.
It is believed that certain organic species will show the
effect of positron attachment followed by annihilation
of an electron which will leave the molecule as a
positive jon. The energetics of this process will be
revea;:d by the fragmentation pattern of the ion, as
measured by the mass spectrometer. The instrument
consists of a pulsed-grid ion source connected 10 a 1
m flight tube and a channelplate clectron multiplier
ion detector. A personal computer is connected 10 a
CAMAC crate for data accumulation and processing.
Positrons at 3000 eV are deflectea and focussed into
the ion source by electrostatic lenses. They sirike a
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W moderator and are re-emitted at very low energy
(2 10 3 eV) and directed back into the ion source
where they can interact with the target molecular
species at a pressure of 1 x 10° Torr. Spccra have
jonization of selected organic molecules such as
dodecane, toluene, sobutane, and methane. Future
studies will reduce the energy range down 1o less than
1.0 eV where positron attachment is expected to
occur.

(D. L. Donohue, L. D. Hulen, G. L Glish, S. C.
McLuckey)

Transuranium Element Rescarch

Cooperative spectral studies at the Transuranium
Research Laboratory (TRL) continves. The work
involves spectral studies of actinide and lanthanide
compounds and is carried out with R. G. Haire of the
Chemistry Division and J. R. Peterson of the
Chemistry Depariment of the University of Tennessee,
Knanvilie, along with the latter’s students. The study
of the spectra of trivalent californium doped into
various lanthanide halide hosts of differing
crystallographic structure has been compieted and a
paper has been published. The absorption spectrum
of californium at low concentrations demonstrates that
this cation conforms to the structure of the host. As
the concentration of californium is increased to certain
levels, both host-related and normal
californium spectra can be observed. This critical

critical

concentration varies from S 10 more than 15% and
appears (o be related to the crystalline dissimilarity of
the host halide and the californium halide. These
structural features are very difficult or impossible to
observe by X-ray diffraction studies, but they were

verified in some related Raman scattering work. The




results of this work have suggested several other
studies that would involve doping of various
lanthanides into other tanthanide hosts. It also points
out the spectral similarity of trivalent californivm in
the monociinic and rhombobedral form.

We have long been interesied in solid-state ion
implantation broughi about by radioactive
transmutation, ¢.g, Es(Ill) Bk(III), and CHII). In
srch cases we have found that axidation state scems
to be controlled by the parent, and progeny
coordination i controlied by the host. Does this
result apply in the general case? One could consider
that there are 3 forms of ion implantation: (1)
natural, brought about by transmutation; (2) induced,
brought about, for exampie, by neutron irradiation of
a target ion in a solid 10 promote transmutation; of
(3) external, brought about by direct ion implantation.
Of the three, the last may be the most complex since
there is a charge imbalance to correct. We plan to
carry out studies in these three areas. A stdent
carriecd out preliminary work to see if natural
transformation studies could be extended 10 other
parts of the periodic tabic. This work invoived
ceveloping analytical procedures to determine the
stability of the sulfides of iron and to determine
changes ir the oxidation state of these iron sulfides in
the absence of radiation. This work can now be
extended 10 include *S, which transmutes to ¥*Q1 by
s-decay, with a half-life of 87 days. By preparing solid
sulfides or polysulfides of Fe, the oxidation state of
the daughter CI can be assessed through its reactivity
with Fe(11) or Fe(1l) in the system. Preliminary work
on the external ion implantation studies are ncw
under way in 2 HIXSE study of suifur img.anted in
8i0), (see section on HIXSE).

Other miscellaneous projects were carried out this
year. Spectral studies of CfF, and CfF, were carried
out as part of a broader study to characterize the
structures of these fluorides. In a cocperative study,
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high pressure absorption spectral studies (to = 30
GPa) of NdQl, and PrQl; were made. Crystal
structure of these compounds transform to
orthorhombic in the range of 20 GPa. The
orthorhombic structure seems 10 change again at the
high pressures as evidenced by both absorption and
Raman spectra. It is not ciear whether this is indeed
a new form or a distorted orthorhombic structure.

(/. P. Young)

SECONDARY ION MASS SPECTROMETRY
W. H. Christie

This group conducts rescarch in doth organic and
inorganic secondary ion mass spectrometry (SIMS)
and provides specialized analyses that require the
extreme sensitivity of the SIMS technique.

Inorganic SIMS

In collaboration with workers in the Solid State
Division, we are using SIMS to study the
stoichiometry of thin film superconductors over the
films’ thickness. The superconducting thin films (0.5 -
5.0 um thickness) were prepared by the Solid State
Division using a laser ablation technique. The two
kinds of fims made were HoBa,Cu0x and
YBa,Cu,0x. The film is deposited on a substrate of
StTi0, or silicon by repeated pulsed laser ablation
from a peliet of the superconducting material anc is
then annealed in axygen to form the superconducting
phase. The stoichiometry of the pellet should be
maintained throughout the thickness of the film in
order 10 obtain maximum superconducting propertics.
However, the laser ablation process of making



superconducting materials is Dot well understood.
SIMS measured depth profile distributions of the
ciements over the thickness of the film are helping to
understand parameters of laser sputtering, such as
laser fluency, and indicate that there may be diffusion
of these elements during annealing.

These films become superconducting betweea 70 to
80°K and have a maximum current deasity of 1 x 10°
ampsim®. The maximum current density of a single
crystal of these superconducting matcrials is in cxcess
of 1 x 10° ampsicm?, s0 the maximum current density
in the films could be improved. Measurements by
SIMS indicate that the stoichiometry of these fms
indicates that these films are only superconducting
over a portion of their thickness. Further research on
this method of making superconducting thin films is
needed. Sampie charging resulting from the insulating
property of StTiO, caused difficultics in depth profile
reproducibility. An clecron flood gun s being
developed 10 neutralize sample charging.  Ako,
further calibration using improved siandards of the
superconducting materials is needed (o better measure
the stoichiometry of the films.

Zinc oxide ceramics bave found widespread use as
surge protection devices (varisiors) because of their
extremely non-linear current voltage characteristics.
Particular impurities, such as bismuth, barium, or rare
carths, arc necessary for creating the electronic
barriers that give rise to the non-linear characteristics.
Another class of impuritics, such as chromium,
manganesc, or cobalt, usually used in combination
enhances the non-lincarity. The details of how these
particular impuritics act in barrier formation or in
enhancement of the non-linear properties are not yet
well undersiood. In an effort (0 further the
undersianding of varistors, workers in the Solid State
implanted  bismuth,
manganese in zinc oxide crysials. Rutherford Back

Division chromium, and

Scattering (RBS) and SIMS analyses were performed
to measure the depth profile distribution of these
impuritics in the zinc axide after each of a series of
annealing treatmente. STMS was 1weed in pacticular o
analyze chromium and manganese, since they could
not be detected with RBS, and to verify the bismuth
results obtained via RBS.

The object of this investigation was to seek a
correlation between the large changes in electrical
propertics and the anncaling behavior of the
implanted impurities. To observe changes in the
distribution of the implanted Mn and Cr, SIMS was
performed after anncals at 500, 700, 900, and 1000°C.
Sampic nonuniformities and surface charging effects
made it difficult 10 compare the intensities of Cifferent
profiles to extract quantitative results. Normalization
of intensities 10 3 specific reference signal (e.g, *Zn)
as is usually done did not work. Therefore, the SIMS
profiles were normalized on the basis of area. Mn
and Cr have low vapor pressures at temperatures near
1000°C and for this reason the normalization to total
area is probably valid.

SIMS data clearty show (hat there is very litde
change in the Mn distribution after the 700°C anneal,
but that after annealing at 900°C much of the Mn has
diffused both to the surface and to Zreater depths.
SIMS data also show that Cr is not mobile at
temperatures up to 1000°C. An additional anneal
performed at 1100°C produced a narrowing of the Cr
distribution and a greater depth for its peak. Thes:
results indicate that at 1100°C Cr becomes mobile,
but instead of spreading out and dissolving in the
Zn0O, as does the Mn, it concentrates. Such
concentration would occur if a siable new phase, such
as a CrZn spinel was being formed.

A number of SIMS depth profiles were measured
on Bi-implanted Zn(). Resulls for these samples
were in qualitative agreement with RBS data. Liule

change in profile shape could be discerned after a



200°C anncal, but significant broadening was apparent
after 900°C anncaling.

In a fnal study, SIMS was used 10 measure
isotopic vaiues in an electromagnetically scparated Ge
sampic and in a Cd glass sampie. In the past, the
best method for certifying the isotopic values in Ge
sampies required that the sample first be converted
into BaGeF,. This compound was thea subjected to
shown that the conversion 10 BaGeF is less than
straightforward. The usual analytical ion, GeF,*, may
or may not be produced in good yield, depending oo
the quality of the BaGeF, preparation. SIMS offers
a direct and dependable method for certifying the
isotopic values in Ge sampics. No chemical
conversion of the sampie i required and sampies of
the as-received GeO are simply deposited as 2 thin
film on a conducting substrate. Copious Ge* ions are
produced under O," bombardment. SIMS is a viable
method for these separated sampies because of their
high purity. In low resoluticn SIMS, one is always
concerned about polyatomic species being formed that
would have the same nominal mass number as an
sotope of the clement being measured.

The Savannah River Plant asked our assistance in
cerlifying the Cd isotopic values in a glass-like
material. This material is used (0 coat components
used in the processing of fissionable materials and as
such improves safety by reducing the nuciear reactivity
of the solutions being processed. Again, SIMS was
2the ideal technique for this particular matrix as no
sampie chemistry was required and no interfering
polyatomic isobars were encountered,  We were able
10 accerately certify that the sample contained natural
Cd.

(R E. Valiga and W. H, Christie)
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Sputter Alcmibation
Resonance lonization Mass Spectrometry

Alhough sputtecr atomization/resonance  ionization
mass spectrometry (SA/RIMS) is a useful technique
for analysis of targeted clements and for isotope ratio
(MPT) is better suited for rapid survey analysis of
cicmental composition. That is, sputtered atomic
ncutrais can be ionized in a scositive, nonspecific
manner via high intensity, ultraviolet laser radisdion.
Our current efforts have focused on modifying the
instromentation iitially deveioped for SA/RIMS,
which utilized 8 double-focusing sccondary mass
spectrometer, (0 investigate the utility of SAMPL
Becsuse multipie atomic species can be jonized by
each ultraviolet laser shot, it promises t0 be
advantageous to  simultancously  detect  all
corresponding masses  via  time-of-flight mas
spectrometry.  Therefore, we have used the ion
optical simuiation program, SIMION, to design such
a mass analyzer for SA/MPL. Because the large
encrgy spread Of the laser-generated ions would
degrade the resolution in a normal linear time-of-flight
instrument, the reflectron geometry, which has been
demonstrated to largely compensate for this energy
spread, was modeled. Simulation results indicate that
with correct adjustment of sample and refiectron
voltages, ions can be generated via laser, accelerated,
reflected, and detected in such an instrument. The
calculations also indicate that secondary ions cjected
from the sampie surface can either be detected or
cffectively rejecied, depending on voltage seilings,
thereby reducing background signal.

Preliminary tests on the initial reflectron desigr,
which required a 20 degree vertical deflection for ions
exiting the reflectron to reach the detector, were



unsuccessful.  The design was modified so ithat 0o
vertical deflection was necessary.  Afier these changes
were made, crude, low intensity time-of-flight spectra
were observed for secondary ions generated either by
jon becam spuliering or by resonance ionization of
sputtered pcutrals.  Athough the initial mass resclhu-
tion was poor, this was attributed to the short flight
tube (25 cm) and the fact that the instrument was not
operating in the reflectron mode. Our future efforts
will concentrate on improvement of the mass
resolution by lengihening the flight tube and
implementing the reflectiron mode of operation.

(D. E. Goeringer and W. H. Christic)

Organic SIMS

Bombarding a solid or liquid sampie of thermally
fragile molecules with primary ions of some
kiloelectron-volts kinetic energy s an unlikely way to
generaie gas-phase ions characteristic of the sample.
By characteristic is meant that the ions are identical
in strecture to the parent molecules except for the
addition/loss of a proton or ekctron. Nonetheless, by
some mechanism that is not yet clear, organic
secondary ion emission does occur, and is the basis
for organic secondary ion mass spectrometsy. By far
the most common use of organic SIMS s for
determination of molecular weights of involatile
organic compounds and, in conjunction with MS/MS,
structure determination. However, in principic, SIMS
could be used for determination of the spatial
distribution of organic compounds in various matrices,
i. ., generation of organic ion micrographs.

In our work, we make quantitative rneasurements
of various parameters involved in secondary ion
emission, and then correlate these parameters with

measurcd sccondary on intensity. Parameters we

y2]

have studied and correlated with secondary ion
intensity include analyte concentration, solubility and
kinetic eocrgy. Such correlations are useful for
elucidating the mechanism by which organic secondaiy
jons are formed (a subject of some dispute), and for
the projection of sensitivity of the technique when
applicd to various analyses. For example, the
maximum spatial resolution that can be obtained in an
organic secondary ico micrograph s determined by
the number of characteristic secondary ions that can
be detected from a resolution clement on the sampie.
By using this quantitative approach, we have been
able t0 demonsrate that it is not the surface
concentration that determines secondary ion current,
but the conceniration at some depth below the
surface. This was accomplished by obtaining SIMS
spectra of amine/glycerol solutions. Amines are surface
active in glycerol; that is, they tend to concenirate as
a monolayer on the surface, a tendency which
depends on a property known as surface activity.
Characteristic secondary ion emission would be greater
for compounds that were most surface active if
secondary ion emission originated from the surface
monolayer. In fact, we were abie to demonstrate that
regardiess of surface activity, the intensity of amine-
characteristic secondary ions is a function oaly of the
amine concentration. This result indicates that
organic secondary ion emission does not occur from
the surface monolayer.  Because primary ions
penctrate to a depth of less that 100 Angstroms, we
conclude that the reactions of secondary ion emission
occur from a range of between the second monolayer
and the twenticth. Simply put, we have found out
where secondary ions come from.
We have further found that
concentration, sccondary on emission characteristic of

for a given

solutes decreases as primary ion current density

increases. Beczuse we know that the surface



monolayer 8 not involved in organic sccondary oo
cmission, vide supra, the origin of this effect cannot
be primary jon-induced surface erosion. More Eke’;,
the primary ion beam induces chemical changes in the
region from which spuitering occurs. For exampie, a
reasonabic hypothesis i that the primary ion beam
creates jons and radicals in solution upon impacting a
molecules by a number of reactions, such a8
protonation, deprotonation, and radical addition. It is
knoem that species which can exist as ions in solution
prior 10 bombardment yield more intease secondary
jons than species which are not siable as ions in
solution. The effects of primary ion current density
on secondary ion emission could be explained if
dissolved ions were generated in solution by previous
sputtering evenis.  Testing this hypothesis s a
problem in chemical kinetics.

One way (o investigate the kinetics is by pulsing the
primary joe beam. Some organic compounds, such as
giycerol, show very high yields of secondary ions, even
though they are not jonic. By a series of pulsed
experiments using pure glycerol, we were sbie 10 show
that its sccondary jon emimivity & not due 10 the
cxistence of ions formed by prior bombardment.
Pulsed cxperiments on amine/glycerol  solutions,
however, yicid results different from those of pure
glycerol samples and consisient with the hypothesis
that the primary ion beam is causing reactions in
solution that result in emissior: of solute-characteristic
ioas.

From a practical point of view, these resulls
indicate that there is, for any given matrix, an
optimum primary ion current density that will yield
the most inter.se characieristic secondary ions. This
i because while the relative intensity of analyte-
characteristic secondary ions increasss as primary ion
intensity is decreased, the total absolute intensity of all
se.ondary ions decreases lincarly as primary ion
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current density is decreased.  Such practical findings
are important for the use of secondary ionization as
the source of ions for mass spectrometry. In
perticular, we are designing a mass spectrometer for
determining the spatial distribution of organic
compounds in various matrioes, such as biological
tisue. The transmission of the instrument can be
optimized by ion optical methods, 30 that the
sensitivity of the instrument #self will be high
However, uniess the emissivity of targeted compounds
can be enbanced, the utility of the instrument will be
Limited.

(Peter J, Todd, Casey C. Grimm®)
*Post-doctoral

Polymer Scintiflators

Last year we initiated a project to develop 2 new
class of scntillating compound, the polymer
scintillator, that can be used for high-efficiency
measurements of alpha and beta emitting nuctides in
aqueous systems. Such polymers would differ from all
other sciniillation materials in two important
characteristics. First, the polymer will be designed to
be considerably hydrophilic. This property will permit
significant infusion of an aqueous phase into the
polymer matrix. The effect of this intimate contact
(essentially on a molecular level) is that radiation
emitted in the aqueous phase will undergo virtually no
encrgy degradation before reaching a scintillating
nucleus in the polymer matrix. A second difference
is that the scintillating structure will be bonded to the
polymer substrate rather than be in the form of a
plastic
scintillators. This bonding will permit efficient energy
transfer within the polymer matrix and will enhance
both the light output and the overall stability of the
system.

solid solution as seen in conventional


http://inter.se

The successful development of polymer scintiliators
detectors for hquid chromatographyy, process control
flow-cell monitors for nuciear materials, and in vivo
In addition, the expected unique physical, chemical,
and fluorescence characteristics of these compounds
suggest some novel applications in the ares of
analytical fluoresoence spectrometry.

attempts arc made 10 assay them in fiowing, aqueous
streams. A scintillation flow ccil must fulfill certain
must be a8 large as possible. The cell must be
designed 30 that there is no mixing and no dead space
where hoic-up could occur.  Abo, there may be
requirements for the shape of the cell and the
be molecular contact of fluorescent centers in the
scintillator with the coergy deposited by the decay
event.

We reported last year our work oo a scintiflation
flow cell that used aligned scintillating-gioss fibers
rather than the conventional scintillator powder. This
work revealed that two important cffects were
responsibie for the low efficiency of powdered cell
detectors: the already-described geometry effect and
an internal scattering effect caused by the finely
powdered scintillator.  While smaller particies icad 10
improved geometry, they also generate increased
scatter of the generated photons that results in
increased or total internal absorption.

To determine if our idea of developing polymer
scintillators was feasible, it was cssential that we
evaluate the following parameters in a well defined
solid-scintiliator flow-cell detector.

1. Determine the indvidual contnbutions of
georelry and scattering and demonstrate that both
are major factors in detection efficiency.
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2. Experimentally show that Jsaaangmbe
reduced to a very small value, geometry becomes ihe
efficicncy-determining parameter.

Several studies have been carried out to test these
deas. A new technique bas been developed to build
polystyrenc  beads imto  efficient  scintiliator
compooents.  The polystyrene bead starting material
(supplied by S. Alexandratos, University of Tennessez)
important to this study. Thes: include a transparent
matrix, a smooth, aimost polished surface, and 3
relatively uniform size. We have taken this starting
material and converted i to 3 scintiiator using a
Bquid phase diffusion technique of fluors and solvents.
beads that match the conversion efficiency of PPO-
POPOP liquid systems. Scmntiflating polystyrene beads
in different ize ranges have been prepared.

The response parameters of the scintifiating beads
Experiments carried out with “C beta radiation have
confirmed the suggestion that scintiliator surface
scatier plays a major role in detection efficiency and
the shape of the pulse-height spectrum. For beads
with smooth, almost polished surfaces, spectral shapes
are virtually identical with those predicted by comput-
er simutation. Beads with roughencd surfaces exhibit
greatly reduced counting efficiencies and significant
distortion of the pulse-height distribution. These
experiments suggest that optical coupling parameters
between the scintillator and the PMT play a limiting
role in spectral resolution and detection efficiency.

The alpha response from '“Am of the scintiflating
beads was compared 1O computer simulations that
considered the geometry of beads 1o be ideal
hexagonal close packed. Three different bead sizes
were used.  The very interesting result of this work
that although
cfficiencics were all kess than those predicted by the

was the experimental  detection

computer model, the pulse-height distributions were



sbhout 20% greater than those obeerved in 3 high-
that there is some localization of the scintillation
exhibit enhanced photon emission. It further indicates
that polymer santilfators of the type we propose 10
mprovements over conventional beterogeneous
scintillator systems.

(H. H. Ross)

International Conference oo Modern Trends in
Liquid Scintillaticn G .

The Analytical Chemistry Division and the Center
for Applied Isotope Studies, University of Georgia,
will host an International Conference on Liquid
Scintiltation Counting and Organic Scintillators. The
meeting will be held in Gatlinburg, TN, and is
scheduled for October 2-5, 1989. H. H. Ross,
ORNL, and J. Noskes and J. Spaulding, the
University of Georgia, arc the conference organizers.
The conclave will feature four days of technical
presentations along with a large technical exhibit. The
three major manufacturers of liquid scintillation
equipment will display (heir most recent products.
Technical sessions are planned for new fundamental
developments in fluors, instrumentaticn, sample
preparation, instrumentation, data anclysis, and special
computer techniques. Applicd papers are also being
solicited in the areas of environmental measurements,
process measurement and control, and new techniques
applicd to biomedical assay. The proceedings of the
meeting will be published in 3 hard-bound, type-set

volume.
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It is estimated that 200-300 participants will attend,
will be dedicated to the memory of Donald Horrocks.

(H. H Ross)



2. RADIOACTIVE MATERIALS ANALYSIS

J. R. Swokely

analysis (NAA), chemical and instrumental analysis of radioactive materials, snd special development
work to support a large number of Laboratory and DOE programs. Research and development is
done 10 investigate new techniques for cavironmental surveillance of radionuclides.

Over the past two years, activities 0f two Isboratories within the section have been curtailed by
the shutdown of ORNL's reactors. Start up of the High Flux Isotope Reactor (HFIR) is anticipated
in carly 1989 which will result in full operation of these laboratorics. A new facility at the HFIR for
NAA will be put o operation. Much progress has been made this year in development and
utilization of analysis methodology for mixed radiosctive/hazardous waste. Extensive characterization
has been made of pumerous waste tanks containing high-level mixcd waste. The section has continued
to upgrade capebilities and facilities by acquisition of nuciear messurement instrumentation and

renovation of radiochemical laboratorics.

RADIOCHEMICAL AND ACTIVATION
ANALYSES

J. F. Emery

The Radiochemical and Activation Analysis Group
provides general neutron activation analysis (NAA)
services, radioisotopic aseays, gamma-ray spectrometry
scrvices, oxygen analyses by 14-MeV neutrons, and
technical assistance for a number of Laboratory
divisions and programs. The HFIR was shut down
November 1986 and remained 30 through the end of
1988. All of our operations at the Oak Ridge
Research Reactor have been moved to the new
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General Purpose Neutron Activation Analysis Facility
(GPNAAF) at the HFIR. The new pncumatic tube
# GPNAAF s operationai and ready to be used
when the HFIR starts.  Operating, training, and test
procedures have been writien.  The test procedures
are for periodic tests of the water sensors and check
vaives in the air supply and rabbit tubes of both the
original and new system.

Because of the HFIR shutdown our NAA service
work has been reduced to a very low level. Our work
for others (WFO) activities are non-existent with the
exception of some radon emanation rate anatyses for
the U. S. Navy which do not require the use of the

reactors. We provided gamma-ray spectrometry,



isotope product assays (**Gd), and oxygen analysis of
lithium metal by 14-MeV NAA for some ORNL

Use of A Robot for Automated Sampie
Trradiation in PT-1

The original pocumatic tube at the GPNAAF
(PT1) has a number of desirable features including
counter current sir flow and exhausts, which silow
graphite rubbits to terminate their flight on a column
of air. The system contains flow clements which
indicate the location of a rabbit in the system and
safety features such as a decay station, hot cefl, and
moisture detectors.  To complement these features,
we are upgrading PT-1 to allow samples W0 be
irradiated automatically.

In the irradiation procedure for PT-1, specimens
are placed into high purity graphite rabbits, which are
foaded into an air operated cylinder in the hot ceil.
When the appropriate irradiation time is selected, the
rabbit is inserted pneumatically t> the in-core
irradiation position. At the end of an irradiation,
rabbits are returned either to the hot cell or to a
decay station in the reactor pool. PT-1 has been used
most ofien for long irradiations which are typically
about four hours or greater and require that the
sampie remain at the decay station an additional thirty
minutes 10 an hour. In the manual operating mode,
only two 1o three specimens can be irradiated per day.
In an automated mode this output likely can be
doubled.  Furthermore, long irradiations can be
initiated on weekends and off-hours, making the
system available for other uses during weekdays.

(L. Robinson)

Update of the Californium Cold Neutron Source

A sced money proposal 10 perform a feasibility
study of the californium cold neutron source (CCNS)
was approved for funding in 1988 and 1969. A group
of fifteen scientists and cngincers from ORNL are
involved in this project. One-dimensional neutronics
caicutations indicate that if neutrons from ten 50 mg
californium sources are first moderated by heavy
water and then by liquid deuterium, a cold neutron
fiux of about 1.4 x 10° neutrons cm* 5! could be
obtained. If this flux is not greatly diminished in the
beam tubes, then capture gamma-ray analysis and
ncutron depth profiling are certainly possible.
in the CCNS as a means of providing localized
neutron iradiations in tumor therapy.

Al present the feasibility study is based upon the
CCNS being located in "D” and "E" cells at TUREF,
but due 10 lofty cost estimates, alternative locations
such as the Bulk Shiciding Reactor and the Oak
Ridge Research Reactor are being considered. A
report of our findings is in the final stages and will be
published as an ORNL/TM.

(L. Robinson)

Field Measurement of Taxic Inorganic
Elements-RMA Project

Assistance has continued in the project to help the
Army select and test field analytical methods for
measurement of toxic chemicals in soil and water at
the Rocky Mountain Arsenal (RMA). We purchased
a portabie X.ray fluorescence (XRF) system and
conducted the necessary testing and calibration prior



to ficid cvaluation. An X-MET 840 XRF system was
received at the beginning of August 1988. The X-
Met is being cvaluated for its capsbifity to determine
the toxic elements copper, arsenic, mercury, and lead.
The XRF system consists of 8 computer-based, multi-
channel analyzer with 256 channcks and enough
memory to support eight ciemental asssy models or
100 identification models for the identification of
metals and metal alloys. The system has a probe that
contains a radicactive source to excite X-rays in a
sampic and a pga-filled proportional detector to
mesasure the fluorescent X-rays and provide pulses for
spectrum scquisition. The probe we have uses *Cm
s an cxcitation source and has a proportional
desector filled with xenon and carbon dioxide. Energy
resolution of the detector is about 15 percent.
Each assay model is buik by acquiring spectra of
up {0 ten pure ciements and up to 30 standard assay
sampies. The spectra of the pure slements sre kept
in the instrument with cach model. The clements
selected arc thase that one wishes t0 measure a8 well
as others present in relatively high and variabic
amounts in the sample matrix From tbe pure
clement specira, software of the X-MET determines
the channel boundaries (FWHM) of full energy peaks
and regions where peaks of different elements
overlap. Standard amay sampies conlain known
amounts of one or more of the pure elements in the
matrix whose analysis i desired. Following spectrum
acquisition of cach assay standard and input of the
known concentration values, a mathematical relation
can be established between the concentrations and the
net count rates of the elements. Peak owverlap is
accounted for in the measurement of net count rates.
The model s a multivariate one that takes into
account interclement matrix effects, such as the
fluorescence of one clement in the matrix by the

fluorescent X-rays of another and nonlinear effects,
such as the absorption of an eiement’s fluorescence by
the clement itseif

Efforts required at ORNL before the instrument is
taken to RMA include determinations of detection
timits, Class 11 certifications of ORNL ICP and AA
systems, ruggedness testing of the X-MET,
equivalency testing of the X-MET against the ORNL
ICP and AA systems and Class | certification of the
X-Met. The Qlass [ and II certifications refer to
United States Army Toxic and Hazardous Materials
Agency procedures and protocols for calibration and
data analysis. Ruggedness testing refers o an
evaluation of the cffects of various factors such as
temperature, matrix interferences, ctc. on analytical
results obtained with the X-MET. Field testing of the
X-MET wili be conducted at RMA in January 1989.

(F. F. Dyer)

The Determination of ®Co in Steel
from Hircshims

We are cooperaling in an effort organized by
George Kerr of the Heaslth and Safety Rescarch
Division and funded by the Defsnse Nuclear Agency
to reevaluate the use of trace amounts of cobalt in
steel as neutron fluence monitors in areas surrounding
the nucjear explosion that occurred in Hiroshima,
Japen, August 6, 1945. The sampics supplied 10 us
consisted of a section of an iron railing from a tower
of the Chugoku Electric Building, a piece of concrete
containing a reinforcing rod from the same building,
and a section of a steel beam from the Yokogawa
Bridge. The railing was comprised of a bottom plate,
two upright rods and a top horizontal rod. The
railing, concrete, and bridge specimen were located at



687, 676, and 1295 meters, respectively, from (he
hypocenter of the explosion.

It was possible by the wse of a large low-
background germanium detector to essily detect ®Co
in the rail specimen, and with some difficulty, to
detect “Co in the bridge specimen. However, the
counting efficiency of the Ge detector wae too low
and its background too high tc allow quantitative
measurement of “Co in the bridge specimen; thus, an
alternate method for this task was required.

It was found that the *'Co could be determined
with good counting statistis by non-destructive
counting with pairs of farge Nal detectors that were
operated in coincidence and shielded with very large
plastic scintillators that were operated in
anticoincidence with respect to the Nal detectors.
Two such detectors located at Battelle Pacific
Northwest Laboratory (PNL) and operated under the
direction of Dr. R. L. Brodzinski were used for the
measurements. Two plates from the bridge and a
section from the bottom plate of the railing each
weighing about 4 kg and having the dimensions 1.27
mx2A3cmx 20cm (1/2inx 8 in x 8 in) were
counted on the detectors. Two plates made from a
steel specimen produced before World War 11 were
counted to serve as background for the
measurements. To standardize the measurements, a
traditional radiochemical analysis was performed. A
1kg piece of the rail plate was dissoived, cobalt
chemically separated from a portion of the solution
that contained about 670 grams of the iron, elemental
cobait determined, and “Co assayed relative 10 a
known standard of “Co. The data from all of these
measurements are currently being analyzed.

(F. F. Dyer, J. F. Emery)

Radicactive Contamination in Canada Geese
from the Oak Ridge Reservation

Previous studics (ORNL 6474) of Canacda Gecse
residing near contaminated ponds within ORNL have
shown that there is a possibility for off-site transport
of radicective materials by these birds. Cesium-137
and *St were found to be the major radionuchides
accumutated from pond sediments.

Prior to a planned “round-up® of Canada Gecse
on the Oak Ridge Reservation for tagging for
population studies, a flock of 11 geese were observed
to utiize the White Osk Creek basin and the 3500
area setting ponds within ORNL for pant of their
range. This flock had left excrement on the streets
and sidewalks at the rear of Building 4508. To check
for possible radioactivity transport by the geese, we
collected random sampics of scat at several locations
in the affected area. All scat samples contained
measurable Cs with a faximum concentration of 17
Bq/g (dry weight).

Geese from four locations (Y-12, ORGLP. Clark
Center Park, and ORNL) were trapped in the “round-
up” and tagged. Twenty-six birds from the first three
locations were measured in a lead-shielded whole-body
counter containing a 15x15<m Nal(Tl) principal
detector with a minimum-detectable concentration
limit of 0.04 Bq/g for “'Cs. None of the 26 geese
from these locations showed any detectable ''Cs.
Following the whole-body count, the geese were
retumed to their capture location and released.

The flock of 11 geese at ORNL were captured and
measured on the same day as the other birds.
Whole-body screening measurements  showed
measurabie contamination in the three adult and eight
juvenile geese. Subsequent sacrifice followed by
laboratory measurement of autopsy sampies yielded



13Cs concentrations in muscle of 0.7 to 4.0 Bg/g (wet
weight).

The removal of the 11 contaminated geesc
temporarily solves the problem of radicactive
transport from the setting besins. Future plans
include some mechanism for preventing access to the
ponds by migratory waterfowl. Suggested mechanisms
include supported covers for the ponds or the use of
streamers to frighten the birds.

As 8 further check of possible offsite transport,
plans have been completed for providing a radiological
survey of ihe goase harvest during the current TWRA
menaged hunts. This survey will be conducted with
the same equipment that is used to monitor the deer
harvest. The Canada Geese will be counted in the
lcad-shiclded whoic-body counter that will be set up
at the TWRA checking station on Bethel Valley Rosd
cast of ORNL. It is anticipeted that there will be no
detectabie contaminstion observed in the goose
barvest since nonc was detecied in the “round-up”
sampling from four locations on the reservation

(J. S. Eldridge, B. D. Keele)

Radiological Survey for 1987 Deer Hunts

The radiological surveys for the 1987 DOE-TWRA
managed deer hunts were performed by Analytical
Chemistry Diwvision personnel assisted by students
from both Knoaville College and the University of
Tennessce. The hunts were broken down into four
scparate weekend hunts, with the first two resiricted
to archers (Oct. 17-18 and 24-25). The archery hunts
had {300 permits for each weekend. The permits
were issued in two groups; one group of 300 limited
to the "Tower Shielding and Park City Road” areas
and a second group of 1000 permits for the other
archery areas on the Oak Ridge Reservation.
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The first %unt yieided a total harvest of 89 deer
and the second hunt yieided 59. The remaining two
hunts were beid on weekends of November 14-15 and
December 12-13. The Iatter hunts were for shotgun
or muzzicioader hunters, and 900 bunter permits were
issued for each one. The gun hunts yicided harvests
of 252 and 130 deer for the two respective dates.
The total harvest for the 1987 scason was 530 deer
with a 5% male distribution. There was a sfight
increase in the proportion of bucks in the 1987
harvest compared to that of 1986 (58 vs 56.4%). The
age distribution of the harvested deer was similar to
that of the 1985 hunts. Deer of 2 1/2 years of age
and older had a similar percentage distribution
irrespective of sex. One and one-half year old bucks
exceeded does by about two to one; whereas one-haif
year old does were harvested about two to one over
the bucks.

Soft-tissue racionuctide cncentrations continued to
be Jow and acceptable for the entire harvest.
Cesium-137 concentrations were determined in all 530
animals by analysis of a liver or muscie sampic using
a sensitive gamma-ray spectrometer system. Ninety
percent of the harwst contsined Y'Cs at
concentrations less than 20 mBq/g, and omly 12
animals contained this nuctide at concentrations
exceeding 40 mBq/g (maximum value of any animal
was 108 mBq/g). With the bone-checking procedure
developed for the 1986 hunts, thirty deer were found
10 contain elevated levels of *Sr. These animals were
reiained from the hunters; however, those hunters
were allowed (o return to that hunt or (o a
subsequent hunt. The contamination in the harvest
(5.7%) is up slightly from that of 1986 (4.4%).

Following the checking siation measurcments,
subsequent quantitative analyses for *Sr were
performed on bone samples from all of the
confiscated animals. Data were coliected on deer
thyroids from the confiscated animals as well as from




other sclected animals killed during 1987. lodine-
125, ™I and ®'l were detected in many of these
thyroid glands. The ™1 is known (o be released from
ORNL operations by an airborne pathway. The 1987
collection confirmed the trend noted from the
previous huntss '@ concentrations are gencrally
higher in the thyroids of those deer containing
clevated *Sr concentrations in their bones than for
deer without the *Sr burden. This obscrvation lends
support 1o the idea that the '®I reaches the
environment by a different pathway than does the L.

(. S. Eldridge, B. D. Keele)

Appiications of Autoradiography in
Emvi | Monitori

Our recently established procednre for localization
of radioactivity via autoradiography has been applicd
10 leg sections taken from confiscated deer from the
recent deer hunts. The purpose of the study was to
determine the variations in "Sr concentrations at
various positions in the deer femur in order to verify
whether our technique for sampling is optimized.

Comparison of results from two animals showed
widely different concentrations of *Sr in smail bones
between the femurs and the hooves of the two
In one of the animals, the small bones
between the femur and hoof had considerably more
activity than the femur. In the other animal, the
activity concentrations were similar for both the femur
and small bones. We can speculate that the deer with
the higher concentration in the small bones (an area
of bone growth) had a recent acute exposure 10 the

animals.

contamination, and the one with uniform distribution
was from a chronic ingestion.

A sccond study involved an autoradiogram of bee
polien collected from hives in Yugosiavia. The pollen
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is sold in health stores for consumption by individuals
who feel that there is special nutrition from the
pollen. Chernobyl fallout of radicactive cesium was
quantitatively determined on a 30-g sampic by
low-leve! gamma-ray spectrometry. It was suspected
that there might be non-homogeneity in the sampic
due to the physical characteristics of the material.
(Small individual granules with some color variations).
A single layer sample of the 1-2 mm granules was
placed in apposition to the autoradiographic plates
and exposed for a few weeks. Distinct activity
differences were noted in some granules compared to
the averages. The differences are probabily related to
the difference in plant species from which the
individual bees collecied their nectar. Since it is
possible to determine the plant from which individual
polien granules originate, this technique could be
applied to determine the most contaminated plant
species in case of wide-spread airborne contamination.
The bees would therefore serve as environmental
sampie collectors providing material that would be
quite labor intensive for people.

(. S. Eldridge, B. D. Keele)

LOW-LEVEL RADIOCHEMICAL ANALYSIS
J. W. Wade

The Low-Level Radiochemical Analysis Group
provides analytical support and serviczs for several
divisions and programs at ORNL and for others
outside the DOE-sponsored facilities. We continued
to provide analytical support DOE
Environmental Survey Program during this past year.

for the
We completed analytical work on Brookhaven and
Argonne samples and are ncaring completicn on

samples from Idaho National Iingincenng 1.aboratory



A large cffort was required not ooly to provide
analysis of sampies but also to prepare documentation
that will help those respounsible better to interpret the
data A large part of our cfforts was expended
toward environmental surveillance programs here at
ORNL. The Department of Environmental
Compliance continued to increase the number of
samples submitted to our group during the past year.
Approximately 100 new reservation monitoring wells
were expected 10 be in operation by the end of the
calendar year. We have been asked to measure
radium, tritium, and total radioactive strontium in
these wells. They will be sampled quarterly and then
annually thereafter if no appreciable amount of
radioactivity is found in them About thirty new wells
near a waste burial arca (SWSAS) were sampicd
during the third quarter of 1988. These wells will be
sampied using the same sampling and analysis design
as the reservation moaitoring wells. We were part of
a program to study the temporary above ground
storage of wastc at the SWSAS6 site before it B
covered with dirt and capped as a temporary remedial
action. We analyzed samples of rainwater runoff for
gamma cmitters and gross aipha snd gross beta to
ensure that no radioactivity lcaches from the waste
containers before they are covered and capped.
We provided analytical support for the Paducah
facility on an emergency basis when *Tc was found in
drinking water from wells that were near the plant.
Our results compared very favorably with those
obtained by the Paducah Plant Laboratory personnel.
We began a program to better utilize AnallS
within the group during this period. When a group
of sampies is logged into AnalIS, a "HOLD" analysis
it requested for the first sampic. When the sampie
analysis is compiete, the analyst enters the information
into the data management system. A preliminary
report is generated when all results have been entered
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but no data are transferred electronically
customers. The group leader or an alternate then
reviews the data and deletes "HOLD" which in tum
cues the final report to be printed and the data to be
clectronically transferred, if appropriate. We installed
terminals or PC’s in ecach of our four laboratories to
make AnallS readily accessible to everyone. We
began to better utilize the internal control programs
of AnallS during the past year. All of our internal
standards used for method checks and spiking are
now catered into the internal data base where they
can be analyzed and plotted. Duplicate and blank
information is also being stored in the program.
entered that do not fall within the confines of the
method. A report of the data is generated weekly
and is reviewed by the group leader. New forms were
designed using IPRINT to further document the QC
information.

Our sample receiving/chain of custody area was
renovated during this past year to give us more room
and allow us to provide the proper security that many
customers now demand for their sampies. A doorway
was cut between F48 and FSO and a door installed
with a push button combination lock. Shelving was
instalied in F48 to accommodate chain of custody
sampies as well as routine sampics. An area in F48
was allocated for completed samples ready for
disposal or return 10 our customers. Sample login
and records were moved to F50. This arrangement
has worked well and alleviated very cramped
conditions that existed before the renovation.

Several changes were made in our counting room

to

operations during the past year. A quality assurance
software package was procured from Nuclear Data
that is capable of keeping track of QC data associated
with the daily standards that are processed (o verify
instrument  calibration.  The software has been
implementcd

0 automatically store information



regarding gamma detector resolution and efficiency
whenever a calibration standard is counted.
manually entered into the data base. The software
gives immediate feedback when a result is entered
that is out of control. Plots of the data bases are
generated monthly and reviewed by the group leader.
An automated sampie changer for gamma cmittess
was purchased and put into daily operation during the
past year. The system is controlied remotely by the
Nuclear Data 9900 MicroVAX based analyzer system
and can accept cither water samples in a 500-ml
bottle or soil samples in a petri dish.  Samples can be
counted on a 24-hour basis and the system has
functioned very well. A direal drive pump was
installed on our alpha counting system; it is very quiet
when operating and should increase system reliability.

(L. D. Bible, M. T. Davis, D. L. Dihel, P. S. Gouge,
C. C. Granger, R. D. Johnson, S. H. Prestwood, N. A.
Teasley, ). W, Wade)

Anal IS: Status Report

Programs were written to allow ACD to
clectronically transfer data from instruments into
AnaLIS by using file transfer technology. This frees
ACD from being "ACD/VAX dependent” and allows
opcration of instrumentation regardiess of the
operating condition of the ACD/VAX.

A Purchase Requisition database has been instalied
in AnaLlS and is now in use.

A 'Holding Time' program has been written that
scarches the backlog for key analyses and calculates
the latest date the analysis may be compicted or
reported based on Contract Laboratory Protocol,
National Pollution and Discharge Emission Standards,
or Resource Conservation and Recovery Act
guidelines.

The report writing programs have been modified to
help ctiminate the electronic transfer of data to a
customer before the laboratory is satished with the
results. Now, if the only analysis left on a request
after the final results have been added is "THOLD', the
laboratory will receive a ‘preliminary’ report.  Once
the laboratory is satisfied with Lhe resuits and removes
the "HOLD’ analysis, the laboratory will receive a final
report and the data will be electronically transferred
to the customer.

Programs have been written for the Organic
Analysis Group t0 allow the preparatory laboratory
personnel 10 enter sampie preparation data directly
into the organic database. All personnel in the
Organic Analysis Group have access 10 tnc data base,
but only a few of them are authorized to write dats
to the data base.

(N. A. Teasley, J. W. Wade)

TRANSURANIUM ANALYTICAL LABORATORY

J. L Bous

This laboratory continued to supply analytical
support to the Radiochemical
Development Center (formerly the Transuranium
Processing Plant and TURF facility) and to the
monitoring of the radioactive waste effluents for the
and Health Protection Division
(EHPD). The group has also provir'ed support to
both

Engineering

Environmentat

the Emergency Avoidance Solidification
campaign and the Tank
Charactenization Program within the EHPD. A total

Inactive  Waste

of approximately 40,000 analytical determinations were
madc during 1988, 30,000 of which were in support
of the programs from the EHPD.



Laboratory Improvement aad Procedure Revision

A high pressure liquid chromatographic method s
used to separate the heavy transuranium elements and
other products at the Transuranium Analytical
Laboratory (TAL). In this method the sampie i
introduced at the pump intake, then equal fractions
analyzed. In the upgraded method, the pump was
replaced, a column heater biock replaced a heating
tape, and an injecior was added to inject the sampie
into the cluent before the column. An alpha detector
was built 10 monitor the column effluent in order to
make more efficient and compiete separations. Some
analyses have been accomplished with the new setup
and a ciean separation of each clement was achieved.
Optimization of the procedure and the scperation has
been performed afier the detector was installed. This
upgraded procedure should result in a reduction of
the analysis time and better separations of the
transcurium clements.

The TAL is now sending analytical data directly (by
telephooe line) to the Waste Operations Center
(WOC) using the ND9900 MicroVax Computer and
the Daia Management Program (SAM). The SAM
program allows the user to edit a file which stores the
perameters for each counting detector used at the
TAL. These detector parameters are then used by
SAM 1o calculate the activity and experimental efror
from the counting data entered from the various
detectors. Since the data generated from the ND9900
are calkculated independently, the data are retricved
and stored with all other data for a given sample. All
data for a given sample can be retrieved and cdited
by the user at any time. When all the data for a
given sample are processed and stored, a report is
then printed by the system printer and validated by
the technician. Only after proper validation are the
data sent to WOC. The data are sent from one of

the MicroVax printers via a direct line to a printer
located in WOC. This data tramsfer ebminates
reporting the data to WOC by phone as was dooc
previously and makes the data input into ACD
AnsLIS easier and quicker using the AnallS fie
transfer.

A QA pian for the TAL Group was formulated
and issued in November 1988. The purpose of the
plan 8 10 provide a disciplined and systematic
approach for control of the work within TAL. When
implemented, i will become an integral pant of the
QA program for the Radioactive Materials Analysis
Section which in tum will become a part of the
overall QA program for ACD. The program as
formulated is besed on the requirements of
ANSI/ASME Nuciear Quality Assurance Standard
(NQA-1). The plan will provide for QA within TAL
that is in compliance with NQA-1. It is based on
nine of the NQA-1 requirements which represents a
combination of 14 of the 18 eclements listed in
NQA-1. Development of the plan required that 12
standard operating procedures cither be writtea of
revied. These SOP's include: (1) the use and
bandling of chemicals, (2) documentation of standards
and carriers, (3) sample tracking, (4) sampie chain of
custody, (5) chain of custody sampie storage, (6) chain
of custody sampie security, (7) sampie receipt and
inspection, (8) training program, (9) usc and care of
analytical balance, (10) housekeeping responsibilities,
(11) personnel signature and initial records and (12)
safety and operating requirements for TAL-

The Emergency Avoidance Solidification Campaign
i3 a program in which appraximately 50,000 galions of
liquid low-evel radioactive waste stored in the two
Melion Vailey storage ianks will be removed and
soiidified. The solidification is being done using a
commercial sclidification cement designed to prepare
the waste for storage. Leach testing was conducted
to measure the leachability of *Sr and '*'Cs from the



sobidified waste. The test specimens were prepared on
a laboratory scale to test different techaologies that
could be used in the actual solidification. Specimens
were doped with ™Sr and 'Cs.

Concrete specimens were Cylindrical in shape wiih
a diameter of approximately 1.6 an and leagth of
appraximately 4.5 cm. They were leached with a
specific volume of demineralized water over 2 period
of 90 days. During that period, a total of cleven
leach volumes for each specimen were analyzed. The
cumulative leaching times were 2 hr, 7 br, 1 day, 2
day, 3 day, 4 day, 5 day, 19 day, 47 day, and 90 day.
Al the end of cach Jeaching interval the specimens
were removed from the Icachate and immediately
immersed in fresh leachant These lcacaates were
then analyzed for ™Se and “'Cs. A total of cleven
specimens were prepared and tested. The analytical
data were used (0 amist i amving & a3 final
technique to be used for the solidification.

To meet NQA-1 criteria and better meet the needs
of TAL customers, we have continued to upgrade our
counting rcom. A new germanium detector has been
installed in the counting room. The detector replaces
one which was no longer operabie or repairable. The
detector has been calibrated for frequently used
samplec geometriecs. The ND9900 program for
controlling sample counting has been modified (o
allow saving of daily spectra on magnetic tape without
interfering with normal counting routines. We are
adding a ND9900 20 megabyte removable hard disk
drive 10 the system (0 improve data storage. A
continuing programing update for the system is being
evaluated (0 improve data reduction and sysiem
operation. The system will have a QA package
installed (0 monitor all counting room equipment for
normal operation.

Other counting room equipment is being evaluatcd
for possible purchase. All equipment will be PC
compatibic 10 allow interfacing with the IBM AT, thus

providing a data management system for reporting
data 10 AnallS and the Waste Operations Center.

(J. M. Pecle, D. L Dihei R F. Peacher, C. Cook,
C. R Cooper, R A Jones, B. R Larkins, R. T. Pack,
1. deLenn)

INORGANIC AND PHYSICAL
ANALYSIS GROUP

D. A Costamzo

The Inorganic and Physical Analysis Group
provides analyses of intermediate and high-level
radioactive materials that require giove box or hot cell
procedures in the High Radiation Level Analytical
Laboratory (HRLAL). In addition, the group
accident tests on coatings and related materials for
puclear applications for outside clients. During this
reporting period, HRLAL processed approimstely
2100 sampies and performned 5740 analyses, essentially
the same sampie ioad as for the previous reporting
period. However, the major service support efforts of
the group shified in midyear from predominantly
uranium process control type measursments, (0 work
related 10 characterizaton of liquid low-level
radicactive wasie and other measurements for
covironmental and wasie management.

In late April 1988, the Consolidated Edison
Uranium Solidification Program (CEUSP) compicted
s mission with final cieanup operations for the
processing of over two metric tons of uranium-233
comained in acidic nitrate solution and conversion of
the uranium (o a solid oxide form for long term safe
storage. This program accounted for approximately
two-thirds of all samples processed by HRIAL for the
pas five years. Chemical and physical measurcments



employed for process control and characterization of
pitrogen content. At the completion of CEUSP, a
concerted effort was undertaken st HRLAL to dean
up the glove bax and hot cell facilitics and dispose of
uranium-233 cootaminated eguipment and wasie in
preparation of pew service support aciividies.

During the period Marchb-Junc 1968, several
Technology and Environmental and Health Protection
lowlevel radicactive (LLLW) wastc stored in
pumerous underground tanks, up 10 50,000 gal
capacity, thst arc distributed throughout the
Labocatory. These programs now account foe greater
than 80% of the sampie load for HRLAL. Chemical,
provided 10 determine and classify the waste =
RCRA, TRU, or mixed and to evaluate options for
treatment and disposal of the waste.

The L1LLW tanks are classificd as active or inactive
tanks. TL. active tanks contain LLI W that has been
generated since the early 1970s and are still in use.
This waste i typically a high pH (10-13) sodium
nitrate solution (3-5M) with lesser concentrations of
potassium, magnesiure, cakium, barium, and
aluminum as cations and chloride, sulfste, and
phosphate as anions. The major radionuctides
contained in the wasie are *Sr and 'Cs at MBq/mL
levels and lesser amounts of “Co and europium
sotopes.  Greater than 95% of the alpha activity due
to uvramum, plutonium, americium, and curium has
been precipitaied and s present in the siudge phase
of thc waste. The inactive tanks contain LLLW that
was collected over the period including the late 1940's
to early 1970's. ‘These tanks contain wasies that vary

from contaminaied rainwater to compkex muitiphase
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sysicms of aqueous and organic hiquids and sludge.
‘Where appropriste, EPA methods for solid waste and
Contract Laboratory Program (CLP) procedures are
being empioyed for the analysis of the radioactive
wasie. Over the past few mooths, the HRLAL has
provided assistance to the Chemical Technoiogy
Division and DOE to identify leaking irvadiation
sources from a commercial irradiation facility
Decatur, Georgia. Each of the 250 sources at the
irradiation facility contains appraximately 50,000 curies
of cesium-137 encapsulated in cylindrical stamiess steel
containers. The sources are stored in a large pool of
water which is circulated through ion exchange resins
for cleanup and 3 cooling system to remove heat. In
the spring of 1988, *'Cs radioactivity was found in the
pool water indicating that one or more of the capsules
were icaking Extensive work was done by ORNL to
try to identify the leaking sources. Mass spectrometry,
ion chromatography, and radiochemical measurements
were made on wipes from the surfaces of suspect
capsules 10 try to identify components leaking from
the interior of the capsules. Physical examination and
leak testing were done by others at ORNL. One
leaking capsule was finally identified by observation of
an cnlargement (or bulge) of the capsule in tesis
made in Decatur. This capsule has been brought to
ORNL for further tests and for opening for detailed
analysis of the contents. Attempts are being made to
determine the reason(s) for the capsule’s expansion
and leakage. The HRLAL wifl be involved in analysis
of the “’Cs salt removed from the capsuic as part of
this effort.

Several new capabilities have been acquired at
HRLAL and facilitics upgraded to meet the analytical
needs of the various LLLW related programs. An
inductively coupled  plasma
spectrometer and an atomic absorption spectrometer
have been nstalied v goved enclosures to permit
measurement on radicactive sampies, and HRIAL

alomic  emission



upgraded to state-of-the-art .

(C.J Baggett, R N.Ceo. H J Hall L R Hall
R E Jones, J. M. Keller, M. G. McClung, P. W. Paur,
M. = Peters)

Cperation of ICP and AA Instrumentation

A Perkin Elmer Model 6500 Inductive Coupled
Plasma Spectrometer (ICP) and a Modei 5100
Atomic Absorption System (AA) were put into full
operation for metal determinations in radioactive
steel enclosur=s that prevent radioactive contamination
of the laboratory. The ICP has the torch box within
the enclosure with the scanning mounochromator
located outside the contamination zone. The entire
AA sysiem i located within a separate custom
enclosure. Both systems have been in operation for
several months for use with radioactive sampiles with
miaimal contamination of the enciosures.

The ICP system has been uses nrimarily to support
projects related to mixed radioact. e/hazardous wasie
in active and inactive wasie storage tanks and in
various other projects that require  metal
determinations in radioactive materials.

The AA system includes the Perkin Elmer Mode!
5100 AA spectrometer, 3 Zeeman graphite furnace,
an autosampler, and a MHS-20 mercury hydride
systzm. Operational standards have been established
for the system, and personnel have been trained in
the use of the instrumentation. The system is
currently in use for high sensitivity determinations of
metais in radioactive liquid and solid samples.

(). M. Keller, C. J. Baggen)

Upgrade of Radiochemical Analysis Capabilitics

A Nuciear Data, Inc., Micro MCA was purchased
for usc in the alpha spectroscopy system in
conjunction with a microcomputer (IBM PC/AT).
This sccond microcomputer/MCA setup also provides
backup for the gamma ray spectrometry hardware. A
constant-currer  eleciroplater  has  recently been
delivered which is capable of plating four sampies at
a time. The electroplated sampies will yield much
cieaner spectra than were possibie using flamed plates.

Gross beta counting has been improved by
replacement of obsolete electronic modules. Tennelec
NIM modules have been purchased, including 2
TC174 preampilifier, a TC246 amplifier/SCA, and a
TC952 0-3kV power supply. An ORTEC 974 quad
counterfimer completes the package, and allows
microcomputer-controlled data acquisition and
analysis. The new hardware will initially be used for
"Sr samples and for gross gamma counting.

Quality control/quality assurance techniques have
been developed for zamma ray spectrometry in
cooperation with the other counting facilities in ACD.
These procedures are facilitated by the use of
computerized data acquisition and analysis.

(R N. Ceo, J. M. Keller)

Nudiear Coatings Test Program

We were unable (o do any radiation tolerance
testing during this period because of the High Flux
Tsotope Reactor (HFIR) shutdown. Two of our
customers (RPM Carboline Co. and Valspar Corp.)
had Radiation Sterilizers, Inc., do the radiation
tolerance testing. They then shipped the panels and
blocks 10 us for evaluation and reporting.



We did not do any design basis accident (DBA)
testing during this perind because of upgradicg and
computerization of the sutocisve. This work is almoat
complete and checkout of the system is underway.
This system is state-of-the-art and the only one in this
country. Testing for customers has been scheduled
for January 1989.

We coatinued 0 do decontamasstion testing during
this period fior several customers.

(R E. Jones)

The satclite laboratory located in Building 7602
continued 10 provide routine analytical services to the
Fuel Recycle Division in support of the Consolidated
Fuel Recyie Program (CFRP) and the Atomic
Vaporization Laser Isotope Scparation (AVLIS)
of these programs are 10 develop technology for
reprocessing of breeder fuel and to demonstrate
prototypical CFRP equipment for the separation and
purification of ursnium from AVLIS produced
occasions the laboratory provided 16-24 hours per day
coversge for periods of & week i support of
CONtNUOVS processing campeigns, two of which were
successful MMES award-fee milestones. Sample tum-
around of 1-2 hours was required during these
campeign to verify on-ine nstrumentation and for
process control. During this reporting period, the
laboratory processed over 1000 sampies and
performed about 3000 analyses, which included free
acid, uranium, tributyl phosphate, iodine, cxides of
nitrogen, density, and conductivity.

(P. W. Pair)
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Radiation Safety

During the year, Building 2026 aod the 14 MeV
peutron generator in Buiding 2011 were reviewed and
spproved by the Radiosctive Operations Committee.
The Analytical Chemistry Division has continued to
strive 10 comply with ALARA (as low as reasonably
achicvabic) goals. The Transuranium Analytical
Section had an average radiation cxposure of 105
mR/ny compared 10 DOE maximum allowabie
cxposure of S000 mR/my. This represents a decrease
from 1987, which was 182 mRAr. Exposures have
continued (0 decrease for the last seven years;
however, 1988 can be attributed in pert to the
shutdown of the High Fux Isotope Reactor. No
at Bulding 7920 during the year. Personnel working
their exposure is recorded daily. They also wear the
Lot Alamos rad alarm audible chirper and the
Panasonic suppicmental dosimeter, which detects
ncutrons as well as beta/gamma radiation.

(R E. Jones)



3. INORGANIC CHEMISTRY

W. R Laing

The Inorganic Chemistry Section provides a wide range of classical chemical, exotic, and
sophisticated X-ray and eiectron optical analytical services (0 a variety of ORNL, DOE, NRC, DOD,
and outside contractor programs. Environmental analytical support was, by far, the largest segment
of work performed during the year. Every staff member in the section was involved in the analysis
and monitoring of surfacc and well waters, soils, sediments, and cavironmental materials for toxic
metals, cyanides, sulfides, zsbestos, and other potentially hazardous materials. The DOE Environmental
Survey Program provided the largest single segment of support to the section, followed by the ORNL
cffluent monitoring programs, which ensure compliance with DOE, EPA, and siste discharge
regulations.

Other important programs to which the section contributed included EPRI Acid Rain, several
Remedial Action Studies, the Nucicar Regulatory Commission in the decommissioning of former
uranium mines and mills, the US Air Force surveys, the Strategic Petroleum Reserve, and Resource
Conservation and Recovery Act and National Pollution and Discharge Flimination System monitoring.

Increased emphasis on quality assurance documentstion in response (o EPA, Martin Marietta
Central Stafl, DOE, and internal quality sudits resulted in very favorable ratings. The audits did
recommend detailed writien standard operating procedures (SOP). This resukted in 14 new SOP
documentis 0 meet the audit recommendations. The EPA accepted the rapid PCB extraction
procedure deveioped by the section; other improvsd procedures included microwave dissolution of
uranium ore concentrates and fish lissue, and increased use of computers for quality assurance and
instrumental data evaluation.

New equipment included a mercury analyzer, upgrade of the ICP scanning monochromator and
¢i the X-ray fluorescence analyzer, and a replacement vacuum evaporator for prepearation of electron
MIcroscopy specimens.
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ENVIRONMENTAL ANALYTICAL
LABORATORY

N. M. Ferguson

The Environmemtal Analytical Laboratory (EAL)
provides analytical support for the Environmental
Sciences Division (ESD) primarily, snd also does a
significant amount of work for other ORNL divisions.
Approximately 65,000 analytical results were: reported
during this period. One person was added to the
staff and many overtime hours were worked.

The ESD acid rain program, funded by the
Electric Power Research Institute (EPRI) continued
10 generate the largest number of sampics. The
Mountains, and Cowetta) supply large pumbers of
throughfall, rain, dry deposition, vegetation, and 30
samples. All water samples were analyzed for Na, Ca,
Mg, K al, SO, PO, O, NO,, total phosphorus, and
total Kjeldahl nitrogen. All soil and vegetation
sampics were analyzed for Ca, Mg, K, P, and total
Kjeidahl nitrogen.

We supplied large amounts of technical support
for the DOE Environmental Survey. Quarterly
performance evaluation samples from EPA for the
Contract Laboratory Program Performance Evaluation
were analyzed. During this period we compieted all
analyses from five DOE sites (Livermore, Sandia,
Argonne, Brookhaven, and Idaho). We received
aqueous samples (water, wastewater) and solid
samples (sediment, soil) from each sitc. Eleven
clements (Hg, As, Pb, Cr, Ni, $b, Cs, Be, Ag, Se, T)
were determined in the solid and aqueous sampies.
Mercury was measured using a cold vapor atomic
absorption method. All other metals were measured
using a Perkin-Elmer 500 graphite furnace with
7Zecman background correction.  Five final data
packages were also completed during this period.
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Case narratives, method descriptions, data evaluation,
EPA packages, ctc. were compicted for Pantex,
Sandia, Livermore, Argonne, and Brookhaven. All
program commitiments were met.

Work for the Environmental and Health Protection
Division increased substantially this year. Weekly,
biweekly, and monthly cffluent sampies were analyzed
to comply with National Pollution and Discharge
Elimination System (NPDES) requirements. Similarly,
poundwater samples were analyzed quarterly (0
comply with Resource Conservation and Recovery Act
(RCRA) requirements.

There was a considerable increase in technical
support for the Industrial Hygiene Group. Numerous
blood, urine, and air filters were analyzed. We placed
into operation a new safety program for the analysis
cf urine and blood to protect personnel from
potential infections. We consider all body Auid
samples as potentially infectious.

We received a new mercury analyzer (LDC/Milton
Roy/235) this year. It is a high performance
recording UV photometer for measuring the
absorbance of 253.7 nm radiation by mercury vapor
in a gascous sircam referenced to a mercury-free
stream. The instrument will detect 0.001 ug of
mercury, and full scale deflection of the recorder is
attained at 0.005 ug. The capacity of the bubbler
tube (reaction vessel) is 250 ml. The analyzer uses
the Hatch and Ott procedure to determine mercury.
This is the same procedure (oxidized mercury reacts
with stannous chioride which reduces mercury to
clemental form) we have used for years.

During this year we expanded the usage of the
Lachat ion analyzer. The ion analyzer has replaced
three Technicon auto analyzers. We have deturmined
ammonia-nitrogen, nitrate-nitrogen, and phosphorus in
a varicty of complex matrices (KClI leachates, HCI
leachates, IICI-NHLF lcachates).

and total Kjeldahl nitrogen are now measured

Total phosphorus



simultancously in a singie sampie aliquot. Ammonia-
pitrogen and phosphorus are  abo  measured
simultaneously.

The Analyical Chemistry Division (ACD) is
attempting t0 improve the quality of data taken from
instruments and stored i its data base. One avenue
for realizing this goal is t0 reduce the manipulation of
data by hand operations. During this period a
program (FIS_PARSE) was written and implemented
to extract desired information from the output of the
prepare it for storage in the Analytical Chemistry
Division's data base (AnaliS). It is necessary to
review the data before transmitting them to the data
besc; therefore, direct transfer of results from the
computer used to operate the spectrometer was not
selected as the method of choice. The data were
written in ASCII format to a floppy disc. The data
can then be listed and inspected at any work station
equipped to read the disc. If the work station is, or
can be, connected (o the ACD computer system, data
may be tramsferred from the floppy disc to it
electronically.

During this time the workload for the graphite
furnace has been extremely heavy. Even though two
people were involved full time with graphite furnace
work, many overtime hours were required to meet
program commitments. We use a Perkin-Elmer 5000
instrument equipped with a mode] 500 graphite
furnace (approximately S years oid) and a8 Perkin-
Elmer 603 imstrument with a 2200 graphite fumace
(approximately 15 years okd) to perform the analyses.
The updated features (Zeceman background
correction, computer controlled furnace, ctc.) of the
500 fumace allows us to analyze sampies with
complex matrices directly from a calibration curve.
This instrument is used to analyze all compliance
sampies. The 2200 furnace (deuterium background
correction) is only capable of analyzing sampiles with

simple matrices and the standard addition method is
required. We have now obtained funds to purchase
8 new computer controlled atomic absorption (AA)
system (flame and flameless mode) 1o replace the
older system.

We have investigated, modified, and piaced in use
several new procedures this year. These include: an
improved method to determine Pb in biood; a new
method to determine Cd in blood; improved
microwave techniques for the dissolution of fish tissue
(freeze dried and fresh); several improved flow
injection methods.

(L. S. Bamnger, T. L. Baxter, J. D. Mayton, S. A
Macintyre, M. L. Moore, S. J. Morton, T. R
Mueller, W. R Musick, T. B. Shope, J. Summers, C.
L. Watson)

CHEMICAL AND PHYSICAL ANALYSIS

J. H. Stewant

The Chemical and Physical Analysis (CAPA) group
provides extenaive technical support to a multitude of
ORNL programs, and to & variety of external
organizations including the US Air Force, the Nuclear
Regulatory Commission, Strategic Petroleum Reserve,
Savannah River Laboratory, and the massive DOE
Environmental Survey Program. New methods and
madifications of exisling procedures were required to
meet requirements of these programs, as well as
significant efforts to meet the siringent time
limitations for compietion of the specimens. During
this year the CAPA Group received, allocated and
distributed, analyzcd, and rcported 130,000 analyses
within the holding time requircments of the Site
Survey and the effluent monitoring requirements for
the DOE and to the State of Tennessee. The quality



level was maintained at an cxemplary level of 97.5
percent as measured by the analysis of Performance
Evalvation mandatory anonymous sod and water
specimens, our own internal standacds

programs, and by the external quality sssurance
specimens from the Applied Rescarch Group. The
laboratory Quality was alo measured by pumerous
formal audits of the CAPA Group by the EPA
Region IV, Martin Maricita Energy Systems staff,
EMSL/Las Vegas, PEER Corp. (special audit group
for DOE), as well as cur own inicrnal audits. The
audit findings were generally favorabie; bowever,
several recommendations were received and acted
upon. A significant recommendation required the
preparation of 14 separate, forma!, standard operating
procedures (SOP) to include very detailed daily
procedures for respoansibility and duties of sampie
required Environmental Survey documentation
requirements far exceeded our initial expectations, and
additional staff was assigned 10 meet the contract-
required delivery schedules.

The SWSA6 (solid waste storage arca) site
evaluation was similar 10 the larger Environmental
Survey program, but was more compiex since careful
coordination between ORGDP, Bechtel, EDGe
Corp.and IT Corp. was necessary. Within ORNL we
coordinated work with Engineering, Operations, Waste
Management staff and the Eavironmental Analysis,
Low Levei Radiochemistrv, and Chemical and Physical
Analysis groups. The electronic data (ransfers
between IT, ORNL, and Bechte! worked smoothly
and the entire operation was compicted within budget
and also met the stringent Bechtel compietion date.

The CAPA Group also provided Dyess Air Force
Base with 4000 ICP analytical results as part of their
site evaluation.  Other external support included
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analytical methods development for the Strategic
Petrolcum Reserve (toxic metals measurements by
ICP), and NRC analyses for potentially toxic metals
in groundwater and aquifers nesr mining sites being
decommissione.

New instrumentation and procedural development
included a method for selectively measuring uranium
s UO, and as UF, in fused sats of LiCa-U
fluorides; the demonstration of a rapid and complete
disolution of uranium ore concentrate by a
microwave technique prior to Davies-Gray uranium
acceptance of the ORNL petition for use of the
Soxtec rapid extraction of PCB from soll and
sediment in meeting EPA and state regulations. In
conjunction with Y-12 laboratory staff we cvaluated
the ORNL kinetic laser phosphorimeter and
demonstrated 50 part-per-triflion measurement
capability for uranium in well and surface weiers. We
placed in operation 8 fow cost X-ray fluorescence
quantitative analysis system, and have demoanstrated a
quantitative compound measurement capability for the
rutile-anatase TiO,; system using the new Scintag X-
ray diffractometer. The 1-meter scanning ICP
monochromator was used to measure goid,
lanthanum, yiterbium, uranivm, and yitrium in special
samples. The very high precision and accuracy
required for our support of the ORNL
superconductivity program  demanded  classical
chemical separations followed by gravimetry and
electrochemistry 10 permit compound metal-oxide
stoichiometry calculations in the copper-barium-
yitrium  oxide systems. The value of the
hexamethylenedisiloxane (HMDS) vapor transport of
fluoride was again demonstrated in the measurement
of 10 microgram levels of fluoride in very
concentrated LiNaK nitrate solutions. The HMDS
technique was also used to measure these levels of
fluoride in ceramic Al,O,.



We perticipated in educstional and training
programs by hosting advanced scieace studeats from
ORNL Family Day tovrs, and with a cooperative 3-
month working assignment of two IAEA students.
One student was from Venezuela snd ooe from Sri-
Lanka; both worked in the areas of X-ray
fluorescence and X-ray diffraction.

(D. J. Batiste, S. J. Bobrowski, P. V. Diavong C.
Feidman, . H Hackney, R L. Hobmes C. S.
MacDougall, N. E. Owen, B. Philpot, J. C. Price,
W. F. Rogers, 1. K Thompson, K I. Webb, K S.
Whaley)
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4. ORGANIC CHEMISTRY SECTION

M. R. Guerin

This section is responsible for a diversified program of research, methods development and
snalytical services for organic compounds. Risearch is directed toward spectrascopic and
separations techniques that can be used for identification and quantitation of trace organics in
natural media. Gas-phase ion molecule chemistry using Fourier transform mass spectrometry
and ion a3p mas spectrometry are two techniques being studied. New and improved
separaticns procedures bave been developed and a cooperative modeling effort to improve
fracticn collection cutpoints in HPLC scparations is under way. A large number of different
programs in fieid-portable nstrumentation and mixed wastes chacacterization.  Service
capabilities have been upgraded 30 as 1o provide better analytical services in complisnce with
regulatory requirements for characterization of soils, waters, and wastes. Deta quaiity and data
usability asscssments are now possible under these improved procedures. Determinations of
organic constituents in a great variety of sample matrices, including mixed wastes, have been

successfully compicted and reported using these upgraded methods and facilities.

ORGANIC SPECTROSCOPY

M. V. Buchanan

The focus of this group i the development of
spectroscopic  techniques for the  unambiguous
identification of trace organics. Progress has been
made in a number of areas this year, including 1) the
elucidation of wallcatalyzed oxidation reaction
mechanisms under negative ion conditions and
analytical  applications these reactions (0
differentiate parent and substituted polycyclic aromatic
hydrocarbons  using mass  spectrometry, 2)
differentiation of isomeric modified nucleotides and
nucleosides by laser desorption Fourier transform

of
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mass spectrometry (FTMS), 3) development of
FTMS-based techniques for the characterization of
environmental tobecco smoke  particulates, 4)
development of techniques for the rapid detection of
trace organics in air using thermal desorption
processes with an jon trap mass spectrometer (TTMS),
5) dewclopment of mass spectrometry-based
techniques for the rapid detection of volatile organics
in water and soil, and 6) development of a
multipiexed version of the multimode ionzation
chromatographic detector. The group also provides
specialized spectroscopic support, including GC/MS,
FTMS, FTIR, and FTNMR, to other programs in the
Organic Chemistry Section, as well as to other groups
within the Laboratory.



Negative lon Prooeases for Identification
of Polycyclic Aromatics

Work has continued on the investigation of
negative ion processes for the differentiation of
isomeric compounds by mass spectrometry. We have
established that, uncer negative ion chemical
jonization coaditions, ions are produced by three
different processes, including electron-molecule, ion-
moiecule, and wall-assisted reactions. Our .nitial work
in this area had shown that electron capture reactions
may be used to differentiate isomeric polycyclic
aromatic hydrocarbons (PAH) on the basis of relative
clectron affinity values. More receatly, it has been
determined that compounds undergo wall-
mtlalmdaidationmiominthemwmmﬂer
source to form species which readily capture electrons.
These reactions arc cnhanced by the addition of
oxygen and elevated source temperatures.

In a study of over thirty parent PAHs, it was found
that depending upon the parent PAH structure,
products such as ketones, quinones, and anhydrides
were formed by wallcatalyzed oxidation reactions.
These different oxidation products allow structural
somers such as naphthacene, benz(a)anthracene,
chrysenc, and triphenylene, all of which have a
molecular weight of 228 to be readily distinguished.
Methyl-substituted PAHs also undergo surface-
catalyzed reactions with oxygen to form aldehydes,
quinones, and anhydrides. Fortysix axthyl- and
dimethyl-substituted PAHs were siudied, and it was
found that information regarding the position of
methyl groups on the aromatic ring sysiem can be
determined using these reactions.

(M. V. Buchanan and E. A Siemmier®)

*Postdoctoral Research Associate

Examination of Modified Nudeic Acd
Constituents by Laser lonization
Fourier Transform Mass Spectrometry

The structural characterization of DNA adducts
(DNA which has been modified by the addition of an
alkyl group, for exampie) is vital for understanding the
nature of carcinogenesis. Modern biochemical
techniques can detect the presence of adducts and,
when standard DNA  adducts are  availabic,
chromatographic coelution can be used to identify
adducts in a biological mixture. By contrast, the
structural identification of unknown adducts is quite
difficult, since they are usually present in low
concentrations in a compiex biological matrix. The
sensitivity of mass spectrometry, coupled with the
potential of obtaining structural information at the
isomeric level, is well suited for the investigation of
these adducts. Using the 1064 nm fundamental line
from a Nd:YAG laser, we find that methyl-substituted
guanosines may be ionized to form anions
correspordling to (M-H) and to the free nucleic base
(climination of the sugar ring). We bave determined
that collisional discociations of these ions yield
sufficient information to differentiatc all six methyl-
substituted isomers, such as O°-methyl guancsine from
7-methyl guanosine. The fragmentation mechanisms
of these negative ions were investigated by accurate
mass and high resolution measurements of both the
perent ions and daughter ions, by sequential collisional
dissociation experiments (MS"), and by deuterium
labelling.  Methyl isomers of the other three
nucleosides, thymidine, adenosine, and cytidine, have
also been characterized. As part of a collaborative
project, rescarchers at the Proctor and Gambie
Company have provided standards of ethyl adducts of
thymidine and guanosine for study using laser
desorption FFTMS.



We find that mocified DNA oligomers may also
be characterized using taeer ionization FTMS. For
exampie, the identity and position of the methyl group
in the modified hexamer d(N‘mA-T-G-C-A-T) can be
sequence of the oligomer is difficult to obtain,
however, 3ue to fragmentation to the individual bases.
Laser ionzation has alsc been used 1o analyze
methyl guaposine isomerss directly off of thin layer
chromatographic plates. High performance siika gel
plates were used with & chioroform/methanol mobie
phase for the separation of the isomers. The
combination of scparation techniques with FTMS will
be very important for the analysis of trace DNA
adducts in compiex mixtures. Research in this area s
coatinuing.

FTMS has abio been used to study ultraviolet
photo-induced pyrimidine dimers in a coilaboration
with C.-h. Ho of the Seperations and Synthesis
Group.  Laser ionization yickis negative ions
corresponding to (M-H)', which can be used 10
dimociation of these ions provides several
fragmentation products which can be used (o
determine ring orientations aod structure of the

(R L. Hettich)

Development of FTMS-based Techniques
for the Analysis of Tobacco Smoke
Couastituents

The nonvolatile, high molecular weight components
of tobacco smoke have been studied by laser
ionization FTMS. The goal of this work was to
deveiop 8 method 10 characterize these high
molecular weight compounds and compere the
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compositions of environmental tobacco smoke (ETS),
mainstream smoke, and sidestream smoke.  The tar
sampies were collected by J. H. Moncyhun (Special
Projects Group) on aluminum disks using either a
cascadie impactor Of an electrostatic precipitator. The
latter metnod was found t0 coat the disk more
uniformly, which is more desirable for laser ionization
studies.

Laser ionization of the tobacco smoke tar
generates an abundance of positive and negative ions
2t virtually every mass in the 100 10 600 dahon range.
and sidestream tobacco tar appear to be quite similar,
although the sidesiream smoke does appear 10 have
a higher concentration of the volatile components.
Intense ions for nicotine and alpha-tocopherol are
cspecially promipent ‘0 the positive jon spectra. The
ETS sampies collected so far have been too dilute to

I has beep suggesicd hat solancsol i an
important component of ETS. Laser desorption of a
solanesol standard yielded an jon at mfz 630
corresponding 10 (M-HY, as well a3 fragment ions.
Work is in progress to determine the detection limits
for this compound. Future work will also focus the
characierization and quantitative determination of high
mass compounds in ETS particulate matter.

As part of our efforts to increase the analytical
utility of FTMS, software was written to perform
neutral loss scans. This software enabies real-time
display of five ncutral losses and five constant losses,
with disk storage of the compiete daughter spectrum
if desired. This software was tested with a home
heating oil, which was applied to the tip of the direct
sample probe. Alkyl-substituted aromatic compounds
were easily identified without
separation.

chromatographic

(R L. Hettich, M. B. Wise, and M. R. Guerin)



Thermal Desorption MS/MS of Military
Chemical Agents

The development of an instrument for the positive
identification and quantitation of tracc levels of
chemical agents in air surrounding demilitarization
facilities & nearing compietion. This instrument
consists of a direct thermal desorption unit which has
been designed and built in-house and interfaced to a
tandem mass spectrometer (MS/MS). For this
project, a Finnigan ion trap mass spectrometer
(TTMS) was purchased; a decision based on its
superior detection limits owver conventional triple
quadrupole tandem mass spectrometiers. The ITMS
was installed during April 1988. Initial tests were
performed by interfacing a single thermal desorber
(designed at ORNL) to the ITMS via the open split
transfer line normally used for GC/MS. The two
main requirements of this project, detection linit of
100 picograms of agent simulant and two-minute
sampie turmaround time, were easily met with this
arrangement. Compound identification is based on
the ions present in full scan daughter ion MS/MS
spectra. Quantitation i performed by integrating the
desorption profile using one or more characteristic
daughter ion masses.

The final version of the thermal desorption MS/MS
incorporaics an automated thermal desorber unit with
a 16-port autosampier, which car be removed from
the unit and reloaded while a second batch of sixicen
sampies 8 being run. The automated thermal
desorption unit employs an clectroaically multipiexed
design to minimize the number of moving parts and
improve reliability. This unit can be operated either
from thc computer that controls the [TMS or as a
stand aione unit which might be used with a gas
chromatograph.

The desorption ITMS is currently

undergoing final testing with age. t simulants. It will

thermal
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be shipped to an Army facility located in Utah early
in 1989 where it will be used on a routine basis.

(M. B. Wise, R H. Iigner, and M. V. Buchanan)

New Mass Spectrometric Techniques
for the Rapid Determination of Goganic
Compounds in Water and Soils

The development of a rapid method for the disect
determination of trace organics in water and soil has
coatinned. The Fimnigan 3200 quadrupoic mass
spectrometer fitted with a concentric cytindrical giow
discharge ionization sou;ce wai interfaced with an
IBM AT computer, and compicte software was
written for data acquisition, storage, display, and
quantitation. Earlier work with trace *~vels of volatile
organics, including benzene and trichloroethylene, in
were examined, including perchlorocthylene. Some
semivolatile compounds, such as phenol and
nitrobenzene, were abio tested.  Detection fimits for
volatiles in water were found fo be between 1 and 10
ppb, while the semivolatiles were substantially higher.
In addition to excellent detection timits, this method
has the advantage of rapid sampie analysis (2 minutes
per sampie) and good reproducibility (+ 10%). A
new mass spectrometer system is being purchased to
upgrade the present instrument and improve its
reliability. In addition, this instrument will employ an
off-axis multiplier (which should reduce present noise
levels) and will be able to detect both positive and
negative ions.

Some scoping experiments were also performed
using an icn trap mass spectrometer (ITMS). Volatile
organics in water were purged directly into the open-
split interface of the ITMS using helium at a flow

rate of 100 ml/min. Using this approach, dctection



limits for benzene, toluene, trichiorocthylene, and
perchioroethyiene were in the range of jess than 1
ppb to 10 ppb. Calibration curves were linear from
ooe 1o 100 ppb, with correlation coefficients of 0.98
or beiter. The reproducibility of the measurements
was determined to be typically + 10% (a¢ 100 ppb)
10 20% (st 1 ppb) at the 95% confidence intesval. In
addition to having detection Emits for volstiles in
water similar to that of the giow discharge mass
spectrometer, the ITMS has added capabilities of
time. Sample turmaround lime was typically 2
minules,

(M. B. Wise, M. V. Buchanan, R H. ligner, and
M. R Guerin)

New multiplexing electronics for the multimode
jonization detector (MMID) were designed and buiit;
these allow chromatograms from all three detection
modes t0 be obtained in one chromatographic run.
The MMID is operated at a reduced pressure, and
the three different modes (electron capture, argon
jonization, and .elective) are determined by the
intervals  between  detection  pulses.  Three
clectrometers, one for each detection mode, are
sampled for a specified interval (for exampie, 0.3
seconds), and a sampling trigger generated by the
multipiexer flags the computer interface to collect a
sampie.

Menu-driven software has been written for the
acquisition of data from the MMID. The capabilities
of this software include real-time color dispiay of all
three detector responses (updated every five seconds),
individual gain and range controls for all channels,

Wy
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color bard copies, storage of data files and
foreground/background data aquisition and
manipulation. Al present, the computer does not
control the instrument itself. Work is under way o
allow computer control.

(C. C. Grimn,® M. B. Wise, and M. V. Buchanan)

*Postdoctoral Research Associate

Special Spectroscopic Studics

This year, a wide variety of speciaiized studies
were performed for projects within the  Organic
Chemistry Section and for rescarchers in other
divisions. The majority of these studies employed
GC/MS, although an increasing number used FTMS,
a8 well 38 NMR and GC/FTIR.

A project for the Department of Defense
involving the characterization of combustion products
from colored smoke grenades was compicied. An
additional red grenade, composed primarily of o
methoxy-az0-s-naphthol (MBN) and 1,4-diamino-2-
methoxyanthraquinone (DMA), was combusted
because prior lots of red grenades did not produce
typical bright red smokes. Combined GC/MS was
used 10 characterize both the particulate matter and
volatile organics from ihe combusted red grenade
smoke. In some cases, additional confirmation of
compound identity was obtaineG using GC/FTIR, 1*C
NMR, and FTMS. The major combustion products
identified included 2-methoxyaniline, 2-naphthol,
naphtho(1,2-d)-oxazole and methoxyphenyinaphthol,
alt of which presumably arise from the decompdsition
of DMA.

Thermal desorption GC/MS was used to identify
volatile organics in air sampies in support of several
acrosol generation studies being conducted n this



section, including the combustion of red phosphorus
rubber mixtures an! emissions from rocket mOtors.
In addition, conventional eiectron impact and negative
oo chemical jonization was used with GC/MS to

researchers in Health and Safety Research, Chemistry,
Chemical Technology, Environmental Sciences, and
Biology Divisions. In addition, the abiity of FTMS 10
aalyze high mass and nonvoiatile materials and to
establish exact eiemental composition has been utilized
frequently this year by researchers in other divisions.

(C. Y. Ma, R L Hewich, R H. Iigner, and M. V.
Buchanan)

SEPARATIONS AND SYNTHESIS

W. H. Griest

The focus of this group is the development and
application of organic chemical scperations and
synthesis methods to environmental and health issucs.
Programmatic support is provided by the U. S.
Departrnent of Encrgy Office of Health and
Environmental Research; additional support comes
from services o other ORNL programs and
investigators.  Facility management also has been a
part of the group's activities.

Programmatic Methods Development

A major part of the group’s work in the past year
involved the separation and determination of modified

nucleic acid  constituents, particularly DNA

pbotoproducts. Purine dirners are formed as a resuk
of the action of UV irradiation upon skin DNA, and
some of these photoproducts are thought to be
invoived in the development of skin cancer. We are
developing  seasitive  procedures for  quantitating
pbotoproducts at physiclogically significast UV
exposure levels.  Cyciobutane dimers of thymine,
uracl, and a mixed uracil-thymine dimer have been
for hydrolytic kberation of the dimers from DNA have
been adopted. In the deveiopment of 2
multidimensional chromatographic method for
determiniag these compounds as ther hydrolyzed
nucieic bases, an off-ine HPLC-GC/ECD method has
been devised. Reverse phase HPLC has been used to
separale the dimers from their monomers in DNA
hydrolyzates for collection and electrophore labeling.
GC/ECD of the pentafiuorobenzyl derivatives allows
detection limits in the | to 5 ppb range (1 to 5 fmol
injected), which is almost two orders of magnitude
better than that considered necessary for study of
physiologically significant UV exposures. The HPLC
separation of the photoproduct dimers from the
monomers i being modeied in a collaborative study
with George Guiochon's group. From a practical
standpoint, the model will allow the prediction of the
optimum dimer fraction coliection cutpoints under
severely overioaded monomer concentrations.  Work
on the development of online HPLCMS detection
with the Analytical Spectroscopy Section and the
structural identification of modified nucleic acid
componenis has been completed. An atmospheric
sampling glow discharge ionization source was
dJdesigned and evaluated using nucicosides and nucieic
bases. MS/MS spectira were demonstrated. Flow
rates up to 0.3 mi/min can be accommodated, which
is well within the range of microbore LC.

The separation and detection of high explosives
compounds by packed column supercritical fluid



chromatograplyy has been investigated for the first
time. Sewen high cxplosives or manufacturing
byproducts have been efficiently separated in 20 min
using carbon dioxide and 2 bonded cyano phase
pecked column. Determinations have been made at
ca. 02 ppm with UV absorbence detection. Becanse
the surface activity of the siica particies appacently
kmits the application of packed column SFC, capillary
scparations are being investigated to excend the
eartion range.

(R S Ramsey C-h Ho, K H Row*®
Dittmar,** C. Guonan,**® and W. H. Griest)

B M

*Postdoctoral Research Associate

**ORAU student rescarch participant, Duke
University .

***HBCU student rescarch participant, Catholic
University of Puerto Rico

Methods Development and Application
for Organic Anslytical Services

A large part of this group was invoived in methods
development and applications in support of other
ORNL investigators and programs. Methods for the
determination of high expiosives, petroleum
hydrocarbons, and soil gases were improved and
adapied 1o conform to EPA Cootrect Laboratory
Program (CLP) requirements for the DOE
Environmental Survey program. A penticularly
important part of this adaptation was the inclusion of
rigorous QC measures such as careful documentation
and extensive reporting in the EPA CLP format and
the incorporation of spikes, blanks, replicates, and
control tamples in the protocols.  Eight high
explosives are determined in water to ca. 0.2 ppm and
in 30il 10 ¢a. 1 ppm with generally very good spike
recoveries (> 80%) using reverse phase HPLC with
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UV detection.  Several hundred samples were
analyzed for both ORNL and other DOE laboratorics
participating in the program. Fuel contamination of
water and soil are determined with bmiis of
detection of 10 ppm and 100 ppm, respectively, by
solvent extraction and capillary GC with flame
generally > 90%. The procedure also identifies the
type of fuel (c.g., gasoline, jet, or dicsel fucl), a
capability not offered by the EPA infrared analytical
method. Soi gases collected in solid sorbent tubes
are tentatively identifiecd and measured by thermal-
detection. The limit of detection is 7 t0 58 ng of
compound per trap. Considerable difficulties were
overcome i achieving retention time and peak area
reproducibilitics of 0.2-0.8% RSD and 12-37% RsSD,
respectively.

ification of EPA SW-846 methodology was
made to allow the determination of regulated organic
compounds in mixcd wasic samples from nuclear
storage tanks. Procedures for purging volatiles from
waste liquids and extracting semivolatiles from liquids
and siudges in a hot cell, glove box, or contamination
zonc hood, and for direct aqueous injection GC
analysis of common solvents in radioactive liquids,
have been adapted from SW-846 and applied to
nuclear waste tank programs. The extracts from
highly radioactive siudges and liquids can be analyzed
by EPA methods in conventional chemical laboratories
with a minimum of precautions. Surrogate and matrix
spike recoveries generally have been good.

A method for the determination of formaldehyde
in water at ppb levels has been developed, evaluated
and applied 1o numerous sampies in response to a
US. Nawy program’s needs to determinc water
contamination resulting from polyacetal plumbing
fitings. A method was developed for collecting and
preserving formaidehyde as the dinitrophenylhydrazone
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derivative ard for solvemt extracting i for
measurement by HPLC. The sensitivity s ca. 3 ppb
and is limited mainly by the blank level in reagent
water. Matrix spike recoveries over the range of 60
1o 180 ppb are > 90%, and the stability of spiked
sampics is very good. More recent work suggests that
a solid sorbent resin may be abie to replace the much
method.

The leaching of uranium from Y-12 waste streams
was studied to provide an input for the environmental
impact statement for the low-evel waste disposal
program. We subjected four batches each of four Y-
12 wastes to the EPA Toxicity Characteristic Leaching
Procedure and the concentrations of uranium and
several RCRA metals mn the leachates were
determined by the Inorganic Chemistry Section.
Differences in the leaching behavior of uranium
among the wastet were observed, although
inhomogeniety in the waste compasition (even for a
given waste stream) complicated the interpretations.

(B. A. Tomkins, 1. wemiweather, J. M. McMahon,
W. M. Caldwell, V. S. Ong* M. E. Garcia,** and
W. H. Griesi)

*GLCA/ACM student, Coe College
**Environmental Safety and Health Protection
Division.

Facility Management

The Synthetic Fuels Repository is being
decommissioned upon instructions from DOE because
of concerns that aging of the fuels will render rem
nonrepresentative of their production processes and
because of the current lack of interest in synthetic
fuels. In the past year, the sampic handling
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laboratory was decommissioned, and a study of
disposal options for the synfuels collection was
initiated. The capabilitics of the Hazardous Materials
Anajytical Laboratory at Building 2026B wcre
improved by additional staff and instrumcntation.
One laboratory room was contamination-zoned, and
two GCs were installed for mixed waste analyses.
The sir conditioning system to the large instrument
iab was suppiemented with an auxiliary cooling unit,
and the compressed gas tank farm was Enproved by
the coastruction of an empty tank rack and concrese
pad.

(W. H. Griest and B. A Tomkins)

SPECIAL PROJECTS

R. A. Jenkins

The generation, sampling, :nstrumental monitoring,
and chemical characterization of controlled and/or
£pecialty atmospheres continues 1o be a major focus
of this group. There is also a field environmental
analytical component of its efforts. In general,
funding for the group continues to be ssuc-oriented,
originating predominantly with the Depariment of
Defense and the National Institutes of Health.

TFobacco Smoke Studics

The characterization of environmental tobacco
smoke (ETS) has continued as a major activity this
year. A small interior office, with modificd ventilation
10 simulate that achieved in more conventional office
space, i8 being used t0 contain test atmospheres of
ETS. Simulated ETS is generated through 1he use of

one or more smoking machines, puffing at controficd



raies. The room can be monstored with several real-
tme oz near real-lknc instruments, m order (o
document the composition of the atmosphere being
tested. The focus of much of the experimental work
being conducted in this test room has been to
determine the organic vapor phase composition of
ETS under conditions where no other combustion of
poocombustion sources can confound interpeetation of
the results. The resuits can then be compared with
indoOr air compositions eacounteres in Mot natural
covirooments. In this way the contribution which
ETS makes to indoor air pollution can be more
accurately estimated. For example, during the pest
year, the concentrations of a number of volatie
soprene, butyrouitrile, pryrrole, propicnitrile, and vinyl
prridine were measured in  test  atmospheres
contaminated only with the tobacco smoke. Typically,
the concentrations ranged from 1 to 10’s of ig/m’ for
relative ratios of selected marker compouns to other
organic volatiles in the iest environments were
calkculated. The ratios obtained in test atmospheres
were compared with those obtained in  real
environments, which had been contaminated with E1S
and other indoor air pollutants. For compounds
combustion, the ratios oblained in real indoor air
samples were similar 10 those obtained in test
envizonments. In contrast, for chose constituents of
indoor air likely (0 have multiple sources (such as
benzene, styrene, and toluene), the ratios determined
in real environments were considerably different from
those abtained in test environments contaminated only
with ETS. Determination of such ratios can act !0
establish the relative contribution of ETS to indoor
air pollution. The effects of ETS aging and
concentration on the marker/constituent ratios are
now being examined.
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The physical characteristics of ETS are also being
cxamined. The size distribution of the ETS
particulaies ¥ an important characteristic, since it
ultimately determines the site in the lung where the
material will be deposited and the fraction of the
inhaied perticies which is likely t0 be retained. In
order 10 determine the size distribution of such
perticies, we have been re-ecxamining the use of
studics in our [zboratory showed thst methyl
cysnoscrylate (MCA) vapor fuation of mainstresm
cigarette smoke dropizts was required o prevent
volatiization of the collected material during EM
processing and vicwing procedures.  However, ETS
dropicts, given their long residence time in the air,
would be expected to have most of the volatic
material already evaporated out of the droplets,
making the remaining droplets much less susceptible
to further evaporstion during EM procedures.
Indeed, experiments pesformed with a dotriascontane
acrosol (thought to mimic the “waxy” ETS droplets)
demonstrated that small particies could be observed
following EM processing without prior MCA foxation.
Therefore, we have been examining the use of
filtration and clectrostatic precipitation as 8 means of
concentrating ETS particies within a viewable field.
Resuits to date have been mixed. A few particies
much smalier than 0.1 .m have been observed.
However, we are unabie (0 prove that these are in
fact ETS dropiets. The fabrication of a continuous
concentrator to acquire much larger samples is now
being considered, because the relative fraction of
viewabie surface arca that a2 small ETS perticic would
cover is exceedingly small.

Our initial development and validation of a
personal sampler for ETS related nicotine was
compicted early in the year. The monitor consists of
a small personal sampling pump drawing amient air
through a Tenax cariridge. The cartndge is subjected



to tricthylamine-assisted thermal desorption, followed
by gas chromatographic analysis. The system, which
bas a detection lmit in s current sampling
configuratioc of 0.07 ug/m®, was used to determine
ambicnt nicotine levels in selected area restaurants, as
described in last year's Annual Report (ORNL-6474).
Discussions are under way with project sponsors o
consider investigating the extension of this personal
mounitor 16 important indoOr air Vapor Conlaminanis
other than nicotine.

(C. E Higgns, J. H Moneyhun, C. V. Thompson,
M. R Guerin, and R. A Jenkins)

Military Atmosphere Studics

Our acrosol technology program has also inciuded
projects retated (o the generation and characterization
of test atmospheres with military purposes. During
the past year, our work has had both an experimental
and technology assessment component. We have
compicted develupment and characterization of a
laboratory scale  generator for a military
biphasic obscurant acrosol. One phase is generated
from a petroleum-based fiquid (PBL) using
evaporation/condensation  technology  previously
developed in our laboratory. The other phase is
generated from finely divided solid material, which is
deaggiomerated and dispersed using a small jet mill.
The two aerosol clouds are mixed at ambient
temperarure and delivered (0 a chamber for
characterization or inhalation exposure. Experiments
indicated that the system can deliver the PBL with
about 90% cfficiency and the solids with about 50%
efficiency over a range of 0.1 to 10 gm’. UV
spectrophotometry of the PBL indicated an increase
in absorption near 255 nm with aerosolization, but
detailed chromatographic characterization suggested
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little change in the refative composition of the major
fractions of the tiquid acrosol. This suggests that any
chemical transformation occurring as a result of
aerosolization probably occurs in those components
that are not ciwomatographabie. We have
constructed five acrosol generation systems and are
preparing to install them in a bioassay laboratory off-
site.
Characterization of exhaust from test scale rocket
motors from hand-heid anti-tank weapoas systems has
been proceeding.  The purpose of the effort is both
to provide a data base for health risk asscssment and
to input into improved computer mode) projections of
cxhaust products. For this study, the concentrations
of both major and minor vapor and particie phase
constituents are being determined. Because many of
the poteatial species are reactive, real-time monitoring
systems 10 determine levels of particulates, ammonia,
addes of mnitrogen, bydrogen cyanide, carbon
are used. Analytical methods validation experiments
are being performed using free bumns of small
quantities of the candidate propellants in a small
chamber at Building £507. Samples for the actual
characterization studics are collected from firings of
scaled down test motors in 8 19.6 m® chamber at the
Army’s Signature Characterization Facility (ASCF) at
Redstone Arsenal in Huntsville, Alabama. One
sampling trip was made to the ASCF in late June.
Two propellant systems were fired and subsequently
sampied. A new double-stage filtering sysiem was
fabricated at ORNL and empioyed successfully to
collect a much larger fraction of the particulates
generated from the firings. These concentrations
ranged up to 175 mg/m’. A perchiorate-based
propellant produced exhaust which, when diluted with
clean air in the chamber, was less than 1 ppm HCl
and about 300 ppm CO. A nitroglycerine/itro-
cellulose propellant produced comparable quantities of



CO, but five times as much CO, We arc moving
into 2 new phase of the oroject, in wiich we will be
interacting with staff from the Computing and
Telecommunications Division. Data genersied from
experimentsl studics will be used to refine existing
predictive models, 30 that more accurate estimates of
the concentrations of hazardous substances in the
cxhausts can be made.

A major technology asessment and sirategy
development effort was recently compieted for the
Amy’s Biomedical R&D Laboratory, in which the
criteria for a facility (0 generate, characterize, and
expase animals W the exhaust products of large guns
and rifics were defined. A number of approaches to
the controlied generation of gun exhsust stmospheres
bombs, and mixtures of toxictonstituents. The most
practical spproach and the onc that will likely
generste the most relevant stmosphere  was
determi>d (o be the use of real guns firing actual or
scalcd-down ammunition. The exhaust, breech- or
muzzie-only, Or a combination of the two, would be
handied by a coliection/distribution system (CDS).
The CDS s designed 1o provide for a continuous
concentration atmosphere for inhalation exposure and
the gun firing s an inherently intermittent
phenomenon. It would accomplish this by using a
continuously variabie, programmabie gas proportioning
system. Important aspects of the facility were also
addressed, including the limiting toxic constituents,
noise, spent projectile  handling, safeguards and
security, and staff requirements. Recommendations
have been made to the Army in the form of a draft
final report.

Sampling and analysis methodology for the
determination of chemical warfare agents
incincration  stacks, workplace and ambient
atmaospheres has been reviewed and asscssed for the
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Office of the Program Manager for Chemical
Demilitarization. Such an assessment has wide
ranging implications for the determination of many
airborne semivolatile organic specics, since many of
geoeric 10 other organic substances. The assessment
indicated that the agents, in the case of mncineration
failure, would be present in the stack dissolved in a
light acrosol of phosphoric acid The current
sampling systems (coarse filters followed by resin filled
vapor adsorption traps) would thus be chalienged by
small droplets, which they were never designed to
collect. This situation could result in a substantial
underestimation of the amount of the chemical agent
relcased into the caviroament. A relatively
straightforward solution to this problem has been
propased to the Army: installing a filter which has a
high collection efficiency for submicron droplets
upsiream of the existing sampling train. A scrics of
validation cxperiments designed to determine the
efficacy of the approach has also been proposed.

(R A Jenkins, J. H. Moneyhun, M. P. Maskarinec,
C. V. Thompson, and T. M. Gayle®)

*Instrumentation and Controls Division

Fovironmental Studics

The other major component of the group's
activities is directed toward ficid analysis, the goal
being to reduce reliance on (or replacing) laboratory
analyses of environmental sampies. We have moved
into the experimental phase of a project in support of
the environmental resioration of the Army’'s Rocky
Mountain Arsenal (RMA). Esscntially, the mission is
to cvaluate the ulility of selected commercially
available analytical instrumentation for use under



actual field conditions. A dets.ded experimental plan
was devcioped o ecvaluate a portable gas
chromatograph (GC) for the determination of volatile
organics in soil and water, and a portable X-ray
fluorescence (XRF) unit for the determination of
selected taxic metals. The portable GC selected has
a built-in air sampling pump and resin cartridge, 50 i
was relatively simple to modify the system for purge
and trap analysis of soil and water. Unfortunately,
although a2 number of evalustion studics have
indicated that the constituents of interest could be
a photoicnization detector, the instrument sppears to
be insufficiently reliable from a mechanical or
clectronic standpoint to be of utility in this particular
been performed jointly with the Radioactive Materials
Analysis Section. The goal has been to determine if
the system can be used effectively on the wide variety
of sampie matrices likely to be encountered at RMA.
Early results from our laboratory studies appear
promising. Limits of detection for copper, arsenic,
lead, and mercury have been determined to be 25, 12,
60, and 29 ppm, respectively, in wet RMA soil. We
expect (o test the performance of the system under
actual field conditions at RMA carly in 1969.

This work for the Armyy has led 1o the initiation of
a small project for DOE. The purpose of the work
is to develop rapid sampie processing techniques,
which can be utilized in the ficld for the more timely
determination of semivolatile organics in soil and
water, and the use of colorimetric indicator ubes for
the semiquantitative screening of volatile Organics in
environmental sampies. The experimental phase is
scheduled for the beginning of 1989.

Another small project iavolving acrosol technology
and analysis

environmental consists of the
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development cf an acrosol concentration inlet for an
spectrometer.  This woukl be used for the
determination of semivolatile Organics in water
samples. The device functions by directing an
scrosolized stream of the sample against a
countercurrent air stream. The water has 2 higher
the droplets tend to become enriched in the organic
species. At the maximum enrichment point, the
droplets can be skimmed into the ionization source.
Early evaluation experiments using the device appear
-

(R A Jenkins, F. F. Dyer, R L. Moody, C. V.
Thompson, and J. H. Moneyhun)

Laboratory Upgrading

We have successfully relocated our rocket exhaust

characterization chamber and associated
mstrumentation to Building 5507. Our ultimate goal
# to have the laboratory functioning as an aerosol
icchnology facility. We have acquired a new, near-
real-time particie mass concentration monitoring
system, a Tapered Element Oscillating Microbalance
(TEOM), and have integrated it into our rocket
exhaust characterization studies. One of the prime
advantages of the TEOM is that it can be directly
mass calibrated with the material of interest, and a
sample of the ambient particulates measured can be
collected on a filter and subjected to chemical
analysis. We have also acquired a new portable GC
with photoionization and clectron capture detectors.
We have added an clectrochemical HCl monitor and

a nondispersive infrared CO, analyzer to our suite of



real-time moniioring instrumentation. Also, we have
upgraded our data handling capabilitics through the
recent acquisition of s multichannel data logging
software package.

(R A Jenkins, C. V. Thompson, and J. H. Moneyhun)

ORGANIC ANALYSIS

J. E. Caton
M. P. Maskarinec

The Organic Analyss Group works on the
compouns in a wide variety of sample matrices. The
great majority of the sampics are cither cavironmental
in nasture or arc amsociated with wasie disposal
Multipie compounds are usually determined st trace
levels, (parts-per-million 10 parts-per-billion and even
lower for pesticides and polychiorinated biphenyls), in
any given sampic. This effort supports Laboratory
programs and work-for-others programs as well 2
Studies and surveys being carried out on a national
scale by the Department of Energy and the
Depurtment of Defense. Funding is derived almost
entirely from the services provided.

The primary organic analysis effort can be
characterized as consisting of four subefforts: (1)
receiving, logging, and distributing samples; quality
controlling and reporting results; and administration;
(2) prepering samples for analysis; (3) analysis utilizing
gas chromatography/mam spectrometry; and (4)
analysis by gas chromatography. In all these areas,
personnel and/or equipment capabilities have been
expanded significantly during the past year. We have
established the capability to determine herbicides in
environmental samples. In addition, we are in the
process of establishing Appendix IX methodology (as

required by 40CFR part 264, July 1966) for volatile
and scmivolatile organic compounds. Much effort has
gooe o data quality reviews and data reporting in
support of earlier work 10 assist in prepecing major
and efficiency now available will be demonstrated as
personnel compiete their assignments to data review

Progress in Receiving, Reporting, and Quality Control

The organic analysis effort i highly dependent on
This activity has been expended and personnel have
been commitied to the effort on a full-time basis. In
addition 10 increasing the person-power in this area,
both spece and equipment bave also been increased.
Formal procedures for tracking samples have been
upgraded 30 that 8 peper track is now updated on a
daily besis to indicate the exact sampic status.
Ulimately our goal is to have the current status of
each sampie immediately availabie on the division data
management system.  However, such a tracking
of all segments of the Organic Analysis Croup
because a singic samplc may invoive the
determination of more than 100 specific components
with all the subefforts in the Organic Analysis Group
participating. With the increased commitment of
personnel such a compiete tracking system for organic
sampie status should be established in 1989.

During the past year specific office space and a
full time staff member has been committed to this
function. It is anticipated that a second staff member
will be added as an assistant. With this expanded
saff increased emphasis will be placed on quality
conirol and enhanced customer interactions,
addition to these

In
increased staff capabilitics,



improvemenis in sample distribution have been
instituted. All samples are now formally grouped so
that they can readily be associated with the proper
quality control sampies. The sampics in these groups
along with the coatrols, (blanks, spik=s, eic.) are
prepared and analyzed at the same time thereby
facilitating assessment of data quality. Reporting
croabilitics have also been enhanced by having onc or
more personal computers available for each of the
scparate laboratory cfforts,  (preparation,  gas
chromatography, and gas chromatography/mass
spectrometry) to communicate directly with the
division’s data management system. Thus, personnel
in each of these laboratorics can directly acquire
sampie information and add results as they are
generated.

Much extra cffort was devoted to reporting results
during this year because of the extensive reporting
requirements for the large consighment of sampics
asmsociated with the Department of Energy
Environmental Survey. The reporting activity required
more person-hours of effort than did the analyses!
Not only were compiete data packages, as spcified by
the Environmental Protection Agency Contract
Laboratory Program, assembied for nearly 1500
sampies, but the same data were also prepared in
corrected ASCII files for use in report preparation.
After these reports were prepared, both data quality
assessments and data usability evaluations were made
on ali results. Although this reporting task required
approximately six person-years effort, the Organic
Analysis Group derived noteworthy benefits which
should enhance future efforts. The capability of
assembling data packages, assessing data quality and
usability, writing narratives concerning analytical
problems and quality control for a given set of
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sampies, and proofing results critically 8 now quite
widespread within this group.

(/. E. Caton, L. J. Wachier, M. P. Maskarinec, S. F.
Glover, S. H. Harmon, and L. H. Johnsom)

Developments in Sampic Prepsration

The sampie preperation cffort is currently staffed
by three technicians who are continually improving
their skills. Hardware additions 10 this function have
been minimal during this year;, however, several
significant improvements have been instituted. One
small but very important improvement has been to
move the final cican-up and concentration of pesticide
samples 1o a separate ("ciean®) laboratory. This step
has aided greatly in reducing interferences olen
encountered by the high sensitivity eiectron capture
detectors empioyed in the analysis of pesticides and
polychlorinated biphenyls. Another stcp that has
improved the preparation of pesticide samples is the
addition of mercury to prepared pesticide samples
before analysis to remove any elemental sulfur present
in the prepared extract. Electron capture detectors
are quite sensitive to sulfur and many environmental
iamples contain clemental sulfur, which tends to
follow the pesticides and polychiorinated biphenyls
through the preparation process.

The preparation of herbicide extracts from either
aqueous or solid sampies, (soil, sludge, etc.) has been
added to our preparation capabilities. Although the
extraction of herbicides is not very different from the
procedures empioyed for semivolatiles or for pesticides
and polychlorinated biphenyls, the final preparation is
much more complicated and represents a substantial



increase in our routine capabilitics. Because many of
acids they must be derivatized before analysis by gas
chromatography.  Following coocentration of the
mitial acid extract thic process consists of a chemical
reaction to prepare the derivative, extractive cieanup,
drying, and concentration to a final known volume.
With the help of the data management system
coordinator, the capability now cxists on the division
data management system (0 directly record all
preparation data a8 it is generated i the iaboratory.
Although a written record of the preparation must
still be maintained, this capability negates the necessity
of pessing mubltiple copies of such records to the
laboratorics where the preparation information is
incorporated into final analytical caiculations. As a
consequence such records are not misplaced and
The preparation effort is located in 4500S where
extraction, separatory funnel liquid-liquid extraction,
uvitrasonic extraction, preparative chromatography,
tissue extraction, saxhiet extraction and vasious
methods for solvent removal, extract drying, and
concentration are available. We cou now process in
cxcess of 50 samples per week for short periods with
the capability being approximately 30 sampks per
week on a continuing besis.

(J. E Caton, G. M. Henderson, D. D. Pair, and
C. D. Varnadore)

Developments in Gas Chromatography/Mass
Spectrometry

‘The routine gas chromatography/mass spectrometry
effort is presently staffed by three persons. Four
instruments, which are maintained on vendor service
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contracts, arc availabie. The vendor services these
and are devoted 10 volatiles analysis; the remaining
and are used for the determination of semivolatile
organic compounds. Peak capacity for this laboratory
approaches 50 samples per week for semivolatiles and
70 per week for volatiles; the continuing capacity is 30
sampies for the analyss of semivolatile compounds
and 45 samples for the analysis of volatile compounds.

Hardware improvements in gas
chromatography/mass spectrometry have  been
significant during this year. A ceniral computer that
can receive files from all instruments is now
functioning. This greatly facilitiates the processing of
daia and the formatting of results. In addition,
devoted to semivolatiles with this new computer has
been installed. This hardware allows a sequence of
sampies 10 be analyzed without operator intervention
with the data being directly reported to the central
compuler as it is generated. As a result, initial data
manipulation and calculations can be completed in the
operator’s absence. The full capabilities of this system
have not yet been tested, but it should contribute
significantly to an increase in cfficiency.

During this year there were significant personnel
changes in the gas chromatograply/mass spectrometry
effort. Our most experienced operator accepted
employment clsewhere leaving the present staff with
only one individual with more than two years
experience. Thus, training has become very
important. Accordingly, two staff members attended
different training scssions offered by the instrument
vendor. Two other staff members attended mass
spectral interpretation classes. Although such training
will continue as it becomes conveniently available, staff
incxperience has been a minor problem because there



s a wealth of expertise in other groups within the
Organic Chemistry Section upon which the organic
apalysis staff may call

In addition to the somewhat routine analysis for
chromatography/mass spectrometry staff also carries
out some more specialized analyses, especially for
volatiie compounds. The special nature of these
procedures generally evolves from the method of
sampic introduction. The staff is quite proficient at
the determination of volatiles in a sample collected
clsewhere on a sorbent trap by a third perty. Gas
sampies collecied in valved-traps have also been
analyzed.

(G. S. Fleming S. H Harmon, and M. D. Edwards)

Improvements in Gas Chromatography

The gas chromatography effort presently has a staff
of two. Seven instruments are available with four of

these instruments equipped with autosampiers. The
laboratory also has a Neison Chromatography System
and adequate personal computing equipment to
support it. Although the amount of equipment in this
laboratory is certainly adequate, the reliability of at
ast two of the more critical instruments (with
autosampiers) has caused problems. At present the
peak capacity of this laboratory is 70 pesticide sampics
per week with the ongoing capacity being 35 to 40
samples per week.  Although the majority of routine
samples  processed pesticides  and/or
polychlorinated biphenyls, thers are many other
miscellaneous or specialty sampies.  Among these are
aqucous samples for total chromatographabie organic
content, aqueous sampies for petroleurn hydrocarbons,
aqueous samples for solvents, wasie oils for solvent
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content, and waste oils for polychiorinated biphenyl
content.

Tt laboratory has had several hardware
improvements during the past year. A fully equipped
in view of the fact that oaly one of the other
instruments is less than ten years okl  Abo, a very
fast personal computer has been associated with the
Neison Chromatography System resulting in much
faster chromatographic data processing. Software
improvements have also been instituted. LOTUS
programs have been developed to process results from
the chromatograpliy system and incorporate thems into
report forms.

The staff of the gas chromatography laboratory is
relatively imexperienced. Therefore, there is, and will
continue to be, an emphasis on training. During this
year onc staffil member attended ap ACS gas
chromatography training course and three staff
members attended a  vendor-sponsored  seminar.
While the cfficiency and capabilities of the gas
chromatography function will increase as the staff
gains  experience, significant expertisc in  gas
chromatography is available within the Organic
Analysis Group and within the Organic Chemistry
Section. Thus, consultation is immediately available
and training should be expedited.

(M. P. Maskarinec, R M. Edwards, and L. H.
Johnson)

ORNLWUTK DISTINGUISHED SCIENTIST

PROGRAM

G. A Guiochon

The rescarch work conducted by the group at
ORNL deals with two main topics, both related to



noalinear chromatography: the behavior of large
concentration bands in chromatographic columns and
the surface enurgy distribution of ceramic powders.

Nonlinear Chromatography

The main thrust of this program i the theocry and
applications of preparative high performance liquid
simulation of the migration of large concentration
bands through chromatographic columns, using a
general mode! based on basic principles of physical
chemictry. The model is a set of partial differential
equations obtained by writing a mass baiance equation
and a kinetic equation for each compound involved
(including the componeats of the mobile phase). The
solution of this system predicts, depending on the
boundary conditions, elution profiles of large bands
(with or without volume owericad), displaccment
profiles or system peaks.

The system of partial differential equations is
hyperbolic and nonlinear. We have gencrated
computer programs which permit the naumerical
cakculations of its solution under all experimental
conditions. We are presently studying the properties
of the column response to changes in the input
conditions, when the concentration of the input band
is large and/or the kinetics of mass transfer between
phases is fast. This approach does not work when the
kinetics of mass transfer between phases is slow and
the column efficiency is below ca. 100 theosetical
plates. We are currently investigating this difficult
theoretical problem which is of great practical interest
for cerain applications such as in affinity
chromatography.

We are also studying the degree of agreement
berween experimental results and the prediction of the

model. This requires that we carry out important
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studies on the thermodynamics of liquid-solid
(adsorption) equilitris and on the kinetics of
adsorption. For exampic, we have to determine
competitive cquilibriom iotherms of several
compounds between phases and the cross coefficients
of their kinetic equations of transfer.  These
perameters are difficult to measure and have been
ttie studied in the past. We have an important
rescarch progam beginning in this area, since
progress there s necessary 10 achieve complete
understanding of preperative liquid chromatography.
We study also the reiationship between isotherm and
mass transfer propertics on the one hand, and the
nature of the surface of the packing material involved
on the other hand.

This cxperimental study in turn  gencrates
theoretical work on the thermodynamics and kinetics
of adsorption and desorption.

(G. A Guiochon, I. V. H. Schudel,* and A. M. Kani®)

*Predoctoral student, University of Tennessee

Surface Propertics of Ceramic Powders.

During the pest year, we have begun an
investigation of the adsorption energy distribution of
polar vapors on the surface of solid particles such as
those used in the preparation of high temperature
resistant ceramics, using gas chromatography. This
work is closely related to the one described in the
previous section, as it involves another aspect of
adsorption.

The production of advanced ceramic material for
encrgy research (high structural strength maieriai
above 1400°C) or for sophisticated electronic devices
is plagued by the lack of methods permitiing the
timely climination of lots which will result in the



praduction of faulty parts. We are developing a gas
chromatographic method to determine rapidly and
accurately the epergy distribution function of the
surface of ceramic powders for a scries of probe
molecules, prior 10 their use in the manufacturing
process. The energy distribution function is related to
the chemical composition of the external leyer of the
solid material and cootrols the wettability of the
particles by their adhesion to agy organic material,
such as binder, dispersant, or solvent.

Recent results in the theory of large concentration
chromatography permit the rapid determination of the
thernodynamic and  kinetic parameters of the
adsorpuon of probe compounds on an adsorbent
contained in a chromatographic column. The energy
distribution function is determined directly from the
adsorption isotherm. It can be used to calculate
other data, such as the monolayer formation energy.
Combining the cucrgics determined for a set of probe
solutes permits a classification of the surfaces with
respect 10 similar ones.  This could permit us 10 sort
satisfactory materials from unsatisfactory oncs.

Experimentally, porous fayer open tubular columns
are prepared from ceramic powder samples and
measurements are carried out on these columns, using
dry or wet carrier gases.

(G. A. Guiochon, E. V. Dose,® and J. L. Roles®)

*Postdoctoral Research Associate



S. ORNL ENVIRONMENTAL PROGRAMS

W. R Laing

Environmental analyses continued t0 be a gromth area for the division. Work from the
Environmental Survey Program totaled 235,000 measurements; this accounted for 58% of ACD
analytical support work. The number of groundwater sampies from monitoring wells incressed as did
the number from remedial action activitics related 10 the waste area groups and inactive storage Lanks.
Details of these activitics are found in the individual section reports.

DOE ENVIRONMENTAL SURVEY

In 1988 the DOE Environmental Survey sampling
team visited Brookhaven National Laboratory and
Idaho Natiooal Enginecering Laboratory. Samples
from these sites were analyzed along with work in
A total of 93,000 measurements, 23% of the total
reported by ACD, were compicted. In January an
audit of the organic work raised questions about its
quality. In July, afier more of L..c data packages had
been prepared, an EPA team began a data quality
and usability evaluation. This study was compieted by
ACD personnel over the remainder of the year. It
was found that 16% of the data was quality level 1
(highest), 32% was quality level 2 and 52% was
quaiity level 3. All of the level 3 data was further
cvaluated by a usability test. This showed that 90%
of the levei 3 data was uscabie. In practice, however,
all the data were used in the preparation of the site
reports.

At yearend all analytical measurements were
compieted except for a few radiochemical samples.
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Results, along with bianks, siandards, spikes,
duplicates and QC sampies, were organized into
sampie delivery groups (SDGs). Case narratives were
prepared for each SDG which described any deviation
from protocols. Data tables showing the analytical
results grouped by eanvironmental problem were
prepared from the survey dats base. Quality control
programs were described and results were tabulated
for the site reports. Site reports have been issued for
Rocky Flats and Pantex. Four other reports are in
process.  We have also provided assistance to
Argonne National Laboratoary and Battelle-Columbus
in the preparation of these reports.

Quarterly performance evaluation sampies from
EPA were analyzed for inorganic and organic
constituents. The average score was 91.6 for
inorganics and 71.3 for organics.

REMEDIAL ACTION PROGRAMS

Last year's decision to subcontract the ORNL
remedial investigations and feasibility studics (RI/FS)



awarded for work in Waste Area Group 6. ACD
participated through contract input and review.
The inactive tank sempling program began this
year and provided some unusual analytical problems.
Because of EPA responsibility for wast = materials, the
use of EPA procedures were requird. Application
of methods for groundwater and municipal waste 10
highly salted, radioactive solutions provided many
challenges. The final agreement with EPA was to
follow established procedures as closely as possible
and to document ali deviations. This work s
discussed in detail in the reports from the Organic
Three hundred groundwater monitoring wells were
drilled in the area surrounding ORNL. These wels
will be qualificd over the next few years and brought
on-linc as routine sampling points. They will provide
the data to define off-site environmental probiems.



6. QUALITY ASSURANCE, SAFETY AND TRAINING

QUALITY ASSURANCEAQUALITY CONTROL
P. L. Howell*

The Quakty Assurance (QA) Program continued in
an effort of upgrading and revitalzation to
requirements, under the direction of the newly-
organized ORNL Quality organization. DOE Ovrder
57006A invoked the use of Quality Assurance
Program Requirements for Nuclear Facilities (NQA-
1) in preparing QA Programs. The development of
an 18<ciement NQA-1 QA Program began and
progressed with procedures written for six of the 18
NQA-1 elements. To develop the procedures, small
group meetings were heid to discuss the requirements
of cach NQA-1 clement followed by discussion of
Procedures were then drafied and sent out £or review
and comment. Manager training to the NQA-1
requirements and the applicable ACD procedure is
ongoing and takes place in monthly supervisor
meetings. Division-wide training will take place upon
compietion of the QA Program manual The
remamder of the procedures are 1o be written and the
manual compieted by July, 1989.

The use of Quaiity Circles to identify and rescive
problems was reinstaied in April 1988. The quality
coupled with the Performance
Improvement Process (PIP), operates under the ACD
Quality Council, the purpose of which is the "study of
any issue concerning quality of work, efficiency of

circle  concept,
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work, or methods of improvement.” PIP projects on
*Centralized Personal Computer (PC) Resource
Facility’, "Standardization of Secretarisl PCs", and
“Investigation of Provisions for Greater Flexibility in
Changing Job Assignments” are currently in progress.
Council members were chosen from each section in
the division.

Quality Asurance and Quality Coatrol staff
members perticipated in cight training courses and
served a8 instructors in several training sessions.  All
group leaders, section heads, the division director, and
the Quality Assurance Specialist participsted in the
ORNL "Managing For Quality” seminar presented by
the Quality Department to mtroduce management to
NQA-i.

Three ACD sections drafted in excess of 60
standard operating procedures (SOPs). Amsociated
with the deveiopment of SOPs has been updating and
revising the division documemt coatrol system to
promote a more systematic and disciplined approach
to distribution and control. The enhanced system will
be refined and put to use in 1989. A number of
forms have been developed, using a commercally
available software package, 10 aid in siandardizing
formats used across all sections.

Database tracking sysiems were implemented for
tracking audit and surveillance findings, crrrective
action status and plans, and other programmatic QA
activities. This was "The Year of the Audit® with a
total of 28 quality assurance audits, surveillances, and
reviews taking place in ACD laboratories and facilities.



Of the 28, ecight were customer-sponsored audits or
reviews, three were ORNL audits, one was an internal
audit, and four were segments of a program-wide
review for both ORNL and K-25. There were 12
surveillances: one customer spoasored, fous internal,
and seven associated with the ORNL Isotope
Generation and Depleuon (ORIGEN) Code
Verification Program activitics.

One program review by DOE resulted in removal
of the Organc Analyss Group from DOE
Environmental Survey because of failure to follow
led 10 an in<depth review of “data quality” and "data
usability”. This review found that most of the ORNL
data was “uscful” according 10 data review protocals.

Quarterly and monthly quality control solutions
were provided to the ACD inorganic, organic acd
radiochemical analysis laboratories. Moothly control
solutions are purchased from Analytical Products
Group (APG), Marietta, Ohio, and submitted as
“blinds”. Results are reported to APG and statistically
evaluated. Thirty laboratorics throughout the country
participate in this evaluation, including the analytical
chemistry laboratorics from all Marnin Marietta
Energy Systems, Inc., sites.

ACD laboratorics performing analyses for the DOE
Environmental Survey participated in the EPA
performance evaluation (PE) program this year. Both
organic and inorganic PE samples were received,
analyzed, and scored. The average score for four
inorganic PE sample sets was 91.6 (out of a passibic
100). Tre average score for three organic PE sample
sets for the same period was 71.3. Additional "water
pollution” QC sampies were submitted quarterly and
annually to the laboratories to monitor inorganic
measurements nol covered by the PE sets. A score
of “accepiable” was received for all such tets.

Quality Coontrol summaries for tte ACD QC
program were not available because of the changeover
t0 the Agalytical Laboratory Information System
(ApaLlS) data management system.  Software to
summarize and gencrate summary reports has not
been completed.

(W. R Laing S. K Holladay, J. S. Eldridge)

*ORNL Quaslity Department
SAFETY PROGRAM

A. L. Harrod
R. E. Jones

A Safety Program and Safety Action Plan was
impiemented as a guide toward betier safety i the
Analytical Chemistry Division during 1988. The
division expericnced seven first aid cases against four
during last year. Increased awareness of safety has
been crophasized in all our Safety Meetings as a
resuk of these incidents.

The division has not experienced a lost workday
case since June 1972

Norable achievements during this reporting period:

1. Safety meetings heid - 51, total attendance -
TI4.

2. Training guide updates for our facilities at
Building 2026 and 7920 continue.

3. Spring Clean-Up Week activities in May
included fire training at Building 2026 and 4S00N.

4.  Orientation meeting for new employees was
conducted in March 1988,

5. Appointment of a Division Quality Circle
Council; PIP Projects for Safety and Job Performance
Improvements.



6. Training Sessions - 1988

a. Transuranium Waste - 2

b. Low Leve! Waste - 2

¢. RCRA - 1 (Resource Conscrvation &
Recovery Act)

This division continues (0 maintzin a high level of
safety awareness and accdent prevention among ouws
personncl as cvidenced by our superior performance
rating this year.

NON-REACTOR NUCLEAR TRAINING

M. P. May

Deveiopment of safety-related training programs
conticues for ORNL employees working at, visiting,
or using our non-reactor nuciear Gacilities.

Suaff at 2026 have compicted a "training milestone.”
They conducted a training program for all facility
workers on the Building 2026 Operational Ruies,
Safety Guidelines and Emergency Evacuation &
Alarm Procedures, compilete with a review, written
exam and neccessary documentation.  They also
worked with craft supervision (1&C,P&E) to hold a
separate training session designed specificaily for the
maintcnance and craft personnel assigned to the
buikding.

ACD and ChemTech personnel at 7920 have
worked (0 consolidate training records and provide
documentation for our division office files.

A "Contact-Handled TRU Wasic Disposal®
program is being deveioped at 9735 for the Actinides
& Isotopic Mass Spectrometry L.ab. We are currently
working to dispose of three drums of waste generated
prior to the program initiation.

New Iraining malena! and eouipment  include
videotapes on “"Radioisotopes” and *ORNL Isotopes
Production;” and a division-wide portiible vwideo player.

6o/ 2

The DSO has created a fiie for materials refated to
training, located in 45005.

Intermnal plant training audits were conducted at
7920, 2026 and 2011 (the neutron generator facility).
The results show progress being made i training
pregran  devclopment Some  remaining  problems
programs not designed 10 the worker’s aceds, and out
We siill have much work to do, both at the division
and facility levets. The ACD training coordinator has
met with and will be working with our Quality
section/group procedure writing. Together with the
Training Design and Development Staff of ORAU,
we are also in the process of submitting a proposal to
the Office of Operational Safety for developing and
maintaining an Interactive Video Disc  Computer-
Based Training Program.

Many changes have oocurted at the aboratory
level. Over the past year, the plant Training
Coordinator has met monthly with Division Training
Coordinators, to keep them up o0 date on DOE and
Energy Systems developments, 10 review programs
and to recieve input from other Traning
Coordinators. The Technical Training and Resources
Group of the Environmental and Health Protection
Division has assumed training responsibility for many
plant-wide programs: Radiation Protection, Low
Level Waste and Hazardous Wasie Generator
Certification, Industrial Hygiene, and soon, CH-TRU

Waste Training. This s a step toward ceniralizing

plant training responsibilities.



7. SUPPLEMENTARY ACTIVITIES

snd various ORNL and ORAU programs. We also make facilitics avaiable for student and faculty rescarch and
.

ADVISORY COMMITTEE

The 1968 Advisory Committee was composed of
D. D. Bly, Centrat Research Department, DuPont Experimental Station, P.O. Box 80328, Wilmington,
DE.
R. G. Cooks, Chemistry Department, Purdue University, West Lafayette, IN.
J. C. Giddings, Department of Chemistry, University of Utah, Sait Lake City, UT.
E. D. Pellizzari, Rescarch Triangle [nstitute, Research Triangle Park, NC.

CONSULTANTS
The following experts served oo a short-term consulting basis this year.
L. M. Diana, University of Texas, Arlington, TX.
S. Perone, Lawrence Livermore National Laboratory, Livermore, CA
N. M. Spyrou, University of Surrey, Surrey, England.
J. Warren, EPA, Washington, DC.
F. Strobel, University of Delaware, Newark, DE.
P. Jurs, Pennsytvania State University, University Park, PA.
G. Christian, University of Washington, Seattle, WA
R. Yost, University of Florida, Gainesville, FL.
N. Winograd, Pennsytvania State University, University Park, PA.
M. Comisarow, University of British Columbia, Vancouver, B.C., Canada.
M. Bonner Denton, University of Arizons, Tucson, AZ.

The foliowing experts served on a long-term basis this year.
G. Mamantov, University of Tennessee, Knoxville, TN.
K D. Cook, University of Tennessee, Knoxville, TN,
A G. Marshall, Ohio State University, Columbus, OH.
J. W. Taylor, University of Wisconsin, Madison, W1,

n
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EDUCATION PROGRAMS
Debra Bostick served as University Relations Coordinator and “dean” for student guests during 1988.
OAK RIDGE ASSOCIATED UNIVERSITIES PROGRAMS

Postgraduste Research Programs. Perry R. Blazewicz (Yale University) is continuing research in taser
and microwave spectroscopy with Mike Ramsey and Bill Whitten in the Analytical Spectroscopy Section.

Thomas G. Notan (University of Wyoming) compicted his research with Mike Ramsey investigating
analytical applications of degenerate four-wave mixing and the development of nove! liquid chromatography
detectors.

Two post-docs working with Michelle Buchanan in the Organic Chemistry Section compieted their
research: John W. Haas (University of Massachusetts) and Elizabeth A. Stemmier (Indiana University) Both
were investigating the analytical characteristics of the muliimode ionization detector.

ORAU Graduste Student Rescarch Program.  Chris P. Licbman, who previously worked through a
subcontract with the University of Tennessee, received an ORAU Fellowship and completed his predoctoral
studics with P. J. Todd.

Donald B. Coyie, The American University, worked with Mike Ramsey on the deveiopment of Doppler-
free laser spectroscopy techniques for atoms in supersonic beams.

Becky Dittmar, Angelo State University, worked with Rose Ramsey on the separation of nucieotides and
nucicosides using reverse-phase high pressure liquid chromatography.

ORAU Faculty Rescarch Program.  Subrahmanyam Pendyala (SUNY, Fredonia) returned for the
summer (0 continue his work with Dave Smith and Lester Hulett on positron spectroscopy.

J. A. Howell (Eartham College) compicted his sabbatical assignment with Mike Ramsey on laser
speciroscopy.

ORAU Faculty Rescarch Program for Historically Biack Colieges and Universities. Wedad Hussein,
an asociate professor at Jackson State University, worked with Ted Mueller in the Chemical and Physical Analysis
Group on R&D projects in the fieid of clectroanalytical chemistry.

GLCA Program. Robert B. Clark worked with Mike Ramsey using photorefractive optical clements to
control the bandwidth and wavelength of CW dye lasers using real-time holographic concepts.

SUMMER INTERN PROGRAM
Summer Intemn Program. The division was host to C. Wayne Lyle, Southern Arkansas University, who

participated in the summer intern program. He worked with Michelle Buchanan in the Organic Chemistry Section
on DNA separations using high performance liquid chromatography.
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CO-OPF FROGRAM

CoOp Program. G. C. Keyes completed her co-op assignment with Jeff Wade in the low-level
radiochemical analysis group, participating in various group projects; she was replaced by Jamie McKinney, who
continued working in this same area with Jeff Wade.

UNIVERSITY OF TENNESSEE PROGRAMS

Distinguished Scicatist Program. Dr. Georges Guiochon is continuing bis work through the University
of Tenncssee/ORNL Distinguished Scientist Program. Mark L. Aubel, a post-doc student from the University
of Georgia, and two predoctoral students, Jeanifer Schudel and Anita Katti, are continuing their work at ORNL.
In addition, two post-docs, Eric Dose, Rice University, and Martin Czok, 8 German citizen from the University
of Tennessce, and a predoctoral student, Jeffry Roies, also from the University of Tennessee, have been added
10 Dr. Guiochon's staff. Both Samir Ghodbane, an Algerian citizen from Georgetown University, and Michel F.
Righezza, a French citizen from Georgetown University, compieted their assignments on this program.

Scicoce Abiance Rescarch Program. Luis E. Cuetlar from El Salvador is a student at the University of
Tennessee; he compieted his work with Lester Hulett measuring positron lifetime spectra of compasite materials
and other solids. Lisa Rosevink, a student at the University of Tennessee, worked with Harley Ross on
radiochemical research.

Postgradusic Research Program.  Gary J. VanBerkel (Washington State University) is continuing his
work with Dave Smith pursuing research and development projects in the field of mass spectrometry/mass
spectrometry.

Kyung H. Row (Korea Advanced Institute of Science and Technology) compieted his work with Wayne
Griest in the Organic Chemistry Section, studying the feasibility of using analytical-scale separations data to design
preparative-scale separations conditions for the isolation of biopolymers related to biotechnology and to molecular
dosimetry.

Casey Grimm (Florida State University) is working with Peter Todd doing research in the study of
organic secondary ion emission.

INTERNATIONAL ATOMIC ENERGY AGENCY PROGRAM

The division was host to two IAEA Fellows, Anil R. Hikkaduwa Liyanage from Sri Lanka, and Jose
Alvarado Duran from Caracas, Venezuela, for a four-month period. The;’ were assigned to Sue MacDougall to
receive on-the-job training in X-ray fluorescence and X-ray diffraction via assisting expe:ts in these techniques.

OAK RIDGE SCIENCE RESFARCH SEMESTER PROGRAM
Mclanie Mock, Mars Hiils College, worked with Leon Kiatt on the development of fiber optic probe for

the determination of ammonia concentration in heat absorption equipment and with Jack Young doing a
spectrophotometric study of air oxidation of cuprous sulfide.
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Carmen Guzman, Catbolic University of Puerto Rico, worked with Wayne Griest on high pressure liquid
chromatography.

SERVICE ACADEMY RESEARCH ASSOCIATES (SARA) PROGRAM

Stephen C. Formella, a student in the United States Military Academy, compicted a five-week internship
with the Laser Spectroscopy and Instrumentation Group. He worked with Mike Ramsey using lasers in advancing

SCIENCE TEACHERS RESEARCH INVOLVEMENT FOR VITAL EDUCATION (STRIVE)

Bobbi J. Grogan, a science teacher at Farragut High School, Concord, TN, worked with Wayne Griest
on the scparation and determination of surfactants and other polar organics by liquid and supercritical fluid
chromatography.

ORNL/DOE CONFERENCE ON ANALYTICAL CHEMISTRY IN ENERGY TECHNOLOGY

Due 1o a question of charging registration fees for conferences at which the majority of participants are
employees of DOE or DOE coatractors, a high quality program could not be organized within the required time
frame for the Annual ORNL/DOE Conference on Analytical Chemistry. The Conference will be resumed in
October 1989.

SEMINAR PROGRAM

Speaker Title — Date

Diana, L. M. "The Pasitron Spectroscopy of Gases” March 21, 1988
Crr. for Positron
Studies, Univ. of
Texas, Arlington,
Arlington, TX

Perone, Sam “Information Theory and the Design of Chemical Sensors® June 3, 1988
Lawrence Livermore
Natl. Lab.,
Livermore, CA

Spyrou, N. M. "Nuciear Analysis and Imaging ir Biological Systems” June 22, 1988
Dept. of Physics,
Univ. of Surrey,
Guildford, Surrey,
England

Warren, John "The Integration of Sampling and Quality Assurance” August 2, 1988
EPA, Washington, DC



Strobel, Fred
Univ. of Delaware,
Newark, DE

Jurs, Peter
Dept. of Chemistry,

Univ., University
Park, PA

'l‘ucl;:n, AZ
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*Effects of Electronic Excitation on the Reactivity of
Transition Mectal Jons”

*Computer-Assisicd Studies of Molecular Structure and
Physiochemical P .

"Flow Injection Analysis in Process Analysis”

"Tandem Mass Spectrometry: Present Capabilitics and

Future Prospects”

*Surface Studies Using Jon Beam and MPRI®

"Fourier Transform lon Cyclotron Resonance Mass
Spectroscopy”

*New Technologies for Spectroscopic Analysis®

AWARDS AND HONORS

August 17, 1968

Sept. 15, 1988

Sept. 19, 1988

Oct. 14, 1988

Nov. 4, 1968

Nov. 15, 1968

Dec. §, 1988

Bill Laing has been clected chairman of Committee C-26 on Nuclear Fuel Cycle of ASTM.

Bill Laing was presented a Quality Recognition Award by the ORNL Quality Department. This award
recognizes Bill's many contributions to quality programs in the division and elsewhere over many years.

Beth Stemmier, a post-doc student, received an ASTM Travel Stipend Award; she was one of only a
dozen o receive this award.

Michelle Buchanan won an award for "Distinguished Scientific Achicvement” from the Association of
Women in Science (AWIS).

Mike Guerin received a Technical Achievement Award at the Martin Marictta Awards Night for
pioneering the development and application of modern organic analytical chemistry within the health and
environmental programs of DOE and many other agencies and institutions.

Michelle Buchanan was clected Treasurer for the American Society of Mass Spectrometry.
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Three more people have received the Distinguished Service Award established by the division to
recognize deserving permanent staff members of ACD. Arnold Harrod received the award for his long-term
cfforts in assisting everyone and his contributions to the people of ACD. Leon Klatt received the award for his
coantributions in instrumentation and computer technology, in additica to his normai duties. Cecil Higgins received
the award for the long-term dedication to rescarch, his willingness to offer assistance to others, and his kindness
and courteous attitude (0 everyone.

Lester Hulett, T. A. Lewis, and Dave Donobue received a Significant Event Award for putting into
operation a high-iniensity source of low-energy positrons.

Gary Gish and Scott McLuckey alio reczived a Significant Event Award for development of an explosive
vapor detector.

ADDITIONAL PROFESSIONAL ACTIVITIES
Bostick, D. A

Member: Association of Women in Science
ACD Representative:  University Relations Coordinator

Buchenan, M. V.
Editorial Board: Biomedical and Environmental Mass Spectrometry
Orpanic Mass Spectrometry
Chairman: Environmental Applications Group of the American Society for Mass Spectrometry
Treasurer: American Socicty for Mass Spectrometsy
Advisory Board: National Science Foundstion, Biological Centers Program
Chairman Elect: East Tennessece Mass Spectrometry Discussion Group
Catter, 1. A
Advisory Panel DOE/ISA Laboratory Advisory Group for Effluent Research (LAGER)
Member:
Laboratory ISPO rrograms
Coordinator:
Secretary: ASTM Subcommittee C-5:05, Analytical Task Group (Reactor Graphite),
Committee C-5, Manufacturer of Carbon and Graphite Products
Eldridge, J. S.
Chairman: Membership Committee, Environmental Radiation Section of the Health Physics

Society
ACD Quality Circle



Member:

Emery, ). F.
ACD Represcntative:

Feldman, C.

Ferguson, N. ML
ACD Representative:

Gésh, G. L.
Cong:ajtant:

Member:

Organizer:
Vice President:

Gricst, W. H.
Consultant:

Member:
Guerin, M. R.

Member:

Consultant:
Organizer:

T

Oak Ridge Reservation—-Resource Management Organization: Enviroamental
Surveillance
Lab Committee 8 of the International Society Committee for the Methods of Air

Sampling and Analysis

Laboratory Emergency Sample Coordinator
Division Computer Systems Security Officer

American Society for Testing and Materials
ASTM Committee E-2 on Emission Spectroscopy, Subcommittees on Fundamental
Methods, Editorial Practices, and Nomenciature

Encrgy Systems Environmental Analysis Committee

Finnigan MAT, San Josc, CA

East Tennessee Mass Spectrometry Discussion Group

Board of Directors, Asilomar Conference on Mass Spectrometry
ORAU Travelling Lecture Program

Symposium at 15th Annual FACSS Meeting

/£ merican Society for Mass Spectrometry

Depanment of Energy - SBIR Review
Department of Energy - BES

Electric Power Research Institute
Environmental Protection Agency - IERL/TSO
ORAU Travelling Lecture Program

Nationai Institute of Environmental Health Sciences Program Project Review of
MIT Combustion Products Carcinogenesis Program

University of Kentucky Tobacco and Health Research Institute Advisory Board

SBIR Reviews, DOFE, NCI

Workshop on Analytical Probiems Unique (o DOE



Hettich, R. L.

Member:
Treasurer:

Dgper, R IL
ACD Representative:
Consultant:

Jenkins, R_ A
Consultant:

Kiatt, L. N.
Member:

Laing, W. R
Coordinator:

Fellow:
Member:

Technical Program
Chairman:

May, M. P.

Instructor and
Coordinator:

Mcluckey, S. A

Chairman:

ACD Seminar Committee
ORAU Travelling Lecture Program
East Tennessee ACS Section

ACD Environmental Protection Officer
Fourth Judicial District Court, Mooroe, LA

Federal Trade Commission, Standardized Smoking Practices National Institute on
Drug Abuse - SBIR Revicws
DOE - SBIR Reviews

Energy Systems, Ph.D. Recruiting Team
ACD Seminar Committee

ASTM Subcommitiee C-26 Nucieur Fuel Cyuie

ACD Quality Assurance Program

ACD Energy Conservation Program

American Society for Testing and Materials

ASTM Committee D-33, Protective Coatings

ASTM Committee D-34, Wasie Disposal

ISO Technical Commiittee 85, Subcommittee §

ORNL Pregrievance Committee

INMM Group 5.1, Analytical Chemistry Laboratory Measurement Control
Analytical Chemistry in Energy Technology Conference

"Beginning Radiochemistry” in-house course

lon Physics and Instrumentation Interest Group
American Socicty for Mass Spectrometry



Member:

Ramecy, J. ML
Member:

Ranwrey, R. S

Memier:

Ros, H. L
Facuity Member:

Member:

Executive Committee:
Editorial Board:
Conference Organizer:

Judge:

Romcel, T. M.
Judge:
Treasurer:
Member

Asst. Treasurer:

Treasurer:

Smith, D. H.
Member:

Sbults, W. D.
Member:

™

lon Trapping Symposium for 1988 ASMS Annual Meeting, San Francisco
ACD Seminar Committee

ORNL Exploratory Studies Proposal Review Committee
ACS Program Advisory Committee, Analytical Chemistry Division Editorial
Advisory Board, Frogress in Analytical Spectroscopy

ACD PhD Recruiter
SBIR Reviews, NCI

Dept. of Chemistry, University of Tennessee, Knoxvile (Adjunct Professor, Science
Alliance)

Jowrnal of Radioanalytical and Nuclear Chemistry

Advisory Committee: Inicrmational Conference on Liquid Scintillation Science and
Technology

ACS Fellowship Committee, Division of Analytical Chemistry

Martin Marietta Energy Systems Inventors Forum

Journal of Radioanalytical and Nuclear Chemistry, Letters

International Conference on New Trends in Liquid Scintillation Counting and
Organic Scintillators, Gatlinburg, TN, October 2-5, 1989.

39th Int. Science & Engineering Fair, Knoxville, tN

39th Int. Science & Engincering Fair, Knoxville, TN
American Vacuum Society (AVS) Tennessee Valley Chapter
AVS Tennessee Valley Chapier, Scholarship Commitiee
AVS, 35th National Symposium, Local Organizing Committee
AVS, 35th National Symposium

8th Annual TVC-AVS Symposium & Equipment Exhibit

ORNL PIP Committec on Expert Sysicms
ASMS Isotope Ratio Interest Group

Ac-.isory Board, ACS Publications

Board of Vuitors, Chemistry Department, University of Tennessee



Stewart, 3. H., Jr.

ACD Coordinator:

Todd, P. J.
Coordinator:
Member:

Tomkins, B. A
Member:

Waee, M. B.
Member:

Judge:

Youug, J. P.
ACD Representative:
Fellow:
Judge:
Member:
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Science Alliance Faculty Awards Committee, University of Tennessee

Advisory Committee, MMES Travel Department

Organizing Committee, Second Karisruhe Conference cn Analytical Chemistry in
Nuciear Technology

Martin Marietta Encrgy Systems PIP Committee on Optimizing Analytical Services

Martin Marietta Energy Systems Management Advisory Committee for Nonexempt
Reevaluation Program

Martin Marietta Energy Systems PIP Committee on Travel Expenses

Martin Marictta Energy Systems Pilot Program on Mentori- 3

ORNL Division/Program Directors” Caucus

ORNL PIP Committee on Expert Systems

Education Committee, ACS Division of Analytical 1Chemistry

Martin Marietta Energy Systems United Way Campaign 1988

ASTM Committee D-34 Waste Disposd

International Working Group, "Analytical Standards of Mincrals, Ores, and Rocks”
Manuscript Review Board for Analytical Chemistry

Technician Advisory Group

ASTM C-26 Nuclear Fuel Cycle Committee

ACD Nonradiological Emergency Sample Coordinator

ACD Awards
ORAU Traveling Lecture Program
ASMS Solids and Surface Analysis Interest Group

ACD Seminar Commitice

ACD Safety Committee
ORAU Travelling Lecture Program
3%h Int. Science & Engineering Fair, Knoxville, TN

Graduate Fellow Selection Panel, ORNI.

American Association for the Advancement of Science

39th Int. Science & Engineering Fair, Knaxvilic, ‘TN

ACS Program Adwvisory Commitice, Division of Nuclear Chemistry & ‘Technology



8 PRESENTATION OF RESEARCH RESULTS

As in past years, the division has actively responded 10 the evolvig priorities of the ORNL research effort
by changing the emphasis of some of ils Own programs or instituting new studies. Subjects of major concern
include nuclear and nornuciear energy, new instrumentation and its application, and environmental problems such
as moaitoring and cican up at ORNL and elsewhere.  The multidisciplinary approach required in many such
problems is indicated by the number of papers and talks coauthored by members of other ORNL divisions. Such
persons are designated by an asterisk.

PUBLICATIONS

Contributions (0 Books, Proceedings, and Reports

AUTHOR AUTHOR, TITLE, AND WHERE PUBLISHED

Asano, K. G. Grant, B. C; Asano, K G; Giish, G. L; McLuckey, S. A, "Trace Analysis for
Organics in Air Using an Atmospheric Sampling Glow Discharge [onization Source,”
Proceedings of the 36th ASMS Conference on Mass Specrometry and Allied Topics,
1988, p. 47.

Glish, G. L.; Van Berkel, G. J.; Asano, K G.; McLuckey, S. A, "MS™ Experiments
with an lon Trap Mass Spectrometer,” Proceedings of the 36th ASMS Conference on
Mass Spectrometry and Allied Topics, 1988, p. 1112.

McLuckey, S. A.; Asano, K G.; and Glish, G. L, "Negative Chemical [onization and
MS/MS of Negative lons in an Jon Trap Mass Spectrometer,” Proceedings of the 36th
ASMS Conference on Mass Spectrometry and Allied Topics, 1988, p. 1108.

Asano, K. G; Glish, GG. L.; McLuckey, S. A, "Coupling of an Atmaspheric Sampling
lIon Source with an lon Trap Mass Spectrometer,” Proceedings of 3tth ASMS
Conference on Mass Spectromerry and Allied Topics, 1988, p. 636.

Bertram. .. K. Goeringer, . E.; Mcluckey, S. A.; Bertram, 1. K., “Instrumentauon for Mass
Spectrometry/Comeident  Fragment  Detection,” Proceedings of the 36th ASMS
Conference on Mass Speciromerry and Allied Topics, 1988, p. 835,

8)



Chinstic, W. H.

8

Guerin, M. R;; Buchanan, M. V., "Envircomental Exposure (0 N-Aryl Compounds,”
Carcinogenic and Mutagenic Responses 10 Aromatic Amines and Nitroarenes, C. M.
King, L. J. Romano, and D. Schuetzie, eds,, Elscvier Publishers, 1988, p. 37.

Hettich, R. L; Buchanan, M. V; Wisc, M. B., “Characterization of Substituted
Giycerols by Thermal Desopriion Fourier Transform Mass Spectrometry,” Ohio Siate
University FT/ICR Newsletter, Alan Marshall, ed., Spring, 1968

Buchanan, M. V_; Stemmier, E. A, "Gas Phase lon-Molecule and Surface-Catalyzed
Oxidation Reactions of PAH Under Negative lon Chemical Ionization Conditions,”
Proceedings, 36th Anmual Conference on Mass Spectrometry and Allied Topics, 1988,
p- 767.

Stemmier, E. A; Buchanan, M. V., "Isomeric Differentiation of PAH and Methyl-
PAH Using Surface Catalyzed Oxidation Reactions,” Proceedings, 36th Annual
Conference on Mass Spectrometry and Allied Topics, 1988, p. 769.

James, R. B.;* Bolton, P. R;* Alvarez, R. A;* Christic, W. H.; Valiga, R. E., "Mclting
of Silicon Surfaces by High-Power Pulsed Microwave Radiation,” SAND 87-8987,
January 1988.

James, R. B;* Bolion, P. R;* Aivarez, R. A;* Christie, W. H., "Rapid Heating of
JIon-Implanted Silicon by High-Power Pulsed Microwave Radiation,” SAND 88-8759,
May 1968.

Christie, W. H; Goeringer, D. E., "Investigation of Matrix Effects on the Neutral
Fractions Ejecied from lon-Bombarded, Uranium-Containing Solids Using Resonance
lonization Mass Spectrometry,” Secondary lon Mass Specrometry - SIMS VI, A
Benninghoven, A. Huber, G. Slodzian and H. Werner, eds., John Wiley & Sons, 1988,
p. 805.

Busch, K L.* Glish, G. L.; McLuckey, S. A, Mass Spectrometry/Mass Spectrometry:
Techniques and Applications of Tandem Mass Spectrometry, VCH Pubiishers, Inc., New
York, 1988,

Asano, K. G.; Glish, G. I..; McLuckey, S. A, "Coupling of an Atmoapheric Sampling
lon Source with an lon Trap Mass Spectrometer,” Procecdings of the 36eh ASMS
Conference on Mass Spectrometrometry and Allied Topics, 1988, p. 636.



Goeringer, D. E.

8

Van Berkel, G. J; Glish, G. L; McLuckey, S. A, "Analysis of Porphyrins Using an
Jon Trap Mass Spectrometer,” Proceedings of the 36th ASMS Conference on Mass
Spectrometry and Allied Topics, 1988, p. 639.

Grant, B. C; Asano, K G; Glish, G. L; McLuckey, S. A, “Trace Analysis for
Orpganics in Air Using an Atmaspheric Sampling Glow Discharge Ionization Source,”
Proceedings of the 36th ASMS Conference on Mass Spectrometry and Alied Topics,
1968, p. 47.

McLuckey, S. A; Asano, K. G; and Glish, G. L., "Negative Chemical lonization and
MS/MS of Negative Ions in an lon Trap Mass Spectrometer,” Proceedings of the 36th
ASMS Conference on Mass Spectrometry and Allied Topics, 1968, p. 1108.

Glish, G. L; Van Berkel, G. J.; Asano, K. G.; McLuckey, S. A., "MS™ Experiments
with an Icn Trap Mass Spectrometer,” Proceedings of the 36th ASMS Conference on
Mass Spectrometry and Allied Topics, 1988, p. 1112.

Van Berkel, G. J.; Glish, G. L.; McLuckey, S. A, "Structural Analysis of Porphyrins:
Analysis of In Vitro Prepared Porphyrinogens Using an Jon Trap Mass Spectrometer,”
Proceedings of the 36th ASMS Conference on Mass Specorometry and Allied Topics,
1988, p. 300.

Glish, G. L; McLuckey, S. A, "Scan Modes for Hybrid Mass Spectrometers,”
Proceedings of the 36th ASMS Conference on Mass Spectrometry and Allied Topics,
1988, p. 823.

Glish, G. L.; McLuckey, S. A, "K' wetic Energy Rekase Effects on Resolition in
MS/MS,” Proceedings of the 36th ASMS Conference on Mass Specirometry and Allied
Topics, 1988, p. 825.

Van Berkel, G. S.; Glish, G. L.; McLuckey, S. A, "Mechanism of Prophyrin
Hydrogenation and Decompatition in a Chemical lonization Plasma,” Proceedings of
36th ASMS Conference on Mass Specorometry and Alijed Topics, 1988, p. 302.

Christie, W. H.; Goeringer, D. E., "Investigation of Matrix Effects on the Neutral
Fractions Ejected from Ion-Bombarded, Uranium-Containing Solids Using Resonance
Ionizauon Mass Spectrometry,” Secondary lon Mass Specrromerry - SIMS VI, A
Bennminghoven, A. Huber, G. Stodzian and H. Wemner, eds., John Wiley & Sons, 1988,
p. 805.



Goeringer, D. E.

Guerin, M. R.
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Goeringer, D. E; McLuckey, S. A; Bertram, L. K, "Instrumentation for Mass
Spectrometry/Coincident  Fragment Detection,” Proceedings of the 36ch ASMS
Conference on Mass Spectrometry and Allied Topics, 1968, p. 835.

Young, J. P; Shaw, R. W Goeringer, D. E; Smith, D. H,, “Influence of Laser
Characteristics on Resonance Jonization Mass Spectrometry,” Resonance lonization
Spectroscopy 1988 (Institute of Physics Conf. Series No. 94), T. B. Lucarto and J. E-
Parks, eds, Inst. of Physics, Bristal, p. 251.

Grant, B. C; Asano, K G.; Giish, G. L; McLuckey, S. A, "Trace Analysis for
Organics in Air Using an Aimospheric Sampling Glow Discharge lonization Source,*
Proceedings of the 36th ASMS Conference on Mass Specorometry and Allied Topics,
1988, p. 47.

Jenkins, R. A; Griest, W. H.; Moneyhun, J. H.; Tomkins, B. A; ligner, R. H.; Higgins,
C. E; Gayle, T. M,* "Sampling and Chemical Characterization of Workplace
Atmospheres Contaminated with Airborne Diesel Exhaust,” Proceedings of the 1988
EFPAIAPCA International Synposium on Measurements of Toxic and Related Air
Pollutarus, U S. Environmental Protection Agency, Environmental Monitoring Systems
Laboratory, and the Association Dedicated to Air Pollution Control and Waste
Management, Rescarch Triangle Park, NC, May, 1988, p. 119.

Griest, W. H.; Higgins, C. E.; Guerin, M. R., "Comparative Chemical Characterization
of Shate Oil- and Petrolcum-Derived Dicsel Fuels,” Health and Environmental Research
on Complex Organic Mixtures, R. H. Gray, et al., eds., Pacific Northwest Laboratory,
Richland, WA, 1987, p. 63.

Ho, C.-h; Jones, A. R.; Smith, L. H;* Epler, J. L;* Griest, W. H.; Guerin, M. R.,
"Upgrading Coal-Derived Liquids to Reduce Toxicity. 1. Fvaluation of
Nonhydrotreaiment Processes as Alternatives or Suppiements to Hydrotreatment,”
Health and Environmental Research on Complex Organic Miaures, R. H. Gray, et al.,
eds., Pacific Northwest Laboratory, Richland, WA, 1987, p. 211,

Guerin, M. R.; Buchanan, M. V., "Environmental Fxposure to N-Aryt Compounas,”
in Carcinogenic and Mutagenic Responses 10 Aromatic Amines and Nitroarenes, C. M.
King, 1. J. Romano, and D. Schuetzle, Eds., Elsevier Publishers, 1988, p. 37.



Guiochon, G. A.

Hettich, R. L.

Higgins, C. E.
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Wise, M. B; Guerin, M. R, Direct Determination of Part-per-Billion Leveis of
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Asano, K. G.; Gish, G. L.; McLuckey, S. A, "Coupling of an Aimosphere Sampling
Ion Source with an lon Trsp Mass Spectrometer,” 36th Annual Coaference on Mazs
Spectrometry and Allied Topics, San Francisco, CA, June 5-10, 1988.

Blazewicz, P. R.; Whittes, W. B.; Ramsey, J. M., "Resonance lonization Spectroscopy
of Flame Species in a Low-Pressure Cell,” Founh International Laser Science
Conference, Attanta, GA, October 2-6, 1988,

Buchanan, M. V., “FTMS: Evolution, Innovation, and Applications,” Chemical Physics
Seminar, Oak Ridge National Laboratory, Oak Ridge, TN, March 14, 1988 (invited).

Buchanan, M. V.; Ma, C. Y, Moneyhun, J. H; Gerin, M. R, “Chemical
Characterization of Combustion Products from Four Colored Signal Smoke Grenades,”
Smoke/Obscurants Symposium XI1, Kossiakoff Conference and Education Center, The
Johns Hopkins University, Laurel, MD, Aprii 19-21, 1988 (invited).

Buchanan, M. V., Stemmier, E. A., "Negative Ion Processes for Isomer Differentiation
by Mass Spectrometry,” Southeast Association of Analytical Chemists (SEACC)
Meeting, Knoxvilie, TN, April 22, 1988 (invited).

Buchanan, M. V.; Stemmier, E. A, "Gas-Phase Ion-Molecule and Surface-Catalyzed
Onxidation Reactions of PAH Under Negative Jon Chemical lonization Conditions,”
36th American Society for Mass Spectrometry Conference, San Francisco, CA, June
5.10, 1968
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Buchanan, M. V., "Negative In. Proces.es for Structure Information,” University of
Wisconsin, Department of Chemistry, McEvain Lectute, October 1, 1988 (invited).

Buchanan M. V., "Gas Phase Processes for the Isomeric Identification of Trace
Organics Using Mass Spectrometry,” DOE OHEZR Sice Review, Oak Ridge ‘Jational
Laboratory, Oak Ridge. TN, October 15-16, 1938

Ceo, R. N, "Gas Jet Fision Products: Delive:y Rates,” American Chemical Socicty
20t Censrsi Regional Mcceting, Morgantow:., WV, Sune 2, 1968.

Cw,RN,WdG@R!yan’GWEnMM
Management Instiniiz, 7%nt, MI, November 28, 198+,

Donohue, D. L.; Lulett, L. D., "Experiny %al Applications of the Pasitron Facility at
the ORELA," Engincering Physics and Mathematics Division Seminar, Osk Ridge
National Laboratory, Oak Ridge, TN, October 20, 1968.

Donohu-. o). L.; Glish, G. L; McLuckey, S. A.; Hulett, L D, Jr.; McKown, H. S;;
Pendyala, S.,* “Positron Ionization Mass Spectrometry,” 8th International Conference
on Pasitron Annihilation, Gent, Belgium, August 29-September 3, 1988.

Costanzo, D. A; Griest, W. H., "ORNL Approach to the Characterization of Highly
Radioactive Waste Using EPA-Related Procedures,” Workshop on Environmemtal
Analytical Problemet Unique to DOE, Oak Ridge, TN, December 12-13, 1968.

Costanzo, D. A., "Building 2026 Facility Orientation and Emergency Preparedness
Training,” Training Session at Building 2026, Oak Ridge National Laboratory, Oak
Ridge, TN, March 4, 1988.

Eldridge, J. S., “An Historical Review of ORNL Emergency Response: The Role of
Radiochemistry in Several Real and Mock Exercises,” Emergency Preparedness Brown
Bag Seminar, Oak Ridge National Laboratory, May 23, 1968.

Ghodbane, S., "Separation of Two Overlapping Compounds in Preparative Liquid
Chromatography,” 1988 Pittsburgh Conference and Exposition, New Orleans, LA,
February 22-26, 1988,

Glish, G. L., "New Advances in Mass Spectrometry: fon Traps and Glow Discharge
Ionization,” Savannah River l.aboratory, Aiken, SC, January 27, 1988 (invited).
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Giish, G. L, "A New Dimension in Mass Specirometry:  Mass Spectrometry/Mass
Spectrometry,” Chemistry Depaciment, University of West Florida, Pensacola, FL,
February 3, 1988 (mvited).

Giish, G. L; McLuckey, 5. A, "Performance of an Atmospheric Sampling Ionization
Source,” Finnigan MAT, San Jose, CA, April 25, 1988 (invited).

Giish, G. L; McLuckey, S. A, “MS/MS Instruments: Is Bigger (and More Expensive)
Realr; Better?” Bay Arez Mas Spectrometry Diascussion Group, Berkeley, CA, April
27, 1988 (invited).

Gilish, G. L., "A New Dimension in Mass Spectrometry: Mass Spectrometry/Mass
Spectrometry,” Chemistry Depertraent, University of Missouri, Columbia, MO, April
29, 1988 (invited).

Gilish, G. L.; McLuckey, S. A; Asano, K G Grant, B. C, "Appilication of Mass
Spectrometry (o the Detection of Vapors from Explosive Compounds,® The Analytical
Environment Symposium, Chicago, IL, May 10, 1988.

Giish, G. L., “Studies of Gas Phase Reaction Mechanisms,” Lawrence Livermore
Natioral Laboratory, Livermore, CA, June 2, 1988 (invited).

Giish, G. L.; Van Berkel, G. J.; Asano, K G.; McLuckey, S. A, "MS™ Experiments
with an lon Trap Mass Spectrometer,” 36th Annual Conference on Mass Spectrometry
and Alixcd Topics, San Francisco, CA, June 5-10, 1988,

Glish, G. L.; McLuckey, S. A, "Scan Modes for Hybrid Mass Spectrometers,” 36th
Annual Conference on Mass Spectrometry and Allied Topics, San Francisco, CA, Junc
5-10, 1968.

Glish, G. L.; McLuckey, S. A, "Kinctic Energy Release Effects on Resolution in
MS/MS,” 36th Annual Conference on Mass Spectrometry and Allied Topics, San
Francisco, CA, June 5-10, 1968.

Glish, G. L.; McLuckey, S. A; Van Berkel, G. J.; Asano, X G.; McKown, H. S,;
Goeringer, D. E., "Developments in Jon Trap Mass Spectrometry,” Analytical Chemistry
Division Information Meeting, Oak Ridge National I.aboratory, Oak Ridge, TN, July
18-19, 1988.
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Giish, G. L; McLuckey, S. A, "Coupling an Atmospheric Sampling loa Source to an
ITMS," Finnigan MAT Intemnational Users’ Forum, Bordeaux, France, August 28, %8
(iwvited,

Giish, G. L.; Van Berkel, G. J; McLuckey, S. A, “Selected Reagent lon Chemical
lonization Using an lon Trap," 11th International Mass Spectrometry Conference,
Bordeaux, France, August 29-September 2, 1968.

Giish, G. L.; Van Berkel, G. J; McLuckey, S. A, "Analysis of Porphyrins by Mas
Spectrometry,” 11th International Mass Spectrometry Conference, Bordeaux, France,
August 29-September 2, 1968

Giish, G. L; Van Berkel, G. J; Asano, K G.; McLuckey, S. A, Multiple Siages of
Mass Spectrometry with an lon Trap Mass Spectrometer,” 11th International Mass
Spectrometry Confereace, Bordeaux, France, August 29-September 2, 1988,

Glish, G. L; Van Berkel, G. J; McLuckey, S. A, "Muliiple Stages of Mas
Spectrometry with an lon Trap Mast Spectrometer,” 15th Annual FACSS Meeting,
Boston, MA, October 30-November 4, 1968.

Gilish, G. L.; McLuckey, S. A, "Quadrupole/Sector Geometry Hybrid Instruments,”
Workshop on Hybrid Mass Spectrometers, Lake Louise, Canada, November 17-18,
1968,

Goeringer, D. E; McLuckey, S. A;; Bertram, L. K, “Instrumentation for Mas
Spectirometry/Coincident Fragment Detection,” 36th Annual Conference ou Mass
Spectrometry and Altied Topics, San Francisco, CA, June 5-10, 1988 (invited).

Goeringer, D. E., "Practical Aspects of Lasers in Resonance lonization Mas
Spectrometry,” 36th Annual Conference on Mass Spectrometry and Allied Topics, San
Francisco, CA, June 5-10, 1988 (invited).

Glish, G. L.; Goeringer, D. E; McLuckey, S. A, "Laser Desorption in an lon Trap
Mass Spectrometer,” 15th Annual Meeting of the Federation of Analytical Chemistry
and Spectroscopy Societies, Bosion, MA, October 30-November 4, 1988,
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Griest, W. H; Row, K. H.; Maskarinec, M. P., "“Comparison of Mobile Phases for the
Miceltar Electrokinetic Capiliary Chromatography Separation of Normal and Modificd
Nudeic Acid Constituents,” 1968 Pittsburgh Conference and Exposition, New Oricans,
LA, February 22-26, 1968.

Griest, W. H., "How to Deal with Complex Mixtures - The Chemists’ Perspective,”
Biological Evaluation of Complex Mixtures Workshop, Carmel-by-the-Sea, CA,
May 11-13, 1968 (invited).

Griest, W. H., "Analytical Appiications of Supercritical Fluid Chromatography,” Y-12
Analytical Laboratory, Osk Ridge, TN, June 29, 1988 (invited).

Guerin, M. R., "Formation and General Characteristics of Environmental Tobscco
Smoke,” APCA Speciaity Conference on Combustion Processes and the Quatity of
Indoor Environment, Niagara Falls, NY, September 27-29, 1968 (invited).

Guiochon, G. A., "Prediction of Large Concentration Band Profiles in Non-Lincar
Chromatography,” Department of Chemistry, Louisiana State University, Baton Rouge,
LA, January 22, 1988 (invited).

Guiochon, G. A; Ghodbane, S.; Goishan-Shirazi;* Bing-Cheng, L.,* "A Numerical
Solution of the General Probiem of Chromatography,” 2nd Intemational Symposium
on Preparative Liquid Chromatography, Baden, FRG, February 2, 1988 (irvited).

Guiochon, G. A, "Preparative Liquid Chromatography. Guidelines Suggested by the
Theory,” 1988 Pittsburgh Conference and Exposition, New Orleans, LA, February 22-
26, 1988 (invited).

Guiochon, G. A., "Optimization Criteria in Liquid Chromatography,” 1988 Pittsburgh
Conference and Exposition, New Orleans, LA, February 22-26, 1988 (invited).

Guiochon, G. A, "Theory of Preparative-Liquid Chromatography,” Washington
Chromatography Discussion Group, Rockville, MD, March 17, 1988 (invited).

Guiochon, G. A., “Computer Simulation of Preparative Chromatographic Separations,”
E. {. DuPont de Nemours, Central Research Station, Wilmington, DE, March 16, 1988
(invited).
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Guiochon, G. A; Ghodbence, S.; Golshan-Shirazi;® Huang, !. X;* Katti, A M.; Lin,
B. C;* Ma, Z,° "Noo-Linesr Chwomstography, Analytical Chemistry Division
Information Mecting, Osk Ridge National Laboratory, Oak Ridge, TN, July 18-20,
1968 (ivited).

Guiochon, G. A, "Non-Linesr Ciwomatography,” Southeast Associstion of Analytical
Chemists (SEACC) Meeting, Enoxville, TN, April 22, 1988,

Guiochon, G. A, "Theory of Band Movement Through Chromatographic Columns
with Emphasis on Preparative Chromatography,” West Carolina Chromatography
Discussion Group Annual Conference, Greenvilie, SC, July 20, 1988 (invited).

Guiochon, G. A., "Theory of Band Separation im Chromatograply,” Southern Ilinois
University Seminar, Carbondale, IL, October 21, 1968 (invited).

Guiochon, G. A., "Noo-Lincar Chromatography,” Department of Chemistry, University
of Maryland, Baltimore Campus, November 29, 1968 (invited).

Guiochon, G. A, "These Sirange Chwomatographic Effects, HPLC '88, 121th
International Symposium on Column Liquid Chromatography, Washington, DC,
June 24, 1988 (invited).

Guiochon, G. A., "Preperative Liquid Chromatography: Theory of Band Separation,”
17th latemnational Symposium on Chromatography, Vienna, Austria, September 26,
1988 (invited).

Guiochon, G. A., "Theory of Non-Linear Chromatography,” Eastern Anaytical
Symposium, New York, NY, October 4, 1988 (invited).

Guiochon, G. A, "The Theory of Nom-Linear Chromatography,” Intemational
Symposium on Chromatography, Wesmann Institute, Rehovoth Israel, November 16,
1988 (invited).

Hetuch, R. L., "Combining Laser Technology with Fourier Transform Mass
Specirometry for the Characterization of Non-Volatile Compounds,” Oak Ridge
Associated  Universities Travelling Lecture, Hampton University, Hampton, VA,
February 10, 1988 (invited).
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Hettich, R. L, "Combining Laser Technology with Fourier Transform Mass
Spectrometry for the Characterization of Non-Volatile Compounds,’ Oak Ridge
Associated Universities Travelling Lecture, University of Puerio Rico - Mayaguez
Campus, Mayaguez, Fuerto Rico, May 12, 1968 (invited).

Hettich, R. L, "Laser lIonization Fourier Transform Mass Spectrometry for the
Differentiation of Methyl Guanosine Isomers,” 36th American Society for Mass
Spectrometry Conference, San Francisco, CA, June 5-10, 1988,

Hettich, R. L, "Laser lonization and Laser Photodissociation with Fourier Transform
Mass Spectrometry,” 36th American Society for Mass Spectrometry Conference, San
Francisco, CA, June 5-10, 1968.

Hettich, R. L., "Examination of Alkylated Nucicosides and Oligonucicotides by Laser
lonization Fourier Transform Mass Spectrometry,” Analytical Chemistry Division
Information Meeting, Oak Ridge National Laboratory, Oak Ridge, TN, July 18-20,
1988.

Hulett, L. D, Jr; Donohue, D. L; Pendyala, S.,* "Surface Imaging by Positron
Emission,” 35th International Field Emission Symposium, Oak Ridge, TN, July 18-
22, 1988,

Hulett, L. D, Jr; Donohue, D. L.; Lewss, T. A; * Pendyala, S.* “A High Intensity
Pasitron Facility for Analytical Reszarch,” Analytical Chemistry Division Information
Meeting, Oak Ridge National Laboratory, Oak Ridge, TN, July 16-20, 1988.

Hulett, L. D., Jr.; Lewis, T. A.;* Donohue, D. L.; Pendyala, S.,* “The Oak Ridge
National Laboratory Slow Pasitr 51 Source,” 8th International Conference on Positron
Annihilation, Gent, Belgium, Augua 29-Seprember 3, 1988.

Hsu, F. H.;* Shao, M. J.;* Hulett, L. D., Jr.; Rosseel, T. M.; Dale, J. M., “Surface
Effects on Positron Annihilation Characteristics in Cab-O-Sit (Si02),” 8th Int. Conf.
on Positron Annikilation, Gent Belgium, August 29-September 3, 1988,

lewis, T. A.;* Hulett, L. D., Jr.; Donohue, D. L., "The Extraction of Linac-Generated
Slow Pasitrons Using the Single-Gap Accelerator Technique,” 8th International
Conference on Positron Annihilation, Gent, Beigium, August 29-September 3, 1988,
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Hufett, L. D, Jr; Pendyals, S;* “A Theorem for the Determination of Resolution
Functions of Positron Lifetime Spectra,” Sth International Conference on Positron
Annihilation, Gent, Beigium, August 29-September 3, 1968.

Hulett, L D, Jr.; Pendyala, S.;* “The Practicality of High Magnification Imaging by
Positron Emission,” 8th Intemational Conference on Pasitron Annihilation, Gent,
Beigium, August 29-Sepiember 3, 1968,

Hulett, L. D, Jr., "Positron Spectroscopy as a Tool for Materials Analysis and
Characterization,” Polymer Engincering Seminar Series, University of Tenncssee,
Knaxville, TN, October 6, 1968.

Jenkins, R. A; Maskarinec, M. P, "An Assessment of Commercially Availablc
Instrumentation fcr Field Analysis and Evaluation at Hazardous Waste Sites,” Sth
Rocky Mountain American Chemical Socicty Regional Meeting, Las Vegas, NV,
March 28-30, 1968 (invited).

'Moncyhun, J. H; Gayle, T. M.;* Jenkins, R A, "A Laboratory Scale Liquid/Solid

Smoke Generator to Simulate the XMSS Field Systems,” Smoke/Obscurants Symposium
X11, Komiakoff Conference and Education Center, The Johns Hopkins University,
Laurel, MD, April 19-21, 1968,

Jenkins, R. A.; Griest, W. H.; Moneyhun, J. H.; Tomkins, B. A ; ligner, R. H.; Higgins,
C. E; Gayle, T. M.,* "Sampling and Chemical Characterization of Workplace
Aimospheres Contaminated with Airborne Diesel Exhaust,” 1988 EPA Symposium on
Measurement of Toxic and Retated Air Pollutants, Raleigh, NC, May 24, 1988.

Jenkins, R. A.; Thompson, C. V.; Higgins, C. E., "Development and Application of
a Thermal Desorption-Based Analytical Method for the Determination of Nicotine in
Indoor Environments,” Indoor and Ambient Air Quality Conference, London, England,
June 13-15, 1988.

Jenkins, R. A.; Thompson, C. V.; Higgins, C. E., "Development and Application of
a Personal Sampler and Detection Method for Monitoring Nicotine in Indoor
Environmenis,” Analytical Chemistry Division Information Meeting, Oak Ridge National
Laboratory, Oak Ridge, TN, July 18-20, 1988.
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Jenkins, R. A; Moneybun, J. H; Gayic, T. M;* Ross, R. H, "Chemicai and
Taxicological Properties of the Combustion Products of Rifie and Gun Systems.”
Pulmonary Rescarch Review and Analysis Mecting, Fitzsimons Army Medical Center,
Auroro, CO, September 20-22, 1968 (iavited).

Jones, R. E., "Radiation Safety,” Orientation Meeting for New Employees in ACD,
Oak Ridge National Laboratory, Osk Ridge, TN, March 18, 1968.

Katti, A M; Guiochon, G. A, "Numerical Simulation of Band Profiles for Two-
Componecnt  Separations by Displacement Chromatography,” 1988 Pitsburgh
Conference and Exposition, New Oricans, LA, February 22-26, 1988.

Keller, J. M., “Instaliation of a Hot ICP,” Martin Marietta Encrgy Systems, Inc.
Analytical Committee Meeting, Oak Ridge National Laboratory, Oak Ridge, TN,
October 25, 1988.

Dale, J. M,; Klast, L. N., "Concepts for the Deterrence of Currency Counterfeiting,”
Analytical Chemistry Division Information Meeting, Oak Ridge National Laboratory,
Oak Ridge, TN, July 18-20, 1968.

Kiatt, L. N.; Bostick, D. T.; Perez Blanco, H.,* "Fiber Optic Sensors for the Study of
Falling Liquid Films,” 196¢th Meeting of the American Chemical Society, Los Angeles,
CA, September 25-30, 1968 (invited).

Kiann, L. N; Bostick, D. T.; Perez Blanco, H.,* "Sensors for Determining the
Composition of Falling Liquid Films,” 174th Meeting of the Electrochemical Socicty,
Chicago, IL, October 9-14, 1988 (invited).

Kiat, L. N, "Recent Instrumentation Developments,” Depariment of Chemistry,
University of Alabama - Birmingham, Birmingham, AL, November 11, 1988,

Laing, W. R., "Measurement Control for a Non-Nuclear Facility," Symposium on
Measurement and Control for MC& A, Savannah River Laboratory, Aiken, SC, October
25-27, 1988,

Maskarinec, M. P., "Evaluation of Analytical Problems Associated with the EPA
Toxicity Characteristic Leaching Procedure (TCLP) Test,” Solid Wasie Forms:
Characteristics and FEvaluations Workshop on Waste Forms, (ak Ridge National
1.aboratory, Oak Ridge, TN, April 8, 1988 (invited).
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Maskarinec, M. P; Holladay, S. K; Ryan, M. A,* “Technical and Economic Issues
Related to Consistency of Quality Assurance Programs,” 12th Aquatic Toxicology and
Hazard Assessment Symposium, Sparks, NV, April 24-26, 1988 (invited).

Maskarinec, M. P., "Technical and Economic Benefits of Harmonization of Quaiily
Assurance Programs,” 12th Aquatic Toxicology and Hazard Assessment Symposiu: +,
Sparks, NV, April 24-26, 1988 (invited).

Maskarinec, M. P, Johnson, L. H.; Holladay, S. K., "Determination of Stability of
Environmental Sampies,” Analytical Chemistry Division Information Meeting, Oak
Ridge National Laboratory, Oak Ridge, TN, July 18-20, 1988.

May, M. P.; Shepherd, M.;* Werzel, M.;* McCauley, B,* “The Use of Interactive
Computer Based Training at ORNL as a Tool for Training Workers at Our Noo-
Reactor Nuclear Fat_'ilitiu," Training Coordinator’s Meeting, Oak Ridgc National
Laboraiory, Oak Ridge, TN, May 5, 1968.

May, M. P., Walker, R. L; Carter, J. A_; Wolf, D.,* "Level and Volume Caiinauon
of 2 Large Hot Canyon Tank using the Lutetium Double Spike Method,” Savannah
River Laboratory, Aiken, SC, September 21-2Z, 1968.

May, M. P.; Wewzel, M.,* "Interactive Video Disc Computer Based Training for
ORNL," Office of Operational Safety, Oak Ridge National Laboratory, Oak Ridge,
TN, October 11, 1588.

McLuckey, S. A; Glish, G. L.; Asano, K. G, "Glow Discharge lonization for Trace
Analysis of Organics in Ambient Air,” Pittsburgh Conference, New Orieans, LA,
rebruary 25, 1388.

McLuckey, S. A, "Organic Mass Spectrometry: Highlights,” Basic Energy Sciences Site
Review, Oak Ridge, TN, April 11, 1988.

McLuckey, S.A.; Asano, K.G.; Glish, G.L., "Negative Chemical lonization and MS/MS
of Negative Ions in an Ion Trap Mass Spectrometer,” 36th ASMS Conference on Mass
Spectrometry and Allied Topics, San Francisco, CA, June 9, 1988.

McLuckey, S.A.; Glish, G. L.; McKown, H. S.; Grant, B.C., "Explosives Detection at
ORNL: Status Report,” Analytical Chemistry Division Information Meeting, Oak
Ridge, TN, July 18, 1988,
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McLuckey, S. A.; Glish, G.L.; Asano, K.G., "The Coupling of an Atmospheric Sampling
lon Source with an lon Trap Mass Spectrometer,” 196th ACS National Mecting, Los
Angeles, CA, Sept. 28, 1968 (mwited).

McLuckey, S.A.; Glish, G. L; Grant, B.C; Asano, K. G, "The Status of Explosives
Detection at Gak Ridge National Laboratory,” 4th Annual Conference on Explosives
Detection, FBI Academy, Quantico, VA, Oct. 12, 1988 (invited).

McLuckey, S. A.; Glish, G. L,; Carter, J. A., "Progress in Explosives Detection at Oak
Ridge National Laboratory,” DOE Office of Safeguards and Security Program Review,
Germantown, MD, Oct. 14, 1988,

McLuckey, S. A; Giish, G.L, "MS/MS Instrumentation for Rapid Trace Level
Analysis” FACSS XV, Boston, MA, Nov. 2, 1988 (invited).

Nolan, T. G.; Whitten, W. B.; Ramsey, J. M., "Refractive Index Detection Using Two-
Wave Mixing in Photorefractive Barium Titanate,” Fourth Intematiosal Laser Science
Conference, Atlanta, GA, October 2-6, 1988.

Ramsey, J. M., "Applications of Nonlinear Optics to Chemical Analysis,” North Carolina
State University, Department of Chemistry, Raleigh, NC, February 29, 1988 (invited).

Ramsey, J. M., "High Resolution Analytical Laser Spectroscopy,” Universidad de Los
Andes, Merida, Venszuela, April 25, 1988 (invited).

Ramsey, J. M., "Nonlinear Optical Experiments Using Photorefractive Materials,”
Universidad dc Los Andes, Merida, Venczuela, April 26, 1988 (invited).

Ramsey, J. M., “Analytical Spectroscopy Using Time-Domain Measurements,”
Universidad de Los Andes, M-rida, Venezuela, April 27, 1988 (invited).

Ramsey, J. M., "Nonlinear Optics in Chemical Measurement Systems,” Universidad
Central de Venczuela, Caracas, Venezuela, April 29, 1988 (invited).

Ramsey, J. M., "Laser-Based Chemical Measurements,” DOE Chemical Sciences Site
Review, Oak Ridge, TN, April 11, 1988,
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Ramsey, J. M_; Whitten, W. B,, "Analytical Laser Spectroscopy at High Resolution:
New Techaiques,” ACS Summer Symposium, "Lasers in Analytical Chemisiry,” Stanforo
University, Stanford, CA, June 26-29, 1968.

Ramsey, J. M; Whitten, W. B; Nolan, T. G.; Blazewicz, P. R., "Very High Resolution
Lager-Based Spectrochemical Analysis,” Analytical Chemisiry Division Information
Meeting, Oak Ridge National Laboratory, Oak Ridge, TN, July 18-20, 1988

Ramsey, J. M.; Whitten, W. B, “Frequency and Bandwidth Control of CW Dye Lasers
Using Intracavity Photorefractive Elements,” Fourth International Laser Science
Conference, Atlanta, GA, October 3, 1988

Ramsey, J. M; Whitien, W. B; Blazewicz, P. R., "Multi-Ionization in a Low Pressure
Cell,” Federation of Analytical Chemistry and Spectroscopy Societies (FACSS), Boston,
MA, October 30-November 4, 1988.

Rarasey, R. S;; Ho, C.-h; Row, K H,, "Determination of UV-Induced PRotosensitive
Lesions in DNA by HPLC/GC,” Analytical Chemistry Division Information Meeting,
Oak Ridge National Laboratory, Oak Ridge, TN, July 18-20, 1988.

Dyer, F. F; Robinson, L; Emery, J. F., "The Use of Automation with the New
Pneumatic Irradiation Facility of the ORNL HFIR," American Nuclear Society, 1968
Annual Mecting, San Diego, CA, June 12-16, 1968.

Robinson, L.; Hobbs, R. W.; Dyer, F. F.; Pugh, L. P,;* Sneigrove, J. L;* Teasley,
N. A, Jr, "An Automated Fuel Scanning System,” ANS Topical Meeting on Industrial
Radiation and Radioisotope Measurement Applications, Pinchurst, NC, September 6-
9, 1988.

Ross, H. H.,, "Radioactivity in the Environment: A Major Analytical Challenge,”
Chemistry Department, North Georgia College, Dahlonega, GA, November 17, 1988
(invited).

Ross, H. H., "Radicactivity in the Environment: A Major Analytical Challerige,”
Chemistry Department, University of West Florida, Pensacola, FL, November 10, 1988
(invited).
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Ross, H. H., "Radicectivity in the Environment: A Major Analytical Challenge,
Chemistry Department, Florida Southern College, Lakeland, F1., November 9, 1968
(invited).

Ross, H. H., "Fiber-Scintillator Flow-Cell Radiation Detector,” Analytical Chemisiry
Division Information Mecting, Osk Ridge National Laboratory, Oak Ridge, TN, July
18-20, 1968.

Rosseel, T. M, "High Resolution Sudics of the Chemical Effects in Heavy Ion
Induced X-Ray Satefiite Emission (HIXSE) Spectra,” DOE Basic Energy Scicnces Site
Review, Oak Ridge, TN, April 11, 1988

Shaw, R. W.; Young, J. P; Smith, D. H., "Resonance Ionization Mass Spectrometric
Study of the Promethium/Samarium Isobaric Pair,” 4th International Symposium on
Resonance fonization Spectroscopy & Its Applications, Gaithersburg, MD, April 10-
15, 1988.

Shaw, R. W.; Young, J. P.; Smith, D. H., "RIMS Removal of Isobaric Interference
for the Pm/Sm Pair,” DOE Basic Energy Sciences Site Review, Oak Ridge, TN, April
11, 1988.

Shaw, R. W.; Young, J. P; Smith, D. H., "Diode Laser-Initiated, Two-Color Resonance
Ionization Mass Spectrometry of Lanthanum,” 4th International Laser Science
Conference, Atlanta, GA, October 3-6, 1968.

Shaw, R. W.; Young, J. P.; Smith, D. H., "Uranium Isotope Ratio Determainations by
Resonance lonization Mass Spectrometry,” 4th Intemational Laser Science Conference,
Atianta, GA, October 2-6, 1988.

Shults, W. D., "Analytical Chemistry at a Multipurpose Laboratory,” Southeastem
Association of Analytical Chemists-88, Knoxville, TN, April 22-23, 1988.

Schudel, J. V. H.; Guiochon, G. A., “Column Efficiency Calculations: A Study of the
Precision and Accuracy of Eight Measurement Methods,” 1988 Pittsburgh Conference
and Exposition, New Orieans, LA, February 22-26, 1968.

Smith, D. H.; Shaw, R. W.; Young, J. P., "Resonance lonization Mass Spectrometry
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SUMMARY OF ANALYTICAL SERVICE WORK

Number of results reported by
Analytical Radioactive Mate-  Organic Inorganic

Organization Spectroscopy rials Analysis Chemistry  Chemistry Toal
ORNL Unit
Analytical Chemistry 316 4523 8309 739 20387
Central Management 434 124 558
Chemical Technology 3991 6158 202 11881 24232
Chemistry 213 19 207 439
Encrgy 481 7128 7609
Enginecring Physics and Mathematics 155 4 6 165
Engincering Technology 736 3 694 1433
Esvironmental and Health 9241 41024 37100 13115 100480
Protection
Environmental Sciences 966 247193 80149 105908
Fuel Recycie 4217 259 132 4608
Fusion Energy 198 68 107 3
Health 11 111
Health and Safety Research 107 1232 8120 5309 14768
Metals and Ceramics 2851 98 6980 9929
Physics 56 31 30 117
Plant and Equipment 329 194 82 823 1428
Research Reactor 400 214 614
Solid State 157 19 151 327
Others
DOE Environmental Survey Program 67068 294 93362
K-25 1781 292 2575 4648
Miscellaneous 13712 219 339 1854 3784
Nuclear & Engineering Tech. 4937 4937
Paducah Gaseous Diffusion Plant 527 527
Savannah River Laboratory 243 43
Work for Others 1349 1349
Y-12 1782 399 1025 3206

TOTAL 29094 56823 152251 167374 405542
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DIVISIONAL MANPOWER AND FINANCIAL SUMMARY

FY 1988
Source $K PY”
DOE programs
Energy Research
Basic Encrgy Sciences 1.685 11
Heslth and Environmental Research B i3
Environmental Site Survey 1,955 136
Safeguards and Security L1 41
Nuclear m 18
Multi-program Facilitics Support 268 1.5
Fossil Energy 12 a1
Miscellaneous 429 27
Totai DOE Prog-ams 5,767 383
Work fx others - federa) agencics
Depariment of Defense 1.501 73
National Cancer Institute 287 20
Environmental Protection Agency 309 19
Bureau of Engraving and Printing 45 02
Federal Aviation Adminisisation 81 0.7
Nat'onal Institutc on Drug Abusc 42 03
Miscellaneous 140 06
Toul WFO - fedesal Agencies 2.465 13.0
Work for others - nonfoderal agencics
Council for Tobaccn Rascarch 81 6
Protective Coating Companics 5 0.0
Unanium Ore Testing Companica 45 0.0
Miscellancous 46 03
Tosl WFO - nonfederal agencies n 09
ORNL Dwisions Programs 8.646 84.7
Other Clicnts 1,358 152
Toral Support/Scrvices 10.201° 99
TOTAL FINANCIAL PLANS 18610 1521

‘Person Years

‘Docs not rellect [aboratory gencral and administrative cxpense or general plang
services.
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