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HIGHLIGHTS

We developed a totally new proof-of-principle
meagurement system capable of providing real-
time in situ inalysis of absorber concentration
within an operating ebsorption heat pump. The
meagurement is based on 1light logs from a
stripped optical finer, when the refractive
index of the fluid in contact with the fiber
core changes. Inftially, experiments were
conducted with a single optical fiber model of
this “heat pump refractometer.” Later, a
aultiple optical fiber system was developed.
The svsteam was used to follow changes in LiBr
zoncentration during oneration of an absorption
test vessel. This work is continuing with the
objective of iamproving system performance and
applying it to other heat exchange fluids.

We have Investigated the laser
optogalvanic detection to observe intermediate
molecular species during the cheamical vapor
deposition (CVD) of amorphous silicon. An
optogalvanic signal is generated by {lluminating
a glow discharge plasma with a pulsed laser beaa
end then scanning the laser frequency. Silicon
hydride wes chosen as a ‘"est analyte species
because it has been well characterized by
convent {onal spectrometric methods, and because
it is {mportant in the growih of hydrogenated
films. Optogalvanic detection has weveral
sdvantsges over other spectroscopic techniques
for CVD interrogation: there iz direct elec:ri-
cel signal generation, no opticsl beckground
noise, and excellent sensitivity. Also, it can
be used to analyze non-emitting species present
{a CVD plasmas.

use of

We have studied the gas-phase ion chemistry
and structures of nitroaromatic fons this year.

The mechanism for the ioss of OH® from
o-nitroaromatic compounds by the so-called
“ortho™ effect has been elucidated. We also

studied the energy loss and the mechanism of NO
elimination. This wvork has led to the
development of an MS/MS instrument for detecting
explosives. It is an extension of the tandem
quadrupole/time-of-flight mass spectrometer that
Je constructed earlier. Much work has goae Into
designing and testing an actmosvheric pressure
fonization gource for this system.

A Fourier ransform kass spect.rometer
(Nicolet FTMS-2000) was installed in Septeaber.
It is a nev generastion mass spectrometer capable
of extremely high resolution and mass range. It
is the first {instrument of {ts kind to be used
within the DOE family of laboratories.

Our research into resonance {ionization mass
spectrometry (RIMS) has continued, with emphasis
on obtaining a better understanding of the
optical processes involved. An electron energy
analyzer vas incorporated into the RIMS system
to obtain the electron energy spectra of the
photoelectron that is generated in the resonant
ifonization process. The electron energy spectra
we obtained were unexpectedly complex, but once

the complexity was understood, various spectra

could be calcilated for alternate optical
processes and compared with experimental
spectrs. We have done this for about ten
transitions.



Our development of sputter atomization/
resonance ionization Wes spectrometry has
continued with emphasis on refinements in the
instrumentation and software. Optical sud msss
spectra of uranium and samsrium were studied in
some detail, and we established that the RIMS
optical spectra observed for sputter atomization
agree well wich those obtained by thermsl
atomization. The mass spectra indicated metal
ion peaks ir the expected isotopic abundancies
when the laser was fixed on a resomant
wavelength. Metal oxide pesks were also
observed at all wavelengths scanned by the
laser, wvhich suggests that residual oxyger is
interacting with the metal to produce oxide
species that are 1ionized in a nonresonant
process.

Studies into the fundamentals of organic
secondary ion wmass spectrometry (SIMS) have
continued. This year we developed 3z new
reservoir system and probe inlet that provides
sasple to the target surface in a unifors manner
by capillary action. This system pernits
generation of secondary fons of constant
intengity and relative abundance for up to 2 h.
The reservoir probe system has enabled us to
study the relationghips between secondary f{on
intensity characteristics of analytes dissolved
in or adsorbed ontoc a liquid matrix. Secondary
ifon emission has been found to depend on
chemical kinetics. We are attempting to develop
a model that describes the behavior of organic
secondary ion emission 2s observed experimen-
tally. A patent {is pending on the reservoir
probe.

A new GC detector was conceived, designed,
and constructed this year. It is an electron
capture detector that  uses 6381  as the
source and which allows the preessure in the
detector to be varied from atmospheric to less
than 1 torr. Conventional electron capture
response is obtsined st atmospheric pressure.
At reduced pressure the device gives a unifora
response from sll analytec, similar to thst of a
flase {onizstion detector. At  intermediate
prassures (sbout 100 torr) an {isomer~selective
response is observed. Thus, we have s multimode
fonization detsctor that combines the features
of three different detectors. We expect this
system to be useful not only for identifying
isomers in complex amixtures, but also for
detecting classes of compounds. A patent o0
this device has been filed.

Ve developed and demounstrated a hybrid
instrument of the QEB geometry this year. This
vas done by interfacing a quadrupole to the
front end of an M550 high-resolution mass
spectrometer. This nev development enabled a
variety of experiments to be done. An EI/CI fon
source has been constructed for the new systes,
which wvas selected as one of the “Top 100
Innovations“ of the year by Science Digest
magazine.

We acte developing a supersounic jet sampling
technique for combustion diagnostics. The idea
is to rotationally cool combustion gases by
supersonic expansion and then study them by
bigh-resolution, laser—induced fluorescence
gpectroscopy. The apparatus utilizes a 3-hp
Briggs and Strattor gasoline engine modified
so that coa tion gases can be withdrawn while
the engine is running; thus dynamic measurements
can be made. We have shown that this cooling
technique 1is sufficient for high-resolution
spectroscopy under these operating conditiona.

We have continued to study the use of passive
phase-conjugate reflectors in optical spectros-
copy. Our studies this year have been extended
tc the use of ring dye lasers in conjunction
with a BsTi03 reflector. This systeam exhibits
improved resolution and pzssive wavelength
scanning, as we earlier observed with linear
laser systems. Linewidths as narrow as 1.3 GHz
are obteined. A scan rate of .0001 nm/s f{is
obtainable, and faster scan rates can be
obtsined by displacing the reflector by a few
centimeters.

Work 1in developing a 68Ge gource for
monoenergetic positrons has been completed.
Positron acattering studies of W, Mo, Cu, and Si
surfacaes ind{ :d that the positron spectra at
low scattering angles show much higher cross
sections than do electron spectra. We are
continuing to study positron lifetime spectros—-
copy, with emphasis on the examinstion and
determination of internsl and external surface
aress. We have tried to apply this technique to
the determinarion of fumed silicas (calbosils)
snd composftes of carbon fibers and epoxy.
These latter materials are widely used in
sircraft structures. It {s fmportant to know if
voids develop or delaminstion occurs in such
structures, since those chsracteristics can
decrease the strength of the sircraft.
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A pulsed, helivma ionization detector was
developed to operste in 4 constant-current,
cloged-loop mode. The closed—loop mode was
found to decrease noise and background current
leveis, thus ispioving operating stability. The
dynamic range wvas extended about twe orders of
magaitude. This development wss awarded an
IR-100 award this year by Industrial Research
magazine.

An important milestone vas reached this year
when {sotopic suslyses were completed on s fuel
pin that had been irradisted 90 days at full
pover in che Dounresy prototype fast resctor in
Scotlsnd. Isotopic analyses vere completed on
21 actinides in this fuel pin. Two other fuel
ping will be analyxred as part of this experi-
ment, vhich is a joint US/UK actinides research
progras. The program i{s iantended to measure ani
calculate the burnup and production of various
actinides 1in willigram samples of highly
enriched actinide isotopes, as a check on croas
sections, messuresent techniques, and
computrational protocols-

There has been public concern recently about
the enhanced toxicity of smoke fros so-called
clove cigarettes isported fros Indonesis
(kreteks). We were asked by the National Cancer
Institute to study the cosmposition of those
cigarettes snd compare them with normal cigs-
rettes. Both GC and GC/MS were used to survey
the vapor and psrticulate phases of the smoke.
No major clove-derived constituents were found
in the vapor phase, but five wsajor clove-
specific conszituents were identified in the
particulate phase. Our dats have been used to
help direct pulmonary toxicity studies being
conducted at another laboratory for the National
Cancer Instituce.

We developed a system this year for probing
the chemical composition of deep well waters. A
commercially avsilable sample probe wss modified
extensively for this purpose. The system
congists of s sampling probe capsble of
collecting deep wall waters st depths in excess
of 1000 ft and a facility designed to measure,
collect, and dissolve gases. This system is
portshle enough to be used in the ficld. It has
performed sstisfactorily in preliminary tests in
nonrsdiosctive wells. This device askes it
possible to mske s complete anslysis of well
waters (including dissolved gases) to obtsin s
better undarstanding of the geccheaistry of the
surrounding formstions.

xi

This year for the first time, ORNL, in
conjunction with the Tennessee Wildlife
Resources Agency, conducted s countrolled deer
hunt on the Osk Ridge reservation in an attempt
to lenaep the deer herd populstion snd improve
safety in the aves. Aralytical Chemistry played
a major role ia this project, becsuse it was our
job to momitor the harvested deer individuslly
for radioactivity to ensure public ssfety. Omne
aspect of that program was the development of s
custom-made computer progras to handle all the
data in s user-friendly manner and in real time.
During each hunt, informatiou about the nunter,
deer, radiocactivity, etc., were entered into the
data base. The 1information could then be
formatted in any number of ways to meet the
needs of the hunter or ORNL and TWRA personnel.
Daily information was merged into s master file
8o that reports covering the entire hunt could
be prepared, or subsets of informstion could be
examined. Some 926 deer vere har 2sted during
five weekend hunts in the months of October,
November, and December.

During 1985 we initiated separation studies
based on the electrokinetic wemigration of
micelles in capillsry tubes. In this technique,
an open tate 13 filied with a buffered solutfon
of the surfactant. When a dc voltage is aspplied
to the column, ionic micelles migrate toward the
electrode of opposite charge. Analyte molecules
diffuse in and out of the migrating micelles and
are partitioned there. An efficiency approach-
ing 60,000 thecretical plates was obtained by
this approach for a series of derivstized
aliphatic amines.

Studies have continued on degenerate
four-wave mixing spectroscopy for trace eleseit
snslysis 1in flames. This technique offers
Doppler free apectra. Theoretical detection
limits are 1 ppb for sodium using a pulse laser
snd 0.1 ppt using a CW laser. Experimentally,
we are sble to detect sodium at the 200-ppb
level. The experisental detection limit 1s
governed by scattered light.

A new resesrch effort in
spectroscopy was initiasted.
ments are simed st measuring the relative
sbundancies of 160 and 180 1o carbonyl
sulfide by wmicrowsve asbsorption niccu’o-copy.
The objective 1s to develop o simple sand
relisbla technique for wessuring stsble {fsotope
sbundsnce ratios.

sicrowvave
Preliminary experi-



O+r collaborative research program with the
University of Tennessee at the Transursnium
Research Lasboratory hss continued. A new
diamond-anvil cell has been designed and built.
It is capable of exerting pressures exceeding
30 GPa. With this cell, we are studying the
effect of pressure cn the spectra of actinide
halides. Several lsnthanide compounds have also
been studied. 1In general, our results shov that
the bromides and jodides transform irreversibly
to the most dense structure at less than 5 GPa.

The division vas granted approval to operate
nev laboratories in Building 2026 in August
1985. The facility is being equipped to handle
inorganic and organic “priority pollutants”
snalysis on radiosctive materials. This new
sddition and the existing facilities in
Buflding 2026 will provide the division with
unique facilities for handling hazardous
materials.

Construction of & nev neutron activation
analysis laboratory at the High Flux Isotope
Reactor is scheduled to begin in March i986. As
part of the project, a second pneumstic tube
will be installed, which 18 expected to provide
a vell-thermalized neutron flux. This facilicy
will allow us to consolidate all NAA operations
into one state—of-the-art facility.

xii




1. AMALYTICAL SPECTROSCOPY

J. A. Carter

The Analytical Spectroscopy Section is the reeult of the merging of the Asalyticsl
Methodology and Mass and Emission Spectrometry Sections and is nov composed of four groups:
Actinides and Isotupic Muss Spectrumetry, Inorganic and Secondary Ion MNass Spectiometry,
Analytical Instrumentstion R&D, and Spectroscopic RED Programs. Research and development
efforts in each group are directed toward enhancing anslytical capabilities through new
discoveries snd developing 2 clearer understanding of fundsmental physical processes that can be
exploited into nev instrumrits or analytics! approsches for solving energy problems for DOE.
Several projects toward this goal are described in the following technical summaries; however,
some of the wmost outstanding examples of achievements are notevorthy: (s) the QEB
(quadrupole/electrostatic/magnetic) high-resolution three-stage mass spectrometer for gas-phase
chemistry studies (this project won a "Top 100 Imnovation Award” from Science Digest); (b) the
special design of the mass spectrometry/smass spectrometry (KS/MS) instrument for detecting
nitrated compounds; (c) sputter atomization/resonance ionization instrumentation for low level
sctinide detection; (d) degenerate four wave laser mixing for trace elemental asnalysis under
Doppler-free conditions; (e) resl-time ic situ snalysis of heat pump fluids by fiber optic
techniques; and (f) surface sres and defect measurements by positron spectroscopy.

About 45% of the section's research and development support is provided by the Division of
Chemicsl Sciences of the Office of Basic Energy Research, U.§. Department of Energy. This
effort, brosd in nature, provides the Analyticsl Chemistry Division the tech.uical bsse from
vhich current snd future spectroscopic needs of DOE are addressed. Another 25T of the section's
R6p funding is about equally distributed between DOE Offices of Safeguards and Security,
International Security Affairs, and Heslth and Eavironseantsl Resesrzh. The projects for these
funding sources sre generally short range snd of sn applied nscure. The baslance of our effort
is funded by other laboratory programs (seed money), vsrious interagency agreements (FAA,
18P0/State, and IAEA), and other work-for-others contracts.



AFRALYTICAL INSTRUMENTATION R&D
H. B. Ross

One of the most satisfying aspects of
research in analytical chemistry is seeing one's
experimental and theoretical work transformed
into the practical solution of a “real-world”
messurement problem. ORML provides an slmost
perfect enviromment to reslize such an approach.
As nev analytical techniques are brought from
the laboratory, there is almost certainly an
on-site opportunity for testing and refinement.
In our group, the natursl rhythm of the
research/implementation cycle has substantiatlly
favored new research initiatives during the past
fev years. This year, in contrast, we have had
significant success in bringing our wvork to the
demonstration stage. The result is that some
critical analytical seasurements can now be done
faster, more accurately, or cheaper than before;
in other csses, we cen mske measurements that
previsusly were not even possible!

We have not, however, neglected our
commitment to innovative resesrch; many new
spprosches are described here. Also, we have
highlighted interactions between group members
and other organizationsl units at the Labora-
tory. We feel that such interactions help tc
waintain the vitality of our overall effort.

Analytical Spectroscopy

We have noted previously that fecdback from &
phase-_vujugate reflector
(PPCR) can greatly affect an untuned contimious-
wave (CW) dye laser. The salient features of
the feedback effect are dramatic line-width
reduction (to & few GHz) and repetitive,
monotonic self-scamning of the wavelength over

BaTiO3  passive

tens of nsnometers. Earlier experiments mecde
use of s linear standing-wsve laser cavity.
More recently, ve have used & ring laser cavity
for the phase conjugate feedback experiments.
Ring dye lasers opersting in traveling wave mode
sre known to have narrover bandwidths than
comparable linear cavity designs. The reduced
bandvidth is the result of & more uniforw
spatial interaction of the opticsl fields with
the gain medium, We have observed bandwidthe as
small as 1.3 CHz in experiments where the
BaTiO3 PPCR is the sole tuning element for &
CW ring dye laser, This bandwidth is a factor

of 3 unarrower then that observed with the
BaTiO3-linear laser.

The BaTiO3-ring laser also exhibits the
passive vavelength scamming effect. When the
combioed length of the external cavity formed by
the PPCR is equal to the ring circumfereace, the
frequency is relativeiy stable with a scan rate
of 0.0001 om/s, and the linewidth is narrow, 1.3
Giz. Displacement of the crystal or retrowirror
by a fcv centimeters results in a higher scan
rate (o 0.02 mm/s), and the output spectrum
contains 8 mode beat pattern with sowevhat
greater effective linewidth (v 3.5 Giz). The
additionsl spectral structure is expected from
the interaction of the laser cavity with the
additionsl cavities formed by the PPCR. The
output wavelength will scas awre than 10 am to
the red of the starting vnglength, then repeat
indefinitely, as observed before.

A pew research effort has been initiated in
the ares of wicrowave spectroscopy. The
objective is to develop a simple and reliable
technique for the messurement of stasble isotope
sbundance ratios. A preliminary experiment has
been designed to measure the relative sbundances
of 160 anda 189 g carbonyl sulfide by
microwgve absorption spectroscopy. A Fabry-
Perot cavity will be used as the absorptisa
cell, thus providing a multipass advantage. The
cavity length will be adjusted so that beth
sbsorption frequencies are longitudinal wodes of
the resonator. The J = 1 + 0 transitions of
160cs and 18ocs will be monitored.
Trase two transitions differ in frequency by 753
MRz, corresponding to & cavity spacing of 19.9
cm, A super-heterodyne detection scheme will be
used to alternately monitor the twn transitionms.

We have continued our evalustion of
degenerate four-wave mixing (dfwm) spectroscopy
for trace elemental anelysis in analytical
flames, The dfwm technique allows the measure-
ment of Doppler-free aspectrs, thus incressing
spectrsl resolution and potentislly enhancing
the ability to determine isotopic sbundances by
optical means,

Theoretical cslculations st w a fundamental
limit of detection for typical atomic transi-
tions of sbout 105 sbsorbauce units for 10-ns
laser pulses and a 1-s time constant. The use
of a CW laser lowers this value by & factor of
104, Using typical conversion factors relat-
ing solution and flame atom deusities, a detec-
tion limit of 1 ppb is calculated for sodium
using a pulsed laser. This detection limit
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compares favorably to that of fleme atomic
absorption apectrometry. Calculated limits of
detection using 8 CW laser are 0.1 ppt, or
better than those achieved with laser-excited
fluorescence in & flewe or with inductively
coupled plasma spectrometry.

Experisental seasurements have been made with
& Nd-YAC pumped-pulsed dye laser. Spatial
filtering and polarization selection have been
uged in the detection system to reduce back-
ground signals, as previously reported. Our
current wmeasured detection liwit is 200 ppb
sodivm in wster. The decection limit is
currently limited by scattered light from the
bsckwvard pump beas into the detection system.
Tue scattering is frrs & nebulized solution that
hss not evaporated before passing into the laser
interaction region. This nonresonan: scattering
can possibly be reduced by using a different
polarication scheme. A ccaparison of measured
detection limits with calculsted values or those
achieved by other techniques is difficult
becsuse of the uncertainty associated with
transprt of species in solution to the flame,
A critical evsalustion of dfwm for analytical
flame spectroscopy can only be made by knowing
the atom density in the laser interaction
region. We will attempt to determine the atom
density by absorption measurements.

A supersonic jet sampling technique for
combustion diagnostics is being developed. The
technique uses supersonic expansion to rots-
tionally cool combustion gases so that they can
be studied with bizh-resolution laser-induced
fluorescence spectroscopy. The apparatus,
consisting of a 3-hp Briggs and Stratton gaso-
line engine, modified cylinder head, optical
vacuus manifold, and pumping systea, has been
completed, Initial experiments were wade with
the Qusnts Ray pulsed dye laser as the excits-
tion source and WO, as the anslyte. The
rotational cooling of NO; by combustion gases
(with the engine running) to abcut 16 K compares
favorsbly with the cooling that can be obtained
vith the ssme nozzle and pure Nz (18 K) or Ar
(8 K) under ststionary conditions. In the
latter measuresents, the NO; and carrier gas
were injected through the spsrk plug hola of the
ststionary engine. The dynamic measurements
were made with KO, added to the intake air
strean. The experiments showsd that cooling by
expansion of combustion gasss is sufficient for
high-resolution spectroscopy.

Cheuica. vapor deposition (CVD) is widely
used to creste costings and thin films for many

applications iun the wmicrotlectromics, wear-
resistant coatings, electrooptics, and esolsr
photovoltaic energy conversion industries.
However, incomplete understcnding of the
fundemental processes occurring during glow
discharge depositions has ceused difficuities in
achieving reproducible electrical asnd optical
properties of coatings.

The deposition of hydrogenated amorphous
silicon (a-Si:H) films by the glow discharge
decompogition of silane is now a cosmon method
for solar cell production because economical,
large-area depositions can be made on inexpen-
sive substrates at low teaperature. We have
investigsted the use of laser optogalvanic
detection to observe intermediate wolecular
species during the glow discharge deposition cf
&Si:H. The wptopalvanic signsl resclting from
the snalyte species was generated by illuminat-
ing a Jdischarge plassa vwith s pulsed laser beam
and scanning the laser frequency across optical
transitions. The two bisked electrodes used to
sustain the dc discharge served as signal sen-
sors in this detection scheme, and the cathode
also served as substrate for deposited films.
Tae intermediate silicon hydride was chosen as a
test analyte species because its A2 -x2x
transition bas been well characterized by con-
ventional spectiometric methods, and becsuse of
its probable role in the growth of hydrogensted
films.

A demountasble, hollow cathode dc discharge
cell was constructed and tested for plasma
stability, efficiency, «nd esse of operation.
It was designed so that it could be disassem-
bled, have its elcctrod.eg (substrates) replaced,
and be reassembled vscuum—tight within eeconds
without using any tools. Controlled depositions
of amorphous silicon films on the cathode sub~
trste vere accomplished using silane, silane-ie,
and silane-H, mixtures. The spatisl silicon
content of the film was exemined using evergy-
dispersive Y-r-y fluorescence and found to be
highest near the hollow csthode cavity st the
base of the slectrode. Preliminary Reaman
spectrs of the films indicate noncrystallinity.
The intermediaste spacies 8il resulting from the
decomposition of 8iH;, was woaitored by
recording irs optogalvanic spectrum
(W2p - 22,) ot 400 to 425 nm, Such gas-
phase silicon hydrides are thought to have a
besring on the wicroscopic structure of the
hydrogenated thin file product.

Compared with other spectroscopic techniquas,
such ss fluorsscence spectroscopy, optogalvanic



detection generally has wany advantages,
including direct electrical signal gemeraticn,
no ontical background noise, and excelleat
sensitivity. Most importantly, it can be used to
analyze ononemitting species present in CVD
plasmas. Additional studies to demonstrate
interesting applications of this tecknique are
currently under way for silane and other
discharges.

(J. M. Ramsey, R. W. Shaw, W. C. Tong, W. B.
Whitten)

Laboratory Robotics

Our robotics work has largely involved two
mjor activities: programwing for wmethod
implementation and design of special hardwvare
modules. A second snslytical procedure designed
for the robot was a fluorometric method for
determining uranium. After some preliminary
testing, we determined that the conventional
laboratory procedure could be used with the
robot with only minor changes. The resulting
sutomated wethod is used to process originsl
samples to the "aliquot-on-pellet” stage; the
pellet ignition and fluorescence measurement
resain for the technician, During the course of
adapting the existing procedure to the robot, w=
found ir necessary to develop a hardvare module
to handle the necessary solvent extraction step.
Ve designed & gsimple mixing station to
accomplish this task.

A study of the robot procedure was cdrried
out with both uranium control samples and real
sasples. The results show that the robot system
can perform at an acceptsble 1level for the
uranive concentrations usually encountered.

We previously reported that s major
spplication of robotics systems is in the
astomation of procedures that involve very large
nusbers of identical operations. This type of
operation wes tested on two occasions. The
division needed to prepare sore then 1000 sesled
glass ampoules containing standards to be used
for gas chromatographic cslibrations. A variety
of materisles were to be encapsulated. We were
able to develop a procedure in which the robot
quantitstively pipetted the desired compound(s)
into the smpoule., The procedure was unusual in
that it was written to work in concart end in
real time with & technicisn who flame sealed the
loaded ampouls. Random ssmples of the finished
standards wvere snalyzed to asssess the robot's

performence. In sll cuses, the samples were
found to be within the rejuired control limits.
Because sowe of the samples prepared were as
swell as 0.1 ul, the use of the rotot for
accurate work seems well esteblished.

Iuring this period, & pumber of hardware
improvesents were incorporated into the system.
A nev ROM operating system was installed in the
robot coutroller that enabled s me nev system
functions and improved others. We also
redesigned our shaker controller logic, replaced
our disk drive, updated the capping station, snd
carried out general msintenance.

(C. S. Alley, H. H. Ross)

Special Inmstrumentation

Funding was obtained through the ORNL Eaergy
Division under the DOE Enerzy Couservation
Program to develop a proof-of-priuciple measure-
ment system capable of providing resl-time in-
situ analysis of absorber concentration within
an operating sbsorption heat pump. The measure-
meet is based om light loss from a stripped
optical fiber as the refractive index of the
fluid in contact with the fiber core changes.

A single optical fiber wndel of the heat pump
refractometer was assenbled to determine the
respouse surface for LiBr as the sbsorber fluid.
A multivariant experiment was then conducted to
determine the optimum fiber dJdiameter, fiber
exposure length, and the effect of solution
temperature on the LiBr messurement. The
optical response war found to be second order
with respect to both LiBr coucentration and
tempersture. An empirical calibration equation
was derived to describe this behsvior: s
theoretical explanation for the observed
response was also formulated. A 600~y optical
fiber with at least 2 cm of the fiber core
exposed yielded the greatest sensitivity to
changes in LiBr concentrstion and demonstrated
the mechanical chaeracteristics required for
installation in en sbsorption heat pump,

Multiple optical fibers were installed in an
absorption test vessel to demonstrate resl-time
in-situ messurement of the LiBr concentration
slong the heat exchange tubes, A chopper wvheel
vas used to multiplex light from an incandescent
source through the optical fibers to a single
detector. The temperature of esach tube in the
heat exchanger, as well as the inlet and outlet
cooling water, vas monitored with thermocouples.



Data acquisition was based on s HP-85 computer,
& HP-3456A digital multimeter, and s 3497A dats
acquisition countrol umit. EBach signal was iate-
grated over seversl power line cycles to winmi-
mize the noise from this source. The noise on
the opticsl signals (normalized with respect to
the source) was approximately 0,142, PRepesta-
bility of the optical signels wessured over s
4-d period was less than 0.51. The syotem was
used to successfully follow chenges inm LiBr
concentration over the 42 to 55 (+ 0.5) wt/wtl
LiBr range during operation of the ub-orpti.ol;
test vessel.

Current work is directed toward cvaluating
slternative light sources snd multiplexing
concepts to improve the conceantrstion resolution
and raage of the measurement. The system will
also be applied to the measurement of other hes:
exchange fluids being considered for use in
sdvanced cycle sbsorption machines.

The developmwent of remote snalytical
ingtrumentation has focused on the completion of
work on the titrations systea. The poteatio-
metric titrator hes been in routine use for
spproximately 2 yesrs in support of cperations
at our Transursnius Anslyticsl Laborstory. An
electronic noise problen was solved by replacing
the in-cell trensducer preamplifier enclosure
system vwith & unit having revised internal wir-
ing to eliminate & ground loop. Software modi-
fications included the addition of & memory test
Tfoutine upon power-up andg'or 8 hardvare reset,
an improved format for the titratiom plot (with
additional features in the replot option), and
correction of a problem associsted wvith an occa-
sions: failure of the systes to asutomatically
terminste s titrstion. The revised program has
functioned without sny reported problems.

The sssembly of the rewmote hardware and the
clectronic system for the amperomerric titration
system was completed. Initisl sttempts to use
the in-cell smperometric tiransducer electronics,
vhich employed & grounded 1loed resistor,
resulted in this circuit oscillating st the
frequency of the computer ewitching power
supply. The circuit was redesigned to use &
current-to-voltage converter, thereby eliminat-
ing & voltage feedback network required by the
former design. The revised circuit performs
satisfactorily.

Laboratory evaluation of the amperometric
cysten was completed. Although & few softvare
problems were uncovered, no major difficulties
were encountered. The standardization portion
of the procedure 'Plutonium by Amperometric

Titrstion with Iron(Il),™ which is defined in
ASTM Standard Method C697, was used. Potassium
dichrosate served as the oxident in this
evaluation, For aliquots of KyCry0y
ranging from 0.02702 to 0.2161 meq, the standard
error Of the end point wvas 0.00022 wmeq.
Expressed in terms of the mess of 239,
required for sn anslysis, these aliquots
correspond to an spproximste sample range of 3.2
to 26 wg, vith a stendard error of analysis of
0.026 mg.

A trip vas made to the United Kingdom Atomic
Energy Authority Wuclear Pover Developmeat
Establishwent at Dounresy, Scotland, and to
Harvell Laborstory at Oxfordshire, England. The
purpose of the trip was to develop the technmicsl
portion of a Specific Memorandum of Agreement
(SMA) concerning an exchange program on in-line
speccrophotowetry for breeder fuel reprocessing
plants, and to review the process control,
process support, &nd process development
activities related to breeder fuel reprocessing.
The SMA is being implemented under the
Departmwent of Epergy and United Kingdom Atomic
Energy Authority Liquid-Metal Fast Breeder
Reactors Agreement of September 20, 1976.

The Prototype Fast Reactor reprocessing plart
at Dounresy has & capacity of 30 kg/d of heavy
wetsl. It has spproximately 100 sample poiats,
vhich yield an average of 200 deterwinastions per
day. The chewical support for this plant
requires 44X of the pleant operating budget.
Since 1980, some instrumevtation has been added
to the plant, sand it is estimsted that annual
savings of $740,000 are being reslized. Further
details on the snalytical chemistry support for
the Dounreay reprocessing plant can be obtained
from ORNL/FTR-2043.

(D. A. Bostieck, L. N. Klatt)

SPECTROSCOPIC RAD PROGRAMS
D. H. Smith

"This group is comprised of investigators in &
number of disparate disciplines. A single wotif
informa sli the work, however; resesrch is
directed st expsnding knowledge chat will
ultimstely enhance anslytica’! cepabilities.
Four examples of this thiust are cited here,
The one that seems nesrest to fruitjon is in the
sarea of organic wass spectrometiy; fundsmentsl
gas-phase ion chemistry studies have led to a



current project to develop an explosives
detector besed on the principles of wmass
spectrosetry/mass spectrometry. A secoud effort
of this type is in the ares of resonance iomiza-
tion wass spectrometry, wvhere ocur goal is to
develop a sophisticated new instrument for use
in isotope ratio wmeasurements. The third
example has evolved from our positron zesearch;
ue have good evidence thet positron ammihilation
can be applied to the measurement of surface
areas and to the detection of wvoids and other
iaternal defects in composite materials. The
last such ares to be zited is in heavy-ion
induced, X-ray satellite emission studies, vhere
important information concerning the chesmical
state of species in alloys and other solid
specimens can be obtained., All of these aress
are technically challenging and offer the potea-
tial of yielding significsat sdvances in the
state of analytical art.

Organic Mass Spectromstry

Much of the effort in organic wmass
spectrometry has gone into work related to
explosive cowpounds. This wvork can be divided
iato two major sreas. One is the study of the
gas-phase chemistry and ion structures of nitro-
sromatic ions, and the other is the development
of an explosives detector. In the first area,
the wmechsnism behind the loss of OH- from
ortho-nitrosromatic ~ompounds by the so-cslled
"ortho" effect has been elucidated. In the
radical cstion species, transfer of a hydrogen
stom to the nitro group occurs from hydrogen
contsining ortho substituent, with the barrier
for reaction being related ¢ the homolytic bond
energy of the H bond being ruptured. In the
case of the corresponding anions, however, s
proton iz transferred, with the barrier thus
being related to the heterolytic bond energy of
the ruptured bond. Although howolytic bond
energies show little variation between substi-
tuents, heterolytic hond energies can be quite
different. This accounts for the fact that the
loss of OH- from the cations is universsl,
vhereas this is not true for the anions.

Two other related studies of the gas—phase
ion chemistry and structure of nitroaromatic
anions sre in progress. One involves determina-
tion of the energy releesed during WO loss, with
the magnitude of this energy being correlsated
vith properties of substituente, The other
study involves elucidating the mechanism ot WO

loss by determining the structure of the ion
that is produced by this reactionm.

Work on building aa explosives detector has
been oungoing since the last report. A tandes
quadrupola/time—of-flight (QT) wmass spectrometer
(similar to che ooe built previously at ORKL)
has been construrted for preliminary experi-
ments. A newer systea is pianned for the near
faiture that will incorporate an electric sector
in the time-of-flight cortion of the instrument.
This will afford iwmprovemsat in dsughter ion
resolution and reduction in background noise.
Much work has also gone into designing and
testing an atmospheric pressure iomization (API)
source. Two different designs have been tried,
vith both giving similar results to date.
Further testing is needed. A ncvel data
acquisition system has been designed for the new
QT instrument. Based on CAMAC equipmenz and an
IBRM- XT personal computer, it is presently being
agsembled in conjunctioa vita development.

The other msjor ares of work in organic msss
spectrometry this year has been the development
snd demoustration of a hybrid MS/MS/MS instru-
ment of QEB (quadrupole-electric sectormagnetic
sector) geometry. This was done by interfacing
a quadrupole to the front end of an MS50 high-
resolution mess spectrometer. A variety of
experiments have been conducted with the QEB
system, including  Thigh~resolution daughter
snalyeis, ion/mclecule associstion reactings,
improved resolutioa of high-energy daughter ion
spectrs, collisional-activation followed by
collision-activated or metastasble dissociations,
snd variable-energy, collision-activated decom—
position (CAD) mass spectrometry. As EI/CI ion
source hass been constructed for the new
systes,

Energy state counting and rate calculation
programs have been developed that allow quasi-
equilibrium theory (QET) calculations to be
performed. Such calculations have been used in
conjunction with low-energy CAD results to
elncidaste the fragmentation wechsniss of
Quaternary smmonius cations,.

Work has continued on the ion cyciotrom
resonance spectrometer in preparstion for exper-
iments with positrons. More modifications have
been wede to the electronics, and tungsten
moderscor plates have been constructed for two
cell walls. Preliminary experiments with
unmodersted positrons have baen performad to
mske sure that these would not produce s
"background” ion eignal that would interfere
with the interpretation of results using



wmoderated positrons. The results were positive
ia that no signal was observed.

(3. L. Glish, S. A. McLuckey, H. £. KeKown,
E. H. McBay, D. H. Priar, D. H. Swith)

Besoncunce lonization Mass Spactrometry

The stuly of Resonance Iounization Mass
Spectrometry (RINS) continues; further work has
been initisted to obtsin & better understanding
of the optical processes involved. As described
in the 1984 sanusl report, s limit in precision
and sample size has been found that does not
peruit application of RIMS to the isotopic ratio
snalysis of laathanides in samples of 10 ng or
less. The probler appears t> be insdequate
counting statistice caused by the relatively low
pulse rate of the ionizing laser (30 Hz). To
improve the ion formation rate and counting
stetistics, we have recently borrowed s copper
vapor laser for evalustion and have ordered s
dye laser that will be pumped by it. The new
system will operate at a considersbly highar
pulse rate (> 5 kHz) gud will be tunable over
the 580 to 700-nm range of the spectrum, which
is used for exciting lanthanides and actinides
of analytical interest. A time-of-flight (TOF)
mess asnalyzer has also been acquired and has
been coupled with a nitrogen-pumped dye laser to
investigate RIMS processes that occur in the
lanthanides. Previous spectrsl studies using
RIMS have revesled that the optical processes
leading to iomization ere wore complex than
originelly expected, We and others tave also
seen RIMS transitions thst cenpot be explained
by present kuowledge. With the TOF instrument,
PIMS studies of all the lanthsnides (except
prosethium) were made over the wavelength range
of 430 to 454 nm, end the trsnsitions were
cataloged where possible to establish the
various opticel processes involved, Of the 300
RIMS transitions observed, approximstaly 652
were identifisbla by various routes, including
(1) two-photon, single-color through ome resc-
nant intermediate; (2) three-photon, single-
color through two resonant (or nearly resonant)
intermediates; (3) multiphoton excitetion to an
upper level followed by ionization with snother
photon; and (4) one case where fonization was
caused by s multiphoton nonresonant route. Many
of the unidentified trsnsitions were observed
vith europium snd holejus, Tt is believed that
mst of cthess transitions involve s mulciphoton

transition to an upper lewel, followes 7y iocmi-
zation by absorption of a fin ° photon. Pub-
lished energy levels for these two elemeuts do
oot list these high-lying levels. The locatioe
of such levels can be established by RINMS
studies. Thus, not caly can it be shewr that
ions can be genersted by s oumber of ovotical
processes, but also that wuseful spectral
information can be obtained by RIMS,.

AMnother spproach to understanding the opticsl
processes involved in RIMS is to mesrure the
excess energy of the photoelectron gene-sted in
the ionization process. From the maximum excess
energy of this photoelectron and a knmow'edge of
the energy of the photons iavolwed, the initia!
state can be determined, ani possible excitstion
routes of tk: ionization process can be evalz-
ated. An electron energy snalyzer has been
incorporated into our RIMS setup tc obtain such
informstion about systems of inturest. the
electron energy spectra obtained were unerpect-
edly complex because s number of low-lying ele¢c-
tronic levels in the ion are avaiisble to be
populated from the photoelectrons genersted.
This complexity, hovever, yields an elect-om
energy spectrum that is usually unique for a
given optical process. Once the reason for the
complexity was understood, various spectra could
be calculsted for asltarnate optical processes
and compared with the experimentsl spectrua, e
have done this for about ten lanthanide RIMS
transitions and have been seble to verify an
originally described mechanism or to demonstrate
mechanisms vhich seem to involve excited stomic
levels ti at have not been reported. This work
continues.

(D. L. Donohue, J. P. Young, D. H. Smith, [. K.
Bewt ram)

Positron Spectroscopy

Seversl studies have been made this year of
the lifstime spectrs of positrons injected into
solids. High-energy positrons entering solids
penetrste to varying depths, depending on their
energiess, but they repidly become thermslized.
Before annihilation occurs, some of thes msy
diffuse into regions containing internal or
external surfeces, or defects such as stomic
vacancies or voids. There they become trapped
in an eavironment of relstively low electron
density where lifetimes are eeesurably longer.
Pogitron lifetime spectroscopy is being used to



study composices of carbon fibers and e-.oxy.
These materials sre videly used in aircraf: and
other structures. Streagths of composites are
decreased by voids resulting from iaferior
carbon fibers or improper curing of the ef.xy.
Delamina”ion of the epoxy from the carbon fisers
alsc reduces strength. It is expected .hat
thes- ioternal surfaces vill increase the li:e-
injected positrons; therefore, <‘he
positron lifetime speciroscopy technique micht
be a viable composite ianspection tool. Spe~i-
mens of carbon fiber-epoxy composites used 1in
sircrai* repair were obtained from a Maval ir
Rework Facility (NARF). Some of the composii s
were rerorted to cont»in voids, and some wexe
subjected to damage by iospact with ste-:l
spheres. Spectra of he specimens contasiniug
voids snd the impacted specimens showed highe.~
probsbilities for long positron lifetimes than
those of the material free of voids and damage.
The NARF specimens were poorly characterized,
however, snd we cannot be sure of the degree ot
void content and demsg2. Collaboration with the
Uuiversity  of Tenncssee Materials Science
Cepartmen: has begun in an effort to fabricate
better characterized sawples.

tires of

Positron lifetimes arc also increased by the
presence of external surfaces; therefore, it
should be possible to determine specific surface
sreas of finely divided powders from lifetime
spectras.
BET method of gas absorption. The initisl work
described in the FY 84 report hss been
coatinued. Fumed silicas (cabosils) have been
used ss model msterisls because their surfaces
ste all external; specific surfsce areas are
inversely proportional to particle diameters.
Measurements for the cabosils heve shown that
the intensity of the long-iifetime components of
the spectra sre rroportional to surface ares.
These results hsve been compsred with those for
studies of ion exchsnge resins whose surfsces
sre mostly internsl, which srises from high
porosity. It appears thst the two correlation
curves are approximstely parsllel but not
coincident,

Work with the development of a 68¢e
source for monoenergetic positrons has been com-
pleted., A rsther poor yield of the isotope was
achieved, but the activity wes high enough to
use the source for positron energy loss work,
Scattering studies of monoenergetic positrons
have been completed for W, Mo, Cu, and 8i
surfaces. At low angles of scattering, the
positron spectra shov much higher cross sections

There is need for alternatives to the

for wultiple losses than electrom
spectra.

Efforts are coantimiing to set up a high
intensity source of wonoenergetic positrons at
ORNL. A feasidbility study has shown that the
Osk Ridge Electron Linear Accelerator (ORELA)
can be retrofitted with a tungsten woderator
that vill convert excess gamms flux into slow
positrcans. Conceptually, the slov positroas
would be conducted through solenoids into a
shielded room wvhere the experimeater would be
sble to work with fluxes as high ae 5 x 108
monoenergetic positrous per second im either a
pulsed or dc wode. The facility would be used
for atomic and molecular physics and sclid state
and materials science studies. Positron wmicro-
probes and wmicroscopes could be developed.
Universities, industrial laboratories, snd ORNL
divisions could mske use of the facility.

energy

(L. D. Rulett, J. M. Dale, T. M. Rossael)

Heavy-lom Iaduced I-Rsy Satellite Emission

In the diverse field of material science,
analytical methods are needed not only to iden-
tify the elewental composition of a sasple, but
also to characterize the chemical state of the
constituents and to provide insight ioto their
bonding. Heavy-ion induced, X-tray sstellite
emission (HIXSE), sn X-ray fluorescence
technique that uses heavy ions for excitatiom,
is being evaluated for this role.

High-tesolution L HIXSE spectra wvere obtsined
for s series of Ir, Wb, and Mo slioys and com—
pounds at the EN-tsndes accelerator (ENTA). The
Mo and Zr spectrs were produced with 25-MeV Cl
ion bombardmwent, whereas the Nb results were
obtained by 25- snd 36-MeV Cl ion excitatiom.
In sgreement with previously obtained Zr and Mo
dsta, the Nb spcctra obtsined with 36 Mev Cl
ions exhibited target-specific variations in the
intensity profiles of the LaN® gand LgH®
hypersstellites. Also in sgreement with Mo snd
Zr data, the Nb La region was more sensitive te
compounds, wvhereas tne LB region was more sensi-
tive to alloys. In addition, the sensitivity of
HIXSE to chsnges in the Nb-Ti slloy system was

found to be iudependent of projectile energy
(0.7-1.0 MeV/u). These results strongly suggest
thet HIXSE can distinguish between different

types of chemicel bonding.
Although spectrel differences
qualitatively correlsted to the

have been
chenmical



environment of both alloys und ccepounds, a
mture understsnding of the physical neture of
these varistions is not yet evailable. To
develop the poténtial of HIXSE as a probe of the
belk chenical eavirommeat of 3o elemeat i a
solid and as s cosplemeatsry tachaique to elec-
tron spectroscopies for the study of chemical
bonding in meterials, we are participating in
the coustruction of a high-resolntion, high-
efficiency X-ray spectrometer tc identify end
messure the satellite transitions that regulste
the rate of vacancy trsasfer and thus the
fluocescence yield. Th: spectrometer is & Van
Hemos -type wavelength dispersive device countain-
ing a 10~ by 10-ca analyzing crystal vith a
carvature radius of 25.4 cm. The estimated
resolutioe is 0.04F., A commercial position—
seasitive proportional counter, having so active
length of 10 ca, will detect the X rays. For
met experiments, the bandwidth o the counter
vill be lerge enocugh to collect the entire
spectrus vithout moving either the detector or
crystal. The major adventage of this spectrose—
ter will be its high efficiency. Preliminary
estimates indicate that the efficienry will be
grester ~han ten times thet of the Bragg crystel
spectrometer curreatly used for HIXSE experi-
ments. We anticipste s completion dste of
Septesber 1986,

(T. M. Rossee¢l, J. P. Young, J. M. Dale, L. D.
Bulett, C. R. Vane,* P. L. Pepmiller,* H. F.
Xrause,* S. Roman*)

*Physics Division

Treasaraniua Resesrch Laboratory

Our co.jerstive research venture with the
University of contimues at the
Trsnsurenius Research Lsboratory (TIRL). This
work involves spectral studies of transuranius
compoucds and is conducted with R. G, Hasire of
the ORNL Chemistry Division and J, R, Psterson
and his studeats in the Chemistry Department at
the University of Tennsssee, Knoxville. We have
continued spectral studies of actinide compounds
a¢ high pressures. A nev diumond-snvil cell has
been designed to our optical specificstions and
fabricated by U. Benedict of the Europesn
Institut for Transuranius Elesents in Karlsruhe,
mG. The new cell is capsble of axerting
pressures exceeding 30 GPa; ws have opsrated
this cell at pressures of ebout 25 GPs for

Tennessee

exteoded periods of time (days). Preliminery
results on AmIy and CfBry vere described is
the 1984 report. These results have been
forther evalusted, and spectral studies of the
effect of pressure oun Puly, CfClj, nd
several lsnthanide compounds have been coun-
dacted. All of the actigide compounds are
capsble of existing in two or more crystallo-
graphic forws of differing unit cell volunes.
In general, our results show that the bromides
and iodides trsusform irreversibly to the most
deagse structure at less than 5 GPs. The
expected transformation of hexagonsl CfClj to
ortborhombic CfClj was not observed, ever at
pressures up t> 25 GPa. Spectral changes were
spparert, but they wece reversible and could be
ascribed to the hexagonal structure. Several
papers have been vwritten coocerning these
studies, snd further work is planned for the
CfCly system.

An ides for using redioactive transmuststion
to generste chemical reagents is being
developed. A necesdsary prerequisite of the
concept has already been dewmonstrsted in our
observetion that oxidation ststes of actinides
sre preserved in a snd B decay. Therefore, we
plen to prepare mixtures of 91 “zj'cflr:’. As
the yttrium decays, %y » zr), zx(111)
should result and may reiuce Cf(III) preseat in
the sample. The process can be followed
spectrophotometrically. A nusber of other such
transmitstion-induced chemicel reactions can be
envisioned, A pateat disclosure has been
pPrepared.

Further studies of progeny species generated
by radioactive decay have slso been made. We
are reexamining the spectrs of very old (> 5
yesrs) samples of einsteinius chlorides doped
into other host chlorides, Absorption spectra
of the actinide chlorides are, in general,
weak; therefore, it has taken years for califor-
niys granddsughter sgpecies to be observable.
The study of the LuCly host systes is of
particular intersst; LuCly exists in a momo-
clinic structure. EsCly and CfCly do not
normally exist in this structure. The spectrua
of einsteinium in the initially prspared
EsCl3°LuCly could be intrepreted as being
that of monoclinic EsClj, possibly forced into
that form by the host LuClj. The result of
the current spectrel study indicates that the
CfCl3 grenddaughter is also wmonoclinic., This
Tepresents & nev cryetslline form of CfCly
prepared by transmucation. In snother study of
s EsCl,°GdCly  sample, the epectrum of



CE(II) wvas obsezved. There vas slso an indizs-
tion of CfOCl (s trivalent californium compound)
ia this sample, which was 5 years old or older.
The formation of CfOCl was unexpected, but could
well have occurred from the loang-term reaction
of the sample vith its container ($i0y).

(. P. Yomg)

SECOMDARY ION MASS SPECTROMETKY
W. H. Christie

Rapid grovth hes occurred in recent yesars in
particle sputtering as a wmeans of producing
stoas and ions for mass spectral spalysis. More
recantly, it has been observed that rsecondsry
ion mass spectrometry (SIMS) offers a ncans for
studying organic ss well as inorganic materials.
A significent amount of our research effort has
shifted in this direction, and our approach to
organic SIMS has been to interfsce an in-house
developed secondary ion source with s tandes
three-sector mass spectrometer. This combina-
tion is being used to investigste the chemistry
snd physics of secondsry ion emission fraos both
volatile and involatile organic species. In
inorganic SIMS, we are investigsting laser-
induced resonance ionization of sputtered
aeutrals using s recently acquired micro-beam
instrument thet has been wodified for these
studies. The ability to selectively laser
ionize nearly every stom emitted during the
sputtering process offers the possibility of
doing ultra-trace level anslysis. Fundsmental
information concerning the sputtering process is
being obtained, bccnulé resonance ionization
sllovs one to probe the excited electronic
states of neutral astoms ejected during s sput-
tering event. Experiments have been performed
demongtrating the nuamber and type of ions formed
along with opticsl spectral information showing
the wave-length at which resonance ionization
occurs,

Orgsnic SINS

ELfforts in organic 8IM8 hsve been directed
towsrd the goal of obtaining an understending of
organic secondary ion emission, The approach
that has bsen tsken is to select chemically
wsllecharacterizsd sasple systsms snd estsblish
relstionships between the physical and chemicsl
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properties of 8 sample and its secondary ioca
emission. Correlstions sre tuen eithex used ss
s framework ip constructing s theoretical model
or applied directly tovard improving the
methodology.

A good example of the practicsl spplicstion
of this work is the develupment of a reservoir
probe tip thar corrects sample depletion durisg
the course of 8 SIMS experiment. We observed
that the secondary ion spectrus of glycerol/
malyte solutions was time depndeat. This
sspect liwits the applicability of sny spectral
technique; for exsmple, if repested spectra of s
sample show changes during suslysis, one is left
vith the question of which spectrum is correct.
We were sble to establish thst the cause of the
changing spectrum vas ssmple depletion. Conse-
quently, & Teservoir gsystem that provides
capillary action to pump the sample to the
target surface during s SIMS experisent was
designed, constructed, and tested. A unique
feature of this system is that it permits gener~
ation of secoudary ions of constsnt intensity
sad relative sbundance for up to 2 h, whereas
previous systems limited constsaut emission to a
few minutes. This feature is particularly
important for MS/MS work onm secondary ious,
since MS/MS spectra frequently require time
sveraging. A patent is pending on the reservoir
probe,

Using this reservoir probe system, we have
been asble to study relaticnships between the
secondary ion intensity characteristics of
mealytes dissolved in or adsorbed onto s liquid
matrix, After measuring the surface activity
md Henry's Lev constants for s series of smine/
glycerol solutions, we can desonstrete thet
secondery ion intensity does not depend primari-
ly on the thermodynsmic properties of the solu-
tions., Rather, the intensity depends on the
flux of the snslyte resching the sampling sur-
face and on the primary particle flux; thst is,
secondsty ion emission depends on chemicel ki-
netics, We sre in the procass of investigating
these properties,

Ongoing with these studics is the developaent
of s model which mandates that chemicsl proper-
ties determine the behavior of secondsary ion
emissions, es obssrved experimentally, The
wodel developsd thus far invokes the existence
of a criticelly heated volume to rstionalise the
dsta., Two implicit properties of the wmodel
includs & mechanise by which the keV snergy of
the bomberding particle is converted to thermal
energy, and & wmechaniem by which all



inte-molecular bords can be broken without
breaking a single intramclecular bond. These
two features asre important because they are
consistent with experimental observation, and
they do not require amy of the koown lews of
physical chemistry to be violated wvhen secondary
organic ions are generated.

Organic cecondary ion emission is important
because it extends the range of organic mass
spectrometry to involatile compounds. Enhancing
organic secondary ion emission has hitherto been
empirical. Our studies on this process point to
a future when emission eshancement wmay be
effected by design.

(P, J. Todd, C. P. Leibman, V. A. Christie)

Sputter Atowizstion/Resomarce Iomization
Mess Spectromstry

Work has contimued on the combination of iom
beam sputtering and resonance ionization mass
spectrometry (RIMS) for ultrasensitive isotope
ratio snalysis. The use of a aicro-fo:zused
primary ion beam and knowledge of the energy aad
angular distribution of the sputtered atoms
enables the geometrical overlap of the laser
beam vith the sputtered plume to be optimized.
AMdditionslly, the use of & pulsed primary ion
bean enables the temporsl overlap between atomi-
zation and ionization to be maximized. Satura-
tion of the resonance ionization process gives s
predicted ssmpling efficiency (atomization and
ionization) of sbout 102 (1 ion for each 10
ssuple atoms removed).

The initial phase of the project involved
mking 8 surplus ion microprobe mass analyzer
(IMMA) operstional and then adapting it for use
in SA (sputter atomization)/RIMS experiments;
these efforts vere described in the 1984 annual
report. Our work this year has concentrated on
modifying the systeam to obtsin incressed sensi-
tivity snd ease of usa. The IMMA and flashlamp-~
pumped dye laser were interfaced to an LSI-11/2
sicrocomputer for data acquisition and control.
A stepping motor was attached tc tha wavalength
drive of the dye leser to permit raproducible
spectral scsns to be made under cowputer control
via & parsllel interfsce board located in the
mf .. ocomputer. A digital-to-snalog converter
(DAC) was slso installad in the microcomputer to
control the magnet for the secondary mass spec-
trometer snd to sllov mass scsans to be made.

The ious formed by resonanc: ionizatiom produce
a gignal that is ssupled by an snalog-to-digital
converter (ADC) hoised in the LSI-11/2. Soft-
Ware vas written to integrate the operatios of
the analog and digital interfaces and to enable
optizal spectra at fixed msss or msss spectra at
fixed vavelength to be obtained. Programs were
also developed to display the spectra in real
time on a scope driven by a second DAC in the
wicrocomputer ené to store the spectra on disk,
This system was used to acquire optical and mass
spectra for uranium and gamarium sswples. The
RIMS optical spectra observed for sputter atcei-
zation agreed well with those obtained from
thermal atomizstion. The mass spectra showed
metel ion (M*) ‘peeks in the expected isotopic
abundances when the laser was fizxed on a
resouant wavelength; at higher mass the oxide
(10*) pesks sppesred vith slmost equal iuten-
sities. However, the M* pesks disappeared, as
expected, when the laser wvae detuned from the
resonant vavelengthe, whereas the MO* pesks
occurred et sll wgvelengths scemned by the
laser. These results suggested that residual
oxygen (present in the primary .on sourze) vas
igteracting with the metal to produce metal
oxide species that sre sputtered end ionized by
the lsser in a nonresonant process.

A nev cryosorption vacuum pump was instslled
on the IMMA; this ensbled us to use pure sergon
in the primary ion source, thereby e¢liminating
problems associzted with residusl oxygen in the
systea, Another expariwental benefit resulting
from this wmodification wvas the decrease in pump-
down time compared with the original ion pump
found on the systes. The new cryosorption pump
enables the instrument to be pumped from atmos-
phere to 10% torr in less than 3 h compared
vith 7 to 8 h using the ion pump,

Two additional instrument modificstions were
made to alleviata problems with the setup of the
IMMA for SA/RIMS experiments. A nev periscope
assembly for lowaring the laser beam to the
leval of the sample was designed and con-
structed. The new dasign uses two l-in. bending
prisms rather than the two 1/4 in, wmirrors in
the previous assembly. This wmcdification
siwplified tha laser alignment procedure. A new
“pusher” electrode wvas also constructed and
attached to the primsry lens column, The new
design permits the assemsbly to be more easily
sdjusted and removed without disconnacting any
high voltage leads.



Future improvemseats include the additior of a
Bd:YAG-pumped dye laser, a MicroPDP-11 computer
system, and electronics for pulsed operaticn of
the primary ion beam, The nev laser system is
expected to improve overall ssmpling efficiency
by eaabling sasturation of ionization over «
larger volume. The acquisicion of the new
computer will speed software developaent and
data acquisition, as wel! ag provide isproved
data display capability. The pulsed primary ion
beam vill allow us to match the duty cycle for
atom:zstion with that of
further improving sample utilizationm.

ionization, thereby

(D. E. Goeringer, D. L. Domohue, W. H. Chrigtie,
H. S. McKcwm, L. K. Bertram)

ACTINIDES AND ISOTOPIC MASS SPECTROMETRY
R. L, Walker

A VG-354 isotope ratio msss spectrometer vae
delivered, installed, and tested. All perform—
ance tests with regard to uranius were met; we
have obtained externsl precisions as lov as
+ 0,0051 using an standard. The
instrument is equipped with an electron impact
" ionizstion scurce to sllow analysis of elements
that sre difficult or impossible to ionize ther-
mlly.

internal

Performance testing required anslyses of
mrcury and tellurium; the former was success-

fully enalyzed, vwhereas the latter failed.
(This issue still avaits resolution.) The
instrument is presently in routine operationm,

primarily for urgnium and mercury analyses.

We continued to participate 1in various
projects funded by the International Safegiards
Projects Office (18P0) to assist the
International Atomic Energy Agency (IAEA).
Analyses vere performed on the samples teken for
TSPO Task A-126, a joint experiment to evaluate
incternal standards as applied to reprocessing
facilities; the participants are ORNL, IAEA, the
french nuclear laboratory at Ssclay, and the
freach reprocessing plant at LaHague. All four
laborstories have anzlyzed all samples, snd a
meting will be held in Paris to evaluate the
results,

A second ISPO project involved evaluating
quadrupole mass spectrometers for on-site safe-
guards analyses. A custom-assembled ORNL
instrument was instslled at the IAEA lsboistory
in Seibersdorf, Austria, Also instslled at

S¢ibersdorf was a Finnigan-MAT THQ quadrupole
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mass designed  expressly to
measure isntope ratios. H. S. McKown visited
the laboratory to evaluate both instruments.
He concluded thsat ueither spectrometer (in its
present form} is suitable €for its inteunded
purpose; however, with proper wodification,
either would be acceptable.

¥e contimued to provide analytical support
for the transursnius production asnd stable
isotopes saies prograss. In addition, many
low—level sctinide analyses have been conducted
in support of environmental coatrol programs at
ORNL and Y-12, Several research prograss have
fequired high-precision isotopic composition and
isotope dilution anslyses for plutonius,
ursuiuvm,

spectrometer

and oeodymium in highly radioactive
spent e.g., for ORIGEM code
verification of buraup.

Isotopic analyses were completed on 2]
actinides taken from & fuel pin irradiated 90
days at full power (600 MW) in the Dounresy
Prototype Fast Breeder Reactor ian Scotland.
in support of the joint US/UK
sctinides research progras to study the behavior
This
was the first of three pins prepared for this
experisent .

resctor fuels,

This work vas
of thcse muclides in this type ot resctor.

Oue of the primery purposes of the
experiment was to weasure and calculste the
burnup acd production of various actinides in
wmilifgram ssmples of highly enriched actinide
isotopes as a check ou weassurement techaiques,
mclear sections, and calculational
methods.

Another unique support activity of the group
vas the acquisition and stendardization of a
solution contaiuing 98e/108e
(*75:1) as the starting material for two
projects. A portion of the solution will be
used by the National Burcau of Standards as the
starting wmaterial for preparing a
accelerator msss spectrometry standsrd; tue
2xpected 98¢ /108e ratio is 1010 to
1011,  Another portion will be used jointly
by S, Raman and others st ORNL and by Professor
Wolfli of the Institut fur Mittelenergiephysik,
ETH-Honggerberg, Zurich, Switzerland, to
radetermine the half-life of 10Be.

cross

beryllium

tanden

(L. XK. Bertram, M. P, May, E. H. MeBay, C. A.
Pritchard, G. I. Gault, L. Guin», M. M. Honaker,
H. S. MeKowm, E. G. Miller, H. C. Smith, D. H.
Smith)
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2-  RADIOACTIVE MATERIALS LABORATORIES

W. R. Laing

The Radioactive Materials Laboratories Section is composed of three groups: Radiocsctive
Material Analytical Laboratories, Transuranium Analytical Laboratory, and Programs aand Pro jects.
A satellite laboratory 1is also operated within the Consolidated Fuel Reprocessing Pacility.
These groups provide support for many Laboratory programs, primarily those in the Chemical
Technology, Fuel Recycle, Metals and Ceramics, and Operations divisions. They also perform work
for other federal and nonfederal agencies.

Development is an inherent activity and includes work on X-ray fluorescence, gas—cooled
reactor fuels, reprocessing, mercury purification, testing of coatings for the nuclear industry,
and the division's computer-based Data Management and Sasple Transaction System.



PROGRAMS AND PROJECTS
D. A. Costanzo
I-Ray Floorescence Development

Quantitative (X®F)
analysis for uranium and plutomiumm in highly

X-ray fluorescence
radiocactive solutions presents several unique
probless. These problems include excitation of
the ursnium and plutonivm by passive radiation
iz the ssmple (gamma, X-ray, alpha, and beta
activity), the spontaneous emission of X rays
resulting from intermal conversion following the
decay of radioactive isotopes (e.g., uranium L
X rays following the alpha decay of smericium
and plutonium isotopes), and coping with the
high degree of scattered radiation from the
asmple.
from internal conversion can be wmanaged by

Passive excitation and interference

sppropriate analytical techniques; however,
XRF designs cannct
tolerate 2 very high degree of passive radistion
Therefore, the goal of this
to circumvent these problems and

conventional spectrometer
from the sample.
project is
provide an XRF system to monitor uranium and
plutonivm in highly radioactive feed solutions
to & nmuclear fuel reprocessing plant.
Investigations by C. J. Sparks, Jr., of the
ORNL Metsls and Ceraswics Division, led to the
design of a wavelength dispersive XRF system
that can be used to determine concentrations cf
uracium and plutonium (and many other elements)
Mechanical
simplicity, a bssic feature incorporated
the design of the XRF spectrometer, mskes the
system unique for usc in remote and inaccessible
environments. Pyrolytic graphite, which is used
for X-ray optics in the system, offers excellent

in highly gasms-active backgrounds.
into

radistion resistance and high diffraction
efficiency (401 of incident power). The
graphite diffraction crystal also provides

sisultaneous diffraction of the entire energy
region, from Pul; to UL,, with sufficient
resolution (30 eV FWHM st 14 keV) to permit the
use of a fixed single-crystal spectrometer.
Therefore, an operstionsl system would have no
initial alignment, thus
simplifying instrument maintenance and enhancing
reliability. The constant
should slso result in
precision,

Capital funds (~ $115,000) have been obtsined
during the last two years to purchase equipment
for fabricating a prototype XRF system.

moving parts after

optical geometry
improved eccuracy and

includes an LS1-11/23 Plus-based
a Tracor TH-7200 wmultichsanel
TEC high-resolution position—

sensitive proportiomal counter with all comtrol

equipment
computer system,
analyzer, a
electronics, and a Philips constant-potential
3--kW X-ray generator. All new equipment, except
the X-ray generator, has been incorporated into
the prototype XRF system. The X-ray generator
was instalied in Novewber, 1985 and is currently
being tested..

Most

acquisition,

softvare development for the
peak processing, and quantitation
of XRF data has been completed. A special
device handler has been writtem to provide a
commnication link with the TN-7200 MCA on a
The
aspplication

transfer of

serial line at speeds up to 4800 baud.
handle., with ap

supports bidirectional
spectral data and transfer of control cosmands
under eicther RT-11 or TSX-Plus operating
Integration of the software into a

device along

program,

systems.
single menu driven application packsge remsins
to be completed.

Remaining work includes the setup, testing,
and integration of new equipment and masterisl
into the prototype XRF system. Following final
testing of the new X-ray generator, systes
pexrformance will be reevaluacted snd optics will

Le optimized.

(J. M. Keller)

RTGR Base Technology Program Support
This project involvea the upgrading and
replacement of equipment snd instrumentation for
the HIGR Coated-Particle  Fuel-Performance
Assessment. An  ORNL-designed Irradiated-
Microsphere Gamma Anslyzer (IMGA) was upgraded

from control by an obsolete TP-5000 gamms
snalysis system to & Nuclear Data ND-6700
system. A complete new software package was

developed for the ND-6700 to control and scquire
data with th: IMGA system,

A new automsted fuel particle handler for the
IMGA system was successfully tested with new
control software and then inatalled in the hot
cell during July, The status of the IMGA
upgrade at that time was eufficient to satisfy
an OR0 milestone, which did not include the
inotallation of & nuw particle handler. The new
automsted fuel particle handler has continued to
undergo testing with the new control software.
The handler has succesafully been used for



numerous
congisted

runs (with 2000 particles), which
of contimuous operacion for seversl
Tae particle handler has been
in the hot cell and has successfully
undergone additionsl testing. All additional
equipment required for operation of the IMGA
system has also been instslled and the hot cell
was closed at the end of November. Remaining
work on the IMGA upgrade includes development of
dara processing software and documentstion of
the nev systea.

The upgrade of s shielded electron microprobe
(SEMP) is in progress. An initial evaluation
of the SEMP indicated a need to upgrade or
replace most of the current electronic compo-
nents. The SEMP is based on out-of-date
technology, and the vendor for the probe is no
longer in business. The existing vacuum tube
technology used on the SEMP is questionable
regarding relisbility and performance chasracter-
istice relative to present standards. The lack
of wvendor support crested msintenance
probiems becsuse of the inability to obtasin

days per
installed

Tun.

has

replscement parts.

The components scheduled for
replacement include both the high- and low-
volcage power supply modules, the beam—scsaning
electronics, and the wavelength dispersive spec-
trometers. The present SEMP single-channel
analyzer should be replaced with a computer-

electronic

based multichsnnel analyzer thst also provides
advanced image processing capabilities. To meet
projected requirements for the SEMP, a shielded-
energy dispersive spectrometer will be added to
the system.

A consultant has been contacted to evaluate
the SEMP and provide informstion and advice
about the required electrunics., When discus-
sions are complete, procurement of the necessary
equipment required for a functional SEMP will be
initisted; approximately $90,000 has been
approved for the upgrade.

(/. M. Keller)

Databsse Software for the Osk Ridge
Mansged Deer Hunt

To handle all of the informstion generated
during the 1985 ORNL/Tennessee Wildlife
Resources Agency (TWRA) wmanaged deer hunts on
the Oak Ridge Reservation, s custom packsge was
developed using dBASE IIT1 for en IBM PC. The
packsge was compiled (with Wordrech Systems,
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Inc.) to npermit legal distribution of
information and to simplify user interactiom
with the computer.

The program is cowpletely wmeou driven end
uses formated input screens to provide a "user
The customized package
consists of three primary functious selected
from a master meny. The first function is used
each hunt day to handle input of hunter infor—
mation (name, address, etc.), deer statistics
(sex, sge, oumber of points, weight, snd kill
location), and counting dats {gross counts for
total %0% and 137cs).  Based on counting
data snd semple weight, the prograa them calcu-
lates 137Cs activity (pCi/g) and  alerts the
user exceeded s preset
At the end of a hunt day the user csa
generate a report on all information cbtained,
for iuternal use snd a specisl report fora (for
TWRA officials) thst provides sdditional! blsnk
fields for other statistics of interest to the
TWRA.

The second function of the program

friendly" environment.

if the activity has
limit,

is to
merge daily dats into s master database for all
hunts. The third functioz provides the user
with the mesans to manipulaste the master summary
database. From the master summary, the user can
seloct numerous formcts of informstion sorted by
various criteria (by hunter, deer weight, kill
137¢, etc.). The user
can also select subgets of information based on

location, activity,

relational combinations (such as, sex ™ male
and weight > 100 1b) and generate reports of
these subgets.

(J. M. Keller)

RADIOACTIVE MATERIALS ANALYTICAL LABORATORY

D. A. Costsnzo

The Radiosctive Materials Analyticsl
Lsboratory (RMAL) provides support to various
nuclear-related ORNL programs. Support for the
Consolidated Edison Ursnium Solidification
Program, Consolidsted Fuel Reprocessing Program,
hydrofracture waste dispossl,
tion,

isotopes produc-
Environments] Restorstion and Facilities
Upgrade Program, snd environwental monitoring
sre representative activities. Many ORNL
divisions supported, including Chemical
Technology, Fuel Recycle, Physics, Envir-nmentasl
Sciences, Environmental and Occupetional Safety,
Operations, Quality Asjurance and Inspection,

are



Health, and Plant and Equipment. Analysis of
intermediate- and high-level radioactive samples
that require glove-box hot—cell
operations are the primary services provided; in
addition, testing of
coatings for application in nuclear facilities,

and/or

X-ray fluorescence,
and referee analysis of uranium ore concentrates
are also performed.
During this report period, 1574 samples were
and 4967
A large number of highly radioactive

processed, determinat ions were
performed.
samples were prepared for analysis by other
within the

sections division for isotopic

compositions, spectrometry, gasma

spectrometry, neutron activation, and gas and

ion ch:omatography. A variety of analytical
techniques were used in RMAL, inciuding potenti-
ometric titrimetry, coulometry,
pulse-height

counting, spectrophotom—

size

X-ray
fluorescence,
scintillation
etry, BET

distribution,

alpha analysis,
liquid
surface area, particle
free acid, and infrared analysis
for carbon.
Radiation
design basis accident (DBA) testing of coatings

for application within nuclear facilities is

tolerance, decontamination, and

utilities,

testirg
Testing has been performed for ten
Raiiation tolerance testing
is pe:cformed at tie High Flux Isotope Reactor

provided to coating manufacturers,

architect-engineering firms, and
agencies.

clients this year.

using the intense radis.ion emitted by the spent
fuel elements. Samples are examined visually
for physical damage to the coatu g. In the
decontamination of gamma-
emitting nuclides is applied to tle surface of

test, a mixturs
stainless steel panels or coated cement blocks
and then removed with various decontamination
This performed by the
Transurinium Analytical Laboratory. 1In the DBA
coated exposed to an

solutions. test is

test, specimens are
emergency coolant spray solution at an elevated
then examined for physical
damage, chalking, and change in film thickness.
These tests conform to ASTM specifications,

We have continued to wupgrade the DBA
autoclave equipment; pneumatic temperature
controllers have been replaced with solid state
proportional temperature controllers. Also, a
written by C. K. Bayne of
Computing and Telecommunications Division, is
being used to calculate the irradiation time
necesssry to obtain s desired dose as a function
of the elapsed time after the spent fuel element

is removed from the reactor.
|

temperature and

computer program,

During this report

!
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period, the quality assurance program for
testing coatings was audited and approved by
three different clieants.

the New Brumswick

analytical

For a number of years,

Laboratory provided chemistry
services to the uranium mining and processing
industry in the form of measurements of the
uranium content of ore concentrates. Curreat
contracts between shipper amnd receiver require
that a certain percentage of samples be analyzed
independently, including those samples where
shipper and receiver differ by more than 0.1
wt 2. In nid-1984,
determined that the New Brunswick Laboratory
should mnot do this work since it is
safeguards related. Thus, the Radioactive
Materials Analytical Laboratory was selected by

commercial uranium suppliers to provide referee

the Department of Ernergy

not

analyses. Since the program was initiated in
late 1985, 310 ore concentrate samples have been
analyzed. This service has also been provided
to the Y-12 Product Certificatior Group to
assist in resolving shipper/receiver differences
between the Y-12 facility and the Savannah River

Plant on the uranium assay of process waste. A

weightbased version of the Davies-Gray
potentiometric titration is being used. The
relative standard deviation at the 957

confidence interval has been demonstrated to be
0.052 for samples containing 65 to 80 wt I
uranium.

Construction of an addition to the west end
of Building 2026 was started in mid-May 1983 and
terminated in August 1984, at which time the
the
deficiencies

facility was accepted by Engineering

have been
corrected, and the facilities were reviewed and
approved by the Radiation Operation Committee in
August 1985. The addition contains a radio-
chemistry counting (v600 £t2) on the
first floor and three chemistry laboratories and
an office on the (~2000 ft2),
The counting room was occupied in April 1985
vhen  the radiochemical
operations in Building 3019B were wmoved and
consolidated with the operations in Building
2026, The second floor laboratories are being
equipped to handle, prepare
radioactive samples for priority inorganic and

Certain

Division,

room

second floor

intermediate-level

screen, and

organic pollutant aenalysis by other groups
vithin the division. The new addition and
existing faciiities 1in Building 2026 will

provide the division with a unique complex for
the analysis of radioactive,
hazardous materials.

chemically



Fuel Recycle Division
Support Lasboratory

The service laborstory located in Building
7603 performed 3430 anslyses io support of
process and engineering studies conducted by the
Fuel Recycle Division (FRD). This was s 152
incresse over the previous year (1984). The
types of analyses performed were ursnium by
volumetry and 3pectrophotometry, free acid,
silver, chloride, iodine, oxides of nitrogea,
density, viscosity and conductivity, gadolin-
ium, foam bresk time, and disengsging time.

During the yesr, additiousl work was done omn
ursnium and nitric scid distribution coeffi-
cieuts in the Integrated Ecuipment Test (IET)
solvent extraction system. Extractions were
performed wusing various
ratios, and both phases were analyzed for
ursnivm sand acid before and after extrsctions.

organic-to-aqueous

Solutions of zinc bromide having densities of
1.491 and 1.495 g/mL,
prepared for use in calibrating in-line density

respectively, were

meters for the IET. Also, solutions of nmitric
acid were prepared for use as conductivity
standards to calibrate in-line IEY
instrumentation.

Special studies were conducted on a cerrobase
alloy (Pb/Bi), on dissolutfon at various
temperatures and nitric acid concentratfons, and
on the oxides of nitrogen produced by the
dissolution.

A leaching study of a vespel-2] bushing was
conducted during January, February, and March.
Usirg & nitric acid and uranyl nitrate sclution,
we determined that this wixture is suitsble
for use in the United Kingdom centrifuge. The
UK machine is to be used as & polishing clari-
fier for the Breeder Reactor Engineering Test
(BRET). The bushing is made of a polyimide
resin containing 152 graphite.

(P. ¥. Pair)

TRANSURANIUM ANALYSIS LABORATORY
J. L. Botts, Group Leader

The Transuranium Analyticsl Laboratory (TAL)
continued to provide support to two main
Laborstory prugrams: (1) the Transursnium
Production Program and Solvent Extraction Test

Facility (SETF) within the Chemical Technology
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Division and (2) the wonitoring of radioactive
vaste effluenta for the Operstions Divisiom.
More then 45,000 analyticsl determinations were
made during the past year.

The TAL provided epalytical support to the
SETF in the processing of a high burnup, short-
cooled Fast Flux Test Facility reactor fuel.
Because of the radiation levels of the samples
from this process, most of the snslysis required
e use of a hot-cell facility. T~ amalyses
included in-cell plutonium end ursnium extrac-
subsequent alphs counting and
spectrophotometry, to determine conceutrations.
Free-acid deierminations were made using the
in-cell ORRL model Q5895 sutomatic titrator.
All in-cell dilutions were msde using the

tions, with

computer-controlled remot: pipettor.

The Transursnius Production Program was
involved in two campaigns processing a total of
25 IFIR targets; tl.» transuranium isotopes
2%4ca, I52cf, 2498k, 253Es, and 239Fm  were
recovered. In support of these campsigns, we
performed some 12,000 determinations. Measure-
ments included alpha and gamma spectrometry,
in-cell free acid, and the separation of the
transcurium actinides of Bk, Cf, Es, and Fma from
dissolver solutions using a high-pressure ion
Actinides
subsequently determined by alpha counting, Bk by

exchsnge column. Es and Fm were
beta counting, and Cf by neutron counting.

As a result of the interest generated by an
article in the May 1984 issue of Nuclear News on
the problems of shift work, personnel rotation
at TAL has been changed. The rotation was
changed, as suggested in tane article, to s days,
afternoon, and widnight sequence. The new
sequence replaced the old schedule of days,
midnight, and sfternoon, and has been very bene-
ficisl to shift workers in eliminating some of
the inherent shift-work probleams. The new
schedule has been used at the ORGDP facility for
sowe time with teat success.

An AC5 course on radiochemistry was made
aveilsble to shift technicians working at TAL,
A cassette recorder, tapes, und manuals were
made availsble to be used at work as time
The course has been beneficisl in
familiarizing the technicisns with bssic
radiochemistry,

Pocket meter readings for the first three
quarters of this year show a
decresse (68%Z) in the radistion exposure
received by TAL personnel. The total exposure
decressed from 1760 mR for the first qusrter to

permitted.

significant

a0



560 mR for the third quarter. This decresse in
persouanel exposure can be attributed to better
wvaste handling, better vample storage
facilities, and improved techniques for handling
dilutions and samples taken from the hot cells.

Methods and techniques have been developed
and iaproved to characterize candidate materlals
by the hydrofracture injection technique. To
satisfy the requirement that all materials be
completaly characterized, the TAL has analyzed a
aumber of samples. The required anpalyses
included gross alpha, beta, snd gamma
Sessurements, gamma spectral analysis, plus the
determination of the actinides (U, Pu, Am, and,
Cum).

(R. A. Jones, C. C. Foust, J. M. Peele, M. E.
Peters, R. T. Pack, R. Perales, M. E. Gareia,
S. C. Wells, J. D. Maytom)
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3. INORGANIC CHEMISTRY

J. K. Stokely

The Inorganic Chemistry Section performs inorganic sod low-level radiochemical analyses for
a large oumber of Laboratory programs. The section slso does development work to upgrade capa-~
bilities and to solve applied problems requiring inorganic anslytical chemistry or radiochemical
expertise. Approximately 200,000 analyses are performed by the section each ycar.

During this year, the secrion has become heavily involved with new Lsborstory envirommental
wonitoring and waste msnsgement programs snd envircumentsl acid rain projects. New staff,
equipment, and procedures are being acquired to handle expanding sample losds from these
programs. In addition, the section contimues to provide eneral inorganic analytical support
for mueerous basic research projects within the Lsboratory ani to assist outside private
corporations and other government agencies with specisl anslytical expertise,



CEENICAL AND PEYSICAL ANALYSIS

J. H. Stevart, Jr.

Analytical svpport of the ORNL hyurofracture
vaste encapsulation programs required develop-
ment of a series of new techniques for measuring
trace and ultratrace levels of both cations and
soions. A unique vapor transport separation and
sub—part-per-million
fluoride in saturated NaCl brine was

scbsequent weasurement of
lzvels of
developed. A Dionex anion analyzer vas modified
to provide bromide measureweunts at lov part-per-
million levels in the brine. Crystallization of
NaCl from the brime, using HCl gas saturation,
permitted simulteneous
plasma (ICP)
elements st

inductively coupled
detection of approximately 25
the
Cadaivus and lesd were weasured polarographi-
cally. Further improvements to achieve even
lover detection limits sre under way.

Methods developmeat for the removel of both

50-ppb concentration level.

togic wmetsls end radionuclides from the &
aillion gsllon Bechtel MNisgara Falls liquid
wvaste site wvas completed. The wmethods were

successful and permitted
that wet sll New York State discharge specifics-
tions. This technology should be appliceble to
other mixed waste liquids. As part of this
vork, we developed s practicasl method for the
reduction of hexavalent selenium and the subse-
quent removsl of all selenium (to less then 20
ppb) in very large wvolumes of water, With
additionsl development, we believe the method

the release of water

could be extended to selenius
irrigation wvater.

Characterization

contaainated

of uranium wiil tailing
ponds in Wyoming and Colorado was completed for
the Nuclear Regulatory Commission (NRC), 1In &
continuing survey program, seversl additional
sites sampled and analyzed
setals, snions, and radionuclides.
Environmental monitoring of ORNL surface and
vell vatc:s continued to incresse in both total
ssmples end in the number of parsmeters being
We have added coliforw, ammonia,
oxygen demsnd, cyanide, total
thellium, and sulfide to the measure-
ments performed,

were for toxic

monitored,
biochemical
phenols,
We discovered that the four-
plant environmental method for determining the
presence of polychlorinsted biphenyls (PCB) in
fieh wss not adequate; consequently, an improved
sethodology is being investigated, The new
SOXTEC rspid (1.5 h) extraction system is being
evaluated ss a potential the

repiacement for
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conventional Soxhlet (16 h) method; initial
results of the evgluation are very sncoursgiog.
The SOXTEC system can be used for sediment
specimens.

Zymerk robotic has
coutioued with the completion and successful
testing of the fluorimetric uranium extraction
procedure.

m2thods development

All hardware and software is now
available for colorimetric analysis; only
the interfacing of the Zysark to the Hach
spectrophotometer rcmains to be completed.

The PGT System & snalyzer, Znterfaced to the
scanning electron wmicroscope, has been widely
used in such diverse applicsations as measurinog
ratios of solid-solution crystals of gadolinium—
phosphates snd tantalum niobates to
determine the csuse of failure of s bioreactor
for nitrate destruction, identifying TVA slag
from other types of slag in cinder blocks used
in construction, and assisting in the location
of the source of ductwork failure in an ORNL air
conditioning fan roam. & foremsic-type exsmins~
tion of work gloves ensbled us to identify the
work ares in vhich the gloves were used and the
type of work done by the wearer of the gloves.
We also exsmined s section of plaster wall
removed from the Hiroshime area ia 1945 to
determine the iron content of the "black rain
droplets.”

terbium

The X-rsy diffraction ares has been heavily
involved in the support of new cumpound synthe-
ses (bismuth and ssmarium titanstes, boron
nitrides, and phosphates) and the identification
of Al203 in the iote, -0, -K, and corundus
forms. Ve determined diffraction index dats for
29 new rare esrth titsnste compounds snd submit-
ted the dats to the Internstionsl Ceatre for
Diffraction Datas for publication,

Inductively coupled plesma spectrometry (ICP)
wss used to wmap the locstion of wetals in 13
specific areas of the human brain. This work,

which supports the University of Teanessee's
research on possible causes of Alzheimer's
disease, has contributed new information on
concent “ions of elements in both normal and

Alzheimer s patients. A paper on this work was
presented at the combined Southeast-Southwest
Regionsl ACS Meeting in Memphis.

By using mannitol to control the loss of
volatile metals, during a ten-fold concentrastion
step, we were able to asttain low parts-per-
billion detection limits for trace elesments in
very pure process water via ICP, Our support
for Savannah River, Bechtel, end NRC contimnued
to incresae,



Uousual analytical requests also included
high-accuracy weasurements of nickel aluminide
This required the painstaking devel-
opment of separation procedures prior to snsly-
sis. A wmethod was developed for the
detection of parts—per-million levels of
flucride in tungsten metal.

We were asked to provide wery rapid uranium
to the HNorth Dakota Public Health
Department, following a truck-trein collision
that Our
results indicated that the ursnium exposure to

crystals.

also

aunslyses
involved sowme release of uranium.

those on site was negligible which immedistely
reduced public concern. This is an example of
good collaboration betweean Martia
Marietta Energy Systems analytical laborastories.
The work resclted in & commsendstion from the
Governor of North Dskots.

interplaat

(C. S. Alley, S. J. Bobrowski, C. Peldwcn, B. C.
Grant, J. H. Hackney, R. L. Holmss, C. S.
MacDougall, B. Philpot, J. C. Price, V. P.
Rogers, K. I. Webb)

ERVIROWMENTAL ABALYSIS LASORATORY
N. M. Ferguson

The Environmental Analysis Laboratory (EAL)
provides anslytical support primarily for the
Environmental Sciences Division (ESD) but does a
significant amount of work for other ORNL
Support for other divisions
increased this year snd required anslysis of a
wide vsriety of uaterials.

A very large portion of our work during this
report period derived from the acid rain prograa
in ESD. Osk Ridge Mational Laboratory is the
prime contractor for this work. This progras,
funded by the Electric Power Research Institute
(EPRI), produced throughfall, rain, dry deposi-
tion, and soil samples. Three groups generated
samples for this progras - the University of
Pennsylvania from Whitefsce Mountain in New
York; the Cowetta Hydrological Laboratory in
Cowvetta, North Carolins; and ESD from the Smoky
Mountains. Since there wvas a delay in EPRI
funding for 1985, the sampling program was slso
delayed. There was a tremendous influx of water
and soil samples during the last 4 months of
this report period. All water samples ware
analyzed for Al, Ca, Mg, Nas, K, NH3-N, CIl,
NO3-N, PO,-P, SO;, and Kjeldahl nitrogen.
The s0il samples were snalyzed for Ns, Ca, X,
Mg, P, snd Kjeldshl nitrogen.

divisions.
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We also provided snalytical support for many
aew ESD programs during the year. Oue group was
involved with s program to characterize eoils
from Pearl Harbor for the U. S. Navy. Buomerous
szmples generated for the project were analyzed
for Cd, Pb, Hg, Zn, and organic carbon. Asnother
project dealt with a round-robin evaluation of
The soil samples were analyzed for Ma, Ce, K,
Mg, P, and Kjeldahl nitrogen.

We also provided analytical support for many
new ESD programs during the year. Omne group was
involved with a program to characterire wooils
from Pearl Harbor for the U. S. Navy. Kumerous
samples generated for the project were anslyzed
for Cd, Pb, Hg, Zn, snd organic carbon. Another
[ 2ject deslt with a round-robin evaluation of
th» aew Toxicity Characteristic Leaching
Procedure (ICLP) proposed by EPA for utility
vaste sasples. This study evaluated TCLP
performance in comperison with the existing
The three laborarories
involved with the evaluation were Battelle,
Richland, Washington; Radian
Austin, Texas; and ORNL, This program produced
approximately 200 acetic acid and sodiu=z acetate

extraction procedure.

Corporation,

leachates of fly ash, The extracts were
analyzed for As, Bs, Cd, Cr, Mn, Pb, Hg, Ag, Se,
V, In, and SO4. The analyses were time
consuming and very difficult to perform.
Quality sssursace requirements were very
strict.

We provided wmuch technical support for
programs of the Department of Enviromental
Management. A project involving a Nono-
Radiological Process Waste Water Abatement
Facility genersted the largest number of
samples. Samples wvere glso generated to obtain

information for a Nstional Pollution Discharge
and Elimination System permit spplication thst
would allow ORNL to discharge liquid waste into
Another ongoing project that
surface waters and groundwaters for
compliance with the Resource Conservation and
Recovery Act (RCRA) produced large mumbers of
samples, which were subsequently analyzed for
Sb, As, Be, Ba, Cd, Cr, Cu, Fe, Hg, Pb, Ni, Se,
Ag, Tl, and Zn. Total and dissolved metsls were
determined in many samples. Orgsnic carbon,
Kjeldahl nitrogen, smmonia, and total phosphorus
vere determined in most samples., Extreme
and attention was required to obtsin the desired

state waterwvays.
monitors

care

low concentrstion 1levels (ppt send ppb).
Numerous fish were anslyzed for mercury.
During this report period, there wvas a

considersble increase in the volume of work done
for the Chemical Technology Division. One group



studying various msethods to remove mercury from
liquid wastes at ORNL generated hundreds of
vater samples for mercury analysis. This work
required fast turnaround time and very Ilow
limits of detection (ppt). Another project
dealt with the hydrofracture waste disposal
technique. One group performed msny experiments
in an attempt to understand and predict what
might be leached from the hydrofracture waste
site samples
containing several concentrations of metals were
prepared and leached with deionized water and
brine for various periods of time and at various
temperatures. The leachates were anslyzed for
Hg, Cd, Cr, Cu, Wi, Pb, Co, Ba, As, and Sb. All
metal concentrations were at the low parts-per-
billion level.

We have been heavily involved with wmercury
snalyses for the Y-12 Plant. Several hundred
soil samples locations at the
plant were anslyzed. Concentrations ranged from
1 ug/g to 10 mg/g.
mercury from various waste solutions were inves-
tigated, This project produced hundreds of
sssples for snalysis.

by wvarious solutions. Grout

from various

Several techniques to remove

The EAL obtained s newv, very versatile carbon
snslyzer this year. The instrument determines
organic carbon and inorganic carbon in aqueous
samples, and organic carbon in solid ssmples,
The cost of an anslysis is spproximately half
that of the old system, A new atomic absorption
iostrument (acquived this year) has been put
into operation; it has Zeeman-based background
correction capability, This instrument is used
for both flame and flameless atomic sbsorption
analyses. All  of graphite furnace
procedures were wodified for use with the new

system.

our

Several projects required the development of
nev procedures or the modification of existing
ones. A procedure was developed to determine
The method involves
concentrating wmethylmercury on a resin column
(Amberlite XAD-2), eluting the mercury with an
HCl-methsnol solution, and extracting the
mercury with benzene. Cas chromatography was
then used to determine the methyl mercury.

sethylmercury in water.

(L. 8. Barringer,
S. J. Morton,
Wateon)

S. A. MacIntyre, M. L. Moore,
W. R. Musick, J. W. Wade, C. L.

LOV-LEVEL RADIOCHENICAL ARALYSIS

T. G. Scott

During the past year, our LowLevel
Radiochemical Analysis Laboratory performed more
than 20,000 determinations for both men-made and
natural radioouclides in & wultitude of
materials. Support was provided for all of
Martin Msrietta Energy Systems facilities, as
vell sas s oumber of outside organizations such
as USGS, NRC, and DOE. Although our
laboratory's primary function 1is to provide
services for environmental radiochenical
analyses, a sizable portion of work iuvolved
analysis of unususl matrices aod elevated levels
of radioactivity.

Early this year, a release of radioactivity
into the sevage system created an emergency
situation that required rapid ideatification and
quantification of radionuclides in
sludge, samples,
wvater., Procedures were modified to provide s
quick turnaround of data that led to locating
the source of release and subsequent corrective
measures. A mgjor portion of the anslyses was
for the determination of gross alpha,
beta, and 90Sr; the gamma emitters were
measured to a lesser extent. A screening
process was established in which only materials
exceeding 10% Bq/kg in beta
analyzed for 9sr  which the
radionuclide found,

Brine solutions tsken from deep wells at the
shale hydrofracture site and wells around waste
ponds at Y-12 contained stable elements such as
barium, end

seversl

sediments, core and eewage

gross

gross wvere

vas ma jor

calcium, magnesium, sodium, stron-

tium in concentrations (several mg/ml) high
enough to cause serious problems with normsl
analysis procedures for 90sr, 991'c, and
1291, Procedures were developed in our
laboratory to determine the coancentrations of
these radionuclides in brine solutions (see
ORNL/CFP-85/251). The problem with strontium was

resolved by the development of a procedure for
separating and purifying 90y (daughter of
90sr). Both the technetium and 1odine
problems were alleviated by the development
and/or modification of snion
separations.

We aloo participated in the study of Nisgars
Falls waste water mentioned esrlier in this
chapter, Our part in the effort wss to perfora
gross aslphs, gross beta, and 226, snslyses.
Our radicanalysis dats were used in conjunction

exchange



wvith other data to develop procedures for treat-
ing willions of gasllons of westewater to reduce
chemicrl and rediological coantaminants to
permissible levels for discharge intc public
This work was performed for the
Bechtel Corporation uncer the sponsorship of
DOE..

Under au agreement between CREL (Euergy
Division) and URC, ssmples from vursnium waste
mill poads in Wyoming were sent to the
Analytical Chemistry Division for the measure-
ment of anionic species, toxic metals, organmics,
aond radiomuclides of the nstural uranive chain.
Gross alpha and gross beta measureseants were
made without much difficulty; however, determi-
nations of Th, 6!&. and Pb were compli-
cated by the high salt coutest of many samples.
As a geveral rule, aguecus sasples were analyzed
for both dissolved and total radioouclides.
Some wmodifications to norssl procedures were
required to circumvent the problems. Levels of
activity ranged from detection limits to a few
hundred becquerels per liter.

In eddition to a routine suite of anoual
sauples submitted to us by Matioral Lead of Ohio
(WLO), we received several special ssmples to
estimate possible doses related to a release of
contamination by NLO. Routine squeous les
vere analyzed for 908:, 1376., 23 Np, 99;:,'7“‘
the isotopes of plutonium, thorius and uranias,
The special samples were composed primarily of
stack dust masterials that included UFy,
U30g, UO», V03, and MgPf, and required
903 and 106gy determinations.
than 300 samples from
the Eavironmeotsl
Restoration and Vscilities Upgrade Program. A
msjor portion of these samples (+200)
composed of gravel, surface wster, and ground-
vater. Piaces of gravel of selected size and
composition were fashioned into “"bugs” and
placed in several of the stresms at ORNL. We
leachad portions of the gravel used in the
bugs with a prescribed lesch solution (2T hydro-
xylamine hydrochloride in 31 ammonium citrate)
and determined the 99Sr concentration of ths
leach solutions. Gamms-emitting radionuclides
vere determined by nondestructive Ge(Li) gamma-
ray spectrometry,

streams.

Ve received wore
projects involved in

Activities ranged from a few
to 105 becquerels per kilogram.

To comply with the Resource Conservation and
Recovery Act, the Department of Environmental
Management collected groundwater semples at
several locations at ORNL and submitted portions
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of these ssmples to cur laboratory for determi-
natfon of gross alpha, gross bets and 226Ra.
To be in coopliance with the EPA safe drinking
vater regulations, the gross alpha and 226y,
sctivity levels must be no grester tham 0.55

Bq/L, and the gross beta (indjicator for
905r) must be oo greater than 0.12 Bg/L. Ve
were sble to wmeasure 226pq in  these

materials by two orders of magnitude lower than
the requirements; however, we were barely able
to weet the requirements for
because of the limitation on dissolved s0lids
vhich should produce & weight no greater than 5
-;Icnz on the countiog planchet for gross
alpha and gross beta.

gross activities

(L. D. Pible, ¥W. M. Caldwell, P. S. Gouge, C. C.
Grangeér, R. D. Johneon, L. L. Kohring, V. C.
Massey, S. H. Prestwood, and T. L. Rucker)

RADIOCHENICAL AND ACTIVATION ANALYSIS
J. F. Emery

The Radiochemistry and Activation Analysis
Group provides general neutron activation analy-
sis (MAA) services for s mumber of Lsboratory
divisions and programs, ss well as radioisotope
assasy and gamma-rsy spectrometry services and
technical assistance,

This year we determined Al, Br, Ce, Cl, Hf,
1, 1291, ma, 0, Ta, Te, end U in alloys,
cersaics, metals and soila for cthe Chemistry,
Chemical Technology, Envirommental and
Occupsational Safety, Heslth and Ssfety Research,
Operations, Physics and Solid Stste divisions,
Multiclement analysis also performed on
alloys, glasses, niobium, plastic, and weoils.

od (uc-uz(:l  source), 24ma
gzotope pr ug.on 6 : Y , ,

O P
n Sn, Ce 1 Gd, 91b, and Pa were
sasayed by gamma-ray spectrometry.

Our sddition to the High Flux Isotope Reactor
(HPIR) WAA laboratory was spproved and funded.
Architectural design is near completion and
construction is scheduled to begin in March
1986, This addition will consolidate our ORR
NAA facility with the MAA raseerch facility at
the RFIR. The radiochemistry laboratory at the
HFIR will be enlarged, an office area will
replace the present counting room, snd s new
counting room will be constructed ss an sddition
to the HFIR building., As part of tha project, a



second pneumatic tube will be installed in the
slant engineering facility Mo. 3, This location
is adjacent to, but part of, the beryllive
reflector and is expected to provide a vell
thermalized neutron flux.

Our work-for-others activities consisted of
determining uranium and thorius in semiconduc—
tors and semiconductor msterials, We have added
Alcoa, Internationsl Minerals and Chemical
Corporation (IMC), Jet Propulsion Laboratory,
sud Norton Compsny to our present customers,
Cominco Electronic Materials, DuPont, Harbison—
Walker, and Varian. Ve have analyzed more than
100 ssuples. Some of the semiconductor materi-
als were refractory, thus required a method that
involved less exposure to extremely radioactive
ssmples. A method was developed to determine
graniue in refractory  metsls, including
tungsten, tentalus, and others. 1In this wmethod
a high-purity polished quartz disk was contacted
by the sample and irradiated in a graphite
rabbit in the HFIR pneumatic tube, The disk was
remotely removed from the sample in the hot cell
and etched in concentrated HF to cause fission
cracks formed in the silica to be visible when
magnified 100X. A series of standards contsin-
ing & range of urspnius concentrations
treated in the game manner, and photogiaphs of

wvas

the track patterns formed on the disks from the
standards The images of
the track patterns were then visually compared,
and when the track density for the unknown wvas
judged to be similar to a particular standard,
the uranius concentration in the unknown could
be estimated from thar of the standard and the
relative neuctron fluences to which the samples

and unknown were made.

were exposed.

One project this year was the result of NRC's
decision to convert all reactors using highly
enriched fuel to low enriched fuel, A
guards program based at
Laborstory has the objective of developing
mecthods to determine fuel inventory in low
enriched ursnius (LEU) fuel elemeats that will
soon be used in the Osk Ridge Research Reactor.
Reactor Operations with our assistance and that

safe-

Argonne National

of the Instrumentation sand Controls Division, is
designing and building s gamma scsnning systes
that will be used to determine the fission
product distribution in the elements at inter-
vals in their power history, Fuel burnup will
be deduced from the fissicn product invenioty.
The gamms scanning system will mgke use of the
ND 6620 computer-bssed gawmas spectroscopy system
in che Analytical Chamistry Division's MAA
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laboratory st the ORR. Our responsibility is to

assist in the design of the system, to ensure
that valid gamme spectroscopy results are
obtained, and to ascertain if the gamme
spectroscopy system meecs the experiment’'s
needs.

Other frojects and p-ograms include the

design and operation of the radiological moni-
toring program for the Osk Ridge Reservation,
We have provided radioactive monitoring of deer
taken oo msnaged hunts from the Osk Ridge reser—
vation. During the first two hunts of two dJays
duration each, 281 snimals were surveyed for
137¢c¢ and 90sr coatemination. Oune animal waa
found to contain Sr concentrations in its
bones st levels exceeding our release lisit,
Subsequent radiochemical analysis showed 140
pCi/g in the bone ssmple. The maximum 137¢,
concentration was found to be less than & pCi/g.
A special database waa established to provide
both radioactivity and animal characteristic
inforwation for future hunts in which these same
hunters wmight participate. A collection of
liver and bone samples from each animal was kept
for archival purposes.

Biologicel studies have also included the
sessuresent of 137Cs and 6%y conteminstion in
Canads geese residing nesar ome of the ORNL
settling bssins, Whole-body counts on a live
femsle, as well as wmeasurements on the
sacrificed male, were performed. Several shole
eggs folloved by subsequent
determinations on the hatched goslings. It was
found that wmost of the 137Cs and 60Co from the
vhole eggs vas transferred to the goslings or
Significant concentrations of g,
in the emptied shells following the
incubation period.

Radioactivity concentrations were detemmined
in honey, hive bees, flowers, snd source-water
supplies from or in the vicinity of the five
ststions in the honeybee sampling network,
Cesium-137 concinued to be the muclide of great-
est consequence in these materisls; however,
7le, 6OCO, and 73se concentrstions were also
seasured, The genersl levels of radiosctivity
in the 1985 collection are lower cthan those of
1984,

vere measured,

embryos.
vere found

{L. D. Biblae, F. F. Dyer,
L. Robingon, K. A. Teasley)

Je Se ndridg‘,



25

§. ORGANIC CHEMISTRY SECTION

M. R. Guerin

Each of the three groups in this section, Organic Analysis, Separations and Synthesis, and
Special Projects, carries out spplied analyticai research and provides specialty services to
Laboratory programs. The Organic Analysis group is slso establishing a general organic analyt-
ical services operation. Applied resesrch desls with the chemistry and toxicology of complex
mixtures, with particular attention to fossil fuels, hazardous wastes, cigarette smoke, and
military formulations. Aaalytical research currently emphasizes gas-phase ion chemistry in the
form of cheamical ionization techniques and Fourier Transform Mass Spectromet:y for the identifi-
cation and quantification of organic chemicals. A major effort was initiated this year to
establish an analytical services operation responsive to new Laboratory needs in environmental
monitoring and characterization. Literature and data studies in support of environmental and
health assessments and as input to research initiatives for others have continued. Support for
this section 1is provided primarily by the Department of Energy, Department of Defense, the
Department of Health and Human Services, and increasingly by other ORNL prograas.



ORGANIC ANALYSIS
J. E. Caton

The Organic Analysis group combines wvarious
areas of analytical spectroscopy and chromatog-
raphy to achieve its research and support goals.
Analycical research emphasizes studies designed
to develop methods for unambiguously identifying
organic compounds found at ctrace levels in
complex organic mixtures. Studies asre also
directed tovard che development of advanced
techniques I 1liquid chromatography, with
special emphasis on narrow—bore or open-tube
liquid chromatography (OTLC). In addition to
research, there is a growing effort in analyti-
cal services to support intermal programs; much
of this effort is directed toward environmental
analysis. The primary sources of funding are
provided by the Department of Energy snd by the
support of other Laboratory prograas.

Negative ion processes in the gas phase have
continued to recefve primary attention in ana-
lytical research designed to elucidate concepts
and w@methods for the unambiguous {soweric
tdentification of organics in complex mixtures.
Previously, it was demonstrated that negative
fon chemfcal ion'‘zation (NICL) processes could
be wused to distinguish various 1{isomeric
polycyclic aromatic hydrocarbons (PAHs) based on
differences 1in electron affinity (EA)
PAHs with EA values greater then 0.5 eV
fonfzation to produce wmolecular anfons,
compounde with lower EA values do not

values.
undecgo
whereas
fonize.
Based on this observation, a number of fsomeric
PAHR are readily differentiated. More recently,
the NICI technique has been extended to the
characterization of nitrogen—substituted PAHs.
As predicted, the addition of a nitrogen into an
aromatic ring system raised the EA value of the
azaarene slightly over that of the corresponding
PAH. In addftion to differentfation of the
scructural {somers of azaarenes, it was obeerved
that the position of the nitrogen in the ring
syscem can affect the relative {onization
response of positional {somers, allowing them to
be distinguished by careful NICI atudfes.
Although the basis for the differences in
ionization of various {isomers appears to be
related to s threshold EA of 0.5 eV, the mecha-
nise responsible for such fonization behavior is
not understood. Thus, work has been {nitiated
to elucidate this mechanism. Tn this end, the
observation of an M#l4 anion for PAH, with a
paturated five-menbered ring, prompted studies
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vhich revealed thet trace levels of oxygean
present in the source can narticipate in gas—
phase resctions. The perticipation of oxygea in
these NICI resctions, along with the fact that
oxygen has an EA value of 0.5 eV, has raised the
possibility that oxygea could coampete with
compounds with lower EA values, thus preveating
them from fonizing via electron capture.

During these NICI wmechanisa studies, we
observed that the pressure of the reageant gas in
the fon source had 2z pronoinced effect oa the
gan-phase reactions. This suggested that
isomeric discrimination similar to the NICI
technique could he achieved in conventional gas
chromatography by operating an electrom capture
detector at reduced pressure. Consequently, a
was designed and coustructed by
electron capture cell wvith a
6381 source in a chamber. The
pressure in this detector can be varied from
atmospheric to legs than 1 torr. A capillary GC
column was connected directly to the detector,
and the reagent gas was mixed with the GC
carrier gas prior to (introduction to the
detector. Studies with the detector, using 3
reagent gas of 10X wmethane in argon at atmos—
pheric pressure, ylelded conventional electron
capture When the pressure in the
detector was reduced to about 3 torr, inverted
peaks were observed. The peaks resulted from
direct ionization of the analytes by the argon
metastables of the {increagse in the
electron population at low pressure. This
reduced pressure {ionization mode ylelded a
uniform response from all analytcs, similar to
that of a flame ifonizatfon detector. However,
when the pressure in the detector was raised to
about i00 torr, an isomer selective response was
obeerved. At intermediate pressures, electron
eaxission competes with electron capture, and the
extent of the competing reactions can be
controlled by the pressure in the Jetector.
Thus, a multimode fonization detector, coabining
the featuresa of three different detectors (a
conventional electron capture response, a
universal eaission response, ana a 3elective
response), can be attsined by sisply changing
the pressure within the detector. This detector
will be useful not only for {dentifying iscsers
in complex wmixtures but also for detecting
classes of compounds. A patent on the device is
being filed.

A Fourier Transform Hass Spectrometer
(Nicolet FTMS-2000) was Linstalled in September.
This instrument is based on the principles of

uwew detector
eacloging an
vacuum

response.

because
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fon cyclotroa resonance (ICR) and represents a
radical departure from the design of conven—
ticnal mess gspectrometers. The desiga of the
iostrument is unique in that it can be operated
in a oumber of modes simply by changing a few
operating perameters through the computer
keyboard. This versatility asllows the
{nstrument to emulate a variety of differeant
conventional configurations, such as double
focusing, quadrupole, snd tsndem msss spectroer
etry. In the FIMS technique, the frequency of
an ion's circular path in the snalyzer cell is
measured and related to its mass. Because this
frequency can be so accurately measured, ultra—
high mass resolution can be obtained. We have
obtained s mass resolution exceeding 1 milliom
at mass 131. 1In sddition to high resolutiom,
the mass range of the instrument exceeds 3000
amu. Thus, accurate mass measurement can be
obtained on high molecular weight species such
as polymers and biological molecules.

Separation studies based on the
electrokinetic wmigration of micelles in
capillary tubes asre in progress. In this

technique, an open tube (25-60 pam ID) is filled
with a buffered solution of surfactant. When s
voltage (0-30 kV) 1is applied to the column, the
fonic micelles migrate toward the electrode of
opposite charge. Anslyte moiccules diffuse in
and out of the migrating micelles, with the
amount of time spent in the micelles being a
function of the partition coefficient of the
anslyte between the buffer and the micelle.
Those anslyces that spend sz greater proportion
of time in the micelle migrate through the
column at & faster rate. Cetyltrimethylammonium
chloride (CTAC) and sodius dodecylsulfate (SDS)
have been used ss wicelles, with CTAC being
preferred for molecules containing aromatic
rings and SDS being che Jurfactant of choice for
molecules that were mainly alkyl 1in nature.
Using this technique, an efficiency spproaching
60,000 theoretica! plates wss obtained for s
series of derivatized sliphatic amines. Another
success using this technique wss the separation
of metabolites of Vitamin B6.

A genersl orgsnic anslysic capsbility {is
being established to support vsrious Laborstory
functions and progrssmatic efforts. The totsi
scope of this capability is being designed to
include sample receiving (trscking, storage, end
custody) and ssaple preparation snd analysis,
fncluding quality assursnce and quality control
procedures, This wss s development year
for this effort; therefore, much timse has been

27

devoted tc  ssseshling sdequate steff and
equipment to fulfill chis wsupport fumction.
Essential equipment oneeds 1include duplicate
GC/MS facilities for both volatile organics snd
semivolatile organics, sasple preparation
facilities capable of processing at least tem
samples daily, s data mansgement and archival
systen, facilities to process hazardous samplas,
and stscellancous snalytical facilities, fnclud-
ing gas chromstography, liquid chromatography,
and routine spectrometry (fluorescence,
infrared, end ultreviolet-visible). At the
close of FY-1985 S0I to 601 of the needed
facilities were in place.

Analytical procedures used in this activity
will generally be estatlished and documented
methods, such ss those prescribed by the EPA.
To this end, seversl methods hsve beeun sdapted,
and personnel have been trafined to carry thes
out. Sample preparation methods, such as EPA
methods 3510 (separstory fumnel liquid-liquid
extraction® and 3540 (soxhlet extracticn), are
now being used by trained personoel. In addi-
tion, the following analysis methods h.ve been
adapted:

l. HMethod 8010 — Halogerated volatile organi.s

2. HMethod 8015 — Nonhslogenated volatile
organics

3. MHMethod 8020 — Aromatic volatile organics

4. Method 8080/628 ~ Organochlorine pesticides

and PCB's

5. Method 8240/1624 ~— GC/MS wethod for
volatile organic?

6. Method 8250/1625 — GC/MS wmethod for
volatile organics using capillary column

7. Method 8310/610 — Polynuclear aromatic
hydrocarbons by HPLC

(M. V. Bushanan, S. H. Barmom, R. W. Harvey,

G. M. Renderson, S. X. Rolladay, D. L. Maming,

M. P. Maskarinec, G. Olerich, S. K. Parks,*

M. B, Wisa)

*Susmer employee, 1985.

SEPARATIONS ARD SYNTHESIS

W. H. Griest

The chemistry of complex mixtures, especially
in regard to toxicology, was the major focus of
this group during 1985, Health effects {ssues
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involving synthetic and petroleum—derived fuels
and weans of mitigatiog the toxicity of crude
coal 1liquids were studied for the U.S.
Departments of Eaergy and Defenge. Separations
research and chromatographic methods development
projects have receantly been combined undsr this
group to cousolidate analytical and aspplied
research, depending on separation technologies.
Progress will be reported next year.

The comparative chemistry of crude and
upgraded cosl liquids and of finished fuels
refined from synthetic and naturasl crude oils
continues as a main activity contributing to the
uaderstaonding of the toxicology of complex
mixtures. Lifetime mouse dermal tumorigenicity
studies recently completed by collsborators in
the Biology Division have desonstrated that
catalytic hydrogenation 18 a very effective
seans of reducing the toxicity of crude coal
liquids. However, a small residuval level of
tumorigenicity remains {in finished products
refined from coal liquids. An {iaportaat obser—
vation i{s that a coal-derived reformed naphtha
and a coal-derived home heating oil
similar concentrations of certain polycyclic
sromatic hydrocarbon (PAH) dermal tumorigens.
The coal-derived naphtha is devoid of detectable
tumcrigenicity, whereas the bheating oil 1is a
wveak tumorigen. In contrast, a small level of
tumorigenicity was found in a petroleum-derived
light, catalytically cracked naphtha that does
not contain detectable PAH dermal tuaorigens. A
detailed high resolution gas chromatographic and
mass spectroscopic comparison of the fuel
matrices revealed major differences that may

contain

influence the expression of cumorigenicity
according to PAH content. The nontumorigenic
coal-dcrived naphtha consists of normal and
branched~chain Cs through C7 alkanes,
benzene aad {ts C) ¢hrough C4 alkylated
hb-oiogs. naphthalene, and indane. The slightly
tumorigenic petroleum naphtha also contains more
numerous branched-chain Cg and Cj7 alkanes
and Cs5 through C7 alkenes. The coal-derived
home heating oil 1is composed largely of
cycloparaffins, such as alkylated decalins,
cyclohexanes, and cyclopropanes. Radiolabeled
PAH tracers synthesized in our laboratory are
being used tc study the influences of these
sasple nstrices on the uptake, transport, and
metabolisn of tumorigens.

The chemicsl characterization of complex
diesel fual-related wmixtures s a part of
oversll studies to determine the amounts and
kinds of personnel exposure to fuel and
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lubricaat fumes and engine exhaust 1in the
uilitary workplace. Differences in the toxicol-
ogy of shale- and petroleum—derived fuels also
are being studied. Dermal tumorigenicity and
inhglation toxicity are the msin bliological end
poiants of concern. A comparison of the major
organic cospounds in shale- and petroleumr
derived diesel fuels revealed group-specific
compositional differ:nces. Although both groups
of fuels are very gimilar in their content of
Cg chrough Cy5 n-alkanes, alkyl benzeues,
and benzo(a)pyrene, the shale ofl-derived diesel
fuels are distinguished by their lower levels of
parent and alkylated two— and three-ring
aromatic hydrocarbons. The wvolatile organic
compound content of the inhalable fuel vapors
also shows group-specific differeaces. The
shale oil-derived fuel vapors appear to contain
fewer branched-chain and partislly unsaturated
hydrocarbons.

Another significant observation 1is that
diesel engine exhaust 18 not an entirely
suitable material tor toxicological studies of
fuei-related personnel exposure in the military
vorkplace. A comparison between air particulate
matter collected in wmotor-pool garages and
diesel exhaust particulates from ailitary
vehicles showed that the latter is composition-
ally different from the former, althnugh diesel

exhaust particulates probahly contribute
significantiy to air particulate matter in
garages. The concentration of the dermal

tumorigen benzo(a)pyrene found in workplace air
was gimilar to that found in diesel exhaust (16
ug/g vs 11 to 17 yg/g). However, the concen-
traticn of the highly mutagenic l-nitropyrene
was somewhat higher in workplace air than in
diesel exhaust (4.5 ug/g vs 0.32 to 2.1 ug/g);
and the concentration of a bulk organic matrix
indicator species, eicosane, was considerably
lower in workplace air chan in diesel exhaust
(74 yg/g vs 2500 to 7490 yg/g). A more detailed
sampling and analysis study of workplace air
and emission sources in military garages 1is
planned to better characterize fuel-related
personnel exposure.

The cheaistry of complex synfuel mixtures is
being oxamined for DOE Osk Ridge Operations to
aid 1in 1incerpreting bioassay results being
genersted by other contractors. In an inhala-
tion biosssay using rats, s cosl-derived solid
hes been characterized for properties relevent
to lung tumor {inducement. Particle structure
and morpholagy, trace elemental composition, and
the concentrations of selected PAH dermal



tumorigens have been determined. A study of the
bioavaiiability of PAHs in particles demon—
strated that parts—pe:-billicn counceuntrations
(esch PAH) car be leached by phospholipid

vesicles, detergents, and serum solutions. TIwo
cosl-derived widdle distillates from wmouse
dermal toxicity studies were compared for

pbenols conteat. Omne sarnle csused much more
severe dermal irritation than did the cther; the
phenols were suspected as the cause of the
differential response. Surprisingly, the sample
that csused the wmore severe dermal irritation
contained much lower concentrations of phenol,
cresols, and dimethyl phenols. This finding
suggests cthat other compounds are responsible
for the irritation.

An evaluation of the chesmical and
toxicological characteristice of coal liquids
refining technologies has been a major research
activity. The focus of the evaluation is now cn
identifying optimum catalytic hydrogenation
conditions and supplemental treatments that will

improve the efficiency of hydrotreatment for
eliminating tumorigens and tumorigenicity in
crude coal liquids. The sulfide form of

alusina-based catalyst. has been found much more
efficient than the oxide form for reduzing the
content of benzo(a)pyrene in a vacuum gas oil
frection (>343°C/650°F) of a hegvy coal oll.
Multiple hydrogenaticns with fresh catalyst [or
prolonged (about 2 h) hydrogenation at 8370 kPa
(1200 psig) and 320°C (608°F)j are required to
reduce the benzo(a)pyrene content to about 152
of the originsl (322 ppm). Catalyst poisoning
by high-boiling components appears to be the
major factor limiting the effectiveness of
tumorigen hydrogenation in heavy coal 1liquids.
Some jmprovement in efficiency is achieved by
pretreating the sample with 10 N sodium
hydroxide solution. Higher temperasture and
pressure hydrogenation conditions and other
pretreatments are being evaluated.

Toxicological studies of crude cosl liquids
have often been conducted using petroleum crude
oils as "benchaarks” for comparison. Interpre-
tstion of the results of these studies has been
hindered by differences in the boiling range or
the degree of processing be:ween the two groups.
To solve this problem, a set of high-boiling
petroleum crude oils and crude oil distillates
(equivalent in boiling range to commonly studiaed
coal 1liquids) has been prspared asnd ¢ ~pared
chemically and physically wi » cosl liquids in
teras of relevance to dermal tumorigenicity. A
msjor finding is that concentrations of selected
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four-ring to six-ring PAH dermal tumorigeus are
one or two orders of magnirude lower (even in
the highest-boiling distillates) than in crude
cosl liquids. The distribution of PAH isomers
also is different in the petroleum ssaples, with
the less tumorigenic isomers generally being
present in higher concentrations than those with
greater tumorigenicity. The councentrations and
isomer distributions in the petroleum samples
are more similar to those in hydrogenated cosl
liquids.

Synthesis and measurement of radiolabeled
compounds to support fundamental studies of the
toxicology of complex mixtures is a new activity
initisted this year. Tritisted 10-azabenzo(a)-
pyrene aad 14C-lsbeled 4,5-dihydrobeazo(a)-
pyrene samples have been prepasred and sre heing
purified. Samples of these model compound
radiotracers and of synthetic fuels will be
supplied to 1investigators 1in the Biology
Division by the DOE Synfuels Reposito-y. A
sample matrix oxidizer has been rebuilt, and
optimum conditions have been established for the
combustion, collection, and ®oeasuresent of
radioactivity in physiological tissue specisens.
Separation and near-quantitative recovery of
both 14C and tritfum activity from as wuch
as 200 mg of tissue homogenate can be readily
achieved.

Our vork this year represents th: completion
or near completion of stsnding commitments to
the DOE and DOD Program offices. Work in the
coming year will be to increasingly emphasize
separations methods and research while
continuing to sddress the chemistry of complex
mixtures.

(A. R. Jomes, C. E. Higgins, C.-h. Ro, C. Y. Mz,

R. R Reagan, I. B. Rubin, B. A. Tomkinas,
J. ¥W. Russell*)

*Summer student, 1983.

SPECIAL PROJECTS
R. W. Holaberg

Although programmatic work for the Nacionsl
Institutes of Health (NIH) and the Department of
Defense (DOD) on the chemical propercties of
concentratcd smoles has continued »s the main
thrust in funding and efforts, work with other
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and groups has broadened.
collaborative projects with the
Information Resources Crganization,
Instrumentatior and Controls Division,
Environmental Sciences Division, and Solid State
Division have been undertaken this year.
Particularly noteworthy 1is the collaborative
work of R. S. Ramsey with R. A. Todd of the
Instrumentaticn and Controls Division on a
pulgsed Helium Ionization Detector that received
an IR-100 award. We also note that the collabo-
rative work with Solid State Division on the
composition of lead phosphate glasses used to
contain nuclear wastes 1is a direct spin—oif of
our DOD-sponsored phosphorus obscurants work.
Department of Defense work related to the
toxicology of military emokes has been esgsen-
tially concluded with the publication of results
on the analysis of RPNO3 smokes and the comple-
tion of aerosol support activities relating to
the study of phosphorus smoke toxicology at the
Illinois Institute of Technology Research. New
initiatives for continued work with this branch
of the military are being discussed.

Projects supported by the NIH comprise two
components: (1) the chemical charactericzation
of tobacco and marijuana smoke and (2) the
specialty instrumentation to
determine both exposure to smoke and the
magnitude of that exposure. At the request of
the National Cancer Institute, we substantially
redirected our research efforts on cigarette
smoke to 1include studies of “kreteks”,
Indonesian cigarettes containing both tobacco
and cloves. There has been public concern
recently about the enhanced toxicity of smoke
from these cigarettes. Our work was directed
toward the analysis of major smoke constituents
contributed by the cloves. Cigarettes, includ-
ing a specially prepared cigarette containing
only clove, wvere smoked under standard condi-
tions. Both GC and GC/MS were v3ed to survey
thes vapor and particulate phases of the smoke.
No major clove-derived constituents were found
in the vapor phase. Five major clove-specific
constitueats were f{deantified in the particulate
phase. They were eugenol, acetyl-eugenol,
beta-caryophylene (BC), slpha~husulene (AH), and
caryophylene epoxide. Deliveries of these
constituents in the smokes of six brands of
kreteks ware determined wusing gas/liquid
chromatography. Eugenol deliveries ranged from
9 to 17 mg per cigarette, whereas acetyl-eugenol
levels were a few percent of those of the
eugenol. Beta-caryophylene deliveries were in

development  of
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the range of 1| mg per cligarette, and AH levels
were 131 of those of BC. Caryophylene epoxide
deliveries were less than 100 pg per cigarette.
These data have since bee: used to belp direct
pulmonary toxicity atudies being conducted at
another laboratory.

The emission rates of sidestream tobacco
smoke counstituents from swoldering cigarettes
are related to their contribution to indoor air
pollution. For this reason, we have initiated a
project to determine those emission rates. An
especially critical aspect of this project is
the development of standardized geoeration and
sampling conditions for sidestream smoke,
because much of the methodology currently used
radically alters the immwediate combustion
eavironmeat of the cigarette, which can change
the composition of the material that fis
ultimately collected aud analyzed. For example,
measurements of temperature, humidity, and
localized air velocity conducted in our labora—
tory om cne popular chamber indicated these
parameters could affect the particle/vapor phase
distribution of nicotine. A new chamber under
development in our group promises to address
many of these concerns. Alr flow {into the
chamber and around the swmoldering cigarette is
essentially laminar, and temperature mapping in
and around the smoke plume suggests that
laboratory~tested cigarettes smoulder under
conditions which closely mimic those encountered
in the real world. The effect of air sampling
rates on smoke particulate collection
efficiencies 18 currently under investigation.

We have previously described an ORNL
cigarette smoke dosimeter that uses analog elec-
tronice to process and manipulate signals from
both a light-emitting diode/phototransistor—
based particle sensor and an orifice flow meter
built into s small cigarette holder to measure
the mass of particles moving through the holder
and into the emoker's mouth. Software and
hardware have been developed around an IBM-PC to
replace the unalog signal processing. The new
system uses a Data Translation DT28(5 digitizer
board to acquire data from both the flow and the
particulate signals. A program, written in C,
dats acquisition and anslyzes the
information., Flow rste and particle concentra-
tion are displayed graphically in resl time,
along with the der ved 1integrated smoke
delivery. The program also tabulates and stores
(for later statistical analysis) various aspects
of smoking topography that may be of interest to
behavioralists. The program operates completely

controls



passive mode after startup; in particular, the
smoker 18 not required to sigunal that he is
about to puff. A working prototype program is
currently being evaluated for reproducibility
and accuracy.

Cooperative work with the National Center for
Toxicological Researctk on the subject of mari-
jvana smoke has continued. Samples have been
collected and analyzed to better understand the
factors that influence the samount of smoke
generated by primate smoke exposur: systems.
Work has zlso been dove to determine the amount
of cocstituents retaiued by animals as a result
of exposure to the smoke of full strength [2.82
delta-9 tetrahydrocannabinol (THC)] warijuana
cigarettes. Exhaled breath samples analyzed for
delts—9 THC at ORNL confirmed the findings of
experiments narforwmed with half-
strength material; the animals retain half of
the smoke particulates to which they
exposed.

As 2 joint project with the Information
Resources Organization, we are conducring a
literature study to characterize and evaluate
emissions fri - rifles and large caliber guns.
This work 1s funded by the Department of
Defense, which is interested in understanding
the potential health effects of occupational
exposure to gunsmoke, particularly as it occurs
in armored vehicles and other confined areas.
Most of the analytical literature deals with the
primary gaseous combustion products of the
propellant and primer: oxygen, nitrogen, carbon
dioxide, carbon monoxide, and water vapor. With
the ex.eption of carbon monoxide, 1little 1is
known about compounds of potential toxfcity.
There 18 a particular lack of information about
trace constituents from partially oxidized
propellant. It 1is known that in the explosion
process, combustior is not complete, and organic
compounds and particulate wmatter from the
partially consumed charge exits the gun barrel.
Metallic erosion products from gun barrels also
find their way into the exposure atmosphere.
From this perspective, there 1s an obvious need
for snalytical studies of gunsmoke. Sampling
and analytical techniques used to characterize
combustion products from other sources, such as
cigarette smoke, diesel, and gasoline exhaust,
have been reviewed for their applicability to
this problem. A second phase of the study will
be concerned with the development of plans for a
laboratory 1in which to perform 1{nhalation
toxicology experiments and conduct analytical
investigations of the exhausts from weapons
systens.

previous
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A pulsed helium ionization detector has been
configured to operate in a coustant-curreat
closed-loop mode. Electronic circuitry includes
a stable, lownoise curreat source; a high-speed
electrometer; interaediate low-nolse gain
stages; and a voltage-to—frequency (V/F) coaver—
ter circuit. A high voltage pulser capable of
operating from 0 to 500 V from dc to 300 kHz at
the highest voltage was also designed and
incorporated. Operation of the detector im a
closed-loop mode has been found to decrease
noise and background curreat levels, which
improves operating stability, especially at
conditions necessary for high  seasitivity
messurements (i.e., high voltages). The dynamic
range, in comparison to dc operation, has been
extended approximately two orders of magnitude
(from 105 to 107), thus permitting the
analysis of both very high and low concentra—
tions (I to ppb) of the permanent gases.
Catastrophic breakdown of the detector under
overload conditions is also prevented. Applica-
tions for this device include the analysis of
high-purity gases for semiconductor processing,
environsental pollutants, wcrkplace air for
industrial hygiene wmonitoring, and (because of
its wuniversal respouse wechznism) volatile
compounds that are difficult to measure with
other detector systeas. Presently, efforts are
being directed toward transferring this
technology to the industrial sector.

As part of a joint project with Environmental
Sciences, we have developed a system for probing
the chemical composition of deep well waters.
While the prime purpose of this iavestigation 1is
to characterize radioactive and chemical ground
water contaminants to very deep levels, it 1is
planned to make a complete analysis of the
waters, including dissolved gases, to obtain a
better understanding of the geochemistry of the
surrounding formations. The system consists of
a sampling probe capable of collecting deep well
waters to depths in excess of 1000 ft and s
facility designed to measure and collect the
dissolved gases. The gases will be 1isolated
from the liquid so that both can be analyzed by
procedures we have developed. The transfer
systea was designed snd fabricated at ORNL and
is sufficiently portable to be uged in the
field. No commercial probe was available for
sampling deep wells thst retained the dissolved
gases; accordingly, s commercial probe was
extensively modified for this purposes. The
system has performed satisfactorily in prelimi-
nary tests in non-radiocactive wells to a depth
of 950 ft. Brine solutions (principally NaCl



and CaCl2) containing abour 180 gL of
dissolved gases per liter of solution were
obtained. Mass spectral analyses of the gases
indicate that they are predominantly nitrogen
(902) with small, but significant, amounts of
msethane, helivm, argon, carbon dioxide, and
oxygen. The quantity of gas found indicates
that the solution is essentially ssturated at
the ambient pressure.

We have collaborated with investigators from
Solid State to investigate the structure of
mixed lead and iron phosphate glasses that are
being coasidered as a medium for the long-tera
storage of nuclesr wasstes. The lead and irom
form solid state polymeric phosphates that can
be detected using Zon exchange HPLC techniques
developed for the elucidation of polyseric
phosphoric acids in phosphorus combustion
aerosols. The solid materials are crushed and
then leached with water or salt solutions
containing EDTA. The solutfon is passed through
the HPLC column to develop the polyphosphate
chromatogram. It has been deterwined that the
average phosphate chain length decreases as the
fron conteat of the phosphate glass increases.
More than 502 of the total phosphate in pure
lead phosphate glass is composed of unresolved
long~chain polymers (greater than P;3)
vhereas the glsss with 92 added Fe503
contains only P| to Pg. The solubility of
all glasses studie? {s greater in NaCl/EDTA
solution than {n p..c water.

(T. M. Gayle,* G. M. Hendergon, S. K. Holladay,
R. A. Jenkins, J. H. Momeyho:, D. D, Pa<nw,
R. S. HRamsey)

*Tastrumentation and Controls Division
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5. THE ORML ENVIRONMENTAL RESTORATION AND FACILITIES UPGRADE ¥ROGRAN

B. R. Clark

'

An effort was initiated in 1985 to remedy the
sccumulated envirousental problems of the ORMNL
portion of the Oak Ridge reservation. Pas:
wvaste dispossl and control practices are inade-
quate by today's standards. The Laboratory is
required to ideatify and remedy the present and
potential problems of relesse of hazardous sub-
stances into the enviromment. Actions needed to
remedy and sbate envirommental pollution are
b:ing defined and executed by the Environmental
Restoration and Facilities Upgrade Prcgram
(ERFU). The ERFU Progrem is funded by DOE
through "taxation” of the R&D programs that the
DOE sponsors.

Three msjor components mske up the Program:
(1) remedial action, (2) restoration, and {3)
wonitoring. Remedisl actions include identify-
ing and rectifying pollutant relesses fros solid
waste storsge areas, surface holding basins,
storage tanks, lov-level waste 1lines, and
others. Aiso, unused facilities are being
decomnissioned as part of the remedisl asction
activities. Restorstion projects are the
capitsl intensive actions needed to modernize
the wsste systess to minimize further releases.
A msjor exsuple is the construction of s nev
low-level waste drainsge, handling and storage
systes. Monitoring sctivities are broad; both
remedial action sites and routine vaste handling
operstions vwill require extensive monitcring.

With chis brief description of the ERFU
Program, the isportsnce of chemical analyses
should be evident. The Analyticsl Chemistry
Division (ACD) has & huge responsibility to the
Progrem; and becsuse the Progrsm is large, com-
plex, and continuously evolving, sn ACD Progrsm

Manager wvas named to establish and meintain the
best possible interface between ACD gections sad
the numerous projects comprising the ERFU
Program. The interface is much more than the
usual processing of sasples through the
division. The program mansger helps plan
sampling and malysis campaigns "up front"™ with
the ERFU project mauager; schedules, sampling
protocols, designation of snslytes, and quality
contrel procedures can then be established esrly
and orderly. This mode of operation gives ACD
the opportunity to plan work 1loads, acquire
specisl or addicional equipment and arrange
subcontracts as necessary. Purthermore, ACD
people in specislized areas of anslysis can be
enlisted ia the planning stages and contribute
to making & better program.

In terns of facilities, the ACD is developing
new, expand=d capsbilities to accommodate the
ERFU snd other relsted progrsms. In particular,
& hszardous wmaterials laborstory (HML) was
established to receive and prepare samples for
analyses of potentially toxic chemical, radio-
chemical, or wixed substances. A soil testing
laboratory is to oe included in the HML to
measure mechanical snd other parameters needed
for the Remedisal Action Progrem. Additional
radioanalytical wnd organic snalytical equipment
is baing acquired to hendle the rapidly
sxpanding vorklnads in these sreas.

The ACD/ERFU interfiace through a program
mansger helps the ACP in its relationship with
the ERFU Program. Program sctivities sre bettasr
coordinated becsuse the ACD progrem manager
interacts with sany people st all levels.



INTRODUCTION

W. D. Shults, Director

The Analytical Chemistry Division of Oak
Ridge National Laboratory (ORNL) is a large and
diversified analytical chemistry organization.
As such, it serves a multitude of functions for
8 clientele that :xists both ia and outside
OBNL. These functions fall into the following
general categoriesa.

1. Anslytical Research, Development, aad
Isplementation. The division =saiatains a
program to conceptualize, investigate, develop,
assess, improve, and implement advanced
technology for chemical and physicochesical
measurements. Emphasis {s on probleas and needs
identified with ORNL and Depsriment of Energy
(DOE) programs, but sttention {s slso given to
needs 1in the analytical sciences themselves.
This program is composed of medium- to long-term
projects and 1is supported prismarily by the DOE.
Fundamental R&D constitutes spproxisately 201 of
our effort.

2. Programmatic Research, Developmsnt, aad
kiliszation. The division carries out a wide
variety of cheaical work that typicslly involves
analyticsl research and/or development plus the
utilization of snalytical results or special
aoalytical capabilities to expedite programmatic
interests. The effort in this cstegory comes
from ORNL and DOE programs asnd from
"Work-for-Others” agreements. Emphasis here 1is
on "applisd”™ chemistry. Programmatic Ré&D
constitutes cs. 111 of our work.

3. Technfcal Support. The division performs
chemicsl and physicochemical snalyses of

virtusally all types. Development of methodology
is an inherent part of this activity because of
the variety of analytical problems ihat arise in
s multiprogram ingtitution like ORNL. Counsulta—
tion, collaboration, and special projects are
iavolved. Much of this work is short-tera in
nature and comes from other divisicns aad
programs within ORNL, but a significant fraction
originates outside of ORNL and involves the use
of talent and/cr facilities 1in which the
division is particularly strong or unique. This
type of work accounted for spproximately 692 of
the effort this year.

The Analyticsl Cheaistry Division is
organixed into four major sections, each of
vhich say csrry out any type of work falling in
the three categories mentioned sbove. Chapters
1 through 4 of this report highlight progress
within the five sections during the period
January 1, 1985 to December 31, 1985. A brief
Giscussion of the division's role 1in the
Laboratory's Eanviromnmental Restoration and
Facilities Upgrade 1s given in Chapter 5.
Information about quality assurance and safety
prograas 1is presented in Chapter 6, along vith s
tabulation of analyses renderad. ' Publications,
oral presentations, professionsl ' activities,
educational programs, and seainars sre cited in
Chapters 7 and 8. Approximately 35 -rtitlu, 22
proceedings publicetions, and 34 uport‘s have
been published; 113 orsl presentations were
given during this reporting period. Some
310,000 determinations were performed with an
overall quality factor of 96%.

vit / ¢///'/ '
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6. QUALITY ASSURANCE, SAFETY, AND TABULATION OF AMALYSES

QUALITY ASSURANCE

The quality control program increased by 682
to over 9000 -esults this year (Table 6.1). The
overall qualicy level was 962, the same as 1985,
There was 8n increase of 102 in the number of
control elements and/or compounds covered by
controls (Tables 6.2 and 6.3). In cooperation
with the Department of Environmental Management
snd the Energy Division, samples from seven
programs wvere spiked, and blind controls were
prepared for submission to ACD Ilasboratories.
Quality problems were several
including inductively coupled plasms
spectrometry; alphs, bets, and gamma counting;
spectrophotometry; and ion chromatography.

In other work, monthly snd quarterly reports
wvere satisfaction
survey was conducted. Three programs were
audited internally, snd ACD was reviewed eight
times by external asudits.

addressed in
sreas,

prepared, send & customer

Laing
Howell
Davis
Harrod
Jones

RADIATION SAFETY

The division supports the ALARA principle (as
low a&s reasonably achievable) and has demon-
strated this by contiaually reducing expcsure to
personnel over the past 5 years. New audible
personnel radiation monitors, known as Bristol
Beepers, are being worna by Transursniuam Labora-
tory and Radioactive Materisls Analytical
Laboratory personnel. The use of daily pencil
meter monitors hss been discontinued, and visuasl
dosimeters have been assigned to appropriate
personnel; individual
daily.

readings are recorded

During the year, s newv analyticsl chemistry
facility, the Hazardous Msterials Analyticsl
Laboratory in Building 2026, has been reviewed
snd spproved by the Rsdioactive Operations Com-
mittee. The necessary signs, radiation monitors
and safety equipment have been instslled in
rooms 212 and 213 in the new fscility.



The safety policy of the Anslytical Chemistry
Division is deacribed in the
statements:

1. Conduct all activities with the lovest
ressonable risk of personal injury or

following

property loss due to preventable accidents.

2. Perfors all work snd maintain the working
environment in accordsnce with Laboratory
safety regulations and designated national
codes and stindards.

3. Investigate all significant accidents,
determine their causes, and taske steps to
prevent recurrence of similar accidents.

4. To improve employee awsreness of safety
vhile off the job as well as on the job.

The Analytical Chemistry Division had only
four first aid cases this year, no recordable
injuries/illaesses, no lost wcrkday cases, and
only one off-the-job injury. The employees have
sccumlated 2,843,221 workday hours since the
last lost time accident in June 1972. This
record is possible because of an excellent
safety awareness program within the division and
the high priority given to safety. All division

employees are expected to attend a safety
meeting each quarter. Duriog this period, 952
of the employees attended such a wmeeting.
The division conducted the following safety
training and oriemtation workshops this year:
1. ACD Local Emergency Organization, Fire and
CPR.
2. QA Orientstion, Wew Eaployees.
3. ACD General Orientation Workshop. This
included hazardous materials, radiation
affirmative action, and the
divigion's open door program.
Quarterly safety audits were made by the
divisiou's safety committee and the division

control,

safety officer.

Division Appearsnce Inspection Program. This
progras was initiated this year to review
facilities snd equipment and to help ensure an
orderly, safe working environmeant and good
employee attitudes about their place of work.
This program includes the following features:

1. Semiannual inspections.

2. Dpivision-wide walk-throughs.

3. Division—level wmanagement visibility and
participation.

Table 6.1 Distribution of control tests by group

No. Outside Quality level
Group Total fixed limits (2)*
Chemical and Physical 3333 166 95
Analysis
Environmental Analysis 738 45 9
Low Level Radio- 273 14 95
chemical Analysis
Radioactive Materials 851 27 97
Analysis
TRU 4022 "27 91
TOTAL 9217 379 96b

No. results in control

.Quality level, T =

x 100

total No. of results

bAvernge
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Table 6.2 Comtrol ssmples prepared for October 1984

through September 1985

¥o. of ¥Wo. of Councentration
Method control elements coutrol solutious range (wg/wi)
Atomic absorption/fleme 15 27 0.002-0.250
emission/flameless AA
spectrometry
Coulowmetry 1 3 8-12
Counting wethods
alpha 1 11 0.03-0.05
Beta and liquid
scintillation 7 26 10! o 10°
Bq/el
Fluorimetry i 4 0.901-0.01
Gamma spectrometry 13 52 10! e> 167
Bq/ul
Gas chrowmatography 1 b 0.001 to 1000
wg/L
Graviwmetrry 3 11 2-752
Gravisetry (Leco) 2 4 100-800 ug/g
Ion chromatography 7 5 0.001-0.06
Ion selective electrode k) 9 0.001-0.1
Inductively coupled 30 20 0.001-0.15
plasma (ICP)
Infrared absorption 1 6 0.006-0.1
spectrophotometry
Solution weasurements 2 5
(pA and conductivity)
Spectrophotometry 10 20 0.0001-5
Volumetric titrimetry (acid)
In the lasborstory 14 40 0.1-7 normai
In hot cells ? 12 2-120
X-ray fluorescence 4 6 0.50-150
spectrometry
TOTAL 117 265
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Table 6.3 Distribution of control results by method for
October 1984 through September 1985

No. of No. of
Method of analysis control elements control results
Atomic absorption/flame emission/ 15 458
flameless AA spectrometry
Coulometry 1 17
Counting methods
alphs 1 488
beta and liquid
scintillation 7 231
Fluorimetry 1 132
Gaama spectrometry 13 3314
Gas chromatography 1 il
Gravimetry 3 95
Gravimetry (Leco) 2 68
Ion chromatography 7 1014
Ion selective electrode 3 86
Inductively coupled 30 1820
plasas (ICP)
In‘rared sbsorption 1 35
spectrophotometry
Solution measurements 2 32
(pH and conductity)
Spectrophotometry 10 269
Volumetric titrimetry
In the laboratory 14 947
In the hot cells 2 103
X-ray fluorescence 4 97

TOTAL 117 9217
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7. SUPPLERENTARY ACTIVITIES

The division continues to wmaintain liafson with the academic community through its

Advisory Committee, cousultants, and various ORNL and ORAU programs. We also mske facilities
available for student and faculty research and training programs.

ADVISORY COMMITTEE

The Informgtion Meeting was held July 22-24, 1985. The interval between meetings has been

extended to 18 months. The next meeting will be held in January 1987. The 1985 Advisory
Committee was composed of:

J.
J.
E,

J.
R.

W. Fraser, 6767 Alisal Stree:, Pleasanton, CA.

G. Crasselli, Standard 01l Company, 5440 Warrensville Center Road, Clevelsand, OH.
D. Pelliszzar{, Director for Analytical Scieoces, Research Triasngle Institute,

P. 0. Box 12194, Research Trisngle Park, NC.

W. Taylor, Chemistiy Department, University of Wisconsin, Kadison, WI.

C. Wymer, Chemical Technology Division, Osk Ridge National Laborstory, P. 0. Box X,
Oak Ridge, TN.

CONSULTANTS

The following specialists were brought to ORNL on a short-term consulting basis this past

year ss part of our Seainar Program. Details of he geminars are listed below.

K.
C.
| £
b.
K.
A
J.
J.
.
b.
D.
r.
|

D. Cook, University of Tennessee, Knoxville, TN

8. Allay, Analytical Chemistry Division, ORNL, Oak Ridge, TN
R. Grifficths, University of Cslifornia, Riverside, CA

C. Boffman, Lavrence Berkelcy Laboratory, Berkeley, CA

A. Rahn, University of Rhode Island, Narrsgsnsett, RI

G. Marshall, Ohfo Staca University, Columbus, OH

W. Ruseell, Humboldt Stste University, Arcats, CA

E. Riley, Jr., ATST Bell '.sborstories, Murrsy Hill, NJ
Marcini, EC&4G ORTEC, Osk Ridge, TN

L. Illman, Infometrix, [nc., Seattle, WA

M. Lubmsa, University of Michigan, Ann Arbor, MI

Brech, Jsrrell-Ash (Retired), Dover, MA

Wilson snd R. Boyd, ARL Division of Bsusch & Lomb, Sunland, CA
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Michael L. Gross, University of Nebraska, presented the plenary lecture at the 28th
Conference on Analytical Chemistry in Energy Technology.

Willard Hsrrison, University of Virginla, and Larry Hrubesh, Lavrence Livermwore
Laboratory, were consultante for the Office of Basic Energy Sciences Site Review.

G. Mamantov aad M. J. Sepanisk, of the University of Tennessee, coantinued working in the
divicion as adjunct research participants.

STUDENT ASSICRMENTS

B. A. Tomkins served as “Dean” for the divisior's student guests during 1985.
Briico Harward, a predoctoral student from the University of Tennessee, completed his work in
the Anslytical Methodology Section as an QRAU graduate research participant.

The division maintains a subcontract with the Uaiversity of Tennessee to esable advanced
graduate students to participate in environmental analysis prograss. Chris P. Leibmsn
continued his work with P. J. Todd on organic SIMS studies. Also under this coutract,
C. N. Kettler completed his work with Mike Maskarinec in developing an electron cspture
detector for open tubular liquid chromatography. D. E. Burton also worked with Mike Maskarinec
to develop micellar electrokinetic sepsratioans.

The divisjon also hosted another ORAV graduate research participant this year.
J. R. Parrish worked with Juel Emery in perferming neutron activation analysis at the HFIR.

During the summer the division wvas host to two representatives of the CRAU Undergraduste
Research Program, which oifers laboratory experience to exceptional college students.
Sharon K. Parks, Wake Forest University, worked with Michelle Buchsnan snd Mark Wise in the
Organic Analysis Section in developing a new type of chromatographic detector. Jay W. Russell,
Huamboldt State University, worked with C.-h. Ho and Wsyne Griest on synthesizing selective
stationary phases for gas chromatography.

During the fall semester, Jennifer L. Dyke, DePauw University, wvas assigned to the
Organic Analysis Section and worked with Michelle Buchansn and Mark Wise in the development and
evaluation of a2 new chromatographic detector.

ORAU FACULTY RESEARCE PROGRAM

S, Ballou Skinner worked in the Radiochemical and Activation Anslysis Group with

Frank Dyer in evaluating fission track counting asethodology for determining ursnium in human
vrine.
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¥. C. Tong continued his postdoctoral research in laser analytical chemistry in the
Analytical Methodology Sectioa.

¥. B. Whitten and J. M. Ramsey received a Publicstions Award from Martin Marietta Evergy
Systems, JTnc., for T“Self-scanning of a Dye Laser Due to Feedback from a BaTi03
Phase-Conjugate Reflector.”

M. V. Buchsnan and G. Olerich also received a Publications Award from Martin Marietta
Energy Systess, Inc., for "Differentiation of Polycyclic Aromatic Hydrocarbons Using Electrom
Capture Negative Chemical Ionization.”

D. A. Bostick received the DOE Wespons Complex Award of Excellence for the In-Line
Photowmetric Uranium Concentration Monitor being applied in the Eoriched Uranium Recovery
Improvesent Program at Y-12.

R. S. Ramsey received an I-R 100 Avard for development of a Helium-Ionization Detector for
GC ("PRIDELS").

G. L. Glish received & “Top 100 Innovator™ award from Sciencc Digest.

28¢th ORNL/DOE COMFPERENCE ON
ANALYTICAL CHEMISTRY IN ENERGY TECHWOLOCY

This year's conference was held at the Knoxville Hilton, October 1-3, 1985. The theme of
the confereance was “Analytical Chemistry in Energy Technology.”™ Attendance was 225, with
representatives from foreign countries, acadesmia, industrial iInstitutions, and other governsent
sgencies. There vere 19 exhibits (31 representatives) and 17 booths. Topics emphasized during
the meeting included lasers, mass spectrometry, and nuclear snd plassa spectroscopy-

A. L. Hsrrod wss Arrangesments Chairman, V. R. Lsing was Technical Program Chairman, and
2. H. Benson was Treasurer. Terrye Danner and Doris Smith were Conference Secretaries. Other
conference committee wmembers included D. A. Costanzo, J. S. Eldridge, M. P. Maskarinec,
S. A. McLuckey, M. L. Parsons (LANL), W. D. Shults, and J. P. Young.

ANALYTICAL CHEMISTRY DIVISION SEMINARS AT ORNL

Speaker Title Date
Cook, K. D. "3olution Mass Spectrometry: Betfer Results April 3, 1985
Univ. of Through Chemistry”
Tennessee,

Knoxville, TN

Alley, C. S. "The Evalustion of a Zymark Robotics System for May 30, 1985
Anal. Chew. Hultitasking Applications {n a Complex Process
Div., ORNL Lsboratory”



Griffiths, P. R.
Univ. of
Califorunia,
Riverside, CA

Hoffwman, D. C.
Lavrence
Berkeley
Laboratory,
Berkeley, CA

Raha, K. A.
Uaiv. of
Rhode Island,
Narragansett,
RI

Marshall, A. G.
Ohio State Univ.,
Columbus, OH

Russell, J. W.
Humboldt State
Univ.,

Arcata, CA

Riley, Jr., J. E.
AT&T Bell
Laboratories,
Marray Hill,

NJ

Martini, M.
EG&G ORTEC,
Oak Ridge, TN

Ilimsn, D. L.
Infometrix, Inc.,
Seattle, WA

Lubman, D. M.

" Univ. of
Michigan,
Ann Arbor, MI

Brech, F.
Jarrell-Ash
{Ret1red),
Dover, MA

Wilson, B., and
Boyd, R.
ARL Division
of Bsusch &
Lomb,
Sunland, CA

A4

“Hyphensted Techniques with FTIR"

“Production and Identification of New Heavy and
Superheavy Element Isotopes”

“Sources and Transport of Pollution Aerosol {n
the Northeast as Deduced from Regional Elemental
Tracers™

“Fourler Traunsfore Ion Cyclotron Resonance Mass
Spectroscopy”

"Qualitative and Quantitative Determination of

Derasl Tumorigen Poiycyclic Aromstic Hydrocarbons

in Coal Conversion Products”

"Monitoring Trace Levels of Radfoactive
Contaminants in Semiconductor Materials™

"Cooling Gamma-Ray Spectrometers to Liquid
Nitrogen Temperature without Liquid Nitrogen™

"Exploratory Data Analysis Using the ARTHUR and
Ein#*Sight Computer Program Packages™

"Anslytical Applications of Laser Ionizstion in
Mass Spectrometry”

"Application of Science in Examination of Works
of Art”

"Glove Box Application of a Sequentisl
Inductivuly Coupled Plasma Spectrometer
Laboratory”

June 14, 1985

Jue 18, 1985

June 25, 1985

Aug. 9, 1985

Aug. 21, 1985

Sept. 18, 1985

Sept. 24, 1985

Oct. &4, 1985

Oct. 15, 1985

Nov. 5, 1985

Nov, 21, 1985



&TTRILL, J. K.
Advigory Committe.::
Member:

Sample Coordinator:

IROOKERANK, R, D,
Member:

Division Assistant
Representative:

BUCHABAN, M, V.
Member:

CARTRER, J. A,
Advisory Board:
Advigsory Panel Member:

Laboratory Coocrdinator:
Secretary:

CATON, J. K.
Member:

CIRISTIE, W. M.
Mewnber:

COSTANZO, %, A.
Member:

Chairmsn and
Organizer:

DALE, J, M.
Member:

ELDRIDGE, J, 8.
Menber:
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ADDITIORAL PROFESSIONAL ACTIVITIRS

Subcommittee E-38.01 on Energy, ASTM

ASTM Committee E-38 on Resource Recovery
ORNL Ewergency 0il Spill Resporse Teas
ACD/Dzpartment of Environmental Management

ASTM Committee D-33, Protective Costing and Liaing Work
for Power Generation Facilities

Material Balance Ares Reprcsentetive for Nuclear Materials
Management

ORAU Traveling Lecture Progras

Analytical Chemistry

DPOE/ISA Laboratory Advisory Group for Effluent Research
(LAGER)

ISPO Programs

Subcommittee C-5:05, Anslytical Task Group (Reactor Grade
Graphite), Committee C-5, Manufacturer of Carbon and
Graphite Products, ASTM

ACD Long Range Planning Committee

ACD Long Range Plauning Committee

ACD Solids/Surface Characterizstion Teas

Program Committee, SIMS V, Fifth International Conference on
Secondary Ion Mass Spectrometry, Washington, DC, Sept. 29-
Oct. &, 1985

ASTH Committee C-16, Nuclesr Fuel Cycle, and Subcommittee
C~26:05, Test Methods

ACD Long-Range Planning Committee

Planning Ccvmmittee, 28th ORLL/DOE Conference on Avalytical
Chenistry in Energy Technology

Poster Session: '"Interactive Anslytical Seminsrs,” 28th
ORNL/DOE Conference on Anslytical Chemistry in Energy
Technology

Ad Hoc Committee for Physice Division Staff Member
Appointment

Lab Committee 8 of the International Society Coamittee for
the Methods of Air Ssmpling and Analysis

Planning Committes, 28th ORNL/DOE Conference on Analytical
Chenistry in Energy Technology


http://Respor.se

Organizer:

President-Elect:

nERY, I, ¥,

Division Representative:

FELDMAN, C.
Fellow:
Member:

Scientific Editor:

Diviaion Representative:

Qrsd, ¢. L,
Chairman:
Lecturer:

COERINGER, D. E.
Chairman:

GRIEST, W. B.
Consultant:

CUERIN, M. R.
Consultant:

HICCINS, C. E.

BOLMBERGC, R. W.
Coordinator:

BOWELL, P, L,
Coordinator

BULETT, L. D,
Coordinator:

JNKINS, R, A,
Consultant:

Member:
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Session on “Radiosnalytical Methods: Environmental,” 28th
ORNL/DOE Couference on Anslytical Chemistry in Eoergy
Technology

Environment sl Radiation Sectiop of the Health Physics
Society

Lsboratory Emergency Sample Coordinator
bivision Computer Systems Security Officer

American Society for Testing and Materials

Committee E-2 on Emission Spectroscopy, ASTM, Subcommittees
on Fundamental Methods, Editorial Practices, and
Nomenclature

Optics and Spectroscopy (Boglish translation of Russian
journal, Optika i Spektroskopita)

Energy Systuas Environmental Analysis Committee

Awerican Society for Mass Spectrometry History Committee
ORAU Traveling Lecture Program

ACD Seminar Committee

Departmenc of Energy — BES
Electric Power Research Institute
Environmental Protection Agency ~ IERL/TSO

Department of Energy (OHER)

Complex Mixtures Program Committee
Nstional Institutes of Health

NCI Passive Smoking Grant Review

ACD Ombudsmzn

ACD Metric Coordinator

ACD Quality Control Progras

ACD Bolids/Surfaces Characterization Tesm

National Cancer Institute: Program/Project Review of
Aserican Health Poundstion
ORNL Speaker's Buresu



g, k. K.
Chairman:

Division Pepresentative:

Member:

RELLER, J, M.
Member:

RATT, L. K.
Member:

Secretary:

LAING, W, R.
Chairman:

Coordinator:
Fellow:
Member:

Technical Program Chairman:

Vice-Chairman:

LYow, w, 8,
Advisory Board:
Chairman:

Fellow:
Honorary Mesber:
Member:

Regional Editor:

MASKARIFEC, M. ?,
Member:

Organizer:
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Task Group on Methods of Coatings Anslysis, D-33

ACD Radiation Controel Officer

Respirator Trainer

ASTM Committee D-33, Protective Costing sed Lining Work for
Generation Facilities

ACD Seminar Committee
Digital Equipment Company Users So..iety (DECUS)

Eoergy Systems, PhD Recruiting Tesm
ACD Long~Rsnge Planning Committee
ACD Safety Committee

ACS Division of Analytical Chemistry

Subcommittee C-26:05, Test Methods, Huclear Fuel Cycle, ASTM

ASTH Long-Range Plsnning Committee

ACD Quality Assurance Program

American Society for Testing and Msterials

ASTM Committee D-33, Protective Coatings

AST™ Committee on Technical Committee Operations

IS0 Technical Committee 85, Subcommittee 5

ORNL Pregrievance Committee

INMM Group 5.1, Anslytical Chemistry Laboratory Mesturement
Control -

Energy Systems-GAT Analytical Committee

28th ORNL/DOE Conferenc. on Analyticel Chemiscry in Energy
Technology

ASTH Committee C-26, Nuclear Fuel Cycle

Analyst

Honors & Awsrds Committee, Isotopes & Radistion Division, ANS

Session on "Anslytical Chemistry and the Eavironment,”
28th ORNL/DOE Conference on Analyticsl Chemistry in Energy
Technology

Aserican Ruclear Bociety

Comaittee E-10, Nuclear Technology and Applications, ASTM

Organizing Committee, 7th International Conference on Modern
Treands in Activation Analysis

Scientific Committee 25 on Radiation Protection in the Use of
Small Neutron Generators, NCRP

Joumal of Radioanalytical and Wuclear Chemistry

AS™ E-19 Committee on Chromatography

ASTY D-34 Committee on Waste Disposal

Planning Committee, 28th ORNL/DOF Conference on Analytical
Chenistry in Energy Technology

S8ession on "Analytical Chemistry and the Enviromment,"”
28th ORKL/DOE Conference on Analytical Chemistry in Energy ¢
Technulogy ot



NcKDWR, H. 8.
Division Representative:

MKcLDCREY, S. A.
Mewber:

Orgaaizer:

RAMEXY, J. M.
Member:

RAMSEY, B, 8.
Member:

noss, H. H.
Chairman:

Faculty Member:

Member:

Organizer:

ROSSEEL, T. M.
Chgirman:

Chairman and
Organizer:

8C0TT, T, €.
Member:

SEULTS, W. D,
Consultant:
Member:
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Interplant Computer Communications Committee

Plamning Committee, 28th ORNL/DOE Conference oo Analytical
Chemistry in Energy Technology

Sesszion on “Advances in Anslytical Mass Spectrometry,” 28th
ORNL/DOE Conference on Analytical Chemistry in Energy
Techoology

Advanced Cas Centrifuge Reviev Team

ACD Seminar Committee .
Steering Committee, Separation Science and Technology

ORNL Craduate Student Selection Panel

ORKL Postdoctorate Selection Panel

Dept. of Chemistry, University of Tennessee, Knoxville
(Science Alliance Professor, Part-time)

Kditorial Advisory Board, Journal of Radicamalytical and
Buclear Chemistry

Fellowship Tommittee, ACS, Division of Analytical Chemistry

ORNL Technology Utilization Committee

Symposium on "Nuclear Methods in Analyticel Chemistry,”
ACS SE-SW Regionsl Meeting, Mewphis, TN, Kov. 3~5, 1985

Avards Committee, Tennessee Valleys Chapter, American Vacuum
Society

Scholarship Committee, Tencessee Valley Chapter, American
Vacuum Society

Session on "First Student Paper Competition,” 5th Annusl
Tennessee Vslley Chapter, AVS Symposium and Equipment
gxhibition, Knoxville, TH, April 30-May 2, 1985

Committee D-19, Water, ASTM, and Subcommittee 4, Methodt »f
Radiochemicel Analysis
Health Physics Society

Energy Systems Career Planning Progras

Advisory Committee, "Analytical Approach,” Analytical
Chemist ry

Canvassing Committee for the ACS Awurd for Crestive Advances
in Environmsental sud Technology

Editorial Board, Analytisa Chimica Asta

ORNL In-House Continuing Education Committee

Technicsl Services Committee, Energy Systems
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suIm, b, K.
Chairman

Hewber:
Orgaviser:

sTERART, J. L., Jr.
Division Representative:

Member:

Task Leader:

STOKXLY, J. R.
Coordinator:

™0, P. J.
Coordinator:

TOMKIRS, B, A.
Coordinator:

WALKER, R. L.

Advisory Panel Member:

WVISE, M, B,
Hember:

WITIEN, W. B,
Lecturer:

YoouG, J, P.
Fel lov:
Mcmber:

Chairsss and
Organizer:

w99

American Society of Mass Spectrometry Isotopes Ratio
Committee

ACD Loug-Range Plauning Committee

Symposinm on Frontiers in Isotope Ratio Measurements, 33rd
Annual Conference on Mass Spectrometry and Applied Topics,
San Diego, CA, May 1985

ACD Environmental Protection Officer

ACD Solids/Surfsaces Characterization Team,
Fluorescence Methods

International Working Group, "Analytical Standards of
Minersls, Ores, and Rocks®

Mamuscript Reviev Bosrd for Analyt ical Chemistry

ASTM C-26 Buclear Fuel Cycle Task: €-26.05 X-Ray Task Group

ACD MS/BS Recruiting
ACD Awards
ACVY University Belstions

DOE/ISA Lsboratory Advisory Group for Effluent Research
(LAGER)

ACD Seminar Committee
ORAU Traveling Lecture Prograa

American Association for the Advancement of Science

Planning Committee, 28th ORNL/DOE Conference on Analytical
Chemigtry in Energy Technology

Session on "Broadened Horizons in 7ourier Transfora
Spectroscopy,” 28th ORNL/DOE Conference on Analytical
Chenistry in Energy Technology



Table 6.4 Summary of analytical work

Number of results reported by

Mass and Radioactive Mate~ General and
Emisaion Transuranium riala Analytical Bio/Organic  Environmental
Organization Spectrometry Laboratory Laboratory Analyais Analyasis Total
ORNL Unit

Analytical Chewistry 125 58 23 3,546 3,752
Biology 210 4,224 4,43
Central Management 19,356 19,356
Chemical Technology 3,797 27,808 2,709 2,277 38,719 75,270
Chemiatry 150 5 213 692 1,060
Energy 8 6,590 6,598
Engineering Physics 25 28
Eangineering Technology 1,053 1,200 2,253
Environmental and Occupational

Safety 122 68 3,887 19,699 23,776
Environmental Sciences 421 6,916 83,799 91,136
Finance and Materiala 24 24
Fuel Recycle 175 4,179 219 4,573
Fusion Energy 207 140 347
Health 8 61 916 985
Health and Safety Re.. *rch 131 783 3,798 4,709
Laboratory Protection 12 119 131
Metals and Ceramics 3,745 28 S0 2,184 €,00?
Operations 10,780 23,338 1,948 9,478 7,471 93,015
Physics 76 6 102 184
Plant and Equipment 156 869 1,025
Solid State 1,053 141 1,249 2,443

Others

Protective Coating Teasting 801 801
R-25 and Y-12 261 538 3,9%8 4,1%7
"Miscellaneous 688 132 12 43 793 2,268
Nuclear Regulatory Commission 1,017 1,017
Savannah River Laboratory 378 ' 378
Work for Others 211 211

TCTAL 22,675 51,878 10,723 25,619 199,640 310,535

(]ﬂ/ec
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8- PRESENTATION OF RESEARCH RESULTS

As in pest years, the division has actively respounded to the chanmging priorities
of the ORNL research effort by changing the emphasis of some of its own programs or

institutiog nev studies.

ouclear - is reflected in the research cesults listed below.
aspproach required in meny such problems is indicated by the mumber of papers and talks

cosuthored by members of other ORNL divisions.

asterisk.

AUTHOR

Bertram, L. K.

Buchsnan, M. V.

Christie, W. H.

Coutributions to Bosks, Proceedings, amd Reports

AUTHOR(S) AND TITLE

Glish, G. L.; McBay, E. H.; McLuckey, S. A.;
Bertraw, L. K. ™A ‘Reverse’ Ceometry Hybrid
Instrument for MS/MS™

Buchansn, M. V,; Ramming, M. C.* TRC Spectral
Data-Mass

Christie, W. H.; Donohue, D. L.; Goeringer,

D. E,; McKown, H. S, "Sputter Atomization/
Resonance Ionizstion Mass Spectrometry for
High Sensitivity Isotopic Anslysis”

James, R. B.;* Nsrsysn, J.;* Christie, W. H.;
tby, R. E,; Holland, O, ¥W.;* Wood, R. F.*
Pulsed COy~Laser Annesling of Ion-Implanted
Silicon"

Taylor, D. H.;* Christie, W. H.; Pavone, D.*
"Ir/Pu0y Compstibility: Tranefer of
Ispurities from Plutonium Dioxide to
Iridium Metal during High Temperature
Aging"

Azfz, M, J.;* Nygrea, E.;* Christie, W, H,
White, C. W.;% Turnbull, b.* "Effect of
Pressure on Self Diffusion in Crystslliine
Silicon"

The increasing conceru vith energy - muclear as well as noa~
The multidisciplinary

Such persons are designated by an

v
PUBLISHED IN

Proc., 33rd Amw. Conf.
on Mass Spectrom. and
Allied Topia, San
Diego, CA, May 26-31,
1985, p. 709

Sopplement No, 2,
July 1, 1985,
Theraodynamics Res.
Ctr.

Proc., 33rd Anru. Conf.
on Miss Spectrom. and
Allied Topice, San
Diego, CA, May 26-31,
1985, p. 59

Proc., Miter. Res. Soc.
Symp., Vol. 35,
Boston, MA, Nov, 26-
30, 1984, p. 413 (1985)

Opt imizing Materials for
Nuclear Applications,
Los Angeles, CA, F. A.
Garner, D. S, Gelles,
F. W, Wiffen, eds., The
Hetallurgical Soc,,
Warrendale, PA, 1985,
p. 201

Proc., Mater. Res. Soc.
Symp-, vol. 36,
Boston, MA, Nov. 26-30,
1984, p. 101 (1985)
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AUTHOR(S) AND TITLE

Dooobue, D. L.; Christie, W. H.; Goeringer,
D. E.; McKown, H. S. “Ultra—-Seasitive
Isotopic Analysis by Resonaoce lonization
Msss Spectrometry”

Tsso, J. Y.;* Thompson, M. O.;* Percy, P. S.;*
Vhite, C. W.;* Christie, W. H. “Test of
Two Solute Trapping Molds™

James, R. B.;* Christie, W. H.; Eby, R. E.
Darken;* Mills, B. E.*# “Intervalence-Band
Absorption Saturation and Optically Induced
Demage of Ga As by Pulsed CO; Laser Radiatioa

Donohue, D. L.; Saith, D. H.; Young, J. P.
“Spectral Studies Using Resonance Ionizatiom
Mass Spectrometry Combined with Photoelectromn
Spectroscopy”

Christie, W. H.; Donohue, D. L.; Goeringer,
D. E.; McKown, H. S. “Sputter Atomization/
Resonance Ionization Mass Spectrometry for
High Sensitivity Isotopic Analysis”

Donohue, D. L.; Christie, W. H.; Goeringer,
D. E.; McKown, H. S. “Ultra-Sensitive
Isotopic Analysis by Resonance Ionization
Mass Spectrometry”

Roseberry, L. M.; Dyer, F. F. “Instrumental
Neutron Activatioao Analysis in the Measure-
ments of Trace Element Distribution at Two
Coal Conversion Plants”

James, R. B.;* Narayan, J.;* Christie, W. H.;
Eby, R. E.; Holland, O. W.;* Wood, R. F.¥
Pulsed (:0;-Laser Annealing of Ion-Iaglanted
Silicon”

James, R. B.;* Christie, W. H.; Eby, R. E.
Darken;* Mills, B. E.* "Intervalence-Baand
Absorption Saturation and Optically Induced
Damage of Ga As by Pulsed COy Laser
Radiation”

Glish, G. L.; McBay, E. H.; McLuckey, S. A.;
Bertram, L. K. “"A 'Reverse’ Geosmetry Hybrid
Instrument for MS/MS”

PUBLISHED IN

Proc., Int. Comf. on
Lasers, San Francisco,
CA, Nov. 26-30, 1984,
- 295 (1985)

Proc., Mater. Res. Soec.
Symp., Vol. 35, Bostoa,
MA, Nov. 26-30, 1984
p- 153 (1985)

SPIE, Vol. 540, SW Conf.
on Optics, Albuquerque,
NM, Msr. 4-8, 1985, p.
453

Proc., 33rd Annu. Conf.
on Mase Spectrom. and
Allied Topics, San
Diego, CA, May 26~31,
1985, p. 52

Proc., 33rd Annu. Conf.
on Mass Spectrom. and
Allied Topics, San
Diego, CA, May 26~31,
1985, p. 59

Proc., Int. Conf. on
Lagérs, San Francisco,
CA, Nov. 26~30, 1984,
p- 295 (1985)

Proc., Pifth Int. Conf.
on Nuel. Methods in
Environ. and Bnergy
Res., Puerto Rico,
Apr. 2, 1984, p. 1334,
(1985)

Proc., Mater. Res. Soc.
Symp., Vol. 35, Boston,
MA, Nov. 26-30, 1985,
p. 413 (1985)

SPIE, Vol. 50, SW Conf.
on Optics, Albuquerque,
NM, Mar. 4-8, 1985,

p. 453

Proc., 33rd Annu. Conf.
on Maae Spectrom. and
Allied Topics, San
Diego, CA, May 26-31,
1985, p. 709
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Glish, G. L.; McLockey, S. A.; Goeringer,
D. E. "Low Energy Collisional Activatioa:
Interasl Energy Consideratioas”

McLuckey, S. A.; Glish, G. L. “Substitueat
Effects in the Collisionally Activated
Decompositioas of NMitroaromatic Anions™

McLuckey, S. A.; Glish, G. L. "Kiunetic
Energies Released in the Loss of Witrogen
Oxide from Substituted Mitrnaromatic Anions”

Glish, G. L.; McLuckey, S. A.; Goeringer,
D. E. "Low Energy Collisional Activation:
Internal Energy Consideratioas”

Christie, W, H.; Donohue, D. L.; Goeringer,
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Resonance Ionization Mass Spectrometry for
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Isotopic Analysis by Resonance Ionization
Mass Spectrometry”
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cal Research”
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cal Research”
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Tumorigen PAH and Complex Mixtures for Kiologi~-
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on Mass Spectrom. and
Allied Topics, San
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Allied Topice, San
Diego, CA, May 26-3i,
1985, p. 148
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Allied Topics, Sao
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Lagers, San Francisco,
CA, Mov, 26-30, 1984,
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Proc., lst Annual DOE
Contractor'’'s Meeting on
the Health and Pnviron-
mental Effects of Com~
plex Chemical Mixtures
Chicago, IL, June
17-18, 1985, p. 1I5

Proc., let Ammual DOE
Contractor’s Meating om
the Health and Environ-
mental Effects of Com-
plex Chemical Mixturss,
Chicago, IL, June
17-18, 1985, p. 115
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cal Research”™

Lee, D- A. “Separation of Lichiua Ions by
Chromatography™

Maskarinec, M. P.; Freancis, C. W.%*; and Goyerc,
J. C.* “Mobility of Orgaanic and Inorganic
Coustituents from Energy and Combustion-Related
Wastes Under Codisposal Conditions”
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Mtg., Miami, Fl.,
Apr. 28-May 3, 1985

33rd Amau. Counf. on Mass
Spectrom. Allied
Topics, San Diego, CA,
May 26-31, 1985

ACD Inf, Mtg., Exec.
Sess., ORNL, Oak Ridge,
TN, July 22, 1985

ACD Inf. Mtg., Exec.
Sess., ORNL, Oak Ridge,
TH, July 22, 1985

1985 ORO Contractors
Eaviron. Workshop,
Knoxville, TN,

Apr. 23~24, 1985

24th Martin Marietta~
Goodyear Anal. Forum,
Nov. 19, 1985

DOE-BES Chea. Sci. Site
Bev., ORNL , April 17,
1985

ACD Inf. Mtg., ORNL,
July 23, 1985

Special ACD Inf, Mtg.,
ORNL, July 29, 1985

28th ORNL-DOE Conf. om
Anal. Chem. in Energy
Technol., Knnxville,
TN, Sept, 30-Oct. 3,
1985

Karlsrishe Int, Conf. on
Anal. Chem. in Nucl.
Techn., Varlsruhe, FRG,
June 3~6, 1985

33rd Annu. Conf. on Mass
Spectrom. Allied
Topics, San Diego, CA,
May 26-31, 1985



SPEAKER

Doanchue, D. L.

Dyer, F. F.

Eldridge, J. s.
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AUTHOR(S) AND TITLE

Donohue, D. L. “Recent Advaences in Resonance
Ionization Mass Spectrometry”

Donohue, D. L.; Seith, D. H,; Young, J. P.
"Advances in Regonance Ionizstion Mass
Spectrometry”

Dyer, F. F.; Emery, J. F,; Bate, L. C.
"Determination of Thorium and Uraaium st
the Banogram per Gram Leve! in Semicon-
ducior Potting Plastics by Meutron Activa-
tion Analysis”

Dyer, F. ¥, "A Review cf Isotope Dilution
Mass Spectromerry for Biosssay of Uranium
in Urine”

Eldridge, J. S.; Teasley, N. A.; Oakes, T. W.;*
Stegnar, P.* "Applicationa of & Unique Lyo-
philizetion Appsratus for Sample Prepsrstion
in Environmentsl Surveillance Programs”

Eldridge, J. S.; Oskes, T. W.;* Stegnar, P.*
"Radiological Emergency Response: Lasbors-
tory Measuremeants Under Field Conditions”

Eldridge, J. S.; Oskes, T. W.* "A 'State-
of -the-Art' Air Monitoring Metwork for
Envirormental Radiosctivity”

Eldridge, J. S. "Special Analyticsl
Techniques for Analysis of Radiosctivity
in Water”

Eldridge, J. S, "A Systes for Precious
Metals snd Special Nuclear Materisl
Inveatories”

Eldridge, J, S.; Teasley, N, A.; Osakes, T. W, ¥
Stegnar, P,* "The Use of Bio-Indicator
Organisms in Environmental Surveillance-
Vehicle-Killed Deer Thyroids for Radioiodine
Releases”

PRESENTED AT

Univ. of Alabama,
Tuscaloosa, AL,
Mar. 21, 1985

ACD Inf. Mtg., ORNL,
Oak Ridge, TN, July 23,
1985

Int. Symp. for Mucl.
Ansl. Chea., Dalhousi,
Univ., Halifax,
Canada, June 5-7,

1985

Public Meeting of the
Off. of NRC, Washing-
ton, DC, Dec, 3, 1985

13th Symp, of the Yugo-
slavia Protect.
Assoc., Pula, YU,

June 10-15, 1585

13th Symp. of the Yugo-
slavia Protect. Assoc.
Assoc., Pula, YU,
June 10-15, 1985

Conf. on Ansl. Chem. in
Bucl. Techn., FRG,
Karisruhe, June 3-6,
1985

Toxins and Pathogens:
Impact on Drinkiag
Water, course
presented by Univ, of
Missouri-Columbia,
St. Louis, MO,

May 22-23, 1985

IAEA Consultant's Mcg.
on Advances in Nucl.
Ansl, Tech. and Their
Appli. for Use in Dev.
Countries, Karlsruhe,
FRG, June 7, 1985

ACD Inf., Mtg., ORNL,
Oak Ridge, TN,
July 23, 1985
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SPEAKER

Eldridge, J. S.

Glisn, G. L.

Coeringer, D. E,
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AUTHOR(S) AMD TITLE

Rhee, T. A.; Bldridge, J. 5. "Consideration
for Selection and Instgllatioz of Radiological
Esergency Respoose Instrumentatioa”

Eldridge, J. S.; Oskes, T. W.* "New Air
Monitoring Methods for Eaviroomeatsl
Radioactivity”

Glish, G, L.; McLuckey, S. A.; Goeringer,

D. E.; McBay, E. H. "Low Energy Collisiounal
Activation: Intercational Eaergy
Considerations”

Glish, G. L.; McBay E. H.; Mcluckey, S. A.;
Bertram, L. K. "A 'Reverse’ Ceometry Hybrid
Instrument for MS/MS"

Glish, G. L.; McLuckey, S. A.; McBay, E. H.
"MS/MS Applications of a Mewv Hybrid
Inst rument”

Glish, G, L.; McLuckey, S. A.; McKown, H. S.
"A Tandem Mass Spectrameter for the
Detection of Nitroaromatic Compounds and

Other Electronegative Species in Ambient Air™

Glish, G. L,; McLuckey, S. A,; Bertram, L. K.;
McBay, E., H. "Multi-Stage Masa Spectrometry
vith & Quadrupole Mass Filter Interfaced to a
High Resolution Sector Mass Spectrometer”

Glish, C. L.; McLuckey, S. A. "The Effect
of Para Substituents on the 'Ortho’ Effect in
Anions of Substituted Nitrosromstics”

Glish, G, L.; McBay, E. H.; McLuckey, S. A.;
Bertram, L. K. "A 'Reverse’ Geometry Hybrid
Instrument for MS/MS”

Goeringer, D, E,; Donohue, D, L.; Christie,
W, H.; McKown, R, S. "Sputter Atomization/
Resonance Ionization Mass Spectrometry for
High Sensitivity Isotopic Anslysis”

Donchue, D. L.; Christie, W, H.; Coeringer,
D. E, "Ion Microprobe Maas 3pectrosetry
Using Sputtering Atomization aand Resonance
Ionization"

PRESENTED AT

28ch ORNL-DOE Conf. oo
Anal, Chem. in Energy
Techa., Knoxville, TH,
Oct. 2-3, 1985

SE/SW Reg. Am, Chem.
Soc. Mtg., Memphis, TN,
Oct. 9-11, 1985

33rd Annu. Couf. on Mass
Spectrom. Aliied
Topics, Saun Diego, CA,
¥ay 26-31, 1985

33crd Anns. Conf. on Mass
Spectrom. Allied
Topics, Sam Dicgo, CA,
Msy 26-31, 1985

36th Pittsburgh Conf. &
Expo. on Appl.
Spectrosc., New
Orleans, LA, Feb, 25-
Mar. 1, 1985

28th ORNL-DOE Conf. on
Anal. Chew. ia Energy
Technol., Knoxville,
TH, Sept. 30-Oct. 3,
1985

28¢th ORNL-DOE Conf. on
Ansl, Chem. in Energy
Technol., Knoxville,
TN, Sept. 30 Oct. 3,
1985

10th Iaz. Mass Spectrom.
Coof., Swsusea, UK,
Sept. 9-13, 1985

10th Int, Mass Spectrom.
Conf., Swsasea, UK,
Sept. 9-13, 1985

36th Pittsburgh Conf. &
Expo. on Appl.
Spectrosc., New
Orleans, LA, Feb, 25~
Mar. 1, 1985

F- fth Iant, Conf, on
Secondary Ion Mass
Spectrom., Washington,
DC, Sept. 29-Oct, 4,
1985



SPCAKER

Goeringer, D. K.

Griest, W. H,

Gueri.n, M. R.

Ho, C.~h,

James, R, B.*

Klatt, L. N,
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AUTHOR(S) AND TITLE

Goeringer, D. E.; Curistie, W. H.; Carter,
J. A.; Walker, R. L. "Ultraseasitive
Particulate Analysis via Sputter
Atomization/Resonance Ionization Mass
Spectrometry”

Griest, W. H.; Higgins, C. E.; Guerin, M. R.
"Comparative Chemical Characterization of
Shale 0il~ and Petroleum-Derived Diesel Fuels”

Griest, W, H,; Ho, C.~h,; Witschi, H. R.:*
Swith, L. H,;* Guerin, M. R, "Toxicological
Beneficiation of Coal Liquids and Comparison
with Petroleum Products”

Griest, W. H.; Guerin, M. R.; Ho, C.-h.
"Dermal Tumorigen PAH and Complex Mixtures
for Biological Research”

Guerin, M. R.; Ho, C.~h.; Buchanan, M. V.
“Identification and Quantification of Mutagens
in Complex Mixtures”

Guerin, M. R.; Higgins, C. E.; Holladay, S. K.;
Jenkins, R, A. "Measuring Environmental
Emissions from Tobaccc Combustion”

Ho, C.~h.; Jones, A. R.; Smith, L. K,;* Epler,
<. L.;* Griest, W, H.; Guerin, M, R. "Upgrading
Coal-Derived Liquids for Toxicity Mitigation,
I. Evaluation of Non-Hydrotreatmen? Processes
as Alternates or Supplements to Hydrotreatment"

Jamea, R. B,;¥* Christie, W. H,; Eby, R. E.;
Darken, L. S.* "“Nonlinear Adsorption and
Optically Induced Melting of GaAs:Zn by
Pulsed CO; Laser Radiation"”

Klatt, L. N, "Hot~Cell Instrumentarion"”

Klatt, L. N. "Hot~Cell Instrumentation”

Klatt, L. N. "Analytical Chemistry
Development for Breeder Fuel Processing
in the United Fingdom"

PRESENTED AT

LAGER Progream Reviev,
Washington, DC,
Nov. 13, 1985

24th Hanford Life
Sci. Symp.,
Richland, WA,
Oct. 21-24, 1985

Contractors Conf.,
Pittsburgh, PA,
Nov, 19-21, 1985

DOE/OHER Complex Mix~
tures Res. Program,
Argonne Nat, Lab.,
Chicago, IL,

June 17-18, 1985

Am. Chem, Soc. Metrochem
'85, Pocono Manor, PA,
Oct. 13, 1985

Charac. of Contaminant
Emissions from Indoor
Sources Conf., Research
Triangle Park, NC,

May 13-15, 1985

24¢h Hanfora Life
Sci., Sywmp.,
Richlend, WA,
Oct. 21-24, 1985

Int. Mtg. on Optics,
Albvquerque, NM, Mar.
4-~8, 1985

UKAEA Nuclear Power
Development Estab.,
Dounreay, Scotland,
May 21, 1985

UKAEA, Harwell Lgb.,
Oxfordehire, England,
May 30, 1985

Consolidated Fuel
Reprocessing Prograam,
ORNL, August 1, 1985



SPEAKER

Laing, W. R.

Leibman, C, P.*

Lyon, W. S.

Maskarinec, M. P,

McLuckey, S. A.
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AUTHOR(S) A¥D TITLEZ

lLaing, W. R. ™QA for ¥avirommeatsl Samples -
Difficult Task"

Leibman, C. P.;* Mamantov, G.;* Todd, P. J.
"Use of Lewis Acids in Secondsry Ionization
Mass Spectrometry of Arenes"

Lyon, W. S. "Scientometrics with Some
Emphasis on Communication at Scieatific
Meetings and Through the 'Invigible’
College”

Lyon, W. S. "Radioanslytical Chemistry:
Past Imperfect, Future Tense"

Maskarinec, M. P.; Burton, D. E.* "Using
Electrokinetic Migration of Micelles for
Liquid Chromatographic Separstions™

Masksrinec, M. P.; Kimmell, T. A.* “Presenta-

tion of the Draft TCLP"

Maskarinec, M. P. "Use of the TCLP Zero
Headspace Extractor for Determining the
Liquid Content of Wastes"

Maskarinec, M. P,; Harmon, 5. H. "Anaslysis
of Volstile Priority Pollutants in Water”

Maskazinec, M. P,; Prancis, C. W.* "Mobility
of Toxic Compounds in Hazardous Waste: Com-
parison of Three Test Methods to a Lysimeter
Model"

McLuckey, S. A.; Glish, G. L. "MS/MS Studies
of Explosives snd Related Compounds"”

McLuckey, 8. A.; Glish, G. L. "Subatitueat
Effects in the Collisionally Activated
Decompositions of Kitrosromatic Anions"

PRESERTED AT

Soergy Systems-
Goodyear Atomic
5<Plant Anal. Chem,
Forum, July 16, 1985

SE Reg. Am. Chem. Soc.

Mtg., Memphis, TN,
Oct. 7-9, 1985

Kat. Am. Chem. Soc.
Meg., Miami, FL,
Apr. 28-May 3, 1985

SE~SW Reg. Aa. Chenm.
Soc. Mtg., Memphis,
TN, Oct. 9-11, 1985

10tk Annu. Spring
Training Workshop,
Assoc. Off. Anal. Chem.,
Dallas, TX,

Apr. 9, 1985

10th Annu. Spring
Training Workshop,
Assoc. Off. Ansl. Chesm.,
Callas, TX,

Apr. 9, 1985

10th Annu. Spring
Training Workshop,
Assoc. Off, Acsl. Chen,,
Dellas, TX

April 9, 1985

DOE/QRO Contractors’
Environ, Workshop,
Knoxville, IN

Apr. 22-23, 1985

Symp. on Solid Waste
Testing and Quality
Assurance, Washington,
pc, July 23-26, 1985

36th Pittsburgh Conf. &
£xpo. on Appl.
Spectrosc., New
Orleans, LA, Feb, 25~
Mar. 1, 1985

33rd Annu. Conf. on Mass
Spectrom, Allied
Topics, San Diego, CA,
Msy 26~31, 1985



SPEAKER

McLuckey, S. A.

Peterson, J. R. *

Ramsey, J. M.

Ramsey, R. S,
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AUTI0R(S) AND TITLE

McLuckey, S. A.; Glish, G. L. "Kinetic
Energies Released in the Loss of Nitrogen
Oxide from Substituted Nitroaromatic Anions”

McLuckey, S. A.; Glish, G. L. "Studies of Cas
Phase Ion Chemistry Ue«ing MS/MS"

McLuckey, S. A.; Glish, G. L. '"MS/MS with an

Instrument of QEB Geometry”™

McLuckey, S. A.; Glish, G. L. "Applications
of a New Tandem Mass Spectrometer to the
ctudy of Fundamental Factors Underlying MS/MS™

McLuckey, S. A.; Glish, G, L,; Carter, J. A.
"Explosives Detection with MS/MS"

Peterson, J. R.;* Young, J. P.; Haire, R, G.;*
Begun, G, M,;* Benedict, U.* Using Pressure
for Synthesis: Preparation of Orthorhomdbic
Californium Tibromide, CfBr3"

Haire, R. G.;* Young, J. P.; Peterson, J. R,*
""Structural and Chemical Studies of Californium
and Einsteinium Oxides"”

Ramsey, J. M.; Whitten, W. B. ‘"Degenerate
Four Wave Mixing: A New Approach to
Spectrochemical Analysis”

Ramsey, J. M,; Whitten, W. B. "Atomic
Spectroscopy by Degenerate Four Wave Mixing"

Ramsey, J, M,; Whitten, W, B.
Laser Spectroscopy"”

"High Resolution

Ramgey, J, M,; Whitten, W, B. "Fourier
Transform Microwave Spectroscopy”

Ramsey, R, S.; Todd, R. A.* '"Constant-
Current, Pulse-Modulated Helium Yonization
Detection”

PRESENTED AT

33rd Anm:. Conf. on Mass
Spectrom. Allied
Topics, San Diego, CA,
Msy 26-31, 1985

DOE-BES Chem. Sci. Site
Rev., OBNL, Oak Ridge,
TN, Apr. 16-17, 1985

DOE-BES Chem. Sci. Site
Rev., OBNL, Oak Ridge,
TN, Apr. 16-17, 1985

ACD Inf. Mtg., ORNL,
Oak Ridge, TN, July
23, 1985

FBI Conf. on Explosive
Detection, Quantico,
VA, Oct. 1-2, 1985

190th Rat. Mtg. Am.
Chem. Soc,, Chicago,
IL, Sept. 9, 1985

Nat., Am, Chem, Soc.
Mtg., Miami FL, Apr.
28-¥ay 3, 1985

190th Nat. Mtg. Am,
Chem. Soc., Chicago,
IL, Sept. 9, 1985

36th Pittsburgh Conf.
& Expo. on Appl.
Spectrosc,, New
Orleans, LA, Feb. 25-
Mar. 1, 1985

DOE-BES Chem. Sci. Site
Rev,, ORNL, Oak Ridge,
TN, Apr. 16-17, 1985

28th CRNL-DOE Conf. on
Anal., Chem. in Energzy
Technol., Knoxville,
TN, Sept. 30-Oct, 3,
1985

36th Pittsburgh Counf.,
New Orleans, LA,
Feb, 25-Mar. 1, 1985



SPEAKER

Remsey, R. S.

Ross, H. H.

Rosseel, T. M.

Rucker, T. L.

Sales, B. C.*

Seith, D, H.

Stewart, J. H.

Teasley, N. A,

AUTHOR(S) AND TITLE

Remsey, R. S. “Chemical Characteri-
zation of Selected Wilitary Obscurants”

Remsey, R. S.; Todd, R. A.* "Pulse
Nodulated Helium Ionization Detection”

Ross, H. H.: Alley C. S. "EZvaluation of a
Laboratory Robotics System™

Ross, H. H. "Radiochemical Measurements
in Eaviroomental Analysis”

Rosseel, T. M,; Dale, J. M,; Hulett, L. D.
Krause, H., F.;* Pepmiller, P. L.;*

Ramen, S.;* Vane, C. R.;* Young, J. P.
"Chemical Effects in the Heavy-Ion-Induced
X-ray Satellite Emission (HIXSE) Spectra of
Niobium Alloys and Compounds™

Rucker, T, L. ™A Multi-Column Step-Gradieat
Chromatography Systems for Automated Ion
Exchange Separations”

Sales, B. C.;* Ramsey, R. S,; Bates, J. B, ;*
Boatner, 1. A,* "Liquid Chromatography and
Renan Spectroscopy Studies of Lead-Ircn
Phosphate Glasses”

Donohue, D, L,; Smith, D, H.; Young, J. P.

"Challenges in Isotope Ratio Mass Spectrowetry”

Smith, D. H.; Walker, R. L.; McBay, E. H.;
Carter, J, A. "Development of Internal
Standards for Plutonium and Uranium”

Stewart, J, H.; Dunn, H. W. "Quantitative
Determination of Amosite, Anthophilite,
Crocidolite and Chrysotiie Asbestos in
Solid Materials by X~Ray Diffractometry"”

Stewart, J. H, "Rapid Cowbined Method for
Quantitative Determination of Amosite
Anthophyllice, Crocidolite and Chrysotile
Asbestos in Solid Msterisls by X-ray
Diffractometry”

Teasley, N. A.; Eldridge, J. S. "A System

for Precious Metsls~and Special Nuclear
Materials Inventorieo”

PRESENTED AT

Wayne State Univ.,
Detroit, MI, Sept. 20,
1985

ACD Inf. Mtg., CRML
July 25, 1985

ACD Iepf. Mtg., OXNL,
Osk lid;e. ™,
July 23, 1985

Univ. of Tennessee,
Kaoxville, TN, Aug. 1,
1985

6th Symp. on X~ and
Gaema-Ray Sources and
Applications, Univ. of
Michigan, Ann Arbor,
MI, May 21-23, 1985

28¢h ORNL/DOE Conf. on
Anal. Chem. in Energy
Techn., Knoxville, TN,
Oct. 1-3, 1985

Amer. Phys. Soc.,
Baltimore, MD,
March 25-29, 1985

DOE-RES Chewm. Sci. Site
Rev., ORNL, Oak Ridge,
TN, Apr. 16-17, 1935

ACD Inf. Mtg., CRNL,
Oak Ridge, TN,
July 23, 1985

1935 ORO Contractors
Environ. Workshop,
Knoxville, TN, Apr.
23-24, 1985

SE~SW Reg. Am. Chem,
Soc. Mtg., Memrhis,
TN, Occ. 9-11, 1985

Nat. Am. Chem. S5oc.
Mtg., Mismi, FL,
Apr. 28-May 1, 1985



SPEAKER

Todd, P. J.

Tomkinsg, B, A.

whitten, W. B.

'~
»

AUTROR(S) ARD TITLE

Todd, P. J.; Leibasn, C. P.* "Secondary Ion
Mass Spectrometry of Lewis Acids™

Todd, P. J.; Leibman, C. P.* "Lewis Acid
Enhanced Emission of Organic Secoadary
Molecular Ions”

Todd, P, J.; Leibmsn, C. P.* "Orgenic
Secondary [on Intensity and Anslyte
Concentration”

Todd, P. J. "Local Thermal Equilibrium Model
of Molecular Secondary Ion Emission”

Todd, P. J.; Christie, W, H. "Secondary Ion
Mass Spectrometry”

Todd, P. J.; Groenewold, G. S. "Evaporation
and Ion Damsge in Molecular SIMS"

Todd, P. J. "Secoudary Ion Mass Spectrometry
of Volatile Amines”

Todd, P. J.; Leibman, C. P,;* Mamantov, G.*
"Lewis Acid Enhanced Exission of Seccndary
Holecular loas”

Todd, P. J. "Secondary Ion Mass Spectrometry
of Volatile Amines"

Tomkins, B. A,; Jenkins, R. A.; Reagan, R. 2,;
Criest, W, H,; Holladay, S. K. "Liquid
Chromatographic Deteraination of Trace Levels
of Benzo(a)pyrene in the Total Particulate
Matter of Cigarette Smoke"

Tomkins, B. A. "Chromatographic Detectors Used

for the Determination of Nitrated Polycyclic
Aromatic Hydrocarbons"

Ramsey, J. M.; Whitten, W. B. "High
Resolution Laser Spectroscopy”

TITLE

33rd Annu. Conf. on Mass
Spectrom. Allied
Topics, San Diego, €A,
Mey 26-31, 1985

33rd Ammu. Conf. on Mass
Spectrom. Allied
Topics, San Diego, CA,
May 26-31, 1985

Fiftr Int. Conf. on Ion
Mass Spectrowm.,
Washington, DC, Sept.
29~0ct. &, 1985

Fifth Int. Conf. on Ion
Mass Spectrom.,
Washington, DC, Sept.
29~0ct. &4, 1985

DOE~BES Chem. Sci. Site
Rev., ORNL, Oak Ridge,
TH, Apr. 16-17, 1985

33rd Aonu. Conf. on Mass
Spectrom. and Allied
Topics, San Diego, CA,
Msy 26-31, 1985

ACD Inf. Mtz., ORNL,
Oak Ridge, TN,
July 23, 1985

10th Int. Mass Spectrom.
Conf., Swanses, UK,
Sept. 9-13, 1985

AT&T Bell Labs, Murray
Rill, NJ, July 17,
1985

36t Pittsburgh Conf.,
News Orleans, LA,
Feb, 25-Mar. 1, 1985

Nat. Am. Chesm. Soc.
Mtg., Mismi Beach, PL,
Apr. 28-May 3, 1985

ACD Inf. Mtg., ORNL,
Osk Ridge, TN,
July 23, 1985



SPEAKER

Wise, M. B.

Young, J. P.
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AUTHOR(S) AND TITLE

Wise, M. B.; Hollsday, S. K.; Higgios, C. E.;
.enkins, R. A.; Guerin, N. B. "The Chemical
Characteristics of Smoke Delivered by Clove-
Containing Cigarettes™

Wise, M. B. "Fourier Tranafcrm Mass
Spectrouetry: Advanced Instrumentation tor
Research and Chewical Analysis”™

Wise, M. B.; Guerin, M. X. "Chemical Analysis
of Clove-igarette Smcke”

Donohue, D, L.; Smith, D, H.; Young, J. P.
"Resonance Ionization Mass Spectrometry at
Oak Ridge National Laborstory”

Young, J. P. "Connting Atoms and Isotopes
by Resonance Ionization Techniques"

Young, J. P. "Courting Atoms and Isotopes
by Resonance Yonization Techniques"

Young, J. P. “Counting Atoms and Isotopes
Resonance Ionization Techniques”

Young, J. P, "Counting Atoms snd Isotopes
Resonance Ionizazion Techniques”

Young, J. P.; Rosseel, T. M.; Hulett, L. D,;
Dsle, J. M. "Heavy-lon Induced X-ray
Satellite Eaission, HIXSE, A New Analytical
Technique”

Wilmarth, W, &,;* Peterson, J. R,;¥

Young, J. P. "Spectrophotowetric Studies
of Californium in Selected Lanthanide
Trihalide Hoets”

Young, J. P,; Donohue, D. L.; Swmith, D, H,
"Application of Resonaace Ionization Mass
Spectrometry: Survey of the Lanthanide
Elements in the Region of 430-455 nm"

Young, J. P, "Counting Atoms and Isctopes
by Rescnance Ionization Techuiques”

PRESENTED AT

39th Tobacco Chemists’
Res. Conf., Montreal,
Quebec, Canads,
Oct. 2-5, 1985

Five Plant Anal.Couf.,
Oak Ridge Nat. Lsb.,
Osk Ridge, TH,
July 16, 1985

Banbury Ceater Conf. ocu
New Aspects of Tobacco
Carcinogenesis,

Cold Spring Harbor,
New York, Sept. 8-l11,
1985

Contral Reg. Mtg. Am.
Chem., Soc., Akror, OH,
June 5-7, 1985

Cheaical Inst. of
Beijing, Beijing,
People’s Republic of
China, Aug. 19, 1985

Inst. of Atomic Energy,
Beijing, People's
Republic of China
Aug. 29, 1985

Modern Inst. of by
Cheaistry, Xian,
People's Republic of
China, Aug. 24, 1985

Fuijisn Inst. of by
Research on the
Structure of Matter,
Fuzhou, People’s
Republic of China,
Avg. 28, 1985

3J6th Pittsburgh Conf,
& Expo. on Appl,
Spectrosc., New
Orleans, LA, Peb, 25~
Mar. 1, 1985

SE-SW Reg. Am. Chenm,
Soc, Mtg., Memphis,
TN, Oct. 9-11, 1985

Anmu, Mtg. Opt. Soc.
of Am., Washington,
DC, Oct. 14-18, 1965

50c¢, Appl. Spectrosc,,
Cincinnati, OH,
Oct, 29, 1985



ARTICLES REVIEWED OR RIFEREED FOR PERIODICALS

Anal. Chem.

Anal. Chim. Actu

Puel

Health Physics

J. Radioanal. Nuel. Chem. Lett.

ORNL Reporta

Optice Lettera

Proposale

Others

Total

Buchanan, M. V.
Carter, J. A,
Christie, W. H.
Clerk, B, R,
Costanzo, D. A.
Dale, J. M,
Eldridge, J. S.
Feldman, C.
Glish, G. L.
Griest, W. H.
Guerin, M, R.
Hulett, L. D.
Jenkins, R. A.
Lyon, W. S.
Maskarinec, M.
Ramgey, J. M,
Ramsey, R. S.
Ross, H. H.
Rosseel, T, M.
Shaw, R, W.
Shules, W. D.
Todd, P. J.
Tomkins, B, A.
Whitten, W, B,
Wise, M. B,
Young, J. P.
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DIVISIONAL MANR-POWER AND FINANCIAL SUMMARY

FY 1985
Source $K PY
DOE programs

Health and Envirommental Research 658 4.9
Basic Energy Sciences 1,382 10.0
Nuclear Energy 340 2.5
Fossil Enpergy 321 2.6
Safeguards and Security 497 3.5
DOE - Miscellaneous 89 0.7
Total DOE programs 3,287 24,2

Work for others - federal agencies

Department of Defense (U.S, Army) 444 3.8
National Cancer Ipstitute 388 3.1
Department of State 124 1.1
Rational Institute on Drug Abuse 163 1.4
Miscel laneous 44 0.4

Total work for others — federal agencies 1,163 9.8

Work for others - nonfederal agencies

Protective coating companies 108 0.9
Uranium ore testing companies 46 0.4
International Regsearch and Development Corporation 128 1.1
Miscellaneous 176 1.5
Total work for others - nonfederal agencies 458 3.9
Support/Services

ORNL divisions h,479% 69.1
Other clients 1,145% 16.0
5,624% 85.1

Total financial plane 10,532 123.0

*Does not reflect Laboratory general and administration expense or general
plant services.
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ORNL-6236
Distribution Category UC-4

INTERNAL DISTRIBUTION

1. . Adair 69. E. H. Krieg 136. J. C. white
2. 1. D. Anderson 70. W. R. Laing 137. W. B. Whitten
3. B. R. Appleton 71. C. E. Lamb 138. M. R. Wilkinson
4-28. J. T. Atherton 72. A. P. Malinauskas 139. P. Wooldridge~Paducah
29. S. 1. Auerbach 73. D. L. Manning 140, R. G. Wymer
30. J. B. Ball 74. M. P. Maskarinec 141. J. P. Young
31-32. V. B. Baylor 75. S. A. McLuckey 142, A. Zucker
33. 2. H. Benson 76. L. E. McNeese 143. Biology Library
34. D. A. Bostick 77. O. B. Morgan 144, Laborarory Shift Supv.
35. J. L. Botts 78. R. W. Morrow 145. ORNL Y-12 Library,
36. M. V. Buchanan 79. W. R. Musick Document Reference
37. W. D. Byrch 80. D. C. Parzyck 146. Laboratory Records,
38-39. J. A. Carter 8l. J. M. Peele ORNL-RC
40. J. E. Caton, Jr. 82. H. Postma 147. ORAU Technfical Library
41. W. H. Christie 83. M. L. Poutsma (MERT)
42. B. R. Clark 84-85. R. H. Powell 148. ORAU/UPD
43. D. A. Costanzo 86. J. M. Ramsey Beth Jinkerson
44, J. M. Dale 87. R. S. Ramsey 149, Patent Section
45. R. M. Davis 88. C. R. Richmond 150. PGDP Library
46. J. G. Dorsey 89. D. E. Reichle (B. Barbre)
47. F,. F. Dyer 90. L. Robinson 151-152, Central Research Library
48. B. G. Eads 91. P. S. Rohwer 153-156. Laboratory Records
49. J. S. Eldridge 92. H. H, Ross 157-158. Technical Publications
50. J. F. ery 93- T. M. Rosseel
51. L. D. Eyman 94. T. H. Row
52. C. Peldman 95. I. B. Rubin
53. W. M, Ferguson 96. T. L. Rucker
S4. J. C, Franklin 97. T. G. Scott
55. W. Fulkerson 98. R. W. Shaw
56, T. M. Gayle 99~123. W. D, Shults
57. G. L. Glish 124, D. H, Smith
58. D. E. Goeringer 125. J. H. Stewart
59. R. A. Griesemer 126. J. 0. Stiegler
60. W. H. Griest 127. J. R. Stokely
6l. M. R. Guerin 128. P. J. Todd
62. R. L. Hahn 129. C. S. Travaglirl
63. C.~h. Ho 130. B. A. Tomkins
64. L. L. Horton 131, H. E, Trammell
65. L. D. Hulett 132, R. L. Walker
66. R. A. Jenkins 133, C. W. Weber
67. J. M. Keller 134, R. S. Wiltshire

68. L. N. Klatt 135. M. B. Wise
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EXTERNAL DISTRIBUTION

D. A. Coffin, Health Effects Research Laboratory, MD-52, EPA,
Research Triangle Park, NC 27711

Paul Cunningham, Analytical Chemistry Division, Los Alamos

National Laboratory, CMB-1, MS G740, Los Alamos, NM 87545

P. Duhamel, Pollutant Characterization & Safety Research, Office

of Health & Environmental Research, USDOE, GTN, Washington, DC 20545
J. W. Frazer, 6767 Alisal Street, Pleasanton, CA 94566

J. E. Garaeir, Sohio Engineered Materials Company, P.0. Box 832,
Niagara falls, NY 14302

C. Giddings, 3978 Emigration Canyon, Salt Lake City, UT 84108

G. Goldstein, Pollutant Characterization & Safety Research, Office of
Health & Environmental Research, USDOE, GIN. Washington, DC 20545
J. A. Goleb, Division of Safeguards and Security, USDOE, GIN,
Washington, DC 20545

David W. Green, Chemical Technology Division, Argonne National
Laboratory, 9700 South Cass Avenue, Argonne, IL 60439

Ingtitute for Energy Analysis, P.O. Box 117, OGak Ridge, TN 37830
G. Hieft je, Chemistry Department, Indiana University, Bloomingtom, IN
47401

R. Hirsch, Division of Chemical Sciences, Office of Energy Research,
USDOE, ER-162, GIN, Washington, DC 20545

G. Mamantov, Dept. of Chemistry, University of Tennessee, Knoxville,
TN 37916

R. S. Marianelli, Division of Chemical Sciences, Office of Energy
Research, USDOE, ER-14, GTN, Washington, DC 20545

R. B. Neel, US MNuclear Regulatory Commission, MS-130SS, Willste
Bldg., 7915 Eastern Avenue, Silver Springs, MD 20210

T. B. Owen, National Cancer Institute, Bethesda, MD 20014

E. Pellizzari, Director for Analytical Sciences, Research Triangle
Park, NC 27709

D. Stevenson, Division of Chemical Sciences, Of fice of Basic Energy
Sciences, USDOE, ER-142, GTN, Washington, DC 20545

USDA SEA-TIS National Agriculetural Bldg., Current Serial Records,
Beltsville, MD 207G5

R. W. Wood, Deputy Director, Office of Health & Eavironmental
Research, USDOE, ER-74, GTN, Washington, DC 20545

D. J. Wyann, USATHAMA, DRX TH-TE-A, Bldg. E4585, Aberdeen Proving
Ground, MD 21010
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