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EXECUTIVE SUMRARY

The Analytical Cheaistry Division of Oak

Ridge National Laboratory (ORNL) is a
diversified analytical caemistry organization
which performs research, development, and

service work 1in chemical wmeasuremeats for a
clientele that exists bot: in and vutside of the
v.aboratory.

Basic Research and Development. The
division maintains a program to conceptualize,
investigate, develop, iaprove, and
implement advanced technology for chesical and
physicochemical weasurements. Emphasis s on
problems and needs {dentified with ORNL and
Departwment of Energy (DOE) programs, but atten-—
rion 18 also given to needs in the analytical
sciences themselves. This progras is composed
long-term projects and 1s
supported primarily by the DOE. Fundamental R&D
constitutes ca. 251 of our effort.

of wmedium— to

Several new projects were i{nitiated this year
The spectra of
actinide compounds are being studied as a func-
tion of pressure. To our knowledge, this 1is the
first study of pressure-induced phase changes in
the actiride halides. A supersoni~ expansion
apparatis was set up and used for several inter-
esting spectral experiments, one of which was a
comparison of our self-scanning CW dye laser
technique (i.e., phase conjugate reflection)
with a conventional mechsnicslly scanned laser.
We found a 20-fold grester re¢solution with the
self-scanning technique.
(0.12

in our basic research prograe.

This approach provides

very precise c-_l) and resolute

Shults

vil

(0.2 o} linewidth) performance as well.
Research into our self-scanning laser system has
led into work with a degenerative four wave
mixing technique which
resolution. This approach wmay provide an
optical means for measuring isotopic ratiocs. A
laser-based system has been designed and is
being set up to interrogate, via flourescence or
optogalvanic means, chemical vapor deposition

offers even wore

processes. Prelisinary experiments into the
measurement of surface area via positron
annihilation have been conducted. Exploration

of hollow cathodes as mass spectroscopic sources
for intractable elements like Hg, Te, and Os has
begun. A thorough investigation of the MS/MS
behavior of several nitro-arosatic compounds was
initiated this year. Many spectra have been
taken using both electron impact and collision-
activated dissociation (including positive and
negative modes of operation). These spectra
will provide the basis for application of the
MS/MS technique to important technical problems.
We have completed arrangements to acquire a new
Fourier Transform Mass Spectroseter and will
enter this new RED areu in 1985.

Significant progress also has been made in
seversl on-going projects this year. Research
into the secondary ion mass spectrometry (SIMS)
of organic compounds has established that the
fragmentation patterns of molecular ions from
SINS are sisilar to those deriving from
conventional 70 eV electron impsct {ionization.
These (and other) results suggest thst we may be
able to develop the theory of organic secondary
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fon emission as part of his project. Work om
laser-iounization in SIMS—cur kDS, 5IMS
project—has included a study of nraniom and
samariom. As part of the perallel resesrch
project in resonance jocunizatiocn mess spectrom—
etry (RIMS), wve have completed a study of tke
sevea isotopes of neolymium.
deternined in 40 ng sumples with :1I accuracy,
bul we caonot go to the desired 10 ag level with
existing equipment. An evaluation of the QJ
wode in RIMS was carried out also. Heavy-ion—
induced X-ray satellite emfssion (HIXSE) studies
have expanded into an examinaticn of M X-rays
from Pb and Au, using 1.0 MeV/u .. foas: cthe M
spectra vary with the composition of tne target
vhich p:rallels previous work with K aod L
X-rays- Incorporation of a micro—chanoel plate
detector into ocur positron spectrometer provided
2 102-103 gafn in the vrate of dsta
collection and enabled us to complete studies of
W, Mo and Cu. A brighter source of positrons
(using ©68GCe) was designrd, coustructed and
tested. We acquired a time—onf-flight mass
spectromseter to sugment oo-going studies fato
therwal fonization MS; it will allov us to study
ia real time the evoluifon of various species
during thermal fonizaticz experiments. work om
the thin layer spectroelectrocheaistry of sulfur
and NbXClg in molten salt media {is virtually
complete.

Programmitic Research and Development.
The division carries out a wide varfety of
chemnical work that typically involves analytical
research and/or development plus the utilizarfon
of analytical special analytical
capabilities to expedite programmatic interests.
The efforc in this category comes from ORNL and
DOE programs and from “Work-for-Others”™ agree-
Ewphasis hers is on "applied” chemistry.
Prograsmacic R&D constitutes ca. 251 of our
work.

results or

aents-

Progress in this category this year included
two ORNL Exploratory Studies ("Seed Money™)
projects. inder one of the . we developed a
determining the active cells (n
affixed biomass samples, bssed upon ultrason-
fcation and then cell counting with opticel and
electrical coincidence. The second “seed money~
project involsed development of a helium {on{za-
tion detector for gas chromatography, utilizing
a pulsed mode of operation. This latter work is
being developed as a candidate for technology
transfer as is some of the remote

means for

Ratios can be

vifi

fostrumestation that we vave developed for
radiochemical operatioas. Another lostru-
mentation development, a dosimeter for messuring
tobacco smoke exposure in humens, is a candidate
fir an IR-100 avard. 1In an on—going study of
methods for decreasing " the toxicological
chsracterisci~s of fuel refimery products, wve
confirmed that catalytic bydrogenation is an
eifective wmeaus for destroying wutsgens and
tusorigen: in refinery products and found that
the cleaoup can be enhanced counsiderably by a
pre-wvash vith scid. I another study related to
envirommencal {issues, the electrocheaistry of
(trace) munitions components in water hat been
studied by botli. voltammerry and pulse polarog-
raphy. This cechaique has much potential for
screening and msonitoring, and for detectiom of
components in ligquid ~hromatography experiments.
Considerable effort '\ns devoted to anslytical

pects of ind air pollutants thig year, to
supgort work in the Health and Safety Research
Division (HASRD) at ORNL. We developed new
trappinz, th-orwal desorptioz and MS moaftoring
mettodologies specifically for ° the  HASRD
prograa. Ve also carried out an extensive
chemical characterization of warfijuana tobacco
smoke, the first under well defined conditicas.
A study of {on implanted 3055 fn patural si
u3s performed usicg SIMS.

Techaical Service. The division performs
a2 wvide variety of techmical service work- Much
of it 1is short-term ir nature and crmes from
other divisions and programs within ORNL. A
significant amount originates outside of ORNL,
however, and it wusually draws upon special
talents or capabilities of the division.
Technical service work includes chemical and
physico-chemical measurements, special projects
and/or studies that
chemical wmeasurements, consultation, collabo-
ration, quality assuradce related to chemical
messurements, and various types of chemical
support for the Laboratory in times of urgency.
Technical service constitutes cs. 502 of our
activities.

involve cheaistry and

Several activities in the technical services
category warrant mention here. A new internal
standard, KyPe(CN)g, was implemented for
diffuse reflectsnce Pourier transform infrared
spactroscopy. It is applicable to samples that
are solid or 1liquid or both. Upon recommen~
dation of DOL's New Brunswick Laboratory, the

division was requested to becor~ a referee

ta

Y |



ol

laboratory for highprecisioe anslysis of
aranivm ore ccoceatrate, and we did so.
Ou-goiss work om remote instrumestation has
resulted i1n development of capabilities to do
eaperometric titrations remotely, which is
importaat for weasuring platouius. We have
faitisted work wvith a Eiber optic, wsodular
Temote spectrophotometer as part of chis
project. Developaent of an X-ray fluorescence
system for determining uraniua and plutounive in
highly radiocactive msterials has been delayed,
pending coastructioa of a suitable monochro-
mator. We have determined U and Th in mmny
semi—conductors and related mmterials during
this report period, for several industrial
concerns. Duriag this period also, tie division
has responded to and participated ir mauy
osousual and sometimes very demanding activities
that were both stimulating and challenging.-
Such sctivities have ranged fros participation
faa mmjor acfd rain program plan with
Eavirouamental Scieaces Division to charscter-
fzing effluent sireams prior to the design of a
G2w ORsL wast. treatment facility to locating
the source of radtoactive releases to studying
the lodine levels in the thyroids of deer killed
on the roads within cthe reservation- The
diversity of analytical work in a multi-programs
institution like ORNL {s tremendous.

The Analytical Chemistsy Division is
organized into five major sections, each .of
which may carry out aay type of work falling in
the three categories mentioned above. Chanters
1 through 5 of this report highlight progress
within the five sections during the perfod
January 1, 1984, to December 31, 1984. A short
summary introduces each chapter to indicate work
scope. Information about quality assurance ad
safety programs {is presented in Chap. 6, along
with a tabulation of analyses rendered. Publi-
cations, oral presentations, professional
activities, educational programs, and seaminars
are cited in Chaps. 7 and 8. Ap.ruxim:rely 55
articles, 24 proceedings publications ana 40
reports have been published, and 95 oral
presentations wvere given during this reporting
perfod. Some 274,194 determinations were
perforsed on approximately 152,330 samples In
1984. The overall quality factor was 95%.
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1. ANALYTICAL RETHODOLOGY

W. S. Lyon

Anslytical Methodology is composed of two groups: Aaslytical Iunsirumentation aad
Anslytical Physics. Major fending for both groups comes from DOR Office of Besic Emergy
Sciences; msjor objectives are to develop new instrewments and techaiques for analytical
messurements. In sddition the groups perform some development such as remote instrumeatativa
for hot cells or specisl materials characterization.

Research ian Anslytical Instrumentation is primerily coacernzd with lasers and their
spplicstion. An e smple of the latter is our cooperstive effort with the MHass Spectrometry
Section in resonsnce iovnization mass spectrometry (KINS). Work in Anslytical Physics has
concentrated on positrom spectroscopy, positron source improvesent, surface area determination
through messurement of positronium form..ion, end heavy ion induced satellite X-ray emission.
The latter is a cooperative program with & nuwber of other ONAL divisions.

H
1
i



H. R. Ross

This year, as in the past, our work in
analytical instrumeatation has been centered in
three major areas: mmalytical spectroscopy,
advanced instrumentation, and special services.
In esch of these sreas, we go through s cycle of
project initiation, contiouation, and comple-
tion. Thus, at say givean time, several projects
are active in each work phase. Occasionslly, a
particular research effort will be put on
“temporary hold” in ord:r to explore an excit-
iog, new research finding that dema.ds immediate
investigation. This is frequently the way that
we define nev program directions and develop
fresh research ideas. We are particulsrly
proud of the innovative approa’ .es that we have
zsken in our work aad the success we have had in
bringing this creativity to fruition. Much of
vhat follows will support this conteantiom.

Spectroscopy Research

A nev research effort has been initiated that
is directed toward laser spectroscopic studies
of the fundamental chemical and physical pro-
cesses that occur in a chemical vapor deposition
(CVD) plasma. Although CVD is used exteasively
for manufacturing microelect.onics, electro-
optics and wear-resistant costings, little is
understood sbout the fundamental processes of
the deposition, The gosl of this project is to
understand these processes so that CVD experi-
mental psrameters may be manipulated to schieve
optimum results. Our initial effort has been
directed t-usri e design and construction of
low-pressure CVD cells with built~-i1n festures
necessary for the detection of laser-induced
optical signals. Ve are presently evaluating
tvo detection schemes: laser-induced fluores-
cence sand optogslvsnic detection. Different
schem2as may be used for different CVD cel.
designs, plasms types, #-! chemicsal reactions to
obtain the optimum resu.ts. A cell employing a
low-pressure radio fri:queniy (RF) plesmsa has
been constructed using s small bench-top RF
generator, Differeat configurations of a RF
fnduction coil were designed and ctested to
obtsin the most efficient snd stable plasma.
Evelustion of RFY optogalvanic detection hardware
is undervay. A dc plasma cell, to be used for

dc optogslvanic detection, is also wvuoder
construction.

A low-cost microcomputer-based data
acquisition and courrol systes, employing = IBM
personsl computer and other necessary peripheral
hardware, has beea planned asod is being pur-

- chased. This system is intended for reliable

dats acquisition snd control of the pulsed dye
laser systes.

Qur contimiang effort in resonance iomizstion
sass spectrometry (RIMS) is carried out in
cooperation with the Mass Spectrometry Sectiom.
e are preseatly investigating the actinides and
laat'unides. We excite and ionize the vaporized
atoms ~f these elements with laser light of a
siagle en.-vy band in the region of 580 to 605
om. In this waveleagth region wost, if not all,
RIMS transitions involwve absorpti.. of 3 photons
through two intermediste states to generate the
ion. Our laser band width is 3 cad, and it
is interesting that we have found many 3-photon
transitions for the f-traasition elements. 1In
such processes, the second trsagition often
cannot be a.iigned because the upper level in
the transition has not been identified. RIMS
spectral studies can be used to identify these
levels. 1In other work we have e’/sluasted the use
of CW lasers for the RINS ursnium determination
and found that relatively large samples ()lug)
vere needed., It was hoped that (N lasers would
improve the sensitivity of RIMS because of the
obvious improvement of duty cycle over that of
our pulsed lsser. We slso noted that the static
mode structure of the laser caused some severe
bias errors in isotope ratio weassurements;
however, this could be corrected by using s
vibrating qusrtz refraction plate to scramble
the modes. We have spplied RIMS to a determina-
tion of neodymium, The techaiqu: is, at
present, poorer in sensitivity and accuracy than
existing thermal ionization methods, but does
not require the difficult chemical separation of
other lanthanide isobars, Further description
of our results appesr in the Mass and Eaission
Spectrometry Section of this report.

We have begun an investigation of the use of
degenerate four-wave mixing (dfwm) in astomic
vspors as s method of elemental analysis. In
these experiments, three optical beams of
identical frequency are crossed in the medium to
be enalyzed. Two of the beams are counter-
propsgating with the third st any angle. For
parallel polarizations, two of the besss form an
intarference pattern snd when light is resonant



AN i ot G span va ] s | ST T

D L

vith an optical tramsition of the wmsediom a
conceatration gratimg of growmd sod excited
states is produced. FPor the case wvhere two
crossing besms arvre orthogossally polarized, &
grating is formed in the rescnsnt wediam with
degenerate levels but now it is s grating of
cohereatly aligned stoms.

The third beam cem Bragg reflect froam these
gratings to form a fourth beam. The intemsity
of this beaa will depend on the comceantration of
the optically rescoamt species. Aa attractive
feasture of this wmeasuremeat is that it is
Doppler free. Thus, in low-pressure gases (1
torr), a hundred-fold resolution enhancement is
possible. Such resolution would asllow the
optical measurement of isotope ratios st wuch
higher sbuudsance ratios thsa is uwow possible.

Experiments were carried out using our Wd-Yag
pumped dye laser system and a2 leat pipe oven
containing sodium atoms. We observe! dfwm
signals with various cosbinstions of pusp and
probe poisrizatiouns. Bach combingtion gave
specific and different responses. This
investigstion will continue with a study of
two-photon type trausitions, snd we slso plan to
set up a high-resolution CW dye 1laser for
Doppler free studies of one-photon traasitioms.

We previously reported that radistion from sn
untuned CW dye laser could be spectrally
narroved and passively scanned by feedback from
s BaTi0j paasive phase cosjugate reflector.
This laser has been used as & spectroscopic
source and its performance compared with =
mechanically tined CW laser in two experiments.
The sodium D lines were measured for the -first
demonstration. The transitions were monitored
through the optogslvanic effect in a hollow
csthode discharge lamp.

Also, fluorescence excitation spectrs of
molecular iodine in a supersonic expsnsion have
been messured to further demonstrate the poten~
tial of this nev laser system. It is well known
thst the selectivity of moleculsr fluorescence
measurements can be considerably enhanced by
cooling the sample in an expsnsion froe s super-
sonic rw0zzle into 8 vacwum, These high resolu-
tion fluorescence excitstion spectrs place major
demands on the linevidth snd t-aing rsage of the
excitation source. The self-scanning CW dye
laser that we reported previously has exsctly
these attributes., Thus, spectrs vith more than
5000 resolution elements can be essily messured.
These expsriments slso show for the firet time
that the scanning charscteristics of this laser
sre sufficiently continuous and monotonic over

the entire scamming rveage for high resolstioa
spectroscopic measureseants.

Excitation spectrs, usiag the self-scamaing
QI dye laser and a couventiosal wechmmically
twned dye laser, were compared for both the
supersonic beam and room tespersture samples of
iodine. A 20-fold greater resolution of the
self-scanning dye lasser over the mechanically
tuned laser is observed in the excitatic:
spectra. The precision of the self-scamming dye
laser is demonstrated further by tke accuracy
vith which the transitiom frequeacies can be
determined. Pregquencies of 13 promineat baod
origins were seasured relative to the 11-0 and
11-2 origins., The stendard deviatioa for the 11
frequencies oot used in the calibration wes 0.12
il The waximm deviation was 0.2 cl_l,
sbout the sswe as our laser linewidth,
) Spectral studies st the Trasasuranium
Research Lsborstory have been expsnded this
Year. We have initiated s progras to
iavestigate the spectra of actinide compounds as
2 function of pressure (up to 13 GCPa). A
diamond suvil cell that would be compatible with
cur microscope-spectrophotometer was fabricated
snd tested at the European Institute for
Transuranios Elements st Xarlsruhe, First
results with the cell have been significant sod
have demonstrsted that hexagonal AmIy is
converted to orthorhombic AmI3 at a pressure
of 2 CPs and wmonoclinic CfBrq is convertad to
orthorhombic CfBry at & pressure of 3 GPs.
Both conversions are irraversible; the
orthorhowbic phase remsins on relesse of the
pressure. In the latter csse, this is the
secoud syuthetic route to orthorhombic C(3rjy.
This struclyre cannot be wmade directly.
Previously we had shown that it could be
prepared by the 8 transformation of orthorhombic
BkBry. These sre the (first studies of
pressure iaduced phase cransformations of
actinide halides by any techanique. Pressurs
induced phase transformations of sctinide metals
and lanthenide helides have been studied by
X-ray diffraction techaiques, however.

Work continues on spectral studies of C£(III)
doped into lsathenide halides, We have demon~-
strated thst the spectrs of Cf{III) doped into
lanthsnide bromides conforms to the structure of
the host snd not thst of normal JCfBr3. This
adds proof to the hypothesis we previously sest
forth that the structure (coordination) of
progeny {ons growing into solid stete materiasis
by redioactive decsy is controlled by the host
material, In cooperstion with workezs at the




University of Karlsruhe, who have prepared the
samples, we have undertekeas spectral studies of
mixteres of EeCly; amd RuClj, iocleding the
end members of this series in order to
waderstand the basis for the blue color that is
observed in vemier compoumds of the type
BwaClg and EBusCly;. The spectra of
these structures exhibit a broad sbsorption band
ceatered at 620 ne and a sharp cut-off at 420 um
attributable to Eu(II). We presently believe
that the blue sbsorption is sn el=zctrom transfer
bend from Eu(II) to Ea(IIl) that is possible
because of the venier structure.

(J. M. Romeey, R. ¥N. Shav, B. G. Tong, W. B.
Vhitten, J. P. Young)

Advanced Tustrumentstios

Esrly this year, we requested and received
SEED mouey support to test a new coacept for the
measurement of active biomass in attached-growth
samples. We had deterwmined that measurement of
active biomass in attached multi-species ssmples
might be sccomplished by eitner directly count-
ing active individuals in the cell populationm,
or indirectly by extracting a biochemical marker
from the entire sample whose concentration is
indicative of oaly the active cell count. The
direct aspproach represents a digital count of
specifically atsined cells in a sample, wvhereas
the latter case represents sn aversged result
dependent upon the types of cellular species
present and their given growth stages. If tech-
nically fessible, the direct count of active
biomsss would represent the more accurste ansly-
sis procedure, To accomplish this goal, a free
suspension of cells must be obtsined frowm the
affixed-growth ssmples. The ability to detach
cells from their solid metrix is critical to the
development of 8 direct measurement technigue,
Several detachment procedures were investigated
vader this propossl. Cell detachment efficien-
ties were determined by selectively staining the
szcoched cell sample, performing the detachment
sricedure, collecting the freed cells and,
¢.18lly detersining the relstive concentration
16 rse steis in the freed and remaining
wesmhnt-~gll populstions. Submersion of s
iwmla .4 an ultrasonic water bsth for 10
stintan 3vsdsced the greateot number of freed
.lia Thase otodies showed that cellular
toraclimanr wn’{ ant Se sn obstscle that would

preveat the direct weasurement of active cell
biosass in affixed growth samples.

The efforts of the investigation were then
directed towards dewveloping sstomsted imstre-
mentation to provide this mmalysis. We devel-
oped s nev isstrumeatatiom coucept that is e
adsptation of the Coulter priaciple, ia which
cells are suspended in em electrolyte and
counted and sized on the besis of electricsl
curreat isterrwption as cells pass through a
restrictive orifice. Fime optical fibers are
positioned ou either side of the Coulter cell
aperture to detect light absorbsnce or emission
from preferentially staimed active cells. A
coincidence in both the electrical and optical
signal triggers data accumulstion of the Coulter
signal, The resultant data will provide cell
size discrimination and count of ouly the
stained active cell population in s given
ssmple. This iostrusentation caa automaticslly
snd rapidly count statistically lsrge cell popu-
lations repestedly in a given sample. The
optical signal discriminates sgasinst uanstsinea,
opsque detritus and can ve used in a number of
opticzl slignments to permit turbidometric,
nephelometric, fluorescent
measurement techniques. It was the gosl of this
initial investigation to provide a proof of
principle demoustration of the instrumeat and
then to seek funding for its further develop-
ment. This goal has been met, snd we are
looking into funding for further work.

The development of remote analytical
instrumentscion continues to wske excellent

abs -bance and

progress. The reaote titrator was installed in
the Transuranium Analytical Labocsiory (TRU) in
February 1984, Prior to the installation, an
operatiug msnual for the aystem was prepared and
training seasions were held with the analytical
technicisus. Since February the system has
performed seversl thousand titrstions in support
of TRU operastions. In general, the system has
proved to be quite relisble; the only signifi-
cant wechanical or electrical probles was
ultimately traced to a failure in an in-cell
bulk head electrical connector, Routine use of
the instrument uncovered an occrsional fatsl
software error associated with the volume
predictor algorithm, This algorithm used a
quadratic function as the predictor equationm,
and due to noise on ihe signal an attempted
division by zero would occasionslly occur, A
revised predictor slgorithm based upon a second
order Taylor series was developed to eliminate



this problem aad en usexpected benefit was a
mch smoother exit froe the exdpoint region of
the titration curve,

Work on a limesr titration syetea is nearisg
canpletion, This systea differs from the
poteatiomstric titrator omly ia the coatrol
prograa and the iwcell trassducer electrouics.
This system will be used for the determivation
of plutosiem is dissolver solutioms. Algoritims
to sutometically sease end cslculate the
endpoint were developed.

Testing with theoretically calculated
titratios curves has beean completed. The
precision of the projected saslysis improves as
the ratio of titraat to anslyte comceantration
increases; at a ratio of ten, and in the abseuce
of any noise, the precision is 0.1X, Addition
of mmy noise rspidly decresses the precision. A
negative biss of 0.1 is projected for all
titration couditions. The complete system Zs
undergoing laboratory evsluation with irom
serving as & surrogste for the plutvnius.

Construction of the remote hardware for two
additional titration ivstems was coordinated;
one of these units will serve as the backup
system for the unit iostalled at TRU, and the
other will be installed in the High Radiation
Level Analytical Lsborstory. Calibration and
final check-out of a remote pipettor purchased
by the Canadisn Atumic Energy Commission was
completed.

The hot-cell spectrophotometry project has
been modified signiticantly because a commercial
system, vhich uses fiber optic cables to pemmit
remote location of the ssmple nsssurement cell,
beceme svailable during the year. A unit has
been procured and will be evaluated for possible
use in s hot-cell.

A cooperative progras with cthe Energy
Division has been undertsken to develop an
in-lite anslvtical sensor to messure the comcen-
tration of absorber snd refrigerant in experi-
mental commercisl hest pumps. The prototype
instrument makes use of the relstionship between
differentisl refractive iudex and the loss of
transmitted light from asn optical fiber, A
single compartesal, opersting hest pusp has been
constructed snd fitted with fiber optic sensore
to develop tae mathemsticsl relstionships and
necessary software. When development is
complete, it should be possible to meassure
dynemically cha concentration of Hy0-LiB,
fluorocompounds, oc R0-WHy in an operating
hest puwp. This cepability will meke it

potsible to desiga optimem systems to reduce
cost and spece requirements.

A stedy of the spectral behavior of the
sraaim-carbitol-nitric scid couplex has besm
completed and a report writtes (ORNL/CP-84/283).

The peutron poisoa momitor has been wmodified
to determine gedoliniva ia spitric acid in the
range of 0.5 g/L to 16 gfL fer imstallation im
the istegrated equipment test (IET) of the
Consolidated Poel Neprocessisg Project (CPRP).
The device was also evaleated for stability,
precision and electromic isterferswce rejectine.
A complete test report is wow in preparstiom.

We contimme cur cooperative progrem with the
Department of Chemistry, the Uaiversity of
Temnessen, for developaent =ad spplicetion of
thia lasyer spectroslectrochemical techmiques to
wolten salts. Thc spplication of an optical
msltipess technique 0 eghance the optical
signal io thesse experiments was successfully
completed. The optical system consists of two
mirrors, placed external to the thin layer
electrochemical cell but ins_de the furmace,
wvhich redirect the opticsl beam several times
through the cell. The wmoot significant
advantage of the use of exterusl optics is the
esse with which one can vary the optical gsin of
the experiment. In the study of redox systews
with multiple ateps, especially those iavolviang
species with grestly different ebsorptivities,
this technique allows the study of more thsa ose
electrochemical step without s change fan solute
concentration, With wmolten salt systems the
svailability of this capability will asve a
significant amount of time required for melt
preparation.

Studies of the first oxidation wave of sulfur
in Al1C13-NaCl (63:37 wolel) and of the secoud
reduction wave of WbClg in AlCl3~NaCl (65:35
wole I) were completed to demonstrate the capa-
bilities of che technique with wmolten salt
systems. Decsuse of the improved optical signal
with the multipass systea, the mechsniss for vhe
oxidation of eulfur was rointerpreted in terms
of 8", 8;°, and 8122* ooly.
Th2 product of the B sedustivn wes psopused to
be Hb;‘o; the visible spectrus of this wmetsl
cluster was obssrved. These reasults were
presented st the 188th Mstionsl ACS Meeting,
Mugust, 1984, end received nstional press
coverage in Chewioa. & Engineering News
September 10, 1984), Thie work has bees
submitted for publication ia smalytical
Chemistry.




A Zymark lsboratory robot system is being
evaluated for use in the service operations of
the division. Several scb-componeats iacluding
the robot arm, coatrol console, disgensing
station, snd balance have been installed and

vested for proper operation. As pert of the
imstellation process, we have made a study of
the robot programming language and have
developed disgnostic programs to test the
various system components for proper operation.

A periodic "crush™ of the system vas traced
to a defective processor chip in che console
CPU. A oev unit was instslled along vith s
completely new opera”ing system (ia ROM). This
nev firmware activates several unew features in
the robot and extends programmii.g flexibility.

Our tfirst experimentsl effort was to
determine th2 sccurscy and precision of the
robot res,onse to program commends. We found
thet the positionsi sccurscy of the srm is well
within the progremming resolution. Balance
accuracy snd precision are essentially those of
the balance itself while pipetting sad liquid
delivery
fuactions that will probably requive cslibre: ion
under operating conditions.

operatiors are more complicated

Analysis
Saction requested thst we investigate the
spplicability of the robot to seversl sample
preparation procedures thet are in routine use.

The General and Environmental

For the initisl demonstratioa, we selected a
liquid scintillation sample preparstion
procedure, For this work, several pieces of
hardware were designed and fabricated to meet
specia' demands of the procedure, The test
set-up was run snd and a few minor problems were
The robot is now
available to prepare these samprles on a routine
basis.

We have started a second project to develop a
procedure to prepare uranium
samples.

corrected in the progrsm.

fluorometric

(D. A. Bostick, L. ¥. Klatt, H. H. Roge, J. E.
Strain, C. S. Alley)

Special Projacts

Members of the group are frequently asked to
lend their expertise to special tasks in other
groups or sections. The previously noted
robotics work is an instrumentation exsmple.
However, we also provide assistance on the

solution of “chemical problems™. For example in
the production of high-purity acids by distilla-
tion, the greatest limitation to product
purity—aside from cootsmination by vessel
walls——is the carryover of the serosol resulting
from the breaking of bubbles in the distillation
pot. It would be highly desirable to eliminate
this carry-over wvhile maintaining a high
throughput. An serasol trap hes been deviged to
be placed in the distillation column directly
over the distillation pot. The trap operates by
coustricting the stream of vapor and ase:osol snd
csusing the stresm to impinge on s 1liquid
surface; the asrosol particles are captured by
the liquid surface and the vapor continues
through the still. In tests, 500 ml of =&
solution containing 1 mg Li/ml was placed in the
pot, and the still (without the aerosoi trap)
operated ar its paximum rate—360 ml/hr. The
distillste showed 2.6 ppm Li; i.e., the
distillete was 2.6 x 100/1000 = 0,26% gerosol.
With the aserosol *rsp in place, snd the stiil
opereted @ 90 cc/hr, the distillate contsined
(0.02 ppm Li; i.e., its aerosol content was
(0.0022,

For eavironmentsl samples the arsenic and
seleniur values obtained by hydride evolution--
stomic absorption began to show poor sensitivity
and reproducibility on solutioms which had beea
fumed with HC10;, sand K,iry07. Investi-
gation showed that the poor reproducibility wss
caused by internal gas lesks in the Perkin-Elmer
503-M4S 20 jnstrument, causing the purging gas
pressure to oppose the pressure transferring
resgent into the reaction flask. The two pres-
sures were adjusted to eliminare this esffect,
improving both the reproducibility and the
sccurscy of the arsenic snalysis. This adjust-
ment also improved the reproducibility of the
selenium determinations, but not their sccuracy;
the selenium results ranged from 0 to ~ 802 of
the proper values. Selenium is present as
Se*6 in the processed sample solutions, The
Se*® st be reduced to Se*® pefore
hydride evolution is possible, The reduction
procedure aed previously wes found to be
ineffective on samples received racently. A new
procedure was devised which was quite effective
and required almost no astteantion by the
operscor. The ssmple (1-10 ml in & 100 ml
volumetric flask) wse treated with 35 ml of
concentrated HCl, This solution was sllowad to
stand overnight and then diluted to the mark.
Reduction of the selenium to Se*® was

D




complete; values obtained with EPA staadards
vere accurate gad precise to withim 3X relative,

A request to deterwime asluminus in WNijAl
alloy by a pre:ipitation separstion led to the
discovery that there was ocanly ome procedure in
the literature that claimed to be able to do
this-—the homogeneous precipitation of basic
slumioum succinate. Although & clesn and
quentitat’.ec sluminum precipitste was obtained
vhen only alumioum and nickel were present, some
of the metsllic impurities actually present in
the slloy were also precipitated. To obtain a
correct aslumioum figure, the oxide was ignited
at 1200°C, weighed, fused with LiBO; and the
welt dissolved. Impurities iz this solution
vere determined by optical emission spactroscopy
(ICP) and the appropriate corrections made to
the weight of the precipitate.

(C. Peldman)

ANALYTICAL PEYSICS
L. D. Rulett, Jr.
Positron Spectroscopy

The messurement of surface areas of powdered
solids is probably the wost practical
sppplication of positron spectroscopy that has
been made recently. Venkateswaran* et al. have
shown that vhen positrons are injected in solid
powders the degree of positronium formation is
proportional to their surface areas. They
prepsred s universal curve on which a common
plot of points could be made for seversl
different materials, e.g., =zeolites, carbon,
silica gel, We have applied this method to rhe
messurement of surface areas of fume silicas
("cabosils”). We found that s plot of the
degr.e of positromium formation vs surface urea
generated a curve parellel to the universal
curve of Venkateswarsn et al., but tne points
did not fall on it, Our measurements are
preliminary and wmay have systemstic arrors; at
this point we do not coneider the notion of a
universal curve to be disquslified. Whether or
not a universal curve exists, the positron
annihilation method of determining surface areas

*K. Venkateswuran, Y, C, Jesn, K, L. Cheng,
J. Phys. Chem. 88, 2465 (1984)

has some distimct attractions. We will use the
sethod to study other powdered solids.

411 who work with low energy positrons are
handicapped by the low istemsities of
wonoeaergetic positron beams. Yor perposes of
scattering from solid eurfaces we have menaged
to partially overcome this problem by improvisg
spectrometer efficiemcy. We have returned to
the use of the sphericsl scsctor spectrometer,
with the installatiom of i microchanasel plat>
detector in the focal plane. Instead of
neasuriag the spectrum by increments of owe
chaonel at a time, we now racord the eantire
spectrum over energy spans of 50 - 75 eV. Data
collection races have been improved by factors
cf 100 - 1000. The positron source and
scattering specimen are plsced inside s large
bell jar coupled to the spherical sector
spectrometer at the entrance slit, This
eliminates the need to transport the scattered
positroas through leunses, for which transmission
efficieacy is very poor. The large volume of
the bell jar allows the source sud specimen to
be rotated for scattering at differeat angles,
up to about 30°,

Positron and electron energy loss
megsurements have been made on surfaces of
annesled tungsten, molybdenum and copper with
the nev systes. The tungsten energy loss
spectrs for both positrons and electrons appear
the ssme as our first published results for this
msterial. Similar spectra sre also obtained for
molybdenum which would not be surprising becsuse
it has 4p electrona in the same energy range as
the 4f and 5p electrons of tungsten. However,
copper which has no electrons in this energy
range also shows similar energy loss spectra.
This casts doubt on the postulate that the
positron energy loss is due to core elactron
excitation, It is planned to look at a silicon
surface which according to our earlier published
results gives entirely different energy 1loss
spectra. A freshly deposited gold surface will
also be investigated. This more inert surface
may shed some light on the possibility that some
surface intersction with the atmosphere has
occurred on the tungsten, molybdenum and copper
surfaces.

Attempts are baing wmade to fabricate s more
intense source for ths generation of slow
positrons. About 80 aCi of 68Ge has been
electrodeposited inside a platinue annulus, 4 mm
inside dismeter, 2 mm high, Electrodeposition
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was domse weing & wmized solution of copper,
ptrwmnive 'wd cysnide. Daposition time was
approzimately 40 hrs. A Ca-Ge alloy was formed.
Over 90 percent of the 68Ge was recovered
from the solution. VUe found, however, that the
deposit was wot completely coherent. Micro-
scopic particles, baving activities as much gs
100 wmr/br at comtact became dislodged. This
probles prevented our testiag of the source for
its efficiemcy in the generstion of slow
positrons. We have transported the source back
into the hot cell sad overplated it with 6 yum of
pure copper., VWe huve hopes that this will
contain the loose activity so that the asource
will not be hazardous for use.

(7. M. mll, L. D. h(l‘t, T. M. Rosseel)

Beavy-Ion Induced X-ray Satellits
Nmisoion

As part of our effort to confirm the
sensitivity of heavy~ion induced X-ray satellite
emigssion (HIXSE) to intermediate Z elements and
to expand this method to nevw regions of the
periodic table, we lisve exsmined the effect of
the chemical euvironment on the Zr L and the Au
and Pb M X-rsy satellite lines.

Bigh resolution L X-ray sarellite spectrs
produced by 0.7 MeV/u and 1.0 MeV/u Cl ion
bombardeent of & series of Zr alloys aund
compounds were obtained at the EN-tandes
sccelerator (ENTA). As expected, the normalized
emission .sectra display vsristions in the
intersity profiles of the La™® gad
Lg"™  gatellites for different targets.
Dirac-Fock calculations revealed that the
observed fluorescence corresponds mainly to the
La (Zp:”2 *MJIZ,SIZ) and Lﬂl (Zp”z - 3‘3/2)
hypersatellite lines (L™ transitions).
Exawinstion of the 1,0 MeV/u difference apectrs
generated using the pure element ss a subtrshend
corroborate the trends observed in the
molybdenus dets. Por example, the I.% region of
differeace spectra of Zr compounds becomes more
negative ss the bulk valence electron density
(Dv) incresses. The Zr-Ti aslloy spectra, like
the i spectra, oxhibit a different trend for
the L, region. The smaller effect observed for
the Zr-Ti alloys was predicted by the smaller
relstive change in Dv., These results provide
sddiciona) evidence that WIXSE can distinguish

betweea different types of chemical bondisg. It
slso comfirms the semsitivity of the . “-ray
satellites to the chemical eavirommeat of
istermediste Z elements.

Exsmisation of the differeace spectrs at a
projectile emergy of 0.7 MNeV/u produced
vaexpected results. Although all of the slloys
and some of the compounds exhibited little
change (with enmergy) in their difference
spectra, several of the compounds displayed
sharp differeaces. This suggests ths: certain
refilling routes may have been asltered due to
the change in the degree of the MN-shell
ionization. Peture studies of WM alloys and
compounds at 1.0 Me¥V/u snd 0.7 MeV/u Cl iom
excitation and Mo slloys and compounds at 0.7
¥WeV/u may provide insight into this effect,

The Pb and Au M X-ray satellite aspectrs were
also exsmined at 1.0 Me¥/u. The spectra, like
those of Zr sad Mo, exhibit variations in the
satellite ictensity profile due to differences
in the chemical environment of the target iom.
Like the L spectrs, the first two bands in the Y
spectra arc composed of overlapping hyper-
satellites of the M and M transitions.
Attempts to extract chemical information from
these spectra are being pursued.

(T. M. Rossesl, J. M. Dale, L. D. Hulett, J. P.
Young, H. F. Krause,! p. L. Pepmiller,! s.
W,I C. R. Vanel)
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2. RASS AND EMISSION SPECTRORETRY

J. A. Carter

The Mass and Emission Spectrometry Section is engaged in research sad development in four
broad areas: inorganic mass spectr~eetry, orgamic msss spectromstry, imorgasic secondary ion
mess spectrometry, snd organic secondary iom mass spectrometry. Each ares provides effective
support for various laboratory programs, both by developing needed mew amalyticsl procedures and
by providing support snslyses. The long-tange gosl of the section is to develop cost-effective
techniques to allow extension of mass spectrometric analysis to new aress; this requires
research aimed at understanding the fundsmental physical processes involved and using *he infor-
mstion thus obtained in development of new amslytical procedures and instrumentation. To cite
exmmples in organic secondsry ion mass spectrometry, two important breakthroughs occurred:
1) Secondary emission of protonated molecular ions (MH*) can be enhanced by the host matrix;
and 2) eshanced emission of molecular ions (f*) and fragmeot ions by lLewis acid matrices.
This informstion, previously lacking, is invslusble in establishing mechanisms of organic sec-
ondary ion emission, Another development with cousiderable importance to DOE facilities is the
detection and identification of organic explosives with few false alarms by MS/MS methodologies.
Also, research efforts are under vay to improve detection limits by secondary ion mess spectrom—
etry coupled with the resomance ionization technique, possibly to a level where one atos for
every 10 atoms available for analysis can be detected. Isprovements in the resin bead
mathodology vere realized that allow more DOE laborstories to esploy the techaique.

About 30T of our research and development support is provided by the Division of Chemicsl
Sciences of the Office of Basic Inergy Sciences, Dspartment of Energy. This effort, which is
very broad in scope, provides the techaicel base from which current and future mass spectro-
metric needs of DOE are sddressed. Special projects of diverse origin from the Internstionsl
Ssfeguards Project Office (ISPO) and frce the Office of Internationsl Security Affsirs (0IS4)
provide substantial support; the rest of our funding comes through several laborstory programs
and various Work-for-Others contracts.




SECONDARY ISE WASS SPECTROMBTRY
¥. 8. Christie

In & Ffurther expansion of the study of
resonance iouization msss spectrometry, we have
included sputtering as a technique for getting
seutral stoms iunto the gas phase for subsequent
laser iomization. Ton beam sputtering is an
attractive process for coupling with pulsed
laser ionizstion b se the pr of atom
formation caan be highly coatrolled. FKnowledge
of the evnergy aod mgular distribution of the
sputtered atoms allows one to calculate the
geometrical overlsp between a sputter “plume™
aod a laser besm of given cross-section. 1In
addition, when pulsed sputtering ir otiliged,
the tempo-al overlap between the atomization and
ionization can approech 100Z.

A surplused ARL ion microprobe wa3 acquired
and wade operational. An optical port and mir-~
ror assembly was added to the sputtering chamber
to facilitate introduction of the laser Lesm
This instrumsent,

into the sputteriog region.
inter.aced vith a tunable pulsed dye laser, has
many advsatages for this work. These advantages
include a wmicro-focused primary ion beam of
selectable mass, complete sample manipularion
and viewing capability and a double~focusing
mass spectrometer for sepacation and detection
of the secondary or lsser-generated ions.

Significant redesign of the ion extractiom
optics was required to allow extraction of lsser
generated ioms which are formed at some distsnce
above the gsmple surface., This redesign work
was facilitated by use of the SIMION cowputer
progras. Equipotential surfaces and ion trajec~
tories were wodeled with this program to produce
a lens system that was highly efficient in
steering laser generated ions into the secondary
ion mass spectrometer.

In our study, targets of ursnium and samarium
vere used ags sources of neutrsl atoms. Prisary
ions were generated by using & wixed gas of 2
stom I Ar, 34 atom % N and 64 stom I 0, in
the microprobe ion source. This sllowed the
sputter targets to be bombarded with operstor-
selected mass analyzed ion beams of Ar*,
nt, or 0y*. As expected, it wss found
thst high current density (micro-focused) Ar*
sputtering besms are more effective than
resctive besms such as 0;° and Wp* in

10

producing a large sputtered neutrsl populatioa
from reactive targets such as mcsllic uraniom
sod samerive.

Ve found thet the ion bundle produced in a
single laser pulse (nominally 1 ps) loog) was 3
% 1 yus wide at the detector following a delay of
23 ys (for ssmariom) or 30 ¢ (for ursniuva) due
to time-of-flight through the secondary wmass
spectrometer, The oumber of resonance ions in
each bundle could be counted using a fast oscil-
loscope to womitor the output of the iom multi-
plier presmplifier, The largest signals
obtained for 238y hed over 100 ions per
pulse wvhile those for 1525, were found to
have 40 iocas per pulse. In the absence of
information about sputter yields for uramium and
samsrium under Ar* bombardment, i~ is not pos-
sible to obtain a reliable measure of the number
of resonance ions collected per sputtered atom.
Howvever, under the conditions which gave ) 100
U* ions per pulse, with a primery Ar* cur-
reat of 21 nA, the mumber of U’ jons detected
per iocident Ar* was 1 in 1300.
that a factor of 10?2 improvement is necessary
before reaching the goal of 1 ion per 10 sput-
tered atoms. We feel that improvements in the
laser system and ion extraction optics should

This reveals

increase the overall efficiency.

During the past year, we have continued our
collaborative work with several researchers in
the Solid State Division. Two of these joint
studies vill be described. 1In the first sctudy,
secoudary ion mass spectrometry (SIMS) has been
used to determine the concomitant B and F
redistribution in annesled single crystsl
silicon. BF; implants wcre used becsuse they
are wmore economical in that the BF; ion is
directly available from the ion source and does
not require expensive mass sepsration in the
accelerator, Using woleculsr ions such as
BFp* for ion implantation, wmore damage
eaergy is deposited by the F* ions over the
smme range as the B ions end, therefore,
allowvs complete smorphization of the near
surface region to be achieved. The wolecular
ions split, in the near surface region, into
atomic species having the same velocity as the
molecule, This results in low energy ions that
create shallov implants in & thin smorphous aear
surfsce region. For example, & 50 keV BFy*
ion breaks into an 11.2 keV B* and two 19.4
keV F* ions. Thus a 50 keV B* ion has



approximately five times the projected rasge
compared to & 50 keV BFy* jon. The object
of the study wvas to produce thin amorpbous
layers heving good electrical properties and
winimum dopsnt profile Dbroedening during
amnealing in order to form shallow juonctioas.

SIMS depth profiling was periormed before amd
sfter rapid thermal smmesling. The as-implatted
specimens showed & Gaussian profile wiva B
pesked st sround 40 om. After thermal gmoesling
the B profile spresd toward the surface and ioto
deeper regioms of the crystasl. As the time or
tempersture of amnesling iacressed, the amount
of spreading imcressed. The asverage profile
broadening was less than 50 nm even after s 6 &,
1109°C thermsl swnealing pulse. The smount of
boron integrated over depth remsined coustant
(+102) after various mmesling trestmeats.

The as-implsuted fluorine distribution was
slso Gaussisn, peaked at 40 mm. After rapid
thermal snnealiag the fluorine peak was observed
at & depth of about 60 vm, vhich corresponds to
2 known band of dislocation loops. SINS and
transmission electron wmicroscope (TEM) results
show that fluorine is gettered by dislocations.

In laser sanealed snecimens, boron was shown
to move deeper into the crystsl, while in sharp
contrast the fluorine profile does not spread
but woves toward the surface.

In the second study SIMS is being used to
messure the broadening of iom implanted 30g;
in natural Si due to thermal diffusion. Exist-
ing measurements of the seli-diffusirivity for
intrinsic silicon show Arrhenius behavior frowm
1400°C down to 1100°C with a prefactor of 10,000
8q cu/s. Workers in the Solid State Division
feel chat this large prefactor is incounsistent
vith s vacsacy diffusion mechsnism. They feel
that it suggests the involvement of an inter-
stitial or more complex defect in the diffusion
proceas at these temperstures. A vacancy mechs-~
nism wuld have a much smaller prefaccor and s
smaller activation energy snd would, therefore,
be expected to dominate the diffusion process at
some lower temperature. To study this effect,
80lid State Division personnel have extended the
diffusion wmessurewents to substentially lower
temperature using silicon specimens prepsred by
ion implantation with 30gi .,

High dose implants were epitaxislly recrys-
*+1lized at low temperstures. SIMS wss invoked
as the anslytical technique to measure these
redistribution profiles because a0 other

semsitive amalytical techmique cam messure iom
implanted 303i ia silicon. By wsing SINS as
the amslytical techamique, such loager smmeslisg
times are possible as compared to radio tracer
meeswremeats with Jlgi, which were limited
by the short hslf-life of JiSi. The dats
sre curreatly being evaluwated.

(D. L. Donokus, D. E. Goeringsr, H. S. Nckownm,
R. E. Eby)

RESEARCE IE INORCANIC NASS SPECTROMETRY
R. L. Yalker and D. H. Smith

Rescuance iounization msss spectrometry (RINS)
has been further developed and investigated. A
parrow bandwidth laser was used to probe the
fine structure underlying the ursaium RIMS tras-
sition 2t 591.5% om. This study exteaded our
onderstanding of the sources of bias in isotope
ratio measurements using RINS, A cootisuous
wave, srgon pumped dye laser wvas evslusted for
RIMS applicstiom with the help of J. M. Ramsey.
It was found that, with suitsble modificatiom,
it held promise with regard <o precision, bat
that its seunsitivity was too lov for practical
use.

Isotopic analysis of neodymium was undertaken
sith RIMS. We found thst we could obtsin all
six isotopic ratios at precision of sbout +I2
from 40 ng ssmples. Unfortunately, our efforts
to extend the technique to 10 ng samples were
oot successful. We wust be sble to analyze
samples of this size t¢ apply the technique to
reactor burn-up studies. We are currently
laser-limited: we need a higher cepetition rate
and more pover to reach the desired snalytical
level.

A nev isotope ratio mass spectrometer, s VG
354Z, is on order and scheduled for delivery by
the end of 1985, A state-of-the-art instrument,
it features five independently locatsble collec~-
tors; it also has a pulse-counting detectiom
system for analysis of smel]l ssmples. It will
be equipped with an electron impact ionization
source for anslysis of slements of high volatil~
ity and/or high fonizscion potential.

Because our present technijues for wany of
these intractable elements (e.g., Hg, Te, Os)
are time~consuming and tedious, en investigation
of the spplicability of a hollow cethode ion




sogrce has been imitisted. The wost sttractive
festures of swch a sowurcs are vsstly reduced
sasaple preparatioa (omnly s solutiom of the ele-
et in qeestiom is required) sad potestial sea-
sitivity. Ve have on hand a0 msss spectvometer
capable of providing both the necessary high
pumping speed (the discharge is supported by a
flow of argon) and the dsts reduction software
to perform isotope ratio calculatioms. Prelim-
inary experiments were carried out on the iom
optical bench; further studies were dooe using
the MS-25. This latter instrument seems idesl
for the intended purpose. Ve will be developing
software for dats acquisition ie the nunear
future; dats reduction will be asccomplished
using the exteasive isotope ratio cowmputer
programs salready developed.

A time-of-flight mass spectrometer has been
acquired to allow investigstion of the temporal
behavior of various sssple systems. In particu-
lar, we hope to study the varistiom in the evo-
lution of wvarious species (especially oxides)
from thermal iomization filaments as fuactions
of time, filament pretreatment conditions, etc.
Ve plan to acquire s PC as s dats systes for
this iastrument. We also plan to use the
instrument to further our understandiag of tue
physical phenomena involved in the RIMS process;
we will be able to prote the populations of
various states and how they vary wvith time,

Modifications have been made to the original
resin-besd method which extend its usefulness to
breeder spent fuels with U/Pu ratios of 2.5 to
4,0, The original method was d2signed primarily
for spent fuels that had U/Pu rstios of about
100. This aspproach is made especislly attrac-
tive because the smount of plutonium on the bead
is increased and is high enough to sllow the
plutonium isotopic sanalysis to be made at =2
lower filament tempersture thus achieving aea-
complete separarion of 238p,,-238y
isobars during plutonium dats tsking. A ratio
of 10:1 23%y/238y  guring ursnium data
taking now seems acceptable for this type
sample, at least an order of magnitude more
plutonium than sllowed by the old method,

0. L. Domohue, M. P. May, E. H. McBay, C. A.
Peitchand, %. G. Miller, H. . Smith, M. M.
Imarer, L. uim)

ORCANIC WiSS SPECTRAETRY
6. L. Glish

Work ia orgasic wass spectrometry has
contisned to emphasize resesrch in the ares of
mass spectrometry/mess spectrometry (MS/MS). A
major effort has begun in developing ac NS/NS
systea for the detection of explosive vapors.
Initisl feasibility studies using the ZAB mass
spectrometer have been done. Prior to scquirisg
MS/MS sepectra ou the ZAB instiumeat, it was
necessary to wodify it for orgamic MNS/MS
research. This ianvolved installing a ccubina-
tion chemical iomization/electrom ionizatioa
source, and a collision region in the second
field-free region of the instrument. The
collicion region was wmodeled after the one
developed and instslled on the ORNL triple
sector instrument several years ago. Over oae
hundred MS/MS spectrs have been acquired of
various explosive compounds under electron
ionization, positive cheaical ionization and
negative chemicsl iomization. Design of a
dedicated MS/MS system to detect these compounds
is oow under way wvith the receatly developed
tanden quadrupole/time-of-flight instrusent
being used as the basis for the instrument.

In addition tc development of the tandes
quadrupole/time-of-flight (QT) instrument ss an
explorive detector, work has been done using it
to investigate the effect of internal energy on
collision activated dissocistion (CAD) MS/MS
spectrs st low collision energies. Thermal de-
sorption has been used to creste ions with dif-
ferent smounts of internal energy by varyiang the
ionization temperature, It has been found that
there is a definite effect on the sppearance of
the CAD MS/MS spectrs with ion internal energy.
Further work is planned to eee if this experi-
mental procedure can be used to determine inter-
nal energy variations in ions formed by
different methods.

A project has been started to interface a
quadrupole to the front end of the MS50 to allow
s variety of different MS/MS experiments. Ini-
tial experiments have been done using the quad-
rupole and lens system from the QT instrusent
vith the thermal desorption probe. Work has
also been started on che ion cyclotron resonance
(ICR) instrumant obtained from Y-12, Work to
date has involved improvement of the electronic
circuitry in order to get suitable performance



from the imstrumeat. Cell wmodifications are
curreatly wader way so that experimeats using
low energy positrons can be performed.

{C. L. Glish, D. E. Goeringer, S. A. McLuckey,
B. B. NeBay)

CRCANIC SECONDARY ION MASS SYECTROMETRY
P. J. Todd

Two breakthroughs have occurved ia our
research into this ares., VFirst we have demon-
strated that mtrices can be employed to echance
secondary emission of protonsted molecular iocas
(O@m*) from volatile orgmmic cowpounds adsorbed
onto or into a matrix. This perwits 2 study of
the relationship between organic secondary iom
current and asnalyte conceatration, since the
latter follows either & Langmuir isotherm or
Raoult’s Law.  Secound, we have been able to
demoustrate enhanced emission of secondery mo-
lecular ions (M*) and their fragment ious by
employing Lewis scid watrices. Suoch molecular
ions can also be generated by electron impact
ionization for which extensive dats snd theory
exist on the energetices of formation and frag-
mentation. Application of this informstion to
molecular secondery ionization yields insight
into the charscteristic internsl energy distri-
bution of secondsry moleculsr ions. This infor-
mation, which has been lacking to date, is
invalusble in discerning the mechanisa(s) of
organic secondsry ion emission.

Clessically, the study of chemicsl resctiuns
has involved the correlstion of reactent proper-
ties with product properties. Imagine trying to
elucidate a reaction mechaniem in which no cor-
relation could be made between the conceatrstion
of reactants snd the concentration of products.
This situstion summerizes SIMS in genersl and
organic SIM8 in perticular, where resctente are
the condensed phase, anslyte matrix, and prissry
ion and the products sre secondary ions (end
undetected neutrsls). 1In organic SIMS, liquid
matrices are employed to enhance sacondary
e-ission of protonsted wolecular ions from some
favulstile anslyte dissolved in the matrix.
8ince the metrix evaporates and is sputtered
avsy, the concentrastions of both asnslyte and
matrix are tise dependent, Ve developed a
method to iatroduce volatile snslytes on the
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metrix ssrface so that wader the coadition of
the experimsat, the system agppears as a vapor in
owilibriva with a liguid. No wmatter bhew
rapidly the mstriz evaporates, ia the sheence of
amy istrodeced asslyte, the standard stste of
anit wole fractiom is maietaised. Istrodectios
of ma ssslyte gas at e effective presssre, P,
of about 107 torr implies a wole fractioa
of the saslvte im the metrix of 107 at
equilibrium if the vapor presvsre of the pure
amlyte P, is 1 torr. This is a cousequence
of Raoult's Law. Our dsta imdicate that ssch
oqui libriem is obtaimed sbout ome wmimste after
smlyte introductiom is commenced: for a series
of tea wvolatile amiwes haviag vapor pressures of
0.01 to 30 torr at room temperature, & plot of
secondsry iom intemsity vs the ratio of P/P,
shows that all poists fall om s simgle curwe,
independeat of the smime®s ideatity. This curve
yields the functional dependemce of secowmdary
protonated wolecmular iom intemsity ou smalyte
wole fraction. This, of course, is vhat we
vighed to find in order to study the chewmistry
of molecular secondary ioa emissiom.

To investigate the aewergetics of organic
secondary emission, it is nmecessary to geonerate
ions vhose energy of formation and fragmeatation
are well-known. Molecular ions (M*) are such
species, and have besn characterized by electrom
impact (EI) iomization studies. Rohaoced
secoudary ion emission of such species was
unkoown, but it was known that secoodary emis~
sion of protonsted moleculsr ious (MB*) from
protic matrices was dependent upon the existence
of the solveted ion in the coudensed phase
matrix. By aoalogy, we felt that M* gecondary
ions could be generated from aprotic matrices in
which solvsted radical cstions were known to
-exist. Certain srene/Levis scide systems meset
this criterion and have the added advaatage that
the chesmistry of such systems is well-defined.
Lewis acids such as $SbCly and AICly; were
employed thus ss mstrices and, in fact, we were
sble to demonstrate for the first time
mstrix enhsnced sescondary woleculsr ion
enission. We then comperad the relative
sbundance of fregment ions from SIMS sand 70 ¢V
El spectra snd found they were, eurprisingly,
identicel, Because EI involves s vertical
(i.s., Pranck-Condon) ionizetion, these results
fmplied cthet the origin cf the secondary
fraguent ions wes from vertical ionizstion of
snslyte wolecules, The only eensible




explasstion invokes 2 charge-trassfer mechsmiom
between matrix  joms (e.g., AICL;") amd
neutral ssslyte molecules which just happea to
be sputtered ia the same eveat as the mstrix
iom. This process is independeat of the
cheniastry of the matrix and saslyte, and indeed
amalyte fragmeat ioms were detected evea when
the ssalyte molecular iom wvas wmot detected amd
kmowvn mot to exist as sa iom in the Lewis scid.
Bowever, comsider thz effect of an amelyte
wolecular iom being ejected in the compamy of
mattix oevtrals or icas. WNo charge exchange
occurs becsuse the iomization energy of the
aremes is some 4 eV less than the matrix
neutral. Ejection of secondary molecular ioas
would reasomably be eshanced if the molecular
ion existed on the matrix surface ss am iom
rather than as a neutrsl prier to the sputtering
event, Such W' emission would thus be
strongly dependent upon the arene-Lewis acid
chemistry, which is, in fact, vhat is observed.
The abiiity of the technique to distinguish
between the two ionizstion processes is
astonishing and uuprecedented.

Sputtering phenomena have been known for some
one hundred years or so, and there is still no
unified theory concerning the phenomens, Wew-
ever, our spproach to the study contributes
information which has hitherto been lacking, and
st present unavailable from sny other source.
Results from these experiments provide s unique
opportunity to develop at lesst the theory of
organic secondary ion emission.

(P, d. Todd, ~. P. Leibmmn, W. 8. thristie)




3. RADIOACTIVE RATERIALS ANALYSIS

¥. R. Laing

The Radiocective Msterials Anmalysis Section is composed of three groups: Rediocactive
Materisls Anslytical Laboratory, Transursaium Asalytical Laborstory sud Prograss sad Projects.
A satellite lgboratory is also operated within the Consvlidsted Fuel Reprocessing Pacilicy.
These groups provide support fur wmeny Laboratory prograss, primsrily those in the Chemical
Techaology, Fuel Recycle, Metals and Ceramics, and Operstions Divisioms. They also perform work
for other federal and nonfederal agencies.

Development 13 an inherent activity snd includes work oa X-ray fluorescence, porosity and
surface sres seasuresents, sercury purification, testing of costings for the muclear industry,
and the division’s computer—bssed Data Managesent and Sample Transactiou Systea.




PROCRAMS AND PROJECTS
D. A. Costanto
I-Bay Fluwerescesce Developmant

Quantitstive X-ray fluorescence x=r)
amlyais for uraniem and plutoniwm ia highly
vadiocective soluticss presests severszl uanique
problens. These problems imclude excitstios of
the uraniue and plutomive by pessive radistion
in the sasple (gamme, X-tay, alphs, and Lleta
sctivity), the spoatsmecus emission of X-rays
which results from internsl coaversiom followiag
the decay of rsdicective i.otopes (e.g., uraniem
L X-rays folluwing the alpha decay of plutoaium
isotopes) and cuping wvwith the high degree of
scattered vadistion from the sample. The
pansive excitation and ({nterference from
{aternsl conversfoa can be handled by
sppropriste asaslytical techniques; however,
conventionzl XRF spectrometer designs cannot
tolerate s very high degree of passive radistiom
from the sample. Therefore, the goal of this
project 1s to provide an XRF gystem to monitor
ursnivs and plutoniums in highly radiocsctive feed
solutions to a nuclear fuel reprocessing plant.

Investigations by C. J. Sparks, Jr. (ORNL
Metals and Ceramics Division) led to the design
of a wavelength dispersive XRF system vhich can
be applied to the detersinstion of ursaium and
plutonium (or most other elements) in highly
gamma~active backgrounds. Due to the required
operstion of the in a remote and
inaccessible environment, s basic feature
{acorporated into the ORNL XRF speciromseter
design is mechanical simplicity. The XRF system
employs pyrolytic graphite for the X-ray optics
which has the advantage of excellent radiation
resistance and high diffraction efficiency (401
of in-ident power). In addition, the graphite
diffraction crystal provides simsltsneous
diftraction of the entire energy region from
Pulg to Ulg with sufficient resolution (30 eV
FURM ot 14 keV) to permit the use of o
fired-single crystal spectroseter. Therefore, s
fiaal operstionsl system would have no moving
psrts after the ({ini:ial aslignment which
sisplifies instrument msintensnce and enhsnces
reliability; che constent geometry should also
result in {eproved accurscy snd precision.

The performsnce of the high-gesma XRF systea
is strongly dependent upon the focal spot
disensions (primarily the vertical dimensfion)
obtsined vith the harrel monochromator vhich {»s

system
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aged to focus exciting radistion om the ssmple.
The origisal barrel desiga with sisgly-beat
graphite (Johesm optics) is limited to s minfimem
vertical dimension of approximstely 2.5 wm, sad
could be {improved eigaificastly by wusing
doubly-best graphite. However, the expesse of
doubly-bent graphite would result ia the barrel
wonochromstor costimg In excess of $50 K,
thersfore, lithiva fluoride ves coasidered as an
alternative for berrel fabricatios. Doubly-beut
and ground (Johaassoa optics) lithium flworide,
L1F(200), would theoretically provide s wertical
dimengsion of aepproximately 0.4 mm. This
reduct{on in the focal ares would yield at lesst
a 10-20 fold imcrease im sensitivity with e 30
eV PV resolutioca.

Although the cost for a LIiP(200) barrel
monochromator is aignificantly less than for a
graphite barrel, the lithium fluoride 1is
degraded by extesded exposure to high radiation
sad would require replacement periodically. (We
predict anmusl replacement, but this depends
upon accumslseted exposure.) Craphite should
last indefinitely {in the high radiation
environment and would be 3 one time expense.

Initisl attempts to bend lithium fluoride to
a wsmall radius (less than 2.5 cm) vwere
unguccessful. However, with practice and
refinement of technique, we have produced a 72
degree sector of an elliptical surface of
rotation with central radii of 322.6 == (12.7
fn.) aod 9.1 mm (0.36 in.) for the msjor and
ainor axes, respectively. The doubly-bent and
ground LiP(200) crystal is spproximstely 2.5 cs
in length. The gosl {s to bend s 72 degree
sector that is 10 cm 1in length.

The cost for s .ithius fluoride berre! turmed
out to be more than we {nitially expected
because of design and fsbrication of equipment
to bend the crystal. Therefore, the performsnce
factors for the barrel were re-evalusted with

closer detail on absolute differences between
doubly-bent and ground LiF(200) (Johaanson
optics) and doubly-beat graphite (Johann

optics). This re-evslustion indicated that the
lithium fluoride basrrel would only performs 8
times better (translates to shorter snalysis
time) than the graphite barrel. The i{mportsnce
to this 8-fold difference in performsnce
(sensitivity) {s besed upon the vrstio of
plutenium/uranium in the dissolv:r solutions for
which the XRF system wss designed. For ratios
in excess of O.1 (i.e., PFBR fuel Pu/U
spproximstely 0.25) the B X difference s not
thet criticsl; however, for ratios much lass



thea 0.1 (L fuel Pu/U is less thaz 0.01) the
differesce is saslysis time (15 win wva. 120 aia
for LR eolutions) msy present pmidblems ia &
reprocessiag plast. At this time both lithies
flworide and grephite are viable optiows for the
barrel moscchromstor.

Special srraagemests are befag discussed with
the Carboa Products Bivision of Usioca Cartide
for custos mede momochromstor grade (IYA)
graphite Ia saa attempt to reduce the coet of a
graphite barrel momochromstor. Owr propossl s
that we provide the cnrvisg tools, which are
graphite forms, to ba wsed for the high
tesperature sad high pressure press techaique
employed to produce the ZYA graphite. The
graphite form we supply would include 45
sectors of aa ellipgoidal surfece ou a eingle
form. Therefore, all sectors required for a
barrel mowmochromator could be produced in &
single press.

During this reportiag periocd capitsl funds
(approxz. $115 K) for the purchase of equipment
to fabricste & prototype IRF systea have been
received. Equipmeat which has been purchased
includes the cowputer systes, multichanuel
analyzer, aud high resolution position sensitive
proportional counter. Specifications for s
coustant-potential 3 k¥ X-ray generstor have
been prepared and seat to vendors for a bid.

Most software for the acquisition, pesk
processing, and quaantitstion of IRF data has
besn completed. A special device handler
program has been wvritten wvhich provides =
communicsticn link with the TN-7200 MCA on &
seriasl line st speads up to 4800 beud. The
device handler, along wvith an application
program, support bi-directionsl transfer of
spectral dats and transfer of control cowsands
undar either RI-11 or TSX-Plus operating
systems. Integrastion of the softvare into a
single menu driven application package remains
to be complsted.

Work through the completion of the current
fiscal year vili be directed towgrds the set-up,
testing, and integration of this equipment and
saterial iato the prototype IRV system. Ounce
the nev X-ray generator is received, systes
performance vill be re-evaluated. At that cims
the choice betveen lithiue fluoride and graphite
for a barrel monochromator will be made.

(d. M. Keller)
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Peresinstry of Particles

Particle smalyses of UICR graphite, sl gels,
snd fly esh have been asde wsing the NETY gas
sdeorption spperstus. Serface aress sad pove
size distribetions were deteruimed by witrogea
odsorption at 77°K. Couplate edserption-
desorption fsotherss were plotted. From these
data other plots were prupaxad for the
description of the serfaces sad pore strectures
of the particles. The plots iscleded BET
diasgrams, “T-plots”, surface sres distributious
snd pote wlese distributions from the
sdeorption sud desorption braasc™ . of their
hysteresis loops. Calcslations ware mede by the
aicroprocessor to determine the “C” cossteat in
the BET egquatioe, the specific sucfecs ares of
ths particles, and the wolume of gas adsorbed.
The magnitude of “C” is a relative weasure of
heat of sadsorption ss compsred to the heat of
condensation of the gas on the sdsorbent. The
profiles of the hysteresis 1loops in the
adsorption-desnrption {isotberas and “T-plots”
have been used to describe the types of pore
structures in the particles.

(D. A. Lee)

Mercury Perificatios Facility

Analytical Cheamistry Division has contracts
with others to purify sercury metsl for reuse.
A nev and improved facility has been Ltaiit to
process mercury wore efficiently. The facilicy
includes s closed systea with couater-curreat
acid extraction snd water wvashing columns snd a
continuous flowv vacous dryiang columm. The
facility is {solcted io & floor to csiling hood
to wuinimize exposure to mercury vapors.
Impurities in the mercury sre extracted with a
I mWo3 - I H -~ 0.05 N Rg(Wm;y);
soluticn. The product hes less than 5 ppm cotsl
impurities. The traces of impurities remsining
in the product sre moble setals - principclly
Ag’.

A contrsct to supply Bendix Corporation with
4180 kg of purif..d mercury was complsted. A
similar coatrasct has besn made for next yesr.
Additional wmercury has been purified for Y-12
and other salvage opsrations. With the present
facilicy it is possible to process 400 kg per
day.

(D. A. Les)




N

Ispurities ia NTCR Craphite

Ispurities im core asd structural graphite

for WICR are known to casse catalptic oxidatiocn

of grasphite by stesa. To facilitate a prograa
for the ssmufscture of structarslly sound
grephite for the RTGR, several graphite coupoas
selected froc strategic positioms in s large
graphite billet have been gquletly ignited in air
at 820°C on platinum sheets. The patterns
remaining in the ash residues have been
photographed and selected areas of the ash have
been anslyzed by eclectron beam excited X-tays
(SIM-EDX) and iaductively coupled plasma (ICP).
These analyses were used to help determine the
source and wmechanisa of formstion of the
iepurity inclusions so that a propossl m.y be
sade to prepare a superior grade of graphite for
the ATGR.

(D. A. Leg)

Radiochemical Anslysis

Radiocheaical analysis 1in the Radioactive
Materials Analysis Section 1is concentrated in
tvo areas, each with a different support
function. The TRO (Bldg. 7920) laboratory {is
staffed 24 hours a day snd provides data for
process control of the Chemical Technology
Divison's fuel dissolution studies and
transuranius isotopes production. In addition,
Operations Division relies heavily on the 24
hour service to aid in monitoring their wvaste
processing facilities. 1sotope product
certification and general gamma-ray spectrometry
analysis round out the TRU sctivities- The
radiochemical laboratory st Bldg. 3019 offers
special services in low energy beta analysis
(Jll. “c, 355, 32p) and vet
chemistry.

At TRU s concentrated effort has been made to
ifsprove the quality of the data being provided.
With respect to gamma-ray spectrosetry, the
detector efficiencies were recalibrated; s new
sasple holder was constructed to eliminat:
geometry varisnces; a new, documented opersting
software wvas purchased for the WNWD6620; an
extensive training program for analysts, shift
supervisors, and control operators has increased
conf idence and independence and reducad errors;
the msgnetic tape unit has been re-installed for
betcter data storage snd documentstion. All of
the counting equipme.. st TRU wss evaluuted for
sccuracy, rvel{ability send suitasbility. The

reliability end ruggedoess of the gross alpha
counters were improved by couverting to end
vindow gas-flow proportiomal cowanters for high
activity wocrk. Direct reference to primary WBS
staodards was I :itisted. New procedures for
iostrumentstfon check out and prompt feedbeck
on quality control results coabinczd with the
above actions has resulted ia a messurable
isprovement {in the quality of work being
perforaed at TRO.

Also during th™e past year participstion in
the division's Quality Assuraoce progrss was
begun, vadiocheaical stpndards were updated with
WBS materials, and a reviev of basic concepts
and calculations wss cooducted. These
activities resulted in improved service to the
Operations Division on a bio-engineering program
for vhich we served as the certifying laboratory
€or the rsdiocective labeling meterial.

(L. M. Rossberry)
RADIOACTIVE MATERIALS ANALYTICAL LABORATORY
D. A. Costanzo

The Radioactive Materials Anslytical
Laboratories (RMAL) provide support to various
related Laboratory prograss. The Comsolidated
Edison Uraniye Solidification Progrea,
Consolidated Fuel Reproceasing Program,
hydrofracture waste disposal, isotopes
production, Three Mile Island clesn up, U/Pu gel
microsphere production, snd environsentsl
msonitoring are representative activities. Many
Laboratory divisions are supported, {including:
Chenical Technology, Fuel Recycle, Physics,
Eavironmental and Occupat ional Safety,
Operations, (uality Assursnce and Inspection,
Health, and Plant and Equipment. Analysis of
intermediate and high level radioactive samples
that require giove box and/or hot cell
operations are the primary services provided by
the group; {in addition, X-ray fluorescence,
testing of coatings for applica’ion in nuclear
facilities, and uranius ore concentrste snalysis
are also performed.

During this reporcting period, spproximately
2,000 <camples were processed and 7,000
detersinations were performed. A large number
of highly radiosctive samples were prepared for
snalysis by other sections within the division
for isotopic analysis, mass spectrosetry, gamma
spectrosetry, neutron activation and _as and fon
chrosatogrsphy. A variety of analyticsl
techniques were employed at RMAL facluding:




poteatiometric titrimetry, coulosetry, I-Tay
fleoresceace, alphs pulse height asalysis, beta
1liquid scistillation, spectrophotometry, free
acid and iafra-red(IR) saslysis for carboa.

Radiaticn tolerzwce, decontswination, awd
design \esis accidest (DBA) testing of coetings
for application within muclear fscilities is
provided to costing wmaaufacturers, utilities,
architect-engineering firns apnd testing
agencies. Testing has been performed for 12
clients this yesr. Radistion tolerance testing
is performed st the Righ Flux Isotope Reactor
using the inteunse radistion emitted by the spent
fuel elemente. In the decoataminatioa test, a
mixture of gamms—-emitting nuclides is applied to
the surface of stainless steel panels or coated
cement blocks and removed with wvarious
decontaminating solutfions. In the DBA test, the
coated specimens sre exposed to sn emergency
coolant spray solution st elevated tempersture.
These tests couform to ASTM specifications.

For a mmber of years WNev Brunswick
Laboratory has provided analytical cheaistry
services to the ursanium mining and processing
industry in the form of =measurements of the
uraaium conteat of ore coucenirates. Curreat
contracts between shipper and receiver require
that a certain percentage of samples be analyzed
independently as well as those sawples wshere
shipper snd recelver differ by more than O.1
wt. T. The Departeent of Energy has determined
that the New Brunsvick Laboratory ghould not do
this work since the work is not ssfeguards
related. Thus, 1o wid-1984 cthe Radicsctive
Materials Analyticsl Laboratory was selected by
tvo commercial uranium suppliers to provide the
uranium referee analyses. The total number of
samples expected to be gnalyzed is about 250 per
year. The Davies—Cray potentiomentric method 13
being used. The relative standard deviation at
the 952 confidence interv... has  baen
demonstrated to be 0.057 for ssamples containing
65-80 wt. T uraniuvm.

Constructfon of an sdditfon to the west end
of Buiiding 2026 wes started in mid-May 1983 and
wves completed in August 1984. Occupsacy of the
addition should occur {n Jsnuary 1985 after
several design and construction fsults have been
corrected. The addition contsine s radio-
chenistry counting room ( 600 sq ft) on the
firet (loor snd three chemistry laborstories and
sn offlice on the second floor ( 2000 sq fc).
Initial plans were to uss the lsborstoriss for
radiosctive operetions in support of seversl
proposed reactor fuel tebrication end

reprocessing programs sad to relieve the cravded
coaditices that have existed for the past
seversl years im the rsdiochemistry sad glove
box lsboratories 1ian Buildisg 2026. The
radiochenistry operations in Belldisg 30198 will
be soved snd cousolidsted with the operatioas ia
Building 2026. We are comsidering esstablishiasg
a bhazardous meteriasls smalytical laboratery ia
Building 202€.

(R. D. Brooksbank and R. E. Jones)

Fwel Recycle Divisien
Asalytical Laboratory

The satellite service laboratory loceted in
Buildiag 7603 performed 2,921 analyses 1In
support of process and eangineering studies
curried out by the Fuel Recycle Division (FRD).
This was a 152 increase over the mumber of
snslyees performed the previous year. Types of
chemical wmegsurements 1included free acid,
silver, chloride and carbonate by volumetrry;
uranium by spectrophotosetry and wvolumetry; and
N0y by specctrophotometry. Physicsl messur--
ments included density, viscoeity, foea bresk
~ime (F8T), conductivity, and digengagiog time.
In addition, s number of speclal studies wvas
carried out for six differeat groups withia the
FRD tn support of the Integrated Equipment Test
(1ET).

A study wvas coonducted to determine the
urgniue and nitric acid distribution
coefficients 1in the IET solvent extraction
systes. The organic phase was 3JOZ iributyl
phosphate (TBP) - 70X normsl peraffin
hydrocarbons (NPH). Aqueous pheses contsined
uranium varying in concentrstion from 50 to 150
mg/al and nitric acid varying from 0.5M tn 3.0M.
Extractions were pertormed using various organic
to aqueous rstios sad both phases were anslyszed
for wursnfua end acid Ddefore and after
extrection. Distribution coefficients to be
used in the dasign of a reprocessing plant were
calculated using th> resulting dats.

Another study consisted of wsassuring the
tespersture, density, end conductivity of a
series of IET samples and using a previously
calculatad wodel to predict the uranium and free
scid concentrstions.

Tha formetion of foss 1{n the solvent
extrsction system of IET was &8 contianuing
problems snd seversl studies were undertaken to
determine the effects of s numher of vsriables




F‘m .

W,

upoa the pioblem. Fosm bresk time, defined as
the time resquired for the fosm formed when &
sasple wvas vigorously agitated for 30 seconds to
bresk 17p aad dissppess, was measured and used as
a standard of comparisoa. Variables studied
were: 1) Tne presence of 10-1000 ppm of
monobutyl phosphate and dibutyl phosphste in the
TRP used to prepare the IET solvent. 2) The
addition of s mumber of cormercial anti-foaming
agents to the IET solvent. 3} Salfuric acid
washes of various time periods of the NPH used
to prepare the IET solvent. 4) Carbonate washes
of the IET solvent. It was found that the
phosphates and the commercial antifosming agents
decresged bresk tieses. Carbonate 1increased
break time and sulfuric acid had no effect.

(F. L. Layton)

TRANSURANIUM ANALYTICAL LABORATORY
J. L. Botts
The Transursniuc \nalytica®l Laboratory (TRU)

continued to provide support to the Transuranium
Production Program and the Solvent Extraction

Test Facility (SETF) within the Cheaical
Technology Division and to the Operations
Division in wmonitoring radiocactive waste

effluents. In support of these Laboratory
prograas approximately 36,000 determinations
were aade during this period.

Much effort this year was directed toward an
orderly change of wmost of the personnel 1in the
group and an update of the capabilities of the
laboratory. Because of retirements and
transfers, 702 of the lab peraonnel have been
replaced by younger, inexperienced people. This
change has prompted a large training-orientation
program designed to fully acquaint and educate
the personnel in the laboratory techniques and
practices on handling and analysis of highly
radioactive materials.

The updating of the instrumentation {a TRU
is still in progress. A computer controlled
remote pipettor and titrator have been installed
in the shielded hot cell. The pipettor was used
to take aliquote of highly radioactive samples
for dilutions and direct determinations. The
titrator was used for the in-cell potentiometric
determination of free acid in the TRU and SETF
process solutions. The determination was made
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by titratiag an aliquot of sample, coataining
sodium oxel.te added to complex the hydrolyzable
iocas preseat, with standard sodium hydroxide
solution. A nav anslyzer systea Zor elpha
spectrometry has been instslled. This systes
allows the simultanecus anslysis of four
different semples. A low emergy X-ray detector
systems has been calibrasted and put into service.
This systes has the capability of plutonium
isotopic snslysis on SETIF process solutioms.

Radiometric wmeasuresents werc @®made on
actinide samples taken from a fvel pin
irradisted 1in the Douaresy prototype Fast
Reactor in Scotland. These measurements were
part of the joint US-UK research proyxraas to
study the behavior of selected higher actinides
and to determine the cross sections of a aumber
of higher actinide 1isotopes. These samples
censisted of milligram quantities of oxides of
curium, uranive and
thorium.

ssericum, plutoniuwe,

(J. M. Peele, R. A. Jones, C. C. Poust, M. R.
Peters, R. T. Pack)




4. BIO/ORGANIC AMNALYC:S SECTION

M. R. Guerin

Each of the three groups in this section, Analytical Chromstography, Separstions and
Spectroscopy, and Special Projects, pursues fundamental and applied studies and supplies other
Laboratory efforts with analytical services. During this past year analytical research has
focused on separations, chromatographic detection, and chemical ionization mass spectrometry
with a special emphasis on the utility of negative ion chemical ionizsation for both quantitation
and isomeric discrimination. Applied research is related to the chemistry and toxicology of
complex mixtures such as fossil fuels, cigarette smoke, and hazardous wastes. Increasing
attention is being given to supplying organic amalytical services in support of Laboratory
programs. Technical support is also provided for the compilation of data and the review of
issues related to synfuel technologies, The support for this sectiom is provided primsrily by

the Department of Energy, the Department of Defense (Army), and the Department of Health end
Human Services.




J. E. Caton
The Separations and Spectroscopy Group
combines organic chemistry with amalytical

spectroscopy to achieve its research and
services goals. Analytical research focuses on
concepts and wmethods for the
isomeric identification of trace level orgenic
chemicals in complex mixtures. Applied research
sddresses the identification and quantitation of
biologically active constituents of mixtures. A
special study being led by meabers of the group
involves the detoxification of coal-derived
crude oils by hydrotreatment and other methods.
Increasing attention is being given to spectro-

unambiguous

scopic asnalytical services in support of
Laboratory prograss. Principal funding is
provided by the Department of Energy and
internal programs.

Chenaical ionization nass spectrometry
continues to receive primary atteantion in

research aimed at isomeric discrimination. In a
study involving more than forty polycyclic
aromatic hydrocarbons (PAH) it was found that
many PAH wmay be distinguished by

electron capture negative cheaical

isomeric
ionization
processes. Using methane as the reagent gas to
produce thermal electrons some PAH were observed
to undergo ionization via electror capture to
form molecular anions. Other PAH did not ionize
and thus were not observed. For example, the
potent carcinogen benzo(a)pyrene forms an anion
under these conditions, whereas its relatively
non-carcinogenic isomer benzo(e)pyrene does not
When the electron affinity {EA) values

studied were

ionize.
of the compounds
threshold of about 0.5 eV was determined to be

compared, a

necessary for the electron capture process to
occur. Because understanding the basis for the
0.5 eV threshold might allow it to be selec-
tively aitered to accommodate discrimination of
specific isomeric pairs, a number of studies
have been initiated to help elucidate the mecha-
Preliminary results of ther: studies
that at higher pressures
conpounds which normally do not ionize in
sethane buffer gas do yield anivns at mass M-1,
vhere M is the aass of wmoleculer ion. when
ammonia was used as the buifer gas, the M-l
species were observed for the compounds with EA

indicacte source

vélues 0,5 eV at all source pressures. A study
using deuterated butfer gases, CD, or NDj3,
revealed thet two possible mechanisms may be
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occuring. For compounds with EA values >0.5 eV,
direct electron capture was occuring, (equatiom
1, k) kp), with oo iateractiom with the
buffer gas. PFor compounds wvith lower EA values,
the buffer gas was participating in the gas
phase reactions as indicated by complete deute-—
rius substitution of the aromatic protons. This
may suggest that after electron capture, the
compounds with EA values <0.5 eV autodissociate
to the neutral species unless the resgent can
stabilize the species to form M-1 asnions as
shown in equation 2.

k-

M+ e Ay > M- 15))
g

) ] Reagent . (M-1)- 2)

These observations suggest approsches to improve
isomeric discrimination and aid in iaterpreting
previously observed electron capture
characteristics of orgsnic compounds.

The relationship between negative chemical
ionization electron
capture detection for gas chromatographic analy-
sis is being investigated. Many compounds of
environmental and biological concern are com-
Early

results confirm that negative chemical ioniza-

mass spectrometry end

moanly determined by electron capture.

tion mass spectrometry affords similar sensitiv-
ity with increased specificity. An observation
of particular importance to section prograus is
that higher molecular weight PAH's are preferen-
tially detected, It is anticipated that gas

chromatography/negative chemical ionization mass

spectrometry will become an  increasingly
important tool for analytical services and
internal program support.

Funding has been acquired to pucchese a

(FTMS).
The instrument, anticipated tn be operational
in the summer of 1985, the study
of ion cyeclotron isomeric
discrimination,

Fourier Trunsform Mass Spectrcmetry
will allow

resonance for

Cepabilities for nuclear magnetic resonance
(NMR) spectrometry have been upgraded this year.
Our JEOL FX90Q NMR spectrometer has been modi-
fied to permit phase shifting and polarization
transfer methods of pulsing, This involved some
hardware modifications as well as the use of new
software furnished by JEOL., The QUAT, INEPT and
DEPT pulsing programs have been tested on a
number of pure compounds. In the QUAT proce-
dure, protonated resonances are gsup-
pressed and quaternary csrbon resonsnces are
enhanced to permit visualization of only the

carbon



quaternary carbon lines. Witk the coupled INEPT
program (Incentive MNuclear [Enhancement by
Polarization Irsnsfer) half of each doublet of
the proton-coupled carbons is shifted 180° out
of phase. Tnis alicrs coupling patterns to be
identified more easily, with the result that
coupling constants can b= measured more accu-—
rately. In addition, the signal-to-noise ratio
is greatly ephanced, solvent pesks are sup-
pressed, and the spectrus can be obtained in at
least oae-fifth the time required for a couven-
tional coupled spectrum. The DEPT prograa
(Distortionless Enhencement by Polarization
Iransfer) is s wmodification of the decoupled
INEPT program which offers even more sophisti-
cated information to be obtsined from & sample.
Three obtsined which
contain only CH, oaly CH;, and only CHj
carbon resonsnces. This allows the number of
hydrogens sttached to a carbon to be determined
readily, without the
experiments. This will be particulsrly useful

separste spectrs are
use of proton-coupled

for the study of complex amixtures, especially
vhere the relative quantities of the various

types of carbons are to be determined. In this
report period, 8 spin simulation prograa has
been used to accurately determine the 13c-

NMR chemical shifts snd coupling constsnts for s
series of eight szaarene isomers of
benzoquinoline.

An internsl standsrd technique was developed
for use with the diffuse reflectance techaique
in fourier infrared spectrometry.
This approach which utilizes a reflecting medium
(KBr) containing a constsnt amount of an inter-
nal standsrd (KjFe(CNg)) for all samples in
a series has shown very promising results for
quantitacion.
applicable to
complex
reflectance is

transform

Such an approach is especially
functional analysis of
sanples diffuse
readily applied to difficult
ssmples including intrsctable liquids,
snd mixtures of liquids and solids.
Applied research on the chemical properties
of cosl-derived synfuels has continued. Studies
of the polycyclic asromatic hydrocarbon (PAH)
deraal tumorigens

group
organic because

solids,

in coal oils have recently
shown that two frequently reported tumorigens
have been misidentified, Multiple isolation
st=ps followed by high resolution gas chromatog-
raphy and by wmass spectrometry show thst
3-sethylcholanthrene (MCA) snd 7,2-dimethyibenz-
anthracene (DMBA) are present (if at all) at 2
orders of magnitude lower conceatrations than
was previously reported. The identities of the
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interfering constitueats and positive identifi-
cation of other major tumorigans are being
sought .

Research om refined syncrudes and om the
toxicological characteristics of refining
technologies has also contiowed. The vacuum gas
oil (VGD, bp >343°C) fraction of crude coal
liquids receives primary ati.ention because both
mutagenic and tumorigenic activity are concea-
trated in this fraction. Chemical trestments
such as acid washing sand pentaoe/furfursl parti-
tion are found highly effective for removing
mitagens from the VOO but not effective for
removing tumorigens. Catalytic hydrogenation
continued to be found the most effective means
of eliminating both mutegens and tumorigens.
Preliminary studies show that catalyst type is
more important thas reaction temperature and
hydrogen partial pressure from removing benzo-
(a)pyrene, Three hydroaromstic derivatives of
benzo(a)pyren: and two hydroaromatic derivatives
of dibenz(a,h)anthracene have been synthesized
to study the mechanism of tumorigen hydrogena-—
tion. A most interesting finding is thar acid
wvashing of the VGO before catalytic hydrogena-
tion provides s much greater reduction ia
benzo(a)pyrene content than does hydrogenation
of the unrreated VGO.

Technical support efforts continued during
the year. Much support was provided to the
Fossil Eanergy Technol.gy Ravironmental Prograa
in the form of concributions *o information data
bases, reviewing environmental monitoring plans,
prepsring review documents, and siding in
program developaent Other techaical
support was devoted to the ongoing Office of
Health and Environment Research Prograass for
vhich a data base was prepared to aid in the
selection of model compounds. Using this data
base representatives from seversl DOE fscilities
(Pacific Northwest Lsboratories, Argonne
National Laboratory, Los Alamos Scientific
Lsborstory, Osk Ridge National Laboratory, and
DOE) nominated a series of eleven compounds as
possible beanchmerk chemicals to be used in
fundsaentsl chemical snd biological
relevant to the toxicologicsl
energy-related processes,

Gas chromatography/mass spectrometry, nuclear
sagnetic resonance spectrometry snd infrared
spectrometry services in support of Laboratory-
vide programs increased slightly during this
year, Especially notsworthy in this incresse
wvas the development and adaption of approaches
to use gas chromatogrsphy/mess spectrometry to

plens.

studies
evalustion of




quantitate various coastitueats ian iadoor air
«smples.

(M. V. Buchaman, L. C. Baylor*, B. R. Clavk,
C.-nte Bo, G. B. Huret®, 4. R. Jones, C. 1. Ma,
G. Olerich, R. B. Quincy**, L. N. Rossberry,
I. B. Rubin, and . B. #ee)

* Sumaer employee, 1984
*% Retired

ANALYTICAL CEROMATOGRAPEY
W. H, Griest

The main activities of the Analytical
Chromatography group are chbromatographic methods
developuent and applications associated with
health and eavirommental Funding is
provided by the U.S. Departeaent of Eaergy, the
National Cancer Institute, the Departaent of
the Environseatsl Protection Agency,
and the Electric Power Research Institute, The

OBNL Technology Transfer Program has funded the

issues.

Defense,

development of an improved chromatography detec-
tor. In-house organic analytical services have
increased considerably in importance this year.

Basic chromatography research continues to
focus upon improving the high resolution liquid
chromatographic separation of complex mixtures.
The primary eamphasis has been on open tubulsr
liquid chromatography (OTLC) and packed micro-
capillary high performance liquid chromatography
(HPLC)., Clogging problems encountered in the
pretreatment of OTLC columns have been avoided
by the use of an alternative:
fied columns. In this procedure, a surfactant
(cetyltrimethyl smmonium bromide) is added to the
mobile phase for an untreated coluan. Dynaasic
adsorption/desorption of the surfactant by the
glass results in a “starionary” phase which is
wmoving, but st & velocity slower than that of
the mobile phase. This results in a separation
based on partition. Closely related polar
organic compounds such as the B group vitamins

dynasically modi~

have been separated by ' is technique.

Fused silics microcapillsry coluans (ca. 2m x
250 ym ID) have been slurry pscked successfully
with 3 um bonded phase particles, The columns
hsve yielded improved separations of polycyclic
aromatic hydrocsrbons (PAH)., While the analysis
times sre relatively long, separations are good
snd the column capacity is not as limited as in

OTLC., A He/Cd laser with output at 325 nm has
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been used with a lov-volume flow cell for detec-
tion of sepsrated componeants. Procedures have
been devised for the low dead-volume comnection
of quartz flow cells to the column outlet.
Detection limits of <l pg hawe been obtained for
certain derwal tumorigen PAH such as 3-methyl
cholanthrene.

Developmental work in chromatography also
included design modifications for isproved
operation of the helium ionization detector
(HID). The HID has been coupled to & specially
designed high voltage pulser and operating the
detector has been operated in a fixed-frequency
pulsed mode. Overall, a reduction in noise and
background curreat levels was observed as
compared to DC operation. It has also been
determined that the pulsed detector can be used
at higher voltages before the cell current
breaks dowm. Since the response incresses
exponentially at higher voltages, operation
usder these conditions may provide significant
Detection limits for
various gases are currently being Jdetermined so

increases in sensitivity.

that the exact effects on sensitivity can be
ascertained.

At certain frequency and duty cycle
combinations, an iaversion in signal polarity
for thne gases that norwmally provide s negative
response has also been noted. The inverted
peaks have an improved upper detecction limit.
Depending upon the anslytical requirements, the
response of the detector may be easily adjusted
to cover 8 broad rsnge simply by verying the
pulse parameters. Additional electronic wodifi-
cstions which allow the HID to operate in a
variable-frequency, constsat-current mode have
also been made. The response characteristics
will be examined snd the various wmodes of
operstion compared in the next year,

Applied electrochemical
deteraination of munitions components in water
has been extendec to linear scan and derivative
mode linear scan voltammetry and also differen-
tisl pulse voltsmmetry. These methods were
found to allow repid (30-70 sec.), direct (only
degsssing is required) estimation of wunitions
components in only 10 mL of wster. One mg/L of
TNT® in water can be easily measured by the
linear scan derivstive or differential pulse
methods. Agreesent of resulis for highly con-
taminated samples versus those determined by the
resin sorption-HPLC method has been good (e.g.,
80 mg/L of TNT® in pink water vs 80 mg/L by
HPLC and 140 mg/L of NG® in process wster vs
130 mg/L by HPLC). The voltammetric methods

resesrch in the



sppear to have coasidersble potential for rapid,
om-site or off-site screening of samples and for
nearly real-time momitorisg of process streass
or feancelime ground waters for ssuitioas.

The sorbeat resim collection sad WEPIC/
electrochemical detection procedures for the
determinstion of munitiows cowponents ia groomd
and surfece vaters have beea validated im extew
sive laboratory end field studies. A substam—
tial improvement was achieved in recoveries of
unitroaliphatics over those reported i previocus
studies. However, recovery of TEIRYL® remains
a problea. Prelimisary stability studies
suggested that the seaitioas are stable for 4-6
weeks while stored on the resin, and consider-
ably less stable in aqueous solution (origimal
vater sample) or in scetose (solvent eluate of
resin) . The HPLC separation of all eight
sunitioas components (EMX, RDX, TETRYL, NG, TNT,
2,6-DNT, 2,4-DNT, and PEIN)® yas achieved by
adding a smsll gradient to the HPLC elution
procedure. A standard Operating Procedure was
drafted and delivered to the U.S. Army Toxic and
Hazardous Materials Agemcy.

Css chromatographic methods developmeat has
focused upon the determination of wolatile
organic compounds in r.oacco saoke, indoor air,
and aqueous saaples. Increasing need for the
determination of highly volatile compounds in
indoor air bhas led to the development of an
improved trap design for collecting organic
compounds as volatile as wethylene chloride.
Multi-sorbeat designs (Tenax foliowed by silics
gel and charcosl, or Tensx backed up with
Carbopack and Ambersorb XE-340) nave allowed the
collection of as much as 60 L of indoor sir
without detectable breakthrough. The collected
compounds sre snalyzed using thermal desorption
gas chromstography (GC) with capillary column
separation and selected ion wonitoring mass
spectroscopy for determining trsce-level hslo-
carbons, or flame ionization detection for
seasuring the more prevsalent alkanes and aro-
matic hydrocarbons. Atmospheric moisture also
colliected in the traps has frozea out and caused
plugging during cryogenic focusing in the GC.
Further work is addressing this problea.

A micro-scale liquid-liquid extraction method
has been devised for the routine determination
of volatile priority pollutents in water at the
10 ug/L level. An aliquot of the pentene
extract is split between dual parallel capillary
G( columns with .lase ionization and electron
captw dete-"ors. The much more lengthy and
difficult purge-and-trap procedure is reserved
for determinations at the | 1g/L level,
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A wmethod for coataiming amd collecting
sidestrean cigarctte smoke, the ssjor costridb~
wtor to emvirommeatal tobacco smoke, has been
devised. This wmethod relies wpom am existing
smoking chasber design to coutsin the ssoke bwt
incledes s specisl valviag system for directing
say selected portiom of the sidestream smoke to
a filter and Tesax trap vithout imterrwptiag the
aoresl flow of the smoke. Semples of the side-
strean say be taken at asy poiat dwring the
cigarette smoking protocol. GCas phase compounds
collected oa Temax are anslyzed using thermsl-
desorptioa OC vwith wmoltielemeat detection.
Comparisom of the orgmaic gas phase cowposition
of sidestresa just before, duriag, aad immedi-
ately after a mainstrews puff showed all three
samples to have asimilar cosposition, but the
sample tiken just after the msinstresm puff was
2-4 times more concentrated. Large differeances
vere moted in the mainstream orgmmic gas phase
deliveriea of different commercial swoking
produs =8 ranging from an ultra-lov tar cigarette
to s little cigar. However, the differences
amoug their sidestream deliveries were much less
proaounced.

The sequential HPLC/HPIC wethod for the
determination of benzo(a)pyrene (BeP) in ciga~
rette smoke total particulste matter (TPM) has
been validated and applied to several commercial
cigerettes, HNormslly, the TPM from only seven
to twelve cigarettes is required, although for
ultra-low tar brands, sdditionsal cigarettes sust
be smaoked to produce the cs. 125-150 mg of TMM
needed. The overall recovery of BeP, determined
using & radio-lsbeled tracer, was 87 + 71.
Accuracy and precision were desonstrated by
standard addition experiments using the non-
filtered high tar 2Rl and the filtered low ter
IRAF Kentucky Befereuce Cigarettes. Analysis of
several domestic commercisl brands of cigarettes
showed msinstress BaP deliveries of 2.4 to 14.2
ng per cigarette under standard snalytical
smoking conditions., An experimental wmarijusss
cigarette was found to deliver 20.9 ng of BaP
per cigsrette, wvhile a "marijusna placebo”
(solvent~extracted marijuana) delivered 40.6 ng
per cigarette.

The demand for in-houte orgsnic analytical
services has increased considerably this year,

SDIX = cyclotetramethylenetetranitrasine, ROX
- hexehydro-1,3,5-trinitro~1,3,5~trianine,
TETIRYL = N-methyl-N,2,4,6~tetranitroaniline, WG
= nitroglycerine, TNT = 2,4,6-trinitrotoluene,
2,6(or 2,4)-DNT = 2,6(or 2,4)~dinitrotoluene,
PLTN = pentserythyryltetranitrate,



http://developae.it

The sample load in FY 1984 consisted of 749
samples for volatile orgamics (9588 determina-
tioms), 679 samples for various extractsble
orgamics (6942 determivations), and 295
miscellanecus samples. In addition to these
routine determimations, numerous non-routine
measuremeots of volatile orgsnic compounds in
indoor air and of phosphate species in lead-
phosphate glass leachates were conducted.

The facilities and procedures for service
work are being upgraded to provide a wore
efficient operation. A sample receiving and
preparation laboratory for the section was
established to provide for the central accept-
ance, prepsration, and archiviag of samples
submitted to the section for analysis of organic
compounds. It has been equipped with various
types of sample extractiou devices, refrigera-
tors and freezers, and s glovz box for handling
hazardous materials. Data .ruuisition, reduc-
tion, reporting, and archiving have been
improved by the installation of an IBM PC/XT
based chromatography data system (Nelson
Analytical). This system collects and stores
the eatire chromatographic ruan, perforas calcu-
lations, and reports data in the format used by
the ACD dsta sanagement syrtem. Direct connec-
tion to the ACD data wmwanagement system is
anticipated in early 1985.

Synthetic fuel research sample management in
support of health and environmental studies
continues &s & group responsibility. The ssaple
handling laboratory in building 3001 has been
equipped for handling, homogenizing, and
aliquotting druam quantities of samples.

(R. S. Braazell-famsey, S. H. Hammom, R. W.
Barvey, C. E. Higgine, A. Kean*, C. N. Kettlert,
D. L. Marning, M. P. Maekarinec, R. R. Reagmt,
M. J. Sepaniak**, and B. A. Tomkinsg)

*HBCU Program, Spelman College
tGraduate School, University of Tennessee
##%pggistant Professor, University of Tennessee

SPECIAL PROJECTS
R. W. Holmberg

Sendies of the chemical and physical
propartias of serosols, inhalation exposure
aransphares, sod the source saterisls for these
atmospharas are  esohasized in  the Special
Proisers Gronp., Sapport is provided primsrily
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by the Natiomal Cancer Imstitwte for cigarette
smoke studies, the Mational Institute of Drug
Abuse (WIDA) for marijusma studies, and the
Departwent of Defense for obscuraat aend
ichalation exposure stadies.

Field sampling has played an increasingly
importaat role in the group's activities. A
collection of portable iastruments for a wide
variety of airborne sampling protocols has been
assembled and tested in field wse. These
iaclude high volume air sempling pumps with both
directional and non-directional ceampling heads,
large sorptive resin cartridges for volatiles
collection, cascade impactors for particle siz-
ing, low volume pamps for samall gas and particle
sample collection, and instrumenral temperature,
air flov rate ind smoke concentration monitors.
Much of this equipment vas used on & field sam-
pling expedition to Pt. Carson, Colorsdo. As
part of a nevw project initiated with the Arwmy,
we are to collect and compsre diesel exhsust
samples from large military vehicles such as
battle tanks, asmunition haulers and bulldozers.
This study will provide a data base for a
telative risk assessment of the heslth iapact of
conversion to shale-derived diesel fuel. Mili-
tary vehicles at Ft. Carson, presently operating
on conventional fuels, are scheduled to be
converted to a shale derived source in 1985.
The saspling trip was conducted in late
September to obtain baseline data from vehicles
operating on conveational fuels. Samples of
exhaust from both dynamometer test facilities
and field vehicles were collected. In additionm,
samples of aged exhaust present in vehicle
repair bays were collected to provide a measure
of the level of human exposure via this route.

A sasmpling trip was also made to the Mational
Center for Toxicological Research (¥WCIR) labora-
tories in Pine Bluff, Arkansas, to obtain
measurements of amarijuana smoke exposure of
rhesus monkeys as part of 8 cooperative project
sponsored by NIDA. These initial experiments
suggested that the animals retain about 501 of
the psychoactive cannabinoid in the smoke to
which they vere exposed. This finding was ir
excellent agreement with blood carboxyhemoglobin
levels in the snimals, which also indicated that
the animals retained about 501 of the carbon
monoxide which they were offered for inhalation.
A sampling trip was also made in support of red
phosphorus/butyl rubber obscurant smoke expo-
sures of rodents being conducted for the Army at
the Illinois Institute of Technology Research
Institute (IITRI). The results obtained from



the samples collected indicated that the
relative comcentratioas of polyphosphate chaims
and rvesideal orgamic vapor lewvels is the

exposure stmosphere smokes were very similar to
those of smokes gemerated umder more carefully
controlled coaditioas at ORNL.

Projects supported by the Natiomal Institutes
of Health are comprised of two compomeats: The
chemical characterizatios of tobacco amd mari-
juasa smoke, and biocassay iastrumeatatioa
developmest. In stwdies supported by NIDA, the
first charscterizatioas of the smoke deliveries
‘rom marijuans cigarettes uader stasdard, well
defimed smoking conditioms have beea perforwed.
These studies indicated that the relative
concentrations of cammabinoids in the swoke do
not chsage with incressing puffing frequescy.
Placebo marijuana cigarettes, intemded as
coutrols for inhalation studies, delivered
substantially more carbon mouoxide and benzo(a)-
pyrece than their marijusma counterparts. In
tobacco smoke studies supported by the Natiousl
Cancer Institute, we have continued to shift our
ewphasis toward characterization of cigsrette
smokes vuunder wmore humanly relevant puffing
conditions. We have begun studying the effect
of puff volume and shape on the relative compo—
sition of cigarette saocke. Changes in puff
shape do not sppesr to affect the deliveries of
bulk comnstituents such as tar, nicotine, and
carbon moooxide. The relstive composition of
some lesser constituents in the tar may,
however, be aitered as puff volume increases.
As pert of & joint project with the U.S.
Departeent of Agriculture, a survey of smokes
from cigarettes wmeanufactured from Turkish
tobaccos identified one tobacco type with an
unusually high nicotise to ter ratio. This
findiog may be of use in lowering the level of
tar smokers must take in to achieve a given
level of nicotine exposure.

Instrumentstion developaent during the past
year has included s human smoke dosimeter and a
computer controlled varisble puff eeoking
nachine, The smoke dosimeter is based on the
simultaneous weasurement of flow and aserosol
particle concentration through s small cigarette
holder. ¥rom this we derive a sessure of the
totsl amount of tobacco smoke being generated
during puffing. Presently, the device uses
anslog electroanics., Plans are being made to
convert to online digitsl wmessurement and
processing to improve calibration and read-out
of dats. The vsrisble puff smoking machine has
now been extensively tested. The puff volume
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aad incremeatsl flow rate are operstor com—
trolled so that a large variety of differeat
peffing conditions, such as those foend ic bumtm
snoking, cam be investigsted.

An experimeatsl obscursa® soerce asterial
(xPH03), comsisting of powders of red phosphorms
and sodiwm nitrate boaded together with am epoxy
resin, has been examined. Amalyses for the
major coastitwents of the matrix ss well ss for
trace impurities are being performed. The
obscuraat aerosol formed from its combustion has
beea characterized and compared to that produced
from red phorphorus-betyl ruwbber (RFSR) and
vhite phosphorus-felt formlations stedied
earlier., Ve have found that the three phospho-
rus formlstiocns give serceols aad astwmocpteres
that are very similar vhen burned umder similar
conditions. The aerosol particle phase exists
predowingarly as s coacentrsated wvster solutiom
of phosphoric ascid. Amion exchasge flow
injection analyses shov that this phosphoric
acid is present a3 8 complex wixture of
condensed polymeric forms with monomeric ortho
phosphoric acid being ounly a miomor coastitueat.
Chromatographic analyses and total orgmic
carbon asnalyses indicate that organic ssterial-~
are aot incorporsted into the smoke in apprecis-
ble quantities. Pregently, the Departmeat of
Defense is spousoring an inhalation toxicology
experiment on the smoke from the RPBR formula-
tion. This chemical study will aid thea im
deciding if toxicology studies need be carried
out on the others.

We have continned sn aserosol support program
for a DOD sponsored inhalstion toxicology inves-
tigation of the smoke from RPBR being carried
out at the Illinois Institute of Technology
Resesrch Institute in Chicago, IL. In additiom
to supplying technical support for the use of &
battery of exfrusion comwbustion gemerstors for
the RPBR that were developed here, we hsve
manufactured and supplied IITRI with the source
material, hexane softened RPBR, for the smoke
geoerstion. In sll fourteen shipments totsling
436 billets of RPBR have been shipped in the
psst yesr. Over the course of the toxicology
experimeat, we hsve supplied IITRI wits 997
billets of RPBR, six generators, seven serisol
monitoriang systeas, and flame->ut
detectors.

The Section's
moved

five

POP11/23 cowputer has been
to a small central roow. Under aa
RTI1/T8X+ opersting system it is interfaced to
seven terwinals (including an IBM-FC). It is
used for general scientific computing, report




drafting, and particularly for graphic handliag
of experimestal dats obteiwed from laboratory
iostruseatstios. The documentation of tobacco
secke asslyses has beea extensively cospater-
ized, enabling us to better track, validate, ard
apalyze this extemsive and growiag data base.

{5. M. Benderseom, S. K. BRolladay, R. W.
Bolmberg, R. A. Jenkins, J. H. Momeyium, D. D.
Pair, and T. M. Gaylet)

*Instrusentation aad Controls Division



S. GENERAL AND ENVIROMMENTAL ANALYSIS

J. R. Stokely

The General snd Enviroumentsl Anslysis Section provides a diversity of anslytical chemical
services in support of Lsboratory and Energy Systems programs. Activities withio the sectioa
are organized into five groupe: Chemical and Physical Analysis, Eanvirounmental Anelysis, Lowv-
Level Radiochemical Analysis, Activation Analysis, and Special Projects. The section performs
rouctine snalyses using established procedures and is involved in developmental activities to
upgrade capabilities, to devise new methods of anslysis, or to solve applid problems rCequiring
analytical expertise. Abour 200,000 analyses are performed anmally for a large mmber of
programs and research projects.

Analytical chemistry support for eanvironmental programs has continued to increase this year
as Laboratory activities in environmental monitoring, scid rsia resesrch, and waste mnagesmsent
have expanded. Radiological and nonradiological anslyses are provided for these programs. It
is saticipated that our support for these programs will expend, particularly for wsonradiological
analyses. Accordingly, we contimue to {ismprove capsbilities by upgrading methodology and
acquiring new instrumentation. An sutomsted low-level beta counting system was put into routine
operation this year, snd a new total organic carbon analyzer is being procured to replace an old
instrument. Experience is being obtained with a laborstory robotic system, and efforts are
being made to utilize the system for routine lsboratory operstions. Acquigition of a new
automated, atomic sbsorption spectroseter i{s planned.




CIMICAL AND PETSICAL METHODS

J. N, Stewart, Jr.

The successful application of lsboratory-
scale chemistry to very large scale eaviron-
mental radiological aad toxic setal wastes was
demonstrated at the Bechtel Hationsl Formerly-
Used Niagara Falls Storage Site. Approximately
2 million galloms of contsaminsted waste liquid
were treated, using the Oak Ridge MNational
Laboratory (OREL) procedure, asad wmet New York
State discharge criteria. That basic techmology
is wow being wodified snd tested to permit
treatment of additiomal storage sites.

A complete anslytical charscterization of
aranica will tailing ponds in Wyomimg is now
undervay for the Nuciear Regulstory Commission
(WEC). The WRC will use this study to identify
potential contaminants in the large (100 acre or
larger) poads that curreatly store acidified
process waters from the uranium recovery opera-
tioms, Wu have completed a characterization of
seven poads at oue mill, and the datz are being
evaluated by the NRC to permit planning for
large-scale snalytical surveys in early 19385.

Environseatsl monitoring of both ORNL surface
and well wvaters has incressed. We acquired s
HRach spectrophotometer and packaged reagents to
incresse vater analysis productivity and to sig-
nificantly reduce cost of the chemical oxygeo

d a

T s. The Hach iotegral wicro-
processor establishes master calibrgtion curves
for some 60 parameters and computes final
results ian parts-per-million. We obtasined s
Zeiss Ultraphot Il optical microscope from the
Biology Division and now have a religble service
support optical microscopy capability. We slso
obtsined components to establish a photographic
enlarging and printing capadility for rapid
processing of our scenning snd transsission
electron microscope negatives, The PGT System &
X-ray Anslyzer became fully operstionsl as s
qusntitstive system and wes immedistely useful
in identifying steel components, measuring ther-
mocouple wires, analyzing thin films on cersmic
substrates, and wmeasuring the composition of
glass.

Measurement of polychlorinated biphenyl
compounds (PCB) has become a msjor asnalyticsl
support activity, We monitor PCB in surfsce and
well waters, in sediments, soils, residues,
waste oils and organic liquids end in muserous
types of tissue including frogse, turtles, snd
severs] species of fish, We hsve also surveyed
PCB clesnup operstions st ORNL for esployee

safety, end in wmmterials from Batiownsl Lead of
Ohio snd from a retired DOE machining site.

Ue provided the amslytical sspport wrcessary
to characterize all nomradiological process
vaste water streams at ORNL. The smslyses will
be wsed in the design of a pollution asbatemeat
facility for ORNL. Obtaining the aecessary
informatiom required eeasuremest of eearly 100
vater quality persmeters. We esteblished a
method for measuriag ssbestos fibers in wster
usiog tramsmission electrom microscopy to meet
one of these required parameters.

Evalustion asnd testing of the Zymerk
laboratory robotic system has involved develop-
img hardvare, software, and procedures for
preparing liquid scintillstion counting vials.
Presently we are developing wmetbods for perform—
ing colorimetric asnalyses, for extracting
cranive from aquecus samples, and for preparing
fluorimetric pellets for measurement of ppb
concentrations of uramium.

Unusual snslytical requests durimg this year
became more frequent. We estgblished a eethod
for measuring irom (III) ia irom (II) Fricke
radistion dosimeters by direct optical spectro-
photowetry. The quality of a billion-ton
deposit of pure SiO; was evaluated for possi-
ble commercial use. We estsblished why ursnius
in ultra fine particles of MgFy slag could not
be extracted in wmultiphase acid treatmeats.
Referee wmethods for wessuring iridius in
precious metsl scrap were provided. Perchlorste
and dibutyl phosphate were measured in sueous
and in orgsnic wmedia., A weethod was developed
for dissolution of B4C. A new CC method was
devised for deterwining 2-ethyl hexanol in LiBr
heat transfer fluids. Aqueous leachstes from
cement encapsul- ‘on tests were analyzed for
toxic organic msterisls.

We have significantly improved the method for
quanctitative determination of asbestos in build-
ing msterisls and have successfully performed
comparison snalyses on Research Triangle
Institute reference wmaterisls. The ORNL-
designed spectrometer was interfaced to s
conventionsl X-ray diffrsction snalyzer to test
our concept for simultaneously weasuring
chrysotile snd amosite asbestos at the one
percent level.

An interesting technique was developed for
preparing human blood for sisultsneous ICP
sultielement analysis, which mey be useful in
diagnosis of human health disorders. We then
extended the method to human brein tissue, This
has provided data which will be used in an
effort to relste metallic concentrations in



various lobes of the brain with observed
seurological disorders. Duriang the year the
group reported a total of 134,564 individual
smslyses; wmatals amalysis by simulteseoss
isductively coupled plasas (ICP) spectroscopy
and amiocv messurements by ics chromatogrephy
provided a large perceatage of the mmalyses.

(J B. Attrill, B. Philpot, K. I. Wedb, H. G.
Davis, C. S. Alley, J. B. Backney, V. P. Rogers,
S. J. Bobroweki, N. P. Buddin,* H. V. Dwm, C.
S. MacDougall, J. C. Price) .

-

*On losm from ORCDP

ENVIROIRENTAL ANALYSIS LABORATORY
N. M. Ferguson

The Eavironmental Analysis Laboratory (EAL)
provides asmslytical support primarily for the
Enviroomental Sciences Division (ESD) but it
does s significent asmount of work for other
divisions and outside organizations. Support
for other divisions increased this year and
required asnalysis of a wide  variety of
materisls.

We have been heavily iavolved vith mercury
analysis, for both nev snd continuing projecte.
Many industrial snd mumicipal waste leachates,
streas and water samples, sludges, charcosl
fil_ers, soils, fish, etc, were anslyzed. An
elaborate study of mercury levels in human hair
was also conducted.

The Department of Eavironmental Msnagewent
(DEM) continues to be heavily ianvolved with the
monitoring of effluents from ORNL at various
discharge stations, During this report period
several intensive sampling programs were com-
pleted and new omes continue to be initiated,
These programs generated numerous samples. Most
samples required special treatmemt (filtrationm,
acid digestion, etc.) before analysis. All of
the effluents were snalyzed for 8b, As, Be, C4,
Cr, Cu, Pe, Pb, Wi, Se, Ag, Tl, and Zn, Total
orgenic csrbon, Kjeldahl nitrogen, smmonia, snd
totsl phosphorus were determined in moat efflu-
ents. Many procedures were modified to obtain
the desired very low concentration levels (ppt
and ppb). Most of these projects wvere on very
tight echedules asnd required fast turneround
time,

A very large portion of our work during this
report period derived from the acid rain program
in E8D, which is funded by The Electric Power
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" research

Resesrch Isstitute (EPRI), and eacompesses many
differeat projects. The atmospheric stedies
gemerated msmarows throsghfall, vain, e=d &y
< :position esmples from the Walker Brasch
furershed for amalyses for warioss catiows (Ca,
Ng, W, K) aad aniows (CI, W03, POy, 80g).
Oxganic scids (omalic, citric, malic, formic,
and scetic) smd orgemic carboa were measwred im
several samples. A sizesble sffort wes expended
to provide sepport for the project isvestigating
the effects of acid rain om soils. This stady
produced large wolumes of samples (soils,
plants, waters, ead soil leachates) at rwegular
intervals for a variety of smalyses (Al, Ca, Mg,
Ne, WH;-N, K, Cl, WNO3-N, POG-P, SOg,
Kjeldshl ¥, and total P). The wost receat
project womitors the effects of acid raia on
gradient streams ia the Smoky Nouataims for
various cations and anioms, with perticular
empbasis oo alumimus, Wonomeric anmd total
slomisum were determined in msay samples.

The Electric Power Research Institute in
August 1984 approved a lasrge envirommental
project on the linkage between
atmospheric deposition snd mutrient cycling in
fores.s. This includes the acid rain work. Osk
Ridge MNationsl Lsboratory was designated the
prime contractor for this four-year acid rain
project. During this report period the EAL has
been prepsring for the influx of samples which
vill begin early in 1985,

Fluoride, chloride, phosphate, nitrate, and
sulfate in thousands of samples
wvithout sny msjor probless using iom chromatog-
raphy during the pest year. Several improve-
ments were made in our ion chrosatograpby pro-
cedures. A continuously regenerating (fider)
suppressor vas procured for use with the organic
scid columns., This suppresscr eliminstes the
need to wonitor the packed bed for depletion and
improves peak resolution. A "high nitrate”
column was obtained, thus meking it possible to
determine sulfste in 1% aitric acid. This

vere measured

~column sllows the elution of nitrste snion after

sulfate,

A wodification of the mutomatic sampler om
the graphite furnace made it possible to analyze
organic sswples and incresse productivity, Pro-
ductivity wss aleo incressed by the ecquisition
of a second block digestor. There was ar in-
creasing need to deterwine Kjeldahl nitrogen and
tocel phosphorus in s variecy of samples (soil,
vegetation, waters) for new and contimuing pro-
grams. This second bdlock digestor increased
from 20 to 40 the rumber of ssmples that could
be processed at s time for thesc analyses.




LOW-1XVEL RADIOCEEMICAL ARALYSIS
T. C. Scott

The Low-Level Radiochemical Anslysis Croup
performed low-level rsdiocanalyses for msa-made
aud satursl radiomuclides in an ever—increasing
variety of wmaterials to support programs snd
projects conducted st ORNL and by outside organ—
izatious. During the past year, we supported
various programs in the following proportions:
eavironmental wonitoring, 30I; enviroumental
surveillance, 20I; research and development,
20%; aud work for others, 101.

The slight increase in the wolume of work
done for envirouseatal monitoring was wainly due
to projects conducted by the Department of
Eaviroumental Management, Ome project (Won-Rad
Waste Water Treatment Project - NRWIP) involved
the determinstions of gross slpha, gross betas,
strontium-90, and gamma-emitting radionuclides
in wster sampled daily st nine discharge loca-
tions over several weeks. Another project
(National Pollutsent Dischsrge climinstion
Systems - NPDES) required several groups cf
saaples taken at selected dischsrge Iocations
to be anslyzed for gross alpha, gross te:s,
radium—226, and totsl radium,

Many organic waste materisls were anslyzed
for a hazardous waste control group to determine
the concentrations of gross slpha, gross bets,
gross gemma, tritiums, and carbon-14 sctivities,
The purpose of this work was to determine if the
vaste waterialse met Eaviroamental Protection
Agency regulations for being shipped off-aite
for disposal or should they be held for future
action, At best, most of the snalyses on thesn
materials were only cursory screening operations
due to the nature of the samples, some of which
had as many as four separate phases,

Researchers of the Environmentsl Sciences
Division submitted seversl suites of brine water
ssmples collected from test wells st the shale
hydrofrscture waste disposal site for the derer-
minations of gross alpha, gross beta, stroatium~
90, technetium-99, critium, cesium-137, cobalt-
60, and trensuranics. The radiochemical separs-
tions for setrontium-%0 and trchpetium=-99 were
complicated by the high concentrations of stable
elements in the brine solutions (Bs, Ca, K, Mg,
and Ns ranged as high ss 10 mg/mL and Sr as high
86 1 mg/ml), Modificstions of normal procedures
vere required to scquire data, Methods sre
being developed to improve our capsbilities on
samples of this nature.
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Mewbers of the Heslth snd Safety Research
Division submitted meversl hundred woil samples
from cores taken st & St. Louis site vhere waste
from s former uranium processimg operation had
been dumped. The object of this project wes to
provide engineers with the locstion of coutsmi-
nated 90il that was to be removed. Thoriuse-230
vas the selected radiommclide used to measure
the level of contawiunstion. Our determinatiouns
of thorium-230 were simplified by the use of a
nev alphs/bets counting system.

Several projects that we supported required
the development of procedures and/or methods to
comply with requests. One project imvolved
snalyziang Eish from 1csl streams for
technetium-99 content, The lack of a standard
reference material similar to these samples made
our work difficult, and the results were
reported ss tentative,

Another project dealt wvith the determination
of the emanation rate of radon from councrete
sssples for the Charleston Naval Shipysard. A
procedure was developed to process concrete
disks and crushed concrete samples by coating
some ssmples with epoxy and wmeasuring all
samples for radon exhzlation. Each sample was
sesled in a specially designed plastic coazsin-
er, the container was flushed :th helium, and
after an ingrowth period, the radon that
emsnated from the concrete was cnllected om
silica gel at liquid nitrogen temperature. The
"trapped” radon was subsequently messured by
liquid scintillsetion counticg.

During the year we responded to several
episodes of varying degrees of urgency for the
deterwinations of a variety of radionuclides,
Sewsge sludge from the Osk Ridge City sewage
plant was found to be contaminated with radio-
activity after some of the sludge had been
spread on fields as fertilizer. We analyzed
portions of the raw sludge and eoil from the
contaminated fields for strontium-90, ursnium
isotopes, and transursnics. Urine samples frow
ORNL personnel eaposed to radiosctive debris
vere anslyzed on ¢ rush besis for strontivm~90
and  plutonium 1isotopes, and vsrious filter
waterials and smears taken st a waste-storage-
tank site were analyzed for several radionu-
clides. All of these incidents required rapid
response, superseded normsl work, and usually
necessitated overtime in order to deliver tiwely
resules,



Jo S. Eldridge

The Special Projects Growp (SPC) provides
applied research and technical support in a
variety of programs related to euvircumenatal
surveillance, emergency response, aad for inven-
tories of preciocus metals and special mclesr
materials.

Previous studies on the use of thyroids from
vehicle-killed deer were extended to determine
environmental pathways for radiociodine species.
Earlier work bad shown the presence of 1251
(a 60-d. half-life, weutron-deficient radio.u-
clide) in all deer thyroids collected on the Oak
Ridge Reservation., Animsls collected nesr the
eastern boundary of Oak Ridge Wationsl
Laboratory contained the highest couocentrations
of 1251 in their thyroid glands. Since the
prevsiling winds are from west o east, it was
speculated that ORNL was evidently the origin of
the environmemtal 1251, A  release of
125] pear the end of 1983 resulted in
elevated levels of ridioiodine in deer thyroids.
Charcoal samples used to monitor gaseous iodine
releases from an ORNL stack were obtained for
the period in late 1983 when the biological
information indicated a gaseous release of
iodine. In these charcoal sawples, 1251
concentrations equivalent to s 300 aBq (8 =Ci)
discharge were found, the 1251 is ot
detected by the ususl anslytical procedure for
radioiodine releases; therefore, the 1251
discharge was detecced as a direct zesult of a
bioindicator measurement. The documented
pathvay analysis ashoving an airborne release
coupled with the high levels of 1251 in
animsls near ORNL in & downwind direction of the
prevgiliag winde clearly demonstreted the
importance of meteorological conditions on the
patterns of airborne contaminants in the
environment .

lodine-129, an ijodine isotope with a half-
life of 16 million years has bsen determined by
a direct gamms-rsy spectrometric measurement in
eight of fifty deer thyroid glands collected
nesr ORNL, Usually, 1291 determinations in
thyroids from animals near nuclear facilities
require specisl methods involving chemical
separstion of the iodine followed by neutron
activation enhancement via 1301 production.
The eight thyroid glands contained 1291 g
concentrations ranging from 1 cto 9 Bq/g (30 to
250 pCi/g) dry weight., By assuming an average
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statle iodise coutent of 2.3 wg iodime por grem
of dried thyroid aslosg vwith the opecific
activity of 1291 (6.4 becquerels per
microgram), aa 1291 o 1271 gtom ratio
of 6.4 x 10* was calculated for the smimsl
with the highest 1291 comcentration. This
reselt is sbout two orders of magmitude higher
than those fousd in wule deer thyroids from the
vicimity of the Idaho UWational Eagiseerisg
Laborstory.

From these preliminary eotudies, it wes
concluded that there is en ewvirommeatal pool of
1297 in the vicimity of MWL thet is wcces-
sible to grazing animals that consume large
quantities of grass. Further eotudies ace
plamned to determine whether 1291 resches
the enviromment by an airborne pathway.

Assistance to the DOE Radiologicsl Assistasce
Progran (DOE-RAP) contiouas to he provided by
the SPC in the form of emergency drille as well
as for actoal emergencies. The State of
Tennessee Division of Rediological Reslth
requested assistance from DUE after it received
a report of a missing well-logging source from a
Crosgville, Teunessee, firm. The source was
described as & 6~in. loug by 1 1/2-in. dismeter
stsinless steel cylinder contsining 3 curies of
24lpn  mixed with beryllium to produce
neutrons for oil well-logging activities. The
source wvas discovered missing when the transport
vehicle arrived in Willismsburg, Keotucky, after
departure from Crossville. It wes presumed lost
somevhere between those two cities. The wehicle
passed through Osk Ridge on its trip. A search
tesm directed by s SPC staff member was
dispatched to Crossville to start s search in
the east-bound direction, while the DOE mobile
laboratory directed by gnother SPC scaff mmber
proceeded from Osk Ridge towards Willismsburg.
Both teams used sodius iodide detactors with
sudible output for the detection syatem, The
dctectors were wmounted ocutside the wehicles in
such a fashion as to provide moximum sensitivity
for the 60-keV gamma-rays of 24laa, The
source wvas found lying sbout 3 feet from the
pavement in the median strip of 1-75 about 10
miles north of the Kentucky border., The source
vas found to be intsct snd was returned to Oak
Ridge vhere it was returned to the owners.

Assistance vas also provided in the operstios
of the DOE mobile lsborstory during the two-day
annual ewergsncy emercise st the Watts Bar
nuclear power plent. Mock emergency radiologi-
cal msssurements were provided at an esergency
center estsblished in Athens, Tennessee.




Rondestructive assay (NDA) measorements are
performed in support of preciovs wmetals and
special noclear materiels (SMM) inventories. A
portable, cart-mounted intrinsic germanium X-ray
detector system is used for both WDA aspplica-
tions. Ta the first case, & 3/Co source
exciter for X-ray fluorescence is used to
produce characteriatic X-rays from the precious
.metals, with the X-ray detector providing quali~
tative anslysis informationm. In s typicsl
application for the system, qualitative snalyses
are performed at the time of precious metasl
inventory audits at the respective storage
vaults. It is possible to detect and sort
precious metal alloys from lots of pure metal to
correct labeling wistakes (& spool of wire
labeled as platinum was found to be silver), and
to detect base metal substitution (a large disc
of metal 4~in. diameter by 1/4-in. thickness was
found to be a base metal vhen a lot of platimm
The rapid and cost
effective technique of wmetal identification via
the source-excited X-ray emission is now a
routine technique for inventory verification in
conjunction with sudits by the Laboratory
Protection and Finance and Materials Divisions.

scrap vas inventoried).

The portasble X-ray detector systes without
the soucce exciter is used for wmeasurement of
low-energy X- and gamma-radiation from SNM at
the time of annual or special audits, The
measurement of characteristic Y- or gamma-rays
emitted frum uranium, thorium, sand plutonium
nuclides serves as the basis for NDA procedures,
The portability of the WDA system has proven to
be a great asset in providiag needed information
to the Laboratory Protection Division for SNM
inventory verifications. The system was taken
receatly to Building 7019 (where there is no
electrical service) and operated with power from
a portable electrical generator. Measurements
were necessary to segregate a large qusntity of
nuclear fuel rods into thorium—bearing, anatural
uranium, aud depleted uranium lots. Detection
of the characteristic 186 keV gamma-ray from
235y was used for the NDA of uraniua rods,
and the 239 KkeV gamma-ray from the 10-h
212pp  daughter of the 232Th  was used for
the verification of the thorium-beariug rods.
After the initial measuresents and
identification of thorium-bearing rods were
made, the thorium rods could be segregated from
the others, since they were only two feet in
leagth snd all uranium rods were four feat .
greater,

(N. A. Teasley)

ACTIVATION ANALYSLS
J. F. Pmery

The Activation Anslysis Group provides
general npeutron aectivetion amalysis (NAA)
services for a msber of Laboratory divisions
and programs,

This year we determined Ag, Au, Ce, Cl, Co,
Cs, Cu, Fe, Hg, I, 1291, X, o, Ma, Oy,
Sr, Ti, U, V, and 2Zn in alloys, ceramics,
metals, single crystals. and soils for the Chem-
istry, Chemical Technology, Environmental and
Occupational Safety, Health and Safety Research,
Operations, Physice, and Solid State Divisions.

We have renewed efforts ro obtgin an addition
to our High Flux Isotope Reactor (HFIR) MAA
laborstory. The project will consolidate aur
ORR MAA facility with the WAA research facility
st the AFIR, The radiochemistry labozatory at
the AFIR wvill be enlarged, a new counting rcom
vill be constiucted, and an office area will
replace the present counting room. The pew
counting room will increase our usable apace
from 320 sq ft to 600 sq ftr,

During a three month shutdown of the HFIR to
replace the beryllium reflector, the incore
section of the pneumatic tube was also replaced.
Originally the lifetime of this section was to
be 5 yesrs, but mechanical tests indicsted the
lifetime could be extended to 8-1/2 years which
coincides with the berylliums reflector ch.anges.
He have acquired high purity graphite rsbbits to
be used for extended irradiation times in the
HPIR poneumatic tube, There is wvery little
induced radiosctivity in these rabbits asfter an
hour irradiation. Th2 rabbits are fabricated to
our design by Poco Graphite, Inc.

We provide technical support to the Chemical
Technology Division in a study, supported by the
NRC, of the depositon of fission products from
aerosols. Experiments have beer performed to
study the irteraction of CsOH and Csl vapor vith
various waterials, such as silver, mangarese
oxide, chromium oxide, iron, iron oxide, tin
oxide, and zinc oxide, that might be produced in
nwclear sccidents,

Our work for others activities wostly
consisted of determining Uranium and Thorius in
semiconductors and semiconductor materisls as
wore and more manufacturers are increasing thair
efforta to reduce the Uranium and Thorium in
their products. The impetus for this is the
soft error effect in computer memories csused
by the iomizing alpha particles emitted by
Uranium apnd Thorium and their dsughtars.
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6. QUALITY ASSURANCE, SAFETY, AND TABSULATION OF ANALYSES

w.

C.
A.

OUALITY ASSURANCE

Responsibility for the quality of work done
within the five sections of the Analytical
Chenistry Division falls to the respective
Because of the diversity in types
and scopes of work done in these sections,

supervisors.

several means are used to sasure quality. The
annual quality sssurance report (ORNL/CF-84/374)
compriscs a collection of statements from each
group and/or laboratory, encoapassing (1) scope
of wurk, (2) quality assurance progras and
procedures, (3) quality assurance compliance
information and data, and (4) standard reference
uaterials and thef{r sources. Included is a
sratement summarizing control samples prepared
and distributed during the reporting period and
the quality level obtained with these internal
control (reference) standards. Table 6.1 shows
the qualfty level for each of the participating
laboratories within the division and compares
the reaults with thoae from the previous yesr.
Lists of the different control programs and the
number of results reported for each are given in
Tables 6.2 and 6.3. During 1984 control
dererminagtions f{ncreased by 16%; control
programs {increased 4Z. Analytical work {is
sunmarized in Table 6.4.

During this year four internal audits were
conducted, and there were five external audits

R.
L.

L.
E.

Laing
Howell
MzcDougall
Harrod
Jones

of ACD programs. The division participated 1ia
Quality Assucance Week and conducted a customer
survey. Six nonconformance reports were filed,
and Quality Assursnce Plans and Assessments wvere
reviesed and revised. The quality control
progras was expsnded, and quarterly reports
prepared for distribution to management and
custosers. Special control solutions were
prepared to meet unusual customer requirements.
Quality protiems were addressed in the areas of
inductively coupled plasma sepectroscopy, gamma
spectromsetry, acid measurement and cosmercially

prepared standards. An improved wmercury
purification process was developed which
exhibited better quality and performance.

Backup was provided for certain critical tasks,
and an alloy {dentification system was
established to assist Inspection Engineering.
The Quality Assurance Coordinator (QAC)
attended workshops on  quality assurance
assessnents and on potential probles analysis.
Asaistance was given to the American Society for

Testing and Materials (ASTM) and to the
Institute for Nuclear Materials Management
(INMM) 1in the preparation of analytical

chemistry QA standards. An orientation programs
on QA was presented to nev employees, and s
quality sssurance meeting for the four Energy
Systems plants was held at ORNL.

Y



Table 6.1 Distributfion of control tests by service laboratory
for October 1983 through September 1984

Number of control results 1983 1984
Outside Quality Quality level
Laboratory Total fixed limits level (1)*
Chemical and Physical 2119 76 931 962
Analysis
Environmental Analysis 785 20 931 972
Laboratory
PLow-Level Radio- 132 23 - 832
chemical Aonalysis
Radiocactive Materials 837 22 981 971
Analytical Laboratory
Transuraniums 1627 84 962 951
Anslytical Laboratory -
Total 5500 225 95% 962

no. results in control

a
Quality level, Z total no. of results

x 100

bBegan participating in control program lst quarter 1984.



Table 6.2 Control samples prepsred for October 1983

through September 1984

Hethod

control solutions

Coucentration

range (mg/ml)

Atomic absorption
spectrometry

Chemical separation/
11q. scintillation
counting

Coulometry

Count, alphs

Pluorometry

Gamma-Spectrometry

Gss Chrosatography

Cravisetry
Gravimetry (Leco)

Ion chromatography

Ion selective electrode

Inductively coupled
plasma (7CP)

Infrared absorption
spect! dphotometry

Spectrophotometry

Volumetric titrimetry

X-ray fluorescence
spectrometry

Total

Rumber of Number of
control elements

15 15
3 17
1 3
1 4
1 4
13 61
1 3
3 12
2 4
7 4
2 4
30 7
2 2
8 11
3 34
4 3

106 188

0.002-0.250

1.0E2 to EB6
Bq/al

8-12
0.03-0.05
0.001-0.010

1.0 E1 to
E7 Bq/ml

0.001 to 999
wg/l

2-75%
100-800 ug/g
0.001-0.650
0.001-0.100

0.001-0.1500

0.004-0.100

0.0001-5.0

(acid)0.1 -
7 Normal,

2-120

0.50-150
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Table 6.3 Dirtribution of coatrol results by method for
October 1983 through September 1984

Humber of Number of

Method of analysis coutrol elements coutrol results
Atomic absorption 15 365

spectrometry
Cheaicsl separation and

1iquid scintillation counting 3 91
Coulometry 1 50
Count, alpha 1 368
Fluorometry 1 233
Gamma spectrometry 13 1242
Gas chromatography 1 1
Gravimetrty 3 26
Gravimetry (Leco) 2 62
Ion chromatography 7 965
Ion selective electrode 2 4
Inductively coupled 30 1172

plasma (ICP)
Infrared absorption 2 13

spectrophotometry
Spectrophotometry 8 165
Voluaetric titrisetry 13 718
X-ray fluorescence & 85

106 5500




The safety policy of the Analytical Chemistry
Divisioe is described {a the following
statements:

1. Conduct all activities with the lowest
reascosble rtisk of persoosl fnjury or
property loss due to preveatsble sccidents.

2. Perform sll work and maintsin the working
envirocament in accordsace with laboratory
safety regulations and desigusted nstionsl
codes and standards.

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

4. To 1improve employee awareness of ssfety
while off the job as well as on the job.
The Analytical Chemistry Division has had

only one (1) first aid case this yesr, oo

recordsble injuries/illnesses, no lost workday

cases, and to date, only three (3) off-the-job

{fajuries. The employees have accusulated

2,644,009 workday houtrs since the last lost time

accident 1in 1972, This vecord 1s possible

because of the excellent safety awvareness
prograa vithin the division.

All division employees are Trequested to
attend a safety wmeeting each quarter. During
this reporting period, over 901 of the employees
attended such a8 meeting.

The division conducted the following safety
training and orientation workshop this year:

1. ACD ULeocal Emergency Organization, Fire &
CPR.

2. Health Physics Orientation, New Employees.

3. QA Orlentation, New Employees.

4. ACD General Orieatatfon Workshop. This
included hazsrdous wmaterials, rsdistfon
control, affirmative action and the
divisior's open door progras.

Quarterly safety audfts were made by the
division's safety committee and the division
safety officer.

This division aaintsaine a surveillance
progras that will reveal and correct conditions
or deficiencies {n the physical 1layout of
equipment or activities which could result fin
injury to personnel or property damage.

During the year, three amalyticsl cheafstry
facilicies, Suildiags 2026, 3019-B and 2011,
have been reviewed by the Radicective Operatioces
Committee.

The goal of the division 1is to reduce
radistion exposure to as low as reaschably
achievable (ALARA). Five w®=ev laboratory
employees were traimed st Radicective ¥Waterials
Anmalytical Lsboratory (RMAL) im hot cell, glove
box and radiochomical procedures snd techniques.
They also received health physics trainimg. All
persommel at Traasuraaioa Lsboratory (TRU) and
RMAL now wear persounel radistioa womitors with
audible indicators. ¥ew lead-limed glove boxes
have been instslled and are mow in use at TRU.
All onew employees rteceived s radiation safety
orientation.

Other radistioun-related safety activities for
RMAL included installatiocn of emergency lights
in the radiochemical laborstories, crash bars
on laboratory doors and asutomatic coatrols and
switching devices for venti.ation systems.

Radiation exposure averaged 580 sR/my st TRU
and 160 wR/my at RMAL compered to the DOE
saximsum sllowable exposure of 5000 mr/my.

The division is in complisnce with the new
Departwment of Traansportstion regulations
regarding transfer of radiocactive and hazardous
materisls between Osk Ridge installations.

© e e g



Table 6.4 Summary of analytical work

Number of results reported by

Mass and Radioactive Mate- General and
Emiasion Transuranium riala Analytical Bio/Organic Environmental
Organization Spectrometry Laboratory Laboratory Analysis Analyais Total
ORNL Unit

Analytical Chemistry 95 115 73 7,548 7,831
Biology 110 9 19 520 658
Ceatral Management 6,695 6,695
Cheaical Technology 4,199 19,554 3,597 60 11,637 39,047
Chenistry 181 22 2,201 2,404
Energy 912 912
Engineering Phyaics 30 26 36
Engineering Technology 1,347 171 8,034 9,552
Eanvironmental and Occupational

Safety 105 590 15,601 16,296
Environwental Sciences 148 55 1,156 124,703 126,062
Finance and Materials 82 36 118
Fuel Recycle 155 3,042 602 3,799
Fusion Energy 334 149 483
Health 10 8 568 586
Health and Safety Research 147 73 4,022 4,242
Instrumentation and Controls 15 1,134 1,149
Laboratory Protection 12 12
Metals and Ceramics 5,340 3l 16 2,693 8,080
Operations 14,028 11,726 1,087 3,298 30,139
Physics 95 176 218 489
Plant and Equipaent 739 739
Solid 3tate 503 48 1,000 1,531

Others

Protective Coating Testing 501 301
K~25 and Y-12 3,578 360 6,116 10,054
Miscellaneous 942 43 23 247 1,257
Savannah River Laboratory 155 155
Work for Others 779 484 12 32 1,327

TOTAL 31,352 32,059 9,920 2,100 198,763 274,19
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7. SUPPLERENTARY ACTIVITIES

The divisifon continues to maintain liaison with tne acadeaic community through Iits
Advisory Committee, consultaats, and various ORNL and ORAU programs. Ve also mske facilities
available for student and faculty research and training programs.

ADVISORY COMMITTEE

The cycle for the division's Information Meeting has been extended to 18 months; the next
meeting will be in July 1985. The 1984 Advisory Committee was couposed of :

J. §. Prazer, 6767 Alisal Street, Pleasanton, CA.

J. G. Grasselli, Standard 01l Company, 4440 Warrensville Center Road, Cleveland, OH.

M. V. Novotny, Cheaistry Department, Indiana University, Bloomington, IN.

J. ¥. Taylor, Chemistry Department, University of Wisconsia, Madison, WI.

R. G. Uymer, Chemical Technology Division, Oak Ridge National Laboratory, P.0. Box X,
Oak Ridge, TN.

CONSULTANTS

The following specialists were brought to ORNL on a short-term consulting bssis this past
year as part of our Seminar Program. Details of seminars are listed in Chapter 8.

J. Barris, University of Utah, Sa't Lake City, UT.

D. Johnson, Environmental Sciences Division, ORNL, Oak Ridge, TN.
N. R. Arustrong, University of Arizona, Tucson, AZ.

B. R. Kowalski, University of Washington, Seattle, WA.

R. J. Hessler, Sea Coast Scientific, Stanford, CT.

D. GCere, Hewlett Packard Co., Avondale, PA.

G- D. Owens, Proctor and Gamble Co., Cincianatti,6 OH.

J. C. Giddings, University of Utah, Salt Lake City, Ui.

G. Mamantov and M. J. Sepaniak of the University of Tennessee continued working In the
division as adjunct research participants this year.
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PARTICIPATION IN ORNML IN-HOURS PROGRAM

The following divirional people completed courses during the 1984 wvinter term of the
Coatimmiag Education Prograa for Scientific and Techaical Persocmel:

Partisl Differeatisl Equatioas: L. D. Halett.
Technical Writiag: M. P. May.
MAPPER: D. E. Goeringer.

The following courses were completed during the spring 1984 term:

Selected Topics of DECsystem—10: C. S. Alley.
Introduction to PORTRAN: S. K. Holladay.
Internsdiate FORTRAN: S. K. Holladay.

TELL-A-GRAF: L. M. Roseberry.

Artificial Istelligeace: W. D. Shults and H. H. Ross.

B. A. Tomkins served as “Dean”™ for the division's student guests during 1984.
Brisco Harward, a predoctoral student from the University of Tennessee, continued his work {n
the Analytical Methodology Section as an ORAU graduate research participant.

The division maintains a subcontract with the University of Tenaessee to enable advanced
graduate udents tc participate in environwental analysis programs. Chris P. Leibman worked
with P. J. Todd on organic SIMS studies. Also under this coantract, C. N. Kettler worked with
Mike Maskarinec to develop an electron capture detector for open tubular liquid chromatography.

The division was host to three ORAU graduate research participants this year.
J. R. Parrish worked with Juel Emery performing neutron activation anslysis at the HFIR
reactor- B. L. Harvard continued his work in the Analytical Methodology Section. L. C. Baylor
vorked in the Bio/Organic Anzlysis Section with John Caton or developing an {internal
standardization technique for diffuse reflectance infrared Fourier transform (DRIFT).

SUMMER PROGRAM
During the summer, Alison R. Kean, a representative of the Historicully Black College and

University Program, worked with Mike Maskarfnec on high resolution chromatography development.

Greg Hurst, who was previously a CO-OP in the division, worked as a summer research intern
with John Caton on the characterization of complex waixtures by chrosatographic and
spectroscopic methods.

ORAU POSTGRADUATE RESEARCH TRAINING PROCRAM

G. S. Groenewold worked in the organic mass spectrometry program at Y-12.

W, G. Tong conducted postdoctoral research In laser analytical chemistry in the Analytical
Methodology Section.
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W. R. Laing received an ASTM sward for Editorial Excellence in fuly for recogmitiom of his
outstanding cootribution to the editorial excellence of the stan 'ards prowulgated by bhis
committee-

J. H. Stewart received en ORML Eavironmental Protection Award for collsborstive Amslyticsl
Chenistry—Cheaistry Division effort in developing a production scale methwd for silver
recovery.

27th ORNL/DOE CORFERENCE ON
ANALYTICAL CHEMISTRY IN KNERCY TECENOLOCY

This year’s couference was beld at the Knoxville Hiltou, October 1-4, 1984. The theme of
the coaference wvas “Analysis st the Energy Eavirocament Interface™. Attendance was 169, with
representatives from foreign countries, scademia, industrisl institutions, and other goveroment
agencies. There were 18 exhibits (30 representatives) and 17 booths. Topics emphasized during
the meeting included lasers, msss spectrometry, and muclear and plasms spectroscopy-

A. L. Harrvod was Arrangesents Chairman, W. S. Lyon was Technical Program Chairman, and
J. M. Holladay was Treasurer. Shirley Cates and Gail Viceyard were Conference Secretaries.
Other conference committee wembers iocluded B. R. Clark, W. R. Laing, L. N. Klatt,
¥. D. Shults, J. H. Stewart, and P. J. Todd.

ANALYTICAL CHEMISTRY DIVISION SEMINARS AT ORNL

Speaker Ticle Date
Harris, J. “"Laser Based Thermo-optical Methods for Jan. 19, 1984
Univ. of Utah, Trace Cheamical Detection”
Salt Lake City,
uT
Johasen, D. "Effects of Acid Rain Deposition of Forest Apr. 25, 1984
Eanvironmental Soils and Nutrient Cycling”
Sciences Division,
ORNL
Armstrong, N. R. “Hydrogen Uptake and Release in Titanium Thin Msy 3, 1984
Univ. of Arizona, Filas and L1/S0; Surface Cheaistry Studies
Tucson, AZ by Electron Spectroscopy, Rutherford Backs~attering
Spectroscopy and Quartz Crystal Microgravimetry”
Kowalski, B. R. “Chemosetrics and Process Anslytical Chemistry” June 4, 1984
Univ. of
Washington,

Seattle, WA




Bessler, R. J.
Sea Coast
Scientific,
Stanford, CT

GCere, D.
Hewlett Packard
Co.,
Avondsle, PA

Owesns, G. D.
Proctor aad
Gamble Co.,
Cincinneti, OR

Giddings, J. C.
Ooiv. of Dtah,
Salt Lake City, UT

AY™ILL, J. K.
Advisory Committee:
Mewber:

Sswple Coordinator:

BRAZEKLL-RAMSEY, R, S,
Chsirman:

IROOKSBARK, R. D.
¥ember:

Division Assistant
Representstive:

Co-organizer and
Sesgion Chairman:

BUCNARAN, M. V.
Member:

CARTER, J. A.
Advisory Board:

Advisory Panel Member:

Laborstory Coordinator:

Secretary:

CATON, J. K.
Member :
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"A Laser Ionization Mass Analyzer” Aug. 3, 1984
“Chromstography with Sopercritical Carbon Dioxide” Aug. 28, 1984
“Applications of Wobotics ia Anslytical Chemistry Sep. !4, 1985
"Separation and Characterization of Macromolecules Mov. 15, 19854

and Particles by Field-flow Fractionation”™

ADPITIONAL PROFESSIONAL ACTIVITIES

Subcommittee £E-38,01 on Energy, ASTM

ASTM Committee E-38 on Resource Recovery
ORNL Emergency Oil Spill Response Team
ACD/Department of Eavironmental Managewent

ACD Seminar Committee

ASTM Committee D-33, Protective Coating and lining Work
for Pover Generation FPacilities

Material Balance Area Representative for Muclear Materials
Managenent

Seminar on Decontsminstion of Nuclear Facilities, ASTM D-33,
May 1984

ORAU Tresveling Lecture Program

Analyt ical “hemistry

DOE/ISA Laboratory Advisory Group for Effluent Research
(LACER)

ISPO Programs

Subcommittee C-5:05, Analytical Task Group (Reactor Grade
Graphite), Commitcee C-3, Manufacturer of Carbon and
Graphite Products, ASTM

ACD Long fange Planning Committee
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Member: ACD Long Range Plsnning Committee

Yember: ASTM Committee C-26, Nuclear Fuel Cycle, and Sabcommittee
C-25:05, Test Methods
ACD Loug Range Planning Committee
MIE, J. M. : .
Member: >. ACD Seminar Committee
ACD Solids/Surfaces Characterization Team

PR

DOWOESE, B, L.

Lecturer: ORAU Traveling Lecture Program ;

I

DIER, F. ¥. ;
Mexber: ACD Sewminar Committee

|
ELDRIDGE, J. S. §
Member: ACD Long Range Planning Committee |
Lab Committee 8 of the Internstioual Society Committee for |
the Methods of Air Sampling and Anslysis 1
Steering Committee, Enavironmentsl Radiation Section of ‘

Health Physics Society

DERY, J. ¥,
Division Representative: Laboratory Esergency Sample Coordinator
Division Computer Systems Security Officer
FELDMAE, C.
Fellow: American Society for Testing and Materials
Member: Committee E-2 on Emission Spectroscopy, ASTM, Subcommittees
on Pundamental Methods, Editorial Practices, and
Noaenclature
Scientific Editor: Optice and Spectroscopy (English translation of Russian

journal, Optika i Spektroskopita)

Division Representative: Energy Systems Eavironmental Analysis Committee

CLIsSAE, C. L.
Chairman: American Society for Msss Spectrometry History Committee
Lecturer: ORAU Traveling Lecture Progras

Member: ACD Seminar Commttee
GRIEST, W, B, q
Consultant: Department of Energy - BES

Electric Power Regearch Institute
Environaental Protection Ageacr - IERL/TSO



CUZRIN, M. R.
Consultant: Department of Eanergy (OHER)
Pacific Northwest Laboratory Program Review
Complex Mixtures Program Chemistry Representative
Analytical Methodology Progras Panel
Nationsl Institutes of Health
WIDA Analytical Support of Drug Research Proposal Review
Panel
Departsent of Energy (FE)
Pacific Worthwest Laboratory “rogram Review
Internstional Research and Developmeat Corporatioan
Progras Review
Eavirommental Protection Agency
Mutagenicity Sample Preparation Protocol Development Panel
Division Representative
DOE Chemical Defense Waste Program

HICCINS, C. E.
ACD Ombudsman

BOLMBERG, R, W,
Coordinator: ACD Metric Coordinstor

BOWELL, P. L.

Coordinator: ACD Quality Control Program
WOLETT, L. D.
Coordinator: ACD Solids/Surfaces Characterization Team

JENKINS, R. A.

Consul tant: National Institute of Drug Abuse - Exposure of Animals
to Concentrated Smokes
Member: ORNL 5; aker's Bureau
JOWES, k. E,
Chairman: Task . .up on Methods of Coatings Analysis D-33
Division Representative: ACD Rar.iation Control Officer

Respiritor Trainer
Member : ASTM Committee D-33, Protective Coating and Lining Work for
Generation Facilities

KELLER, J. M.
Member: ACD Seminar Committee
Digital Equipment Company Users Society (DECUS)
KLATT, L. N,
Member : Energy Systems, Ph, D, Recruiting Tesn

ACD Long Range Planning Committee

Planning Committee, 27th ORNL/DOE Conference on Analytical
Chemistry in Energy Technology, Knoxville, TN, October 2-4,
1984

Secretary: ACS Division of Analytical Chemistry



LAING, V. R.
Chairmen:

Coordinator:
Fellow:
Mewber:

Vice—chairmsn:

LYow, ¥, S.
Advisory Board:
Chairman:
Fellow:
Honorary Member:
Member:

Regional Editor:
Technical Program Chairman:

MASKARINEC, M. P,
Hember:

McKOVN, H. S.

Division Representative:

RAMSEY, J. M,
Hember :

noss, . H.
Chairman:

Member :
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Subcommittee C26:05, Test Methods, Muclear Fuel Cycle, ASTN

ASTM Long Range Plemning Committee

ACD Quality Assurance Program

Mmerican Society for Testing and Materials

ASTH Committee D-33, Protective Coatings

ASTM Committee on Technical Committee Operatious

1SO Technical Committee 85, Subcommittee 5

ORNL Pregrievance Committee

Planning Committee, 27th ORNL/DOE Conference on Analytical
Chemistry in Bnergy Technology, Knoxville, T, October 2-4,
1985

I Group 5.1, Anslytical Chemistry Laboratory Messturement
Control

Energy Systems-GAT Analytical Committee

ASTHM Committee C26, Wuclear Fuel Cycle

Analyet

Honors & Awards Committee, Isotopes & Radiation Division, ANS

American Muclear Society

Committee E-10, Wuclear Techanology and Applicetions, ASTM

Organizing Committee, 7th Internstional Conference on Moderan
Trends in Activation Analysis

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

Technical Progrea Committee, 5th Iaternationsl Conference on
Nuc lear Methods in Eavironmental and Eaergy Research,
Mayaquez, Puerto Rico, April 2-7, 1984

Jourmal of Radiomalytical and Ruclear Cheristry

27th ORNL/DOE Conference on Analyticel Chemistry in Eaergy
Technology, Kanoxville, TN, Oct. 2-4, 1984

AST™ E-19 Committee on Chromatcgraphy
ASTM D-34 oun Waste Disposal

Interplant Computer Communications Comnmittee

ACD Seminar Committee

ORNL Graduate Student Selectior Panel

ORNL Post Doctorate Selection Vanel

ACD Seminar Committee

Editorial Advisory Board, J-urmal of Radioanmalytical and
Muclear Chemistry

Fellowship Commicttee, ACS, Division of Analyticsl Chemistry

ORNL Technology Utilization Committee

. s nu gy Mm
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ROSSEFL, T. M.
¥ember:

Chairman aund
Organizer:

scoTY, T. G,
Member:

SHULYS, ¥, D.
Consul tant:
Meaber:

Past President:

SMITH, D. H,
Chairman

Coordinator:

Member:
Symposium Organizer:

STEVART, 1. B., Jr.

Division Representative:

Member:

Task Leader:

STOKELY, J. R.
Coordinator:

ACD Sewinar Committee

Progras Committee, 11th Annual PACSS Meeting

Scholarship Committee, Tennessee Valley Chapter, American
Vacuua Society

ACD Solids/Surfaces Characterization Tesm

Session on "Analysis and Characterization of Surfaces,”
4th Annual Tennessee Valley Chapter, AVS Symposium,
Knoxville, TN, M=y 1-3, 1984

Session on "New Directions in X-ray Analysis,” llth Annual
FACSS Meeting, Philadelphias, PA, Sept. 16-21, 1984.

Committee D-19, Water, ASTH, and Subcommittee 4, Methods of
Radiochemical Anaiysis
Health Physics Society

Energy Systems Career Planning Program

Advisory Committee, "Analytical Approach," Analytical
Chemist ry

Canvassing Committee for the ACS Award for Creative Advances
ia Environmental and Technology

Editorial Board, Analytica Chimica Acta

ORNL In-House Continmuing Education Committee

Technical Services Committee, Energy Systems

Sigma Xi RESA, Osk Ridge Chapter

American Society of Mass Spectrometry Isotopes Ratio
Committee

ACD PhD Recruiting

ACD Long Range Planning Committee

Symposium on Frontiers in Isotope Ratio Measurements, 33rd
Annual Conference on Mass Spectrometry and Applied Topics,
San Diego, CA, May 1935

ACD Environmental Protection Officer

ACD Solids/Surfaces Characterization Team
Fluorescence Methods

Manuscript Review Board for Analytical Chemistry

Microbeam Analysis Society

Planning Committee, 27th ORNL/DOE Conference on Analytical
Chemistry in Energy Techaology, Knoxville, TN,
October 2-4, 1984

ASTM C-26,02 Nuclear Fuel Cycle Task: C-26.05 X-Ray

International Working Group "Analyticsl Standards of
Minerals, Ores and Rocks"

ACD MS/BS Recruiting



T™ODD, P. J.
Member:

Coordinator:

TOMKINE, B. A.

Coordinator:

WALXER, R. L.
Mvisory Panel Member:

WVEITTEN, W. B.
Lecturer:

YOURG, J. P.
Fellow:

51

Plaaning Committee, 27th Annual DOE/ORNL Conference oan
Analytical Chemistry in Energy Techmology, Knoxville, TN,
October 2-4, 1984

ACD Awards

ACD University Relations
ACD Family Day 1984

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

ORAU Traveling Lecture Program

American Association for the Advancement of Science
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Materials asnslyzed this year have been A},
§i0, Ti, W, and polyimide encapsulating
coatings. Our outside customers were Texas
Instruments, buPoat , Cominco Electronic
Materials, Harbison-Walker, IBM, and Varian.

Some other requests were for the
determination of 07 in sodium metal by the Air
Force and radcn emanation from concrete by the
Navy.

(P. P. Dyer, L. Robinson, and L. D. Bible)
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8. PRESEMTATION OF RESEARCH RESULTS

As in past years, the division has actively rasponded to the changing priorities
of the ORNL research effort by changing the amphasis of some of its own programs or

instituting nev studies.

nuclesr - is reflected in the research results listed below.
spprosch required in many such problems is indicsted by the mumber of papers and talks

coauthored by wembers of other ORNL divisions.
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and Bvaluat ione

Griest, W. H., Maskarinec, M. P.; Tomkins, B. A.

Chemical/Physical Characterization and Mamage-
ment of Samples from the A-Coal Pilot Plant
Site Specific Aesessment

Griest, W. H.; Tomkins, B. A.; Catonmn, J. E.

Identification and Quentitation of Polynuclear
Organic Matter (POM) in Energy-Related Materiale,
EPRI, Pinal Report

Ro, C.~h.; Jones, A. R,; Epler, J. L,;* Guerin,

M. R. Ugrading Coal-Derived Liquids by Means
Other Than fAydrotreatment - I. Salmomella
Miorobial Mutagemiocity

EEPORT %0. AND DATE

ORNL/CY-84/201
(Sept. 1984)

ORNL/CF-84/204
(Sept. 1984)

ORML/CF-84/202
(Sepr. 1984)

ORNL/CF-84/203
(Sept. 1984)

ORNL/TM-9167
(May 1984)

ORNL/TM-8916
(May 1984)

OBNL/TH-8911

(Aug. 1984)

ORNL/PP0O-84/88

(May 1984)

ORNL/TH-9043

(Feb. 1984)

C e ey M




AUTROR

Gaerin, M. &.

Higgins, C. E.

Ho, C.-h.

Holamberg, R. W.

Howell, P. L.

Jenkins, R. A.

AUTHOR(S) AMD TITLE

Ao, C.-h.; Jones, A. R.; Epler, J. L.;* Guerin,
M. R. Upgrading Coal-Derived Liquids by Means
Other Than Hydvotreatment - I. Salmomella
Microbial Mutcogenicity

Higgins, C. E.; Grie.*, W. H.; Guerin, M. R.
Sampling and Analysis of Cigarette Smoke Usirg
the Solid Sorbent Temax

Guerin, M. R. Analytical Chemistry Division
Regearch and Development Swwmary; Pebruary 1984,
Bio/Organiz Analysis Sezticnm

Guerin, M. R. Malytical ‘heristry Division
Research and Developmnt Summary; June 1984,
Bio/Organic Analysis Section

Guerin, M. R. Analytical ‘hemistry Divieton
Regsearch anl Development Swmwmawy; October 1984,
Bio/Organic Anilysis Section

Higgins, C. E.; Griest, W. H.; Guerin, M. R.
Sampling and Analysis of Cigarette Smoke Using
the Solid Sorbent Tenax

Ho, C.-h., Jonzs, A. R.; Epler, J. L.;* Gierin
M. R. Upgrading Coal-Derived Liquids by Means
Other Than Aydrotreatment - I. Salmomella
Mierobial Mutagenicity

Jenkins, R. A,; Holamberg, R. W.; Wike, J. S.;*
Moneyhun, J. H.; Brazell-Ramsey, R. S. Chemical
Tharact erizat ion and Toxrieologic Evaluat ion of
Airborme Mirtures: Chemical and Physical
Sharacterizat ion of Diesel Puel Smoks

Bayne, C. K,;* Brooksbank, R. D.; Howell, P. L.
The Calibrmation of Jmanium and Plutoniwm in
Nitrie A2id Solutions for X-Ray Pluorescence
Analysis

Jenkins, R. A, ; Maaning, D. L.; Maskarinec,

M. P.; Moneyhun, J. H.; Dalbey, W.;* Lock, S.*
Chemical Thameterizat iom and Tozieologic
Emluation of Airbowme Miztures: Diesel Puel
Smoke Particulate Dogimetry in Sprague-Dawley
Rate

Jenkins, R. A.; Holmberg, R. W.; Wike, J. S.;*
Moneyhun, J. H.; Brazell-Ramsey, R. S, Chemical
Chamot arizat ion and Toxicologic Evaluation of
Airborme Mizturas: Chemical and Phyeisal
Charmacterization of Diasel Pual Smoke

REPORT MO. AKD DATE

ORNL/TM-9043
(Feb. 1984)

JRNL/TM-9167
(May 1964)

ORNL/CF-84/77
(Mar. 1, 1984)

ORNL/CP-84/285
(July 1, 1984)

ORNL/CF-84/398
(Nov. i984)

ORNL/T™M-9167
(May 1984)

ORNL/TM-9043
(Feb. 1984)

ORNL/T™M-9196
(July 1984)

ORNL/T™~8981
(Jan. 1984)

ORNL/TM-9195
(July 1984)

ORNL/TM-9196
(July 1984)
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AUTEOR AUTHOR(S) AED TITLE REPORT BO. ASD DATE
Jeukins, K. A. Vatson, A. P.;* Hawthorne, A. K.;* Vo-Dinh, T.;* ORNL/TH-8916
Griest, W. H.; Dreibelbis, W. G,;* Cammage, (say 1984)

K. B.;* Van Hossen, S. D.;* Jeunkius, R. A.;
Klein, J. A.;* Schuresko, D. D.;* Mrochek, J. E.*
Iidustrial Hygiense Monitoring of Gaseous-Liquid
aond Particulate Mrtter Releasse at the
Catlettsiourg, Xentusky, H-Coal Pacility: Ressults
and Evaluct ionse

Jones, A. R. Bo, C.-h.; Jouss, A. R.; Epler, J. L.;* Guerin, ORNL/TH-904)
N. k. Ubgrading Coal-Derived Liquids by Msans (rab. 1984)
OGther Than Hydrotreatmsrt - I. Salmonslla

Mierobial Mdagenicity
Feller, J. M. Rivera, A. L.;* Keller, J. N. Initial tudies ORNL/CPRP-84-16
in the Development of Advanced Processes (Ang. 1984)

and Equipment for the Managemer: of the
Vast mxtere Ganerated During the Washing
of Gel Spherss Produced by Intermal Gelation

Lsing, W. R. laing, W. R. Amlytical Chemistry Division ORNL/Cr-84/94
Monthly Report for Mawch 1984: Radioastive (April 1, 1984)
Mxterials Analysis Section

Laing, W. R. Analytical Chemiatry Divieion ORNL/CF-84/333
Monthly Report for July 1984: Radiocactive (Aug. 1, 1984)

Materials Analysis Seetion

leing, W. R. S atus Report: Radioactive ORML/CP-84/428
Hatarials Section (Dec. 1, 1984)
Leing, W. R. Quality Aseurance Report of the ORNL/CF-84/374
Malytical Chemisiry Division, Ostober 1983 (0ce. 1, 1984)

Mrough September 1984

Lyon, W. S. Lyon, W. S. Analytieal “hemietry Division ORNL/CF-84/3
Research and Development Swmmry for (Jan. S, 1984)
December 1983, Analytical Methodology Section

Lyon, W, 3. Amlytical Chemietry Division ORNL/C¥~84/233
Research and Development Sowmry for (May 4, 1984)
April 1984, malyticol Msthodology Seetiom

Lyon, W, 8. Analytical Chemistry Divieion ORNL/CP-84/351 1
Rasearch and Development Summary for (Sept, 10, 1984)
August 1984, Analytical Methodology Sestion

MacDougsll, C., S. Seals, R. D,;* MacDougall, C. 8§.; Johneon, Y/DU-480-FTIR
L. t.« Roichiometris Analyeis of Resin Mix (March 1984)
Koiahiomss ry

Maaning, D. L. David, P. A,;* Pellechia, P. J.;* Manning, D. L.; ORNL/TM-914!

Maskarinec, M, P, Capillary Zons Tleot rophore- (Apr. 1984)
ste: Inetrumentation and Use with Nomaqueoue
Solvent e
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May, M. P.

lbncylguu, J. 8.

Olerich, G.

- BE8s mm:audm#hw
. Solwents

_Varge, J, .,* !uhn.uec, l. l., Sepnl.lk

N 3 up-ntc in Open Tubidar r.upn.d

Jeﬁ:--. L. A Manning, D. t;.‘%‘l‘k.
_W. P_; Homeyhus, J. N.; Balbey, W.:¥ Lock, 8.%
au-mz Characterizat ion and Toxieologic
Evaluation of Airborme Wiztures: Dissel Pusl
Swoke Particulate Dosimstry in Sprague-Dailey
Rats

Criest, W. H., Waskarinec, M. P.; Tomkins, B. .
Chemieal /Physical Chamcterizsation and Mxmage-
ment of Saomples from the H-Coal Pilot Plant
Site Specific Assesement

Maskarinec, M. P.; Francis, C. W.;* Coyert,
J. C.* Mobility of Toxic. Compounds from
Razardous Vastes.

Oyer, F. F.; Msy, M. P,; Walker, R. L.; Scott,
T. G.; Caton, G. K.;* Stokely, J. R.
Evaluation of Isotope Dilution Hass
Spect romet vy for Bioaseay Meaguvement of
Uraniuwm, Plutonium, and Thorium in Urine

Jenkins, R. A.; Manning, D. L.; Maskarinec,

M. P.; Honeyhun, J. H.; Dalbey, W.;* Lock, §.*
Chemical Charasterization and Toxicologic
Evaluation of Airbome Hixturmes: Dissel Puel
Smoke Particulat e Dosimetry in Sprague-Duiey
Rat e

Jenkins, R, A.; folmberg, R. W.; Wike, J. S.;¥
Honeyhun J. R.; Brazell-Ramsey, R, 8. C‘hemizal
Charasterizat ion and Tozleologic Evaluation of
Alrborne Mixtures: Chemical and Physical
Sharast erizat ion of Digsel Pusl Smoke

Buchanan, K. V.; Olerich, G. rheminal
Composition of Tumorigenis and Mutagenic
rroact{ms cf Two Conl Uiquide

m n. P. a:p:‘llarymﬂchuﬂwn-

ORNL/TH-91%5
(July 1988)

(Apr. ‘1984)

ORNL/TH-9043
(Ipr. l!“)

ORNL/TH-9195
(July 198%)

ORNL/TH-8911
(Acg. 1984)

ORNL/TM~6044
(Aug. 1984)

NUREG/Cc-~3590
ORNL/TM-9006
(June .:3%

ORNL/TH-9195

(Jcly 1985)

ORNL/TH-9196
(July 1984)

ORNL/TH-8680
(Jon. 1984)
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Stokely, J. R.

Strain, J. k.

Teasley., N. A.

Dyex, F. F.; ¥May, M. P.; Walkar, R. L.; Scott,
T. €.; Csten, G. M.;* Stokely, J. R.
Evaluat ion of Isotope Dilutiom Mass
Spectrocwt ry for Sioaseay Measurement of
Uranium, Plutonium, and Thorium in Urine

Stokely, J. R. mualyical Chenistry Division
Semmry Report: Cemeral and Emvivommental
Aalysie Section

Stokely, J. R. Amalytical Chewmistry Division
Summry Report: Gemeral and Envivonmental
malyeis Seetion

Stokely, J. R. Analytical Chemistry Division
Sunwmry Report: General and Envivomwental
Analyeie Section

Boscick, D. T.; Strai., J. L. ; WcCue, D. D.;*
Rarper, R. £.;* Seals, R. D.* Remote Mnalyzer
Jor Wulticomponent Process Streams "RANPS™

Bostick, O. T.; Serai , J. E. The Spestmo-
photomet mia. Determinat ion of Uranium in
Dibutyl Carbitol

Husng, $. V. ;* Ohnesorge, W. I, ;* Owenbdy,

R. K.;* Eldridge, J. §.; Teasley, WN. A.;
Danfels, K. L.;% Alexander, W, A,;* Watson,

J. B.;% Oskes, T. W.* Prsliminary Radiologi-
aal Chamacterization of Ffteen Waste Tunks
at Oak Ridge Ratiomal Labomatory

&

WREC/cr-359
(Sune 1986)

7 ORNL/CVP-84/29

Jan. 1, 1985)

ORNL/CF-84/219
(May 1, 1985)

ORNL/CY~84/343
(Sepr. 1, 1984)

Y/ou-503
(tay 23, 1985)

ORNL/C¥-84/283 -
(June 26, 1984)

ORNL/CY~84/203
(Sepr. 1984)




AUTMOR AUTHOR(S) AND TITLE REPORT MO. ANC DATE

Teasley, W. A. fasng, §. F.;* Owenby, R. K. ;* Chnesorge, oRwL/Cr-84/202
V. B.;* Deniels, K. L.;* Montford, M. A.;* (Sept. 1984)
Cajan, C. R,;* Hateon, J. B.;* Teasley, B. A.;
Eldridge, J. S.; Oakess, 7. W.* Prelinminmary
Badiologioal Chavaoterisation of the 0ld Bydro-
Sracture Facility (ORP) at Oak Ridge Batiomal
Labovatory

Towkins, B. A. Criest, W, H,, Maskarisaec, M. P,.; Toskins, B. A. ORNL/TM-8911
Chemioal /Physioal thamaoterisat{ion and Mrnage- (Aug. 1984)
ment of Samples from the B-Cral Pilot Plat
Site Specific Asesssment

Griest, ¥. H.; Tomkins, B. A.; Cston, J. E. ORNL/FPO-84/88
Identification and Quntitation of Polymuclear (May 1984)
Organic Matter (POM) in Bnergy-Related Materials,

EPRI, Pinal Beport

Valker, R. L. Dyer, F. ¥.; May, M. P,; Valker, R. L.; Scott, NUREG/Cr~3590
T. G.; Caton, C. M_;* Stokely, J. R. NRWL/TM-9006
Evaluation of Isotope Dilution ‘nss tJune lye

Spectrometry for Bioaseay Measuvemsnt of
Uranium, Plutomium, and Thoriin in Urine
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As in previous years, stsff memsbers bave made presemtstions at local, satiomsl,
and, in s few instances, international metings. The pspers covered g vide variety of
subjects, reflecting the division's broad spectrum of activities.

At Meetings of Professional Secieties, Cenferences, and the Like

Andrews, %. C.%

Andrews, M. C.*

Acerill, J. E.

Aziz, M. J.*

Aziz, M. J.*

Brookshank, R. D.

Buchanan, M. V.,

AUTHOR(S) AWD TITLE

Andrews, M. C.;* NcDaniel, F. B.;* Duggan,

J. L.;* Mehta, k.;* Miller, P. D,;* Krauge, H;*
Pepmiller, P. L.;* Rosseel, T. M.; Rayburn,

L. A.;* Lapicki, G.* "L Shell X-ray Production
Cross Sections in Nd, G4, Ho, Yb, An end Pb
for Incident 25 NeV Carbou and 32 MeV Oxygen
Ions"

Andrews, M, C,;* N-Deniel, F¥. D. ;¥ Duggan,

J. L.;% Mehta, R.;* Miller, P, D,;¥ Krauge, H.;*
Pepmiller, P, L.;* Rosseel, T. M.; Rayburn,

L. A.* "M-Shell Electron Cspture snd Direct
Ionization of Gold by 25 MeV Carbon and 32 MeV
Oxvgen Iomns"

Aterill, J. E,; Stewart, J. B.; Rogers, W. F.;
Webb, K. I. "Problems and Remedies in the Mea-
surement of PCB in Eavirommental Materials”

Aziz, M. J.;* Lowndes, D. R.;* Jellison, G, E,;*
White, C. W.;* Thompson, M.0.;* Peercy, P, S.;¥
Christie, W. B. ™A Search for Solute Drag"

Aziz, M, J,;* Nygren, E.;* Christie, V. R.;
White, C. W.* "Measurement of Low-Temperature
Self-Diffusion in Intrinsic Silicon”

Brooksbank, R. D. "Radiation Tolerance
Testing of Organic Materials”

Buchanan, M. V.; Olerich, G. "Differentiation
of Tsomeric Polycyclic Aromatice Using Negative
Chemical Ionization”

PRESENTED AT

8th Conf. on the Appli-
cation of Accelerators
in Res. and Ind.,
Denton, IX, Nov. 12-15,
1984

8th Conf. on the Appli-
cation of Accelerators™
in Res. and Ind.,
Deaton, TX, Wov. 12-14,
1985

An. Chem. S.c. Reg.
Meet., Raleigh, NC,
Oct. 26-26, 1984

Annu. Meet, Mater. Res.
Soc., Boston, MA, Wov.
26-30, 1984

Anou. Meet. Mater. Res.
Soc., Symp. on
Diffusion and Gettering
in Sesmiconductors,
Brston, MA, Nov. 26-30,
1984

Am., Wscl. Soc,, Nat.
Meet., Wew Orleans, LA.
June 6, 19854

Anal. Chen. Div, Inf,
Meet., Oak Ridgs Wat,
Leb., Osk Ridge, TN,
Jan., 30-Tadb, 1, 1984




Buchsaan, M. V.

Christie, 7. H,

78

AUTHOR(S) AWD TITLE

Buchanan, M. V.; Cuerin, M. R. "Development of
Analytical Methods for the Unsmbiguous Ideati-
fication of Organics at the Isomeric Level™

Buchanan, M. V.; Olerich, G. "Differentiation
of Isomeric Polycyclic Aromatice Using Wegative
Chemical Ionization”

Buchanan, M. V. "Negative Chemical Ionization
for Isomeric Differentiation of Polycyelic
Aromstics”

Buchanan, M. V. "Negative Ion Chemicsl Ioniza-
tion Studies for the Differentiation of
Isomeric PAH"

Buchanan, M. V.; Wise, M. B.; Guerin, M. R.
"Isomeric Characterization of Organic Compounds
by Chemical Ionization Mass Spectrometry”

Christie, W, H,; Taylor, D. H.;* Eby, R. E.;
Pavone, D,* "SIMS Study of Compositional
Changes Observed in a PuO; Heat Source
Cladding Alloy"

Christie, W, H,; Eby, k., E.; Taylor, D. H,¥
"SIMS Study of Compositional Changes in a
Pu0; Heat Source Cladding Alloy”

Christie, W, H. "SIMS Study of Compositional
Changes Observed in a PuO; Heat Source
Cladding Alloy"”

Christie, W, H.; Taylor, D, H,;* Eby, R, E,
Pavone, D.* “SIMS Study of Compositional
Changes Observed in = PuO; Heat Source
Cladding Alloy"

Caristie, W. H., "SIMS Study of Compositional
Changes Observed in a PuO; Heat 3ource
Cladding Alloy"

Christie, W. H.; Donohue, D, L,; Goeringer,
D. E.; McKown, H. S. '"Resonance Ionization
Mass Spectrometry for Ultra Trace Analysis"

PRESENTED AT

OHER Meas. Sci.
Workshop, Battelle
Seattle Conf. Ctr.,
Seattle, WA, May 14-17
1984

Am. Soc. Mass
Spectrosc., San
Antonio, TX, May 27-
June 1, 1984

An. Chea, Soc.,
Philadelphis, PA,
Aug. 26~30, 1984

WBS/DOE Meet. on Ansl.
Charac., Seattle, WA,
Bov. 8, 1984

U.S. Dept. of Emergy,
Washington, DC,
Dec. 4, 1984

32t.d Annu. Conf. on Mass
Spectrom. and Allied
Topics, San Antomio,
TX, May 27-June 1,

1984

Twelfth DOE Surface

Studies Conf., Oak
Ridge, TN, June 11-
14, 1984

Invited, 26th Rocky
Mountain Spectrosc.,
Conf., Denver, CO, Aug.
5-9, 1984

4th Annu. Tenn. Valley
Chapt., Am, Vac. Soc.,
Knoxville, 7N,
May 1-2, 13984

Ansl, Chem. Div., Inf.
Meet., Oak Ridge Nat,
Lab., Oak lidge, TN,
Jan. 30-Feb. 1, 1984

ISA~LAGER Committee,
Washington, DC,
Oct., 24, 1984



SPEAKER

Costanzo, D. A.

Donohue, D. L.

Eldridge, J. 8.

19

AUTEOR(S) AND TITLE

Costanzo, D. A. "Analytical Chemistry
Development for CPRP"

Costanzo, D. A. "Analr:iical Chemistry
Development for CPFRP”

Costanso, D. A. "Analytical Assistance to
the Hydrofracture Waste Disposal Prograz™

Donohue, D. L.; Smith, 0. &.; Young, J. 7.;
Christie, W. H, "Isotopic Bias Effects
in Resonance Ionization Msss Spectrometry”

Donohue, D. L.; Swith, D. H.; Young, J. P.
Christie, W. H,; Coeringer, D, E. "Resonance
Ionization Mass Spectrometry Using s
Commercial Ton Microprobe Mass Analyzers”

Donohue, D. L.; Christie, W, H,;
Goeringer, D. E.; McKown, H. 8, "Ultra-
Sensitive lsotopic Analysis by Resonance
lonization Mass Spactrosetry”

Donohue, D. L.; Young, J. P.; Smith, D, 7,
"Current Status of Inorganic Wass
Spectrometry Research”

Donohue, D. L. "RMew Directions in Resonance
Ionization Mass Spectromecry”

Donohue, D. L.; Christie, W. H.; Goeringer,
D. £. '"Heasurement of Uranium and Plutonium
Isotope Ratios by RIMS"

Donohue, D. L.; Smith, D, H.; McKown, H. 8.;
Carter, J. A. "A Proposed Vent Gas Monitor
for UFg"

Eldridge, J. 8. '"The Use of Bioindicator
Organiems and Specialized Analysis Tech-
niques in o Program of Environmental
Surveillance”

PRESENTED AT

CFRP Task Rev., Osk
Ridge Nat. Lab., Osk
Ridge, TH, March 13,
1984

USDOE/URARA Inf.
Exchange Meet., Osk
Ridge, TH, March 26,
1984

Ii\nrgy Systess, Goodyear-
At.aic Corp. Ansl. Ser-
vices Meet., Oak Ridge,
TH, Wov. 13, 1985

2ad Int. Conf. on
Resonance lonization
Spectrom. (RIS),
Knoxville, TN, April
20, 1984

Invited, 187th Eat.
Am. Chem. Soc. Meet.,
Thilade'phias, PA, Aug.
26-31, 1984

Invited, Int. Conf. on
Lasers ‘84, San
Prancisco, CA, Wov. 26~
30, 1984

BES Chemical - :iencea
Site feview, Ouk Ridge,
Kat. Lab., Osk Ridge,
TN, Mar, 28, 1984

Anal. Chem. Div. Inf.
Maet., Oak Ridge Mat.
Lab., Osk Ridge, TN,
Jan. 30-Feb. 1, 19854

ISA-LAGER Committees,
Washington, DC,
Apr. 11, 1984

Portsmouth Caseous
Diffusion Plant,
Portesouth, OH,
Oct. 10, 1984

29th Annu. Mset.
Health Physice Soc.,
New Orleans, LA,
June 3-8, 1984




Ferguson, W. M.

Francis, C. W, ¥

Glish, G. L.

Goeringer, D. E.

AUTHOR(S) AND TITLE

Ferguaon, ¥. M. "AMgtomation in the
Determination of Anions™

Ferguson, K. M, "Deta Management and Quality
Control”

FPraocis, C. W.;* Maskarinec, M. P.; Coyert,
J. C.* "A Laboratory Extraction Method to
Simulate Co-Disposal of Solid Waste in
Landfills”™

Glish, G. L.; Goeringer, D. E. “Intermal
Energy Effects in Low Energy CID”

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

J. A. "Mass Spectrometry/Mass Spectrom—
etry as 8 Screening Method for jetecting
Explosive Vapors”

Glish, G. L.; Todd, P. J. "The Effect of
Cationizing Species on MS/MS Spectra”

Glish, G. L.; Goeringer, D, E.; Mcluckey,
S. A. "Current Status of Research in
Organic Msss Spectrometry”

Goeringer, D, E,; Glish, C. L. "Tsndenm
Quadrupole/Time-of -Flight Instrument for
MS/MS Studies”

Goeringer, D. E.; Glish, G, L, "Tandem
Quadrupole/Time-of -Flight Instrument for
MS/M8 Studies”

Goeringer, D, €,; Glish, G. L. "A Tandem
Quadrupole/Time-of-Flight Inrtrument for
MS/MS Studies”

PRESENTED AT

UCCED-GAY Mnal. Comm.
Meet., Osk Ridge Nat.
Lab, Oak Ridge, IW,
March 20, 1984

EPRI Pre-Project Rev.,
Oak Ridge Hat. Lab.,
Osk Ridge, TH,

April 10, 1984

AST™ Sywp. on Solid and
Hazardous Waste Test-
ing, Arlington, VA,
May 2-4, 1984

32nd Anou. Conf. on Mass
Spectrom. sod Allied
Topics, San Antonio,
TX, May 27-Juce }, 1984

25th Annu. Meet., INMM,
Columbus, OH, July 15~
18, 1984

Anal. Chem. Div. Inf.
Meet., Oak Ridge Hat.
Lab., Oak Ridge, TN,
Tan. 30-Feb. 1, 1984

BES Chemical Sciences
Site Review, Osk Ridge
Nat. Lab., Oak Ridge,
TN, March 28, 1984

35th Pittsburgh Conf. on
Ansl. Chea. and Applied
Spectrosc., Atlantic
City, KJ, March 5-9,
1984

32nd Annu., Conf. on Mass
Spectrom, and Allied
Topics, San Antonio,
TX, May 27-June |,

1984

Anal. Chew. Div. Inf,
Meet,, Oak Ridge Nat.
Lab., Osk Ridge, TN,
Jan. 30-Feb, I, 1984
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SPEAKER

Griest, W. H.

Groenewld, G, S.*

Guerin, M. R.

Haire, R, G, *

Higgine, C. %,

Ho, C.-<h.

81

AUTHOR(S) AND TITLE

Criest, W. H.; Tomkins, B. A.; MacDougzll,
C. S.; Harris, L. A.* “Characterisation of
Carbonaceous Matter Emitted to the Atmosphere™

Griest, W. B, ™Microscopic Characterisation of
Stack Ash Particles from Cosl Combustion™

Croenewold, G. S.;* Todd, P. J. "Eshance-
ment of Secondary Radical Cation Emission
Moltea SbCi3"

Groenewold, G S.;* Todd, P. J. “Detection/
Identification of Volatile Organic Phospho-
nates by SIMS"

Guerin, M. R, "Chemical Implications of Model
Compound Selection Exercises”

Guerin, M. R.; Griest, W. H,; Ho, C.-h,.; Smith,
L. A,;* Epler, J. L.;* Witschi, H. R.* "Com
parative Toxicological snd Chemical Properties
of Fuels Developed from Cosl, Shale, or
Petroleum"”

Guerin, M. R.; Griest, W. H.; Ho, C.-h.; Saith,
L. H.;* Epler, J. L.;® Witschi, H. R,* "Com-
parstive Toxicologicsl and Chemical Properties
of Fuels Developed from Cosl, Shale, or
Petroleun: Cosl Liquids Updste”

Haire, R. C.;* Young, J., P,; Peterson, J, R.*
"Absorption Spectrophotometric snd X-rsy
Diffraction Studies of AmIj and CmI,
as & Function of Temperature snd Pressure”

Higgins, C. E,; Griest, W, H.; Guerin, M. R.
"Methodology for the Ssmpling and Analyses of
Sidestream and Mainstream Smokes"

Bo, C.~h,; Ma, C, Y,; Griest, W. H,; Guerin,
M, R, "Preparative Scale Organic Extractinn
and Chemical/Biological Analysis of Stsck
and ESP Hopper Ash"

PRESENTED AT

Anal. Chem. Div. Iaf.
Meet., Osk Ridge Wat.
Lab., Osk Ridge, TW,
Jan. 31, 1984

Univ. of Temn.
Enoxville, TR, Kay 11,
1984

32nd Annu. Conf. on Mass
Spectrom. gud Allied
Topics, Ssm Aatonio,
TX, May 27-June 1,

1984

32nd Aoou. Conf. on Mass
Spectrom. and Allied
Topics, San Antounio,
TX, May 27-June 1,

1984

OfER Meas. Sci.
Workshop, Battelle
Sesttle Conf. Ctr.,
Seattle, WA, May 14-17,
1984

Spring Nat. Meet. of
the Am. Inst. of Chem.
Eng., Ansheim, CA,
May 20-23, 1984

Dir, Lique, Prog.
Contractor’'s Proj. Rev.
Conf., Albuquerque,

MW, Oct. 17-18, 1984

PAC Chem. '84, Honolulu,
HI, Dec. 16-21, 1984

38th Tobscco Chemist's
Res. Conf,, Atlantas,
GA, Nov, 5-8, 1984

Am. Chea, Soc.,
Philadelphia, PA,
Aug. 26-31, 1984

1 atn kAR




Bolmberg, R. ¥.

Hulett, L. D.

Jemes, R. B.*

Jenkins, R, A,

Keller, J. M.

Klatt, L. N,

Laing, W. R.
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AUTHOR(S) AND TITLE

Holmberg, R. ¥W.; Brazell-Ramsey, R. S.;
Moneyhun, J. H. “Chemistry of Phosphorus
Obscurant Smokes”

Rulett, L. D. "applications of Monoenergetic

Positrons in Chemistry and Physics”™

HBulett, L. D,; Dale, J. M.; Pendyala, S.*
"Prospects for Positron Microprobe and
Pogitron Microscopy Techaiques”

Balett, L. D, "Positron Spectroscopy,
an Overview"

James, R. B.;* Narayan, J.;* Christie, W. H.
Holland, 0. W.;* Wood, R. F.* "Pulsed CO,
Laser Annealing of Silicon”

Jenxins, R. A.; Holmberg, R. W.; Gayle, T. M.;*

Holladay, S. K.; Allin, G. W.* "A Vsrisble
Puff Parameter Smokiag Machine for Smoke
Composition Studies”

Keller, J. M, "Applicstion of Fundamental
Parsmeter Technique to the Analysis of U
and Pu in Dissolver Solutions”

Keller, J. M. "An X-rsy Fluorescence
Spectrometer {or Determination of U snd Pu
in Dissolver Solutions”

Keller, J. M, "X-ray Fluorescence for
Highly Radioactive Samples”

Klatt, L, N,; Harward, B, L.;* Mamantov, G.*
"Multipass Spectroelectrochemistry in
Molten Salts”

Laing, W. R. "The A"D Quality Assurance
Program”

PRESENTED AT

2nd Biammu. Envirom.
and Bealth Effects of
Swokes and Obscurants
Workshop, Pacific
Bortawest Lab.,
Richland, WA, July
18~-19, 1984

Invited, Chem. Dept.,
Univ. of Illinois,
Urbana, IL, Mer. 29,
1984

Invited, 4th Annu. Am.
Vac. Soc. Symp.,
Knoxville, TN, May 1-3,
1984

Gordon Counf. on
Elec. Spectrosc.,
Wolfeboro, ¥H, July
16-21, 1984

Annu. Meet. Mater. Res.
Soc., Boston, MA,
Nov. 26-30, 1984

38th Tobacco Chemist's
Res. Conf., Atlanta,
GA, Nov. 5-8, 1984

CFRP Tech., Sem., Oak
Ridge Wat. Lab,, Oak
Ridge, ™, Jen. 31,
1984

USDOE/UKAEA Inf.
Exchange Meet., Oak
Ridge Nst. Lab., Osk
Ridge, TN, March 26,
1984

ORNL/SRL Inf. Exchange
Meet., Oak Ridgs Wst.
Lab., Osk Ridge, TW,
Aug. 5, 1984

An. Chem. 8oc.,
Philadslphia, PA, Aug.
27-31, 1984

UCCND-GAT Anal. Comm.
Meet., Oak Ridgs Nat,
Lab., Osk Ridge, TN,
March 20, 1984



|
|
|
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Me, C. Y.

Maskarinec, M. P.

McLuckey, S. A.

Peterson, J, R.*

Remgey, J. M.
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AUTHOR(S) AND TITLE

Ms, C. Y.; Bo, C.-h.; Cstom, J. K.; Cuerin, M. R.
"Identification and Determinstion of Bemzo-
quinolines in Crude Synthetic 0ils”

Masksrinec, M. P.; Sepanisk, M. J.;* Vargo,
J. D.* “Developments ic Opea Tubular Liquid
Ghiromatography”

Masksrinec, M. P.; Vargo, J. D.;* Sepanisk,
M. J.* "Developmeats ia Column Techaology
for Open Tubalar Liquid Chromatography”

Maskar‘nec, M. P.; Sepaniask, M. J.;® Balchunas,
A. S.;% Vargo, J. D.,* "Liquid Chromatography
in Open Tubes”

Masksrinec, M. P.; Mamning, D. L.; Harvey, R. V.;
Griest, W. H., Tomkins, B. A. "Detersination
of Munitions Components by HPLC/Electrochemical
Detection”

Maskarinec, M. P.; Francis, C. W.;* Coyert,

J. C.* "Mobility of Organic end Inorganic Con-
stituents from Coal Combustion and Conversion
Vastes Under Co-Disposal Condition”

Mcluckey, S. A.; van der Zande, W.;*

de Bruijn, D. P.;% Los, J.;* Kistemsker,
P. G.¥ "Scattering in Dissocistive
Collisions of Ionized Acetone with
Helium®

Peterson, J, R.;* Raire, R. G.;* Young, J, P.
Basor, D. D.* "Investigstions of the Solid
Stste Properties of Transcurium Malides: WHow
Absorption Spectrophotometry Makes it Possible”

Ramsey, J. M. "Chewical Anslysis Using Phase
Conjugate Optical Techniques”

Ramsey, J. M. "Spectroscopic Instrumsntation
Dsvelopments st ORNL"

PRESENTED AT

36th Southeastera
Reg, Meet., im. Chem.
Soc., Rsleigh, WC,
Oct. 24-26, 1984

Mmal. Chem. Div. Iaf.
Meet., Osk Ridge Eat.
Lab., Osk Ridge, TH,
Jan. 31, 1964

1984 Pittsburgh Conf.,
Atlaatic City, WJ,
Macr. 5-9, 1984

Symp. ou Advanced Anal.
Coucepts for the Cheu.
Lab., Knoxville, TH.
Apr. 12-13, 1984

Int. Symp. on Advances
on Chromatogr., Wew
York, WY, Apr. 16-18,
1984

1984 Annu. Mget. Mater.
Res. Soc. Symp. M:
Coal Combus. and
Conversion Solid
Wastes: Charac.,
Utiliz. and Disposal,
Boston, MA,

Mov. 26-30 1984

32ad Annu. Conf. on Mass
Spectroa. and Allied
Topics, San Aatonio,
TX, May 27-June 1,
1984

Invited, PAC Chem. '84,
fonolulu, HI, Dec.
16-21, 1984

Invited, Dept. of
Chenistry, Univ. of
of North Carolina
Chapel Hill, NC,
Apr. 17, 1984

2nd Workshop on Remote
Monitoring and
Dosimetry, Knoxville,
T, Apr. 9, 1984




Ramsey, J. M.

Ramsey, R. S.

AUTBOR(S) AND TILE

Ramsey, J. M.; Whitten, W. B. “Phase Conjugate
Optics and Atomic Spectroscopy”

Rawsey, J. M. "Passively Controlled High-
Resolution Dye Lusers: A Mew Spectroscopic
Source?”

Ramgey, J. M.; W. B. Whittea “High
Resolution Spectroscopy with a Self-
Scanning CW Dye Laser”™

Ramsey, J. M. "Nev Laser Based Spectro-
Chemical Measuresents”

Ramsey, J. M.; Whitten, W. B. "A Narrow-
Bandwidth Sel*-Scanning CW Dye Laser:
Analytical Applications”

Brazell-Ramsey, R. S.; Holmberg, R. VW.; Moneyhun,
J. R. "The Chemical Characterization of
Phosphorus Aerosols”

Brazell-Ramsey, R. S. "Flow Injection Analysis:
vrinciples and Applications”

Brazell-Ramsey, R. S. "Pulsed Helium Ionization
Detection”

Brozeil-Ramsey, R. S.; Todd, R. A, * "A New
Design tor Helium Ionization Detection”

Brazell-Ramsey, R, S, "Pulsed Helium Ionization
Detection for Trace Analysis”

PRESENTED AT

Invited, llch Anou. Fed.

of Ansl. Chem. and
Spectrosc. Soc. Meet.,
Philadelphia, PA, Sept.
16-21, 1984

Invited, Univ. of

Illinois, Dept. of
Chemistry, Urbana, IL,
Dec. 7, 1984

1984 Pittsburg Conf. and

Expo. on Anal. Chem.
and Applied Spectrosc.,
Atlantic City, HJ,
Mar. 5-9, 1984

Invited, The Upjohn

Company, Kalsmazoo, MI,
June 18, 1984

Anal. Chea. Div. Iaf.

Meet., Oak Ridge Nat.
Lab., Oak Ridge, TN,
Jan. 30-Feb. 1, 1984

Anal. Chem., Div, Inf.

Meet., Oak Ridge Nat.
Lab., Oak Ridge, TH,
Jan. 31, 1984

UCCND-GAT Anal. Meet.,

Oak Ridge Nat. Lab.,
Oak Ridge, TN,
Mar, 20, 1984

2nd DOE Workshop on

Portable Instrum. and
Dosim,, Knoxville, TN,
Apr. 9-11, 1984

Int. Symp. on Advances

in Chromatogr,, New
York, NY, Apr. 16-18,
1984

Energy Systems-GAT Anal.

Meet., Portsmouch, OH,
July 17, 1984



Roseberry, L. M.

Ross, d. H.

Rosseel, T. M.

Shulcs, W. D,

Stewart, J. H.
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AUTHOR(S) AND TITLE

Roseberry, L. M.; Dver, F. F. "Instrumental
Beutron Activation Analysis in the
Measurement of Trace Element Distribution
at Two Coal Conversion Plants™

slley, C. S.; Ross, H. H.
Precision Performance Parameters of a
Laboratory Robot System"

"Accuracy and

Rosseel, T. M.; Dale, J. M.; Bulett, L. D.;
Krause, H. 7.;* Pepuiller, P, L.;* Reman, S.;*
Vane, C. R.;* Young, J. P. “Applicatior of
Heavy-Ion Induced X-ray Satellite Emission
(HIXSE) Zo0 Transition Metal Alloys and
Cowpounds”

Rosseel, T. ¥.; Dale, J. M.; Hulett, L. D.;
Krause, H. F.;* Pepmiller, P. L.;* Raman, S.;*
Vane, C. R.;* Young, J. P. "Chemical Analysis
of Materials Using Heavy-Ion-Induced X-ray
Satellite Emission (HIXSE)"

Rosseel, T. M.; Dale, J. M.; Hulett, L. D.;
Krause, H. F.;* Pepmiller, P, L.;* Raman, S.;*
Vane, C. R.;* Young, J. P. "Effect of Chemical
Environment on the L and M Heavy-Ion-Induced
X-ray Satellite Emission (HIXSE) Spectra”

Rosseel, T. M.; Dale, J. M.; Das Gupta, A.;*
Hulett, L. D.; Krause, H. F.;* Liu, C. T.;*
Raman, S.;* Vane, C. R.;* Young, J. P.
"Development of Heavy-Ton Induced X-ray
Satellite Emission (HIXSE) as a Materials
Probe”

Rosseel, T. M.; Dale, J. M.; Hulett, L. D.;
Young, J. P. "Heavy-Ion Induced X-ray
Satellite Emission"”

Shults, W, D,; Roseberry, L, M, "The Mstrix
Scientist in a Matrix Organization”

Stewart, J. H. "Urgent Need for Nationally
Certified Reference Standards for ICP Analyses”

PRESENTED AT

Fifth Int. Conf. Nucl.
Methods in Enviroa. sod
Energy Res., Mayaguez,
Puerto Rico, Apr. 1-6,
1984

27th Conf. on Acal.
Chem. in Energy
Technol., Knoxville,
TN, Oct. 2-4, 1984

4th Annu. Am. Vac. Soc.
Symp., Knoxville, TN,
May 1-3, 1984

Iavited, llth Annu. Fed.
of Anal. Chem. and
Spectrosc. Soc. Meet.,
Philadelphis, PA,
Sept., 16-21, 1984

8th Conf. on the Appli-
cation of Accelerators
in Res. and Ind.,
Denton, TX. Nov. 12-14,
1984

1984 Anal. Chem. Div.
Inf. Meet.,, Oak Ridge
Nat. Lab., Oak Ridge,
TN, Jan 30-Feb. 1,
1984

DOE Chemical Sciences
Site Review, Osk Ridge
Nat, Lab,, Oak Ridge,
TN, Mar. 27, 1984

Am. Chem. Soc. Reg.
Meet., Great Lakes
Section, Kalamazoo, MI,
May 23, 1984

ASTM C-26 Nucl, Fuel
Cycle Comm, (ICP Task
Group), San Diego, CA,
Jan, 22-26, 1984




Stewart, J. 8.

Todd, P. J.

Tomkians, B, A.

Vane, C. R, *

AUTBOR(S) AND TITLE

Stewart, J. H. “Status of Nationally
Certified Standsrds for ICP Spectroscopy”

Stevart, J. H.; Duon, H. W. "The Quantitstive
Measurement of Chrysotile Asbestos in Environ—
mental Materials at the One-Percent Concentra-
tion Level™

Todd, P. J.; Croenewold, G. S.* "Gas Phase
Molecylar SIMS™

Todd, P. J.; Croenewold, G. S.;* Leibman,
C. P.* "Matrices and Molecular SIMS"

Todd, P. J. ™Molecular Secondary Ion Mass
Spectrowetry (SIMS): Matrix Effects”

Tomkins, B. A.; Riggias, C. E.; Manning, D. L,;
Criest, W. H., Caton, J. E. "Methods for

the Determination of Particulate Organic
Matter from Coal Combustion'

Maskarinec, M. P.; Francis, C. W,;¥ Goyert,

J. C.;* Tomkins, B. A. "Leaching of PAH from
Industrial Wastes with Municipal Waste
Leachate"”

Tomkins, B. A.; Reagan, R. R,; Buchanan, M. V.
Olerich, G.; Griest, W, H.; Caton, J. E, "The
Ieolation, Identification, and Quantitation

of the Four- and Pive~Ring Dermal Tumorigen PAH

on Petroleum Crude Oils and Distillate Practions

Using Normal-Phase Isolation HPLC and GC/MS in
the Single-fon Monitoring Mode"

Vane, C. R.;* Hulett, L, D., Jr,; Kshane, S.;*
Kallne, E,;* Kallne, J,;* McDaniel, F, D,;*
Milner, W, T.;* Nakajima, T,;* Nestor, C, W.;¥
0'Kelley, G. D.;* Raman, S.;* Rosseel, T. M.;
Slaughter, G. G.;* Stelson, P. H.;* Varghese,
S. L,;* Walkiewicz, T. A.;* Young, J. P.
"Environmental Effects in High Resolution
X-ray Satellite Spectra Induced by Heavy lons"

PRESENTED AT

ASTH C26.05 Inductively
Coupled Plasma Working
Comm., Colorado
Springs, CO, Mg. 1,
1984

Am. Chem. Soc. Reg.
Meet., Raleigh, WC,
Oct. 24-26, 1984

32nd Annu. Conf. on Mass
Spectrom. and Allied
Topice, Ssn Antouio,
TX, May 27-June 1,
1984

27th Conf. on Anal.
Chem. in Energy
Technol., Knoxville,
TI. Oct., 2-4, 1984

Ansl. Chew. Div. Inf.
Meet., Oak Ridge Nat.
Lab., Oak Ridge, TN,
Jan. 30-Feb. 1, 1984

187th An. Chem. Soc.
Nat. Meet,, St. Louis,
MO, Apr. 8-13, 1984

9th Int, Symp. on
Polynuc. Arom.
Hydrocarbons,
Battelle, Columbus,
OH, Oct. 30-Nov. 1,
1984

9th Int., Symp. on
Polynuc. Arom.
Hydrocarbons,
Battelle, Columbus,
OH, Oct. 30-Nov, ],
1984

Invited, llth Annu. Fed.
of Anal. Chem. and
Spectrosc., Soc.,
Philadelphia, PA, Sept.
16-21, 1984
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SPEAKER AUTHOR(S) AND TITLE
thitten, W. B. whitten, W. B.; Remsey, J. M. "™Bolographic

Tuning of (W Dye Lagers”™

whitten, W. B.; Ramsey, J. M. “Phase
Con jugate Feedbsck™

Whitten, V. B.; Ramsey, J. M. "Laser
Spectrometcy”

Yovag, J. P. Young, J. P.; Donohue, D. L.; Saith, D. H.
"Assessment of Resonance lLonjization Mass
Spectrometry for Analytical Chemistry and
Spectroscopy”

Youag, J. P.; Donohue, D. L.; Swith, D. H.
"Factors Affecting the Analytics!l
Usefulness of Resource lonization
Mass Spectrometry”

Young, J. P.; Donchue, D. L.; Smith, D. H.
“Assessment of RIMS for Analytical Chemistry
and Spectroscopy”

PRESENTED AT

Invited, DOE Workshop,
“Advanced Laser Tech.
for Chem. Measurements”
Brookhaven Nztional
Laboratory, Uptom, WY,
Oct. 23-25, 1984

Invited, Research
Committee, Osk Ridge
Nat. Lab., Osk Ridge,
TH, Feb. 1, 1984

DOE Chemical Sciences
Site Review, Osk Ridge
Nar. Lab., Oak Ridge,
TN, Mar. 27, 1984

Invited, 20d Int. Sywp.
‘m Spectrosc. and Ite
Applications,
Knoxville, TH, Apr.
16-20, 1984

Invited, DOE Workshop,
“Advanced Laser
Technol. for Chem.
Measurements”,
Brookhavan Nat. Lab.,
Upton, WY, Oct, 23-2%,
1984

1984 Pittsburg Conf. and
Expo, on Anal. Chenm,
and Applied Spectrosc.,
Atlsntic City, NJ, Mar.
5-9, 1984

3
1
!



MRTICLES REVIEMED OR REFEREED FOR PERIOPICALS
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Bostick, D. A. 2 2
Buchanan, M. V. 1 1 1 3
Carter, J. A. 2 2 4
Caton, J. E. 1 1
Christie, W. H. 2 2
Clark, B. R. 1 1 2
Costanzo, D. A. 2 2
Dale, J. M. 1 1
Donohue, 0. L. 2 2
Eldridge, J. S. 2 1 3
Feldman, C. 3 3
Glish, G. L. 2 2 4
Griest, W. H. 2 1 2 5
Guerin, M. R, 1 11 12
Holmberg, R. K. 1 1 2
Hulett, L. D. 3 3
Jenkins, R. A. 2 1 3
Klatt, L. N. 2 2 1 5
Lee, D. A. 2 2
Lyon, M. S. 2 3 4 2 2 13
Maskarinec, M. P, 4 2 6
Ramsey, J. M. 2 1 3 6
Ramsey, R. S, 2 1 3
Ross, H. H. 10 10
Shaw, R. W. 2 2 4
Shults, W. N, 2 2 4
Tomkins, B. A. 8 2 1 11
Whitten, W. B, 3 3 6
Young, J. P. 3 2 1 6
Total 37 2 2 3 4 3 4 44 k) 130
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DIVISIONAL MAN-POWER AND FINANCIAL SUMMARY

FY 1984

Source $K PY
DOE programs
Health and Environmental Research 779 6.1
Basic Energy Sciences 1,328 10.0
Nuclear Energy 301 2.2
Fossil Energy 515 4.5
Safeguards and Security 152 1.1
Total DOE programs 3,075 23.9
Work for others - federal agencies
Department of Defense (U.S. Army) 549 5.8
National Cancer Institute 404 4.3
Department of State (IAEA) 55 0.6
National Institute on Drug Abuse 164 1.6
Miscellaneous 17 0.2
Total work for others - federal agencies 1,189 12.5
Work for others - nonfederal agencies
Electric Power Research Institute 38 0.3
Protective Coating Companies 92 1.0
DuPont (SRL) 86 0.9
Sandia 247 2.6
Bechtel National, ILic. 64 0.7
Miscellaneous 84 0.9
Total work for others - nonfederal agencies 611 6.4
Support/Services
ORNL divisions 4,173* 67.5
Other clients 951* 15.7
5,124* 3.2
Total financial plans 9,999 126.0

*Does not reflect Laboratory general and administration expense or general

plant services.
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11.
12,
13.
14,
15,
16.
17.
18.
19.
20.
21.
212,
23,
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36!
37-38.
39.
40.
41.
42,

J. B,
H. L.
T. D.
J. T.
s. 1.
S. M.
J. B.
c. K.
D. A.
J. L.
R. D.
M. V.
V. D,
R. S.
J. A,
J. E,
W. H.
B. R,
D. A.
J. M.
D. L.
J. G.
F. F,
B. G.
J. S,
J. F.
L. D,

Attrill
Adair
Anderson
Atherton
Anerbach
Babcock
Ball
Bayne
Bostick
Botts
Brooksbank
Buchanan
Burch
Carlsmith
Carter
Caton, Jr.
Christie
Clark
Costanzo
Dale
Donohue
Dorsey
Dyer
Eads
Eldridge
Emery
Eyman

C. Feldman

N. H.
J' C'

Ferguson
Franklin

W. Fulkerson

T. K.
G. L.
D. E.
R. A,
W. H,
"0 R!
R. L.
C.-h,
R. W,
L. D.

Gayle
Glish
Goeringer
Griesemer
Griest
Cuerin
Hahn

Ho
Holmberg
Hulett
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HIGALIGHTS DISTRIBUTION

43,
&4,
45,
46.
47.
48.
49.
50.
51.
52.
53,
56-55.
56-57.
58.
59.
60.
61.
62.
63.
64.
65,
66.
67.
68.
69.
70.
11.
72.
73.
74.
75,
76.
17.
78.
79.
80.
81,
820
83.
84'
85.

J.
‘.
P.
8.
J.
L.

B.
.
c.
F.
D.
Y.
V.
F.
A.
D.
M.
s.
L.
0.
R.
“.
F.
T.
G.
D.
J.
H.
M.
J.
R.
c.
D.
J.
L.
P'
L.
H.
T.
TO
I.

M. Holladay
A. Jenkine
R. Kasten
V. Kaye

M. Eeller
N. Klatt

H. Krieg

R. Laing

E. Lamb

L. Layton
A. Lee
Lovely

S. Lyon

C. Maienschein
P. Malinauskas
L. Manmning
P. Maskarinec
A. Mcluckey
E. «cNeese
B. corgan
Morrow

R, Musick
R. Mynatt
W. Oakee

W. Oliphant
C. Parzyck
M. Peele
Postma

L. Poutsma
M. Ramgey
S. Ramsey
R. Richmond
E. Reichle
B. Roberto
Robinson

8. Rohwer
M. Roseberry
H. Ross

M. Rosseel
H. Row

B. Rubin

ORNL~-6139

Pistribution Category UC-4

86.
87.
“.
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