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INTRODUCTION AND SURMARY

W. D. Shylts, Director

The Analyticai Chemistry Division of Osk

Ridge Kationai Laboratory (ORNL) is a lacge and
diversified analytical chemistry organization.
Aa such, it serves a multitude of functions for
a clientele cthat exists both in and outside
ORNL. These functions fall into the following
general categories.

1.

Anzlytical Research, Development, snd Im-
plemestation. The division maintsins s
conceptualize, investigate,
improve, and implement

advanced technology for chemical and physico-

progra= to
develop, assess,
chemical megsurements. Emphasis is on prob-
lems and needs identified with ORNL and
Departaent of Energy (DOE) programs, but
attention is also given €5 needs in the
analytical scienzes *lcxmselves. This program
i% composed of mediu+- to long-term projects
and is supported ;~.-3-ily by the DOE. The
program consfituted aspproximately 261 of the
FY 1982 budget.

Programmatic
Otilization,
wide variety nf chenical work that typizally
involves analyt.cal research and/or develop.

Resesich, Development, and
The division carries out a

ment plus thr utilization of anslytical
results or special snalytical capabilities to
expedite progremmatic interests, The effor
in this category comes from ORNL snd DO
programs and from "Work-for-Others'
sgreements., Pmphasis hers is o~ "applied”
chemistry., This type of activity sccounted
for approximstely 23T of the division's

budget in PY i982,

3. Tecdumical Sapport. The division performs
chemicsl and physicochemical analyses of
virtually sll cypes. Development of methed-
ology is a: inchereat oert of this accivity
because of the variety of anslytical problems
that arise in & multiprogram institution like
ORNL. Consultation, collasboration, and
specisl projects ar» iavolved. Much of this
vork is short-term i. nature and comes from
other divisions and progrems within ORNL, but
a significant fraction originates outside of
OPNL and involves the use ¢f taient md/or
facilities in which the division is perticu-
larly strong or unique. This ctype of work

sccounted fr. approximately 5.1 of he budget

during FY 1982.

Th2 Anslyticsl Chemistry Division is orgs-
nized into five major sections, eaca of which
may carry out any type of work falling in the
three categories mentioned sbove. Chapters 1
through 5 of this report highlight progress
vithin the five sections during the period
fanuary 1, 1982 to December 31, 1982. A short
suamery introduces each chapter to indicate work
scope. Information sbout quslity assuraace and
safery programs is presented in Chap. 6, aslong
with a tsbulation of analyses rendered. Publi-~
cations, oral preseniations, professionsal activ-
ities, educational programs, and seminars are
cited in Chaps., 7 and 8. Approximscely 61 arci-
cles, 32 proceelings publications and 37 reports
have been published, snd [07 ors. presentations
were given during this reporting period.
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SORE TECHN1CAL HIGHLIGHTS

Ue instituted an informal “exchange™ program with the Cen::r for Aaslytical Chemistry of the
Nationsl Bureau of Standards in CY 1982. In the first collaborative study, an ORNL researcher
spent two weeks at the Buresu, vhere bhe used the CAMECA IMS-3f secondary ion mess spectrometer
to examine the distribution of uranium arcund a “resin bead"™ source as a fuanction of tempers
ture. These studies indicated that the vead does oot ect as & point source as previocusly
thought, but that it provides diffusion-controlled rvelease of neutrsl ursaium atoms. The
released ursnius then woves with high mobility on the filsment surface.

Several collaborative prograss with the Cousolidated Fuel Reprocessing Program (CFRP) have
resulted in significant accomplishments. A prototype of our mmlti-vavelength photometric io-
line wonitor, developed with ILustruments and Controls Division staff for the CFRP, was installed
at Y-12. This applicacicn calls for wo:>toring I-30 g/L of uranium in an aquecus stream. The
photometer has performed beautifully for seversl sonths and other wnits are to be coustructed
and installed in the plant. This photometric monitor is spplicable to U, Pu(III), and Pu(IV) in
aqueous snd organic solutions.

In another project supported by CFRP, a prototype microcomputer-based remote titration
system vas designed, built and is now under test in our wock-up hot cell. Titrations can be as
precise as <0.057 under favorsble conditions and typically require sbout 5 minutes. This state-
of-the-art titrator coustitutes the second step in our program for modernizing resote analytical
instrumentstion. The first step was development of our microcomputer-based pipettor, and wus
reprrted in previous samal reports.

A joiant venture petween ACD, CFEP, and the Metsls and Cermmics Division involves development
of sn x-ray fluorescence system for measuring uraniue and plutonius in a highly gamma-active
background. The system has been conceptualized and carried through proof-of-principle experi-
ments. Preliminary data shov resolution t be 10-20 eV ani sensitivity to be about 0.25 cps/pps
uranius. The system has been successfully tested in the presence of high radiation fields with
s 1.9 x 1012 8q Ir-192 isotopic source and by focusing a silver target x-ray tube on the
entrance slit of the spectrometer.

We continued to tesm with members of the Physics Division to develop applications of hesvy
ions. The importance of various persseters -~ projectile, x-rsy chell, target mmkeup -- is
being studied. This effort has shown that fine structure in the x-ray spectra produced by bom—
bardment with energetic ions is indicative of the valence electron density of the target msteri-
al, hence may provide useful information ab.nt che composition of compounds ad alloys. Lorg
range ordered (LRO) alloys exhibict physical properties that sre dependecnt on ssall changes in
composition. We initiated a collaboretive effort with members of the Metals and Ceramics
Division, to study heavy ion induced x-rsy chemical shifts of LROs.

Development of an extrusion-combustion generstor for producing H3PO; aerosols from a red
phosphorus/butyl rubber formulation was completed. The generator produces serosol contimuously
and at uniform concentration for several hours, as is required for inhalation toxicology
studies. We constructed five of these generstors plus serosol monitoring equipment and in-
stalled them st the Illinois Institute of Technology Research Institute. This activity is part
of a mulci-institution progrem in inhalation toxicology, sponsored ™= the Department of
Defense.

Working with the Lsboratory Prntection staff, we established sn analytical syscem for non-
destructive esssy of special miclear materisls, to be used prisarily for inventory audits. It
is 2 mobile gamma spectrometer vwith 100 mm dismerer intrinsic garmaniue detector. The system
can be used for iumventory verification of precious metels via radionuclide-excited x-ray fluor-
egcence, and hes been used for assay and/or identity verification of silver, gold, platioum, srd
uranium in verious forms. It also can be used in response to unususl occurreaces within ORNL,
hence constitutes s triple-purposs wobile analytical device,

Collaborative work between ACD snd Environmental Sciences Division has shown thst an ispuri-
ty in commercisl acridina results in cricket teratogenicity. This compound has now been idenci-
fied as benzo{g)isoquinoline-5,10-dione; it constitutes only 20 ppm of the commercisl product.
Unasbiguous {duntification required the synthesis of sodel compounds, preparative ecale isolse-
tion, high resolution chromstographic purification, high resolution mess spectrometry, diffuse
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refle :tence, Fourier transform iofrared spectrometry, snd mltiple chromatographic reteation
segsurements. The dione has becn made svailable for testing in other biological systems and is
being sought in coal-derived oils.

A uvew concept, Fourier transform wmicrowave spectrometry, was proved. An electronic method
hed to be devised to introduce a temporal delay into the system thereby accessing the trarsform.
Spatial displacement is used ordinarily to get a temporal delay, dut this is impractical in the
case of microwaves. Fagsibility was demounstrated with carbonyl sulfide. This work wes support—
ed in pert by the ORNL Exploratory Studies Progres.

We developed laser-based resovance ionization mass specirosetry (RIMS) a9 a weans for
markedly improving the selectivity of isotope ratio msssurements. Fessibility was demonstrated
vith mixtures of =eodymius end ssmarium, which are difficult to snslyze by thermsl ionization MS
because of isobaric interferences. RINS has proved to be a fertile research area in saslytical
MS. We have wow used the RIMNS technique for other elements, including ceriuvm, praseodymium,
europium, and plutonium.

A "mixed spike” technique for ursnivm enslvsis has been developed., MNixtures of uranioms
isotopes (233g & 236y) vere synthesized and charscterized for use as "spik~s™ in isotope
dilution mass spectrometric analysis. A mixes spike of plutonium isotopes (2629, &
234py) has also been synthesized. Use of su... spikes provides an improvement in precision
of a:out five, i.e., standsrd deviations of < 151 for ursnium at the nsnogram level. Much
larger (ug) quantities sre necessary to obtain this level of performsnce by couventional spiking
methodology.

Studies of the mass spectrometry of mon—volstile orgsnic coupounds have continued. The MS
soLrce that we designed for research in organic secondary ion mass spectrometry (SINS) has been
combined with cur thres—sector MS/MS instrumeant. This wmion provides wmparalleled sensitivity.
Initial experiments into thermal desorption/thermal ionization of organic mterials of low vola-
tility were slso successful. This technique wes cosbined with cur MS/MS system; it promises to
be of great snalytical utility.

Research into the use of lsbelled resgents in chewical ionization msss spectrometry contin-
ued. We are sble to distinguish, by this technique, isomers of several different types of
compounds. Methanol and methsnol-D; csn now be used to differentiste a phenol, aromatic ether
or aromatic substituted slcohol of the same formuls. Similarly, this approach has now been
extended to the characterization of isomeric sulfur-contsining compounds.

Studies of open tubulsar liquid chromatography (OTLC) were initisted this yesr. These
included investigstions into techniques for columm preparstion, sasple injection, ard UV sbsorp-
tion and laser-excited fluorescence detection. The use of electrokinetic phenosens in OTLC is
slso under study. We have initiated development of sn orifice for 0T.C/MS. The OTLC techanique
offers significant advantsges sas s complement to existing chromatograsphic methodology.

Finally, the division performed some 266,000 determinations during CY 1982, primarily ia
support of experimentsl programs at the Laborstory. Approximately 1550 control analyses were
processed as part of the quality control progrsa in the service/support groups, wvith an overall
quality level of 91.3%.
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1. ANALYTICAL METHODOLOGY
W. S. Lyon

Analytical Methodology is composed of two groups: Anslytical Iastrumeatation and
Anslytical Physics. Esch performs research aad development that is primarily funded by the
Office of Basic Energy Sciences of tiae Departmeat of Energy. Some applied work is also dome.

In the Anslytical Instrumentstion Group ewphasis is primarily nn the us of lasers or laser
based systems for analytical purposes. Research is carried thriough the proof of principsl and
development stage after which, in collaboration with other sections within the division or other
divisions within ORNL, instrumentstion is applied to processes or problems.
has been achieved in applying systems to uranium fuel monitoring.

The Anslytical Physics Group has » sms!l but innovative program thst collaborates with other
physics oriented divisions at ORNL. At present the ewphasis is on fundamental studies directed
toward understanding low energy positron scattering and heavy ion induced fluoresceance. The
ultimate objective is to use these te-hniques for materials characterization.

Particular success
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ARALYTICAL INSTRIMENTATION

Spectroncopy Research

The spectroscopy research carried out in
the Iastrumentation Group follows along lines
similar to those described last year. The com—
mon thread in much of this work is the laser,
used as either a light source or as an intense
thermal source. Several projects were completed
this year and a few nev tasks were initisted.
Our general sapprosch remains unchaaged: develop
the ides and/or theory, test the system experi-
wmentally, demonstrate the practical anslytical
potential, and define those mmalyrical problems
or application aress vhere the work cor®1 have s
significant impact. We are psarticula. 1tten—
tive to maintaining & brosd spectrum (pun
intended) of expertise in the srea of atowic and
woleculsr spectroscopy; the following descrip-
tion of accomplishments for the yesr sttests
that we are meeting well this objective.

A progrem initiated last year (with the help
of an ORNL seed woney grant) concerned the
development of & newv analytical concept -
Fourier transfors microwave spectroscopy. The
measurement sppsratus is essentislly & microwave
Michelson interferometer msking the experiment
similar to that performed in Fourier transform
infra-red spectroscopy. However, s subtle dif-
ference exists in our system. In s conventionsl
interferometer, 8 needed time delay is imple-
mented by means of a path length chsnge in one
arm. In the microwave regior, adequate resolu-
tion would require a 3 km path length differen-
tial! To circumvent this avkwerd spstisl
requirement, we hsve devised sn electronic way
to implement s temporal delay that simulstes a
path length change. To prove thst such ean
spprosch is feasible, we have constructed s
demonstration messurement system snd observed
the J=0 to 1 transition of carbony: sulfide.
Work this year will be directed toward improving
the signsl-to-noise ratio; we will slso test
Stark modulstion of the sample to reduce non-
ststionsry noise cources.

Many of the problems in our program to de-
velop astrix~isolstion cptoecoustic spectroscopy
hsve been solved, and we L.ve now scquired spec-
tra for several N-heterocycle polynuclear aro-
matic compounds. Sub-microgrem detection limits
have been messured for severs! members of the
quinoline femily in rare gas matrices at 10-20K,

For these compounds, the spectral resolution is
ephsnced by & factor of 3 to 5 owver that
odtained at room temperature. This improvement
allowvs identification and quantitation of wmix-
tures ispossible with conventional room tempera-
ture tect-iques. Solid zenon bhas been used as
the host matrix for these experiments rather
than the more ususl arson. We feel that the
Xenon host serves as an external bheavy atom
catalyst and enhances our lower detection limit.
A new scoustic detector has been designed and is
presently under coastruction. It should lead to
s 100-fold improvement in our detectiom limit,
that is, to levels below aboat tec nanograms.

Another significant advance this year has
been the use of the resonsnce ionization tech—
nique to generaste ions for mmes spectrometry.
The technique of resonsnce ion mmss spectroscopy
(RIMS) is described in detsil in the Mass
Spectrowetry section of this report. Other
resonsnce ionization spectroscopy (RIS) methods
were also explored. To spply RIS to certsin
ultra-low level radiocsctive counting determins-~
tions, the dsughter species “rom the decay pro-
cess must thermslize to a neutral astom to be
detected by an RIS process. We recently com—
pleted s study of the 218?0 dsughter of Rn.
¥ found that several gss wmixtures of orgsnic
vapors in helivm effectively neutralize the
polonium recoils; these include helium plus 1-3%
isobutsne, 0.5%7 triethylamine, 1-5% cyclohexane,
or 1-5% ethylene. Other gases snd gas wmixtures
that were found to be ineffective include sir,
srgon, srgon-{10%) methane, srgon-isobutsne, and
helium-NO, We have made some progress in our
cooperative project with EGSG Corporstion to
detect ungle atoms of plutonium coming from the
decsy of Cm. A laser test system and ssmple
chamber have been built snd sre now resdy to use
at the EGE&G site. Detection will be attempted
in sn stmosphere of helium-isobutane, which has
slready been siiovn to sllow the neutralizstion
of recoil species.

We continue to study tiwe-of-flight optical
spectrometry and have wmade initisl teste to
evaluste this technique for spplication in the
ultre-viole: spectrsl region. The short optical
fibers, requi.ed by the high UV sttenustionm,
still have useful dispersion because of the
rapid change of refractive index with wavelangth
in this region. We have messured the sttenus-
tion of three different fibers from 900 to less
then 300 nm, and sl-o messured the dispersion
and pulse broadening in the nesr UV. The most
significent result is that for some step index
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fibers, the pulse broadening in the UV is only
hglf chat observed im the visible region,
presumably becsuse of enhanced attenustion of
Teys which make a large aungle with the fiber
axis. This increased bendvidth mey permit the
use of step index fibers with high purity fused
silica cores for UV time-of-flight spectronetry.

Ue have started a new project to investigate
the flame optogalvanic determination of cesium
in brines. Uetermination of the cesium content
of brine solutions is of interest for leaching
studies relsted to r .clear waste isolation. The
high salt level of these MNaCl/KC1/MgCly-6E,0
brines (ca. 20 g/L each) interferes with wmost
atomic spectros:opy .echaniques, including those
that ewxploy flame or graphite furnace atom res—
ervoirs, yet direct analysis of these brines is
desirable. 2 flame optogslvanic spectroscopy
appsratus was assembled using a modified atomic
absorption slot burner and our palsed dye laser.
In the sample-seeded flame gases, chere exists a
dynsmic equilibriom between neu’.cal cesium stoms
and cesium ions. When laser light resonanl with
cesivm atoms illuminates the flasmes, this ioni-
zation equilibrium is disturbed toward addi-
tional ionization; thke resulting pulse of
current is detected.

For distilled water solutions our cesimm
detection limit is 60 ppB. Cesium has the tow-
est ionization potential of any element ani
spontaneous cesium ionization at our flame tem-
perature is almost cowplete. Because this
method can only detect neutral atomic species,
ve actuslly only messure s smsll percentage of
the total cesium aspirated into the flame. The
effects of the Na/K/Mg brine mstrix on the
cesium detection limit and response linearity
have been studied. For various brine concentra-
tions, the cesium sensitivity factor is approxi-
sately constant. For a 5 g/l concentration of
each of the three brine components (the highest
tolersble concentration for reproducible nebuli-
zation), the cesium detection limit is approxi-
sately 7 ppm. Our approsch has been to handle
brine samples by diluting them to a reascnable
working salt level and accepting the consequent
dilution factor for the cesium content. BSecause
the cesivm detection limit for distilled water
samples hss been extended as far as possible,
this brine sampl: dilution does not degrade our
overall detection limit to an unacceptable
level. Thus, the brine matrix problem is severe
for these solutions, but st salt levels
approaching 300 g/L NaCl, we can still detect
cesium concentrations as low ss 3 ppm.

We have countinued to explore, both experi-
wentally and theoreticslly, the use of “he time
delay in the emission of a laser pulse for
determining the absorbance of a sample within
the laser cavity. The delsy can be interpreted
in terms of gein and cavity build-up Cimes.
There is a fundsmental uacertainty or jitter in
the cavity build—up time due to the atatistical
properties of light. Detection limits and
accuracy should be improved if the gaip build-up
time is made much larger than the cavity build-
op time. Por practical applications, it would
be extremely desirable for the g'ain medivm to be
tonable in waveleagth. We have been experiment-
ing with an optical cavity in which ome wirror
ia a phase-conjugste reflector vith gain. This
mirror uses nonresonsnt degenerate four-wvave
mixing in a single domsin crystsl of barium
titanate. A volome hologram is formed at the
vavelength of the pump besms, furanished by a CW
dye laser. The gain of the mirror builds up
with a tise constant which depsnds on the inten-
sity of the three incident light besms. We have
set up such an oscillator end shown that the
gain build-up time is a function of cavity
losses.

The reflected wave from s phase-coniugate
mirror is a “time-reversed™ replica of the
iocoming wvave. This implies that if a wmiform
beaa propagates though a distorter into the
mirror, the reflected besam will have the origi-
nsl uniformity after psssing back throogh the
distorter., Ve have demonstrated that such dis-
tortion correction can be obtained by directing
a single pump beam into a bariim titanste crys-
tal with no other mirrors. Other applications
of resl-time volume hologrsphy are being
investigated.

Ve are presently exploring a new method for
the generstion of molecular besms: laser sbla-
tion of solids into s high vacuvm. The isola-
tion of lsrge molecules in ultracold molecular
beams can be accomplithed by axpanding a high
pressure gas (auch as helium) seeded with an
snslyte gas through a noszle into s high vacuum
chsmber. The spectrs of wolecules so isolated
sre very sharp and sisple due to grestly reduc.d
collisional and Doppler broadening. These sharp
spectra are very useful anslytically for iden-
tificeation of individual compounds ia com,lex
mixtures. We are attempting to generate sisilar
beams using a pulsed laser to flash evaporaste
the surface layer from s solid semple located in
a vacuum chawber. The focal spot of the laser
besm will yisulate the orifice of a conventionsl



molecular beam machine. A vacuum chamber for
these experiments has been assemblec asnd has
been included in an optical arrangement vhereby
three laser beams can be imping:d on a single
sample spot. The lasers are + Kd:YAG pulsed
laser (for ablation), a frequency-doubled flash-
lemp dye laser (for excitation of fluoresceace),
and a He-Ne laser (for wvisualization of t' - tar-
get spot and alignment purposes). Initial ex-
periments indicate that our 1 mJ ablation laser
is aot intense enough to evaporate sufficient
material from a tetracene fila for spectral
observation. Further experiments with differeat
targets, excitation geometries, and more power-
ful ablating pulses are currently in progress.

Further tests have been counducted on the
phase fluorimeter that uses a self-modulated
argon-ion laser as the excitation source. As we
reported last yesr, this argon-ion laser cac be
operated such that the output intensity is
nearly 1001 modulated at aay of five frequencies
between 508 and 737 MHz. This is an attractive
source for making high temporal resolution meas-
urements by the phase-shift method because of
the very high modulation frequencies. The
phase-shift measurements can be made in an ana-
log fashion using & double-balanced mixer to
compare the phase of the fluorescence signal and
the exciting light. Originally, an optical
delay line was used to adjust the phase of the
signals at the mixer to obtain zero output sig-
nal (signals 90° out of phase). From the rela-
tive positions of the delay line element for a
scattering solution (zero lifetime) and the
fluorescing sample, the lifetime of the sozple
can be calculated. (he precision af this
approach proved to be poor. To improve the pre-
cision, the optical delay line was scanned
through one full period of the modulation fre-
quency and the output of the wmixer recorded.
The response function of a scattering solution
and & fluorophor car now be compared to yield a
phase shift of higher precision. An improvement
wvas the replacement of the high-gain photomslei-
plier tube (PMT) by a wmoderate gain tube; the
high-zain PMT dces not allow sufficient rampling
of the modulated fluorescence signal.

An excellent test for a fluorescence lifetime
measuring apparatus is a bimolecular quenching
study. A Stern-Volmer plot should yield a line
vhose slope gives the quenching rate constant.
We used a series of 1. wmol/L R6G/R0 solutions
quenched by KI. The fluorescence lifetimes for
these solutions range from 3 ns to 30 ps, Life-
time measurements below * 300 ps could be made

reliably., Lifetimes loaoger than 300 ps bhave
pbase shifts wvhich decrease with increased
photomultiplier curreat. Si~ilar results have
been observed when this experiment is performed
vith 8 time-correlated single-photon counting
apparstus. Plans are being msde to incorporate
high speed counting equipmeat into the latter
exy riment to help understand these problems.

In a cooperative project with the University
of Tennessee, optically traassparent thin layer
electrochemical (OTTLE) cells hsve been found to
have wide analytical application. This is
because they can simultanecusly scquire spectro—
scopic and electrochemical data. Hovever,
because of the small optical path leagth, the
a. .lity to observe, spectroscopically, species
possessing small molar absorption coefficients
is severely limited. We are developing a
mltipass capability that can be used in aqueocus
as well as molten szlt media and can be coupled
to a multichannel optical detection system., The
technique has been successfully demonstrated
with an aqueous system using a tungsten filsment
radiant energy source. Deviations between
theoretical and experimental gains are less than
0.5%. WVork is in progress to demoustrate the
technique with 4 molten sslt OTTLE in s high
temperature furnace.

Finally, we uante that study of the selected
laser excited fluorescence determination of
Tb(III) coprecipitated with LaF3 has been
completed and a paper describing this study is
in press in Analytical Chemistry. Using
Er{I11) as an internal standard, TH(III) can be
¢2termined in LaPy with a precision of better
than + 4I. The detection limit is 1 x 1079
mole T Tb(III) in LaP3; this mole ratio cor-
respoads to a Tb concentration of 3 x 10710
M in the sswple solution before precipitation.
The procedure is insensitive to aniosaic inter-
fetence irom nitrate or chloride and is less
sensitive to common cationic interferences than
is a similar laser fluorescence techaique which
utilizes coprecipitation of lanthanides in
Cafj. Attempts to apply this techaigue to
trivalent actinides has only been marginally
successful. Expecte” sample fluorescence does
not alwvays occur, and it is presently felt that
the probles may lis in crystal symmetry effects
vhich are not properly controlled.

(C. Paldman, B. Hamaard,* H. Hosell,* [. N.
Kirte, G, Mamantov,* J. M. Rimeey, R. W. Shaw,
¥. B. Whitten, J. P. Youmg),

*University of Tennessee, Knoxville
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For the pust four yesrs, we have been
hesvily commitied to a cooperative program with
the Instrumeu.ration & Controls Division to
develop in~lime chemicsl iastrumentation for a
demonstration fuel reprocessimg plant. Msjor
efforts were directed toward the coatiowous
messurement of orsnium, plutonimm, certain
organic reageats, sod free acid couceatration.
Process conditions included both organic and
squeous stresms and concentratioms that ranged
from trace to msjor component. This year a pro-
totype multiv velength photometer, incorporsting
a moltiplexing mechsnism, was fabricated and
instalied in & Y '? ureaiom recovery process.
The instrument will ultimstely be capable of
wmositoring three process points simultanecusly
and report resl-tiwe uraciuw coacentratioa in
both aqueous and organic sti:ams for process
control. To date, s three-wvavelemgtu calibra-
tion algorithm has been developed for womitoring
1-30 g/L oranium in an squeocus raffinate stresm
having s verisble optical background, The
photometer will alro be calibrated for ursuwium
megsurement in an aqueous feed and sn organic
strip column.

A description of the photowetric analysis of
Pu(IV) in organic Purex solutions wvar also com
pleted. Optimus wavelengths for plutonimm
determination have now been selected and optical
fiber purchasad so that the prototype photom
eter csn also be applied to the. determination of
U, Pu(III), Pu(IV) in both aqueocus snd orgsmic
solutions.

In-line electrochemical reduction of TIVI)
was sssessed in an effort to extend the photom
erric analysis down to 0.2 g/L in highly <olored
squecus process solutions. J(YV) absorbs lighr
st seversl wavelengths that sre not influence’
by the presence of the ususl ispurities found in
reprocessing streams. This slight opticsl back-
grouad can be gccurstely measured prior to U(VI)
reduction. The U(IV) wol.r sbsorptivity is also
s factor of 23 tises higher than thst of U(VI);
U(IV) messurement would therefore provide a more
censitive indication of aqueous ursnium concen-
tration. Prepared U(VI) standerds can be re-
duced in <3 win osing & platinum cathode snd o
reticulated vitreous carbon snode. If the sam—
ple solution is highly contsminated, s chemicsl
reductant, such as hydrazine nitrate, muet bde
sdded co the solution to prevent reoxidetion of
U(IV). A report is being prepsrad thst further
describes the ¢ lectrochemical procedure.

We also have s significant effort to develop
advanced instrusentatiom for ‘we ia hot-cell
em-iromments. A prototype of a remota titration
systea suitable for such use vas d=gigned and
constructed. The in-cell compoaents coasist of
the titrant delivery unit, vhich features inter-
changeable bureis, and the pressplifier circuit
for the traunsducer electrodes. The buret is
driven by a stepping wmotor. The out-of-cell
componerts ixclude "he microcomputer controller,
plotter, sad termnal. Laboratory evaluation of
the system is complete. With the 25 wi buret,
tae precision of volume delivery is 0 L sud
is independent of the aliquot size. Based upon
acid-base titration dats, a precision and
accuracy better thaa 0.05% can be achieved if
the ejuilibrium constmt for the tiiratioa reasc-
tion is >108. The end-point is obtained frow
the zero-crossing point of the second deriva-
tive. A digital filter calculstes the second
derivative wvhile the incrementsl alditiva of
titrent is couotrolled sutomatically by the
microcomputer (calculgted via s predictive
least-squares algorithm). A typical titrstion
requires “100 data points and is cowpleted in
approximately five wminutes. Testing of the
system in & mock-up hot-cell is undervay.

An interface to an Apple II computer for a
two-dimensional position senaitive detector was
designed. The outputs fros the detector are two
analog voltages which correspond to the coordi-
nate wvhere a psrticle ispacted upon the detec-
tor. These coordinate dsts msy represenr energy
or positiong]l information depending uporn the
particular experimentsl situation. The coordi-
nate dats are digitized into two 6-bit acdresses
vhich represent elements of & 64 x 64 matrix
vhose magnitude corresponds to the mmber of
events that occurred st thst perticular
coordinate. The interfsce consists of the
suslog-to~digital sonverter, the digital wmemory
snd (ts control logic, amnd the logic necessary
to operste the unit under computer coutrol.
Construction and testing of the system are
undervay. Plans for the systes include its use
a8 s positrom detactor for omgoing work in the
Anslyticsl Physics group.

Work on the glow discharge detector for
oxygen detection has oceen completed. A major
prollem was the raduction of the oxysen back-
ground io the helium carrier gas. With the uee
of a trap containing BASY R}~11 catalyst, the
oxygen signsl esitted by a glow discharge in
laborstory-grade heliuves v3s kept below 0.1% of
its original intensity for 2 hours, end bdelow



1.03 for 6 hours. Tassage of pesxs of oxygen-
| ari g compounds through the glow discharge was
simalated by injecting such compounds into the
gas stream through aan injection loop placed
upstremm irom the capillery column. The height
(and siqn) c€ the peak produced depended on the
composicion cf the compound. To counvert all
ovxygen to & single chemical form (CO), a quartz
tube contsining carbon at 900°C was inserted
between the GC column and the glow detector.
All oxygen-besring compounds then gave positive
peaks.

(L. 4. Rosti~k, . Peldman, L[. D. Hulett, L. N.
Klatt, S. Pendyalz, * J. E. Rtrain)

ABALYTICAL PAYSICS
L. D. Hulett, Jr.
Probles Solving with Electron £nd X-vuy Methods

Solid specimens csn be charscterized by their
composition, crystal structure, wmorphclogy and
the chemical state of the constituents. Fnow-
ledge ol several or all of these properties is
often required to solve resl materials probl¢as.
When used in a matrix approsch, electron and
x-rsy methods can solve complex problems by pro-
viding the critical infcrmation about the pro-
pecties of s material. Elemental composirion
from major to trace levels can be determined by
x-rey fluorescence (XRF). Scanning electron
micrcscopy (SEN) and transmission electron
wmicroscopy (TEM) yield information on surface
morphology and the shape and size of submicron
particles. With an energy dispersive x-ray
fluorescence detector (EDX), the SEM can scan
across s sauple to provide s elemental map.
Diffraction patterns produced by x-rays or c.ec-
trorns sre used to determine crystal structures
of bulk materials or particles as small as 1 .M.
Exsaples of how these techniques hsve been
applied to problems from various laborarory
programs sre described in this section,

The Chemistry Division has an ongoing program
for developing methods of tritium contsinment by
producing oxide films¢ on container materials.
Tritium rapidly diffuses through clean metals
and slicys and its contscinment is s major gprob-
lem in developing controlled thermonuclear
.eauiurs, We have recently characterized tilws
producad on 3]0 stsinless steel which have good

——

#Stste UniversiLy of New York, Predonis,

tritium barrier characteristics. Based on SEM,
TEM, and XRD results, it wvas concluded that the
material was possibly s spinel compound having
properties gsimilar to WMnCrO; wvhich is &
superior ccatainment materisl. Another problem
involved the characterization of & composite
sample contsining less than 12 ursnium. This
vas related to a program for characterizing
uranium-bearing refractory solid residues to
ensble developwent of improved techniques for
complete uranium recovery from such residues.

We were recently requested to make on-site
sampling of residues which had collected on some
sutomobiles in the ORNL West Parking Lot. few
automobiles in this location had developed rust
spots aud it was unecessary Lo determine the
presence or absence of fossil fuel plant fly ash
particles. Using SEM gni SEM-EDX it was deter-
uined that the particles removed had composi-
tions which resembled s0il; there was no
evidence that fly ash particles caused the
corrosion.

The correlation of air-borne i.sbestos fibers
witn lung cancer has resuited in requirements
imposed by the Envircunentsl Protection Agency
(EPn) to limit human exposure, Becsuse com~
pliance =ith these health standards requires a
method for sccuraie asbestos analysis, we have
been wcrking c.ith EPA to develop & sensitive
x-ray diffr<ction (ARD) technique for the quan-
titstive determination of asbestos in building
materisls. As previously reported, the ORNL
approach uses an internsl standard to determine
concentrations from 0.51 to 602, 1Inicial test-
ing on EPA samples indicsted that the XRD method
was more mensitive to asbestos than either
polarized light microscopy (PLM) or thermo-
gravimetric snalysis (TGA). Further evalustion
has shown, however, that the internal standard,
aspirin, war decompose in some materials. Work
is in progress to find s stable substitute for
aspirin.

Work is also progres+ing Jn wmodifications to
the computer controlled diffractometer and
eight-position sample changer which, when com-
pleted, will gliow overnight and weekend opers-
tion, Continuous opeistion will be required for
the anticipated high sample load from state
sg'ncies aud local governments attempting to
evsluate public heslth hsezserds. In conjunction
with s more efficient diffractometer, & number
of techniques are being evslusted as pre-
screening methuds to help process ssmples more
rspidly.

{P. L. Ball, H. W. Dunn, J. H. Stewart)
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Chemicsl Anulysis ‘v Positroms amd Reavy loms

Investigativas of the characteristics nf low
energy positrors for revealing various proper-
tier of matter has shown a dramsic iacrease ir
the last few years. It wus made evideni cust
the field is growing st a rapid pace by the num-
ber of papers presented on the subject this year
at the Sixtk Intermational Positron Annihilation
Conference in Fort Worth, Texas. The growth of
this science has been made possiblc by the rela-
tivély receat breakthrosgns in the develspment
of twor high efficiency positron moderators,
copper an. tungsten. The copper moderator was
developed by workers at Bell Laboratories and
the tungsten wmoderator by our group here at Osk
Ridge. These moderators have the. necessary pro~
perties for thermalizing high 2nergy positions
vhich are then accelerated to lrw velocities for
controlled low energy positron interactions with
materials under study. Our wvork on the develop-
ment of the tungsten woderator and its use for
positron energy loss experiments at metal sur-
faces vere reported at this conference. Further
atempts at wmoderator improvements have been
made, Tungsten with an increased surface area
vas tested and specific alloys were also tried
for theoretical reasons. The efficiencies of
these moderators approsched bu. did not exceed
that of the high tesperature =:reated c°agle
crystal and polycrystalline tungsten.

Our positron program has induced other work-
ers in the ORNL Physics Division to become
interested in monoenergetic positrons. They
have carried sut initisl experiments for creat-
ing high energy positrons by proton bombardment
of lip to produce llc which is o posi-
tron eaitter. Although the yields were lovw in
these first attempts to produce pusitrons by
this technique, due to moderator contsmination,
we still expect to achieve a factor of ten
greater intensity over that from the 22y,
source presently being used. We will use this
facility to do high energy positron diffraction
experiments at energies normally used in the
transsission electron microscope. A simplified
dynamic diffraction theory has bsen formulated
to compare positron and electron diffraction.
The theory predicts that positrons will cravel
between rows of atoms in crystsls and that mess-
urements in intenmsity loess of tne diffracted
beams will provide information about electron
densizies between atomic sites. Positron
diffraction data are therefore expected to be
richer in chemical bond informstion than
or. inary electron diffraction data.

Positron and electron scattering specirs from
a polished annesled polycrystalline wmolybdeaum
surface rre curreatly being weassured with a low
pass/higt pass differeatial retarding field
spectrometer. This spectrometer was designed to
provide the high throughput necessary for
Jositron scattering experiments combined with
the direct measutement of differential energy
loss and diffraction spectra. A report of
possible invection for this spectrometer has
been filed vwith the ORNL patent department. A
position sensitive detector with a resistive
strip regdout has been purchased for rec :ding
positron diffraction patteras. An interfice has
been designed and is being constructed for
sto.-ing these data in a microcomputer.

in invited paper, reviewivg the applicationa
of monoenergetic positrons for the characteriza-
tion of solids has been completed and svbmitted
to Applied Spectroccopy Reviews. A combined
symposium-workshop on the isplemeatation of
monoenergetic positrons in fundewmeatal and
applied science “as been organized and will be
held at rie annual weeting of AAAS in Detroit,
May 26-51, 1983,

The evaluation of heavy ion induced x-ray
fluorescence (HIIXRF) as & technique for the
direct determination of the bulk chemical
enviromment of an elemeat in a solid has
branched sncceasfuily in several directions. In
the past year, we have explorved methods to
increase the seansitivity, expanded the range of
elements which can be anslyzed and initiated
collaborative efforts to evaluate wmaterial
science applications.

To ircrease the sensitivity of HIIXRF, we
exsmined the effects of using a heavier projec-
tile for the excitation of target Ka x-ray
satellites at ORIC. The results indicated that
the average L-shell vacaancy fraction, i.e. the
degree of multiple ionization in the L-shell,
increaced with incressing projectile atomic
nuaber. The reiative changs in the L-shall
vacancy fraction, i.e. the chemical shift,
remsined constant with stomic number, More
encouraging vas the discovery that the cross
section for x-ray emission increased by a factor
greater than Z2. Thie mesns thet in the
absence of any loss of chemical seneitivity or
significant decrease in projectils currant
density, the heavieat projectils availsble for a
given valocity should be usad for excitation,

Because the sensitivity of the Ko satellite
lines t. the chemicsl environment decreases as
the number of she.ls between the K and valence
shell inzrease, v+ focused our sffort to expend

”ﬂ‘
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the raage of elements vhich can be analyzed by
evaluating the chemical shifts of other x-ray
transitions. For example, the wolybdeaum L
x-ray satellites produced by the boabardment of
compounds and al’loys with energetic chlorine
ions from the EN-tandem displayed intenmsity
variations indicative of the valeace electron
density of the material. Using molybdenum foil
data as a subtrghend, amplification of those
variations indicative of the valence electron
density of the material. L:ing wmolybdenum foil

data as a subtrahend, smplification of those

variations was  obtained by calculasting
difference spectrs. Anslysis of the spectrs
produced two significant observatioms. First,
the larger the difference in the valence
electron deasity of the compounds or alloys, the
greater the variation in the difference spectra.
Second, the difference spectra displayed an
oscillatory fine structure. These oscillations
appear to occur at energies corresponding to the
Loy satellite trasnsition energies of
molybdenum.-  Dirac-Fock calculations of the
binding energies of multiply ionized molybdenums
are being used to sscertain the transition
energies and to aid the study of rhe os~illatory
effect. .

Based on the molybdenum results which demon-
strated our ability to observe chemical shifts
in alloys, we have begun s collaborative effort
vith the Metals and Ceramics Division to study
x-ray chemical shifts in long range ordered
(LRO) alloys. These alloys, of composition
V(Co'l'eyli:)g. exhibit different physi-
cal properties such as cryscal structure and
ductility with small changes in composition. In
addition to the LRO slioys we have begun to
evaluate the K: and KB natellite transitions of
vanadium and titanium .-mpounds and alloys.
Preiiminary results indicate that the KEg satel-
lite lines are much more seusitive to the chemi-
cal environment of these ~lexents than Kx lines.
Future experiments wil. continue to evsluate
treasitions which wmay increase the sensitivity
snd range of HIIXRF and to explore potential
materials applications.

(J. M. Dale, P. F. Dittner,* H. W. Dum, L. D.
Hulett, S. Kahane, H. J. Kim,* L[. N. Klatt,
He P. "rause,* P. D. Miller,* W. T. Milner,*
S. Raman,* T. M. Rosseel. 7. R. Vane,* J. P.
Young)

#Physics Divisinn
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2. RASS AND ERISSION SPECTROMETRY

J. A. Carter

Research, development, aand support analyses are carried out in three topical areas:
Inorginic Mass Spectrometry, Organic Mass Spectrometry, and Elemental and Secordary Ion Mass
Spectrometry. Tach area has many opportun.ties to develop techniques that support laboratory
programs uore effectively gnd to pursue research aimed at extending wmass spectrometry into new
sress. The section's work is quite varied gnd involves the study of techniques for: surface
characterization, both inorganic and organic; multi-element trace setal analysis in a variety of
alloys and ceramics; analysis of special nuclesr wmaterials for various safeguarding
applications, domestic and international; organic MS/MS znd GC/MS analysis; icotopic abundance
measurements of actinides and burnup analysis; and stablr isotunes mass spectrometry.

Some 30X of our R&D support is received from rlie Division of Chemiral Sciences of the
Office of Bssic Energy Sciences. This effort, which is geaeric in nature, provides the tech-
nical base for addressing current and future anslytical mass spectrometric needs as related to
DOE progrsms. Another 10T of our RED support comes through the Office of Ssfeguards and
Security for domestic and internsational activities. The remaining support comes from several
orher laboratory prograws and from various Work-for-Others programs, as, for example, the
snslytical cfforte for NRC, waste isolation work st Hanford and Sandia, and support for the
Three-Mile 1sland reactor cleanup.




RESZARCE IN INORGARIC MASS SECTROMETRY
R. L. Walker and D. B. Saith

Resonance ionization mass spectrometry (RIMS)
is being developed for potential use in isotope
ratio measurements where isobsric (same mass)
overlap between elements has been & problem for
conventional theraal :Zomnization. RIMS uses a
finely tuned, high intensity laser to ionize
atows of a chcsen element with high selectivity
and without :interfercnce fro.. other elements
present in the sample. Procf of the selectivity
of RIMS was obtained with the elements neodymium
snd ssmarium in as equiwolar wixture. Using
laser excitarion at two different wavelengths,
either neodymium or ssmsarium could be meoasured
vith essentially no interference, vhereas
thermsl ionization gave unacceptably large
errors for certain isotope ratios. The RIMS
technique nas been used with other elements of
interest, including cerium, praseodymiuva,
europium, and plutonium.

To improve precision and accuracy of isotopic
ratio measurements, two internal standards of
uranium have been syuthesized, characterized,
and evaluated. One of the standards is used for
isotope dilution measurements for uranium con-
centration; the other is wused to refine
235y/238y  measurements. Analysis of &
number of isotopic standards suwd other samp.es
vhose content is well known led to improvements
in precision of factors ranging from 3 to 7. In
the 235y/238y measurements ve are
limited by the purity of enriched 236y
materials available o make the spike; they are

all high in 235; content. Relative
precisions of about 0.17 are obtained with these
new standards, An  internal standsrd for

plutonium is presently being developed.

Software programa have been written and
tested for burn-up calculations. The l48yq
(ASTM E-321) method waa chosen for this work,
but any ceodymium isotop: may be substituted for
148 if desired. The programs are written to
correct for cerium at w/z 142 and for normsl
neodymiur contamination in fission-produced
neodymium.

The quadrupole mass spectrometer in its
mobile laboratory wmade a number of field trips
in the last yerar in support of the Oak Ridge
Nparations Office of DOEL. Environmentsl losses
vere monitored at several DO facilities. The
Savannsh River Plant was visited in support of
the Office of Safeguards and Securitv, where

pe
D

both vranium and plutoniom in inplant streams
were monitored for accountability.

A new ion source for the quadrupole was de-
signed and installed, resulting in an improve-
ment in seunsitivity by about a iactor of 10.
Tne instrusent v-: resounied to reduze shock-
induced problems d:riag travel.

{D. L. Donohue, H. S. McXoom, L. K. Bertram,
C. A. Pritchard, R. L. Sherman, J. R. Sites,
J. P. Youny).

ORCANIC MASS SPECTROMNETRY

G. L. Glish and P. J. Todd

Research has been initisted into thermal
desorption/ionizarion of involatile aod/or

. thermally labile organic compcunds. Good suc-

cess has been achieved with quaternary ssmoniue
and phosphonium salts. It has been demonstretsd
that at lov filament temperatures (<700°C)
direct desorption of the intact cation occurs
with no fragmentation. AL uigh *ilament temper-
atures (>2000°C), thermal iomization occurs,
again giving the intacr cstion with little or no
fragmentation. Botha processes can give very
intense ion beams, suitable for application of
the MS/MS techaique. However, the higher tem-
perature signal is usually more stable and is
wmore reproducible,

The joint research project with Exxon involv-
ing pyrolysis/GC/MS of specially treated coals
is essentially complete. Using a statistical
model for hydrogen/deuterium scrsmbling it has
been determined that on the average there are
two radical sites per phenyl ring in & compound
and an additional site for each methyl group.
Alsn, several compounds were observed to be
formed by complete methyl group transfer while
other similsr cowpounds existed in the coal
stmcture,

A project studying the fragmentstion of
chalcogen-containing fatty icids aul mwethyl
esters (in conjunction with F. F. Knapp of
Health and Safety Reaearch Division) has been
completed. Aigh resolution measurementa and
several different metastable scanning techniques
were performed with the M850 to elucidste vari-
ous decomposition pathways. 1In the course of
this study B/ linked scan capabilities were
added to the MS350,

Because Secondary Ion MHass Spectrowetry
(8IMS) involves the ionizat’un of both analyte



aod matrix, analysis is always a mixture prob-
lem. The key advantage to poss:ssing a substan—
tial secoundary ion sigoal is that it permits use
of WS/MS--s powerfu] mixture analysis technique.
Thus, the structure of organic species can be
dztermined in the presence of vastly wore
concentrated matrix. Species invntignteil to
dste include alkyl ammonium salts, arginiuve,
‘phosphate esters and psychoactive substances, in

" addition to metal-orgsunic ion complexes.

The organic secondary ion source is opera-
tional aad being used with the MS/MS spectrom—
eter to study the chemistry of secondary ion
emission. We developed this source origimally
to generate secondary ions from imvolatile or—
gauic anslytes. It has been quite successful,
yielding ion currents of the order of “600 x
105 ions/sec at the detector after transmis-
sion through the three sectors of the MS/MS
spectrometer.

Of particul sr gignificance is the observation
that, in addition to a generslly intense, intact
cation, the.- dominant fragment ions formed from
the analyte samples are ions vhich are forwed by
gas phase decowpositions of the initially formed
Sucn evidence
surface damsge to the organic
ther observation concerns the
Solid
sluminum are substantially less productive than
liquids such as glycerol. Surface concentration
enhancement has long been studied by colloid
scientists, and the effect is to be expected.
Further enhancement by the wmstrix, e.g., by
sulfuric or polyphosphoric gcid, is being
iovestigated. The interest here is in generat-
ing secondsry ions from weak

indicates pinimal
snalyte. A fur-
watrix coataining

secondary ions.

the analyte species. matrices such as

bases such as

hydrocarbons.

(E. A. MeBay, L. K. Bertram, A. S. McKowm, W. H.
Cheistie, D. H. Smith.)

TLENENTAL AFD SECORDARY ION MASS SPECTROMETRY
W H. Christie

8TMS wss used to help evaluste XeCl excimer
laser annesling es a processing step in the man-
ufacture of photovoltsic devices. Pulsed ruby
and Nd:YAC lasers used for the removal of ion
implentation demags in solid stats devices have
numerous disadvanteges that have limited their
commercial applicstion. Among these disad-
vantages sre: 1) spatisl besm nonuniformity

11

resulting io local "hot™ or “cold” spots; 2) low
repetition rates for high energy pulses; 3) high
spatial coherences,
effects (“speckle™) extending over the entire

which csuse interference
illuminated area.
In coatrast, in the Solid State
Division (SSD) have found pulsed excimer lasers
to provide relatively large rectangular anneal-
ing aress- Jithin these sreas the pulsed energy
density is highly uniform ar high repetition
rates. The purpose of the SIMS study was to
exsgaine dopzat redistribution in terms of the
required laser thresholl energy density. These
studies would help establish the optimum energy
density for annealisg of ion implautatiom iat-
tice damsge, and allow us to exemine the effect
on dopaant disiributica resulting from the use of
multiple overlapping pulses at high repetitio
rate in a scanniag mode.
" 3oren was implanted st 5 and 20 keV and ar-
senic at 20 sand 110 keV in single ~rystal sili-
con ccorresponding

workers

to projected implantation
ranges of 16 and 65 nm. - Dose levels Zor both
dopants 2 and 6 x 1015 jons car2,
SIM3 measurements of redistribution following
pulsed excimer lsser annealing showed a first
observed departure from the as-implanted dopant
profile at 1.15 J cr? for boron and at 0.98
Model cslculations by
SSD personnel predict 1.03 J ca? for melr-
ing to a depth of 50 nm in crystalline silicon.
This result is in good agreement with the SIMS
mseasured boron redistribution to a depth of 50
om st 1.15 J cm 2,

The swmoothness of the silicon surface after
excimer laser annealing sllowed unusually high
depth profiling resolution to be preserved down
through the back side of the profile. This
improved resolntion made it possible to observe
& slope change in the profile that corresponds
directly to the melting depth during laser
snnealing. '

In a collsborative program with the Nstional
Bureau of Stsndavds, some aspects of resin bead-
enhanced thermsl ionization of uraniue wers
studied. This project iavolved a truly national
ccllagboration as the secondary ion mmss spec-
trometer (CAMECA IM8-3f) was Iocated at the
Buresu, the thermal ionization scage for this
instrument was borrowed from the folar Ene:gy
Research Institute in Golden, CO, and an ORNML
worker traveled to the Buresu to participate in
the research.

Initial experiments sttempted to visualize in
real tise the thermal emission of U* ions

vere

J a2 for arsenic.



directly from resin beads losded om & themim
filsment, using the CAMECA instrument's position
seasitive electro-optical detector. However,
the iou curreats produced from the 150 um diam-
eter fiela of view were too low to produce such
imeges. Photographic ictegrstion was required.
The most interesting experisent ctilized the
combined thermal/SIMS mode of operation. The
distribution of urenium around s resin berd was
studied as a function of tempevrsture. At low
temperatures the uranios signsl was localized to
the resin besad and the sres immediately sround
it. As the tesperature was increased, it was
observed that the uranius covered s wider and
vider ares sround the bead and was diffesing
away in & iforma = . In this study two

dynsmic processes were occurriag simultanecusly:
the diffusion of ursnium aswsy from tke resin
bead sud spuccering of the surface.

These experiments are extremely provocstive.
They suggest that the rezin besd <coes noc pro—
vide a point source of uranium ions for s mass
spectrometer ss previously envisioned. The bead
does appear to provide 2 temperature depondent,
diffusion controlled relesse of neutrsl uranium
sioms, which hsave high mobility on the surface
of the rhenium filsment. Mgny future experi-
me...s csn be envisioned to utilize the unique
capsbilities of the CAMECA ion wmicroscope to
investigate fundamental processes of thermal and
secondary ionizstion.

In collsborstion with resesrchers at the
University of Tennessee Chemistry Depsrtment, we
have used SIMS to study the concentration vs
depth distrioution of snions and cstions
electrolytically deposited into thin-organic-
film modified electrodes. Tetracyanoquinodi-
wethane (TCHNQ) wodified plstinum or gold
electrodes were prepared using s wixture of
oligoxers in which the TCNQ electron exchange
sites are incorporsted into the polymer's moiec-
ulsr backbone. In TCNQ this results in electron
rich sites thioughout the depth of the polymer
fils thst can act as cstion scceptor sites.
Carly experiments used sodium end potsssium
perchlor ite solutions from which either cation
ves elecerolytically deposited into the films.
Carly SIMS work demonstrated the unscceptability
of the ubiquitous Ne* snd K’ cstions from a
contsmination stsndpoint and le¢ss common cations
(Li* and Rb*) were used in subsequent work,
Depth profiling of these msterials demonstratad
s difference in ths Rb* concentration gredient
for s film reduced st -0.3 V snd for the same
film vhich vas then oxidized. Although we are

currestly analyzicg “"rew” SIMS data, it appears
that tne (TQWQ-Eb'), filn has been oxidized
in aa ootside-inside fashion; i.e., the surface
of the film in contact wvith the el:ctrolyte
solution has been depleted in Rb* upon beicg
cycled back to the initial potentisl {oxidized).
This is comsistent with rapid electrum hopping
and ¢.0ov ion migration in the charge tranmaport
process. The neutral “virgia fila™ gave Xb*
sizoars spproximstely 100 times lower then the
exposed film, -

These esrly experioeants are interesting and
have turned up s number of phenowzna that will
be investigated in future work. One exciting
possidility is that the polymer filwm electro—
chemistry techaique may also prove to be of
~alue to the surface scieatist siuce it e.shar
provide a means of febricating standards usefufl
in quantitative biological “tisicce™ stulica.

(R. E. Pby, L. Landmu, P. J. Todd).



e R T L A

13

3. RADIOACTIVE MATERIALS ANALYSIS

W. R. Laing

The Radioactive Materials Analysis Section is composed of three groups: Radioactive
Material Analytical Lasboratories, Trausuranium Analyticsl Laboratory and Special Projects. A
sstellite lsborastory is sls0 opersted within the Consolidated Fuel Reprocessing Facility. These
groups provide supoor> for many Laboratory programs, primarily thos.: in the Chemical Techrology,
Fuel Recy.'e, Metals asnd Cerszics, and Operations Divisions. They also perfors work fo:r other
government and nom-govermmental sgencies.

Development is su inherent activity and includes work on x-ray fluorescence, porosity and
surface aAres messureaents, testing of costings for the nuclear iadustry, sad the division's
computzr-based Data Management and Sample Transaction Systems.
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PROCRAMS AWD rROJECTS
D. A. Costanio

Bigh-Temperature Cas-Cooled Resctor Program
Particle Techmology Studies

A method has been developed to measure micro-
asod meso-pore volumes :nd surface area distribu-
tions in solids, especially ia reactor grade
core graphite samples. Kitrogen adsorption-
showed hysteresis
characteristic of pordus materials. From these

isotherms and applications and the theories of s

Jesorption isotherms loops

number cf specialists writiag in the Liferature,
we have bDeen able to write computer programs to
calculate sad plot pore surface arca and volume
distributirns in the ~ange of 1 to 100 nm for
Above 100 nm the pore
determined by

tie hydrauiic po-e radii.

distributions were sercury
porosimetry.

A continuing program of decermwining BET sur-
face areas and helium densities of solid samples
has been pursued. This has included the ims-

provewent of the apparazus and th- computer

softvare to make hardcopy of the dsts in tabular
and graphical form. The ssmples analyzed have
been both solid cylinders ard powders.

Great for

Lakes-grade the high-

temperature gas-cooled reactor (ATGR) has been

grapkite

submitted to oxidation testing to simulatc the
effect of an inleakage of moisture in the sec-
in the HTGR. The
characterize oxi-

ondary helium coolant flowing
analytical techniques used to
dation effects upon the pore structure of the

graphite include BET surface area analyses by
nitrogen adsorption at 77°K, helium pycnometry,
and mercury porosimetry. Changes in accessible
and inaccessible void volumes with oxidation of
the graphite by water vapor in helium at 900-
1000°C were demonstrgied. Significant changes
in BET surface areas were also noted as the oxi-
dation increcased. Changes in pore-size distri-
butions were determined from gas adsorption and
E--idence of

Th2 surface area

wmercury porosimetry isotherms.
catalytic oxidation was noted.

and helium pycnomerer apparatus is a fully auto-
mated system controlled hy sn HP9835A micro-
computer.
stores it on tape, calculates the surface areas

The computer also processes the dats,

and helium densities with appropriate statis-
tics, prints hardcopy, snd plots isotherms using
an HP9872A plotter.
are also prc:essed by tie computer,

Mercury porosimetry data
and pore
distribution curves are charted by the plotter,

{n, A, lea and J. M. Kellar)
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Thermal Amalyses

Misceilaneous ssmples have been analyzed by
thermogravimetric analysis (TGA) and differen-—
tial scanning calorimetry (DSC) anslysis. These
iacluded uranyl nitrate solids from uranivm pro—
cessing lines, cesium chloride and nitrate and
technetium oxalate. Durer resin samples were

soslyzed by evolved gas anslysis usiog MS.

{D. A. Lee and 7. M. Xeller)

Software Development for ICP
Mumerous new features wer: added to the
inductively coupled plasma (ICP) spectrometer
software, these included utility programs for
monitoring system performance and tsbulation of
data, automatic update of calibration curves,
enhancement of employed for
and improvements in

techniques
interference corrections,
data formatting for cuscomer's print-outs.
Programs were developed for the direct traasfer
of data from the iCP computer to the Laboratory
DEC-10 System for < tegration into the Data
Management Systes (DMS). TSX-Plus, & multi-user
operating system, wvas fully implemented in the
ICP computer.

into simultaneous
multispectrometer opera~ion of the ORNL ICP were
completed. A .satellite microcomputer (AIM-65)
vas used to control and take data from the ICP
scanning monochromator,

Preliminary investigation

The microcomputer com-
municated directly with the main ICP cowputer
(LSI-11/23) which wou.d allow combining data
from toth the polychromstor and wmonochromator.
Continued work on this project will require
development of softwsre tu integrate the multi-
spectrometer functions into a fully operstional
package.

(Jo M, Reller)

XRY Development

Working with C., J. Sparks, Jr.
snd Cersmics Division),
(XRF) system
quantitatively detecting less than 0.4 mg/ml of
uranium, plutonium, or other elements in a high

(ORNL Metsls
we have designed an
x-ray

fluorescence cap-'~ of

A basic
ferture incorporated into the ARF spectrometer

gamma radiation active backgroand.

is simplicity.
graphite for the

This design empioys pyrelytic
x-ray opt.cs; this has the

sdvantages of being highly rzsistant to
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rediation and having high diffraction effi-
ciency. Becaase of *he nearly
structure of highly oriented pyrolytic graphite,
the entire energy region from Pul, to UL is
diffracted simltavecusly with good efficiency
and sufficieat wavelength dispersion to permit

ideal wmosaic

the cse of fixed optics in the spectrometer.
The excitation source for the XRF gystem uses a
graphite barrel wonochromstor to provide suffi-
cient intensity with .2 standard diffractiom
x~ray tubc to achieve the quantitstive detection
limits of <0.4 mg/ml for uranium sad plutonium.

For proof-of-principle testing, a lsboratory
version of the XRF design has been assembled
with borrowed components. Preliminary investi-
gations with this lsborstory version indicate
that it will have sa energy resolution of 10-20
eV and will exceed the originasl sengitivity cri-
teris of 0.0% cps/ppm 1 “anium or plutonium by
factor of five or more, Curremt work om this
project is directed toward the development of a
prototype system to be located in a hot-cell at
building 2026. Once the prototype is located in
a hot-cell, the system performance will be eval-
uated with ucasium and plutonium deterwminations
on spent nuclear fuel processing samples.

(J. M., Yellev)

Myltielement Anslyses by ICP-AES

The inductively coupled plasma atomic emis-
sion spectrometer (ICP-AES) continues to provide
support for s vsriety of Environmental Sciences
Division programs coacerning trace metsls in the
e wiromment. Routine momitoring of local ponds,
streams, and lsboratory effluents for trace and
toxic metals has bee.. very successful.

An investigation of the uptake and distribu-
tion of trace metals in different types of trees
is snother project that relied hesvily on the
cost effective, msltielement cepability of this
technique. The concentration of various metals
in tree rings provides a chronological record of
the sbundance of these elements in the environ-
ment. One goal of this study is the deterwins-
tion of the effects of cosl-fired stesm plants
on trace metal uptske in surrounding vegetation
such so trees. The trse ring core samples asre
prepasred by low temperature eshing prior to
snalysis by ICP-AES; spproximately 30 elements
sre determined at concentrstion levels below one
part-per-million,

The leachability of toxic substances from
municipal waste sites into yround watar supplies
is an EPA-funded project that slso depends upon
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the cost-effective, multielement capabilities of
the ICP-AES. Simulated matrices prepared from a
oumber of organic scids were used to lcach mate-
rials from various waste sites. The leachates
were analyzed directly by ICP-AES to determine s
number >f crace setals.

Several other research projects were sup-
ported by the ICP multielement analyses tech-
nique. Two of the more difficult samples, im
terms of both ssmple preparation sand snalysis,
s”e the minersl and shale under study by geolo-
gists iaterested in the geochemistry of orgsnic-
coutaining vocks, especiaslly Chattancoga shale.
The wvery large conceatrstion of orgsnic coms-
pounds slong with inorganic complexes, which are
difficult to dissolve, required a2 multistep
dierstion procedure. Wet ashing in concentrated
BNO3-AC10; followed by digestion
trated HF-BNO3 was used tc prepare solation
samples for analyses.

i coxcea-

{D. R. Reine and J. C. Price)

RADIOACTIVE MATERIALS ARALYTICAL LABORATORIES
D. A. Costanz)

X~ray fluorescence analysis continued to be
spplied to many types of samples. During this
reporting period, 2000 XRF determinations were
aade compared with 1000 during the previous
period. The msjority of semple types were sque-
ous snd organic solutions contsining ursnium and
other samples
thorium, zirconium, technetiuvm, molybdenum, and

plutonium; vere analyzed for
rhenium., Additional spplications included anal-
ysis of plating bath so'utions, organophosphorus
extractants, neutron poisons (cadwium gnd gado-
linivm) in U-233 sgolutions, and quslitative
scans of deposits, residues, and slloyas.

Winety-six solutions contsining statisticslly
varying smounts of ursnium, plutonium, and acid
vere prepared for use in s mstrix study on the
x-ray fluorescence analyzer. All components
wvere measured by both volume and wmight, sn in-
tarnal stanisrd was sdded, sod the x-ray fluo~
resence vss measured. Ststisticsl evsluat. on of
the data is in process.

A software progras for XRY metrix correction
has been obtained from the msnufscturer for v.e
with our instrument. Initislly, the program
could not be loaded because of insufficient
memory cspscity. After some hsrdware changes
wvere mede to provide asdditionsl wmewory, the
program was successfully loaded. Wow problems
vithin the program will not asllow proper



execution, the msoufscturer is assisting in
fioding the source of this ervor.

To provide ursnium deterwminations with a
precision of 0.5, we routinely use the Davies
and Gray volumetric procedure. Recently, a need
has arisen for more precise messurements with a
relative standard deviation of 0.05%. The
procedure has been change¢ to a gravimetric
basis by weighing sasple aliquots and the
dichromate solution used in cthe titratioan.
Caveful preparation of resgents and calibration
with NBS standard reference materials ere
necessary to ensure freedom from bias.

At the Three Mile Island resctor site, clean-
up continued with the processing of water from
the coatsinment builsfing. Fission products were
removed by passage through zeolite and ion ex-
Chemical, radiochemical, and
mass spectrometric asssys were performed before
and after treatwment to detersine the efficisncy
of the removal process.

change columns.

The design basis accident (DBA) apparatus is
used for the testing of ouclear costings
(paints) under simulated reactor accideat condi-
tions. €Early this year it became jacreasingly
difficult to duplicate the standard temperature
curve (75 to 170°C in 70 s) in the initial phase
of the test. Replacement of geveral steam
valves produced no iwprovement. Insulation wes
removed from the asutoclave, and the resistance
heaters were checked. As & resolt, sdditional
heaters were added, and replacement iansula.iom
vas increased from 8 to 15 cw. To permit easier
removsl of coudensate, an improvement in valving
to the condensate leg of the stea. lines was
zade. These improvements were successful, and
the standard 170°C DBA curve was obtained.

Several nev pieces of equipment have been
installed: & remote pipet for hot-cell use, two
electronic balances, a glove-box fume scrubber,
a programmable hot plate-stirrer, and an eavi-
ronmental cabinet to house the XRF electronics.

The planned second-story addition to building
2026 is st the 90% design review level. The
current schedule calls for the coatrect to be
bid in December and swarded in March 198); con-
struction would begin in April.

Other work in the Radioactive Materials Ansl-
ytical Lsboratories has been of s genersl nature
and hss included tests of solvent extrection
.éuip-n:, dissolution of 3.7 x 10!3 Bq of

in for radiochemical snaslysis, and prepars-
tim of 2“)?\;. 2“?\1. and 242y,
solutions for anslveis, Sswmples from the
gunnite tenks in the old tenk ferm have been
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processed for demsity, total solids, acid,
spions, send rasdiochemical scans.

(R. P. Apple,
R. E. Jones)

J. L. Botts, R. D. Brocksbork,

CFRP fupport Ladboratory

Approximately 4000 analyses were performed by
the satellite service laboratory in buildiag
7501 in support of Comnsolidated Puel Rcprocess-—
ing Program (CFRP) process and emgiseering
stodies. The samples were generated is fuel
dissolver, iodime trapping, mitric acid recycle,
and WO, off-gas studies. Analyses included
free acid by poteatiometric and thermometric
titrimetry, alcohol by refractometry, iodine by
volumetry and spectrophotometry, oxides of mi-
trogen by sacidimetry and spectrophotometry, and
solids by gravimetry. In addition, a laboratory
stady wvas completed in the density of the
Mg(N03) -8W03-H20 systes over the range
30 to 70 wr I MNg(W03)3, 0-15 wt I HNO3 and
at 57 to 150°C. The Mgi(W03); system is
being considered for the recycle and preduction
of high-concentration (>90%) nitric acid.

(F. L. Layton and J. L. Marley)

TRARSURANION ARALYSIS LABORATORY

J. H. Cooper

The Transuranius Analysis Laboratory (TRU)
provided support orimsrily f.r the production of
transplutonium elements. This year the sample
load decreased 7% while the staff decreased 91.
The major effort was directed toward crans-
uraaium psﬁcuin‘ campsigne in wvhich about one
gram of Cf was produced. More than ome
third of the snalyses were for the Operationms
Division in support of waste monitoring.

This year many specisl short-ters projects
were undertsken. For messuring uranium councen-
trstions in power reactor processing solutioma,
ve sought & method vhereby smsller smounts of
radiosctive sample could be used but vhich would
still provide the sccuracy needed. A wethod
reported by R. T. Chitnis et ol was imestigated
and modified for use. To deterwine 'utonium in
solutions contsining grester them 5 g—!:‘l, an
samperometric titration msthod using a recording
titrator fitted with s polerizer was adopted.
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Samples of wastes for imjection into cthe
Shale Rydrofracture Facility were scbmitted for
determinstion of heavy elements. The samples
were highly contaminate! with loag-lived fissice
products sod had to be diluted before they could
be anslyzed. The levels of slphs sctivity from
platonium, awericium, sad curiem were of the
order of 5-100 Bq—=mll jn these dilutioms.
Mion resin exchsage, sccompsoied with solvent
extraction, wvas used to separste the various
suclides of interest. All sliquots were spiked
with tracers to determine the recovery yields.

In TRU processing, fissiom product zirconium
is rewoved from process stresas by scrubbing
with oxalic acid. In order to use this radio—
active zircowium ia trecer studies, the oralste
complex must be destroy.d. In the tested method
8 solution of & ¥ HWO,, saturated vith oxalic
acid, was hested to 80-90°C. Rydrogen peroxide
(307) was sdded at a rate of 50-60 wi-h 1.
Semples were tsk:a hourly asad anslyzed for
mnitric snd oxalic scids. These avalyses showed
that the oxalic acid wvas destroyed after 5 h.

DATA MARMCIIENT SYSTEM

This year work began on the snalysis of spe—
cisl ssmples under an WRC contract. In order to
facilitate the prepsratiom of reports required
by WRC, s separate area (1sd 2), withia the Data
Hanagement Systes dats bank, isolated from ORNL
work, wvas assigned to this project. The report-
ing systems has now bdeen evslusted end is in foll
operation. An additional report format, devel-
oped for compiling WRC results, sllows the
inclusion of additional meterisl such as results
oan stendsrda, telastive standard deviations, and
comments on samples.

We have written sod tested 8 nev progras to
transfer sample results from the DMS to customer
files. It is more genersl snd wore essily
adspted to customer forwst than the previous
one.

Recently, current work order listings became
available on the PDP-10. These files are now
included in the :imekeeping program sloag with
turrent charge accounta. All customer charges
entered through the timekeepiag systes are
checked for valid accounts sgsinst this lisc,
which is cpdated weekly.

Computer Sciences Division personnel have
completed their part of the progremming for date
transfer from the ICP system to the DNS., In
this approach, samples sre processey by the ICP,

and the resclts are calculated. A chemist then
reviews Che results on a video screen and
authorizes their transfer ro the DMS.

The Analytical Chemistry Divisica Analysis
Catalog is now svailable to sll PDP-]10 users.
This feature will be useful to ACD custowers for
the determinstion of availability asad cost of
snalyticsl measurements.

A nev forsat has been developed to allow the
inclgsion of text (comments) with s customer
report. Am existing text-editing program, SOS,
was used to collect, edit, and store the written
icformation. then the customer report is
conpleted, the text ioformstion is printed slomg
with the iadividusl results and will also appear
on the weekly microfiche cards.

(V. R. Laing, J. M. Xeller, P. 4. Tlgom*)

*Compater Sciences Division.
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§. BIO/ORGANIC ANALYSIS SE-TION

M. R. Guerin

This sectidn is responsible for organic amalytical chemistry. Chemicil and physical methods
are developed and ured to isolate organic constituents of complex mixtures. Spectroscopic and
:arematograpnic metnods are developed aad used to identify aad quantitate the constituents.
compounds are synthesized to provide calibration standarés and to test hypothesized identifica-—
tions. Aeroso. generation, saapling, and monitoring are carried out in support of inhalation
toxizology prograas. Analytical research empn:.’zes spectroscopic approaches to distinguish
3stwean isomers 3ad aiga resolution chromatographic methods of analysis. Applied prograas
27pnasize eavironr-atal and health issues associated witlh ausan exposure to smokes, with
cyatnatic fossil fuels technologies, and with environmental pollntion. Approximately 30 people,
tacizding 20 professionals, are =agaged ia worx supported by the Environmental ?Protection
Ageacy, Elecrric Power Research [nstitute, National Cancer I[nstitute, epartment of the Army,

and tne lepartaent of Eaergy.
P 3



ARALYTICAL CHROMATOGRAPRY

W. H. Griest

Gas snd methods
development and appli. stions to eavironmental

liquic chromatog-aphic
and synfuels materiai= asre 'he main asctivities
undervay ia this group. Saalle- efforts address
fundament 2]l asnalytical reszarch ia liquid chro-
matography, and advanced

services for in-house clieats.

organic analytical

The maian pro-

jects in this group are funded by the U.S.
Department of Energy, the U.S. Environmental
Protection “gency, and the Electric Power

The Natiooal Cancer Insti-
tute and the Department of Defease also have
supported work,

Fundamental

Research Iastitute.

analytical research included
stodies of open tubular liquid chromatography
(oTLC).

and coated, and techniques for sample injection

An efficient capillary column was drawn

and UV absorbance detection of separated compon-

eats were developed. On-coluan iaser fluores-

cence detection also was devised snd was shown
to provide femtogram sensitivity for certain
classes of compcunds. The columas in current
use are complementary to those employed in open
tubular GC, providing increased seperation power
at the expense of analysis time.
all three ethylphenol isomers can be separated

with near baseline resolution in a six hour run.

for exasuple,

Development of an orifice for OTLC/MS has begun.
Studies have been initisted to take advantage of
and
Electro-
osoosis, rsther than hydrostatic force, has been
used

(electroosmosis
electrophoresis) as applied to OTLC.

electrokinetic phenomena

to migrate mobile phases in open tubes.
Electroosmonis provides a flat flow profile in
cortrast to the parabolic profile of hydroststic
flow. This csn lead to substantially higher
efficiencies and can greatly reduce instrumental
constraints. Electroosmotic flow has been used
with mechanically fragile statisnary phases
(e.g., Sepnadex LH-20) to achieve three to four
times higher linear wvelocities than that by
gravity flow.

Studies of the interaction of organic cow-
pounds with highl!y sorptive particulate samples
are being conducted to determine the cause of
low analytical extraction recoveries of some
PAHs. Benzo(a)pyrene spiked onto coal fly ash
is found to be incompletely extracted and to
partly degrade into more polar spe.ies. How-
by use of radiotracers we are able to

quantitatively correct for

ever,

the decomposition,

The sorptivity of fly ash for PAHs appears to be
assoc ated with carbonaceous particles, but ‘ne
mineral portion of fly ash also may be active 1in
PAH sorptivity and decomposition. Serious dis~
srepsncies between static sorptivity measure~

sents asad analytical extraction recoveries

suggest that how the FAHs are contacted with the
fly
surface interaction.

ash surface may critically coatrol che

Acids have received particulsr attention in
HPLC methodology development and applications.
C)—Cg

phenols are determined by reversed phace liquid

carboxylic acids, benzoic acid, and
chrosatographic procedures utilizing comnducti~
metric, ultraviol:t absorbance, and fluorescence
detectors, The wmethodology

includes efficient solvent partiti-ning methods

respectively.

for extraction of the analytes from aqueous and
organic liquid matrices.

The normal phase semiprepar-tive scale HPLZ
m:thod described in last year's report has been
sutomsted and incorporated into a sequentiasl
HPLC/HPLC or HPLC/GC method for the fractiona-
The
been extended to
include nitro-PAH, but vas found to suffer from
co-elution of oxygenated-PAH.

ticn and analysis of complex mixtures.

fractionation p...edure has

Chemical deriva-
tization of the oxygenated-PAH was only par-
tially successful ° facilitating the resolution
of these two PAH classes.

A high performance size exclusion chromasiog-
raphy capability was set up, mmd found to offer
a very useful
raphy.

aique to examine solveat extracts of asir par-

adjunct to partition chroaatog-
We are the first group to use this tech-

ticulate matter and coal fly ash for "gas chro-

matographic intractable matter”. Constituents
with molecular weights up to approximately 500
MU were found in the former, snd up to %00 AMU
in the latter.

activities in GC included
sampling and thersal desorption GC methodology

for the collection and analysis of semivolatile

Devclopmental

or volatile organic species in s wide
matrices, from cigarette whole swoke
liquid headspace vapors and coal fly
dual Tenax/charcoal adsorbent trap was

range of
to coal
ash, A
found to
provide improved collection efficiency for vola-
til: organic compounds in workplace atmospheres,
and yet allow the sensitive determination of
compounds with boiling points up to appro.‘-
maiely 300°C.

A GC service lsboratory was set up this yeir
to consolidate GC
ciently handle the

activities and wmore effi-
increased commitment to



componeats of coal liquids. Carcinogenicity is
known to be associsted with the polyaromatic
components of the neutral fraction. Mutagen-
icity is found to be concentrated in the moder-
ately polar component of the neutral fraction.
This neutral fraction has been further separated
by high performance prenarative liquid chroma-
tography tc¢ yield a highly mutagenic subfraction
that is enriched 1in polyaromatic carbonyl
compounds. Although this subfraction accounts
for only 0.142 of the -riginal synfuel product,
it was so enriched in carbonyl content that the
preseace of bunz{de)anthracenone, Cj-benz(de)-
anthracenone, Cp-benz(de)anthracenone, beazo-
(cd)pyrenone, and C)-benzo(cd)pyrenone was
established.

Carbonyl compounds also appear to be
important teratogens as indicatea by results
generated in the ongoing study to isolate the
teratogenic components in selected lots of
commercialix-available acridine. In this case,
the combined use of both normal phase and
reversed phase hizh performance preparative
liquid chromatography effected the isolation of
a single component from the acridine impurity
fraction. This single component (benz(g):isu-
quinoline,5,10-dione] appeared tn acccunt for
much ofi the te:atogeric activity even though it
was present at the 20 ppm level in the original
product. Although this compound caused gross
teratogenesis in crickets, its isomers such as
benzo(g)quinoline,5,l0~dione and benzo(h)}quino-
line,5,6-dione show significantly lower and no
teratogenic activity in crickets. Such results
confirm that subtle differen.es in molecular
structure may give rise to significant differ-
ences in bioactivicy.

During this year, a project to characterize
potential synfuel process streams was initiated.
The bezinning approsch was to "scope"” a maximum
number of treatments in order to ascertain any
process which might improve the quality of the
final product. To this end, a wide range of
t:eatments was surveyed. Preliminary res:lts
have indicated that processes such as extraction
with certain solvents, AlClj chemical altera-
tion, acid washing, and high boiling point com
pound removal may be quite promising approach.s
to improving quality of the fuels while at the
same time reducing potential bio/environmenral
hazards. Future efforts on this stedy will be
directed toward the drtailed characterization of
refinery process streams with the objective of
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defining procedures that can minimize the envi-
ronmwental risk associated with the utilization
of these products.

Applications of diffuse reflectance infrered
fourier transform (DRIFT)-. spectrometry were
continued. A catalog of the DRI'. spectra of
pure compounis wvas asseabled. Similarly, the
spectra of a series of synfuel products repre-
sentative of different proc2sses and treatments
have been collected. Using unbiased computa-
tional techniques, the relative intensity of
several spectral regions (1600 to 1900 cm~l,
750 to 900 cml, and 1525 to 1600 cm~l)
appeared to be highly associated with observea
mutagenic activity. DRIFT spectra were also
utilized to easily distinguish several different
sets of isomers including o~, m-, and p-
phthalate esters, six different acridine
(C13H9N) Jifferent
acridine dione isomers (Cj3H;0,N).

Muclear magnetic resonance (NMR) has been

isomers, and three

used extensively this year. Carbon and protom
NMR has been used routinely to gonfi;n the
structures of synthesiiei compounds, and also in
the identification of trace components isolated
froa biological matricier, For example, a com—
pound isolated from the retina of drosophila
(fruit fly) was nnambiguously identified using
sub-milligram quantities of the compound. Phos-
phorus NMR was used extensively in the qualita-
tive and quantitative studies of phosphate
species trapped on glass filter pads frow phos-
Fluorine NMR has
been used for the quantitative analysis of

phorus combusti~n studies,

primary, secondary heterocyclic and secondary
N-alkyl substituted amines in complex mixtures.
A namber of special projects were completed
this year, Included are the synthesis and char-
acterization of six different phthalete com-
pounds for a toxicity study carried out else-
where; the isolation and detection of amines
from water sacples associated witn synfuel pro-
cesses which aided in the explanation of &
corrosion mechanism by the metallurgists; and
the chera:terization of two colured smokes used
in military obscurants to complete a study
supported by the Department of Defense,
Spectroscopi~s gervices in support of Labora-
tory-wide programs has continued with some small
growth., Data and in some cases interpretation
have beean provided to several divisions, inclu-
ding Health and Safety Research, Biology,
Industrial Safety and Applied Healtn Physics,
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orgsnic asnalytical services. GC methods for
determining volatile orgsznic solvents were used
extensively to monitor stream and well water
samples for “he Laboratory tuviroomental Coordi-
nator's Oftice, and to determine selected con-
stituents Rout ine
methods employing GC also have been s2* up for

in solid waste leachat:s.

derermining phthalates in aqueous toxicity czpo-—
sure systems,

samples.
indoor

and decachlorobiphenyl ia tissue

Requested determinations of volatile
gir pollutants facilitated by
developes earlier for the sorbent
and thermal-desorption GC
analysis of vapor phase atmospheric pollutants.

Besearcl sasple management also has been &n
important continuing activity of this group,
supporting several projects and programs. The
direction of the Synfuels Repository has now
changed to the careful archival and stability
characierization of bulk drum q:antities of
several synfuels, Included are coal liquids
from the H-Coal, EDS, and SRC-I1 processes, a
shale o.il, a petrolem. cryde oil, ,ard gielel
fuels refined from petroleum and also shale oil.

were
methodology

resin collection

Selected samples are being analyzed for bio-
active constituents, iIncluding PAH, phenols, and
nitrogen-containing aromatics.

(J. F. Attrill*, B. D. Barkenbus, S. H. Harmon,
R. ¥. Hamey, C. E. Higgins, D. L. Maming,
M. P. Maskarinec, R. R. Reagan, M. E. Roth**,
B. A. Tomking, J. D. Vargo®, and L. B. Yeatts)

SEPARATIONS AND SPECTROSCOPY
J. E. Caton

Research and technical support functions are
carried out in the areas of gas chromatography/
mass spectrometry, nuclear magnetic resonance
spectromefry, and infrared spectrometry. Prepa-
rative scale separation procedures sre developed
and app’ied to complex «rganic mixtures in order
to identify bioactive constitueants and to sup~
port biological/environmental testing in collab-
orating Laborstory divisions. 0.ganic compounds
are synthesized to produce standt -~
pounds for biological testing.

The research on chemical

niques to distinguish isomeri .

~nd com

onization tech-
:ompounds by mass

*Genersl and Environmental Analysis Section
#*0ORAU Summer Participant
*University of Tennessee Graduate Student

[
~

Methanol
mathanol-d; have been shown to be useful in

spectrometry was continued. and

distinguishing isomeric oxygen-containing

compounds. When the methanol speccrum of a
compound 1is compared with its wmethanol-d,
spectrum, & change of two, one, or zero aass

urits unequivocally identifies the compoind as a

phenol,
alcohol.

aromatic ether, or aromatic 3substituted
Methanol chemical ionization has been
the differentiation of isomeric

extended to

sulfur contasining compounds as well, and iso-
thiophenols, thioethers,

aromatic subistituted thiols can be distinguished

meric aromatic and

by changes in mass ' "wo, One, Or zero mass
units, respectively. Additional studies have
been conducted to address questions on the

effects of pressure and concentration or. chem—
ical ionization as well as to test tne selectiv-
ity of the chemical ionization reagent in the
analysis of compiex mixtures.

The =.thanol chewmical ionization technique
used in conijunction with the previously devel-
opgd smmonia chemical ionization was systemat-
ically applied to two subfractions from a series
The crude oil and

of four coal oils. low,

medium, and. high severity nydrotreated produc:s
of Lhe oils were studied to determine whether
nydrocreatzent resulted in a selective reduction
of a few components or a general reduction of
all components. idencified
snd monitored including primary sromatic amines,

dromatic ethers,

For all cowmpounds

azaarenes, and phenols, there
was a general and uniform decrease in coaceatra-

c¢ion with

increasing hydrotreatment; but no
selective reduction was observed.
Past studies have shown that nitrogen-

containing aromatic compounds contribute signif-
icantlv to the biolog.cal activity of
dzrived fuels. In addition,
compound cften has been found to be dependent

fossil
the activity of a

not only on the type of nitrogen substitution
within the compound, but also on the overall
geometry of the molecule and the position of
substituents. For example, £ -naphthylsmine is
more active than g-naphthylamine,

get wmore definitive

In order to
identifications of these
isomeric compounds, a mass spectral library of
nearly two hundred nitrogen-containing compounds
is being compiled. The electron impact spectra
the gas chromatojraphic retention
will be compiled as an sid in the
identification of isomeric nitrogen containing

as well as
indices

compounds,
Research to identify mutagens, carcinogens,
focused the reutrrl

and teratogens has on
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Enviromnental Sciences, Chemistry, Chemical
Techaology, aud Metals and Cerasmics.

Y. V. Buchanan, C.-n. Ho, G. B. Hurgt®*, A. R.
Jones, G l. Kzo, . Y. M2, R. B. Quinecy, I. B.
Fubin, and 7. dlerich)

SPECIAL PROJECTS
R. W, Holmberg

The efforts of this group have centered on
studies of the chemical and physical properties
of dense aerosols and on techniques to generate
them for toxicological studies. Principal pro-
ject. include continued studies of cigarette
smoke sponsored by the National Cancer Iastitute
and a Department of Defense (DOD) sponsored
study on the toxicology of military abscurants.
Activit‘es include routine analvses of cigarette
smoke for selected organic constituents, methods
and pastrumeatation cevelopments to wmore- ade-
quately generate and characterize the aerosols,
inorganic and organic chemical studies on the
nature of the smoke produced from burning phos-
pnorus formulations, and chemical analyses to
characterize a broad range of starting materials
used in thewe projects.

Deve!l+pment work on the extrus:on-combustion
generator for produciang phosphoric acid aerosols
from a military red phosphorus—butyl rubber
(RPBR) formulation have been completed.  This
generator produces the aerosol continuou 'y and
at uniform concentratinn for several houre suct
as i1s raquired for inhalation t :icology stud-
ies, Five of these generators plus aerosol
monitoring equipment developed here have been
constructed and installed at the Illinois Insti-
tute of Technology Research [nstitute for their
use in a DOD sponsored inhalation toxicology
program,

Both the phosphorus aeroso! and the starting
RPBR are being characterized chemically to iden-
tify constituents which may have toxicological
significance in the exposure studies, to iden-
tify those parameters which are most useful for
mon.toring the exposure environment, and to
define the starting material. Both the particu-
late phase and the vapor phasc or the aerosol
have been examined. Various polyphosphate
species up to the P;3 polyme. have been
determined in the particrnlate phase by HPLC

*Co-op Student, University of Tennessee

using 8 flowv injection analysis (FIA) as a
specific post—columan detector. The FIA system
is also used directly for the rapid batch ansly-
sis of total phosphate. Methods of handling and
storing particulate saaple; that preserve the

" integrity of the linear polyphosphates have also

been determined. The composition as a fuaction
of aerosol concentration was found to remain
constact. Gas chromatographic ana.ysis of the
vapor phase provides some evidence of the pres-
ence of organic phosphates. The major orgaaic
components present ian the vapor phase are found
to be Cg hydrocarbons. The concentration of
these hexane isomers is well below permissible
exposure limits.

Active chemical and physical support contin- )
ues to be given to two programs assaying the
tox. cology of military petroleum-baced smokes.
One, in the ORNL Biclogy Division, is investiga-
ting diesel fuel smokes. The other, at EPA,
Research Triangle Park (RTP), is investigating a
higher boiling petrolewm fraction, Fog Oil.

Levels of respiratory tract® deposition of
the diesel fuel smoke were determined for the
various smoke concentration/time conditions
under which the animals were exposed. This was
accomplished by adding an inert tracer, deca-
chlorobiphenyl (DCBP), to the fuel prior to
serosolization, and measuring the amount of
tracer in the appropriate organs. The studi.s
indicated that virtually all of the respiratory
trazt deposition occurs in the lungs. Also, for
a given expcsure durstion, animals exposed at
higher smoke concentrarion had higher levels of
tracer in their lungs. This particulsr tech-
nique should be applicatle to deposition studies
with other petroleum based aerosols.

Physical and chemical studies of the diesel
fuel smoke were virtually completed this year.
it was found that, as smoke concentration
increased, the average smoke particle size
increased and the proportion of fuel remsining
in the vapor nhase decreased. We could find no
compounds present in the smoke generated under
laboratory conditions tnat were not present in
the original fuel, Howevar, smoke generated
with oxygen containing carrier gas (so as to
more closely mimic diesel exhaust gases) con-
tained 100 ppm of carbon monoxide and 5 ppm of
NO,. These levels were not considered to be
toxicologically significant, in light of the
cont:, ‘ution of normal exhaust gases to the
concent. "tions of CO snd NO,.

High resolution gas chromatography employing
direct, on-colunn injection of tri-methyl




silylated cigarette smoke particulate matter
appears to be very proaising for the reproduac-
ible, semiquantitative profiling of "tar". An
initial survey of commercial cigarectte brands
uncovered few significant diffe-ences in the
relative proportions of several of the major tar
constituents. We have recently acquiived a 20—
port analytical saoking wmachine, designed to
increase ssmple throughnut and improve quality
control in smoke room operations. Verification
of its accurate smoking performance has been a
more lengthy procedure than originally
envisioned,

Projects addressing human smoking issues
have centered around developaent of hardware to
generate or characterize cigarette smoke under
nonstandsrd puffing conditions. A variable puff
smoking machine, which will smoke cigarettes at
any desired puff profile and set of parameters,
has been designed and constructed. Initial pro-
gramming and validation studies are now under-
way. In addition, an iastrumental cigaret.e

smoke momitur, whick simultanesuslys measeares

smoke flow rate and concentration jamediately
downstream of a cigarette butt, has been devel-
oped. The device quantitatively decermines the
amount of smoke that an individual actually
generates on puffing & cigarette. An extensive
effort to determine smoke retention in labora-
tory animals culminated with cthe analysis of
blood samples from over iL) saoke exposed
beagles for nicotine and 1ts msjor metabolite,
cotinine, Although animal-to-animal variation
was large, blood nicotine levels increased with
increasing exposure to cigarette smoke. This
increase, howvever, was not directly proportional
to either the amount of nicotine in the smoke or
the rumber of cigarettes smoked.

Field sampling is an important focus of the
Special Projects group. We have continued to
provide guidance and hardware in support of
studies to determine the composition of air in
the home (Health and Safety Research Division).
Two trips were 2lso made to the E-Coal Pilot
Plant in Catlettsburg, KY, (Synfuels Life
Sciences Program) to obtain vapor and particle
phase saaples of point source fugitive emissions
and high volume ambient air samples from several
locations within the plant. In addition, one
trip was made to the Veterans Administration
Hospital, East Orsnge, NJ, to conduct blood
sampling experiments to determine the time
course of nicotine and its major metabolite,
cotinine, in beagle dogs following cigarette
smoke exposure,

studies initiated last year to make greater
use of computer-based data acquisition and
manipulation have continued. A prototype of our
portasble Aata logger for peak producing imstru-
ments has been completed and is being laboratory
tested. It is based on an AIM-65 single board
microcomputer acquiring data through a 12 bit
analog to digital converter and uses a Phillips
type minicassette for temporary data storage.
Eacih minicz3ssette tape will hold about 20K data
points, sufficient for example, for acquiring
approximately 6 hours of data from & gas chro-
matograph. Interfacing and programs have been
developed to traasfer this to a larger computer
for archiving, plotting and analysis. Prograss
have been developed on the LSI 11/23, RT11l/TSX+
sectional computer system to rapidly and inter-
actively prepare viewgraphs and datas plots using
a HP 7221C plotter. A virtusl terminal program
has been developed so that any of the four term—
inals of the system can cowmunicate with the DEC
System 10 and other compatible Laboratory compu-
ters. -A9CII dats files®* may Ue autodatically
transferred to and from these computers.

(. S. Brazell, T. M. Gayle*®, D. E. Goeringer,
R. A. Jenkins, J. H. Moneyhun, G. M. Henderson,
D. D. Pair, and S. K. White)

*Inscrumentstion and Controls Division
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5. GENERAL AND ENVIRONMEMTAL ANALYSIS

J. R. Stokely

The Geneval and Environmental Analysis Section is composed of five groups: Chemical and
Physical Analyeis, Environmental Analysis, Activation Analysis, Low-Level Radiochemical Analy-
sis, and Special Projects. The section supports a large number of DOE programs at ORNL apd
other Nuclear Division facilities. A small zmount of work is also done for other government
agencies and private corpurations.

The section’s work is quite varied and involves application of physical and chemical tech-
niques to obtain analytical results and/or to solve problems. Both instrumental and classical
chemical methods are utilized. Inductively coupled plasma spectroscopy has been put into rou-
tine operation this year to complement existing multielement analytical techniques such as neu-
tron activation analysis. A new transmission electron microscope is being put into routine use
to improve physiccl analysis capabilities., The Special Projects group is involved primarily in
developmental work related to the measurement of radionuclides at ultra-low levels for
environmental studies. Other development activities within the section are directed at
improvement of cspabilities and/or introduction of new techniques.



CHEMICAL AND PHYSICAL ARALYSIS
J. H. Stewart

The Chemical and Physical Analysis group
provides a diversified base of technical support
for both the Laboratory and other approved agen-
cies. During this year; approximately 70,000
anslyses were completed with fewer staff members
than the previous year.

The data management and sample transacrion
systea permitted control of the large numbers of
specimens and accurate data transmittal. The
very large data banks produced by the induc-
tively coupled plasma spectrometer (ICP) are now
transferred directly from the ICP computer into
the ORNL DEC-10 crmputer. Th's significantly
reduces transcription errors, reduces the cost
per analysis, and increases the speed of report-
ing the data.

The ICP has revolutionized the ORKL trace
metals analysis program. It made possible mul-
tiple' metal analyses for the ORNL suriace water
characterization program, which required some
10,000 individual determinations. The same in-
strument provided multielewent analysis of iron-
cement aerosol particles collected during a
nuclear safet, evaluation test. The ICP is now
the major instrument for wmultielement trace
metal routine analysis of both surface waters
and well waters from test wells that moaitor
ORNL burial grounds.

In the area of physical analysis, x-ray
diffraction measurements provided insight into
the mechanisms of TiB, formation in studies of
synthesis of ultra-hard waterials as replace-
ments of industrisl diamonds in drilling materi-
als. Photovoltaic cells were exsmined by scan-
ning electron aicroscopy x-ray fluorescence
(SEM-XRF) to determine failure modes. A large
tungsten velve was studied by XRF, using special
masking techniques, to determine the cause of
failure,

The staff also devised an on-gite instru-
mental capability for measuring LiBr in heat ex-
changer fluid using an Abbe refractometer, de-
veloped a successful sesled-tube method for dis-

solving iridium prior to mass spectrometric

study, measured lowv concentrations of ferrous-
ferric iron to estimate its influence on uranium
extraction coefficients; and provided both con-
sultation and anslysis of materials leading to s
successful wmethod for removing silver from
photoreproduction wastes.

i~
»

A vastly improved method for Jissolving
shale, mineral, and refractory materials for ICP
and atomic absorption analysis was completed and
p'aced in operation.

The MIT School of Engineering Practice
requested support for student experiments in
low-temperature pyrolysis of coal and in measur-
ing characteristics of diesel-synfuel blends as
possible fuel for diesel engines.

An environmental specimen coordinator was
appointed to receive and transmit specimeas to
the proper area and to evaluace data prior to
reporting. Also, the ACD emergency response
teams for non-nuclear situations have responded
to a variery of unplanned events 1involving oil,
PCB, fluoroscein dye and glycol releases.

(C. S. Alley, J. E. Attwill, P. i. Ball, ¥. 4.
Davis, H. W. Dwm, J. #. Hackney, DJ. %. Hetine,
8. Philpot, J. C. Price, . FP. Rogers, K. I.
Webb)

ENVIRONMENTAL ANALYSIS LABORATORY

N. M. Ferguson

The Environmental Analysis Laboracory (EAL)
provides technical support for the Environmental
Sciences Division (ESD), other ORNL divisions,
The EAL has be~rn
extremely busy during this report period.
Aporoximately 40,000 analytical results were

and outside organizations.

reported. Two persoans were lost by refirement,
one was added to the staff, and whenever pos-
sible, personnel trained in environmental type
of analyses were borrowed to provide added sup-
port to the staff. Some of the analytical proj-
ects undertaken are reported here.

A large portion of EAL work for the report
period came from the Terrestrial Ecology Section
of ESD. Projects associated with Walker Branch
Watershed, elemental leaching ‘rom forest soil,
and whole tree harvesting generated a large num-
ber of samples. Water, soil, snd plant tissue
samples were received from these programs.
Water samples were routinely analyzed for calci-
um, sodium, potassium, magnesium, ammonia, phos-
phorus, nitrste, chloride, sul!(ate, and Kjeldahl
nitrogen. Soil and plant tissues were anslyzed
for sodium, potassium, calcium, magnesium, phos-
phorus, and Kjeldahl nitrogen.

The determinstion of mercury continues to

be a constant chsllenge. The EAL analyzed
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approximately one hundred effluent samples from
an iadustrial site. The effluents ranged in
concentration from 0.1-4 ppb. A rgacic wmercury
vas determined in sediment samples trom the same
site. The Virginia Water Control Board contin-
ued to submit water samples from the Abingdon
and Bridgevater areas for mercury analyses.
Streaas near industrial sites were monitored for
meriury.

Technicai support has continued during the
report period for the [ndustrial Hygiene Dzpart-
ment. Lead was determined ia urine and blood.
Atr filters were analyzed far several metals.
Two factors are important for this work: fast
turnaround t.me and a high level of gualicy
assurance.

An ambitious sampling nrogram was initiated
by the ESD in August Co examine the toxicity of
leachates. This project required the analysis
of large aumbers of saaples. Municipal and
industrial waste leachates were analyzed for

arseaic, selenium, lead, cadmiym, chromius,

nickel, and barium. Matrices Varied cduliderd--

bly 2ad concentrations ranged from sub ppd ro
ppm. omples were screened, and elements deter-
wined by tlame atomi: absorption when present in
apprupriaZe concentrations. Trace elements were
deteraiae! by flameless  atomic  absorption
(graphite furnace). and the arsine accumulation
helium zlow detector method.

A sizeable effort was expended to determine
sulfate, nitrate, ammonia, calcium, and potassi-
um in dry deposition, rain, and throughfall sam-
ples for tne farest canony acid deposition pro-
Zram. The determination of sulfate by the
methyl thymol blue colorimetric method made up a
large portion of the work. Quality assurance
for this work reqiired comparison of results by
an alteraate method, ion chromatography, and an
outside laboratory, fllinois  State  Water
Laboratory.

Development work was required in several
arvas. Dry ashing and wet ashing methods were
evalucted for the dissolutinn of plant ctissues
for the determination of major, minor, and trace
elementa. A dissolution wmethad for soils and
sedimenta was also deveioped, The K jeldahl
nitrogen determination was expanded to include
soils, sediments, and vegetatinan. The Technicon
blnack digestor was used for the wet digestion of
the samples to convert organic compnounds to
ammonia. Ammonia was determined by a colorimet-
ric ammonia-salicylate methad, There had been

no intetest in methyl mercury analysis for
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approximately two years. Last year the instru-
mentation for this snalysis was dismantled. New
interest in organic mercury in sediments during
this report period required scme developmeat
work.

A Perkin Elmer "hydride system (WHS-20) is
being evalusted for arsenic and selenium analy-
sis. This technique may improve our preseat
capabilities. It should have fewer interfer-
ences, require iess analysis time, snd be better
suited for routine analyses.

{L. S. Barringer, S. J. Morton, W. R. Musick,
J. ¥. dade, C. L. Wateom)

ACTIVATION ANALYSIS
J. F. Emery

This group provides general neutron activa-
tion ~nalysis for a number of Laboratory divi-
sious and programs. Multielemeat neutron acti-

" vition anslysis was used to establish the ele-
mental content of samples from the H-Coal Pro-
gram. We have aiso determined uranium by the
delayed neutron counting method n almost 2,000
samples from the FUSRAP program. We continue to
provide radiccnemical analysis for the Laborato-
ry's decontamination and decommissioning of old
nuclear facilities. 1In the area of fuel reproc-
essing, w provided gamma-ray spectrowetric and
neutron activation analysis of fuel dis-olver
residues. We have continued routine assays of
radioisotope products produced by ~he Operation
Di-lsion.

Work for other government agencies and pri-
vate organizations was performed. Work with the
{!.8. Geolagical Survey carried over into the
first quarter. This work involved amultielement
analysis of soil samples, We have continued to
perform radinchemical analysis for General Pub-
lic Urilities (TMI-2) and Florida Power and
l.ight Co. to assist them in monitaring radio-
nuclides at their nuclear reactor facilities.
We have provided irradiation facilities for
Battelle Northwest Laboratory personnel for the
determination of 791 uhile their facilicies
are shut down. We are continuing our develop-
meat  activities in  determining urenium and
tho.ium in semiconductor material by analyzing
device-encapsulating materials for Texas Instru-
ments, Inc. Technical support and JH analysis
for & fusion blanket experiment have also been
provided. This is a collaborative effort
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betveen Argoane National Laboratory and the
Engineering Technology Division of ORNL.

Several data scquisition systems were moved
to better utilize their zapabilities. The 8 Kk
PDP-15 at the High Flux Isotope Reactor (HFIR)
vas replaced with a 32 K PDP-15. This reduced
the processing tiwme for a gamma-ray spectrum by
a factor of approximately 3. Our Nuclear Data
(ND-6620) acquisition system was woved to the
ORR neutron activatiuvn analysis laboratory. We
now have two 202 Ge(Li) detectors for low-level
anslysis and :zwo 102 Ge(Li) detectors for high
count rate gamma-ray spectrometry at the Oak
Ridge Research Reactor (ORR). We also have an
intrinsic Ge x-ray detector. All of these
detectors may be operated simultaneously on the
ND-6620. Several new programs were written for
the ND—-6620. These programs were for determin-
ing the neutron flux in the pneumatic tube at
the ORR and for wonitoring the quality of data
from Ge(Li) detector systems.

We have also provided technical guidance to
two traiiees this year. F. P. Verceluz, an IAEA
Fellow from the Philippines, performed -ul.ti-
element analysis of  commercial fertilizers.
Approximately 33 elements were determined.
J. R. Parrish, an ORAU participant from the Uni-
versity of Alsbama, studied trace element prr-
files in Peregrine falcon feathers. This s’udy
will be utilized in predicting origins of ai-
grant falcons sampled enroute to South American
wintering grounds.

(L. C. Bate, P. F. Dyer, J. W. Wade, K. J.
Nortncutt)

LOW-LEVEL RADIOCHEMICAL ANALYSIS
T. G. Scott

The Low-Level Radiochemical Analysis group
provides support for members of UCC-ND and out-
side customers who require radioanalysis for
natural and man-made radionuclides at background
or slightly elevated levels. The portion of our
support efforts allotted for environmental woni-
toring programs increased from 40 to 50X this
year due primarily to the monitoring of burial
grounds. The level of support given to surveil-
lance programs decreased slightly from 30 to
252; research and development support efforts
decreased from 25 to 15X; and work for others
increased from 5 to 101,
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The materials cowmonly analyzed for envi-
ronmental wmonitoring were charcoal and paper
filters, wzter from various sources, soil and
vegetation from selectea monitoring sites, sedi-
ments from local streams, fish from 1local
streams and streams near another Nuclear Divi-
sion facility, vegetables and swall animals froe
areas in the Nuclear Division facility, and
insects trapped at ORNL. The frequency of sam—
ple collections for these materials varied from
daily (e.g., charcoal and paper filters col-
lected -uring campaigns at the TRU facilities)
to annually (e.g., fish collected at the enc of
the calendar year from the Clinch River).

The volume of materials received from the
Formerly Used Sites, Remedial Action Program
(FUSRAP) declined steadily throughout the year
to about six samples per month. Salt Lake City
and St. Louis were the omly sites represented in
this year's work for FUSRAP. Samples of water
and sediment from the Salt Lake City site were
received at random. St. louis-site samples,
submitted monthly, consisted of water and relat-
ed particulates from six wells located at the
St. Llouis airport. Five of the six wells were
accidentally destroyed about mid-year and have
only recently been redrilled. All samples from
FUSRAP were analyzed routinely for 226Ra, 210l’l‘:,
2380, and occasionally for 23C4,,

This year ve made a total of spproximately
1800 determinations on water, fish, and sedimen:
samples for plutonium, americium, curium, ura-
nium, and neptunium isotopes in support of =
program conducted by Environmental Sciencer
Division. This program, designed to study the
ecology of the aquatic system in Pond 3513 over
the past few years, was concluded at the end of
fiscal year 1982.

As a special project for the Department of
Environmental Managexent of the Industrial Safe-
ty and Applied Health Physics Division, we con-
ducted s study to evaluate the performance of
ion-exchange resin columns in concentrating
radionuclides from very large (50~liter) volumes
of natural (lake and river) water. The objec-
tive of the study was to furnish informstion for
a qualified procedure to be used in monitoring
large podies of water for radionuclides. During
our study, we experienced a problem with the
quantitative recovery of cobalt, which is appar-
ently chemicslly bound in a manner that makes it
intractable. Further work is planned to resolve
this probles.



The increase in work for others this year
was =zainly due to work from Florida Power amd
Light Co., the Tennessee Departmen: of Public
Health, and a special project for the Nuclear
Regulatory Commission. Work for Florida Power
and Light Co. involved radiosanalyses of water
concentrates, smears, crvd, and ion-exchange
resins frow twoc power reactors. Radioanalyses
for fission products and activation products
were required on these materials. Fish samples
collected by the Department of Public Health
from the Little Limestone Creek in upper East
Tennessee were analyzed for uranium and thorium
isotopes. The results of these analyses will
determine if there are any significant levels of
uranium and thorium in the fish. The intent of
the NRC project is to identiry and evaluate
promising methcds for determining iranium,
plutonium, and thorium at the parts-per-trillion
level in urine and feces. Our invnlvement in
this project is to check procedure. for "load-
ing"” the wmentioned elements onto a few (3-10}
resin beads which are subsequently analyzed by
isotope dilution mass spectrometry,

{L. 2. B8ible, 4. I. Gleason, P. S. Couge,
Z. 7. sranger, W. C. Massey, M. P. May, S. H.
Preatiood, L. M. Roseberry, A. J. Weinberger)

SPECIAL PROJECTS
J. S. Eldridge

The Special Projects Group provides techni-
cal support and conducts applied research in a
variety of Laboratory programs. Instrumental
methods for radiocactivity determination make up
the base for the effr:ts, with the major thrust
involving low-level gamma-ray spect:ometry,
Funding is provided by the Department of Envi-
ronmental Management (DEM) of the Industrial
Safety and Applied Health Physics Division with
ancillary programs in the Laboratorr Protection
Division,

We have worked mainly this year on radioac-
tivity determinations in a variety of ssmple
matrices in support of environmental survcil-
lance projects of the DFM. Final sample collec-
tions and analyses were made in a radionuclide
transfer study (via aquatic insects) at the old
hydrofracture disposal site. Results from those
studies yielded almost '"textbook” psthwsys:
collector-gatherer organisms such as mwmayfly
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nymphs coatsined the highest coaceatratioans of
radionuclides followed by predator engulfers
(dragoafly oaymphs) and thea by piercer-
predators. Emergent adult dragonflies and dam-
selflies contained the highest coacentratioms of
radiocnuclides (4 l:Bq‘g‘l 1 Cs) in organisms
leaving the pond. Second phase investigations
are undervay to determine the total biomass
leaving the squatic habitat.

A facility was constructed in the field for
the study of biological half-lives of !3cs
in those emergeat species. A number of dragoa-
flies and dawselflies were captured -Lortly
after emerging from the pond. The live ‘nsects
were imsedistely transported to a liboratory
spectrome-er designed for whole-body counting.
After the initial radioactivity measutement, the
individual insects were marked with a code for
future identification and released in the enclo-
sure at the study site. The capture, radiocacti-
vity measurement, and release procedures were
repeated at 1-2 day intervals as long as any
study insects syrvived. By this technique we
determinea che biolagical half-life of 137,
to be 19 days and 7.5 days in dragonflies and
danselflies, respectively.

Honeybee hives placed near former radio-
active wvaste disposal sites were sampled during
times of major nectar flows to determine whether
bees or honey would accumulate radioactivity.
Small but measurable quantities of 3 ,
60co and 137cs were determined in those
hives closest to contaminated sites. Control
samples showed 137cs  levels attributable to
global fallout. It wvas concluded that hcney
produced by honeybees at the most contaminated
site was still below the applicasble concentra-
tion guides for thase three nuclides.

A new measurement system was instituted for
performing nondestructive assay procedures (NDA)
in conjunction with inventory audits for special
nuclear materials. In addition, the system
functions as an NDA system for precious metsl
inventory verifications with the simple addition
of a radionuclide source exciter for character-
istic x-rays. The detector in the new system
contains an intrinsic germanium planar crystal
with 100 mm cross-section and !0 mm depletion
depth. The detector has good efficiency and
excellent resolution for the |85-keV y-rays from
235y gources ar well as excellent response
from the K-series x-rays from precious metais.
Recent applications of the precious metal system
have involved the quantitstive determination of

o can
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silver in various photographic wastes as well as
the qualitarive verification of gold in a mas-
sive collimator. Identity verification was
accomplished on a series of 3-4 m lengt™ therwo-
couple probes thought to be platiunum.

A new portable spectromerer sys.em has bee.
acquired for use in a variety of programs where
in site =a’vses are required. The analyzer
portion of the spectrometer coatains 2048 chan-
nels of wemory, display, amplifier, battery
pack, and cassetle tape s:orage in & single 8 kg
package. The detector portion of the spectrome-
ter consists of a portable cryostat coatainiang s
302 (relative efficiency) iantrinsic germanium
detector. This combiced assewbly is easily
transported to any number of field locatioans for
immediaste in situ determinations. Projected use
of the assembly involves rapid ewmergency
response, qualitative ideantification of radioac-
tive coutsminants in decontaminaticn and decom—
missioning activities, and field spectroscopy
for more efficient sample collection.

(N. A. Teasley)
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6- OQUALITY ASSURANCE, SAFETY, AND TABULATICN OF ANALYSES

W. R. Lsing
F. L. Layton
A. L. Harrod

QUALITY ASSURANCE

Resronsibil’ty for the quality of work done
within the five sections of the A~alvtical
fails to the respective

Chemistry Division

supervisors. Cecause of the diversity in types
and scopes 5f wark 4one in these sections, var-
1ous means are used to assure qualicy. The
ann:al guality  assurance report comprises a
~sllection of statements from each group and/or
labaratory, encompassing (1) scope of work, (2)
qiality assuyrance program and procedures, (3)
qualitv assurance compliance information and
4ata, and (&) standard reference materials and
their sources. TIncluded is s statement summa-
tizing control samples prepared and aistributed
during the reporting period and the auility
these internal confrol
Table 4.1

quality level frr each of the

level obrained with

(reference) standards. shows the

participating
laboratories within the division and compares
the results with thnse from the previous vyear.
Lists of the different control programs and the
Aumber ~f reaults reported for each are given in
Table 4.2,

8 31 increase in the number of control deter-

During the past year there has been
minations reported and a 597 increase in the
numher of cantrol programs.

During this reporting period three internal
quality audits of AC™
on  L.ril 21, 1982; and the
Radinchemical Analysis Section on June [1, 1982,

assurance sections

Nuclear and

A Laboratory gquality assarsnce audit of the
division was made onm July 19, 1982. Other
audits included one by the UCCND Eanvironmental
Programs Review Committee on September 19 1982,
and an Bio/Organic
Analys’s Section v the Enviroamental Protection
Agency on February 3,1982.

exte.nal asudit of che

Table 6.1. Distribution of control tests by
laboratory (October 1981 through September 1982)

Number of
control results

Fixed

Laboratory Total liamics 1981 1982

Chemical & Physical

Analysis 428 37 96.82 91.136
Environmental
Analysis 542 10 90.30 87.08
Radiosctive Matls
Analytical 451 13 95.99 97.12
Transyranium 123 15 93.00 87.80
Total 1544 135 92.98 31.76

Quality level () = [(No. determinations in-
side fixed limirs)/(total No. determinations)] x
100,
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Table 6.2 Distribetion of coatrol risults (by wmecthod)
for October 1981 through September 1982

Wank or of Wusber of
Nethod Coustitweat proyrams resulcs Total

18
5
65

Atowmic absorption Alemines
spectromelry Cadwiwnm

Calciem
Chromiem
Copper
Irom
Lead
Lithien
Yagnesivm
Bickel
Potassiva
Sodiem
Zimc

gy P B e g D b b g e b

(a8 Eo0lwetonq

81

Colorimetry Chemical Oxygen
Demand (COD)

Chloride
Molybdenus
Nitrog:n
Phosphorus
Salfate

Craniuom

»
N9

N v b ) b e

Jo1

Coulometry Uranius 1 i8

o |5 lexse.

Count, Cross Alpha Plutoaium 1

Lod
o
-

Fluorimetry Cranivm 2 187

Gravimetry Carbon 1
Rydrogen 1

faw |

42

Infrared absorption Carbon 1 53

spectrophotomset ry

Ll
\ad

Inductively coupled Aluminus
plisms spectrometry Antimony

Arsenic
Beryllium
Boron
Cagmium
Chronius
Coba.t
Copper
Iron
Lesd
Manganese
Molybdenum
Wickel
Seleniuvm
Tin
Ticanium
Vansdium
Zinc

Pt pmy e gt P Gma gt pus B0 pup Pt pme PR Pt bt g o b P

96
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Table 6.2 Distribution of coatrol results (by method)
for October 1981 through September 1982 (Couc'd)

Buaber of Bosber of
Method Coastitoent prograss results Total
loa chromatography Bromide 1 6
Chloride 1 6
Fluoride 1 6
Nitrate 1 6
Bitrite 1 6
Phosphate 1 6
Salfate 1 _6 42
Leco Carbon 1 33
fau.fur 1 ] 81
Volumetric Acid 3 126
titrimetry Chloride 1 1
Magnesium 1 10
Nitrate 1 35
Silver 1 6
Ursaiom 2 223 401
X-ray fluorescence Plutoniue i 13
Thorium 1 6
Uranium 1 15 35
Total 70 1544
SAFTTY All members of the division's local emer-

Emp. oyees of the division have asccumulsted
2,305,477 vorkday hours since the last lost-time
accident in 1972, This record is possible
because of the excellent support of the safety
program within the division, Approximately
ninety percent of employees attended s safetly
meeting each quarter.

Quarterly safety audits were made by the
division safety committee snd division safety
officer. Over eightv five percent of the
cornittee findings were corrected and the needed

action was taken.

gency organization (squed) are trained in
firstaid and CPR. We conducted one in-house CPR
recertification training class and held one in-
laboratory emergency
procedures. Housekeeping and safety awareness

house vorkshop on
vithin the division continue to improve.
SUMMARY OF ANALYSES RENDERED
Table 6.3 contains s tabulation of support
analyses performed by the various laboratories

snd/or groups within the divisior during this
reporting period.

s 4t Ao o s e
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Tadle 6.3 Susmary of analytical work

Number of resuits reported by

Hass and Chemical, Physical, and Radioactive Mate=  Analytical General and
Enlsaslon Eavironmental Analysis Transuranlum clats Analytical Pnysics Environment al
Organization Spectrometry Laboratories Laboratory Lsborator Analysls Analysls Total
ORML Unl?
Analytical Chemistry 1,053 7,994 %63 A1} 4,97% 14,623
Blotogy 3% 22 . 420
Central .«anagement 991 . 92 (1]
Chemical Techwnology 3,132 1,82 17,078 6,080 73 1,342 30,334
Chemistry 542 F | [H] 4 99 654 1,979
Energy 30 30
Engineering taysics 17 ] 2 174
Engineering Techno)ogy 239 3,078 123 24y 4,4%
Eavirommental Sciences 2,197 121 6,62% 0,903
Finanos and Materials 202 40 242
fuel Recycle 46,090 [} 4,043 126 223 91,292
Fuslion Energy o 2 %03
Health [ }1) 793 1,609
Heatith and Satety Research 210 1 ? 2% 2,09% 3427
Industrial Satety and Appl'ed
Heal th Physics t,710 2 94 8,274 10,100
tastrumentation and Controls "4 \3 2 344 22 180 1,083
Metals ond Ceramics 10,486 1,924 b ] 209 20,678
Neutron Physics 1 ]
Operations 9.2 [31] 9,396 V,242 36 6,412 26,99%
Phaysice 3 17 b2
Plant and Equipment 21 149 28 392
Quality Assurance anc inspection a8 183
S0lla State 2,447 404 18 123 1,604 4,600
Others
Protective Costing Teating 37 W
NURE® 18,7006 14,706
X=23 and Y=12 4,%3 13 o 164 4,744
Wi scel lansous 8,188 265 299 M 96,533
Savennah River Lahoratory 1,291 1,291
work tor Jthery (Y3 423 46
TOTAL 42,409 69,620 27,407 13,205 2,060 34,20 269,906

L]
Nationa! Uranium Rescurce Evealuation,
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7. SUPPLEMENTARY ACTIVITIES

The division coatinues to maintain liaison with the acadeaic community through the
assistance of its Advisory Committee and consultants. We also make facilities avasilable for

student and faculty research and training programs.

ADVISOY. COMMITTEE

This year the division Advisory Committee was camposed of:

M. V. Bosotny, Chemistry Department, Indiana University, Bloomington, IN,

B. B. Mark, Jr., Chemistry Department, University of Cincinnati, Cincinnati, OH.

J. W. Taylor, Chemistry Depirrment, University of Wisconsin, Madison, WI,

J. C. Grasselli, Standard 0i. Company, Molecular Spectroscopy Secticn, 4440 Warrensville
Center Road, Cleveland, OH.

CONSULTANTS

The following specialists were brought to ORNL on short-term consulting basis this past
year as part of our Semiasar Program, Details of seminars are listed inChapter 8.
L. A. Carreira, Uzniversity of jeorgia, Athens, GA.
B. Freiser ,Purdue Univ:rsi®,, West Lafayette N,
A. Bosencvwaig, Thermswave, Inc,, Freemont, CA,
J. C. Travis, National Bureau of Standards, Washington, OC.
M. WVightman, Indiana University, Bloomington, IN.
G. Mamantov and M., J. Sepaniak of the Univ. rsity of Tennessee conti-ued working ir the
division as Adjunct Research Participants thls year.
S. Pendyala worked with L. D, Hulett on research in positron spectroscopy throigh t e ORAU

travel concract program
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PARTICIPATION IN ORNL XN-HOURS PROGRAM

The following divisional people completed courses duriug the 1982 winter term of the
Continuing Education Program for Scientific and Technical Personnel:

M-650C. Competer Methods for Mathemstical Computatioms: T. G. Scott.

The followving courses were completed during the spring 1982 term:

Introduction to System 1022 Data — Base Managemenr System: M. P. May.

Courses completed during the fall 1982 term were:

M-310H. Introduction to DEC System—10: D. M. Watson

N-800B. Practical Solutiom of Nomlimear Partisl Differential .quations: L. K.

Bertram.
$-205. Crasmar for the Technical Writer: D. M. Watson.
K-600F. Introductios to Practical Ststistics: S. K. White.

GUEST ASSICrJENTS

Two predoctoral students from the University of Tennessee worked in the Analytical
Methodology Section this year. Brisco L. Harwvard worked with L. K. Klatt on rapid scan
spectronetry aod Huston E. Wowell worked with R. W. Shaw or opto-acoustic spectrometry. Howell
holds an ORAU fellowship for this work.

The division maintains a subcont.act with the University of Tennessee to enable alvanced
graduate studeats to partici;ate 1n cnvironmental analysis programs. Donna Taylor Dixon worked
in the Bio/Organic Analysis Saciior and in the Mass Spectromciry Section at Y-12 under this
contract.

Arlene Garrison came to work in the Bio/Organic Analysis Section for a cne-month period on
a DOE contract.

John Vargo was granted an ORAT fellowship and is assigned to the Bio/Organic Analysis
Section,

The Nuclear and Radiochemical Analysis Section was host to four research scientists funded
by Battelle Northwest Laboratories. They worked for two weeks conducting experiments which
involved irradiations at HFIR.

SCUU PROGRAM
D. R. Ross, Centre College, was selected for the 1982 SCUU Science Semester prcgrsa. Her

assignrene involved working with M. P. Maskarinec in the Bio/Organi: Analysis Sect ‘on on the
analysis of wastewaters and sludges using gas and high-pressure liquid chromatography.



Speaker
Carreira, L. A.
Univ. of Georgia
Athens, GA

Freiser, B.
Purdue Univ.
W. Lafayette, IN

Rosencwaig, A.
Thermawave, Inc.
Freeaont, CA

Travis, J. C.
N8s
Washington, DC

Wightman, R. M.
Indiana Univ.
Blooaington, IN
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ANALYTICAL CHEMISTRY DIVISICGN SEMINARS AT ORNL

Title
“Analytical Applicatioans of Coherent Raman
Spectroscopy”

“Atomic Metal Ion Chemical Ionization Using
Fourier Transform Mass Spectrosetry”

“"Recent Developments In Fhotoacoustics™

“The Chatacterization and Application of Laser
Enhanced Ionization in Flames~

"Eiectroanalysis with Microvoltamsmecric
Electrodes”

ACD SUMMER LECTURE SEKIES

Date
Feb. 1, 1982

April 20, 1982

April 30, 1982

May 3, 1982

Nov. B, 198&

The division fnfitiated a summer lecture series this year to present in-depth lectures on
current analyclcal techniques.

Speaker
Huletr, L. D,

Chriscie, W. H.

Nonohue, D. L.

Lyon, W. S.

Helne, D. R.

Eidr{dge, J. S.

Maskarinec, M. P,

Buchanan, M. V.

Ticle
“"Electron Microscopy and X-Ray Methods™

"Surface Analysis and Other Aspects of
Secondary lIon Mass Spectrometry”

"Spark Source Mass Spectrowetry”
“Neutron Activation Analysis”

"Trace Elemental Analysis by Inductively
Coupled Plasma and Atomfic Absorption”

"Radiochemical Analysis”™

“Preparative and Analytical Organic
Separations”

"Spectros~opic Organic Analysis”

Dace
June 18, 1982

~ June 25, 1982

July 9, 1982
July 16, 1982

July 23, 1982

July 30, 1982

Aug. 6, 1982

Aug. 13, 1982
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During the summer, the diviston was host to representatives of the ORAM Undergraduate
Research Program, which has been developed to offer lavoratory experience to college studeats
as well as to promising high school graduates. B. A. Tomkins served as “Dean” for these guests
during thelr visfts.

M. E. Roth, Kenyon College, worked in the Bio/Organic Analysis Sectlion on the separation
of nitro-PAHs.

L. Williams, Colgate University, was assigned to work on the development of a multicoo—
ponent anmalytical procedure for cigaretie smoke particulate matter using fused silica capillary
column gas chromatography in the Bfo/Organic Analysis Section.

ORNL CO—OF PROGRAM

Venessa H. Ostrv and Gregory B. Hurst, both from the University of Tennessee, alternaced
working in the Bio/Organic Analysis Section with the fossil fuels program.

SPECIAL MJARDS

W. R. laing received the ASTM Award of Merit at the Knoxville meeting in August. Mr.
Laing received the award for his leadership in the development of test methods for muclear fuel
cycle and his coatrtbutlions to standards for fuels, absorbers, and moderators.

L. T. Corbin also recefved an ASTM award, the Charles B. Dudle - Medal, at the August meet-
ing fn Zaoxville. This award 13 made for an outstanding contributfon which has widely recog-
nized impact on a particular field of ASTM interest, and which has been documented fn the ASTM
literature.

J. H. Stewart, Jr. and Ronald T. Roseberry, Sr. received the IR-IU0 award for the
ORNL-Inductively Coupled Plasma (ICP) Spectrometer (Model JY-85CP,.

The division has received the Laboratory’s Enviroamental Protection Award for the past two
years. In 1981 the following people rccefved the award for outstanding achievement in
environmental protection for 1980:

H. G. Davis For the development of a procedure for the analysis of PCB {(n
R. R. Rickard oils

J. H. Stewart, Jr. For 1iaison and coordination of specific envirommental analysis

problems
B. R. Clark For tiie development of the ORNL ofl characterizatfon program
W. F. Roger:
H. ¥W. Dunn For the development of a system for quantitative determinations

J. H. Stewart, Jr. of asbestos in construction materials
R. L. Sherman

J. S. Eldridge For developments in the detection of radioactivity in envirom
T. G. Scott mental samples
J. R Stokely

In 1982 the following people were awarded for 1981:

J. B Attrill For emergency analytical response system to oil spill incident
H, G. Davis

K. I, Webb

W. F. Rogers



M.
M,
B.
G.
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v.
A.

Ferguson
Heine
Stewart, Jr.

Maskerinec
Buchanan
Tomkins

Olerich

. W

Harvey
Harmon

ATTRILL, J. E.
Member:

Advisory Committee:
Sample Coordinator:
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For the ictductively coupled plssma and improved atomic
absorption spectrometer capabilities to provide rapid low cost
determination of metallic contaminants in surface water.

For the qualitative and quantitetive determination of ultra-
trace conceatratidns of multiple organic coanstituents in surface
waters.

ADDITIONAL PROFESSIONAL ACTIVITIES

ASTM Committee E-38 on Resource Recovery

ORNL Emergency Oil Spill Respouse Team

Subcommittee E-38.01 on Energy, ASTM

Anslytical Chemistry Division/Department of Eavironmentsl

Management
Division Representative: Environmental Protection Officer
BALL, F. L.
Secretary: Electron Microscopy Society of Americas
Anslytical Chemistry Division Safety Committee
BRAZELL, R. S.
Lecturer: ORAU Traveling Lecture Frogram

BROOKSBANK, R. D,
Member:

Chsirman:

BUCHANARN, M. V.,
Member:
Treasurer:

CARTIR, J. A.
Secretary:

Member:

Symposium Organizer.

Advisor;, Bosrd:

iLaboratory Coordinstor:
Advisory Panel Member:

CATOW, J. E,

Co-Chairmen:

Member:

ASTM Committee D-33, Protective Costing and Lining Work
for Power Generation Facilities
Task Group on Methods of Coatings Analysis, ASTM D-33

Analytical Chemistry Division Seminar Committee
East Tennessee Scction, American Chemical Society

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

Committee C-26, Muclear Fuel Cycle, sand C-26:05,

Test Methods, Tssk Group Leader, Micro Anslytical
Techniques, ASTM

Symposium on Analytical Chemistry of Nuclesr Safeguards
184th Nationgl ACS Meeting, Kansas City, MO, Sept. 1982,

Analytical Chemistry

1SPO Programs

DOE/1SA Laborstory Advisory Group for Sswple Analysis (LAGSA)

Vibracional Spectroscopy Subgroup of UCC Analyticsl
Specialists Croup

Anslytical Chemistry Division Long Renge Planning Commiitee

Analyiical Chemistry Division Computer Utilizstion Cowmttee



CHRISTIE, W. H.
Member:

COOPER, J. H.
Member:

CORBIN, L. T.

Fellow:
Member:

Chairman:
Coordinator:

Division Representative:

COSTANZO, D. A.
Member:

DOWONUE, D. L.
Lecturer:
Member:

DYER, F. I,
Member:
Session Cheirmen:

ILDRIDGE, J. 8.
Member:

EMERY, J. F.
Consultant:

FELDMAN, C.
Fellow:

Scientific Fditor:

Member:
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ACD Long Ringe Planning Committee
ASTM Committee E-42, Surface Analysis

ORNL Management Information Committee

American Society for Testing and Materials

Committee E-10, Nuclear Applications and Measurement of
Radiation Effects, ASTM

Subcommittee E-10:01, Fuel Burmup

Subcommittee E-10:02, Radiation-Induced Changes in Metallic
Materials

Committee C-2§, Fuel, Control, and Moderator Materials for
Nuclear Reactor Applications, ASTM

mlyilul Chenistry Division Qualicy Assurance Program

Analytical Chemistry Division Energy Conservation Program

ORNL Job Opportunity System

ORNL Labor Relations

ACD Quality Assurance Programs

Cownittee C-26, Fuel, Control, and Moderator Materials for
Nuclear Reactor Applications, and Subcommittee C-26:05,
Methods of Test, ASTM

ORAU Traveling Lecture Program
Analytical Chesistry Division Ad Hoc Committee on
Computerization

Analytical Chemistry Division Seminar Committee

“"New Directions in Muclear and Radiochemistry,” at Winter
Meeting of American Nuclear Society held in Washington, DC,
Noveaber 13-18, 1982.

Analytical Chemistry Division Long Range Planning Committee
Tennessee Valley Authority

American Society for Testing and Materials

Optics and Spectroscopy (English translation of Russian
Journal, Optika 1 Spekt roskopitn)

Committee E-~2 on Emission Spectroscopy, ASTM, Subcommittess
on Pundamental Methods, Editorial practices, and
Nomenc lature

Atomic Absorption snd Emission Spectroscopy Subgroup, Union
Carbide Corporstion.




GRIEST, ¥. H.
Counsul tant:

Member:

COERIE, M. R.
Consultant:

Advisor:

ROLNBERC, k. W.
Coordinator:

HOLETT, L. D.
Coordinator:

JERKINS, R. A,
Coordinator:

KLATT, L. N,
Associate Bditor:
Member:

LAING, W, R.
Vice-chairman:
Yember:

Chairman:

Division Pepresentative:
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EPRI: Research Agends Planning for Potentisl Human Health
Effects of Inhalable Fly Ash

Eationsl Cancer Institute

DOE Qil Shale Workiag Groap

National Institute of Drug Abuse
Syathesis of Drugs of Abuse (RTI)
Syathesis of Cammabianoids (ADL)
Wationsl Cancer Imgzitute
210p, jq Cigarette Smoke
Departweat of Energy (OHER)
Chemical Sepsratioms for Biological Testimg (Argonae)
Biological Test Matrix for Complex Mixtures (Johas
Hopkias)
Analytical Chemistry of Airborme Organics (Gettysburg)
Cosl Casification Research Progress (DOE)
Eaviroomeatel and Health Research in Synfuels (Airlie
House)
Shale 0il Chemistry (LBL)
Federal Trade Commission
Low Tar Cigarettes
NAS pavel

Analytical Chemistry Division Metric Coordinator

Solids and Surface Analysis Tem

ORNL World's Fair Exhibic

rhemical Riomedisal,” and Bnvirommental Instrumentation

Fellowship Committee of Analyticsl Chemistry Division of

American Chemical Society

Committee C-26, Fuel, Control snd Moderator Msterials for
Nuclear Reactor Applications, ASTH

ASTH Commicttee C26, Wuclear Fuel Cycle

ASTM Commictee on Technical Committee Operations

1S0 Technical Committee 895, Subcodlsittee S

UCCHD Analytical Committee

ORNL Pregrievance Committee

ACD Long Range Planning Committee

Subcommittee C26:05, Test Methods, Wuclesr Fuel Cycle, ASTH
UCCND Environmentsl Analysis Committee




Regional Editor:

Associate Editor:

Mvisory Board:
Vice-chairman:
Chairssn:

WASKARIBEC, M. P.
Member:

MOELLER, T. R.
Coordinator:

RANSEY, J. M.
Chairmsn:

ROSS, B, H.
Chairsan:

Member:

SCOTT, T. G.
Member:

SEULTS, W. D.
Chairmsn:
Past Chairman:

Vice-President
Member:

Consultant
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Committee E-10, Muclear Technologr and Applications, ASTM

Subcommittee E-10:01, Fuel Burnup

Subcommittee E-10:05, Dosimetry

Organizing Committee, 6th International Conference on Modern
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8- PRESENTATION OF RESEARCH RESULTS

As in past years, the division has actively responded to the changing priorities
of the ORML research effort by chaanging the esphasis of some of its own prograss or

institutiog new studies.

muclear - is reflected in the research results listed below.
approach required in many such problens is indicated by the number of papers and talks

coauthored by wembers of other ORNL divisions.
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New Ion Source for Thermal Emission
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Glish, G. L.; Todd, P. J. "Collision Region for
Mass Spectrometry/Mass Spectrometry”

Tomkins, B. A.; Ho, C.-h. "Determination of
Polycyclic Aromatic Amines in Natural znd
Synthetic Crude;™

Tomkins, B. A.; Ostrum, V. H.*; Caton, J. E.
"A Rapid Screeniag Procedure for 2-
Aminonsphthalene in Natural, Synthetic, and
Refined Crudes™

Saith, D. H.; Walton, J. R.; McKowm, H. S.;
Walker, R. L.; Carter, J. A. "A Mobile Mass
Spectrometry Laboratory for Isotopic Ratio
Measurements of Uranium and Plutoniua”

Walker, R. L.; Carter, J. A.; Smith, D. H.
"A Bulk Resin Bead Procedure to Obtain Uranium
and Plutonium from Radioactive Solutions for
Mass Spectrometric Analysis”

Saith, D. H.; Walker, R. L.; Carter, J. A.
"Sampling and Analysis of Radioactive
Solutions”
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Measurements of Uranium and Plctonium”
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"Selective Laser Excitation
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Martin, W. T.*; Pope, R. G.*; Raman, S. Prepacu-
tion of Actinide Specimens for the US/UX Joint
Experiment .n the Dounreay Prototype Past Reactor
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Research and Development Swmwmary: Mass and
Ewmiggion Spectrometry Section
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Bwiggion Spectrometry Saction

Carter, J. A. /nalytical Chemistry Division
Research and Development Summary: Mass and
Ewmiggion Spectrometry Section

Saith, Dl R.; Walton, J. R.; McKowa, H. $,; Walker,
R. L.; Carter, J. A. Progress Report for the
Office of Safeguards and Security for PY-1981
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R. L.; Pritchard, C. A.; Carter, J. A. Progress
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Experiment in the Dounreay Prototype Past Reactor

Gilai, D.%; Williaws, M. L.¥; Cooper, J. H.; Laing,
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Sorption/Desorption Behavior of Iodine om Graphite

Oskes, T. W.*; Kelly, BE. A.*; Ohnesorge, W. F.*%;
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R. L.; Carter, J. A. Progress Report for the
Office of Safeguards and Security f>r PY-1981

Gilai, D.¥; Willisams, M. L.*; Cooper, J. H.; Laing,
W. R.; Walker, R. L.; Raman, S.*; Stelson, P. H.*
Ezperimental and Caleulational Analyees of
Actinide Samples Irradiated in EBR-II
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As in previous yesrs, staff members have made presentations at local, unstional,

and, in a few instances, internationsl meetings.

The papers covered a vide variety of
subjects, reflecting the division's broad spectrum of activities.
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Bostick, D. T.; Strain, J. E.; McCue, D. D.%;
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Brazell, R. S.; Bayne, C. K.* "Anslysis of
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Aromatic Compounds Using Methanol Chemical
Ionization”
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Guerin, M. R. "Effects of Hydratreatment on
the Composition of Mutagenic Practions of a
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Buchanan, M. V. "Chemical Ionization Mass
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Conf. on Lasers in Nucl.
Phys., Oak Ridge, TN,
Apr. 21-23, 1482

Inviced, 1982 Wincer
Meet., Am. Yucl. Soc.,
Washington, DC,

Nov. 14-19, 1982

Int. Symp. on Advances
in Chromatogr., Las
Vegss, WV, Apr. 7, 1982

Am. Chem. Soc. Meet.,
Las Vegas, WV, Mar. 28-
Apr. 2, 1982

Am, Chem. Soc, Meet.,
Kansas City, MO, Sept.
12-17, 1982

7th int. Symp. on Poly-
nuclesr Aromstic Wydro—
carbons, Battelle's
Columbus Laboratories,
Columbue, OH, Oct. 26~
28, 1982

UCHD Anal. Comm. Meet.,
Oak Ridge, TW, June 23,
1982
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"Mass Spectrometric Measurements for
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vith Coal Liquefaction Systems for Alkaline
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Christie, W. H.; Eby, R. E. "Quantitarive SIMS
Analysis of Tritium Permestion Barrier Cvxide
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"Surface Ansiysis and Other

Costango, D. A.
Development"”
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Osk Ridge NMst. Lab.,
Oak Ridge, TE, Ang. 13,
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Ansl. Chem. Div. Infor.
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Lab., Oak Ridge, TH,
July 13, 1982

Invited, 30cth Asau. Couf.
ot Mass Spectrow. snd
Allied Tor.ca, Bonolulu,
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ISA Tech. Rev. Meet.,
Washington, DC, Nov. 17-
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MCEA Representstives
Meer., DOE/ORD, ULak
Ridge, TH, Dec. _4-
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FACSS IX Symp., Phils-
delphia, PA, Sepc. 19-
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Digilab Users Group,
Southeast Reg. Meet.,
Knoxville, TH, Oct. 14,
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Anal. Chem. Div. Infor.
Meet ., Osk Ridge MNac.
Lab., Oxk Ridge, TM,
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30th Annu. Conf, on Maas
Spectrom, and Allied
Topics, Honolulu, HI,
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Anal, Ctewm. Div. Summer
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Oak Ridge Nat. Lab.,
Oak Ridge, ™, June 25,
1982

Semisnnual Tech., Rev. of
CFRP Process and Eng.
RED Activities, ORNL,
March 18, 1982
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Costanzo, D. A. "Analytical Cheaistry Develop-
ment for CFRP"

Dalbey, W.*; Lock, S.*; Garfinkel, S.*¥;
Jeankins, R.; Holmberg, R.; Guerin, M. "Effects
of Repeated Exposuvres to Aerosolized Diesel
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Dalbey, W.*; Lock, S.*; Garfinkel, S.*; Jenkins,
R.; Holmberg, R.; Guerin, M. "Inhalaztion
Exposures of Rats to Aerosolized Diesel Fuels”

Dale, J. M.; Hulett, L. D.; Pendyala, S.*
"Energy Loss Spectra of Positrons Scattered
from Solid Surfaces”

Donohue, D. L. "Resonance Ionization Mass
Spectrometry”

Dumont, J. N.*; Schultz, T. W.*; Buchansn, M. V.;
Kso, G. L. "Frog Embryo Teratogenesis Assay:
Xenopus (PETAX) - A Short Term Assay Applicable
to Complex Environmental Mixtures”

Dyer, F. F.; Emery, J. F.; Northcutt, K. J.;
Scott, R, M.* "High Fluence Neutron
Activacion Analysis of Subnanogram Levels of
U and Th in High Purity Aluminue and Silicon"

Eldridge, J. $.; Oskes, T. W.¥; Hubbard, H. M.*
"off-Site Response for Rsiiologicsl
Emergencies”

Eldridge, J, 8,; Oakes, T, W.*; Parsons, D. W.%;
Pell, R. D,* "Radionuclide Concentrations in
Honey and Bees Near Redioactive Waste
Disposal Sitee”

Eldridge, J. 8. '"Modern Equipment for Combina-
tion Use: Precious Metsls Inventory Verif.-
cation, Safeguards Audits, and Emergency
Response”

PRESENTED AT

UCND Acal. Comm. Meet.,
Oak Ridge, TN, June 23,
1982

CFRP Tech. Rev. Meet.,
Osk Ridge Nat. Lsb.,
-Oak Ridge, TN, Aug. 24,
1982 ’

Soc. Toxicoi., Bostom,
MA, Feb. 22-26, 1982

Syap. Toxicol. of Per.
Hydrocarbons, Washing-
ton, DC, May 11-13,
1982

6th Int. Conf. on Posi-
tron Annihilation, The
Univ. of Texas at
Arlington, TX, Apr. 3-
7, 1982

UCND Anal. Comm. Meer.,
Oak Ridge, TN,  une 23,
1982

Symp. Application of
Short-Term 3ioassays in
the Anslysis of Complex
Environ. Mixtures,
Chapel Hill, NC,

Jan. 25-27, 1982

Anal. Chem. Div. Annu.
Info. Meet., Oak Ridge
Mat. Lsb., Osk Ridge,
™, July 12-13, 1982

1982 UCC-ND and CGAT
Environ., Prot, Scmin.,
Cstlinburg, TN, Apr, 5-
7, 1982

Annu. Meet. Heslth Phys,
Soc., Las Vegas, WV,
June 27-July 1, 1982

UCND Anal. Cowm. Meet.,
Osk Ridge, TN, June 23,
1982

et




SPEAKER

Eldridge, J. S.

Gleason, G. I.

Glish, G. L.

Griest, W. H.

Guerin, M. R.
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AUTHOR(S) AND TITLE

Eldridge, J. S. "Radiochemical Analysis”

Eldridge, J. S.
ments™

"Nondestructive Assay Measure-

Eldridge, J. S. ‘"Measurement Capabilities:
Past, Present, and Future™

Gleason, G. 1.
I and 1I"

"Nal Cammas Spectrum Analysis

Gleason, G. I. "Gamma Counting Efficiency
and Absolute Asssy”

Gleason, G. I. "Advanced Gamma-Ray Spectroscopy
Using Ce(Li) Detectors”

Glish, G, L.; McBay, E. H.; Rainey, W. T.¥;
Liotca, R.* "Pyrolysis GC/MS of Specifically
Treated Coals"”

Griest, W. H.; Tomkins, B. A.; Maskarinec, M. P.;
Caton, J. E.; Higgins, C. E.; Rao, T. K.¥
"Anslytical Methodology for Cosl Fly Ash
Organics and Comparison of Mutagenic and
Nonmutsgenic Fly Ashes"

Guerin, M. R,; Rubin, I, B.; Cston, J, E.;
Bsyne, C. K.*; Tomkins, B. A.; Ms, C. Y.;
Buchanan, M. V,.; Griest, ¥W. H.; Ho, C.-h.
"Spectroscopic and Chromatographic Screening
of FPossil-Derived Oils for Bacterial
Mutagenicity”

Guerin, M. R,
Toxicology"

"Role of Analytical Chemistry in

PRESENTED AT

Anal. Chem. Div. Summser
Lecture Series, Osk
Ridge National Ladb.,
Osk Ridge, TN, July 130,
1982

1982 DOE Survey of Osk
Ridge National Labs.
Accountability and
Control (Special Mater.
Management Dep.), Oak
Ridge, TM, June 14,
1982

Industrial Safety and
Appl. Reslth Phys. Div.
Staff Meet., Nov. 11,
1982

Osk Ridge Assoc. Umiv.
Training Lecture,
Oak Ridge, TN, Feb. 9-
10, 1982

Oak Ridge Assoc. Univ.
Training Lecture,
Oak Ridge, TN, Feb. 11,
1982

Oak Ridge Assoc. Univ.
Training Lecture,
Oak Ridge, TN, Mar. 16,
1982

30th Annu. Conf. on Mass
Spectrom. and Allied
Topics, Honolulu, HI,
June 6-11, 1982

Third Symp. on Environ.
Anal. Chem., Brighas
Young Univ., Provo,
UT, June 16-18, 1982

PACSS [X Symp., Philas-
delphia, PA, Sept. 19-
2%, 1982

University of Georgis,
Athens, CA, Feb, 18,
1982
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SPEAKER AUTHOR(S) AND TITLE
Heine, D, R. Heine, D. R. “Developments and Applications
of Inductively Coupled Plasma Emission
Spectrometry”

Heine, D. R. "Trace Elemencsl Aanalysis by
Inductively Coupled Plasma ad Atomic
Absorption Spectrometry”

Biggins, C. E. Higgias, C. E.; Griest, W. H.; Guerin, M. R,
"Ssmpling and Analysis of Cigarette

Smoke Using Solid Adsorbents”

Ho, C-h. Ma, C. Y.; Ho, C.~h.; CGuerin, M. R.; Rso, T. K.*;
Epler, J. L.* "Evaluation of Procedures
Employed for Preparing Samples for Mutageni-
city Testing”

Jones, A. R.; Guerin, M. R.; Ho, C.-h;
Maskarinec, M. P.; Rao, T. K.* "Removal
of Solutes from DMSO Extracts for Chemical
Characterization”

Holmberg, R. W, Holmberg, R. W.; Moneyhun, J. H. "A System
Lor the Continuous Generation of Phosphorus
Aerosols from Red Phosphorus-Butyl Rubber”

Howell, H. E.* Howell, H, E.*; Mamantov, G.; Wehry, E. L.%;
Shaw, R. W. "Photoscoustic Spectroscopy of

Matrix-Isolated Polycyclic Aromatic Compounds"

Hulett, L. D. Hulett, L. D. "Scanning Electron Microscopy”

Hulett, L. D. "Scanning Electron Microscopy
and X-ray Fluorescence"

Hulett, L. D.; Dale, J. M; Pendysls, 8.*
“The Generation and Detection of

"“SENTED AT

Anai. em. Div. Annu.

Info Meet., Osk Ridgce
Nat. Lab., Osk Ridge,
™, July 13, 1982

Angl. Ches. Div. Susmer
Lecture Series,

Osk Ridge Wat. Lab.,
Osk Ridge, TW, July 23,
1982

As. Chem. Soc. Meet.,
Ksnsas City, MO, Sept.
13-17, 1982

Poster Session, Symp.

on Application of
Short-Term Bioassays in
the Anslysis of Complex
Environ. Mixtures,
sponsored by US EPA,
Research Triangle Park,
NC, Jan. 25-27, 1982

Poster Session, Symp.

on Application of
Short-Term Biosssays in
the Analysis of Complex
Environ. Mixtures,
sponsored by US EPA,
Research Triangle Park,
WC, Jan, 25-27, 1982

Swokes/Obscurants Symp.
Vi, Harry Diamond
Laboratories, Adelphi,
MD, Apr. 27-29, 1982

Southeastern Regional
An. Chem. Soc. Meet.,
Birmingham, AL, Nov. &,
1982

Oak Ridge Assoc. Univ,
Training Lecture,

Oak Ridge, TN, Jsn. 14,
1982

Ansl. Chem, Div. Symmer
Lecture Series,

Osk Ridge Nat. Ladb.,
Osk Ridge, ™M, June 18,
1982

6th Int. Conf. on Posi-~
tron Annihilation, The




SPEAKER

Hulett, L. D.
(coat*d)

Jenkins, R. A.

Kao, G. L.

Keller, J. M.

Lapicki, G.*

Lee, D. A.

Lowndes, D. H.*
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AUTHOR(S) AND TITLE

Mono-energetic Positrons”

Hulett, L. D. "The Generation of Monoenergetic

Positrons and Their Energy Loss and Diffractioa

Processes in Solids”

Jenkins, R. A.; Gayle, T. ¥.* "Instrumental
Measurement cof the Total Particulate Matter
of Cigarette Smoke”

Xao, G. L.; Buchacan, M. V.; Guerin, M. R.
"Determination of Oxygen-Countaining Compounds
by Gas Chromatogresohy/Cheaical Ionization
Mass Spectrometry”

Keller, J. M.; Heine, D. R.; Riegel, C.*
"Effects of Inorganic Acids on ICP Analysis”

Keller, J. M.; Heine, D. R.; Rogers, C. W.
"Simultaneous Operation of s Polychromator
and Monochromator on a Single Source In-
ductively Coupled Plasma Emission
Spectrometer”

Keller, J. M. "Determination of U and Pu in
Nuclear Fuel Reprocessing Solutions”

Lspicki, G.¥*; Auble, R. L.*; Rulect, L. D.;
0'Kelly, G. D.*; Kim, H. J.¥*; Milner, W. T.%;
Raman, S.*; Shahal, 0.*; Vane, C. R.¥;
Young, J. P. "Extraction of X-Ray Production
Cross Sections by 36-103 MeV Ar Ions in Thick
Targets of V, Cu, Ni, Ta, and P¢"

Lee, D. A.; Eatherly, W. P.*; Kintigh, J. D.¥
"Analytical Evaluation of Corrosion-Induced
Microstructural Changes in a U.S. Core
Graphite”

Lowndes, D. H.*; Cleland, J, W.%*; Christie,
W. H.; Eby, R. E.; Narsysn, J.*; Wood, R. D.*%;
Nilson, J. A.*; Dass, S.* "Pulsed Excimer
Laser (308 na) Annesling of Ion Implanted
Silicon"

PRESENTED AT

Univ. of Texas at

Arlingtoa, TX, Apr. 3-7

1982

Chem. Phys. Semin., Osk
Ridge Nat. Lab., Oak

Ridge, TN, May 24, 1982

Tobacco Chemists’
Res. Conf., Raleigh,
NC, Occ. 25-27, 1982

CONFAB "82", Saratoga,
WY, July 20-23, 1982

Am. Chem. Soc. Meet.,
Lass Vegas, NV, Mar.28-
Apr. 2, 1982

1982 Spring DECUS U.S.
Sysp., Atlanta GA,
May 10-14, 1982

Tech. Rev. of CFRP
Process and Eng. R&D
Activities, Oak Ridge
Nat. Lab., Oak Ridge,
TN, December, 1982

Int. Conf. X-Ray and
Atomic Inner-Shell
Physics, Eugene, OR,
Aug. 23-27, 1982

24th Rocky Mountain
Conf., Deanver, (O,
Aug. 1-5, 1982

Mater. Res. Soc. Meet.,
Boston, MA, Nov. l-4,
1982

e e o s et e ————




SPEAKER

Lyon, W. S.

S P

Ma, C. Y.

Manniug, D. L.

Maskarinec, M. P.

[
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AUTHOR(S) AND TITLE

Bulett, L. D.; Dale, J. M.; Pendyals, S.*; Chang,
Y. K.*; Lyon, W. S. "Positron Spectroscopy
Applied to the Analysis of Surface”

Lyon, W. S. "Practical Applications of Activa-
tion Analysis and Other Nuclear Techaniqu:s"

Lyon, W. S. ™A Review of Energy Related Research
in Activation Analysis and X-Ray Fluorescence”

Lyon, W. S.; Bujdoso, E.*; Nosziopi, I.¥
"Direction and Growth in Prompt Nuclear
Analysis”

Lyon, M. S. "Activation Analysis”

Ma, C. Y.; Ho, C. =h.; McBay E. H.; Buchanan,
M. v, "Ldentification of Carbonyl Compounds
in & Mutagenic Neutral Coal 0il Fraction”

Manning, D. L.; Maskarinec, M. P, "The Analysis
of Low Molecular Weight Cacrboxylic Acids by
HPLC with Conduccivity Detection,”

Maskarinec, M. P.; Brazell, R. S.; Brown, D, K.*
'Analytical Chemiastry of Solid Wastes: From
Methods Development to Quality Assurance”

Maskarinec, M. P.; Larimer, P. W.*; FPrancis,
C. W.* "Preparstion of jolid Wasces and
Associated Leachates for Ch.mical and

PRESENTED AT

Inc. Symp. on Applica-
tions and Technol. of
Ionizing Radiations,
Univ. of Riyadh Campus,
Malaz, Riyadh, Ssudi
Atabis, Mac. 12-17,
1982

Invited, Int. Symp. on
Applications and

Technol. of Ionizing
Radiations, Univ, of
Riyadh Campus, Malaz,
Riyadh, Saudi Arsbia,
Mar. 12-17, 1982

Invited, Am. Nucl. Soc.,
1982 Annu. Meet., Los
Angeles, CA, June 6-11,
1982

Invited, Am. Nucl. Soc.,
1982 Winter Meet.,
Washington, DC, Nov. l&-
18, 1982
Anal. Chem. Div.
Lecture Series,
Oak Ridge Nat. Lab.,
Oak Ridge, TN, July 16,
1982

Sumaer

Am. Chem. Soc., 34th
Annu. Southeastern Reg.
Meet., Birmingham, AL,
Nov. 3-5, 1982

An. Chem. Soc. Meet.,
Las Vegas, NV, Mar. 29-
Apr. 2, 1982

Invited, Soc. of Anal.
Chemists of Pittsburgh,
PA, Jan. 4, 1982

Symp. on Appl. of Short-
Term Bioassays in the
Analysis of Complex




SPEAKER

Maskarinec, M. P..

(cont 'd)

McKown, H. S.

Moneyhun, J. H.

Peterson, J. R.*

Ramsey, .J. M.

Rao, T. K.*
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AUTHOR(S) AND TITLE

Biological Analysis™

Maskarinec, M. P.; Brown, D. K.* “Batch and
Column Extraction Procedures for Organics
in Solid Wastes”

Maskarinec, M. P.; Brown, D. K.*; Harvey, R. W.
“"Comparison of Extractioa Procedures Jor Solid
Wastes: Organic Materials”

McKown, H. S. "Applications of Thermal
Ionization Mass Spectrometry at ORNL™

Moaeyhun, J. H. "Army Swoke Obscurant Progtia”

Young, J. P.; Haire, R. G.¥; Peterson, J. R.*
Ensor, D. D.* "Effects of Heredity and
Environment on the Chemical Consequences of
tl:e Decay of 253g5 Tons in Solid State

Ramsey, J. M.; Whitten, W. B. "Recent Advances
in Delayed Lasing Measurements"

Ramsey, J. M. "Subnanosecond Phase Fluorimetry
With a Self-Modulated Argon-Ion Laser"

Ramsey, J. M. "Fluorescence Lifetime Measure-
ments Using Self-Modulated Argon-Ion Lasers”

Ramsey, J. M.; Whitten, W. B. "Fourier Trans-
form Microwvave Spectroscopy”

Ramsey, J. M.; Whitten, W, B. "A New Approach to
Fourier Transform Spectroscopy”

Ma, C. Y.; Rao, T. K.¥; Griest, W. H.; Ho, C.-h;
Guerin. M. R,; Hardigree, A. A.*; Epler, J. L.*
"Preparative Scale Organic Extraction and
Mutagenicity Analysis of Fly Ash"”

PRESENTED AT

Enviroan. Mixtures,
Chapel Hill, NC,
Jan. 25-27, 1982

1982 Am. Soc. Test Mater.
D-34 Meet., Orlando, FL,
Jan. 28-29, 1982

Invited, 1982 am. Soc.
Test. Mater. D-34 Meet.,
Orlando, FL, Jan. 28-
29, 1982

15th Annu. Carbide Nucl.
Div. Anal. Meet.,
Lexington, KY, Dec. I,
1982

UCND Anal. Comm. Meet.,
Osak Ridge, TN, June 23,
1982

12 emes Journees des
Actinides, Orsay,
FRANCE, May 24-25,
1982

Pittsburgh Conf., Atlan-
tic City, NJ, Mar. 8-
12, 1982

Pittsburgh Conf., Atlan-
tic City, NJ, Mar. 8-
12, 1982

Invited, FACSS Conf.,
Philadelphia, PA,
Sept. 20-24, 1982

Anal. Chem. Div. Infor.
Meet., Oak Ridge Nac.
Lab., Oak Ridge, TN,
July 13, 1982

Invited, 1982 Gordon
Res. Conf, on Anal.
Chem.,, New Hamnton, NH,
Aug. 16-20, 1982

13ch Annu, Meet, of the
Eaviron. Mutagen Soc.,
Boaston, MA, Feb. 26-
Mar. 2, 1982




SPEAKER

Bogers, C. W.*

Ross, H. H.

Rosseel, T. M.

Sepaniak, M.*

Scote, T. G,

Shaw, R. W,

Shules, W. D.

Ssith, D. H.

-4
-~

AUTHOR(S) AND TITLE

Rogers, €. W.%; Keller, J. M.; Warmack, R. J.
"Selection of a Multi-User Operating System
for the Laboratory”

Ross, H. H. "Liquid Scintillation Counting:
Recent Trends in the Assay of Nuclides
of Biological Interest”

Rosseel, T. M.; Auble, R. L.*; Hulett, L. D.;
Kahane, S.*; Kim, H. J.*; Milner, W. T.*;
0'Kelley, G. D.*; Ramer, S.%; Slaughter,

G. G.*; Vsgne, C. R.*: Young, J. P. "Ana-
lycical Applications of Heavy Ton Induced
X-Ray Fluorescence and Auger Electrons”

Rosseel, T. M.; Dale, J. M.; Dunn, H. W.;
Hulett, L. D.; Xim, H. J.*; Milner,K W. T.¥;
Raman, S.*; Slaughter, G. G.*; Vane, R.*;
Young, J. P. "Analytical lmpirications of
Heavy-lon Induced X-ray Fluorescence"

Sepaniak, M.*; Maskarinec, M. P. "Open Tubular
Capillary Liquid Chromatogrsphy With
Rectangular and Concentric Columns”

Scott, T. G. "The Determination of Ra-226

by the Rn-222 Emanation Technique”

Shaw, R. W. '"Lasers in Analytical Chemistry”

.

Shaw, R. W. "Optoacoustics ar Cryogenic
Temperatures"

Shules, W, D.; Vogt, J. J.* '"Career Paths for

Technicians at a National Laboratory"

Smith, D, H.; Walker, R, L.; Carter, J. A.;
"Mass Specrrometry in Safeguards”

Smith, D. H, "Applications of Mass Spectrometry

to Waste Solution"

PRESENTED AT

1982 Spring Decus U.S.
Symp., Atlanca, GA,
May 10-14, 1982

Am. Mucl. Soc. Winter
Meet ., San Francisco,
CA, Nov. 29-Dec. &4,
1982

245th Rocky Mt. Conmf.,
Deaver, €0, Aug. 1-5,
1982

Anal. Chem. Div. Iafor.
Meet., Oak Ridge Nat.
Lab., Oak Ridge, TN,
July 13, 1982

1982 Pittsburgh Conf.,
Atlantic City, NJ,
Mar. 8-13, 1982

UCND Anal. Comm. Meet.,
Oak Ridge, TN, June 23,
1982

UCND Anal. Comm. Meer .,
Oak Ridge, TN, June 23,
June 23, 1982

Invited, Seminar st
Transuranium Res, Lab.,
Oak Ridge Nat. Lab.,
Oak Ridge, TN, Peb. 26,
1982

Inviced, Am. Chem. Soc.
Meet ., Las Vegas, WV,
Mar. 28-April 1, 1982

Am, Chem. Soc. Meet.,
Kansas City, MO,
Sept. 12-17, 1982

UCND Anal, Comm. Meet.,
Oak Ridge, TN, June 23,
1932



SPEAKER

Strain, J. E.

Stewart, J. H.

Tomkins, B. A.

Todd. . J.

Vane, R.*

Van Hoesen, S. D.*

Vashell, J. R,

whitren, W, B.

*
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AUTHOR(S) AND TITLE

Stra‘n, J. E.; Bostick, D. T.; McCue, D. D.*
Harper, R. E.* "In-Line Instrumentation for
Control of Nuclear Fuel Reprocessing Part I.
In-Line Nevtron Poison and Frze Acid Monitor"”

Stewart, J. H., Jr.; Dunn, H. W. "The
Quantitative Determination of Chrysotile
Asbestos by X-Ray Diffractometry”

Tomkins, B. A.; ncagan, R. R.; Maskarinec,
M. P.; Harmon, S. H.; Griest, W. H.; Caton,
J. E. ™"Analytical Chemistr; of Polycyclic
Aromatic Hydrocarbons Present in Coal-Fired
Power Plant Fly Ash"

Tomkins, B. A.; Ostruam, V. H.*; Caton, J. E.
"A Rapid HPLC/HPLC Screening Procedure for
2-Aminonaphthalene i: Natural, Synthetic,
and Refined Crudes"

Todd, P. J.; Warmack, R. J. '"Calculated
Angular Distributions of Fragment lons from
Polyatomic Ion Collisions"”

Vane, R.*;, Auhle, R. L.*; Hulore, L. D., Jr.;
Kahane, S.*; Kim, H. J.*; McDaniel, F. D.,*;
Milner, W. T.*; 0'Kelley, G. D.*; Raman, S.¥;
Rosseel, T. M.; Slaughter, G. G.*: Varghese,
S. L.*; Young, J. P.
of Heavy-Zon Induced X-Ray Spectra”

"Chemical Sensitivity

Van Ho'sen, S. D.¥*, Cowser, K. E.*; Cushman,
R. M.*;, Dreibelbis, W. G.*; Griest, W. H.;
Klein, J. A.*, Larimer, F. W.*; Muyer,

H. R.*; Strand, R. H.* "Health and Environ-
mental Assessment of Low BTU Garification”

Voshell, J. R., Jr.*; Eldridge, J. S.; Oakes,
T. W.* "Radionuclide Transfer by Aquaric
Insects in a Contaminated Pond"

Whitten, W. B.; 0O'Lear, J. R.* "Time-cf-Flight
Optical Spectrometry With Optical Fibers in
the Near UV"

Whitten, W. B, "Time-of-Flight Optical
Spectrometry”

PRESENTED AT

Invited, 1982 Winter
Meet., Am. Nucl. Soc.,
Washington, DC,

Nov. 14-19, 1982

1982 UCC-ND and GAT
Environ. Prot. Semin.,
Gatlinburg, TN, Apr. 5-
7, 1982

7th Int. Symp. on Poly-

nuclear Aromatic Hydro—
carbons, Columbus, OH,

Oct., 20-28, 1582

1982 Pittsburch Conf .,
Atlantic City, NJ,
Mar. €-13, 1982

30th Annu. Conf. on Mass
Spectros and Allied
Topics, henolulu, HI,
June 6-11, 1982

Am. Phys. Soc. Maet.,
Wa.aington, DC, Apr. 26
29, 1982

Sth Miami Int. Conf.
Alterrative Energy
Sources, Miami beach,
FL, Dec. 13-15, 1982

Health Phys. Soc. Annu.
Mcet,, Las Vegas, NV,
June 27-July 1, 1982

Invited, Am. Chem. Soc.
Meet ., Kansas City, M),
Sept, 12-17, 1982

Invited, Piedmont Sec-
tion, Appl. Spectrosc.
Soc., Nak Ridge, TN,
Dec. 9, 1982

o i o ¢ e




SPEAKER

Whitten, W. B.

Young, J. P.

Young, R. T.*

Whizten, W. B.

Young, J. P.

AUTHOR(S; AND TI1'E

Young, J. P.; Hurst, G. S.*; Kramer, S. D.*
"Analytic.:l Applications of Resource

Ionization Spectroscopy”

Spectrometry”

Young, R. T.*; Narayan, J.*; Christie, W. H.
"Effect of Pulse Duration on the Annealing
of lon Implanted Silicon With a XeCl Excimer

Laser"

"Time Domain Optical Spectro-
wmetry with Fiber Optic Waveguides"

"Resonance lonization Mass

PRESENTED Al

Am. Chem. Soc. Meet.,
Kansas City, MO,
Sept. 12-17, 1982

Invited, Fed. of Ar :l.
Cheam. and Spectrosc.
Soc., Philadalphia, PA
Sept. 19-24, 19%2

Health and Safety Res.
Div. Semin., Juae &,
1982

Mater. Res. Soc., Bostca,
MA, Nov. '-4, 1982


http://Analytic.il
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ARTICLES REVIEWED OR REFEXED FOR PERIODICALS

Attrill, J. E.
Brazell, R. S.
Brooksbank, R. D.
Buchanan, M. V.
Carter, J. A.
Caton, J. E.
Donohue, D, L.
Eliridge, J. S.
Goeringer, D. F.
Griest, W. H.
Guerin, M. R.
Ho, C.-h.

Klate, L. N,
Laing, W. R.
Lyon, W. S.
Manning, D. L.
Maskarinec, 4. P.
Ramaey, J. M,
Ross, H. H.
Rosseel, T. R,
Scott, T. 6.
Shaw, R. W,
Stewart, J. H.
Tomkins, B. A.
Young, J. P.
Whitten, W, 8.

Total
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1 1 2
1 1
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3 1 2 6
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DIVISIONAL MAN-POWER AND FINANCIAL SUMMARY

FY 1982
Source " Funding (in thousands) Man-years
DOE programs
Health and Envirommentsl Research 1,131 11.6
Basic Energy Sciences 1,101 10.7
Consolidated Fuel Reprocessing Program 200 2.0
Fossil Energy 234 2.5
Nuclear Materials Securiiy and Safeguards 140 1.4
Reactor Research auad Development 70 0.8
Total DOE programs 2,876 29.0
Vork for others - federal agencies
Department of Defense (U.S. Army) 870 7.1
National Cancer Ingtitute 450 3.7
Environmental Protection Agency 395 3.8
State Department (I.S.P.0.) 66 0.7
National Regulatory Commission 88 0.6
Miscel laneous 10 0.1
Total work for others - federal agencies 1,879 16.0

Work for others - nonfederal sgencies

Electric Power Research Institute 145 1.6
Battelle Pacific MW Laboratory 36 0.4
Protective Coating Companies 112 1.2
E. 1. DuPont, Savannah River Laboratory 55 0.5
Sandia National Laboratory 40 0.4
GCeneral Public Utilities 225 2.3
Bendix Corporation 25 0.2
Miscel laneous 35 0.4
Total work for others - nonfederal agencies 673 7.0

» 3 - /‘
ORNL divisions - support 5,860% 81.0
Division sdministration 14.0
Total financial plans 11,288 147.0

*Reflects Laboratory general and adwinistration expenses and general plant
services,
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