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INTRODUCTION AND SUMMARY

The Anslytical Chemistry Division of Osk

Ridge Nstiomgl Laborstory (ORNL) is s large and
diversified amalytical cheaistry orgasizatios.
As swch, it serves 3 wmultitude of fumnctions for
a8 clientele that exists both in and outside
ORNL.. These functions fall imto the followiag
genersl categories.

1.

2.

Asalytical  Resesreh,
Inplementation. The division wsintains =n
progras to conceptuslize, investigate,
develop, assess, improve, - snd implement
advanced techimology for chemicsl and physico~
chemical wessurensnts. Eaphasis is om
problems and needs identified with ORNL snd
Depertmeat »f Energy (DOE) progrsss, but
attention is also givew to needs in the
soalytical sciences themsslves. This progras
is composed of wedive- to loug-ters projects
snd is supported primerily by the DOE. The
program comstiteuted spproximetely 182 of the
7Y 1980 budgat .

Bevelopmest, and

Programmstic Resesrch, Dovelepasnt, and
Deilisatiow. The division carries owt s
wide variety of chemicsl work that typicslly
involves analytfical research end/or develop~
wment plus the utfilization of snalyticsl
results or specisl enaiytical capebilities to
expedite programmetic interests. The effort
is this csategory comss from ORNL and DOE
progreas snd fros “Vork-for-Others” agree—
nents. Emphesis here {s om “spplied”

3’

. b m. Htm

chenistry. This type of activity accounted
for approximately 291 of the division's
buidget ia FY 1980.

Tecimical Seppect. The division performs
chemical aad physicochenicsl znslyses and
tests of virtuslly all types. Development of
methodology is an isherest part of this acti-
vity because of the variety of emalytical
problems thst srise in a myleiprogram insci-
totion like ORNL. In gsmeral, this work is
short-ters ia mnatore snd comes from other
divisions and progrsmes vwithiz ORNL. A signi-
ficant fraction originates outside of ORNL
and iavolves the wse cf talent sed/or facil-
ities iz which the divisiow ie particularly
strong or uwnique. This type of work
sccounted for spproximstely 461 of the budge’
during FY 1980.

Consultstion, Collsberatiocs, sand Special
Projects. This work is distinguished froc
techuical support by ths natore of inter-
sction bstwees the divisfon snd its clien-
tele. Work thet falls in this category typi-
cslly maquires specisl steemtion sad/or
oxpertice snd hence comsti’utes s collgbo-~
rative effort betwveen the “custosr” end
division persommel. Interscti.ng rangs from
perforaing high'ly sophisticated asnelytical
osasurements for or vith s resesrch steff
wesber, to instructiag others in the ues of
suslytical esuipment (plus the fnterpretstion
of dsts), to particfpsting as aenslytical

Y
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3,

meabers of technfcal task forces. sctivities
range from ospecisl studies, to program
development, to the desiga and fabricstiom of
analytical instrwmentation for others. This
work i{avolves close imteraction with the
staffs of other divisioms st ORNL ead with
won-ONNL peocple. Sepport for this sctivity
composed approximately 7 of the FY 1980
budget.

The Amslyticsl Chemistry Divisios is orga-
nized isto five major sections, each of which
mar earTy owt say type of ¢ k falling iu the
four categories meatiomed . 2. Chapters 1
through 5 of this report preseat progress withis
the five sections during the period Jamesry 1,
1980 to Decesber 31, 1980. The following pera-
graphs summarize work in the variows sectioms.

Asslyticsl Methedolegy Sectien (Chep- 1).
There are two growps 1is tais osectiom:
Anslytical Imstrumentstios and Physicochemicsl
Asalysis.

Spectroscopy contisses te be prominent ia the
rasearch effort of the Asalyticsl Imstrwaent-
stion group. Vork is wuderway im microspectro—
photomat: v, photoscoustic spectroscopy,
resocastce iomizstion epectroscopy, plasms
enission (glow diecharge) spectroscopy, the we
of fiver optic vaveguides in smslytical spectro-
scopy, sxd spectroelectrochenistry. This growp
is slso engaged in the developmeat of in-line
monitoring isetruseststion for the Cousolidated
Tuel Raprocessing Progras and for the Coal Plaat
Control Project. In each of these programs, the
work is collsborstive with persommel of the
Instrunentaction and Controls Divisiom.

Seversl sccosplishments warrsat oepecisl
nention this year. We discowered that delayed
lasing — the time delsy Wetwees puagping s Wé-TAC
lsser and lasing sction st 1.06 ym - fs @
seseure of optical absordesce within the laser
cavity. This wev approach msy provides o
houdred-fold gain in the seneitivity of
absorhbance Twmessurersnts over conventionsl
techniques. The comesyt of a laser power meter,
besed wpon photoscoustic ospectrometry, wes
brought to fruition. New work coabiaiag mstrix
{ooletion snd Nigh-resolution photeacoustic
spsctromtry wee initfisted. In~lime wonitore
for “froa ecid” sand wraniva sud plestoniwm, besed
o8 our comcepte snd resesrch, have performed
well se prototypes urdergoisg engineeriag tests.
Development of s computer-costrolled (rewote)
pipetter was cowpleted. A leser-genersted

coatiawsm light source that provides 10-ps
pulses of up to 10 mJ) each and seperated by 8 ns
was cosceptualized swd developed. Very sharp
pulses of this type are meedad as the sowrce for
the uaique time—of-flight optical spectrometer
that ve reported in esrlier ammwal reports.

The Physicochenical Amslysis grosp carries
out a wveriety of rather specislized nourocutise
service sad development projects sod msistaing a
long-range research prograa. During this
period, the growp coapleted the study (reported
last yesr) of the peassivation of titasiue
electrodes, weing electron spectrometry.
Similar work isvolved the study of uickel
cathodes wsed as electron gems in ORELA; the
objective vas to optimize their perforasace.
This growp completed developmeat of s method for
msssuring sslestes costent of warious buildisg
uaterials sad ensuring that it is less thas 1I.
Cypoum is & common component (and isterferemce)
in this type of msasuresent, bst we determined
thst simply hesting the ssaple st 300°C is o
ccuvenient way o resove gypsus iaterferenmce.
This ssbestos study wss published.

The highlight of the resesrch effort in this
group deuring the current yesr wes the work with
positron spectroscopy, which was supported
initislly by ORFL’s explorstory studies (“seed-
money”) progras. Most of the effort has been
devoted to development of s positron sourcs that
can be used for spectrometric experiments.
$. Pendysls, fros the Stete University of New
York at Frudonis, has bess a close collaborstor
in this project. Tumgsten snd wolybdenwa wder-
ators can b used to produce monoenergstic
positrons that have m intrinsic FWINM less than
1 V. The yields using tungsten and molybdesua
are 100 times grester than those of commos
moderstors euch as magnesics oxide. Ve
purchased s high-iatensity 224 gource of
positroas and prepered s practicsl positron gun
with it. We srs wov fnvestigstisg positrom
spectroscopy as s surfsce anslysis tool. The
ORNL~built electrostatic slectros spectromster
is being wveed for this work.

Previous work by this growp, on the charac-
terisetion of fly ash, received specisl recog-

nitfon this yesr when it was publiched {a
Soloncs end oeelected as the front cover

photograph.

Haoo ond BEniseion Spectremstry Secticn
(Chap. 2). The Mass and Tafission Spsctrometry
Section cowprises fosr groupe: Organic Maes
Spectrometry, Elsmentsl end Ios Probe Surface

v e k) Akt GO




Spectrometry, Actinides end Inorganic HMass
Spectrometry, and Safegusrds Mass Spectro—
metry.

A highlight in the Orgaaic Mass Spectroscopy
Croup has been the cosstruction and performance
evalvation of a three-sector msss spectromster.
This was wmectioned very briefly ia the last
sunual report as a modification of our double-
focusing instrument. A onique feature of this
three-sector configuration is that the double-
focusing components (electric sector I plus
sagoet) csn be operated in high-resolution mode,
and metastable spectra of asss separated compo—
neats obtained by electric sector II. This type
of experiment is aaslogous to capillary columm

“gas chromatography/mass spectrometry in thst a
high-resolutiou separation device precedes mass
spectrometric {identification. In this case, &
high-resolution mass spectrometer is the sepsra-
tion device. ¥We have s-ccessfully demounstrrated
this mode of operstion, using a resolving power
of sbout 14,000. ¥e have also carried onr
{oitial experiments 1into photofragmentation
spectrometry (PFS) with the three-sector instru~
ment. In this msode, the ion of interest is mass
selected by the doublefocusing components, and s
photon besm is used to sctivate snd fragsent
ifons in the third field~free region so that they
csn be gnslyzed vis conventional ion kimetic
energy scans. A laser has bsen scquired so that
forther work in PPS can be dome.

Exploratory studies were made to evaluate the
potantial of the ion microprobe mass apectro~
meter for mass spectral studies of nonvolstile
organic and/or organometallic substsnces. The
ion microprobe 1is attractive for this type of
study becsuse {t has high sensitivity, it hss
the ability to selact s variety of ionizing
resgents, and the prisary fon energy can be
controlled. We observed sn asbundant secondary
{ion current that corresponded to cstionized
organic species snd frsgmentation of the
cationized organic substrate. Design and
construction of s source thst will facilitate
this type of resesrch were initisted.

Secondary fon mmss spectrometry (SIMS) sllowe
one tn perform msse snd {isotopic snslysis on
samples that sre sometimes not smenable to other
mass epectrowetric tachniques. The sdventsge
here is that tedious chemical praparstion eteps
may be cirruavented. This yesr vs dsveloped
methzds that sllow the use of SIMS for the rapid
ary sccuste determination of lithiwm snd boron
fsotopic rstios in difficult sample types.
Seversl jmmediste epplications of this importenc

ssasurement have been made, mot the lesst of
vhich was the analysis of samples from Three
Mile Island (TMI).

Ve have contimued fundasental studies in SSHS
techniques, with the objective of improving the
precision of this type of snalysis. A servo-
controller was developed to maintain the spark
gap width st s constant valee, because gap width
is ordinsrily an uncostrolled paraseter that
leads to loss of anslytical precision. The
countroller that we developed not ouly provides s
constant gap width, and Thence Isproved
precision, but also has proved to bde useful for
loag exposures, which require close operator
iatervention. We are also using s fast besa
chopper in conjumction with the gap controller.
This allows a more coutrolled portion of the
sperk pulse to be ssmpled and reduces inhowo—
geneity. Results of anslyses are bdeing
mouitored to compare the precision messured with
these slterations in operation and the precision
obtained with sn unaltered mass spectromster.

Much progress has been made toward estab~
lishing SSMS capsbilities for highly radiocactive
saterisls. A surplus ingtrument was scquired
snd has nov been fully tested and installed in
our hot—cell laborstories in Building 2026. The
shielded cubicle asnd transfer system has been
designed, and “cold™ testing of the system was
done. We expect to cosplete this unique
facility early in 1981; it should be cspable of
handling solid sswples that resad ~ 10 =C/kg st
1 em.

Ve have continued to develop and spply the
resin bead technique of sample prepsrstion for
isotopic characterizstion and {sotope dilution
quantitation anslysis by usss spectroametry.
This technique hes been extremely usefsl in our
vork with THI samples of various types. Minor
isotopes in the 1X concentration range can be
measured vith precision of 40.5I, and wmsjor
isotopes in the 50 to 99T renge can be messured
with precision of +0.1% by this techniqus. Ve
continue sfforts to demonstrate the utility of
the resin bYesd sample-loading technique ss o
visble snalytical tool for msssuring ursnius end
plutoniue for ssfeguarding purposes. This year
demonsetration of the compatibility of this
sawple-~loading technique with single-stage mase
spectrometric messurements vas comspleted. Ve
scquired s quadrupole msss spectromster sad
demonstreted ite utility s en on-eite snalyt-
ical fastrument. We are systemstically trying
to improve the precisefon of the resin bdead
technique, snd we sre teaching others hov to
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use it and assisting in its implementation on a
national and interanstional besis. It is inter-
esting to note that samples of americium,
corium, snd californium are now routioely
subaitted to us on resin beads for isotopic
analysis. This approach results in the handling
and transferring of wmuch sssller swouats of
highly radioactive materisl, while yielding wmore
relisble analytical results.

Technical Support Section (Chsp. 3.
There are Four groups in this section: Ceneral
Analytical Llaboratory, Radiosctive Materisls
Analytical Laborstory, Transuraniuam Laborstory,
and Reactor Programs.

Each of the groups must cope with s wide
variety of anslytical problems ao:d specisl
projects. Characteristically, they must also
participate in collaborstive studies vith
members of other divisions and programs st ORML.
An {mportant requirement is thst these groups
must saintain an awvareness of new developments
in analytical technology and adopt them guickly,
vhen appropriate. Developaent of & computer—
based system for making BET s=measurements in
either the adsorption or desorption mode has
been completed. We nowv have surface ares
segsurement capabilities that are based on
either pressure or weight changes.

Other instrusentation-oriented pro jects
included construction of s bipolar-pulse conduc—
tivity detector for use in ion chromstogrsphy,
wmodification of an ion chromatograph for glove-
box operation, and development of a beseiine
compensator for differential scanning calorim
etry. Instrumentstion was slso developed for
measuring carbon~14 in dissolver solutions snd
tritium ir single irradisted microspheres.

New equipment of various types was acquired
by each group. Our new =x-ray fluorescence
system, acquired last yesr, has bsen used for
diverse snalytical tssks on both nonradiosctive
and radfosctive msterisls. This systes vas
designed for analyses that must be performed
within s glove box. Conceptuslization snd
design of s second system for remote snalysis of
gamms-enitting matsrisls were initisted this
yesr. of specisl significance hss been the
design snd scquisition of an inductively coupled
plasna emission spectrometry system. It is of
unique design snd incorporstes both quentosster
snd scanning monochromator opersting capabil-
ities. This system vill be operstive early in
1981.

Renovstion of our hot-cell laborstories has
been s continuing progras for the pert two yesrs

snd is wov virtuslly complete. This effort is
paralleled by development of microprocessor—
based instrumentstion tor remote snalysis done
ia the Analytical Instrumentation group. The
prototype of our nev computer—coutrolled remote
pipetter is in use, and work on a remocte
titrator is underwvay.

Bio-Organic Asalysis Sectiom (Chep. 4&).
The work of the Bio-Organic Anelysis Section 1is
programmstic in meture, with strong emphasis on
programs related to health and the enviroanment.
This section develops and provides methodology,
msterisls, and hardvare for biological and
eaviromental studies, along with dats to support
these studies. Thete sre three groups:
Quantitative Methods and Applications, Isolation
snd Identification, and Ssspling and Special
Projects. Considersble overlsy of technical
iaterests exists among these groups and among
other gsections in the division. Because of the
programmstic nsture of this work, much of the
effort here 1s directed toward acquiring
information as opposed to wmerely collecting
dats. Two programs - the Life Sciences
Synthetic Fuxls Progras snd the Inhalation
Bioassay Cheamistry Progras — reside within this
section although portions of the work are
carried out by other sections.

The woitk of this section emphasizes the
recovery of orgsnic cospounds from complex
mixtures such as environsental samples, cosl-
derived materisls, snd cigsrette smoke - snd
mesans for determining thes quantitstively. The
high-performasnce liquid chromstographic behsvior
of wmarker compounds representing polysromatic
hydrocarbons snd polysromstic ssines has been
enmphasized this year. Resin (Tensx) trapping of
volatile organics followed by thermsl desorption
and glass capillary gas chromatographic smalysis
has been refined and iwmplemented on s routine
basfs for asmbient sir anslysis. The use of
diffuge reflectsnce FTIR hes been snother focus
this year and hss prowed to be s simple and
sensicive weans for examining solids and/or
solutions in s KBr metrix. This techaique slso
has potential for sslectiwve LC detection.

An {mportsnt sctivity vithin this section is
naintensnce of s Frssil Yuals Resesrch Matsrisls
Yacility for EPA. We have cowputerized the dats
benk relsted to this operation this yesr snd
hosted a msjor workshop for a est of users of
the facilicy.

Extensive sxperience with separstion end
fidentification procedures has besn daveloped in
this section end continues to be esphasised.




Curreatly, research cesters oa sethods for the
preparative scale isolation of biologically
sigaificant compovads and for the discriminatice
of structural feowars. A highlight bes been the
development of s procedure for distinguishiag
primary, secondary asad tertisry suises bWy
chenical fouizstion wess spectrometry; g%
and lb" ate the collision gases. Ve have
establighed that polar coastiteeats, isolated
from the wmsutral aromstics frectiom of
coal derived oils by our frectiomation
procedures, are especially mutagenic; these are
primurily oxygenated compounds. Vork s
contisging on high-resolutioca LC with opes
cspillsry columms; cerresntly we are tryiag to
develop columas :hat will sllow reverse-phase
operation ewd hence provide potentisl vwtility
with squecas systems.

A major new effort i: directed towsrd devel-
oping instrumentation for geuversting and
mouftoring military obscursats (smoke screeans)
that caa be used in snimsl inha.atfon toxicology
studies. Ve have prepared systewe for gener-
sting snd delivaring dissel ofl1 gzerosol to
rodeats for inhalation biogssay. The physicsl
snd chemicsl chsracteristics of thess serosols
wust be deteruined relative to the starting ofils
end to gerosols generated in the field. The
saspling asnd chemical characterization of
hazardous solid wastes s slso s nev activity
this yesr; fnitisl ewphssis 1is on msesns for
recovering organic constituverls from diverse
solid msterial..

Neclear and Radiechemicsl Asslynis Secties
(Chap. 5). This section s cumposed of thres
groups: Low-Level Rsdiochemicsl Anslysis,
Radiochenical snd Activation Analysis, end
Special Projects. All three groups perfors work
that resges frow routine rasdiochemical snaiysis
to short-tets c.velopment projects. Loung-ters
davelopsen” aod 7research are carried out
primarily ia the $pecisl Projects group.

A nev gsemple preperstion laborstory and
sample receiving room were put {ato operstion
this year in the Low-level Radiochesfical
Asalyets group, cowpleting seversl year's work
toward upgrading facilicies and equipment {n
this grosp., The Wuclear Dats, WD-6603 spec-
tromste” systes ssntioned last year {» fully
oparstional now, and a ovev autowsted high-
capecity 1iquid scintillation counter was
acquired. A concerted e“fort is now undsrwvay to
sutomate the handling of anslytical dats gener-
ated by the various laboratories in the section.

Three sdditionsl computer terminals were
scquired to jacrease access to ORNL's DEC Systesm
10 for dsta wsnagesent. Much progress hes been
ssde with ocur WD-6620 systea is the Radio-
chenicsl and Activetion Amelysis group, dewel-
oping it s the data processing system for
moet counting equipmeat 1o the Intermediate
Level Laboratories. Ultimately, we hope to have
the ¥D-6620 systems collect and assslyze dats and
coanunicate it directly to the division's data
aansgement syst:a vhich resides ia the DEC-16.

Developueutal sctivities withia the soction
have costimssed to support & mumber of projects
wvithin the Laboratory, UCC-ND, and other orgsai-
zations where oor special capabilitfes or
expertise is spplicable. We are participsting
ia the Lize Scilinces Synfuels Progrsms (i.e., in
studies related to the health/eavironsental
impact of the gasifier st the University of
Mimnesots et Duluth). This work consists of
activation anslysis for trsce elements c.d low-
lewel rtadfochemical anslysis for {mportasat
nsturally occorriag radionuclides {in feed
materials, tars, snd discnerges from the plant.
A collaborative project with IR Corporstion {s
undervsy to deteraine cltratvace, levels of
ursnive and thorium in semiconductor materisls.
Sengitivities for chese eclements have been
extended to about 0.01 ag/g by peutron sctivs-
tion snslysis st the High Flux Isotope Resctor.
Developmental work for the Consolidated Fuels
Recycle Progrss has resulted v isproved methods
for datermining carbon-14 sad {odine-129 1ia
resctor fuel dissolver solutfons. Interest fa
the determinstion of technetium-99 in enviro-
naental msterisls has continoed. Methods for
snalysis of technetium~99 in soils snd vegets-
tion are nov fully developed snd fn routine use,
snd sfforts are being msde to extend the method-
ology to animsl tfissues. Studies of techniques
for detarmining gawmms-emitting radionuclides in
snsll snimsls sre masring complerion. This work
is directed towsrd detersining the biolcgicsl
tadionuclide sseiniletion of wild snimale 1iving
on the Osk Ridgs reservstion. A nev method for
electrolytic enrichment of tritfus was slso
developed this yesr. It extends our sensitfivity
to the sillibecquerel level and hes been used
for snslysis of well waters from the Thres Mile
Islend ouclesr power station.



Other Divisiesal and Staff Activities.
Chaps. 6 and 7 corctain information that reflects
the work of the division as a unit. Informtion
abouat the quality assurance and safety programs

is presented in Chap. 6, along with the tsbula~-

tion of asnalyses reamdered. Publicatiouns, oral
presenistions, prufessionsl sctivities, edunca-~
tions} programs, and seminars sre cited in
Chaps. 7 snd 8. Approximately 109 articles and
43 reports have been published, and 145 oral
presentstions were givem durisg this reportisg
period.




1. ABALYTICAL METHODOLOGY

¥W. S. Lyoa, Section Head

Research and development activities im the Amalytical Isstruamtstion growp of this see-
tion coutinwe to coacestrste (but not exclwsively) om laser sctiom end {its applirstioces.
Delayed lssing, for exasple, is being stedied; s program ia rescnance ionizatiom spectroscopy
for eslemmat-specific photofomizstion of ssaples subsequent to the mess analysis of their
respective isotopes is wnderway; testimg of the optoacowstic las.~ emergy weter daweloped last
year has continved; a sew progras in mstrix isolation optoscowstic spectroscopy using laser
excitstios started; and equipment has been sssembled for study of time resolved laser spectrue-
copy.

In-line sensor developmest has contimved vwitk work either completed or in finsl stages for
s free acid momitor, electrochesical in-lime semsors. uraniue and plutoniovm wonitors; s study
of possible mesns of detecting I; in dissolved fuel solution wes made. Work on the remote
fnstrumentstion for asslyses in highly rsdiocsctive solutioms costisved. Other ongoing resesrch
inciudes snslytical spplication of fiber optic waweguides, spectrochemicsl studfies st the
Trasasursnivs Resesrch Laborstory, smd spectroslectrochemical stwdiss in chlorosluminate mslts.
Detection of amines snd inorganic flsoride ia gas chrowstograpby wes iawestigsted, smd poesible
{improvemeats in cosl beseficistioa studied.

In the Physicochemical Asalysis growp, ssjor advances heve been msde ia positron sprctros-
copy: improvemests ia yield of moderated positroms, demomstrstion of elsstic scattering, and
use of the ORFL technique for low-smergy positrom diffruction at Brandeis University. A mew
progras has begun to use the facilities st the Nolified Neavy Ion Rssesrch FTacility for x-rey
and slectron epectroscopy; prelimimery experissats sre sow waderwey. A mwsber of resesrchers
in other divisions have been given assistancs by growp wmembers who hawe c33d combined tech-
sigquzes of cransuiseion swd scemning electroms microscopy, optical microscopy, x-ray fluores-
cenze, and x-ray diffraction. Soms of the ssterisls studied {a these collaborstions are
sshestos, SYNROC, bacteris, rusis beads, silver zeclites, Wh-based alloys, and woltea sslt
battery composests.




ABALYTICAL INSTRIMENTATION

H. A. Ross, Group Leader

Application of Lasers to
Analytical Chemistry

Delayed laser action awd ite aspplicstiocms.
We have observed that vhen 2 Rd-YAG laser is
puaped vith 8 short—duration (50 ns) pulse at
532 nm, it will begin lasing anyvhere from 0.1
to 10 uS later at a vavelength of 1.06 us. This
delayed laser actlion {s due to the kinetics that
govern the time—dependent excited state Hopela-
tions in this four-level laser ‘rost. This phe-
nomenon can be usd to determine rate constants
that conmect different emnergy levels of the

N+t foa: v have determined the wulti-
honon relaxstion vate betueen 6”2 and 6”2 +

€.,y States of the Na*3 fon (1). This vrte
constant, as determined br our technique, 1s 1.6
x 106 s~1.  This value agrees well with the
resulrs of others wvhe employed different
measurenent schemse .

We heve found that this delayed lasing cher-
acteristic can rlso be utilized for optical
absorption determinstions. Because the time
delay between pumping snd lssing is slso depen-
dent on threshold energy of the laser cavity and
therefore losses within the cavity, intracavity
absorption measurements .can be performed by
determining this time delay. At high powp
levels (and thus short delay timas), the ssmple
absorbance {s linearly relsted to the delay
time. An experiment has been set up to mssasure
the time delay betveen pump snd laser output
pulses as s function of intracavity sbsorption
(2). Separate photodiodes snd discrisimstors
produce timing signals from the pusp and laser
output pulses. The time dffference betwesn the
tvo tlaing pulses is converted imto s propor-
tionsl voltage by 2 time-to-suwplitude comvert.vt
and meagured vith 3 pulse-height anslyzer. Iy
the preseunt configurstion, esch channel of the
pulse-height analysar corresponds to 1.5 ms, or
an absorbance of sbout 0.001. An absorbance
cell within the cavity csn be filled with ¢
blunk or sample solution to nake 8
detersination.

The functicasl relstioaship between delay
time snd concentration of sn sbeosber wvas stud-
fed by messuring the time delay for s weries of

solutions of copper sulfate. Excellent sgree-
ment was found between measured delays smnd a
thecretical curve Ddssed oa the previously
weasured YAC relaxation ra:e coastant (1). The
delay changes by “80 ns cn going from the blank
solution to & solution with an sbsorbaace of
0.5. With ocur present (preliminary) setup, a
oilllabsorbance umit, or 0.001 ahsorbance, cn
be measured. We expect that witt further
iwprovemsruts the detection 1 it can be reduced
by at least tvo orders of magnitude vhile still
meintaiaing the 1linear relationship between
sbgorbance and tiue delay. Thus, this novel
technique could overcome the nonlinear responses
observed {a the typical {ntracavity sbsorbance
experiment. Primary Isprovements needed o
schieve this greater sensitivity sre the reduc-
tion of perasitic losses in the lsser cavity and
greater pump energy veproducibilicy. This
seasurement scheme could have applicatiom in
trece chemsical snalysis due to fits asbility to
measure vwvery low absorbance values. {(J. M.
Ramsey, V. B. Whitten)

Lager spectroscopic studies. The study
of snslytical applications of resonance foniza-
tion spectroscopy (RIS) tas continved (3) 12
cooperation with 5. S. Hurst’a group 1ia the
Heslth snd Safety Resesrch Division. We have
continued the study of RISA, RIS with amplifi-
cation (4), which can effectively cause one RIS
active stom to emit, for examwple, 10 or wore
electrons during the time of s laser flash.
After extensive study, it wvas found that the
scheme mentioned previcusly (3), vhich i{nvolves
the use of WO, does not effectively nmeutralize
an RIS-formed lithium ion, snd work with this
gss has been stopped. In a cooperstive study
with T. A. Callcott's group at The University of
Tennessee, wve have made the first studies of
spplying RIS to the element-specific photofon~
izstion of samples subesequent to msss analysis
of their respective isotopes. Ssmsrius stoms,
effusing from s hot source ctsmber, ware
photoionized by s two-photon RIS process; the
Tesonant lasser was tuned to 436.4 nm to excite
the 5 8 + 7 p traneition followed by photofon-
fgation froe that state (5). Using s time~of-
flight msss snslyzer and s 10-ns laser pulse, it
was possible to obssrve seven {isotopss of
samariue, haviag en abundsnce of 3T or grester.
In these firat studies, the efficieacy of {ion-
ization or the confirmstion of expected fsotopic
sbundences was not checked. Working with the
Mass Spectrometry group of the Anslytical
Chemistry Division, we have purchssed o




¥9-lasec~pomped tunsble dye lsser systea and
will re: at this study of the RIS-mass snalysis
of samavius vith a magnetic msss spectrometer to
better estadlish the precision of the technique
with respect to the sbowe characteristics. The
study will be followed by simfilar studies of
gadolinium snd dysprosimm to evsluate the
element-specific nature of this nev techmique.

Detection of single plutonium atoms by sa KIS
process is being studied. This work is s coop-
erative effort with C. E. Besmis, Jr., Physics
Division, sud personnel of EGEC, Santa Barbara,
Califormis. The concept, using a two-photon KIS
schese (5) and generating plutoniuvm from the
slpha decay of 264cy. wag discussed last
year (3). The plutonium recoil is rather weak,
100 keV, so the gas in the RIS chawber will bave
toc be light (Be) and at low pressure (1.3 to 2.6
kPa). During this period it has been demon-
strated that one electron can be detected under
such conditions; 8 nev chamber for carrying out
this study has been designed, fabricated, sund
sssenbled. Prelimins y testing of the chasber
is presently underway. For counting of sinxle
stoms, the electron counter can be opersted in s
Geiger mode, but both proportional asnd Geiger
sodes of operstion will be evaluated.

Further stodies of laser-induced nuclear
polarization (LINUP) have been made. The work
is 2 cooperstive effort with C. E. Benis, Jr.,
and J. R, Beene, Physica Division, and S. D.
Kraser, Health aad Safety Research Diviyion. As
discussed last year (3), these studies hsve pro-
vided rhe first direct experimentsl proof and
messurement of the large deformation expected
for the nucleus of fission {somers (6). The
study involvses sbsorption of phontons tuned to
resonant bound-bound transitions asnd therefore
can give spectral information of short-lived (us
to ms) lifetimes. This yesr the effect with

As wzs wverified with s more refined experi-~
wentsl setup. Considerstion has slso been given
to the study of other short~lived species by
this technique. Attempts to zynthesize 262mpg
“1/2 = 15 ms) for study have not proven suc-
cessful by the synthetic routes studied. 1t is
probeble thst francium can be studied by the
LINUP technique; the results of such s study
vill yifeld nev {nformstion siout ths optical
spectrum of this element. (J. P. Young)

Optoscowstic Spectraecopy. Opto~
acowstio laser eonergy wrter, This Cevice
detafled in last year's report (7) has received
further chavacterisation by cestiang of repitfon
vste and opticsl pulss-length effects omn

calibration, further response linesrity testiag,
determination of the sctual detection limit, =nd
construction of a finslized prototype uonir.
These steps were nacessary to complete
development and to produce s working model.

The OA lager energy meter respouse for short
optical pulses was tested using s nitrogen laser
vith & pulse length of 8 ns FUEM. The energy
weter calibration factor observed was mchanged,
even though these pulses differ in duratiom by
125-fold froma our 1-;s laser. Thus, as
expected, this device measures energy/pulse and
not peak power.

At fast repe.ition rates (>30 pps), csalibra-
tion errors occur because each acoustically
stretched pulse begins to overlsp with the next
signal pulse in the train. With the microphone
sc-coupled, response errors sre negligible bdelow
30 pps, but beyond that renetition rste the
energy meter will underestimate slightly thc
actual emergy/pulse.

Upon close scrutiny the overall response
factor for our emergy meter showed a 3light
elevation at low-laser—input energies; the
response factor (aV/mJ) incrcased spproximately
152 over the 3.5 decade input energy range
tested. This seemed suspect, so the thermopile
used as s standard for these dats was calibrated
using elecironic substitution power (jJoule
hesting) as s primary standard. When the
original dats were then corrected using this
standsrdization, the OA energy weter response
wag constant vithin the :5% scattcr of the data
points. The low-input energy extreme of dats
(G.67 uJ) does not tonestly represent the detec-
tion limit of our instrument. The pulse-to-
pulse amplitude 1nstsbility of the dye laser
seasured contributes s great deal to the oversll
noise level observed. The true {nstrusentsl
detection limit wvas wmessured with s stable
helfamneon laser, attenusted with neutrsl
densgity filters and wodulated with & wmechanicsl
chopper. The asignal-to-nofse ratio approeches
unity for an input pules energy of 0.24 J.

Finally, the bresdboerd energy mater wes con-
verted into s prototype instrument. A printed
circuit bosrd was designed md fabricsted, and s
chassis box asssembled and wired. Aditional
units of the OA energy me-er could nov be ecsily
const tucted.

The optoacoustic laser e-ergy weter is simple
snd icsxpensive. It is e.itadble for quantits-
tion of the ultraviolet, visible, or infrared
output of any pulsed laser. Such cohevent light
sources find wide use 1in many research and



development aress of chemistry, physics, aed
biology. The culy limitations 0a use of this
device are the uminfmmx lzsetr pulse energy
detectable and the maximm pulse energy the
target will withstend with.at deterioraticon.
(R. ¥. Shav)

Matriz igolatiom OAS. In & new
effort this yesr, we are exsmining the utilicy
of plezoelectric (PE) detectiom of OAS for
motrizx~isolated (MI) species. The znalytical
spplication of matrix isolation end Shpol'skii
frozen solution sawpling for high-resolution
optical spectroscopy has been reviewed by Uehry
sand Masmamtov (8). Many organic compounds
diluted i frozen matrix sumples exhibit signif-
icantly marrower spectral bandvidths than are
obtainsble st room tempevature. Thus, MI sam
pling can be a powerful wethod for the sualyeis
of wuiticomponent samples wvhere espectral
selectivity is psramount.

Wehry, Msmantov, snd co~workers have employed
floorescence snd Fourler trsnsform Infrared
(FTIR) spectroscopies for detection of MI sam—
ples. The former wmethod results 1in sub-
nanograa detection for many PAHs, with ultimste
sensitivicy achieved for compounds with high
floorescence quantus yields. Unfortunately mot
8]l compounds of intersst exhibit strong
fluorescence. Notable exswples of weak-~ or
nonemitters gzre partially hydrogenersted PAls
(important by-products found in cosl conwversion
products); heterocstom—subst {tuted aromstic
neterisls f-om the pyridine, pyrrol, furan, aud
thiophene families (.>me known to be carcinogens
and others suspectsd as contributors to the
tyxicity of foseil fuel-related msterials); and
polychlorinated bipheuyls (the gubject of
intenss environmsntal concern). For sonfluorss-
cent compounds, FTIR has been used as s comple-
msentary techaniqua, but the detection 1limits
reported ate substantislly higher (+100 ng) than
those for fluorsscence detection. FYor organic
compounds that absorb light strongly, but are
only veskly fluorescent, the excited stste
puotophysics must bde dominsted by radistfouless
processes. This fact makes them prime candi-
dates for OA spectroscopy, whersin signal
strength 1is derived from snergy rslessed by
thess same dark processes. Ve have cosbined
these two techniques, NI eampling and OA spec~
troscopy, to capitalize on the benefits of both.
NI ssapling pereits high-resolution spectroscopy
for largs molecules, while OA spectroscopy
provides sensitive detection for nonfluorescent

componds .

The interface between these two methods is
PE detection. PE trzasduction for GA methods
ass Deen prowoted recently by workers st Bell
Lats (9). Very sensitive detection of OA spec-
troscopy for roowm-tempersture liquids and
powlers was achieved using s pulsed lsgser and PE
cetsnic transducers. In that work, both the
cersric trensducer and the sasple were bonded to
a quartz spacer or “buffer” slab. Acoustic
disturbances created optically in the sample
wvers transaitted by the spacer to the detector
with wmninimal acoustic 1impe’ance wuiswatches.
Based on the reported fractionsl sbsorption
datectability of 105, we conservatiwvely
estimste s deteccion limit of sbout 1 ng by
MI/OAS for a nonfluorescent wmolecule with
€ ~ 10% and 8 wmleculsr veight of 200.

Ve began with roow-tewperature experiments to
familfarize ourselves with PE detection of OAS
before moving to low-tempersture cunditions and
the associsted experimental difficultfes. Two
types of PE transducers were utilized, X-cut
crystalline quartz and g lead zirconste titanate
(PZT) disc. Samples were placed divrectly on the
X-cut quartz since it is tramsparent. For the
opaque PZT disc, samples "ere placed on a glass
vindov to which the PZT was acoustically bonded.
The chief sdvantsge >f the former technique over
the use of sn independent ceramic traasducer
bonded to s slab is that the prohlems sssociated
with mainta.ning sn acoustic bond bLetween the
substrete snd the transducer at lov tesperatures
are eliminsted. The PE quartz substrats serves
all *he functions of sample holdev, acoustic
buffer slab, and transducer. The voltage pulses
produced optoacoustically were processed witt s
gated integrator.

Lsser OA spectrs were recorded for Nd,03
powder for boch its 510- and 579-nm bends. The
sauples were prepared as mulls in aineral ofl
and smsared on the trgnsducer surface. Yor
these fluid sseples, a cover plate ssems to be
required to constrain the sssple. Without such
e cover the optically driven expansions prefsr-
entially compress the air over the open sample
rsther than the quarts substrste on the opposite
side. it is hoped that this will not be nsces-
sery wvith low temperature mstrices, which are
such more rigid.

Seversl wmodifications of the experimentsl
sstup were made to {fmprove the signal-to-
teckground rstins. The finsl srrsngewent yielded
a 8/N of about 50 for this wesk sbsorber. The
f-cut quartzs and PZT trensducers have eieilar
scoustic responees, with the cerssic device




sosevhat more sensitive. Por comparable experi-~
mental conditions, the signal-to-nolise ratiocs
observed for ld+3 spactrs are aboat the sans.

Having achieved reasonable room-temperature
success, lov—temperature experiments were begwa.
Wa decided to prepare simple Shpol'skii frozes
solation sarples using s liquid nitrogem-
shielded, ligquid helfum optica®’ Dewar. Thin
sasples were prepared by freeziug liquid filws
on the gquartz substrate ia liquid aitrogen.
Subsequent specirs wer> also measured st 77 K.
The OA spectrum of a8 frozom pentacene spaturated
solution 1ir decane 1was attempted first.
Pentacane hss as extinction coefficient of 35900
1 motd ol ot 396 om, but it e oaly
sparingly soluble in decsne. Wo OA signe’ was
observed as the laser was scanred over the
suspected sbsorption region. Bowvswer, s
floorescance excitation especttum was rvecorded
for this sample. Several excitstion bunds were
messured with linevidths of 10-50 cwl. The
insdilicy to 4 tect OA signals is moet probebdly
due to the asall asount of pentacene proded (low
coucentrstion and thin sample).

MI/OA spectra of phenanthrene have been
attempted recently with grester success. Its
solubility is much Kigher than pentacene and ¢
14800 st 293 nm. Becsuse it wvas necessary to
utilize second harmonic generstion to produce
the ultreviolet light necesssry for phensathrene
spectroacopy, much less iatensity could bde
broaght to besr on the semple. As e scanned
the sbsorption region, pulssd acoustic response
was observed with an oecilioscope and was seen
to incresse and decresse vwith the visuslly
observed fluorescence aend phosphorascence
intensity. Wo qusntitative results have as yet
best achieved, but clesrly the wmsthod was
successful for phensuthrenme. Tor this experi-
aent s charge-sensitive presaplifier capable of
operation et 77 X was designed end used.
Becasse it can be located very near the ssmpls
(1.¢., 1a the Dewar), cable capucitance wss
elimineted and nore sensitive dJdetection was
sccouplished. The pressplifier fsiled after
seversl cool-down/werm-up cycles snd will need
to be improved for betier relisbilicy.

More effort {ie needed 1in developmeat of
better ssaple preparstion methods, quantitative
wessurement of epectra of sevaral compounds, and
improveasnt of the cryogenic presmpliffier befors
this technique can be evsluatsd feor 1its
snalytical utiliey. (R, ¥, Skaw, <. Mammmtov,
A. B. Rowsll)

Time-reselved lsser spectrescepy. This
project was _nitiated last ysar to determime the
viability of tesporal spectroscopic masuremsats
fu qeantitstive and cgislitatiw chemicsl
soslyses (10). The primery esphasir until wow
has been on the coucsption 3nd develspment of
{ostrumsntat ion that is capeabdls of providiang the
necessary 1aformtion while nintaianing
simplicicy rnd reliabilicy (11-13).

The {nitisl experiments will use & wode-
locked argon-ion laser ss a floorescemscs excita-
tion source aad s cross—correlation detectioa
scheme. This laser source provides short-
duration pulses (100 ps) at @& high repetition
rate (100 MBz). The detection systes uust have
correspondingly high temporal resolition snd the
ability to utilizs da%a from the large wumber of
axperinmats beiug performed per wait time. The
cross-correlation detection scheme hes such
capabilitfes when {wplesented with wuicrowawe
electronic compomests. In addition to sdequate
t rmporal resolution, s time-resclved flucrometer
mst have good luminance scusitivity. This will
be achieved by introducing sivgle-photon count-
ing techniques {mto the cross-correlation
detection scheme.

Ths single cosponeat that limits temporal
resolution of the instrument is the photomilei-
plier tube. In sttempting to perfora these
experiments in the cricy’e-photon-covnting mode,
the photomusltiplier tube mwet heve high gain
(>10%) alcng with a brosd wsessureisat bend-
width. An RCA 31024A tube was selected for
these experiments.

A nev bissing circuit was devigned and con-
structed for this photomultiplisr tubs. The
circuit otilizes s ground plsune, which 1s
ceasuted to the tubs socket, to obdtain the
necessary high~frequency respouss. Si{agle~
electron emission from the photocathode producss
an output pulse of +1.2 ns WM and V100 uV pesk
swplitude scross s 50-ohm load resfistsace. Both
of thesse chsrscteristics are adequate for this
spplication.

The aode-locked srgoa-ion lsser was tusted to
determine its performance. Treasforw-lismited
optical pulses from such s lsser should be of
the order of 100 ps duration. These short-
duration pulees ere difficult to msssure elec-
tronfcally. Heaguryments using s Righ-wpead
photodiode and saspiing oscilloscope rewesl
pulses with s 140-ps FWIN and also some pulse
substructure on the trailiag edgs. It 4s
diffizalt to deduce vhether this pulse



substructere is optical in origin or is an elec-
trical reflection from an impedance mismatch. A
nonlinear {nterferometric experiment has been
set up to determine if the electrically weasured
pulse substructurc exists in the optical pulses.
Por this experiment, s Michelson interferometer
was coastructed using porro prisms as retro
reflectors rather than mirvors. The porro prisa
reflectors provide s beaa displacement in the
interferometer, eliminating optical feedbeck
from the {nterferometer into the laser. Such
feedbacx disturbs mode-locked operstion. The
nonlinesr mediom used to obtain the second-order
optical correlation function fis a two-photoa
abscrber, a-NPO. Our first attempts at megsure-
nents with this setup were frustrated by mechsn-
ical iastahilities. These instabilities cause
fringes to flnctuste st the sutput of the inter-
ferometer, generating intolersble asmounts of
noise in the two-pioton-induced fluor
signal vhen attewpting s poinc-by-point measure-
ment. This problem was overcome ly driving the
optical time—delsying element of the interferom-
eter at s constant rate vwith a syachronous
motor. The scanning causes any {anterference
fringes at the nonlinear absorber to wmove
rapidly accoss the sample, thus translating the
seasurement nofse to 8 higher frequency. The
high-frequency nofse can then be effectively
removed with s lowv-pass filter in the detection
eleccronics. This approach also allows tracing
of the second-order opticsl sutocorrelation
function continuously on a strip chart recorder.
Results of the nonlinear sutocorrelation
experiments indicated that the optical pulses
did, in fact, hi se s small shoulder on one of
their edges. This shoulder was largely removed
by adjustment of the mode-locker frequency, but
little change was observed in the electromically
detacted signil. Thus, tne pulse substructure
was attributed to electrical reflections in the
associsted transmissfion 1lines. The optical
correlation wessurements also yielded an asccu-
rate determination of pulse duration. When the
laser was well snde~lockel, correlstion ssssure-
msnts consistently produced correlograms with
durations of less than 100 ps. Assuming the
optical pulses can be described by s Geussisn-
shaped envelope, these messurements imply that
the actual pulee duration is shorter than 70 ps.
Although this number is smsller chan the typical
quote of 100 ps for s wmode-locked argon-ion
laser, it is consistent with ssepling oscillo-
scope measurewsnts, when the response time for

the electronics is taken into account. These
seasuremtnts {wdicate that performance of the
®ode-locked argoc-ifon laser {is wmore than
adequate for our future studies. 7. ».
Romsey)

In-1line Semsor Dewvelopment

Ve .re continuing our work on the development
of in-line chemical mezsurement systems for che
Consolidated Fuel Reprocessing Progras in coop—
eration with the Instrumeatation and Controls
Division. Instrument research that was
described {n previous rcports is wvov in the
prototype stage: nev work is primarily directed
toward the in-line determinazion of plutonius at
high coacentrations and uraniva at lov levels.

Free acid wsomitor. The prototype free
acid wmounitor, vhich {s a cosplete redesign of
the original workiangy wodel (14), s essentially
complete. It s sazficip=ced that bench cesting
and calfibration wi'l begin soon.

Riectrochenical {a-lise sensors- The
initial nhase of this project wvas cospleted and
the results summarized in an ORNL/TM veport
(15). The loss In sensitivity caused by orgenic
Ctposition on the vitreous carbon electrode
couri mnot be corrected without wmechsaical
resurfacing. This failure precludes the elec-
trochemical determination of plutonium in Purex
sttesus. The plstinum electrodes, however, can
be restored through anodic and cathodic excur-
sions so that quslitstive detectinn of hydra-
zine, Mhydroxylsmine, or naitrite {on appears
practicsl.

Applicstion of electrical conductivity to the
seasurement of acidity is being extended to
organic Purex stresms. An experimentsl flow
cell (cell constsat ~ 200 c-"'l) that can
sezsure acid concentrstions ss lov as 0.05 Y in
30X TBP-dodecans streams was constructed sud
calibrated. The strong dependence on TBP con-
centrastion will mske it necesssry to calidrace
the monitor with esch batch of TBP-dodecsne.
The utility of the proposed monitor is being
evalusted In s solvent extrsction test
facility.

Urasion asd pletonius wmositor. The con-
tinuous in-line daterwinstion of uranium In both
squeous and organic stresms by spectral methods
has been investigated snd described {n two
reports (16,17). The spectrus of uranius fin




various squecus streams is affected by changes
ifs HNO; conceatratiom. Therefore, a dual-
wvavelength photosetric procedure was developed
to compersate for sample acidicy. Rowvever,
seasuresent of ursaium in TBP-dcdr:cane sireams
is independent of HNO, concentration and also
is oot significantly sffected by :1ictuations in
other organic stream constituent: ~uch as TBP,
HPB, and DBP sround design con eatrations. A
simplified lirear calibration eqiation based on
a single cranyl absorbance mar‘mus is, there-
fore, sufficient to calculate uranlum concentra-
tions in organic streass. A wultivavelength
filter piotometer has been furricated by the
Instrumentation and Coantrols U‘visinn te monitor
aranioe in both aqueous and crganic streams.
The photometer consists of s stitionary visible
light source and a PM tube sepa:rated by & rotat-—-
ing filter vheel. Five interference filters are
set in the vheel to produce pulsed monoenergetic
light as the vheel rotates. The wavelengths of
ligh. used for anzlyxis are selected according
to the type of streams and elesent, either
craniua or plutonium, to be determined. In the
case of uranium, 416- and 426-nm filters are
used to compensate for aqueous streams. In
addition, a 530-nmm f{lter {is used to wmonitor
atream turbidity or radiation darkening of cell
vindovs. A microcomputer {s used to record
independent absorbances and to perform bsck-
ground correctior and calculations. The
remaining filters will be selected so thst
Pu(ITI) and Pu(IV) can be determined simulta-
neously in s>reams containing both uranium and
plutonium. To date, the photometer has been
calfbrated for aqueous and organic uranium—
containing stresms. The instrusent can moritor
2-200 g/liter U in aqueous ssaples and 2-100
g/liter U in TBP-dodecane using a 1.3-mm flow
cell. The day-to-day reproducibility of
messuresent was :51 over a 30-dsy period.
Photometric analyses of prepared organic and
squeous samples compared fsvorably with results
using a standard Cary-l4 espectrophotometer; s
correlation coefficient of ~ 7?99 or greater was
observed between the two sets of -esults.

The equipment and space have been obtained to
begin a similsr spectral study of plutonius in
squeous and orgsnic stresms. When optimus wave-
lengths and cslibretion algorithms are deter-
mined, the wultiwavelength spectrometer will be
svaileble for in-line plutonius messurement.

Radistion dawage to opticsl cables.
Because aany {in-l1ine spectral analyses are
contingent on the use of fiber optic cables, s

study of “heir trinsmission charscteristics and
resistance to radistion is in progress. Cumula-
tive 60Co suma-ray exposures up to 106 cy
have heen used to produce permanent changes in
optical transaission. In genersl, radiation
damage progressively reduces the transmission of
quartz optical fibers at wavelengths below 400
nm. Transmission of visible light (400 om to
800 um) is not seriocusly affected until a totsl
dose of 106 Cy/a has been accumulsted. Coup-
ling losses of mu’tifiber cables have also been
studied. Single-fiber quartz cables 1 == in
diameter are vpreseatly und:r investigationa
becsuse of their potentisl for meking low-loss
joints.

Low-lawel wramiwe detection 1a waste
streams. A program has just begun to use time
resolved flucrescence to detect 10-ppm lewvels of
uraniuve {n the presence of quenching agents and
ispurities that fluoresce. A very short Isser
pulee (1 ns) from s nitrogen laser will be used
to provide the excitation energy mmd tise
pulses. The laser s on hand, and the high-
speed timing circuitry is being acquired. Sev-
ersl studies have been conducted to date, using
a standard fluorometer to examine the effect of
varfous ions on the fluorescence of trsce urs-
nius under constant excitation conditioms. At
constant hydrogen ion concentrstion but increas-
ing nitrate concentrstion, the uranyl fluores-
cence decressed to essentislly zero at a nitrate
concentration of 0.5 M. Severe quenching of the
ursnyl fluorescence was noted in aqueous sasples
containing 1 ppm of Fe(IIl) or 20 ppm of Ma(II),
Cu(II), or RI(II). There 1is experimentsl evi-~
dence to indicate that temporal resolution of
the fluorescence following a very short excits~
tion pulse should reduce or eliminate such
quenching or competing fluorescence observed in
conventional instrumentation. {J. E. Strmain,
D, T. Rostick, J. M. Rameaey)

lodine analysis. In the Consolidated
Fuel Reprocessing Facility, plecea of spent fuel
elements will be roasted in air; the products
will be dissolved in nitric acid. Most of the
resulting NO; snd fission product fodine will
have bsean volatilized by this tims, but some
will inevitably remain in solution. Since the
presence of too much I3 in the solution will
ifuterfere vith subsequ.nt purificstion steps, it
seewed advissble to develop an in-line instru-
ment to wonitor the concentration of I,
rsmaining in the dissolved fuel solution.

In viev of the probsble nsar-opacity and high
radfosctivity, 10°-104 ¢ kg1 n—1, (108-1010



R/h) of this solution, it sppesred that ea
indirect approsch might be best (e.g., messuvre-
ment of the optical absorptivity ~f I vapor
over the solutiom, wsing the bdroed 520-ma Iz
bend). To d0 so, however, requivres that a
remedy be fownd for am obviows difficeley:
overlepping of the I band by the broad WO,
band st 410 mm. A possible solstion was fownd
ia the fact tha: as the gas tewperature rises,
W03 dissociates (imto colorless products)
before Iy dissociates. Exploratory work wes
therefore wwiertaken to find, ender simmlsted
working coaditions, (1) whetder say substantisl
propoction of the I; remsining sfter sparging
would be oxidized to HIOy, which cassot easily
be elinimated; (2) whether sefficient I vapor
exists owver & dissoiver solution to meke ea
optical abseorption measuremest possible; and (3)
whether N0; and I3 dissociste st the
expected temperatures is the presesce of air,
820 vapor, W03 vapor, etec.

Two-day vefluxing of 1 ug of fodime with 3.5
N WNO3 at 30°C oxidized only 0.0062 of the
I; presemt. Thus, ocaly a tiany fractiom of the
remsining dissolved I3 would be converted to
nomvolatile HIOy. The sbeorptivity of & 12.5-
ca column of the I; vepor over a soletion of
100 vg fodine per ml of 3.5 ¥ W0, vas

acssered a8 a function of solwtiomn temperature.
Optical demsity of the wvapor ranged fros 0.003
at 22°C o 0.042 at 80°C. HMessurevests of the
digsocistioa behavior of I, wapor st high
teuperatures were ande wader two sets of coedi-
tions: (1) comstamt vapor pressure of iodime ia
the absorption cell and (2) coustant mess of
fodine i the sbesorption cell. In the first
case, crystals of iodime were placed ia the
theraostatted reservoir of the cell (e in Pig.
1.1). I vapor at a fized vapor pressare
diffesed throwgh the mervov (0-25 ma) samulsr
£ap hetveen the reservoir smd the hested side-
ara of of the cell- This constrectioa made it
poesible to mintein & tempersture difference ss
great ss 750°C between the two portions of the
cell. It is evident from the figure thet sll of
the wvapor is the side-sra exists at the
temperature of the furmace; the light wsed for
sessuremtat * averses oaly hot gas. In the
constant mass msasutements, lodine crystals were
sesled into a fused silica cylioder, which was
inserted 1into the furamace. Tor the WO,
messufesents, several wmilligrass of Wy (plus
air) were sesled fnto e similar quarts
cylinder.

The et result of these measureasnts wvas that
by the time 2 tespersture of 600°C was attained,

ORNL-DWG 80-18599

e
o bc = f 97 d
\140. B _ . B
/l\ ! —Jr——

[
L

Pig. 1.1. Apperatus for msasuring light sbsorption o high tempersturs. s - light
source; b - collimsting lens; c -~ filter; d - cher. :ststed ethylene glycol baeth:
¢ = coll for comstant semple temperstere sbeofption messurements (upper portion heated);
f - furnace; g -~ wechaaicsl collimetor; h -~ wonochromstor and detector.




the W07 bed essemtially besn destroyed, but
more thaa 50T of the 1, wmolecules remafsed
istect. (C. Peldmn)

Bewste fastrewasstetisa develepuent. Work
is contimsing on the project iaitisted last year
to develop speciaslized fastrumentstios for the
saique seeds of the ACD. The laboratery imstre-
ment desigwed to messure tri-m-betylphoephate
and described in a previows report (18) hes been
used routisely for approximstely ome year by the
snalyticsl swupport growp at the Trassutsaiws
Laboratory- Excelleat performsmce has been
reported. A docemesntation peckage for the
{iastrument wvas prepared and placed iz the ORWL
Haster Amsglyticsl Mewms]l file. Two additiomsl
waits were comstructed sad are being wsed by
variows growps vwithin the Techmical Sepport
section of the ADD. The results of this
developaent effort have been published (19).

The wmain objective for this yesr was the
davelopment of & prototype pipetter for
deliveriag highly radicective ssuple aliguots in
a tesote enviromment. Cemtrsl to the genesral
project plan is the use of s microcomputer-bssed
isstremest cortroller. New designs will iacor-
porate asdventsges imherent 1is uicrocomputer-
based control: stand-alone operation,
application flexibility, and documentation of
operstion.

The Data Ceneral Corporatios microlOVA MP/100
aicrocompater was selected ss the genersl
instrument comntroller for this project. Tloused
in the MP/100 chassis are the =l602 16~bit
central processing uvait, 32K worde of randos
sccess mewory, s digitsl faput/ocutpet boerd, am
asyuchronove serisl communicstions port, sad the
power supply. Operstor intersction vith the
system 1is by a Keybosrd/printer tarminsl. Digi-
tal commuunication with the pipetter is vis s
specislly designed {interface board also housed
ia the WP/100 chassie.

The priociple of operstion for the pipetter
ie displacement of 1isuid with a serew—drives
plungsr. A 1.8-degree stepping motor is used to
rotate the 1/4-20 drive screv, allowiog digital
control of the pluager movemsnt. The plunger 1o
dimensioned to deliver 1000 yl over s travel of
2.540 cu. Combinstion of the above specifica-
tions produces s powsibls wlume resolution of
0.25 ul (increments]l resolutfion of 6.4 uym). A
signal related to plungsr position is genersted
by & lioesr varisble differentisl trasnsformer
(LVDT) voupled te the plunger. Prior cslibra-
tion of the LVDT in terms of millivolte per
uillineter of transletionsl wmotfon enadles
confirmation of plunger position to be made.

Software for costrol of the ;ipetter is
writtem in BASIC langwage- The opevator has the
option of performing smy of several operatioas:
filliag the pipette, euwpiying the pipette,
pipetting solutions, refilliag the pipette, or
printing owt 8 record of operations for a
perticular scample. Prumpting wessages froe the
coutrolier regarding stateus facilitste operatoe
intersction duriag sll operatices. Assembly
lasgwege esoftware, 1isvisible to the operator,
provides digitsl commmication with the pipettor
throwgh the specially designed isterface
hardware .

Reliability of solwtion pipettisg is directly
related to the sccuracy sad precision with which
the pluager caa be positiomed. Deta cwllected
for these variables iadicste a delivery sccuracy
and precision of 0.3 1 sad 0.4 ), respec-
tively, for volumes rangiag froe 100 to 500 yl.
A megsrt describing the prototype systes s
being prepared for psblicatiom (20).

Vork is wnderway towvard the coastruccion of a
hot-cell wersion of the remote pipetter. The
coatrol progras vill be stored as firmare
(1.e., 1in erssable programmable ver ‘-only-
memory (EPROM) semicondwctor wemory devices).
This still asllows the flaxibility iunk~reat ia
aicrocompiter-based coutroller dasign while
allevisting problems asssociated with msgnetic
data storage devices). (L. . Klatt, D. E.

Gosringer)

Amalytical Agplicatieons of Fiber Optic
Weveguides

Two methods of measuring optical sbsorptiom
spectrg with fZber optic waveguides ars vnder
development. Both techniques wee optical fibers
to obtain epectroscopic dispersion in the time
domsin. In coe method, wvariation of the wloc-
ity of s light pulee with wavelength fs used to
obtain the nseded dispersiom. Various wave-
length components of s polychromatic light pulse
sre detected sequentially after they have trs-
versed s long optical fiber. The wavelength of
s particulsr component of the spectrum is deter-
wined by its cime—cf-flight through the fiber.
The second technique is cslled cime delsy mlei-~
plexing. In this sethod, the light pulse to be
measuvred {s firet dispersed epatiell’ by s con-
ventionsl diffraction grating; then the eepe-
vated spectrsl cowponents asre focused onto sn
array of optical fiders of incremsntslly
increseing lengths. All fibere lead to the same



detector. Light of each wavelength interval is
delayed by a different amount of time, corre-
sponding to the length of the fiber through
which it passes. The detector thus wmwessures
sequentially the wavelength couponents of the
pulse.

Prototype instruments bascd on the two tech-
niques have been described in a previouws report
(21). Construction and evalustion of a 30—
charmel time delay multiplex spectrometer have
been cowpleted. This {instrusent uses a 600-
groove/sm diffraction grating to disperse and
focus the 1iaput pulse onto an array of 30
fibers, with lengths ranging from 1 to 39 =.
The time delay between chann~ls, determined by
the 2-u leungth increment, is sbout 10 ms. Spec-
tral resolutina is datermined by the way the
fibers are arranged at the focal plane of the
grating, 3 om per channel for the present
configuration. Absorption spectrs of uranyl
nitrate and cobalt chloride obtaimed with this
instrument are in good agreement with those
wmeasured on a conventional spectrophotometer. A
description of this (Instrument has Dbeen
published in s recent article (22).

A laser-genersted contisuua light source with
sub—mnanosecond duration 1is being developed so
that the two time-domsin spectrometers pre-
viously constructed can be operated in a single-
pulse mode. A mode-locked neodymium-glass lsser
has been constructed from s FKorad K-1 power
supply snd laser head- The ocutput of the laser
is a train of pulses, 8 ns aspart, vith {adi-
vidual pulse energier of up to 10 mJ. Duration
of the pulses, measured by a two-photon correla-
tion technique, is sbout 10 ps. When the laser
pulse train is focused fnto a 15-cm cell of
carbon tetrschloride, a bright continvum, which
ex*ends from 450 to beyond 800 nm, {is generated
which extends from 450 to beyond 800 nm. The
time dependence of the contizuus 1is again s
series of pulses shorter than 1 ne. The final
step in the source development will be to switch
' single pulse from the wode-locked laser
output to avoid overlsp between successive
spectrs. (¥, B, Whitten)

Spectrophotometric Studies st the Transurasioca
Regearch Lgboratory

In cooperstion with J. R. Petersun of The
University of Tennesses, R. G. Raire of the

Cheaistry Division, and varicus visitors to the
Traasurenium Research Laboratory, studies of
transursaice elements and related compounds have
contioued (23). In geceral, spectral tec“niques
are used for the ideatification and character-
ization of compounds that are of interest to the
heavy element research program of the Office of
Basic Energy Science. Becsuse the samples to be
studied are otten 1 to 10 1 g in size, special
techniques have been dewveloped to obtain
absorption snd/or luminescent spectra on such
sasll ssmples.

Studies of the cheaical cousequences of
radicactive decay in the bulk-phase solid state
have coatinued, and based on our spectral
sCudies, significant sdvences have been sade in
the understanding of these processes. The first
paper descriting 8 decay of BkBry to CfBry
has been publisted (24). A second paper
describing o and 8  decay in the series Es -+ Bk
+ Cf has been written. In this second paper, it
is postulated thet it sight be possible to infer
the crystal structure of einsteinius helides by
spectrsl study of the progeny halides. Pres-
ently, the structure of einsteinium halides
csanot be experimentilly determined by x-rsy
methods because of the extrese radioactivity of
einsteinfua. It is now known that in the decavy
of EsXy, wvhere I is F, ClI, Br, or I, only
high-tempersture forms of the respective BkX4
snd CfI; are observed, besed on spectral anal-
ysis. Before making theie assessments, it wvas
found that oane can see spectral differences in
f-f transitions in sctinide compounds that are
related omly to the crystal structure of that
compound; thus, it was proven poss!ble to deter-
mine crystal structure by spectral determins-
tion. It has furthar beer established that
within the precision of our spe:trsl measure-
ments (possibly 2102 since it is & single-beam
fostrumerit) all progeny compounds iare scrounted
for. 1t has been previcusly thought that not
sll the BkBr3 expected has been seen in the
decay of UEsBrj. This {s not correct: ..«
appsrent lack of BkBry csn be explained
because of insensitivity of the spectrus of the
high-temperature form of BkBr3 (24). The
spectrsl study of chesical consequences of
radicective decay has expended to a study of
Es309 and to other forms of rsdiocactive
decay. Wo conclusive results sre yet avsilsble
in the latter study, but the first spectrs of
Cfy069 wvere obtained by exsaining sasples of
Es3204 that were seversl yesrs old. "t hss
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since been found that the spectrum of this form
of Cfy09 is probably a high-tesperature form
of Cf,0; mot easily wmade directly from
californivm. Using our knovledge of samariua
brouide spectra, we are studying the effect of
aeutron radiation on the cheaical composition of
"7Sdt3- This {sotope was chosen because
it will mot transmute vith neutron irradistionm.
This study is .n evalustion of our ability to
prepare .. samples »f halides, irradiate thes at
the High Flux Isotope Raactor, retrieve theam,
and follow their subsequent c:emiatry.

In cooperation withk G. W. Beall, Chemistry
Division, spectral studies of various actinides
doped into LaP0; have bdeen carried out. Lan-
thanide orthothosphates are found in nature i~
the fora of the mineral monazite, vhich contains
stable concentrations of J4ctinides; synthetic
analogs of this substance represent a promising
primary containsent med:-a for the isolazion of
high-level nuclear wastes. _ae doped crystals
were prepared by a flux technique, and from the
crystals growr in afr, {t vas found that U(III)
or (IV), Pu(IV), Np(IV), Am(1II), and Cm(1iIl)
are the stable oxidation states of these acti-
nides as growm in LaP0;. A paper describing
these studies has been written.

Spectrcphotometric deterwminations have bdeen
applied to various =miscellsneocus studies as
well. By snectral analysis it has been reason-
ably established that Bk(II) has been prepared
by the reaction of BkBrq with lanthanum or
berkelium metal. An absorption peak at 935 nm
seems to be characteristic of this oxidstion
state. Cation-cation cosplexes of Np0J with
other cations in the solid state have heen
studied by spectral observation of the ug-sized
crystals. A group headed by P. G, Ruray of The
University of Tennessee 1{s doing magnetic
studies of transcurium compounds; the fdentifi-
cation of the actinide s ecies present in their
instrusentation can be mace, directly, by spec-
trophotometry. Several tises this identifica-
tion has proven to be useful. (7. P. Young)

Atomic sad Nolecular Spectroscopy

Spectroelsctrochemistry 1in chlorosluminate
malts. Halide selts are widely use( industri-
ally and are currently of particulsr {sportence
in the areas of molten salt betteries and catal-
ysis. We have successfully developed and
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applied spectroelectrocheamical techniques at an
optically transparent electrode to the study of
electrochemical reactions {n chloroaluminate
melts (AlCl:,—!hCl mixtures). Although we have
only used these techniques vith chloroaluminate
melts, they are sufficieatly general to be
easily adapted to other wmolten salt aystems.
Thus, this research effort has resulted {in
development of a general capability for the
study of electrode reactions Iin wmolten salt
wedis. Netails of the experisental apparatus
aud fustrumentation have been published (23).

The cheaistry of sulfur in chloroaluwminate
welts is of considerable interest as it relates
to the development of a sodium—sulfur(IV) molten
salt battery (26,27). Spectroelectrochemical
studies of the oxidation of sulfur MHn this
wmedium have oprovided considerable {informatioan
about polystomsic sulfur cations: and their chemi-
cal and electrochemical reactions. Discussion
of this systeam {s conveniently presented {n
teras of the three oxidation steps observed as
elemental sulfur {s oxidized to S(IV).

A previous report (28) summarized {initial
results for the first oxidation step. Data
obtained during the past year have shown that
the chemistry is considerably more complex than
previously proposed. Electron spin resonance
(ESR) and wuv-visible spectroelectrochemical
studies have indicated that at least two radical
cations snd two or more dJiamagnetic sulfur
cstions are formed in the first oxidation step.
The diassgnetic species were previously thought
to be S%"’ and 25'8'; S; and SZ were the proposed
rséicals. Hyperfine ESR data obtained by Low
and Beaudet (29) for the chemical oxidation of
sulfur in 65X oleum have shown that the rsdicel
previously thought to be S‘I iz pronably S;.
Attempts to obtein analo~ous FSR hyperfine
splitting data for 33§ tn  .ileroaluminate
melts were unsuccessful. Cillespie et al. (30)
reported the results from an x-ray diffraction
study o a salt containing a polyatosic sulfur
cation prepared by chamical oxidation of
elemental sulfur in 1liquid S04. This cation
was thought to contain Siz, but vas shown to be
sf; This species possesses an absorption
band corrsspunding to a bend observed in the
spectroelectrical experiments, strongly suggest-
ing that si; ie also formed in chloroaluminate
selts. Based on this supporting i{nformation and
the results obtained from numserous experiments
designed to ascertain concentration, tespera-
ture, snd potentisl dependence of the observed




spectroscopic data; the rveaction sequence for
the First oxidation step can be summarized by
the following scheme:

S, be S; + e

st I sie

st o

sg. + Sa < ste

Sie + 5S¢ 2 osto+ st e e

a5yt + sg T 85t
The two electrochemical reactions are thought
to oczi” at slizhtly different oxidation

potentials.

The second oxidation step results {in the
formstion of monovalent sulfur, present ss S%".
The forsation of this species was observed by uv
absorption spectroelectrochemistry. Analysis of
sbsorban-e-potential data according to the
Nernst equation for s variety of reactions
suggests tl:at the u:cunt for this oxidstion
step s Sg and/or S5. There {s some spectro-
scopic evidence for the formation of 52+ as an
interrv.diate. A proposed reaction sequence for
the gecond oxidation step is given below:

24 +

sg 2 o2sTt v 20

4ss T 5SS+ 6e”
2+ 2+ -
Set 2 18 4 2e

The third oxidation step ylelds S(IV) in the
form SCly as the product.
ical dsts indicsrz that at least one other
species, probably S(II), is present in addition
to 522+ during this oxidstion. The resction
thus appears to be S%**ZS(II) >

Spectroelect rochem—

sequence
28(1v).

In susmary, it {s reasonable to depict the
oxidation of suvlfur in scidic chloroaluminate
melts in terms of a decreasing number of S-S
bonds and Incressing chloride cowplexation as
the formsl oxidation state of sulfur increases.
Each sulfur oxidation wave, then, probably
consists of s series of closely spaced sequen-
tisl oxidat{on steps rather than single sulei-

electron steps. A msnuscript detailing this

research hss been submitted for publication
(31). (v, 7. Norvell, . Mammtov, L. .
Klatt)

Specific detection of smines is gas chroms-
tography. In the gas chromstographic (GC)
snalysis of Synthoil frsctions, it wss desired
to know which of the ether-soluble bases (ESB)
wvere smines and vhich wsre not. To determine
this, the ESB mixture wss treated with
tri’luoroscet ic snhydride, vhich forus fluorine-
cont. ining derivatives with primary end second-
ary aemines. The GC effluent wes split; part
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went to the helium glowv detector (WD) (32),
wvhich was used to detect fluorine, and the
renginder went to the flamwe Zonization detector
(FID). Whenever a peak on the FID tracing
represented a primary or secondary amine, there
vas a corresponding peak on rhe HGD tracing.
Other types of compounds produced no peaks can
the HGD chromstogram unless they contained
fluorine originally. A paper describing this
work has been published (33).

Determination of {worganic fluoride. The
detection limit achieved for fluorine by excit-
ing a  deposit of diphenyldifluorosilane
(0,51F3) on the cathode of a helium glow
discharge (34) was rteduced to 50 pg. Although
sensitivity was found to increase with glow
dischatge current up to 30 mA, further increases
(e.g., to pesk values of 250 mA} converted the
discharge to s conventional arc, ¥.ich made the
dotection of fluorine impossible.
thot the sersitivity of tlis proceldure was
reduced when the ¢,5Si7) was accomparied by
unrescted ¢ S1Cly resgent. A solution to
this difficulty i{s being sought.

A pPlatinum furnace of improved design was
fabricuted to implement a second approsch to
detecting fluorine in the glow discharge {{i.e.,
volatilizing semall quantities of
bearing compounds immediately upstream fros the
discharge). The new furnace is a 3- x 4~ % S-mm
platinum block with a shsllow depresaion in the
top surface. The bottom of the block is welded
to s Nichrome heating element. The solution
(1-5 ul) is deposited on the block, the solvent
evasporated, and the assesbly inserted into the
dischaige chamber. The block is then hested by
passing 40 ssperes through the Nichrome element
for about 30 s. The best rasults ({.e., prompt,
high, and narrov pesks) were obtained by gener-
ating HF ss the volgtile species. Alchough a
residue contsining 100 ng of fluorine as NaP
gave no response when hested slone as above, a
satisfactory emissfon peak (685.6 nm) wvas
obtained when the solution was treated before
evaporation with a pA 3 citrate or phosphate
buffer. Since this approsch to the snalysis of
wvater ssmples eliminstes the 1iquid/liquid
extraction step, efforts will be continued to
saxinize 1its sensitivicy. (C. PYeldmm)

It was fourd

fluorine~

Ceal Plaat Cestrol Develepment

The Analytical Chemistry Division is cooper-
ating with the Instrumentation gnd Controls




Division in a mulridisciplinary team effort to
faprove the practice of coal beneficiation.
Cosl beneficistion is a generic tera used to
describe any number of processes by which run-
of-mine coal i{s trested to veduce the suifur and
aineral content, and thereby, produce a product
that can be utflized either for the production
of coke or ss & rlean fuel for electric power
generstion. Thia project 1is part of an effort
by the Department of Energy and the Lsboratory
to » -~ease the production snd use of coal. Our
resp'nsibility s in the area of analytical
ins: 'uments. The first phase of the project
invo. ved sn sssessaent of the state of the art.
Four activities vere completed as part of the
asses -ment process. An {ntroductioe to coal
preparstion was obtained from an Iinteasive
traininz course conducted by per<onn~l of United
Coal Cowpanies, Grundy, Virginia. Several coal
beneficiation plants located in Kenmtucky, West
Virginia, and Virginia vere visfted. Esch plant
possessed unique elements of advanced technology
in coal beneficiation. Major findings from
these vigits were that (1) private industry is
using computers and prograsmmable lecgic comtrol
systems to sutomatically operate coal beneficia-
tion plants, (2) operstor and plant employees
readily sccept the use of this technology, (3)
nuclear-based density gauges perform satisfacto-
cily for the wsessurement of cosl-water and
magnetite-vater slurry densitiea, (4) sn on-line
ash wmonitor yielda data comparable to ASTM
laboratory procedures, and (5) the fine coal (<6

mm) beneficistion circuits offer the grestest
potential for (improving coal Dbeneficfation
processes.

Literature review has ccacentrated on quality
control measurements for ash, sulfur, and mois-~
tute. Instrumentation for on~line measurement
of ash is commercially available snd has been
successfully operated in beneficiation
plants worldwide. An on-line sulfur wmonitor,
bssed upon messuresent of prompt gamma rsys
resulting from thermal neutron capture, has been
developed snd will be field tested in the coal-
blending fscility at the Monroe, Michigan, steasm
plent operated by Detroit Edison. This wunit
slso contsins an on~line wicrowvave moisture
msonitor. An expanded version of this systra,
vhich provides an on-line wsultielement capa-
oility, will be field tested st the TVA stesm
plant st xingston, :nnesses.

Nuserous process control in.truments devel-
oped for use in other industries sppear directly
appiicable to the cosl beneficistion industry,

coal
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and engineerin; evaluation and testing of these
devices in a coal beneficistion plant
required before a msjor instrument development
prograa is undertaken.

These findings, along with » ects i the
coal beneficiation industry reviewed by olher
menbers of the project team, have been coepiled
in a state-of-the-art report. (L. ¥, Klatt)

are

PEYSICOCEEMICAL ANALYSIS

L. D. Bulett, Group Lesder

Positroa Spectroscopy

Positron gun. The poeitron spectroacopy
program described in the previous mmnual report
(35) has been continued. We have found that
sonoenerget ic positrons can be generated by
exposing specially prepared tungsten surfaces to
positron emission sources, such as 22y or
58¢o. The high-energy positrons enter the
tungsten snd become thermalized. A certain
fraction (~0.11) is then re-emitted into the
vacwe. Tscave of tne thermalized posit.ons 1»
believed to be due to the “negative work finc-
tion” effect described by Niemfnen asnd Hodges
(36). In @& recent puulicstion (37) we have
shown s very strong correlatioca betveen positron
yield asund theorstically calculsted work func-
tions for surfsces of tungsten, solybdenusm, and
iridive. Mills (38) has reported experimsnts
that show yields from copper moderator surfaces
to be proportional to the square root of rhe
absolute magnitude of their work functions. The
“negstive wnrk function™ concept for positrons
that have entered a solid and become thermalized
refers to thelr energy, which s
deternined by the difference hetween attractive
forces of the surrounding electrons and repul-
sive forces of the muclei. Por cartain mei-ls
there is a net repuision, such that the positron
is spontaneocusly ejected. TFy average velocity
with which the positron 1 aves the wmoderator
surfece ie¢ proportional to the square root of
the potentisl energy. One would expect the
yields of positrons that escape from the woders-
tor to be determinad by competitisn between ¢he
rates of annihiletion end rates of escape.
Thus, there {s & rrtionals for the finding of

potential



Mills (38) that the yield is proportional to the
square root of the negative work function.

We have investigated the effect of thickness
and materfal of the window that _ontains the
radiocactive sour~e on the yield of moncenergetic
positrons ejucted from the moderator (39). Ve
did this in preparation for & changeover from a
58co  source, which s windowless, to &
12y source, which is encapsulated behind a
12 .o TI fotl. Filas of varying materials o2d
thicknesses were placed between the 58¢c,
source and the tungsten moderator such that the
fast positrons had to pass through the folls
before entering ths moderator. The dependence
of moderated positron inteasity or windew thick-
ness was fcund to follow a universal curve.
When data were plorted as the logarithm of
{ntensity vs window thickness, expressed as
mg/cal, all soints fell on the same curve,
regardless of wmoterial. The curve vas linear,
for the most pari., and vas vreminiscent of
Feather plots (40) used many years ago to esti-
mate end-poin® energles of beta emitters. The
data did not co-stitute a true Feather plot,
however. From .__ universal curve we showxl
that a 12 a T1 wirdow decreases the modersted
sositron {ntensity by no more than 221 (39).

When the new 2lNa source was loaded in
aur monenergetic positron gun we found that the
aderated positron intensity increased by s fac-
tor proportional to frs fast positron flux. For
glven activity, the yield of fast positrons from
22%a is almost six time. that of 33Co.
The half life is wuch more conveuient also: 2.6
y compared to 71 d for 58co. We them tried
to i{aprove moderator efficiency. In the first
attempt we used [110] surfaces of single crystsl
tungiren. The resulting count rate fros the gun
was akout 120,900 cm~? si. Next wve used
dvvdritic tungsten for which the specific sur-
face aresa s wmuch higher. Count rates vere
slightly higher, 137,000 o2 g,

We gratefully acknowledeze the expert help of
Y. K. Chang and H. Rermson of the ORMNL Solid
State Division for providing the tungsten single
crystals and also preparing their surfaces and
Dr. J. J. Cuomo of 1BM Corporation for prepering
the dendritic tungsten surfaces. (/. M. Dale,
L. .. Eulett, £, Fendwala (41))

Positron scattering. Work s now in
progress to evaluate the use of low-energy posi-
trons ar a su-face snalytical tool. The first
experiments {nvolved the scsttering of a monoen-
ergetic beas from surfsces of tungsten and silf-
con. Resulting spectrs vere compsred with those
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for electrons ref lected from the same surfaces.
The wmoucenexgetic positron gun cas bde wmade teo
output sn electroa beam by simply reversing the
potential. The electron beam 1is slightly
broader in energy distridution, heving s PWHM of
3.1 &V, compered with 2.1 ¢V for positrons. Ia
Fig- 1.2 the spectra of electrous and positrouns
scattered from tungsten ate superimposed for
comparison. Intensity of the elastic peak for
the electrous has been normalized to that of the
positrons. Elastic peaks for both positrons and
electrons occurred a. approximstely 785 eV,
vhich was the sccelerstion poteuntisl of the gun.
Poaitrons and electrons left the gun with
energies alfghtly different from 785 eV because
of opposite signs in v-rk functifoas. Energies
of the elastic peaks of bath positrons and elec-
trons have been shifted to 785 eV in Fig. 1.2.

ORNL-DWG 80-17306
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Pig. 1.2. Spectrs of jositrons end electrons
scattered from a tumgsten surface. Prissry bess
energy = 785 ¢V. Tmlstive to primsry pesk, the
fntensity of inclasticslly scattered positrous
1{s grester than that for electrons.



Structures occurring st energies less then 785
eV fn Fig. 1.2 are due to imelastic collisions
of positrons and electroms vwith the tuagsten
surface. The main energy loss peak for both
particles occurs at su emergy about 15 eV lower
than that of the elastic pesk. We believe it to
be due to the collective excitation of valence
electroas, & process relsted to ria plaswon
excitation effect that has beem Jocwerented for
free electrom metsals such ss alumfoum and wmag-
sesiwa (42). “Plasmon peaks”™ are umiversally
observed in x-vay photoelectron sad Auger
electron spectrs. lehind each mafn pesk there
is always a discrete emergy loss pesk that is
wvellresolved and tiwt occurs at energies about
1525 eV lower. Theoreticians have predicted
for wany years thst positroms 3lso vent through
such energy losses. The specttam {n Fig. 1.2 is
the first explicit demoustration of this. For
energy losses greater than 15 eV, the electron
specttus decresses monotonicslly in intensity.
Corresponding regions in the | sitrom spectrum
sre higher in intensity and appear to exhibit
structere, however. The arrows ia PFig. 1.2
denote energy loss points of 34, 37, end 47 eV
where the spectrum appesrs to have its maximm
structure. It i{s posaible that the structure is
due to excitation of 4f and Sp electroms, which
have binding energies corresponding to the
energy loss points of the arrows. If this is

true, ve may have the means of an anslytical
technique. (J. M, Dale, L. D. Pulett, S.
Pandyala (41))

Low-essrgy pesitrea diffraction. The
tungsten woderator techuique hes been used by a
Brandeis University group to design s monoener-
getic positron gum for low-energy diffractfon
work. We were sware of this group's efforts,
and vhen we developed the tungsten gua, we
suggested that they try it in their experiments.
They used it with essentiaslly immediate success;
they recently published the first recordiag of s
low-energy poefitron diffraction (LEPD) pattemm
(43); Cu (100) wvas the first substrate used,
Cu (111) has also been reported (44). The LEM
patterns shov different structures frowm LEED,
thus giving ccaplementary informstion. We now
have assurance that low engrgy positron
spectroscopy will have at lesst s esall
beneficiasl impect on surface smalysis. We are
continuing to explore applicatioms. An
ultra~high vacors bell jsr is being assesbdled
for the purpose of doing couwbined
positron-electron spectroscopy oo the same
surfaces 1in asitu. More comparisons of
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positron and electron energy lose spectra, such
as in Fig. 1.2, will be made, threshold spectra
will be studied, a & LEPD/LEED weasurewen:s will
be dome. (L. . Fulett, J. V.
Pendwala (41})

Mfle, <.

Heavy loa Spectroscopy

The Holifield Reavy Ion Research Facility s
scheduled to become operstional in January 1981.
In addition to its use for fundamental studies
in muclear, atomic, and solecular physics, this
facility {s committed very strongly to applied
research. The Solid State and Metals and
Cersaics divisions have facilities under devel-
opsent for materisls research, ad the Analyt-
1ical Cheaistry, Chemistry, and Physics divisions
have organized s joint effort to evaluate ana-
lytical methods. X-ray and electron spectros-
copy Induced by heavy ions
lithography will be studied. In preparation for
this ve ha e done some preliminary experfments
using the Osk Ridge Isochronous Cyclotron as a
soarce of argon fons. The V, Cu, Nb, Ta, and Pt
targets have been bombarded with f{fons having
energies of 36.0, 56.4, 76.6, and 103 MeV.

The x-ray fluorescence spectrs, recorded with
an energy dispersive spectroweter, observed f{n
our preliminary hesvy-fon experiment were quali-
tatively the same as those recorded routinely in
our scanning electron microscopy (SEM) work {in
vhich specimens are bosbarded with electrnn
beaws having energies of 10-30 keV.
certain differences, however.
saw Ko and K8 peaks. For copper and niobium we
sa¥ Ko and K8 and the L peaks. For tantalum
and plstinum the K peaks were of too high an
energy to be detected, but we saw 1 and M peaks.
for a given spectrus the order of intensities
wag alvays seen to be L>K or M-L: that {s, the
intensity fell off as the emergy of the Line
incrassed. For fon-induced spectrs the rate of
fsll~off {s greater than that seen for spectca
ifnduced by electrons in the SZM. For any given
pesk (e.g., K) the incensity falls with Increas-
ing stomic number, for either electron or {fon
bomberdeent. A comson explanation, qualitative
in neture, can be given for the effects seen in
both types of spectra: to induce x-ray transi-
tions, core electrons wust be removed from the
target stoms, being bombarded; electron "holes”
must be produced in X, L. and M orbitals fin

and heavv-fon

There were
For wvanadium we




order to Induce their respective fluorescence
spectra. Hole production by 2 bombarding elec-
tron seems easy to imagine: {rs ferze fleld is
felt by electrnns of the targer atomas, and sone
tneir biading
For a given core lewvel,
such as K, the binding energy iocrease wath
mmber and shielding from the force fleld of the
incoaing electroa increases with the sdditional
outer electrons. Therefore, it ir logical that
cross sections for x—ray excitations by electron
bombardment should go down with incressing
stomic number; 2lso, since the L and M ghells
are closer to the outside of the atoa they
should be successively easier to fomize. The
paraliel behavicr of the fon-induced results cao
also de explained in terms of “pesetrability” of
the target atom by the incoming particle.
Present models for core hole production by ion
bombardment involves a collision cosplex with
molecular orbitals containing electrons of both
the fon and target atos. Holes in the fon sre
transferred to the target astom- For a mechaniss
such ss this it seems ressonable that K-
vacsncies should be sore difficult to produce
than L-vacancies, which, in tum, are wore
difficult to produce than M—vacancies. As the
stomic nusber of the target atos iacresses,
penetration by the fon becomes more difficaule,
and croes section goss dowm. Thus, we can
qualitstively explain cur experimental results.

Beavy—-ion excitstion of x rays is knowm to
produce satellite structures in spectra that are
dependent on chemical states of the target stoms
(45). This will be & subject of our next esper-
{ments, which will be done with s wavelength
dispersive spectrometer. The energy dicpersive
spectrometer used in our preliminsry work did
not have sufficient resolution tc study satel-
1ite structures. WUWe hope to develop heavy-ion

of them are orfeated s~ that
energies are overcome.

XRF as & wolecular as well a3 an gtomic
spectroscopy. Ve will also do some heavy-ion
lithography in future work. (L. D. Rulett,
Je P. Yenmg)
Specisl Studies
Traaeaission and scaming alesctron
uicroscopy- Ve have been using electron

wicroscopy snd x-ray diffraction to evsluate the
oxide filss producad on Incoloy 800 and 406
stainless steels. The filar are being studied
by J. D. Rednan of th Chemistry Division
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becsuse of the tritiye coatainment problems
soticipated in both fiseion and thermonuclear
reactors. The film on the Incoloy 800 was
mainly MoC-z0, while the film on the 406
stainless steel was composed of st least two
phases, a lasyer rich in silicon at the metal
interface and an outer layer rich in Fey0-.
Deposi’s remowved from the inside surfsce of the
tube wvere exssined by transaission electrom
microscopy- A wvarfety of msterials wvarying in
thickness, size, and shape vere observed; some
less than 0.2 ym in diameter while some siagle-
crystal films 2.5 um were observed. Sowe
deposits gave single-crystal patterns that
indicate hexagonsl crystal structures.

C. 8. Finch, Metals and Ceramics Division,
grev single crystals of gehlenite (c-zuzsto 7)
usiag evea- and off-stoichiometric melts. Three
crystals were an:lyzed quantitstively by
elect ron-induced fluor with the SEM using
the FRAME progras for calculat.ons of Al, Si,
and Ca present. Relatively coustant Ca:Al:S{
atom ratios at random points in s given sample
were observed. The silicon concentration was
less than expected, but {t was obscrved that the
melt surrounding the crystals assumed a glassy
textur- while the crystsls were being grown.

We have examined by TEM, SEM, and EDS many
aixtures of sodium snd uranium oxides for R. E.
Adans, Engineering Technology Division, and
G. W. Parker, Chesical Technology Divisfon.
These studies are related to the Aerosol Release
and Transport Progras at ORNL. This project
involves studying the behsvior of aerosols, in
secondary cootainmsnt environments, relessed
undvr liquid-metal-cooled fsst breeder reactor
sccicvent conditions. It has been demonstrated
that the sodius and ursnius oxides do aix as
shown by electron-induced x-ray fluorescence and
mapping, a8 well as by images obtained in the
transaission electron microscope.

R. L. Walker snd W. A. Christie of the Mass
aod Eaission Spectrometry section have reported
an effective mathod for the concentration of
oranium in single ion-exchange resin beads.
These besds can be used very conveniently as
point sources in wmass spectromster anslyses.
The SEM was used to follow the course of thermsl
enission spectromstric analysis of vuranium
ssmples loaded on the single bHeads of anion
vesin. This study revesled that sfter hesting 2
min or longer, the decomposed besds tended to
shrivel send crack, but wmost retained their
sphericsl character. It was observed that, as s
function of time, the beads becama smaller due
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to evaporation and solution of ~arbon in
rheniua. Thus it appears that this point-source
bead gives up its contents {n a comtrovlled,
predictable fashiow, which is s very desirable
feature in the development of accurate mass
spectroscopy techniques.

The consolidarion of RKaCl crystals while
under stress i{n brine solution is being studied
in an effort to better understand processes
taking place in salt dome nuclesr vaste storage
sites. When s saturated bdrine solution, {n
equilibriom with sasll NaCl crystallites, is
placed under stress, there is a change in the
distribution of particle sizes such that average
dimeasions become larger. A. J. Shor amd C.
Baes of the Themistry Divisfon are studying the
mechanise Of this consolidation process. Disso-
lution of small particles followed by acretfon
of the larger, and sintering of tw or wore
smsll par:icles are considered as a likely peth.
Particles of near—uniform size distributions
vere prepsred by sieving. The initisl distribu-
tion vas spproximately normal (Gaussisn). Opti-
cal microscopy showed that sieving removed the
very small and extra~large particles, leaving s
distribution resembling a “square wave.” These
specimens were then dispersed in brines and
placed under stress. In exsaination of the con-
solidsted particles we found optical wicroscopy
to be less than satisfactory because of contrast
and depth of field limitations. Both of these
problems sre absent in scanning electron micros-
copy, but another difficulty arises beciuse of
the necesssry vacuws environment. The liquid
phase must be resoved, and there is strong evi-
dence that drying artifacts grow in. Consolids~
tion specimens using dodecane as the disperssl
1iquid were performed. Evaporation of the
dodecane before placing the specimen in the
microscope showed no evidence of residue arti-
facts. SEM photos suggested that sintering had
occurred by merging of saliunt corners of some
of the particles with flat sides of others.

The vacuus system on the AMR-900 scsnning
electron smicroscope 1is being redesigned using
conflat flanges and, in a fewv cases, Viton O-
rings. The nev valving systes will hsve ultra-
high-vacuum, asir-operated vslves (hat will
operate through the sutomatic valving systes of
the AMR-900. The sasple chamber on this instru-
ment is vary large. There will be s number of
conflat feedthroughs of verious types and sizes
that will permit sn x-ray photoelectron spec-
tromster, a microrsdiography system with veri-
sble energy sources, an electron energy-loss
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spectrometer, possibly an electron diffrsction
systea, high- and low-temperature systess, aad
other equipment to be installed. TheJse systems
will be wanipulated by bellovs-sesled feed-
throughs . The {mproved wvacuwua level should
facilitate the electron spectrometry sttachments
and allow the microscope to be operated with
reduced dovntime spent on cleaning of the column
snd apertures snd other msintenances. (P. L.
Ball, B. ¥. Dom, R. L. Sherman)

Optical wmicroscopy. A nev Olympus stereo
aicroscope has been received and 1is wov iIn
operation. It has a Dolan-Jenner Industries,
Inc., “Fiber-Lite~ high-intensity 1lluainator
for reflected light and a transmitted light
{1luminator- Visual magnifications from 3.5X to
160X and photographic magnifications from 5.25X
to 120X can be obtained. Polaroid 10~ x 12.7-cm
fila or 10~ x 12.7-cm cot film can be used.

It is often wery informative to exsmine sam-
ples on this microscope before doing scanning
electron microscope (SEM), transmission electron
wicroscope (TEM), x-ray diffraction (XRD), or x-
ray fluorescence (XRF) work on thes. If
desired, certain colors or shapes of particles
can be separated manually to concentrate a par-
ticular phase. Because the SEM does not show
color, it ‘s often desirsble to prepsre the
ssmple on s stub and take a color picture of it
before starting SEM work. Such a picture f{s
sometimes very helpful in characterizing the
particles in s sample.

Optical wmicroscopy has been used in some
studies of the Ames test method, in that the
chemicsl wmutagenic sactivity of pollutants is
assessed by their effects on s special strain of
bacteris that have been bred such that they are
not sble to synthesize histidine, which 1is
essentisl for their growth and reproduction.
Normal bacteria asre able to synthesize this
compound, but in this special strain tha gene
that allows them to do so has bsen bred out. In
adainistering the Ames test, bacteria are placed
in an agar dish containing the suspected muta-
genic materisl. If there {5 no mutagenic sctiv-
ity, the bsctaris will not grow and wmultiply,
but if there is, colonies of reproductive activ-
ity will bs eeen. This will have been csused by
the diffusion of wmutagenic components through
the cell walls of the becteris and into their
nuclef{. The DNA of the genes will have baen
sttacked, csusing them to revaert to forms that
enable the bscteris to synthesize histidine. A
statistical snslysis of the rate of production
of revertant colonies is taken as a possidle



wmeasure of the mutageaic sctivity of the mmte-
rial bdeing tested. Before mitagenesis can
occur, however, components of the material wust
be trznsported to the cell walls of the bacte-
ria, aad this should be determined by the way in
which the materfal interacts with the agar.
Materfals that are highly insoluble ia agar, for
example, may never reach the decteris snd there-
fore may not cause reversion even though under
other conditions they say be mutagenic or even
carcinogenic.

Optical microscopy is one of the few tech-
nigues that can be used in accounting for how
the agar interacts with the material being
tested. In preliainary studies we have examined
some dispersions of ofl, tar, and syathetic
fuels and their components in agar. We feel
that we can make a contribution to Ames test
evalustion criteria. (7. V. Dwovt)

Studies of silver zeolites. The contain-~
ment of methyl {odide In the processing of
nuclear fuels is under study by R. T. Jubla of
the Chemical Technology Diviaion. He 1is
attempting to remove CHq I from off-gas streams
by absorption with sfilver mordenite (silver
zeolite, AgZ). Depending on pretreatment of the
Ag2, large variations in its absorption loadings
of CH3I have heen observed. Regeneration pro-
cedures of the AgZ that have been studied, using
4.57 of Hy {n argon stresms at 500°C, will
remove over 98X of the absorbed CH3I, but the
AgZ apparently is altered such that its loading
capacity s reduced. The SEM-EDX and x-ray
diffraction techniques have been used to study
AgZ before and aiter pretrestsents and regenera-
tion. The most prominent effect that we have
been able to discern i{s the generation of free
silver. Pretreatment of the AgZ with 4.5 Hy
in argon at 200°C ca. silver nodules to be
produced on zeolite particles. SEM-EDX examina-
tion indicates their average sizes to be 0.2 m.
X-ray diffraction of the pretreated specimen
shows linea corresponding to silver wmetsl.
Before pretreatment the nodules and frae-metal
diffraction lines were not observed. Pretreat-
ment causes 8 noticeable increase in brittleness
of the Zeolite pellats, possibly because the AgZ
grain boundaries are veskened by the segregated
silver phase. After regenerastion of the AgZ,
which sgsin involves exposurs to 4.51 H; in
argon but at s higher tempersture of 500°C, the
SEM-EDX examination shows even larger nodules of
silver; the x-ray diffraction lines of free
metal are more fintense. (r. L. BRall, R. L.
Sherman)
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Studies of wmnfcbium—besed alloys. X-ray
fluorescence can be induced by either x rays or
by a beam of electrons, such as that of a scan-—
ning electron wmicroscopy. For elements of
higher atomic onumber [2>26(Fe)] the x-rav-
induced method is usually the more seasitive.
For low atoaic number, the electron-induced
msethod is usually better. Both methods are
nondestructive and are often used in Juality
assurance checks. This past year a combined
application of the tvo methods was made to
certify composition of niobius-based aslloys
containing Mo, Zr, sad Ti. Molybdenum and
zircoaiua were quentitatively snalyzed (2-5 wt
2) using AgK for excitation. A fundaseatal
paraseters program was used for matrix correc-~
tion. Titsnium was quantitatively measured (1-3
wt 1) using the beam of the SEM for excitation.
The FRAME matrix correction program, supplied by
NBS, was used. The alloy specimens were being
used i{n superconduction experiments snd had been
subjected to heat treatments. Our rondestruc-
tive tests ve:ified that heat treatament had not
altered their compositions. (L. D. Pulett,
J. A. Stewart, Jr.)

Asdestos. A combined saspling analysis
protocol has been developed for quantitative
measurement of the chrysotile asbestos content
of a wide variety of construction msterials.
The protocol 1is designed to differentiate
betveen materials that are not asbestos contami-
nated and those that require costly special
handling to ensure employee safety. The nature
of the material determines specimen preparation
techniques and the combination of analytical
techniques used. The asbestos concentration
range 0.5-5.0% was investigated with emphasis on
differentiating between levels below or above 12
asbestos, since that is the EPA cutoff value for
special handling, although the protocol could
easily be extended to & much higher level.
(R. ¥. D, J. R. Stewvart, Jr.)

SYNROC. The SYNROC (“synthetic rock”)
program ia a major effort at ORNL, dealing with
the problems of fixution and storage of nuclear
vaste. The gosl is to incorporate the fission
profucts as solid solutions in crystalline
sstrices that resesble nstural ainerals known to
have survived westhering for millions of years.
It is believed that crystsiline materisl, of a
well-defined and ordered structurs, is more
otabla and predictable in 1ts behavior than
glasses, vhich sre under study st other f{astitu-
tions. The sol-gel technique, developed many
yesrs ago at ORNL, is being used in the initisl



stages of the process. A solution of zircomiuw,
calciym, titanium and bdarium nitrates is wmixed
with dilute guantities of simulated fissica
products such as Ru, Mo, Cs. snd Wé. An ammo-
aiom donor is added to the solution, and it {s
extruded thiough a hypodermic nozzle into a
heated organic medium that causes aicrodrop pre-
cipitation of the wixed oxides. The sol-gel
particles are then washed and siotered in order
to form the SYNROC material. It is desirsble to
use the lovest possible sintering temperature to
minimize volatilization of the fission products.

XRD and SEM-EDX technigques have been used to
deteruine the ninimum temperature (575°C) at
wvhich crystallization will occur. The minerals,
hollandite (MIZ'HGOIG), perovskite (Ca'l'103),
and zirconolite (CaZrTi,0;) have been found.
The Ru, Mo, Cs, and ¥b fission products are sub-
stituted in crystal lattice sites to the extent
of about 0.5%. SEM-EDX shows the microsnhericsl
particles to be of unifors composition. Thus,
it appears that the goal of simulsting the
highly stable natursl rocks is being approached.
(P. L. Ball, R. L. Shewvman)

Sopport for wolten salt bettery prograa.
S. Cantor, C. Vallet, and J. Brsunstein of the
Chesmistry Division have been conducting research
in several areas of wmolten sslt fuel cell snd
battery technology. In the molten carbouate
fuel cell progras (46), Cantor hss been studying
8 new cathode design, consisting of Ni0O doped
vith 1lithium, which converts it to a semiconduc-
tor of the fora (muo ) (M ); y<0.2.
It vss necessary to detcgune hgv 1fthiua con~
tent of the anode varied under differemt oper-
sting conditions of potentisl and L10 activity
in the electrolyte. We found that x-rsy
diffraction is & very convenient way to specif-
ically deternine ths smount of lithium in the
solid solution state. Toussaint (47) has shown
that the lattice parsmster of RiO shrinks as
1ithium {s substituted for Ni(II) sitee and has
published s calibration curve of unit cell
spacing vs lithium concentration. PFor this type
of problem the XRD method vas superior to simple
elemental anslysis by stomic spsctroscopy
becsuse in extraction of the Ni0 anode from the
molten ealt electrolyte, some of the L1,C03
contaminsted the outside and would have caused
mnislesding results. The XRD psrameter shrinkage
mathod sllowed us to distinguish between lithium
in the solid solution state snd that present as
contamination.
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Cantor is also studying a wolten salt battery
design thst uses a lithium-aluminom alloy as
cathode and an iron-sulfur matrix as an anode.
The electrodes are physically separated by
yttria felt (Y203 fibers) impregnated with a
wolten LiC1-ECl eutectic (48). It is desirable
to determine how concentration gradients in
lithius and potassium are set up in the yttria
felt separator as current passes through the
battery. This wvas done by simulating the bet-
tery by using electrolysis cells consisting of
molten LiCl and KC1 wixtures {mpregrated in
yttria felt. Immediately after passing current
(~0.1 lq)lcnz) through the separstor wmatrix,
the salt vas quenched with helium, freezing in
the concentrstion gradients. The cell was then
sectioned parallel to its axis from one elec-
trode to the other. The SEM-EDX method was used
to determine potassium and chlorine concentra-
tions aslong the axis. It was necessary to
determine lithium by difference.

When an electric current flows through a
wolten salt cell, the ions are transported by
both diffusfonal and electrostatic forces.
Catherine Vsllet has derived, and solved mumeri-
cnlly, s differential equation that describes
the concentrations of ions in molten salt ce'ls
as 8 function of time and distance from elec-
trode surfaces (49,50). The equation applies
universally to sll molten salt cells; its parsm-
eters are the diffusion coefficient and electri-~
cal transference nuaber of the 1ion being
considered. Vallet has been studying a model
systeam, consisting of wmixtures of NaNOy and
AgNO3, as a test of the validity of the equa-
tion. Using the SEM-EDX technique described
sbove for LIC1/KCl molten sslt cells, potassiua
and silver concentrstions were determined ass a
function of time snd distance from
surfaces. Potsssium 1ion concentrations were
reduced at the snode snd enhanced at the
csthode; silver concentrations varied recipro~
cally. Conzentration gradients, measured st
slectrode surfaces ss 8 function of time, agreed
vell with those predicted by theory. (k. L.
Shermom}
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2. RASS ARD EMISSION SPECTRORETRY

J. A. Carter, Section Head

The Mase aad Emission Spectromstry sectios s orgmized ia three growps: Elemeatal ead Ioe
Probe Surface Spectroscopy, Organic Mess Spectrometry, and Imorgmmic NMass Spectrometry. Each of
these grouwps operstes a oumber of sophisticated, seasitive isstrwmests to perform emergy-related
resesrch sad developanent sad also to provide techuical swpport for other divisioss of ORNL.

Application of secomdary iom mass spectrometry (SINS) to isotopic esssy of boros and
1it%ium fn ssmples otherwvise difficult to smalyze hes led to developmsat of a reliable procedure
for performing such snalyses. Computerization of owr ion microprobe mass saalyzer has
significantly eshsmnced our capsbility to perfors depth profiles, both with regard to quality of
soalysis and to saving of substsstial amcunts of time. SINS was wsed to isvestigate the msture
of the resia besd-—ursaivm-rheniue systea duriag the course of s thermal icaizstios emalysis.

A Krstos MS-25/DS-55 gas chromstograph-sass spectromster dsts systes wes obtsined ond
iostalled. This importsat acquisitios will emhaace both our research asd support sctivities is
organic mass spectrometry. Contiomed developmeat of the mass spectromstry-®ess spectromstry
technique resulted ia design and constructioa of two wvavefors gemerstors. Isvestigatioa of the
kioetically significsat CjH;0% fon hes contfswed. tWork on developing an imstrwmesat to
perfors secomdsry iom mass spectrometry on organic ssmples has begua. A suitable sowrcs hen
been designed sad is now being fabricated.

Work to bring the hot spsrk source sass spectrometer ou lime hes contiowed. It hes been
tested uader “cold”™ cooditiocns and is ready for hot testisg to begin. The quadrupole msss
spectrometer passed laboratory evalustfon tests for use as sn on-site asssay device to anslyze
plutoniom sod uraniue for safeguards; it is oow ready to be installed ia & wven. It has also
successfully snalyzed smsll boron sasples for possible post—sccidest om-site determimatios of
that element in csse of s reactor emergency. Work has costinued for warious safeguards projecte
(TASTEX, WAX) coucerning wmnounitoriag of nuclesr fecilities under internstiomsl coatrol.
Evslustion of lutetivm ss 2 possible spike for tank cslibration has begun; the initisl results
vere excellent. A dats network liankiang three mass spectromsters sad cosputers wvas developed snd
is now in operstion.

Our support to the Three Mile Island reactor site has countinved this year. Ssuples have
been snslyzed for trace coustituents by s variety of msss spectromatry techaiques.
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Queatitative SDE ouslysis of datfficale
semples types. Last yeer we described the use
of eoecoadary foa mess spectrometry (SIMS) to
deteraine isotopic boroa aend lithima 1ia
difficelt semple types without the mecessity of
ssmple cheaistry prior to mssseuremsat (1). ¥We
have sow extesded this setbod, throwgh the use
of miniswm ssmple chemistry, to allow quesatits—
tive borom amd lithiua determimation. A couplete
descriptica of this method has been published in
Analytioal Chewistry (2). Is 8 typicsl
spplicstica, five samples of borosilicate glass
powders coutaining natural boron were dissclved
1ia aqueows NF sad diluted to volume. Tem pl of
esch sample was thean loaded oato s pyrolytic
carbon planchet; & secoad losding of 10 3 of
sach ssmplas took place at smother locatios om
the plamchet- Before drying, 10 gl of & 10p
spike solution wss injected into esch sample
drop of the second loesding while being viewed
sader a low-pover microscope. The two solutioes
were mixed by drawing the solution up into the
spike pipette several timere. Spiked and
unspiked samples were dried as usual in »
laminer flow bhood and were subjected to SIMNS
ssslysis. The quantitative resulta thus
obtained from standard {sotope dilution
cslculations sre compared with results for the
ssme essples using couventionsl atomic
absorption methods (Table 2.1).

Table 2.1 Deteraisstion of beren—SIIE ws AA
Atoaic
Sanple Isotops dilution absorption
Fo. SIMS (wt 2 B) (vt £ 3)
1 3.9 3.91
2 3.88 3.90
3 3.98 3.92
4 3.87 3.9
S 3.9 3.6

Application of SIMS to the qusantitative de-
termination of borou and lithium in solutione of
wnknown cowposition was exsained by asnalyrig a
ralicective 1liquid generated in the Three Mile
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Islsnd owclesr reactor accident. The originsl
sasple cousisted of a highly radiocsctive aqueous
solution that 1indizated aboat 2.6 x 104
C kgl wial-l of bets, gamme activity oa
coatact with the sample vial surface. Prior
isotope dilution spark source mass spectrometcy
and optical emission spectrosetry provided
estimates of <S.g ml—1 1ithius and 3400 ¢
ml—1 poron in the solorion. One hundred :1 of
this solution, after scidification and dilutiom,
was obtained for SIMS gnalysis. Ten V1 was
removed and epfked vith & 99.999 stom I C1Lt
spike solution, snd the remsining 90 1 was
spiked with s 92.41 atom X 10p spike solutioa.
These solutions were sllowed to stand overnight
to insure fsotopic equilibration. Approximstely
1 ¥l of esch was then loaded onto & pyrolytic
graphite planchet aloag with matural boron and
1lithium standards. This resulted in a ssmple
that gave s combined beta, gamma activity of
approximately 2.6 x 10-7 C kg~1 w1 The
sample was subjected to SIMS analysis using 16.5
keV, 1 nA, 02"‘ primary beam, which was rastered
over an sres 200 pm x 160 im on the sasple
surface. Analytical results for both {isotopic
and quantitative snslyses for boron and lithiom
obtained vis SIMS are reported ian Table 2.2.
Resulta obtained from other techaiques on
aliquots of the same sample are shown for
comparison. Repetitive anslyses of a norwsl
1ithius standard demonstrated thst the /L1/6L1
ratio could be determined with a precision of
about 1.0Z.

An sdvantage of the SIMS method for this kind
of analysis is the fact that very lov lewels of
radistion wera actuelly handled due to the
cltrahigh sensfitivity of SIMS for lithium and
boron. A further advantage fs that no detect-
able {instrusentsl contaminstion was produced
during the snalysis. In this snalysis we esti-
nate that less than one ten thousandths of the
sample was cousumed by the sputteriang process.
In coaventionsal thermsl or spark source nsss
spectrometry, a significsntly higher frection
(from 1 to 100T) of the sssple {2 spresd sbout
the instrument iou source region by the nsture
of the fouisation process evsporstion or bulk
sputtering. Although we do not recommend using
thia spproach for alpha-emitters like plutonium,
ve have shown that a routine SIMS instrument can
be used on properly diluted radicactive semples
without fesr of instrumental contasfinstion.
(V. . Christie, R B. Bby)



Tabls 2.2 Amalysis f s Thres Hile Islasd
water sssple; s couparises of
SIS with other techaiques

Totsl B Isotopic B
Hethod (us/s) 113/103 (atom)
Isotope dilatioca 34
Sperk source mass
spectromstry 3565 ~&
Microtitration 3211

Masaitol procedure 323s -

Isotope dilutioca 2978

SIS 3050 4.07
Tetal L1 Isotopic Li
(ug/g) atom fraction

Ylane emission

spectrometry <3 -
Isctope dflution 464 ‘;u <0.02
SIMS U <99.98

SINS iavestigstisa of resia bdead thermsl
ien emitters. Secondary ion maes spectromstry
and scamning slectron microscopy have been used
to follow the course of typical thermal emission
Bass epectrometric suslyses of ursniua semples
loaded on eingle snion vesin beads. A detailed
description of this investigation hss been pub~
1ished ian the Imt. J. Maes Spectrom. Ionm
Phys. (3). In our lsborstory, Valker et al.
(4) extended the resin bdead technique to iaclude
both chesicsl separatios and msss spectromstric
filsmsant loading. This method is findiag vide
spplication is ¢ wvariety of npclear programs.
In the 1lsboratory, ssch bead serves ss one
sample for s mass spectromster; typiecslly 1-3
ag each of ursaiuvm and plutoniuve are adsorded
on ¢ bead. Samples loeded on reefin besds result
{a fomizetios efficiencies esbout sa order of
nagnitade higher t! en those loeded ss solutions.
Thie cen be part'ally gexplsined by the fect
that, eince the besads are 100-200 = 4a

dismeter, they servy as good spproximsticss to a
voiat source for the jfoa optics of the mass
spectrommter. Amother possible comtridutiom
would be the carbon of the beed serviag ass a
wore efficieat reduciang egent for wraasiem amd
piatosiem as compared with the traditicesl re—
duction wmethod of heating ia the wepor of am
wnsaturated hydrocsrboa.

To investigste this mstter, wve wsed SDEB to
follow a series of resin beeds treated to olme-
late s typical thermsl euission smalysis. The
anion resin beads (Dowex 1, 2X cross-lisked)
wure loaded with wranius in the -t.ndnrd y.
Ve chose the WBS U-500 stasdard ( 237g/ 28,7

0.9997) becsuse we felt that two pesks of equal
iotensity wight help resolve sabiguities in the
SIMS spectra, should they occar. The filasests
normally weed in ocur thermsl esission work are
V-shaped rhenium. Because the SIS instrument
requires s reascnably flat surface, we losded
the beads on flst rhenium filaw.ats, which were
spot welded on holders that wer: also suitsblas
for direct {m;ertion in the scanning electrom
microscope. The uranium—losded besds, on fila-
ments, wera placed (o an suxiligry vacma
systes, whose base pressure was <1l x 10-6 pa.
After bsse pressure was resached, the tempearsture
of each filawent wss slowly increased. A pres-
sure burst signalled decomposition of che bead;
heating was stopped on (wo filemsnte at this
point. The others werse heated to 1700° C, the
normal tespersture for 1isotopic snalysis of
uranivm, snd left there for periods ranging from
2 min to 2h. The pressure during this time was
<1 x 106Pe. Besds were chosen to be approxi-
nstely the same size; messured diameters raaged
from 195 to 321 ua.

A sizedle fraction of the beads was lost,
vhich is not normslly s problea with the
V-shaped filements used in the thermal emission
usss spectrometer. Since little or no uranius
was detected on these filaments during SINS
suslysis, it seems probable that the beads lefe
the filsment early ian the heating cycle, prob-
sbly during decomposition of the bead.

While suitable for mounting in the scansing
electron miczoscope, the filament holdars could
not be dirsctly ilagerted into the iom micro—~
probs. The rhenius filaments to which the resin
bsads wers attached were tharsfore carefully
removed from the wmultipin header to which they
wers spot-welded. The ffilawsuts ware etrsight-
sned under s low-power aicroscope (6X) ustug
mnicrotools. The straightened filasments were



then attached to & flat mount 2.5 cm in diaseter
weing conducting silver paint. Omnly the enda of
the f{lawments were attached to the wounting
cylinder, and grest care vas exercised to swoid
getting paint on ur near the resin besds. Bead
assples mounted in this fashion presented nc
sajor difficulties in terws of sputtered iom
yields for SIMS snalysia. The biggest diffi-
culty srose becsuse of the size of the bead
itself. Beads analyzed were typicslly hemis-
pheres or fractions thereof. SIMS rsquires a
flat surface for snalysis, snd deviatiocns from
that norm produce corresponding anomalies in the
efficiency of secondary fom extraction. Soue of
the beads projected ss much as 100 ym above the
rhenfun sarface, and this bheight sltered the
electroststic field between the sample and fon
extraction electrode. To avoid these difficul-
ties, the scanning circuit controlling the
primary ion besm was wmodified to sllov 1line
scans to be made in directions both orthogonal
and parailel to the
Y-direct fon scans, vhich moved the orimary besm
in s direction parsllel to the secondary {on
extraction electrode, produced the most relisble
1linear profile dats.

extraction electrode.

SIMS was used to examine elemental “istri-
butions on the filaments. Cowplete ssss scans
revesled no elements present in significant
quantities other than oranium, carbon, and
theniva. Ion micrographs showing distribution
of carbon snd uranius on the bead snd adjscent
filament desonstrated that both elements are
confined to the region of the bead, and each ion
image coincided with the location of the bead
observed through the fon wmicroprobe’'s optical
microscope. The apparent {incressed concen-
trations of both elements noted near the center
of the bead were due to the enhanced fon extrsc-
cion efficiency of the pickup electrode in the
region closest to it. Localized concentrations
of ursnium were observed onu some beads; these

wers alvays at the besd/f{lament interface. Wo

migration of either carbon or vursnius along
grsin boundaries of the filament was observed
for any bead-filament combination studied.

A region near the bead was scanned. The edge
of the rastered srea vas a fev ;m fros the bead,
and the center vas a little over 100 ym distant.
Ursnium gavs too flaeting s signal to yield an
fon image. This asuggested that no appreciable
uranfum diffused 1into the rhenius filament.
Carbon gave s uniform signal over the entire
area. Rhenius displayed varying sputtered fon
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intensities ss a function of crystsl orients-
tioa, vhich is a common phenomenon in SIMS.

Thus, even nesar the bead, no significant
nigration of uraniva had occurred. This 1is
confirmed by linear profiles generated by
scanning the primary besa across the besd (Fig.
2.1), which shov both U' and ¢t reaching
background levels a fev ;= fros the edge of the
bead. Distribtution of uranium through the bead
seems to be quite unifors, vhereas a fraction of
the beads showed enhanced U* gignals st the
edges.

A wvery thin layer of uranium (s few mono-
layers) was observed over the entire length of
each rhenium filsment. To preclude the possi-
bility of cross-contsminstion in the filsment
heating process as the sgource of this uranium,
one bead was loaded vith WBS U-010 (1Z 23°7) and
heated for 30 ain adjacent to two filaments upon
vhich besds containing NBS U-500 were being
heated. Only the 11 isotope wvas observed on the
first filaweat, eliminsting cross—ccatsmination
ss a possibility.

Inspaction of the back of s rhenfum filament
vith an optical microscope revealed s disturbed
region congruent with the sres occupied by the
bead on the top aurface. Investigation with
SIMS revealed a high carbon content ‘n this
srea. This study was made using s o; beanm st
16 keV; C— wvas monitored because tne {intensity
of this fon is sbout 100 times greater than that
of ct. Traces scross this region were
qualitatively similar to thst shown for C' {n
Pig. 2.1, with the carbon signsl rising wore
than two orders of magnitude above background in
each csse; U' vas observed omly as s thin
surface lsyer. Thus carbon, with 1its high
nobility 1a rheniuam, diffuses through the
0.003-ca thickness of the filament in <O0.5 h,
vhile uranium does not penstrste that distance
in 2 h.

SEM investigstion of a bead heated for one
hour st 1700° C shoved s hesispherical he- "~
skelgton 1in contsct vith the rhenfus surface.
It appears that the carbon of this skeleton
leaves the parent body more rapidly fros the
srea of the besd-filament interface than it does
from regions not in contact with the filament.
Diffusion of carbon into the rhenius substrate
snd evaporstion of carbon from the interface
region, vhera the bead 1s hottest, are tvo
sechenisse that help explain this observation.

A by-product of this investiystion revesled
the capability of our fon microprobe to deter-
wine {sotopic ratios on very emall uraniua
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ssmples. Tventy measurements of the 235y/238
were made while ir linear profile wode. Ve
estimate sputtering a wolume of 90 ull. while
the total volume of the bead was 4 x 10 & .
Assuming s total adsorption of 1-3 ng U, this
represents 20-60 x 10 ® ng, or 20-60 fg of
aranium. The average of the ratios we obtained
was 1.012 + 0.015 (15); the NBS certified value
is 0.9997.

We conclude from this study that f{onfzstion
of uranfum in the resia bead-rhenius systes
occurs at the filament-bead interface. We base
this conclusion ou the fact that uraznius does
not migrate svay frou the ismedizie arez of the
bead to any appreciable exteat. In sddition,
the work function of the Re-C compoeite surface
is higher than that of pure rheafum or pure
carbon. The Ssha-isagmuir equation was used to
estimate the ratio of singly clarged fons to
neutrs]l atcms expected from the three surfaces.
Using work functions of 4.6, 5.43, gnd 5.84 for
C, Re, and Re-C, respectively, we calculated
that for UY/U this ratio was sn order of mag-
nitude higher for Re-C than for carbon. The
fonization potential of uranium wvas tsken to be
6.2 eV. The fact that uranium remsins uniformly
1. the residual csrhon mstrix of the bead, ewven
though the bead is less than 1X fully loaded,
{iZiicates that uranius migrates slowly to the
interface region as the bead material evaporates
and diffuses into the rhenfus wmatrix. In
sddition, this slov wmigrstion provides ample
exposure of ursnius to s -:fucing medium and
thus minisizes its loss as oxi.'e species. The
bead thus serves as & reserwiir of ursnius,
safatainiag s fairly steady <(lc
atoms to the regicn nf maxirsm ionizstisn over
long periods.

The ion microgrsphs and linesr profiles made
duriny this study shov no sigration of uranius
away fros the immediste vicinity of the bead,
even along grain boundsries. Optical sicroscopy
showvs that s bead is small with respect to the
size of a typical rhenium crystallite ({i.e.,
filement treated as previously described). It
is thus sesningless to spesk of imrnfzation fros
polycrystalline rhenfum 1{n this context.
McHugh (5) hes demonstrated that zone-refined
thenius, as this wss, shows a merked prefersncs
for (001) crystal orientstion in the plane of
the surface. The roughened surfaces of some of
the crystallites lead us to believe that orfen-~
tations other than (001) occur with enough
frequancy to sffect fonization efficiencies of
uranius from beads mounted entirely om such

of neutrasl

28

crystals; thia finding suprorts those described
by MchHugh. Thus, 1€ a means were available for
fdentification of efficiently ioniz.ng crystal-
1ites, it would be possible to Ij>ad the bead
directly onto the grain of chofcr and schieve
wore efficient and reproducidle {fonization.
(V. H. Christie, D. B. Swith, R. E. Ety,

Depth prefiling studies of photoveltaic
devices. VUWe have coatinue’ our collaborstive
effort with workers in the Solid State Divisfon
using SINS to study ion f{-wmlaatatfon as a sur-
face modification method and to develop depth
profiling techniques for th* study of photovol-
taic devices. The geners! effect of dopant
redistribution via laser s~:caiing has been the
subject of a recent SIMS {investigation, and we
have published the results of this study in
Surface Science (6). In a coatinuing study
we have used SIMS to depth profile {in-vac:d
laser-annesled sawples of boron-implanted sili-
con. A single chip of the ss-implanted materi-
al wvas aligned in the wvacuum lager annealing
apparatus so that three discrete aress could be
identifi{ed and subjected to 1, 5, or 10 Jiscrete
lsser pulges. Table 2.3 gives results from SIMS
depth profiling studies of this sasple oo two
dates.

Table 2.3 SIMS results for regions smmesled
with mpltiple lsser pulses

Relstive
Sample profile ares I B retention
B in S1
as-icplanted 20.1 100
1-pulse 21.1 105
S-pulse 21.6 107
10~pulse 19.8 99
75 A 1n St
as-iwplanted 56.0 100
1 pulse 52.2 9
5 pulse 46.5 83
10 pulse 38.1 68
15 pulse 37.8 67

These in-vacuo annealing results agree with
previous in-air lgser snnesling where no boron
vas observed to be wolatilized out of the nesr
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surface reglon of the silicon crystal. SINS-
obtained profiles show mltiple-pulse laser
amesling to achieve & nearly rectanguler

distribution for fon-implanted boron in silicon.
Workcrs fx the Solid State Divisioa have shown
that this type of dopant distribution has
superfor electrical properties in photovoltsic
applications.

Ve have also used SIMS to perform depth pro—
filing studies on fin-vacuo laser-smnesled
saaples of su-iqhnted silicon. Im contrast
to the results obtsined for in-sir laser smnesl-
ing, we found thst significant srsenic loss can
occur when annealing {n-vacuo. Table 2.4
records the rtesults of four depth profiles
meagured on the 75h-lon-lqhntd silicom prior
to laser asnnealing.

Table 2.4 SIDMS depth preffile resuits:
5 ps-1uplanted stenderis

Sample Relative profile ares
1 54.1
2 60.2
3 55.6
& 54.1

Avg. 56.0 + 2.9

A single chip of the ass-iwplanted materisl
wes aligned in the vacuus leser annesling sppar-
stus so thst four discrete (quadrsnts) aress
could be identified and then subjected to 1, 5,
10, or 15 discrste laser pulses. The sverage
pesk area of 56.0 + 2.9 established the experi-
mentally determined stsndard area for a known
dose of 8.3 x 10° As gtous cw?. Pesk
areas determingd for the regions sanealed with
multiple lsser shots and corresponding percent
arsenic retsnution values are shown ia Table 2.3.
Sasples lsser-annesled in air show no spprecis-
bls arsenic loss.

Quantified SIMS depth profiles for thess four
ssaplen wers compsred to Rutherford backscatter
profiles (determined by C. W. White) and were
found to be {n sgresment (atome cr3) within
10-13% 1n all csses. The SIMS profiles shov «
significantly faster beckeide drop-off for the
10~ and 15-pulse sswples, reflecting higher
depth resolution of the SIMS techaique. The
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results of this study have been published in
Solid 5tate Techmology (7).

Ve have used the SINS techaique to study
lateral sad depth distribution of msguesiua and
silicon before smd sfter laser annealing.
Semples implanted with 2'%g were examtsed weing
nz" primary beams. The as-implanted sasples
(5«x 1005 atoas c.-z, 70 keV) sghowed normal
Gsussian depth distributions in sccordsncy with
Lindhard, Scharff, and Schiott theory. After
laser amnealfng, significant magnesium movement
toward the serface is indicated by SIMS depth
profiles. The distributions are double humped
vith a pesk mesr the wucface (10 om) and the
main pesk st sbouwt 150 mm. Studies of the
lateral distributfos of wmagnesfom using 1ion
imaging techuiques show msgnesium to be segrega-
ted into islaads spproximstely 10 ym in diameter
separtated by 10-15 ;a. These islsnds are com—
pletely sputtered away sfter removing approxi-
mately 2 nm of the ssmple surface. After laser
snnealing, consoiidation and regrowth of these
islands is noted. The islands are reduced in
number by & factor of 2 and oow extend in depth
to sbout 10 nm. Below these depths (2 nw for
ss—implanted snd 10 ma for laser-snnesled
ssmples), the lateral distribution is uniform.
Lateral segregation observed in the as-implented
sawples suggests considersble wobility for
magnesiua atoss due to the large degree of
lattice disorder present in this solid/vacoums

interface region during ion {mplantation.
(V. B. Cheigtie, R. F. Ely).
Conputerisatien for real-time, miti-

slemsat depth prefiliag. During the paat yesr
ve have continued to fsprove the digital link
between the PDP-11/34 computer and the
microprobe scaler output- The scaler output was
soon found to be iacapsble of providing high
enough dats
scanning.

fon

rates to allov convenient
Therefore, analog-to-digital
(ADC) {nterfaced directly to the
computer was tied to the Hall-probe output of
the secondsry msss acalyzing magnet. A chopper-
stabilized operstionsl amplifier wvas added to
match ths output of the Hall probe (0-1 V) with
the input conversion range of the ADC (-5 Vto $
V). Under computer control the conversior times
vas 235 wvith a rosolution of 4096 (12 bic).
The digitized vslue wss converted to a mas¢ by
segns of & quadratic squstion, determined by
least-squares fit to a set of known masses. A
second ADC was interfaced to the detector signal
output. A msss scanning progras was written to
control these two ADCs and the sutomatic magnet

BASS
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scanning of the {on wmicroprobe msss anslyzer
(DMA).

In order to provide the best ianformation for
a limited number of elements, a pesk-hopping
scheme was needed. This weans setting the
magnet to a particular sass and collecting dats
via a gated scaler. A digitsl-to-analog com-
verter (DAC) on the computer was tied {ato the
magnet control circuit through a differeatisl
ampliffer. Due to the limited resolution of the
DAC ('2 bit), » selector was added to provide
varying offsers sndéd mass ranges. After an
additional gate line was added to the Anadex
scaler, che wltielement pesk-hopping/
depthiprofiling softwvare was written.

A magner scen rangc, suitable for the sssple
befng studied, 1is mancally switch selected. The
computer uses a previously stored quadratic
equation to determine approximate digitsl-to-
analog converter (DAC) settings for each asss of
faterest- The program then steps through the
desfred masses (up to 15), and the operator can
observe mass centering on an oscilloscope and
manually make small adjusteents to the DAC
settings for each mass vis a keybosrd (f
necessary. When all pesks are set up properly,
the sample is shifted to the region to be depth
profiled, and depth profiling is commeaced.

The data logging progras is set up to check a
disk fi{le for previously stored parsmeters. If
the particular alloy type is found in the disk
f{le, the progras automstically selects correct
masses to be wonitored, as well as proper
{ndexed sensitivity factors snd {sotoplc and
atomic abundances to be used in subsequent csl-
culations. The progras steps through the
desired mams peaks, recording count rste data
and counting times. Typically, the magnet f{s
svitched to a peak, allowed to stabflize (5 s)
vhile data are recorded for 10 s, snd then
proceeds to the remaining masses. Mter
stepping through the desired masses, recorded
data are stored to disk. Calculations sre done
imsedfately, and elementsl compositions sre
listed on the system priater. The prograa
repeats this sequence 60 that compositions
vergus sputter depth are recorded for ss long ass
the operator desires. When dats-teking is ter-
sinated, s table {e printed out showing sensi-~
tivity factor {index vratios send elementsl
rompositions as a function of time.

e of our continuing projects has been the
study of oxide f{las on Incoloy-800 and similer
alloys. In these profiling etudies we have
shown that the surface oxfde fs highly euriched

ia chrowiom and manganese. The depth profile
vas discoatimued before the uneltered base metal
composition was rteached. Siace our asgaet
scenning techanique is relatiwvely slow, we have
incorporated s time faterpolation rostise 1iato
the czlculationsal prograss so that
time-corrected depth profiles cas be prodwesd.
(R. J. Varmack, R. K. Eby, V. B. Christis)

Cesiun fean oeurce dewlopmat. York 1is
contiwnfag oun the cesiwa ios sowrce, which
replaces the normsl dwoplasmstrom source end
provides enhanced seasitivities for electro-
segative species and incressed sputter rates.
Ve felt the cesiwm 3zource capable of better
intensity thas presently swailsble for standard
operation (2 to ) mA/cm? fa s 10-12 im focwsed
spot). Iom-optical studies quickly rewealed
that most of the bmas wss lost through ower
convergeace snd aperturiag. Further studies
shoved that wost of these losses could be
avoided by s sisple redesiga of am extraction
electrode. Yew parts have been fabricsted and
will be tested ss soon ss time can be echeduled
on the DMA. (R. J. #armack, ¥. 1.
Christie)

Spark-sesrce mess spectremetry feor highly
radissctive msterials. A facilicty to provide
amalyses for highly madicactive alpha-eamittiag
sauwples is nesring completion. A spark-source
mass spectrograph has been coupled to specisl
shieldiag snd sassple headliag fixtures so that
higt-level solids can be ssfely handled and
snalyzed (8). Although of general utility for
any hazardous sasple types, the facility will be
primarily used to provide bedly seeded snslyses
of undiluted nuclear fuel reprocessing esolutions
and solids.

Vork this year has bsen devoted to assembly,
alignment, end testing st Building 2026. Rsils,
allowing the mass spectrometer to be moved, were
fnstaslled. A stsinless-steel containmeat limer
vas then sligned with s specisl coupling bellows
to an sdjscent hot call. The source of the wass
spectromster was interfaced to the limer. The
liner and source region were then shielded with
lead brick. Vith the mass sepectromster in
position, sll services nacesesry for f{ts opers-
tion were instslled — electrical, pasuvmstic,
vater, sad wvacwum. After wmseded repsirs send
modificstions were cosplete, the mass spectroms-
ter was thoroughly checked for satisfactory
operstion.

The ion source had to be radically redesigned
due to remote operstion sud shislding require-
seute . Rlectrically actusted giwbale were
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designed to operate through a vacmm {interface,
to sliga the sawple electrodes onto the optical
axis of the {ingtrumeat, amd to adjust the
elsctrode gap to provide good sperking condi-
tions. Electrodes sre loaded with remote
asster-slave asnipulstors, which will slso
perfora any needed repeir or replacement opera-
tions. The sosrce desfgn is hased oca glued
plexiglsss™ pleces and spot-welded sheet metsl
parts to provide both an economical end
dispossadle systes.

Tinal cold testing for the entire fecility is
couplete, snd hot operstion s anticipated in
the very meser future. Complete operating pro-
cedures ave being written from bdoth saalytical
awd safety staadpoints. Upoa approval, the unitc
will be sesled by instslling shield windows and
consected with the hot cells to begin hot test-
isg snd hot operatioe. (R. J. WMarmmeck, V. H.
Christie, J. A. Cavter)

Isa chemistry. Our studies of the
chenistry of gas phase ions have focused on the
use of metastsble dissocistions to characterize
(1) the reacting configuration of isoweric
c,n,o* ions and (2) the tesction chsanels of
sromatic smises. The C;H;0" work is am exten-
sfoo of that reported last year (9). The
kinstic energy relessed (I) when s metastable
ion fragmented was used as an indication of the
structure undergoing resction.

Our nev results, in collaporation with Prof.
3. S. Freiser of Purdue University, involve the
use of ion cyclotron resonance (ICR) spectrome—
try. In this study the fons werse genersted in
the ICR and photodissociated. Initi{al resulta
shov some conflict with our results using
kinstic energy relesse msssuremssnts of metasta-
ble dissocist’ons. The msjor diffsrence is that
the photod’/ssocistion spectrum of protonated
benssldehyie (presussbly having the ssme struc-
ture as the C;H ;0" ion derived from bensyl
alcohol) is the same as that of o—cresol. This
{ndicates they have ths saae structure, while
our kinetic energy releass wmessuremsnts show
that C; B0+ from benzyl alcohol (T = 195 meV)
differs 1in structure from »-cresol (T = 350).

This incons{stency mey be sttributable to the
fact that the ion lifetimwe in the ICR is on the
order of milliseconds ase contrasted to aicro~
socond lifetimes 1o the wmsss spectrometric

w
-

wetastable dissocfiations. The I[CR-generated
ions would then have much loanger tiwes in which
to isomerize. Evidence thac a slov {somer{za-
tion is taking plsce Is the fact that about 40X
of the ioms undergo photodissocistion 1n the
ICR, sud thus it is presumsed that the other 602
has not undergone isomerization or has {sower-
{zed to s different structure.

The study of asroamstic asmines has as a goal
the direct snalysis of complex mixtures of aro-
matic smines by MS/MS, without prior sample
clesnup or fractionation. To achieve this gosl,
it s unecessary that isomeric primary, second-
ary, and tertiary amines have unique reaction
channels so that they can be Iidentified in the
presence of each other.

The results thus far obtained are encourag-
ing. The gecondsry amine, rn—ethylaniline, shous
ss its major fragmentation the loss of CH.,,
giving an ion at ®/z 106; the isomeric tertiary
ssine, n, rn-dimethylaniline,
setastable transitions loss
giving fons st o/z 103 and 9.

Crude collision-induced dissocistion experi-
ments also fndicated that n-ethylaniline can be
Ciffeventiated from ring-substituted ethylani-
lines. If these resvlts prove to be generally
applicable, MS/MS anslysis of wmixtures contain-

has as its wmjor
of NH; and HCN,

ing aromatic amines should be feasible. /D, ¥,
Russell, E. R. MrBay)

¥Yass spectromstry/mess spectrosetry with
the triple—-sector spectromster. The new

triple-sector mass spectrometer (10) has been
modified during the year, and seversl
chenistry studies have been initiated.

One of the prime sress of Interest is the
rapidly expanding field of mass spectrometry/
mass spectrometry (MS/MS, also known as MIKES).
This technique involves the operation of s
sult{-sector mass spectrometer ss tvo independ-
ent wmass suslyters. The first
analyzers acts as a separator, separating out
the ion of interest. The second one analyzes
the fragment fons genersted from the ion select-
ed in the first step. This wode of operation
can be used for analysis of complex amixtures and
for sssistance in determinatfon of fon struc-
tute, swong other things.

One of the principal advantages of our three-
sector MS/MS instruments {s the ability to use
ths first tvo sectors as a high-resolution
instrument in high-rssolution MS/MS (HRMS/MS),
As MS/MS 1s aneslogous to GC/MS, HRMS/MS (s
eualogous to capillary column GC/MS. Seversl

fon

of thege



HIMS/MS experiments have been performed with
ewphasis on oxsjgen and nitrogen isobars (e.g.,
C7H70+IC739N+. noainal =/z of 107). The initial
results are quite promising «s there was smple
sensit{vity at a resolving power of 15,000 to
characterize both isobars at =m/z 107 in a
mixture containing ten parts of benzylamine to 1
part p-cresol.

We have also used the triple-sector spectrom—
eter in the stody of cousecutive wmestastable
transitions by setting the sectors to pass aaly
thece fons undergoing chosen transitioms within
the tise raage of several microseconds. With a
triple-sector {nstrument, and thus three field-
free rvegions, there are three possible experi-
mental approaches to study corsecutive metasta-
ble dissocistions, two of which are unambiguous-
This {s in contrast to doublesector instruments
in wvhich only one, possibly asbiguous, experi-~
mentsl scheme exists.

We have thus far concentrated on omly ome
approach, in which the first metastable dissoci-
ation occurs in the firat field-free region and
the second metastsble dissociation occurs in the
third field-free region. Primsry advantage of
this wmode of operation {s that an fon forwed
from a specific precursor {om csn be studied
without Ioterference from other 1isomers,
provided that they are not generated vis ideaci-
cal fragmestations. As an exasmple, the C7B70+
fon formed f-om ethyl phenol (w/x = 122) can be
studied without interference from C,H;0% formed
from chlorobenzyl alcohol (m/z = 142) by select-
fog the transition of 122+ to 107* in the first
field-free region sud then detecting the
transitions of 107" in the third field-free
region.

Performance of the triple-sector {inctrument
has beeun improved by several new additiocas to
the electronics. Most notsble wvas the construc-
tion of two rawp generstors (11) to control scan
functions. Also, s rast voll-off curreat to
voltage amplifier with s range of four orders of
magnitude has been built sad sdded to the datec-
tion circuitry to prevint slissing of the signal
during signal averaging. (D. 7. Russell, V. T
Rainey, G. L. Glish)

Iastsllstion of [Kratos N3-25/D8~55 gs
chromtograph-nsss spectromster—data systea.
The Xrstos MS-15 double focusing, low-resolutfon
spectrometer has been instslled fn the Organic
Mass Spectrometry Croup (9735). This instrument
s being used both in support sad research
prograsas. A modified Perkin Elmer Sigma-} gas
chromatograph is interfaced to the lon source
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and may be used with packed or capillary colusms
through either a jet separator or direct {nlet
line. A solids~1liquid probe is also used for
iaiet of samples. Data scquisition and process-
ing i{s via a Kratoe DS-55 Jats sysiea.

The spectrometer {s furnished with movable
slits to permit ope-—ation at three mmse resoluo-
tiocas of 800, 1400, end 2800 at different slit
widths with trsasaissions of 1, 0.4, and 0.02,
respectively. The instruwment is extresely sen-
sitive becsuse of the double-focusing coufigura-
tion with hexspole 1lens. We have wmessured
sensitivity as high as 3.25 = 1002 C pgl with
the electron bombardwent source and s multiplier
gain of 105.

We also use the spectroseter in chemical fon-
ization (CI) wode with three reageat gases
selectable from the console. Rapid switching
betwveen CI and electron bombardwent fonizstion
(EI1) is slsoc possible, such that both I gud EL
spectTa can be obtafved from a single chromato-
graphic peak. We have wmeassured seasitivities
using a packed colummn end found that 00 pg of
methyl stearste gave s pesk height of 65 =V at
u/z 298 with s multiplier gain of 10°. Under
the same conditions, 1isococtane—CI yielded an
80-aV peak.

The DS-55 date system is composed of a Dats
General Nova AX ceantral processor with 64K of
16-bit wmemory, s Tektronix 4010 visval displsy
uait, a Dats General 30-cps Dasher (teletype), a
dual density fixed plus removsable disk drive,
and & Kratos dats scquisition interface capabdle
of 50-kHz sample rate. The systems {s also
configured to operate the Versstec printer/
plotter of DS-50 systes, 1f desired.

The system runs under coatrol of the Dats
Cenersl Real-time Disk Operating Systea (RDOS)
with a wide range of commands for handling data
and peripheral hardware. RDOS supports progras
development tools, such as Fortran aand Algol
compilers, text editor, etc. The DS-55 commands
provide for dsts scquisition gund real-time
processing as well as post-run processing. A
variety of interscan (rsal-tims) options sllows
plotting or printout during collection of dats.
Control of the major spectromecric operating
paramssters {s through a matrix board that 1s
preset for ten different programs. Foreground-
background operation is possible with the VDU as
console and the teletype opersting fa fore-
ground. Thus, dats acquisition with resl-time
teports snd post-run processing sre sccomplishad
simultaneously.

—a



The systes has been used in support analyses
for staff members in other divisions as well as
in collaboration with MS~50 high-resolutiza
analyses. Ve sre presently starting a collabor-
ative program with personnel from The University
of Tennessee, Exxon Corporation, and ORNL
Chemiatry Division on the study of products
obtained from pyrolysis of coals that have been
deuterated 1in specific fuanctiooalities. We hope
to revesl interesting details on the structure
of coal by tracing the reaction pathways of
deuterated species. We have instslled a
Chemical Dats Pyroprobe in the chromatograph
{njector and s fused silics capillary columsm for
compounent separation. Pyrolyses of untrested
snd deuterated cosl samples are being carried
out under variocus time-temperature comdingtions,

and product cowpositions sre determined.
{E. R. MeBay, ¥. T. Roinsy, D. H. Russell,
G. L. GLish).

Precisisn triamngular wawefors gemerator

(Model ORNL/79-11965). For our HRMS/MS (10),
ve needed a triangular vavefora generator. The
specisl requirements were (1) long-term slope
stabilicy, (2) selectsble rising and falling
sides to the triangle, (3) long-term dc level
stability, (4) a wide selection of repeatable
slopes, (5) selection of an initial or static
voltsge, and (6) programmable ramp limits for
any slope. The generator would be used to scan
either the magnetic field or the voltage between
the plates of the electrostatic snslyzer (ESA).
Slov scan rates vere needc?! for magnet scanning;
fairly repid scana of the ESA would permit s
1ive oscilloscope display.
The actusl instrument has
characteristics:
1. Independently sc’ectsble rates of rise
(fall) from 1 V/s to 888 V/e. A 1-2-4-5-
8 sequence 1is used, resulting in 431 wsve
shapes .
2. Drift. Vhen adequstely warmed up, driftc
tate fs 2 uV h—1 at constant woltags.
Remp rate reproducibilicy 4s 99.95% or
better.
3. Output. +10 V, 200 mA.
4. At maximus ratc-of-rise, overshoot beyond
salected cutoff voltage s 25 n¥.
5. Free running or cvtoff after 0.5, 1, 2,
or & cycles.
6. Selectable initial, upper, and lower scan
limits.
7. Salectable initfal scan direction with
error detection for illogical comditions.
8. True anslog ramp.

the following

“

!

9. Reversing mnd "hold™ from front panel.

In our HRMS/MS sork ve used a signsl averager
to collect data. 1de 12-bit reaclution of this
device limited us co detection of errors of
+0.05X. Our measure of stability was the width
of a mass pesk at half msximm (WHM) for data
taken over a few short cycles compsred vith the
WEM for data tsken over a perfod of an hour or
two. Within the precision of the mass spectral
experiment, it was not possible to estatlish
that the waveform generator had drifted wmore
than +0.05X. (T. ?. Mueller, D. H. Russell)

Progranssble cramp gaserator (Model ORNL/79-
9537). A ramp generator wvas needed for the
MMS/MS (10) work that would provide digitally
addressed woltages for operation of the
spectrometer by a cosputer snd would improve the
long-tera stability of voltages applied to the
electrostatic anglyzer platea (ESA) so that
higher resolution could be sttained.

In the prototype, thumbwheel switches are
used to enter values of the 1initial potential,
the gain of the sweep (ramp) digital-to-analog
converter (DAC), sad the number of steps/sweep.
In the computerized version, these values will
be entered either froe the control panel or from
the computer The rasp generator has a crystal-
controlled clock, tut there are provisions for
an external clock (e.g., & computer-supplied
pulse).

Dwell tiwes of 1 to 100 s are provided to
give a wide flexibility of scan rates for data
aquiaition. An auxiliary feature thst hss
proven very wuseful 1s an snalog voltage
generator that csn be switched fn to replace the
digitally generated signal. With a resolution
of better than 1'5000, this festure allows one
to locate s peak nd to translste this voltage
iato its digital equivslint for eatry into the
thuabwheel switches. O:her ancillary festures
include two switchsble outpvts, monitors that
diaplay sweep direction, halt/eweep mode,
programmed delay active, step pulse time, and
amplifier overload conditions. Outputs for
"sweep increment,” “sweep count,” and “halt” and
inputs for “start™ and “"stop” are also provided
at TTL levels. An saalog meter sllows one to
follow progress of very slov eweeps in terws
of the fraction of the selected ramp amplitude.
A provision 1s also 1included Zor visvwing the
cootents of various regiaters on a five-digit
LED readout. A preset counter gsllows &
pradeternined number of eweeps to be selacted
or, in the usual mode, displays the sweep count.
A description of the instrument is being



prepared for publication. Work perforwed with
it wvas reported st the ASHS wmeeting in May
(11). (T. R. Mueller, D. . Russell)

Organic SINS fsstrumsatatfion. Development
{s underwvay on a new jonfization socurce that
extracts, accelerates, and fccuses secondary
{ons sputtered from a surface after impact by a
beam of primary ions of a fev (0-5) keV kinetic
energy. For some tise, secondary ion mass spec—
trometers (SIMS; such as ion microprobes sad foa
microecnpes have been used for surface isaging
and anslysis of inorganic samples. Design of
the nev source is better suitel for nonvolatile
organic molecular sad pseudomolecular fons (12)
from s surface vhere target imaging {s not
required.

The design requires that primsry ioms strike
the target st 70° from the tsrget normal. Sach
oblique incidence is known to improve secondary
ion yield (13). By comparison, normal or near-
normal iancidence 1s used {n wmicroprobes to
fsprove spstial resolution.

Secondary ion extractiom and accelerstion (np
to 10 keV) are provided by two independent fom
lena systems. This feature permits snslysis of
the effects of primary {on kinetic emnergy,
secondsry f{on yield, frsgmentation, etc.,
perticularly at lov prismary ion energy.

Ton optics of the secondary fon extraction
system were designed with the Iianteractive iom
optics program SIMION (14). Unlike conventional
ion sources, ve use cylindrical rsther than
rectangular symmetry. This is consistent with
cylindrical sysmetry of the sccelerating optics
but not with rectsngular syssetry of the wass
spectrometer- The advantage of this approach is
that sll secondary fons are kept near the mean
ion axis, vhereas in conventionsl (rectangularly
symmetric) fon sources, there 1s no "t” focus.
Secondly, generation of the transfer optics
(cylindrical to rectangular symsetry) wvwill be
strgightforverd becsuse s high percentsge of
secondary ions will be paraxial.

Sample introduction will be vis direct—probe
insertion through s vacuum lock, rsther than the
carousel aspprosch of sany sicroprobes. This
permnits winissl seseple hsndling send repid
turnsround.

By virtue of the common source design of the
ORNL single-, double-, and triple-sector mass
spectrometers, this 1ion source is compatible
with them all. The source and supporting struc-
tures vill be mounted on wvheels to fscilitate
interchsnge.

While cthere is s peucity of litersture on
organic SIMS, the techaique appesrs promising
for snalysis of [olypeptides ar well as organics
adsorbed to va~ious matrices. The technique
stould also be valuable in snslysis of catalytic
effects between a wmetsl surface and organic
layer. The flexibility of the device also
peraits study of the mechanisms involsed with
crganic secoadsry 1oan formatioa.

There may be other applicstions as well. For
exseple, i{n prelfminzry studfes, SIMS was found
to be uteful in isotopic ratio seasurements (see
above). Becsuse extraction and sccelerstion asre
performed {ndependently, this type of source wmay
vell show reduced mass discrimination in the
voltage scanning techaniques ewployed iIn isotope
ratio measurements. In a goreral wvay, this
source should serve ss s tool for the develop-
ment of SIMS methodology vhe_ ever target imaging

s not required. (p. J. Todd, W¥W. ~H.
Christie)

High-resolution eorgasic mess spectrometry.
Several mndifications to the Kratos WNS-50/pS-
50 system have been completed during the past
yesr, amd definite improvement in operstion Las
resulted. Installation of s new TTY board in
the Tektroanix 4010 terminal with necessary
softvare chaanges has converted rhe dats systes
to s standerd systes configuration. The datas
system has opersted without difficulty since
modification. Installstion of the second disk
drive wvas completed with changes in software to
peruit the use of oove disk for softwvare and one
disk for dsta scquisition and storage. Since
both disks sre removable, the systea is much
sore vergatile and dependable, vith msuch grester
dats storage capability. Siace the new Datas
General Eclipse system has s sisilar disk drive,
ve expect to transfer DS-50 dsta snd/or software
to magnetic tspe for long-term storage and,
thereby, eliminate the need for many disks. An
sll-glass hested {nlet systes was designed gnd
fnstalled for use vith gases or wolstile ssaples
and hss been used routinely vith satisfactory
results.

The specfroseter has been used in the static
mode at resolutions up to 50,000 snd in the
dynsmic mode st s rvesolution of 10,000 snd =
scan rate of 10 s per decade. Rather high noise
levals preclude the use of higher resolutions
snd mske tune-up difff-ult. Instrument perfor-
nsnce vag checked recently by s Krstos enginger,
who will recommend service to bring the instru-
ment up to originsl specifications.




We have uged the MS-50 primarily in metasta-
ble scanning modes and for determination of
sppearance poteantials. Data have been used in
conjunction with those from the triple-sector
ingtrument in {on chemistry studies. (E. HA.
McBay, D. B. Ruseell, V. T. Rainey)

Organic wmesa spectrometry support work.
The Organic Mass Spectrometry Group has contin-
ued to give assistance to a variety of programs
in need of identification of organic compounds.
The major effort during this year has been
devoted to projects originating in the Analyti-
cal Chemistry Division. In addition, we have
handled for Metals and Ceramics,
Environmental Scieances, Operations, Health and
Safety Research, end Biology divisions, as well
as the Y-12 gnd ORDGP analytical laboratories.
The DuPont 490B mass spectrometer has beean used
in the majority of these anslyses, although on
many of the sasples the high-resolution MS-50
vas also used. We have continued to give
priority support to members of the Bio-Organic
Anglysis section of ACD, especislly C.-h. Ho and
B. A. Toskins. A lsrge nmber of GCMS analyses
vere carried out on a variety of synthetic fuel
fractions with interest in identification of
compound types such ss hydrocarbons,
suines, szarenes, etc.-

Low-resolution macs spectra vere slso used to
confirm the identity of a large number of inter-
medistes snd final products for F. F. Knapp and
co-workers in the Health and Safety Research
Div.sion. All comnounds were metalorganics
containing Se, Te, San, or S in stable moler— _ar
structures of expected usefulness in disgnosis
or trestment in snimsl tests. Ve were able to
confirm the identity of most compounds using
low—~ snd high-resolution w=mass spectromsetry,
thereby confirming the reaction pathway for
preparation of the compounds. These reactiom
psthways could then be used to prepsre compounds
contsining radiofsotopes for animal tests.
Coapounds such as substituted steroide, fatty
scids and esters, barbiturste«, and others gave
satisfactory results.

We have slso continued our support of EPA
personnel at Research Trisngle Park. We com
pleted qualitstive snalyses on the fence-line
Seasuresments, but vere not ssked to quantify ths
Tesults. We slso assisted the Advsnced
Anslytical Tachniques Group at EPA/RTP by
prepsration of s series of standardas contsining

analyses

phenols,

L
"

pollutants on NBS atanderd urben particulate
These standards were to be used 1in

(C. 4.

matter.
evaluation of analytical procedures.
Pritehard, E. H. MeBay, V. T. Rainey)

Data Geseral computer system. Recently we
vere asble to acquire a used Datas Ceneral Eclipse
S/130 computer systes. The system cousists of
the following:

1. S/130 ~entral processor (CPU)

2. 96 KB MOS Memory

3. Dats General 5 MB fixed disk plus 5 MB
top—~loading resovable disk

4. 300 LPM line printer

S. Nine-track, 800 BPl magnetic tape
system

6. Disblo, 2.5 MB front-loadiag disk
drive

7. VDU w/keybcard
RDOS, a resal-time disk voerating
systes

This 1is the third Deta Genersl system to be
instslled in the Organic Mass Spectrometry lab—
oratory. The first syetem was based on a MOVA
2; the second on 8 NOVA 4. These are dedicated
to the MS-50 and MS-25 orgsanic spectrometers,
respectively.

The DS-50 system has two removable, froat-
loading Diablo disks. The other system has &
fixed disk and s top-loading removable disk.
Having both types of disc drives on the E:lipse,
ve intend to use it as an exchange device for
moving programs from one system to snother. A
second use will be for rapid printout of data
vis the line printer. The magnetic tspe umit {is
intended for srchival storage requirements.

Within the next yesr we wiil be interfacing
tvo spectrometers to the Eclipse. It is intend-
ed that esch spectrometer will have s small
locally dedicsted computer for its operstiom.
These will be interfaced with the Eclipse as
extensive calculstion, processing, and storage
needs arise. Ve are ‘n the process of learning
the RDOS and machine level programming
techniques. {T. R. Mueller, V¥. T. Rainey,
B. K. Miluy)

INORCANIC MASS SPECTROMETRY

Quadrupele mass spectromstry for the Office
of Safeguards asd Security. V: sre currently
evaluating s quadrupole mass spectrometer for
potentisl uee ss asn on-site inspection device



for determination of ursnive aend plutosive
isotopic ratios. The iastrument arrived om May
9, 1980.

The {instrument, a Balzers quadrepole mass
spectrometer, was chosen because it 1is aspproxi-
mately ea order of magaitude more sessitive tham
ins’rumeats from other vendors. This, plus
digitizing the outpat of the wmltiplier detec—
tor, allows ws to perfors rcatime 1isotopic
sualysis of resin besd uraaium aud plutoaium
ssuples, which typicslly comtais 1-3 ag of esch
element. A Tektroeix 31 calcwlator, which {s
loaded from a cassette tape, oerves as s dats
collection device and as 8 scan countroller for
the mass spectroseter.

The ssmple 1iasertion prode, especially
desigoed by the veandor for this aspplicatiomn, is
compect, easy to use, and ressomably foolproof.
Insertion of s nev ssaple and subsequent evacuva-
tios to operating pressure takes sbout & min.
Tilsment pretrestsent to assure relisble ion
curreats snd to minimize isotopic fractiomstion
requires sbout 5 win, and dsata scquisition 7 to
10 mia. Thus, the total time required for aa
anslysis i{s 15-20 mnin per sample-

The fastrument is souvated ia coutsiners that
ultisately vill be mounted in s mobile van. The
van has srrived, sad instsllation {s uaderway.

Ve made s brief study of the fnstrrment’s
ability to messure boron isotopic rstios. The
need for s technique to «:iimste total borom ia
water was evidest at the time of the Three Mile
Islend focident. We have found that 100 ng of 3
1s sufficient sample and that the 108/1lp racto
(~0.25) was ~essured to 8 precision of +1£.
Thus, through the use of an eariched l% opike,
we should be sble to provide on-site boron
snslysis {f sisilar events In the furure require
ie. (J. R. Waltom, D. B. Swmith, R. S. Mckowm,
R. Sismons)

NMass spectremstry 1ia seppert of Iateras—
tisnal Safepmarde Prejects Office. The
original TASIEX Task J experiment inwlved
sampliag speant fuwls by Jspanese personnel at
their Toksi reprocessing plsat snd shipping the
ssmples a resin beads to ORNL for snalysis.
The results of this ezperisent were mixed. One
ares of diffficulty was coatamiunstion at the
ssupling site, where kilograms of meterisl sre
handled (in coantrast to the nenogram quantities
on ths resin beads). We thus dewveloped s bulk
raspling process more immuns to such problems
than the originsl omne. In this techaique,
approximatsly 1000 beads (rather than 10) sre
expossd to the ssmple, sgitated for 10 nmin,

washed, snd set asside for trassfer to the sssse
spectrometry laborstocy. Ue evolved the
necessary hot-cell procedures, as well as the
mote cosveatiomsl cmes- J. A. Carter aad W. LK.
Musick wemt to Japen to imstruct Japemese stalf
ia the techaique. The Japanese wmubsequently
took samples aad sre presently waitiag permis-
sion to ship them. This techaique iz in the
process of being adopted ss am ASTM procedure.

The secoud saspling of the WK reprocessiag
facility in Karlsruhe, West Cermsmy, was accom—
plished by Intersmstions]l Atomic Zaergy Agescy
(TAEA) persommel. Most of the sazaples have been
anslyzed, mad difficulties still remain. We are
hopeful that the bulk sampling techaique
described abowe will alleviate w=net of the
problems.

Support coatisues for the IAEA mass spec-
trometer that we iostalled four years ago.
D. B. Smith visited the IAEA lsboratory asd
evaluated sll sspecta of imstrumental perfor-
sance (vith D. L. Domchue, currently om leawe of
abgence to the IAZA). The instrument was re—
stored to originsl epecificatioas, aad warious
suggestions for Iimproving laboratory routise
were made. It wus gratifying to leara that the
fostrument had snalyzed over 2300 ssaples in the
past year vith oaly two days down-time.

Ve supplied uraniua and plutoniua samples to
WBS for joiat certification of fsotopic comtent.
These samples are on tTeain leads snd asre to be
ased by the IAEA in s round-robia ezercise to
avaluste iaterlsborstory results from samples
losded 1n this way. (0. H. Swith, R. L.
WValker, R. S. MeKowm, J. 4. Carter, ¥. R.
Mugick, H. Sismons, A. C. Swith, E. C. Miller)

Ness epectremstry development te {mprewe
precisisn. A wmsjor effort {s vunderwsy to
iwprove ths precision routincely obtsinmsble oa
{sotopic ratio msasurements. This will wolti-
wately {involve critical {avestigation of ail
phasses of {on formetion, trgsasmissios, and
detectiocn. The two srsas that recaived the most
sttention this year were f{lsment chemistry and
sass scaming sode. It has been known for some
tise that emiseion of Pu* and U can be
echanced by addfing & layer of rhenium over the
sswple. Techaniques previcusly dewveloped ueed
vacoum 15) or eiectrodeposition (16) to produce
s uniform layer of rhenius over samples of
ureniua snd plutonfum. Thess techniques are oot
gasy to {mplemmat in the laborstory, sad it wes
decided to look for s simplsr method. RKheafum
powder slurried with .ucrose was sdded to the
filasent over plutonfum or urenfum losded on
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resis beads. It lead to eigaificant esheacesmeat
of fon emission asd reductios of isotopic frac—
tiomstion. This resslited iz sa isprovemsat ia
precision of roughly & factor of two. The
purpose of the secrose was to provide the carbom
to yield a Re—C solstice, which hes & higher
work femctiom thas peTe polycrystslline
chenimm.

The techaique has sot yet besa duveloped to
the poiat where it is suitable for routine use;
work oa this project 1s coantisuing with thst
gosl ia mind. Safegsards i= perticslsr will
benefit from such ¢ development, but we hope to
extend the applicatica of this techmiquee to
ssuples from msay sowrces.

The second aspect of mass spectrometry to
receive cousiderable atteatios this past yemr
was that of msss scamaiang. Programmetic chaages
were made 1ia softwars comtrcllimg the sweep,
such that slternate acass go up snd thea dowmm in
masa. This hss the effect of distributing the
scans of eaca 1sotope symmetricslly with tise
aad thus averaging out tha effect of loag-ters
bess instabilities.

The echanced ioa beas stabilicty ressliting
froa the sdlition of a rheniam-sucrose elurry
allowed precise investigation of foccrsing condi-
tions in the i0n sourca. This led to the design
and construction of s nev high-voltage divider
that yields more stable igotopi ratios than the
previous design.

Considerations of pulse shape and signsl-to-
nolse parsmeters in the detection systea led to
deavelopment of new divider network for the
slectros muiciplisr detector.

The single-stage mass spectromster wus
convetted to magnetic scansing with a viewv t»
assevsing the reductiom in bias aschieved by
elinination of voltage scananing. Rasults 1s
this regard werse somevhat mmbiguous, but
converting our instrusents to this kind of scas-—
aing is still coder considerstion.

Another project carried out om the siagle-
stage mese spectromster vas evaiuation of
two-filament source arraangemsat. Precisicas
obtained were 20t as good as those obtsined from
resin besd sasples, end 100 ng was the uinimm
smount of saaple required to give s stable fon
Less. Our cosclusion was that the expenditurs
1o time required for us to perfect the techaique
at ORNL was too grest to mska further fovestiga-
tion worthwhile. A “turret” source, oa which
such experiments will be reported, has been
ordered from VG Micromses. This commercisl uait
ellove highly accurate reproduction of filameast-

source geomstry end ochould lesd to Dbetter

precisiocn. (D. H. Swith, H. S. Nokowm, R. L.
Valker, J. A. Carter, B. Sismome, . C.
Swith)

Hese opectreaster osurce isgrevemsat. In
view of improved stabilicty of the foa beaa ia
our source ss descrided alsevhere, we initiated
sa fiavestigatioa iato the whole gquestion of
source desiga. The designe of sources frem
other laboratorise were obtained end cospared
with ours. Aa ioa simslstiocs competer prograam
called SINION was obtsined to evalwate focwsing
charscteristics of the wriows systems. This
progras will also be wsed o help dewlop
designs worthy of experimentsl evalsstios.

The SINION program wes wodified to weke it
suitable for wee with the imput-owtput devices
oa our PDP-11 compsters. Klectrode coafigurs—
tioan, eogquipotentisl costours, aad fomn trajec-
tories can evea be displsyed om 2 storage visual
display wmit or plotted oa paper. This program
was of cowsiderable help in designing the mew
source divider pamel. (. S. Nokowm, D. H.
Swith, P. J. Todd)

Conpsterised eperatisg anystem for taadea
mes spectremsters. Iaterfacing of two of our
msltistags m=mass spectromsters to DEC MNINC
nicrocomputers 1is complete. The MINCs have
visual display wnits with keyboards, 32k of
core, and dual floppy disk drives. An sssesbly
lsagusge code coutrols the ewesp coatrol pemsl
and accepts date for a given scsa. The dets for
esch rwn are stored oo discs umder msinlise
(Fortran) progras coatrol. After dsts from sll
ssmples have been collected, they sre
transferred to the host computer, s IEC
POP-11/34, vis locslly designcd communicatioms
aetwork. Dats processing end report writiag
then procesd sutomstically om the host computer.
Communication fs possible fu both directioms
batween the host computer sad either NINC.
Operation of the netwvork is sisple smd hes thue

far been virtually error free. R. J,
Warwack, 8. S. Mokown, T. R. Musller, D. B.
Switk)

Use of s wicrecomputer te scquiru data frem
4 mass spectronster and te enlinlate semple com-
preition. A Rockwell AIN-65 (R6500) microcowm~
puter was interfaced to s mses epectrometer for
data ucquisition esd subsequent processiang. A
report, listiug up to fifteen components snd the
percentags of eazh especies present, 1s
generated.

We have s Vacuus Ceneretors Nodel MM1201 mese
spectrometer that hass s svaber of programmisg



features built fn. It is used mostly for assasy-
iag cylinder gases.

The msicrocomprter systeam contsains oan one
board the sicriprocessor (vhich forms the heart
of the system), input/output (I/0) ports, a text
editor, & program assaembler, a rather good
version of BASIC, & systea monitor program, 4096
(AK) bytes of random access eemory (RAM), an LED
resdout, a 20-column printer, as well as
festures that asre oot needed in this
spplication. A typwwriter—type keyboard that
can be located up to two met s from the board
provides commsnication between the operstor and
the cowputer. Programs csa be stored on snd
remd from cassette tapes. The recorder
interfacing 1is also on the board, as is an
interface for serial I/0 via a 20-mA curreat
loop. The 1/0 ports can be software prograsmed,
bit-by~bit, to be either {anputs or outputs.
Interrupt detection 1s slso provided. By
combining 88 aicrocoded instructions with an
execut ive routine vritten in BASIC, we were able
to satisfy the requiremsents for the spplication.
Data scquisition time is less than 100 aS/pesk.

A very simple interface between computer and
spectrometer was fabricated. Data are stored
temporarily under machine language control;
bstween ascquisitions, s BASIC routine recon-
structs the data ss a vsrisble. Backgroond dats
snd sensitivity factors are stored outside of
the BASIC prograsa so that they are protected {if
programs ste altered. These data sre stored and
reczlled via sghort mschine langusge routines
called by BASIC. Although only 4K of on—~boerd
RAM s used, progrsmming allows the operator temn
options for sltering progrsa execution or for
1isting data.

We feel thst this ia s very cost-effective
solation to our problem. Less than six wee's
elapsed fros inception of the project until the
first dats werse processed. A wmore detailed
descriptina of this work hss been preparec for
publication- {T. R. Musllor, J. R. Sites,
L. X. Bertram)

Disselver tusk calfibeaties wsing lstetiws.

An {isotope dilution technique using lutetius
hss been utilized for total solution volume snd
solution wveight determinations. This approach
has been compared sith conventional cslibrstion
sathods, in s joiat effort vith the Chemizsl
Techuology Division, for sccountability seasure-
asnts on three batches of dissolved spent fuel
from the Dresden-l reactor. In order to make
sccountability calculations, the totsl volume
or weight of s dissolver solution, as vell as

the concentration of uranium and plutonium, sust
be accuritely measured. Use of other elements
such as Li, Mg, snd Sr hss beea reported for
this determination, but all of these have
dissdvantages associated with their wmeasuresent
sné ubiquitous occurrence. Lutetiom was
selected with the following expected advantages:
(1) it hasg two naturally occurring isotopes of
videly different sbuundsnces (i.e., 175:97.4%,
176:2.61), (2) enriched tu is available as
the 1isotope spike, (3) it is not prnduced in
fission, and (4) it ionizes easily by thermal
eunigsion and could be measured without chemical
separation.

The wmethod involves addition of normsl
latet{um in 3 ¥ HNO; to the dissolver solutioa,
which is then mixed by air sparging. We added
*130 ug of wormsl lutetive per liter of dissolver
solution for these tests- Sas. 1l sasples were
vichdravn for fissile snd lutetium anslyses by
isotope dilution. Weighed sliquota of dissolver
solutfon (+10.5 wml) wvere spiked with enriched
1760 and diluted to 100 ml. Ose bl of this
solution contsining ~0.2 ang of normal Lu and
~0.4 ng of ”6Lu spike congtitutes s filament
loading for the 175/176 ratio messuremeat on cne
twvo~-stage high-gensitivity "sss
spectrometers . No chemical separation {s

of our

vequired. Weight of the dissolver solution can
be calculated from the known 175/176 ratio of
norsal, spike, and the measured rstio of the
sample/spike mixture. For volume calculation
the density must slso be measured, s possidle
source of error. Rovever, density {s not
necessary to calculate the total fissile content
of the dissolver tank {f solution weight 1is
used, snd this wmethod 1s recommended for
sccountability.

The results of measured volumes for the three
batches of dissolver sclution by both methods of
cslibrstion are given in Table 2.5.

In rthe chemical processing plant, spent fuel
wvas dissolved in tank T-555 snd trsnsferred to
s feed tank, T-556. Measurements for volume and
veight of solution were es:imited for each tank.
The conventionsl method of estimsting volums snd
veight wss besed on differential pressure
measurements scross the 1iquid level snd density
probes by mesns of s high-precision msnometer.
After cslculation of the solution volume, sppro-
priate corrections were applied. In the case of
the solutfons {n T-555, the only correctfon was
subtraction for estimated volume of the fuel rod
hulls. A potentisl source of error was the
possibility for retention of sir bubbles within



the empty hulls.

Correction factors applied to

the solutions in T-556 iacluded allowances for
the volume of previously removed samples and for

residual amvunts of solution left in T-555.

Table 2.5. Resalts: determisatiom of
disselver solution volume

Method
Batch Taak Conventional Lu—-IDMS
4-DS-1 T-555 10.15 10.29
T-556 12.05 12.21
4-DS-2 T-555 8.79 8.55
T-556 8.48 9.00
4-DS-3 T-555 8.44 8.13
T-556 9.36 9.51

The estimation of solution volume and weight by
the lutetium—isocope dilution method requires no

corrections and thus should have better accuracy.

In the three bstches tested, the lutetium method

checked
calculations

more closely to material

thsn the conventional

balance
method.

Precision of the lutetium method for each of the

three bstches 411 dased on
determinations. Although this is the
attempt at tank calibrastion using lutetium,

was

three
firat

the

apparent success of these tests warrants further

development and evaluation of the method

accountability sessurements. fR. L.

for

valkew,

J. A. Carter, E. G. Miller, H, 7. Smith, ¥. R.

Musick)
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3. TECHNICAL SUPPORY

L. T. Corbin, Section Head

The 78,000 anslyses performed within the Genersl Anslytical Laborstory coostituted a 25
increase over last year. A corresponding 1increase in analytical requests forwarded to other
laboratories was also noted. Nevw equipment included s direct injection wmodule for the Ocesno
graphic Internstional carbon anslyzer, & cascaded multistage electronic filter for the vscwms
fusion system, an arsine generator with s helfus—glow discharge excitstion wunit, & Techanicon
block digester, an automatic hydride generator for the atomic absorption spectrophotometer, a
Dionex wmodel 16 1on chromstograph, and bench-top chsrcosl-filtered hoods. Continued support
provided to outside agencies 1iucluded wercury analyses for the Virginia Water Control Board;
1ithium, wmercury, fluoride, chloride, w®woisture, lead, zinc, and 1lithiua hydroxide for the
Tennessee Valley Authority; and specisl snalyses for the Three Mile 1Island (TMI) ouclesr
station.

In the Radicactive Materials Anslytical Laboratory, nev equipment included an x-ray fluo—
rescence (XRP) snalyzer, oxygen-to-metsl analyzer, fiber optic sepectrophotometer, sod & pulse-

height analyzer. XRF was used to solve difficult analyticsl probleas 1in fuel reprocessing,
wvaste asnagesent, and Tresource recovery. Support of TMI continued with the analysis of water,
sludge, and wetals from the reactor site. Instrumentation was developed to messure C~14 {n dis-
solver solutions and tritfum in seingle 1irradisted microspheres. Capabilities were expended in

nuclear cosatings work with the additfon of a superhester to the design—basis-accident aspperatus
and construction of an apparatus to measurs chloride relesse from irradiated panels.

The Transursnfum Analysis Laboratory performed 35,000 anslyses during the yesr. Most of
these were 1in support of transuranium element production, power reactor fuel repraocessing stud-
ies, and monitoring plsat effluents. Nev equipmsent {included a dielectric constant mster, a
low-level alphs counter, and s gamms spectZometry systes.

The Reactor Prograss Group continued to provide anslytical support to omngoing reactor tech-
nology development programs. Principal “laboratory-oriented® research and development efforts
have been directud toward the Consolidsted Tusl |1Reprocessing, HRigh-Temperature Cas~Cooled
Resctor, and Alternstive High-lLevel Waste TYorms Development programs. In addition, the group
has provided development of methods to meet the needs of the service Llaborstories. Specific
studies were thermal send msss spectromstric anslyses for charscterization of reactor fuel and
readfoactive waste forms, kinetice of thermal deni ration send dehydration of wurenyl nafitrate
hydrates, eond resctiom of suger and nitric acid. Sy-~fic wmethods of snalysfe included the
determinations for dibutylphosphoric acid by fon chromstogr.ohy, Cr(VI) 1in process eolutions,
redfolysis products (Cly, Hy0;, (Cl037, and ClO47) in  ‘rredisted brine, gaseous  prod-~
ucts for the combustion of irradisted carbide fuel, and sparkh-induced by-products of sulfur
hexafluoride. Instrumentation efforts wers directed toward development of g bipolsr-pulse con-
ductivity detector for {on chromatography, & baseline compensator for differential scanning
cslorimetry, and wmodification of an fon chromatograph tfor glove~box operstion and incremsed
sensitivity and sample throughput.

Lxpsnsion of the Dats Managsment System continued with the addition of en enslysis catalog
and the cost distribution progrea.
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DATA MANAGEMENT SYSTEM

Programming for the Data Managerent Systes
(IMS) began in 1975, and the system was placed
in use in 1976. Four years later the systea has
matured snd fewer additions are being made. A
nev analysis request sheet wss cCesigned to en-
courage customers to use computer—compatible
sample codes.

A feature called "anslysis catslog,” similar
to “customer catalog,” has been programmed.
This will allow the recall, by a single number,
of frequently used combinations of analysis re-
quests. For example, all the radionuclides re-
ported from s routine gamma scan can be recalled
‘as a unit.

A nev program BILLST has been writtes to
calculate sanalytical chsrges using standard
times for routine analyses. This change will
standardize customer ccsts to s greater extent
and will asllow wmore precise estimation of
charges for budget purposes.

RADICACTIVE MATERIALS
ANALYTICAL LABORATORY

W. R. Laiag, Group Leader
Upgrude of Hot PFacilities

Work continued in several areas of our plan
to upgrade equipment for hot cells and glove
boxes. The status of each item is as follows:

Fiber optic spectrophotomater. A 10-m
glass fiber optic bundle for the Brinkman color-
imeter has been tested. It was found that the
inetrument light source had insufficient inten-
sity to operate with the 10-m fiber optic.
Additionally, wavelengths above and below the
500~-550~nm band were severely attenusated, which
would limit use of the fiber optic even with a
more intense source. This test verified our
previous opinion that long fiber optics wmust be
constructed of quartz. The instrument has been
transferred to the iRU lgboratory for further
tests with the 1-m fiber optic.

Oxygen~to-metal ratio. A new oxygen-to-
setal (0/M) apparatus has been asserbled, placed
in an inert atmosphere glove box, and evsluated.
The procedure will use water-sstursted 4%
Hy~Ar gas to convert an oxide sasple to its
stofchiometric composition in a single scep.
Change fn weight of the sample will be used to
calculste the O/M ratio.

X-ra~ flworescesce. The x-ray fluores-
cence RF) systes for glove-box operatiun has
been tested extensively with cold samples and is
now in operstion with plutonium-bearing materi-
als. Sawple preraration is done in one glove
box, ard the solutions, contained in mylar-
covered plastic cups, are passed through a
transfer port into the glove box containing the
XRF unit.

Clove-box {astrumentaticn. Several
instruments have been wmodified for glove-box
operation and are nearing the testing stage.
These include a mercury porosimeter, a hydrogen
analyzer, snd a sealed-reflux systea. Glove
boxes are on order for moisture and gas release
equipament .

Other instrumestatioces.
height asnalyzer and s Ludlum scaler replaced
outdated counters this year. A Barber-Coleman
gss chromstograsph and a Shimadzu integrator have
been installed in a glove-box laboratory for use
containing swmall

A Tracor pulse-

vith samples amounts of

radioactivity.

Building 2026 Msintenance

Considerable progress has been made this year
on upgrading the building systeams. All cell
filters have been replaced. A scheduled rough-
ing filter change for the main filter bank was
delayed when it was learned that rveplacements
for present filters were no ionger available. A
nev pystem has been designed, and frames are
being constructed to allow the use of less
expensive disposable filters.

Cells 2 and 6, storage, mockup, and decontam—
ination cells wvere cleaned thoroughly, and all
unuged equipment was sent to the burfal ground.
Cell 2 was painted. All manipulators have been
refurbished with newvw bearings,
svitches, snd tspes as needed.

swivels,
The drive
mechanisa for the west intercell conveyor wac
repaired.

An engineer was authorized to conduct s
heat ing and ventilation sudit of the building to
deternine whether the system was being operated
properly and to make recommendations for repair,
upgrade, and energy conservation. The filter
changes mentfioned previously were one of his
suggestions. All transmitters have been recali-
brated, and the controllers have been replaced
vith more moder- units. Signiffcant improvement
in energy consumption {s already evident, and
additional savings chould (esult when the




roughing filters are changed and the systea
balance s completed.

Rediocactive Materials Analysis

An x-ray fluorescence {instrument, consisting
of a United Scientific wmodel 430 spectrometer
and a Tracor-Northern wmodel 4000 computer, was
placed into operation during the year. A common
pover supply and computer control two spectroms—
eters — one for cold samples and one located in
s glove box for slpha—contsining materfal. XRF
has been applied to a nusber of sample types
that would present formidable problems for ches—
ical analysia. These applications include the
measuresesnt of (1) U, Pu, Th, 2zr, Ru, sad Re in
ajueous and organic solutiouns; (2) Al, Be, Si,
Cs, Zr, snd Ti 1in solutions and seolids from
waste fixation and resource recovery; and (3)
chloride and sulfur {a liquefaction
streams. Qualitative scans have be2n made on &
variety of metals, deposits, and vegetation.

coal

The 1in-cell carbon-14 apparatua wvwas rede-
signed to include a trap between the reflux con-
denser and the CO, absorber. The trap, filled
with 6 Y Hy50,, was uged to scrub rutheniua
from the gas stream of dissolver solution sas—
ples. At the same time, the procedure waa
changed to use persulfate oxidant rather than
silver-catalyzed dichromate. This same appara-
tus was used to determine total organic carbon
of dissolver solutions from carbide fuels.

Samples of water, sludge, and metsl from the
containment building at the Three M{le Islend
nuclear plant wvere received for analysis and
distribution.
ing wet chenistry, physical measurements, spsrk-
source mass spectrometry,
Tass

As many as 30 snalyses — utiliz-

{on chromstography,
spectrometry, activation snalysis, and

gamma spectrometry

-

~ were rtequirad ‘or somwe
samples.

An apparatus for the measurement of tritium
in a single irradiated microsphere has been con-
structed. The microsphere is placed in an in-
dentation in an snvil block, which i{s moved into
position in & tube furnace. A solenoid-opersted
plunger crushes the sample, which is then oxi-~
dized by water-saturated air at 1000°C. The
tritiated water produced is retained in s cold
trap for counting. Recovery of tritium from
laheled compounds averaged 95%7, and the repro-
ducibilicy of tritfum results from perticles

vith the same radfastfon history has been within
152,
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The volumetric ursnium procedure was modified
to sllow titrarion of the reduced ursnium with s
1.97 al/cm Micrometric syringe. This modifica-
tion, although less precise than the weighed
titcant procedure, wvas adequate to meet custoser
needs and wvas used to determine
content of 400 samples.

The conventionsl weighed titrant volumetrie

the uranius

uraniua procedure was used to analyze a dis-
solver solution on four occasions over a period
of 33 days. The saversge uranius coatent, 76.99
sg/ml, showed no change uver this period. The
twelve aliquots had a relative standard devis-
tion of 0.12Z.

After observing the success of applied Teflom
cogtings in corrosion prevention in the Generasl
Anslytical Laboratory, sose equipment has been
prepared for teat!sg in the Radiocactive Materi-
als Analytical Laboratory (RMAL). An saluminuam
hester block and three hot plates have been
Tef lon-coated and vill be ue:d in glove-box and
hot-cell applicatiouns.

The greatest radistion exposure to RMAL per-
sonnel occurs when waste is rtemoved from the
cells to the dumpster for burial. Although
improved techniques have reduced the exposure,
there resains room for improvement. A design
for a shielded vaste carrier has been made, and
a mockup constructed for testing.

Testing of Costiags

Several nuclear coatings customers have ex—
pressed an {nterest in obtaining culorfide rve~-
lease values at radiat{on exposures up to 107
Gy. A stainless steel cylinder with an O-ring
seal wss fabricated and conditioned with a
dilute chloride solution at the high—-flux radia-
tion facility.
radiated, and recoveries of 951 or greater were
obtained. Coated steel panels wvere tested at
exposure levels from 105 vo 107 cy-
indicated thet chloride release 1is
very rapid and decreases with time.

A superheater has been {nstalled {n the
design-basis~accident (DBA) test facility for
nuclear coatings. This saddition will sllow the
testing of coatings at temperatures up to 195°C
to wmore closely simulate accident
conditions.

Silicone rubber specimens were tested for the
effacts of radiation on their mechanicsl proper-
ties. Semples were exposed to both neutron and
gemms fluxes and tested for tensile strength,

Standards and blanks were {ir-

Results
initially

Teactor
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elongation, and cowpressibility. The mechanicsl
property tests were done by Metasls and Cersmics
Division personnel. (3. F. Arrle)

GCENERAL ABALYTICAL LADORATORY
R. R. Rickard, Group Leader

The number of analytical requests handled by
the General Analytical Laboratory (GAL), or as-
signed to other laboratories, increased sharply
during the year. This incresse was duve princi-
pally to three projects: a sasple-intensive
study of a biodenitrification pilot plant, an
investigat ion into the chemical species that sc-
count for corrosivity of distillste oils, and a
Laborstory—vide sampling of oils for polychlori-
nated biphenyl analysis. During the year, two
service contracts with commercial laboratories
vere used during pesk load periods to mitigate
the impact of personnel losses. Some of the
interesting analytical projects and probleas
encountered during the year sre reported here.

Cenersl Asslyses

A gas chromatograph vas assemb/ed and evalu-
ated for the anslysis of gaseous products fros
the combustion of uranium csrbide. A test of
the system using a novel single-injection tech-
nique ylelded a 95X confidence limit of +1.2%
for the CO sand +0.87 for the CO; in a wmixture
of 60 CO-40T C0;. The single-injection tech-
nique was made possidble by using the reference
side of a thermsl conductivity detector with
satched thernistors snd two columns connected to
the detector.

The determination of dibutylphosphoric (DBP)
scid 1in solutions contsining relatively high
concentrations of nitric scid by fon chromatog-
raphy had been difficult iIn the past. Removsl
of this nitrate interference has been achieved
through the use of SEP-PAK® C;g raverse-
phsse resin cartridges. The resin, vhen vetted
oanly with sethsnol, retains DBP but allows
quantitstive elution of nitrete with water.
Approximately 90T of the DBP was eluted with
sethsnol.

A csscaded wmultistage electronic filter hae
been added to the vscuus fusion systes to remove
l1ine snd high-frequency noise. It {s nov pos-
sible to select s setting that vill pess the
chromatographic pesk of hydrogen, nitrogsn, snd
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oxygen without distortion, yet filter high-
frequency unoise couwponents of the snalyte
signal. This festure significantly improved aur
capability to acalyze wmetals with very lov gas
countent .

Carbon wvas determined 1in wercuric 1odide
crystals by flowing oxygen through a combustion
tube hested with a clam-shell furnsce. A cold
trap vas employed to rewove mercury snd iodine
before the cosbustion gases entered a Leco
carbon malyzer for CO; measurement.

Nuwerous fly ash samples were prepsred for
snalysis by inductively coupled plasms spectros-
copy, using a sethod adapted from that used by
the NMURE program for stream sedisents. This
dissolution~leach sethod uses digestion with hot
nitric and hydrofluoric scids. A special 2.5
ca-thick slusinum plate _— with an isbedded
thermocouple, recessed wvells 1.2-ca deep for
Teflon beskers, and coated throughout with
Teflon — maintained the digestion temperature
desired for consistency.

Operator fanput of gimulsted distillation dsta
vas elisinated by employing s BASIC laoguage
program vritten for a Sigma-10 chrosstographic
data systea. The data systes, vith a printer/
plotter, removed a potentisl source of error and
shortened sanalytical tiwe.

Salt samples from a proposed waste depository
were anslyzed for sulfate, carbonate, moisture,
and weight loss at different teamperatures.
Other salt samples subjected to gamms radfstion
were mslyzed for hydrogen peroxide, chlorine,
perchlorste, and chlorate content.

Extensive anslyses were made on “as-
received” widdle~distillate oils from the Frt.
Levis cosl liquefaction plant in order to deter-
sine which chesical species sccounted for accel-
ersted corrosion rates. Total oxygen, nitrogen,
chlorine, sulfur, and iron wvere determined in
both the oils snd water wash solutions. Water
washes of oils sppesred to reduce corrosivity of
the of1 by stripping significant percentages of
chlorine, lesser smounts of sulfur, and the same
order of amsgnitude of nitrogen (on en atomic
percent basis). Further studies sre In
progrees -

Ravirosmestsl Anslyses

A bdiodenitrificstion pilot plant required
spproximately ten thoueand analyses over an
extended opersting period. Ethanol (s food sup~
plement for the working bacteris), nitrate,
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nitrite, smmonis, total orgsnic carboa, and
phosphate were determined daily ou six to twelve
ssaples over g six—month period.

Photographic waste solutions were »wmalyzed
for silver snd cysnide coatent in suppor of
studies desling with waste solution cleamp.
Cysnide was distilled from the solutions nd
seasured vith an  ion-selective electrode.
Silver, both solubie snd insoluble, was deter-
mined by atomic absorption spectrophotosetry.

A joint effort of the Anmalytical Chenmistry
Division sud the Environmental Sciences Division
(ESD) with the Tennessee Valley Authority, wss
anfertghen to evsluste the effectivenegs of
anslytical sethodologies for msking measurements
of trace elsments in leachates of coal-type
wsterials. Analyses of leschates prepsred by
ESD for arsenic, berius, cadmivs, chromjum,
copper, lead, mercury, nickel, silver, and gzinc
content have been cowpleted by our Eavironmental
Analyses Laboratory snd = IVA
Results of the study {ndicated
laboratory sgreement.

Organic msterial in certain waters and sofl
leachstes imparts a color that interferes with
the wethyl thymol blue procedure for sulfate.
Programmet fc needs dictate that sulfste anslyses
not be cowpromised by eaploying clarifying
treatments that form sulfste from other sulfur
species. After many tests, s SEP-PAK® (g
reverse-phase resin cartridge was found to
remove the orgenic interference st pH 1.7. Such
pretrestment proved scceptable and solved a
long-standing problem.

Assesbly of an srsine generator coupled to s
heliuva-glow discharge sxcitation systes has been
completed, evaluated, snd put into service. The
unit has met sll expectations for determining
total sersenic snd the arsenic form (specis-~
tion).

Jaboratory.
r00d {inter-

TRANSURANIUM ANALYSIS LABORATORY
J. #. Cooper, Group Leadar

Most of the effort of the Trensursnium (TRV)
Production Plant this psst year was directed
towsrd production of transcurium elements and
the study of powsr raactor fuel elemant repro-
cessing. These two progrsss genarsted the
na jority of samples snalyzed by the Transuranius
Anslysis Laborstory. Two different campaigns
for the production of californfus (about 1 g
total) generated 12,000 analyses, and the
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solven? extraction studies in power reactor feel
raprocessing generated about 6000 analyses.

One unique sspect of fuel reprocessing
studies was the testing of a device for wom-
destructive snalysis (NDA) of fuel elements. A
cooperative effort asong the Chemicsl Tech~
nology, Iastrumentation and Controls, ead
Anslytical Chemistry divisions was necessary for
testiag of the NDA device. The Transursaies
Avalysis Laborstory was respousible for coordi-
nstion of the destructive analysis efforta smong
our lsboratory, the Radiocsctive Materials
Analyticsl Laboratory, snd the Mass and Emissica
Spectrometry Lsboratory. After the fuel ele-
uents were assayed by HDA, they were dissolved
by TRU operstions persoonel. Samples, with
appropriate “spikes,” were analyxed for deasity,
uranioa, plutosiuva, asnd lutetium. A koown
awount of lutetive had been sdded to the dis-
solved fuel solution to ensble us to make a
check on the total wolume Jf solution. Agree—
ment between the NDA and the chemical determine~
tion of uranius and plutonium was withian 1X.

During laboratory studies of the behavior of
plutoniua 1n fuel reprocessing, we vere re—
quested to determine the valence states of plu~
toniua in wmany ssmples. By measuring absorp—
tion gspectra of the plutoniums solutions, we were
able to determine not only the valency of the
plutoniums but also the pregence of plutonium
polymer. This wethod of analysis [s valusble
not only because of {ts nondestructive nature
but also becsuse of {its short turnaround time.
The only sample preparatfon step required f{s
that of dilution of high-concentration plutonius
samples.

The Trensuranius Anslysis Laboratory f{e
frequently raquested to assist in prepsrstion of
specisl msterials containing rsdicactivity. An
example of this special activity uss our preps-
ratfon of a solution of 24lps n godfum
citrste. The AmO; (finsoluble {in sodium ci-
trate) was dissolved (n nitric
acid. The resulting solution was evaporated to
remove most of the scid and was sdjuated to the
proper pi by addition of s satursted solution of
sodium citrste. The final solutfon was dilutaed
to 300 ml and an swericfum concentrastion of
3.7 x 107 8q/ml. In sddition to the prepara~-
tion of this specisl solution, we often aliquot
snd dispense many other transursnius elements
for shipment.

Updating of equipment is necessary for high-
quality anslytfical results. The Trsnsuranius
Analysis Laboratory has procured seversl iteme

conceantrsted
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of equipment to help maintain the quality of our
analyses. A Jdielectric coanstant meter, designed
and built in the Analytical Chemistry Division,
is now befing used for measurement of tributyl-
phosphate concentration in organic diluents. An
alpha counter that uses a disposable phosphor is
novw {n use to rrovide low—-level alpha asctivity
measureaents in liquid effluents from the Labor-
atory. We have acquired all cowpoments for &
gamma spectrometry systea that utilizes a Ge(Li)
detector and a cosputer analyzer (ND-6600).
Persoanel are now being trained {n the use of
this systes. Some hot—cell equipment is being
redesigned to give more reliadble operation. The
prototype of a remwote pipettor has been con-
structed and is being tested- A newv titration
systems [s being designe. for use in our lsbora-
tory. To impleaent the deteraination of acidity
during design and construction of this systes,
ve have ordered a commercial automatic titrstor
for use on out-of-cell samples.

REACTOR PROGRAMS
D. A. Costanzo, Group Leader

The primary function of the Reactor Prograss
Gruup 18 to provide analytical support to on-—
going reactor technology developsent programs,
vhich include the Consolidated Fuel Reprocess-
ing Program (CFRP), High-Temperature Gas-Cooled
Reactor (HTGR) Program, and the Alternative
High-Level Waste Forms Developsent Progras.
“Laboratory-oriented” research and development
in support of these programs is also performed
In othar sections (and reported elsevhere).
This group also perforss methods developsent to
meet the needs of the service laboratories.

Consolidated Fuel Reprocessing
Program Studies

Reference sample plan, HEF-sodified flow
shset (200 series). A reference ssmple plsn
for anslytical chemistry and process control
requirements of the proposed CFRP Hot Experimen-
tal Pacilicy (HEF), s pilot-scale fuel reproc-
essing demonstratfon plant, has been 1ssued (1).
The plan provides sn assessment of the level of
analytical support required for the process by
describing projected locations, physical charac-
teriscica, and frequency of sampling and snaly-
#1s necemsary for plant control and msterial
acrountabhility. With that information, planning
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for equipment, personnel, and operating costs
necessary to meet conceptual design requirements
vas completed. The plaa slsn shows availability
of anaslytical methods and of sensors for im-line
application, as well as tte status of research
and development of nev snalytical techniques and
nev in-line sensors. {(J. L. Marley, E. D.
North (2)])

CFRP gmelytical support laboratory. The
anslytica]l support lsborstory located in
Buildiag 7603 provides technical support to CFRP
engineering development tasks by providing on-
site snalytical service and by carrying out
special projects to meet the meeds of eagineer—
fag studies. During 1979, 2280 snslyses were
performed, primsrily ian support of the rotary
dissolver, iodine sbsorption, snd voloxidizer
studiea. The followving special “laboratory-
oriented” projects were completed: (1) collec-
tion of dats to determine the ferric nitrate-
conductivity—density relstionships at &5, 70,
snd 95°C (the information wvas needed for fmstru-—
ment developwent), (2) perforwing s scoping ex-
periment to determine the feasibility of obtain-
ing significsat volume rveduction (~4CX) for
boric acid-borax solutions to sid in the evalus-—
tion of waste-handling processes for the Three
Mile Island resctor site, (3) comparison of the
effectiveness of calcium oxide, magnesius oxide,
and calcium sulfate for the absorption of
tritium a¢ HTO. (J. L. Marley)

Thermal anazlysis studies. Thermal anal>-
sis (TA) and mass spectrometry (MS) have been
used to study s variety of ursnjum compounds {in
support of CFRP process resesrch and development
snd product conversion studies. A DuPont 990
thermsl anslyzer, vhich includes s thermogrsvi~
metric snalyzer (TGA), s differentisl thermsl
gravimetric anslyzer (DTA), a differentisl scan-
ning calorimeter (DSC), and s Bendix MA-2 time-
of-flight mass spectrometer, was used.

A kinetic study was made of the dehydrstiom
snd denitration of uranyl nitrats hexahydrate
(UNH). A stepwise dehydration of UNH followed
by nitrate decosposition was observed in TC snd
DSC snsalyses. The DSC analyses at different
heating rstes vere the basis of the kinetic
deterainstion of sctivation energies using the
sethod of Sskamoto, et sl. (3). Evolved gas
analysis (EGA-MS) of UNH by MS at linear pro-
grammed heasting rates confirmed ths following
reactions:

U0, (N03),-6H,0 + U0, (NOy),-3H,0 4+ 30,0 72 kJ/mol
U0, (N03)2°3H,0+ U0, (M03)2°2H20 + H20 85 kJ/mol
U%(m3)2'2“2°+w2(m3)2 '5204'520 128 lJ/lOl




K

D0 ,(803)2°H0 ~00;(803) 2 +H20
00,(¥04); +00; +M0,

+33 kJ/mol
172 kJ/wol

DSC data for the dehydration and thermal
decomposition of uranyl aitrate hydrates have
been produced for five heating rates. These
nounisothermal data are being evaluated using the
rate equation proposed by Sestsk and
Berggren (4):

dajdt =~ X(t)a" (1 —a) [—1n(2 —2) )P ,
vhere

a = the degree of conversionm,

da/d: = the rate of reaction, and

X(t) = the temperature-dependent rate
constsat.

The m, 7, and p psrameters are estimsted by
taking the 1logariths of both sides of the
Sestak~Berggren equation to make the equation
linear and using linear regression to estimate
the coefficients, vith oue value of m, n, and p
always being zero. In additfion, this wmethod
gives egtimates of the activation energy and
preexponential parameters of the Arrhenius rate
constant.

Prelininary anslysis of the data indfcates
that dehydration of uranyl nitrate hydrates 1s
controlled by a nuclestion process according to
ac exponential 1law; in contrast, the thermsl
decomposition {s s phase-boundary-controlled
process. The value of sctivation energy is very
sensitive to the type of process assumed; fur-
ther {investigations are being conducted to
determine the correct process.

Several studies have been made on the thersal
snalysis of other uranium compcunds. One study
vss made on a series of four sssples: (1) 252
U03-75% U0,(M03);, (2) NH,NO03, (3) NH,UO(NO;);-
H,0, and (4) (NH,),00,(W0;),-R,0. The TA data
showed resction tamperatures for dehydration,
denitration, and U0; +U304 reduction processes.
The significant masses reported by EGA-MS were
"" m' m2+r m3+v ﬂ20+, '2+l “°+l °2+I N2°+v
and No,*.

Studies were made on acid-~deficieat uranyl
nitrate (ADU) by TA. Differences becween ADY
sawples dried from methanol and ssmples dried
from squeous solutions were compsred. TGA
thermograns were distinctly differeat for ADU
obtained by evaporation from methanol aad ADU
evaporated fros aqueous solutions. DSC data for
squeous~evaporated ADU samples exhibited only
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endotherus; in contrast, each sethanol-
s.vaporated sample exhibited a large exotherm st
75°C, wvhich indicated the reductfon of uaftrate
by methsnol. The MS data substantiated the TG
and DSC data.

Another set of similar analyses was done on a
sswple of U0, (NO,),;-xCH,COOH.
show that uranyl nitrate coordinated with acetic
acid is more stable than uranyl aftrate coordi-
nated vith methanol or water and has thermograms
more like U0,(N0,). xR,V than U0.(KO,),-xCH,OH.
The wajor decomposition reaction temperature
wvas 350°C for the acetic acid UO- (NOy); complex.
(D. A. Lee, C. k. Baune (5]}

Studies on the resction of wsuger with
nitric acid. The reaction of sugar with con-
centrated nitric acid wvas closely examined at
temperstures of 100 and 110°C and in the pres-—
eace of lov levels of iron [0~0.2 ! Fe(III)].
These experimental parmeters simulated solutfon

These analyses

conditions for a propowed process to deniliate
highly acidic radioactive nitrate waste.

Under these conditfions, the denitratfon of
pltric acid by reaction with sucrose {s an ex-
tremely complex series of hydrolysis and oxida-
tion reactions, and no simple mechanistic treat-
ment is suitable. However, the overall reaction
can be defined (for a 24-hour reaction period)
by the following equatiom:

'—d-gi:l = 40¢) (A](C]

3

where
K(t) = timse-dependent rate coefficient fin
1-sol-lmin—?,

A = regidual hydrogen {nn concentration
in mol/l, and

¢ = residual carbon concentration in
mol/1.

The rate coefficient [K(¢t)] mathematically de-
lineaces the change from a rapid initial reac-
tion to a slower digestion reaction. For rela-
tively short reaction times, the rate coeffi-
cient may be used as s second-order rate con-
stant. Rate constants for this “second-order
reaction” gare calculated to be from 0.49
x 10% o 1.88 » 10%1-mol~l win—l, de-
pending on tempersture of the reaction and con-
centration of 1iron(1I1) present in the nitric
scid. The relationship of the rate constant, X,
with fron(III) at 100°C fs

K= 0,60x107" +5.60 » 10r “[Fe(II1)]



Efficfencies of the acid kfll reactfoa, ex—
pressed as moles of nitric acid consumed/wole of
carbon added, ranged from 2.56 to 2.93 (o~ 26 to
35 moles of acid/mole of sucrose). iC. 8.
celowsrll

Toa chromatography. One disadvantage of
the commercial Dionex fon chromatograph is pumsp—
pulse noise encountered at high sensitivity of
the conductivity detector [e.g., 1 uS (1 uwmho)
full scile]. To slleviate this problem, bath
our model 10 and wmodel 16 {on chromatographs
have been equipped vith pulge dampers (available
from Gleaco Scientific, Inc-). The result of
the pulse dampers has been an improvement in
signal-to-nofse ratfo by a factor of 15 on the
1-uyS full-scale range.-

To iacresse sasple throughput and eliminate
sanual injection of samples, the Waters fotelli-
gent sample processor (WISP), model 710A, avail—
able from Waters Associates, Inc., was f{ater—
faced to our model 16 fon chromatograph. This
sasple processing unit has a capacity of 48 sim—
ples per carriage and permits asutosetic, unmst-—
tended, overnight operation of the ingtrument.

A model 10 fon chromatograph vas msodified for
glove-box use. The columns, injector valve,
column switching valves, and coaductivity cell
vere removed from the maian instrument asad en-
closed in a separate stainless steel cabinet.
Four feet of air and liquid line cosprise the
connections of the remote cabinet gnd {nstrument
controls. A four-wire lov-capacitance shielded
cable wvas used to connect the detector cell to
the electronics. (J. M. Kellcr)

Deteraination of Cr(VI) 1ia meclesr feel
reprocsssiag selstions. Becsuse Cr(VI) ac-
celerates the corrosion of stainless steel proc—
ess vessels, a method wvas devised for the deter~
minstion of Cr(VI) 1in simulated auclear fuel
element dissolver solutions containing high con-
centrations of nitric acid, corrosfon products,
and fission products. The method favolves the
separation of most cations, {including Cr(IIl),
by precipitacion as hydroxides from basic solu-
tion. Ruthenium, vhich s not removed by this
first sepsration, is oxidized by argentic oxide
snd i{s subsequently removed by fuming the solu-
tion with sulfuric acid. The chromfius that
remsins in the residue is then assayed by s
standard s-diphenylcarbazfide spactrophotometric
tachnique. The method is accurate to +3 ug/ml
at the 10 to 100 ug/ml level of Cr(VI) in the
teat aliquot. (7. 5. MarDougall!

Alterustive High-level Haste Forms
Developusat Program Studies

Therme]l emalyses of SYNROC. Thermal
anslysis studies for the Alternstive High-level
Waste Forms Developmenr Prograa have been wmade
or Iinternsl gelation SYNROC sicrospheres.
SYSROC is s mineral-type cersmic being evaluated
as a waste fors to immobilize rasdicactive wvaste
for ultimste dis{ 3ssl. Wet snd dried samples of
washed and unvashed gelled microspheres have
been examined by TGA, DSC, DTA, sud EGA-¥MS.
Thermograss fros each technique were obtained by
linear-programmed heatiog. From profiles of the
thermograms, the pyrolysis reactions wvere pro-
posed. For SYNROC sol-gel samples, the DSC and
DTA thermograms were not very definitive. Most
of the data were tsken from TGA and ZGA-MS
thermograas .

Vater vas 2 ®ajor cowpounent evolved _. even
from dried (200°C) microspheres. Each of the
DSC snd DTA thermogtams had s large endotherm
for release of water near 100°C. Closer exami-
nstion of TGA and EGA-MS profiles revealed the
release of different sources of water — guter—
sphere, inner-sphere, and that formed from the
combustion of otganic materisls snd dehydration
of metal hydroxides.

For unwashed microspheres there were residusl
quantities of the or{ginal gelation chemicals
and their chemicsl reaction products. These
included ures and {ts decosposition compounds,
ammonia, snd formaldehyde from the hydrolysia of
hexsmethylenetetramine (AMYA). After the evolu-
tion of outer-sphere wvater, mmmonis wvas released
upon further hesting. The EGA-MS thermogram for
ammonis had two pesks. This suggests that the
first peak was due to ammonia from AMIA hydroly-
sis and the second from urea decomposition. The
telease of CO and CO; near 300°C indicated the
cosbustion of orgenic residusls. At this re——
persture, e large number of organic mssses were
relessed for uavashed aicrospheres. Rowever,
for washed wmicrospheres the organic products
were practically anil. Washed microspheres re-
lessed mostly water gnd small counceatrations of
Ni3, CO, and CO;.

A kinetic study of some of the decosposition
resctions was conducted by che wmethod of
Sskamoto et al. (3) using MS. Maas spectrzl
scans were made at several different hesting
rates. Archenius plote were asde of the logs-
ritha of the heating rate against the



reciprocal of the absolute temperature for peak
ion current intensities of each particular mass.
Activation energies wvere determined from the
slope of these plots: outer-sphere water = 36
kJ/mol, CO from urea decomposition = 179 klJ/wol,
snd CO; from organic combustion = 293 kJ/wol.
(D. A. lee, . E. Knipschild (6))

Quasi-isothermal dryisg of sol-gel SYNROC
microspheres. During the drying process,
SYNROC microspheres tend to crack due to exces-
cive gas release. To prevent cracking of the
two quasi-isothermal drying sys-
tems vere developed to control the rate at which
gas is evolved.

The first system uses a DuPont thermogravi-
metric snalyzer interfaced with a Macsya II

microspheres,

sicrocomputer. This system, called the thermo-
gravimetric—constant (TGA-CWL)
system, vas used to determine the drying condi-

tions necessary to miniaize cracking of the

veight loss

microspheres. The system wmonitors total weight
loss and ccntrols the rste of heating through a
feedback loop. Intact wmicrospheres were ob-
tained vhen they wer= predried at 100°C for 48 h
and then dried at a controlled temperstutre to
saintain a constant weight loss rate of 0.4
vt I/min. The heating cycle obtasined from the
TGA-CWL systeam vas programmed onto a 3.8-cm
Astro furnace. In this furnsce, larger (100 g)
batches of unwsshed spheres were successfully
dried and sintered with only minor cracking.
However, porosity studies indicated that density
of the spheres wvas low.

To further study the problem, evolved gas
from the TGA furmace vas fed into a time—of-
flight wmass spectrometer (TOFMS). The wuass
spectrometer annlyzed the gases and their rates
of evolution as they were produced during TGA-
CWL drying. Results indicated that the large
rate of amaonia evolution was reponsible for
most of the weight loss of the sample.

A second systea, called the nass
spectrometer-constant weight 1loss (MS-CWL)
system, vas set up to control heating rate by
wonitoring the rate at which specific gsaeous
components were released. Using the TOFMS, the
heating cycle was controlled by the rate of am-
wonis evolved. An argon leak was used to cali-
brate the instrument and normalize the data.
(K. P. Croas (7), D. A. Lee)

Baseline-drift compemsstor for s Perkia-
Elmer DSC-1B differentisl scanning calori-
meter. Baseline drift, for an extended tem-
perature range on the DSC~1B, has been a trou-
blesome problea for many years. The source of
the drift {1s probably a cosbination of
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electronic drift, thermal instability, and mis-
matched thermistors. To avoid internal modifi-
cation of the inst.usent electronics, s simple
drift compensstor, comnected to the output of
the instrument, vas proposed. Adjustment of the
instrument provides s drift with fairly counstent
slope. By aspproximating the drift slope vith a
rawp generstor and taking the difference bet:seen
the two signsls,
obtained.

The baseline compensating circuit was con-
structed snd connected to the DSC-1B8. Initial
evaluation of the circvit wvas successfu’, and a
fairly counstant baseline was obtained for a tem
persture scan of 350 to 700 K. However, a prob-
lea that prevents reproducible setting of the
constant baseline drift s-pears to exist with
the front panel controls oJf the DSC-1B. This
project is still in progress. A report on the
baseline—drift compensstor is in prepsration and
will be submitted to Analytical Chemistry.
(J. M. Keller, G. E. Gorder [6}, G. R. Mack
(9))

Leaching

studies were

a coastant baselfne car. be

studies of SYEROC. Leaching

undertsken to Jetermine the
suitability of SYNROC for disposal of
radiocactive wvaste. SYNROC is a solidified waste
fixation product formed from s amixture of a
number of oxides, principally Al,03, BaoO,
Ca0, T10,, and Zr0,. It fa ome of several
asterisls recommended for use in immobilizing
high-level nuclear waste.- One of the wmost
{aportant criteris for & good wvasie fixation
material is low leachability.

Leaching studies of SYFROC pellets spiked
wvith U-238, Pu-239, Am-241, ard Ca-244, which
vere begun in the last quarter of 1979 and
reported in the 1979 annual report (10), are
continuing. Additionsl leaching studies on
unspiked SYNROC microspheres were carried out
during the past year. Deionized water and
simulated ground water were ugsed as leachants;
leaches were conducted st tesperstures of 23,
70, and 90°C. Leachants ware asnalyzed for the
main components of SYNROC by gtomic absorption,
x-ray fluorescence, flsme emigsion, inductively
coupled plasma, and activation anslyses. (F. L.
Layton)

High-Temperatare Cas—Coeled
Rescter Program Studies

Craphite oxidstios studies. In & Jjoint
effort with the Metals and Cergmics Division and
the Chesical Technology Division, laboratory



experiments are undervay to study the oxidation
aof reactor-grade graphites by woisture and the
effect this oxidation has oa structural proper-
ties of the graphite. These oxidation studies
are carried Jut in a closed-loop spparatus using
helium as a carrier gas. The operacing condi-
tions of temperature, gas flow, and moisture in
the helium sveep gar are varied to simulere the
secoandary coolaat in an HIGR. Graphite species
avre to be characterized for deasity, surface
area, and porosity before and after tresatment
(11).

Construction and evaluat{ion of the automated
BET-type surface area apparatus are complete.
The system can wmeasure specific surfaces as
suall ss 0.5 uZ 2nd has an accuracy and preci-
sion of better than +0.02 a2, Larger surfaces
up to 1000 al can be measured vith an accuracy
and prec{sion of +0.5I. 1In additioa to oxids-
tioa studies, the system has been used to weas-
are a uumber of special sasples, including some
highly actfvated charcoals (>900 =mi/g) end
some {ridium powders (<0.5 lzlg)- We are also
participating in an ASTM round robin to study
measurement of surface areas of reactor-grade
graphite samples. The apparatus i{s also uded to
measure helium densities of the samples. Solids
fn the range of 1-20 g/cmd can be wmeasured
with a precision and accuracy of iO-OOS

glemd. oL L iTmeinn)

Special Projects

Therms]l analyses. The use of TA to solve
process cheaistry problems has increased signif-
icantly during this period. The number of cus-
tomers, the variety of materials and reactions,
and the nuamber of analytical f{nstruments and
accessories used have sll increased. More then
one techaique has been used fur cach analysis.
Comparison of the analyses Ly TGA, DTA, DSC, and
M5 has been useful {1 efucidating chemical and
physical reactions.

Thermal anslyses were sade of afixed (U-Th)
nitrate-NH N0y (solutf{on, slurcry, and wmoist
powder) samples. The only difference fa the
samples vas the amwount of NH,¥. The therso-
grams from DSC analyses became wore complex ss
NH;* concentration incressed. Prom MS dsts
it was determined that NH3 complexing with
U-Th fons vas Increased ss the NH,* (- ncen-
tracion {ncreased. In thece systems .c vas
found that NH,NOy decomposicion wvas not

simply NH NO3 ~ .‘20 + 25'120 becacse X,
XHj, and X0 wvere slso released.

Urania gel microspheres from General Atoamic
{GA) Corporastion were compared with GRSL urania
microspheres - The GA wmaterial contafned mmch
more carbonsceous materials snd other fragmen:s
than the ORNL materfal. The MS, DSC, and TGA
analyses wvere significantly different for the
tvo materials.

Samples of GOy + C from CA wvere sintered.
After sintering, the samples were heated ({n
Ar-0.51 CO, Ar-2T CO, Ar-4% A., and Ar. Saall
dif ferences in peak temperatures of the S ther-
mograss were noted for masses 12, 16, 18, and
44, but oo differences could be detected for the
four samples in their TGA and DSC analyses.

Tb,09 prepared {a the Chemistry Division
from a carboanate solution was analyzed by TGA
and MS. From MS data {t was concluded that
principal decomposition products wvere CO, and
H20. These dsts indicate that the composition
of the cospound vas Tb,04-2C02- 2H0,
which was described by Ssstry, et al. (12).

Preparations of uraafum and thorfum wmolyb-
dates, as well as wmolybdenum oxides for the
CFRP, have been studied by TA. TCGA, DSC, and
EGA-MS thermograms Vere used to characterize
these materials.

TCA and MS studies were made on the decompo-
sition of sodfum nitrate for denftration of
Savannah River nitrate wvastes. Reactions stu-
died were the reduction of NaNO; by sulfur in
L17C03, the reduction of NaNOj by carbon
in NajC0q, tne reduction of NaNOjy with
{ron powder, and the thermal decomposftion of
NaNO4 in the presence of freshly precipitated
sluminum s*’fcare. Other possible reactions for
NaNO4  decomposition vere also proposed.

(D, A. iz€)
A bipolar-pulse coundectivity detector for
ion chromatography. Ion chromatography ea—

ploys s background suppressor column to elfmf-
nate or decrease bsckground conductivity due to
the elusat. There are several dissdvantages
sssociated vith employing a suppressor column:
(1) decrease (n efficiency; (2) limf{ted choice
of mobile phase; (3) requisite regeneratfon of
the suppressor; and (4) analysis complicacf{ons
due to {fon exclusion, oxidation, and {nsolubilf-
ties of sample fons. One approsch to elimina-
tion of the suppressor column {s to esmploy a
bipolar-pulse technique for the measurement of
conduct{vity (13). This technique {nvolves the
spplication of two successive, constant dc



voltage pulses of equal but opposite pclarity to
the coeductivity cell and messuresent of curreat
flowing throogh the cell at the end of the sec-
ond pulse. One of the main adventages of the
bipolar-pulse coaventionsl a-
techeaiques {s that the duty cycle of dc pulses
applied to the cell can be wvarfed to sinimize
solution heating. With sc wethods of coaductiv-
ity measuvrement, coatinuous power is applied to
the cell.

The design, construction, and evaluation of
a prototype were completed. Athough the proto-
type produced encouraging dsts, the asplifiers
ewployed did not kave the speed or current capa-
bilicies to hardle highly coaductive solutions
(grester thsan 5 aV sslt). A nev deiign, ewploy-
ing high-speed, high—curreat amplifiers, has
been completed. This design has been a joint
effort between the Instrusentation and Controls
Division and Analytical Cheaistry Division.
Evslustion of this prototype s still in prog-
ress. A report on application of the bipolar-
pulse technique to fon chromatography has been
accepted for pablication in
Crerristry. (<. M. Xeller)

Developmeat of a wmomitor for spark-isduced
by-products of sslfur hexafleoride. Tre 25-MV
tandea saccelerator of the Holifield BReavy-Iom
Research Fscility employs sulfur hexaf luoride as
an fnsulating gas. When high-voltsge coroms
discharge or electrical arcing occers in the
sulfur hexafluoride atmosphere of the accelera-
tor, degradstion of the gas occurs and results
ifa formation of various by-products through dis-
socfatica sud {ionization reactions. Although
sulfur hexafluoride is Inert and nontoxic, the
spark-induced by-products wmay be highly corro-
sive and toxic. These by—products are primarily
responsible for cortosion of accelerator hard-
vare snd electrical instabilities that degrade
perforusnce of the sccelerator. It {s therefore
desirsble to have s monitor for these spark-
induced by-products so that appropriste sctions
can be taken wvhen there s a buildup of
by-products.

Various techniques for qualitative aund qusn-
titstive analysis of SPg by-products have been
reported. Rowever, the techniques lack either
the sensitivity or selectivity required. Al-
though analysis of esch individual by-product
wight be desirsble, a more practical viev may be
to employ a method that provides s measure of
the totsl contamination of SFg. To obtain s
sessurement of ctotal SFg contaminst fion, one
may take advantsge of high reactivity of the

techaique over

Analytieal
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by-products. High resctivity can csuse coansid-
erable problems with instrumsent techniques, such
as TR, GC, and MS. These probless may be due to
instrument corrosioa and artifacts resulting
from the sampling techaique.

By allowing the by-products to hydrolyze {in
a0 aqueous solution, one may malyze for fluo—
ride and obtain s measuresment of the total hy-
drolyzable fluoride (THF). Oor design of s THF
wouitor, in which by-products asre allowed to
hydrolyze, employs & Hall electrolytic conduc—
tivity detector (HECD) (14).

A Tracor model 700 HECD was used for con—
struction of a THF wmoaftor. The conductivity
cell wvas connected to & flow of helium through
sa 3ll-Teflon sasple loop (200 ul) injector.
The cell electtolyte was 50/50 ethanol /water.
Trace fmpurities in SFg vere generated n the
laborstory by discharging a Tesla coil through
50 m] of SFg for several winutes. Samples of
the coataminsted SFg were then injected into
the helium flow. Seasitivity to the by-products
vas excellent, less thaan 0.0l ug/mV hydrolyzsble
fluoride vith a high attenuation of the detector
signal. A brief report of our ianitial studies
on wmonitoring SFg by-products is puolished fn
the proceedings of a recent EPRI workshop (15).
(. M. Zelicr, R. W. Holrbers [if)!]

Exsaisation of {rradisted brises. Storage
of radfoactive wvaste in salt repositories has
spurred ({interest {n the products formed by
radiolysis of chloride solutions.

Microsanalytical techniques for the sssay of
Cl,, R2Cy, Clog~, md Cl0y3~™ in
irradiasted brine solutions wvetre developed in
support of Chemical Technology Division radioly-
sis studies. Concentrstions of the species of
interest were not expected to exceed 2 ug/al In
satursted brine, wvhich greatly lisited the
choice of analytical methods.

A spectrophotosetric techaique utilizing
o-tolidine was chosen for determinstion of free
chlorine. In neutral solutfons, o-tolidine
reacts with free chlorine to fora a green-
colored complex. Absorbance of the color-
developed solutfon obeys Beer’s lav st 625 rm.
Quantities of chlorine from 0.1 to 6 ug 1in the
test aliquot were detersined with a precision of
about +5I. FWormslly, s buffer stadilizer would
be utilized to winimize low-pH {Interference or
high-pR fading. Fowever, the buffer formwd a
turbid solution when brine was sdded. Tiere-
fore, no buffer wss used, and all color develop-
mant wae carefully timed. Strong ox.dizing
(e.g.-, €105, 13, 04, ete.)

free

agents Bry,



faterfere, but their reduced forms do not.
Chlorate fom up to 10 ;g/wl does not intecrfere.
Hydrogen peroxide, also typically present in
irrsdisted brine solutioas, does not {interfere
However, peroxide does
quantitatively react with chlorine. The pres-
ence of peroxide signals the absence of free
chlorioe.

A techanique osing the oxidastion of Fe(ll)
vith H#0,, followed by spectrophotometric
deterninatfon of the Fe(III)-xylenol orange com—
plex, vas chosen for the determination of hydro-
gen peroxide. Hydrogen peroxide, in dilute
2,50, (0.05 %), oxidizes Fe(Il) to Fe(lil).
Under these coaditioans, the Fe(IlI) forms a com—
plex with xylenol orange (X0), which exhibits an
absorption peac at 540 nm. The absorbeance is

fa the analysis “er se.

direc.iy proportional to Fe(III) couceatratioan,
vhich is in turm directly related to the origi-
nal coacentration of H,0;. Any redox rea-
gent that {interacts with the Fe(IlI)/Pe(Il)
couple futerferes in the technique. Quantities
of B0, from 0.1 to 3 ug in the test aliquot
are determined vith a precision of about +5X.
and chlorate
present in 1irradiated briace solutioans,
interfere in the snalysis.

Chlorate {ion was also determined spectro-
photometrically. In wmoderately concentrated
50, (3 M), chlorate 1ion oxidizes Fe(Il) to
Fe(III). A fev drops of O0..Y 0s0g; 1n
H2S0;, are wused to catalyze the oxidation.
The Fe(IIl) that 1is produced forms a complex
vich thfocysnate, wvhich exhibits an sbsorption
saxisum at 480 nm. The sbsorbance is directly
proportionsl to the Fe(III) concentration, which
i{s fan turn directly related to the original con-
centration of Cl03™. Any rtedoz resgent that
interscts with the Pe(1IXI)/Fe(Il) couple inter-
feres in the technique. Both H20; and free
Cl, resct with Fe(Il) under the described con-
ditions to positively biss the chloraste sssay.
Since each effect {s quantitative, however, thst
bias may be aubtracted and the chlorate ssssyed.
Quantities of ClOy~ from 0.2 to 10 ug in the
test aliquot vere detersined vith s pracision of
about +10T.

An 1ion chrosstographic technique was chosen
for the determination of perchlorate {ion. A
Dionex model 10 {"m chromstograph wvas fitted
vith a low-capscity anion exchange separator
column (#20232) and a catinon suppressor columm
fn the Agt form- Tha eluant wvas 0.005 ¥ Kal
(2.3 sl/min). Under these conditions, the per-
chlorate elutes in about 3-4 win and {s well
separsted from chloride. No dilutfon of the

Free chlorice fon, typically

do oot

sasple 1is necessary, and 0.2 ug/wl CIOy~ canm
be determined with a precision of +15 percest.

For each of the spectrophotrosetric methods,
a slight eanhancement of the absorbance of the
noted with (incressing
amounts of chloride jfon. Therefore, the total
quantity of chioride fon wvas maintained at
1.09 YV in the color-developed test solutioa by
additioo of saturated MgCl, solution. (7. &
Yz=louaalll

Determination of SO sad SO3 1ia gas
ssmples. Th-e Metals and Ceramics Division is
studying the stability of wvarious materials in
an  HS0p eaviroament. These studies have
direct spplicability to the H; production
processes under ifavestigstion by Ceneral
Electric Corporation, Ceneral Atomic Coaspeny,
and Los Alamos Sciectific Laboratory. Coase-—
quently, we adapted two techaniques to assay
gases for SOy snd 504.

Sulfur dioxide is measured by collecting the
gas 1o WaOH solution. The umixture is adjusted
to a slightly acid pH, snd the S0, is ticrated
fodometrically. Quant ities of SO up to 1 g
uay be determined with a precision of +5X.

To determine total sulfur content (as $03)
in a gas sixture, the sasple i{s reacted with 3I
Hy04- This oxidizes the S0, to S0j, and
all SOy 1s absorbed {in the aqueous solution.
If no other acid gases are present in the
sample, total be determined by
titrating the R,;S0; with standard base. If,
however, other acid gases (such as nitrogen
oxides) are present in the sample, total sulfur
sust be determined by titrating for sulfste.
The sethod recommended for SO;Z" detersina-—
tion is titration with BaCl; by using tetrahy-
(17). {(C. 5.

colored complex was

sulfur can

droxyquinone as an 1indicator
MacDougalll

Particle size distribetios of uraasiua mstsl
asd uvramium dioxide powders. A Micromweritics
Sedigraph 5000/CEB particle size snalyzer, which
vas located in a glove box and used for msay
years to examine radiocactive materials, was up-
graded and placed into routine operation for the
measurement of particle size distribution of
U0 and uranius metal povder samples. Parti-
cle size is besed on the rate of sedimentation.
A nev sedimentation cell containing ssall steel
balls vas installed, and several electronic cos—
ponents replsced. A glass bead stsndard (NBS
SRM 1003) vas used to cslibrate the instrument
over the perticle diameter range 5-30 um.

The {instrument wvas easployed to determine
particle size distribution of a number of sam
ples of UO; and uranius metal. A 40X glycarol



solutica cootaining 0.0162 Daxad-23, a dispers-
iag sgent, vas used to disperse the U0; asm-
ples (density = 10.96 g/cm’); no problems were
escountered. However, dispersion of the uranium
wetal sawples (density = 19.03 glaJ) vas
quite & problem. Even when an 830X glycerol-
0.016 Duxad-23 solution was ewployed, it was
noticed that s portion of the sample could not
be pended by magnetic stirring prior to in-
troducing the mixture into the sedipentstion
cell. A commercisl dispersing ageat, Sediperse
A~12, has been ordered snd will be tested with
the uraoiua wetsl samples as socon as available.
(F. L. Laytom)
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h. BIO/ORGANIC ANALYSIS SECTION

M. R. Guerin, Section Head

Work in the Bio/Orgsnic section can be broadly divided into three classifications: Quanti-
tative Methods and Applications, Isolation and Identification, snd Sampling and Special
Projects. These are not clear—cut distinctions, however, since methods or techniques developed
in one program are often used in another. Close commurication between workery in different pro-
grams results in synergistic effects on section activities.

Techniques used for quanritstive methods include Fourier transform infrared spectroscopy,
high-performance liquid chromstography, and resin trapping followed by thermal desorption and
capillary column gas chromatogrsphy. The first two techniques sre primerily investigative
tools, vhile the latter is used more for reutine determinations of organovolatiles.

Isolation and identification studies rely heavily on preparative-scale liquid chrosatog-
raphy, nuclear magnetic resonance spectrometry, snd gas chromatography—chemical ionization mass
spectrometry. A primary gosl of this work is to isolate biologically sigrificant cowpounds and
to discriminate between structursl isomers. In attempting to distinguish amine isowers, for
example, smmonia-chemical ionization mass spectrometry has proved quite effective. Our involve-
ment in these activities has grown, not only because of increasing environmental compliance
regulations and expanded ORNL progrsms using organics, but also because we have developed tech-
niques and acquired equipment to perform the needed analyses. Such preparedness is a result of
the synergisa mentioned earlier.

The section has also a large and varied program in sampling and special projects. Some of
this spplied work is in support of environmental, occupational health, snd toxicology programs.
A nev major program is concerned with generating and monitorirg military obscurants for snimal
inhslation toxicology. Instrumentation to generate and deliver s diesel oil aerosol to rodents
was developed, as well as methods to characterize the aserosol. Synfuels research has centered
on identification and measurement of mutagens. For shale oil we have compiled data on a unique
set of shale-derived oils.

Running through these and all our programs is the thread of mutual support and sharing of
information. Though we perform a great variety of research for & number of different customers,
our ultimate sim is to use knovledge, techniques, and experience gained in each of these efforts
in a way to maximize technology trensfer throughout all programs.
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QUANTITATIVE MITBODS AND APPLICATIONS

Bigh~Performance Liqei4 Chromatographic
1solation snd Determination of Mutagenms
in Natural and Symthetic Foesil Fuels

Polycyclic sromatic hydrocarbons (PAH) and
polycyclic aromatic smines (PAA) sre two classes
of particularly mutsgenic compounds that are
present iuv natural and synthetic fossil fuels.
Because there are many individual compounds, we
are developing methods to quantitate "marker”
compounds of both classes. Benzo(a)pyrene
(BaP) is used as a PAH marker, snd the isomers
a-naphthylsmine (a-NA) and B-naphthylamine (8-
HA) appear to be useful markers for the PAds.

We find high-pressure liquid chromatography
(HPLC) to be an effective means of isolsting
and/or detecting these compounds (1,2). The
isolations sre achieved using a semipreparative-
scsle bonded-phsse column, whereas the analyti-
csl determinations are performed using an
analytical-scale, reversed-phase column. Use of
a fluoruscence detector to monitor the effluent
o’ the analytical column permits a selectivity
thar csannot be achieved with the more common
single—.avelength uv detectors.
snalyte is determined using carbon-14~1lgbeled
tracer. added to the sample before isolation.

R.p is determined by first injecting a spiked
sliquot onto a bonded polsr amino—cyano (PAC)
+olumn, eluting the sample with 6% (v/v) methyl-
ene chloride/pentane, and collecting the BaP-
enriched fraction. This isolste is then

Recovery of

injected onto an snalytical-scale octadecyl
silane ODS-HPLC column and eluted with 25% (v/v)
vater/acetonitrile. The effluent is monitored
at excitation and emission wavelengths of 365
and 425 nm, respectively.

BaP is recovered quantitatively (>95%7) from
all oile studied to date. The BaP concentrs-
tions determined by this procedure sgree well
(absolute results generslly within +20% and
sample correlstion coefficient of 0.984 for
eighteen samples) wvith those determined by a
reference procedure (3). An aliquot may be
isolatad .ad sns'yszad in three hours using the
nev method.

The a-NA and B-NA may be isolated and
detectea similarly. The two PAA markers are
eluted from s semipreparstive-scale aminosilene
column with 50% (v/v) pentane /methylene
chloride. The final daterminaticn is performed
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using the analytical-scale ODS-HPLC column with
s 50/40/102 (v/v) mixture of water/methanol/
scetonitrile made to 0.06 M in asmmoniua
hydroxide. The recovery of a-HA typically
exceeds 90X. Although the aminosilane column
resolves these markers by no better than about
50X, they may be distinguizhed spectroscopically
wvith no mutual intrrference by choosing an
optimized pair of excitation/emission fluores-
cence wavelengths. The appropriate wavelengths
for a-NA are 310/500 nm; those for B-NA are
270/405 om.

We intend to analyze many of the sasmples
previously examined for BaP conteat for both
a~-NA and B-MA end to compare the data so
obtained with our "refereance™ procedure. In
addition, we are refining the HPLC procedure a0
that BaP, a-NA, and B-NA isolates are geverated
in a single pass. T:e procedure mey be furtker
extended to include the mutagenic sminoanthra-
cenes and a wmarker species for the neutrsl polar
fraction. (B. A. Tomkins, V. H. Ostrum (4),
R. R. Reagan, J. E. Catom, H. Kubota)

Fourier Transform Infrared Spectroscopy

Fourier transform infrared (FTIR) spectros-
copy has been applied to several projects
including the Fossil Fuels Research Materials
Facility, studies of the nature of the sorption
characteristica of fly ash, analyses of super
low tar cigarettes, characterization of fossil
fuel fracticns separated by sewipreparative
liquid chromatography, and nuserous wmiscellan-
eous efforts.

Our 7TIR capability has been greatly enhanced
during the past year by addition of a diffus:
reflectance attachment. This allows the
spectrum of solid samples to be obtsined either
in its native form or dispersed in, for example,
KBr. Because the procedure involves reflection
rather than transmission, it can be applied to
both opaque snd insoluble samples sfter minimst
ssmple opreparation. Another adventage of
diffuse reflectance is an ennanced esignal-to-
noise ratio, which in many cas2s asllews the
neasurement of spcctral bands with peak absorb-
ances of less than 0.001 absorbance unit. This
tachnique has been especially useful in studies
of the nature of sorption characteristics of fly
ash where careful comparisons have been made for
different fly asshes and for a given fly ash
after heating (to remoe -olatile corpouads and
ultimately to remove all organic carbon) and

o
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utiliziang
spectra

extraction. Cowparisons
subtraction have yielded

spectral
that
indicative of the types of organic compounds
that are "sorbed” on the surrace of the fly ash.

are

Di ffuse reflectance has also proved useful
for characterizing the fractions of foasil-fuel-
derived products from aemipreparative liquid
One separation scheme yields
(1) aliphatic hydrocarbous, (2)
hydrocarbons, (3)

such as smines

chromatography.
five fractioms:
aromatic medium  polarity
compounds and heterocyclic
compounds, (4) highly polar cowmpounds includiag
pherols and cresols, and (5) extremely polar to
ionic compounds such as acids. These fractions
have unique infrared spectrsl features that have
easily been documented by sddiag several drops
of the fraction to 300 mg of KBr and obtaining
the diffuse reflectance spectrum. Ro fur.her
sample preparation is necessary. This work is
taken as a practical beginning towsrd coupling
liquid chromstographic sepsrations with wide-
range infrared spectrsl detection.
of the diffuse reflectsance technique
analysis of 1liquid chromatographic
include not only good sensitivity

signal-to-noise ratio)
preparation but slso eliminating
volatile solvents from the less volatile eluted
constituents.

Advantsges
for

eluants
(enhanced
ease of

and sample

ease in

A fraction can be sampled for
di ffuse reflectance infrared snalysis by adding
th.i'ee drops of the eluted fraction to a diffuse
reflectance sample cup containing powdered KBr.
The ample cup and its contents are heated for 5
100°C to wvolatilize the
The Kubelka-Muank plot (5) of the
resulting spectrum (with powdered KBr used for
the reference spectrum) showed a background
noise of less than 0.0001 sbsorbance unit. The
detection limit for an aromatic hydrocarbon such
as benzo(a)pyrene was spproximately 0.5 ng.
There are two disadvantsges to the use of
diffuse reflectsance snalysis of 1liquid
chromatographic separstions: (1) solvent
resoval (or sample loss) when the eluted sample
hss a volatility similar to the eluting solveat
system and (2) inability to tolerate wster in
the eluting sclvent system. The first disadven-
tsge is minor because other techniques such as

min in sn oven st
solvent.

for

gas chromatography-mass spectrometry sare wmsore
applicsble to volatile sample components. The
second disadvantage is of wmuch greater concern
because raveraed-phare separations {involving
wster as part of the eluting solvent mixture are

employed quite extensively in snalycical liquid
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chromatography. Water presents a significant
interference to any infrared techaique, includ-
ing diffuse reflectance. At present, the wmost
sdequate wmethod of thoroughly eliminating the
The
diffuse reflectance technique appears to be the

most

water interference is by lyophilization.
promising approach to cowbining liquid
chromatography with infrared spectral wmeasure-
wments. The first commercial iaterface should be
available by cthe time this renort is issued.

for and programmatic
applications involving FTIR increased signifi-
cantly in this reporting poriod. FTIR is
finding quantita ive as well as qualitative
applicability. Research is to focue om coupled
chromatography/FT1R. (J. E. Caton, W. A.
Griest, S. H. Rarmon)

Reoes’s services

Resin Collection and Gas Chromatographic
Analysis of Vapor-Phase Organics

The heslth and enviroomeantal effects of
vapor-phase organics sre important in such areas
as occupational exposure, smbient air pollution,
snd tobacco We have developed a
particularly useful method for the collection
and snalysis of these vapor-phase organics by
use of the sorbent resin, Tenax®.

smoking.

Collection of vapor-phsse orgsnics from
ambient eir is accomplished with the Moneyhun

sampling system (6), which mouats on the side of

a conventional high-volume air sampler. Vapor-
phase organics collected by the Tenax®
certridges are efficiently analyzed by our
thermal-desorption gas  chromatograph (Ge)

procedure (7). This method involves taking a
100-ag portion of well-mixed Tenax® from the
trap, adding sn internal standard before thermal
desorption of the glass
capillary GC column, temperature programming the
column, and detecting the separated organics by
flame ionizstion.

A wide range of vapor-phase organics is
determined by our method. Exsmination of
samples collected near s coal gasifier revealed
the presence of beanzene, toluene, the xzylenes,
seven C3-benzenes including  cumene and
mesitylene, several disromatic., phenol, and the
cresols. at sir cracentrstions renging from 0,01
to 9 pg/n’ of air, Except for the phenols,
(8) most of these ssme compounds have bean
observed previously (9) in urbsn stmospheres.
The thirty GC peaks identified comprise 70 to
80X of the totsl chromatographic peak srea of

organics onto a
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the GC profile.
greatest amount

Compounds present in the
were toluene, m=xyleae, a
Cy-benzese, napbthalene, benzaldehyde, and
acetophenone. All were present
tions a thousand-fold greater than particulate-
such as the psraffins and

in concentra-

phase components,
PAHs.

Exsmination of front and backup cartridges
from 24-h ssbient air sampling indicated that

several of the wost volatile vapor-phase
organics broke through the front cartridge
during the sempling period. Breakthrough

(percent of analyte in backup trap vs fromt
trap) for benzene and toluene often wvas 1001,
but breakthrough for the xylenes wvas less than
10, and for less volatile organics there was
essentially no breakthrough.
periods of collection, & backup trap composed of
a more efficient sorbent (such ss the carbona-
ceous Ambersorb) for the most volatile constit-

Thus, for extended

uents is required.

Precision of the analysis wvas determined by
replicate analyses of a single sawplza. Using an
internal standard, we found the average relative
standard deviation for all components mentioned
above to be +5X.

An indication of the accuracy of our thermal
desorption wethod was obtained by analyzing
Tensx® traps spiked with 2 g, 8 ug, 40 ug, and
2 mg each of benzene, toluene, m-xylene, and
naphthalene, which represent the typical range
The 2- to 40-1g
amounts spanned the range of amounts collected
in the field during 24-h sampling. The 2-mg
loading represented a hypothetical "worat case”
to see if richly laden atmospheres could be
sampled and subsequently analyzed accurately,
Recoveries ranged from 78 to 1232, with relative
standard deviations of +10I. This suggests that
the procedure is asccurate as well as precise.

Tenax® trapping is also very useful in the
snalysis of vapor-phase organics in cigarette
smoke. The cigarette is conventionally swoked
through s Cambridge filter backed up by a small
Tenax® trap (the type used in thermal desorption
GC). For extremely low tar delivery cigarettes,
gas-phase components cen be desorbed directly
from the trap and be analyzsed with high
sensitivity by gas chromatography. In the case
of high tar delivery cigarettes, the exposed
Tenax® wmust be diluted and mixed with fresh
Tenax® befcre analysis. Analyeis of backup
traps indicates that the single Tenax® trap is
sufficient for collection of all but the most
volatile (e.g., methane-acetone) organics.

of vapor phase organics.
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This procedure has been successfully applied
to the ealysis of vespor-phase organics from
cigarettes delivering tar in the range of 10 g
to 33 mg/cigarette. For cigarettes delivering
<1 wg of ter, it is the only anslytical method
ve have with sufficient sensitivity to wmeasure
organic counstituents in the swoke of a single
cigarette.

Our method is currently being used in support
of the ORNL Site Specific Assessment Progrra and
in special studies and internal services dealing
vith occupational or environmental air contas-
instion. The method is being extended to
include element selective detection with first
attention being given to orgenosulfur compounds.
(C. E. Riggins)

Anslytical Chemistry of Cigarette Smoke

Dsts have been generated in support of sev-
eral internstional epidemiology studies.
Approximately 120 brends of cigarettes from
Italy, Scotland, India, Hong Kong,
Singapore, Malaysis, Indonesia, and the United
States have been analyted for their deliveries
of tar, nicotine, and carbon
dioxide. Deliveries varied sufficiently between

Germany,

carbon monoxide,

products to require adjusting the number of
cigarettes smoked per snalysis and the snalyti-
cal procedurea themselves. The marketing of
"ultralov” tar cigarettes (<l mg tar/cigarette)
haa required the development of improved analy-
Conventiounal procedures for
the d.termination of ter and nicotine are not
applicable to such products. Spectrophotometric
procedures appear promising for weasuring low-

tical procedures.

tar deliveries, although there are questions as
to exactly what these spectral
ments are quantifying. Similarly,
nicotine deliveries may have to be measured by
HPLC with uv or fluorescence detection or by GC
vith thermionic nitrogen-phosphorus detection.

A aimilar situstion exists for gas-phase
constituents. The conventional GC wmethod for
measuring cerbon monoxide and carbon dioxide
fails to provide sufficient sensitivity for the
ultralov tar cigarettes. However,
mental monitoring device, the "Ecolyzer,” does
have sufficient sensitivity with an electro-
chemical detector. We have recently developed
(10) & chemiluminescence method for measuring
oxides of nitrogen in emoke gas phase. This new
method is more specific end relisble than the
older Ssltemsn colorimetric wethod snd does

"tar" wmeasure-

very low

an environ-



pro- .de enough sensitivity for the ultralow tar
cigarette smoke analyses. A promisiang wethod
tor the derermination of gas phase carbonyl
compounds is described elsevhere in this report.

We aslso are refining G multicompounent
analysis wsethods for profiling the «caoke
particulate asnd gas-phase constituents for a

more cowmprehensive analysis of tobacco smoke.

Gas -phase organrics from even the Iloweat tar

cigarettes can nov be determined by resin
trapping as described earlier.
Our tar-profiling wethod

chrometographic

involves the gas
anglysis o° trimethylsilyl
derivatized totsl particulate matter. Becsuse
the total tar delivery is not injected into the
GC, this method is not as sensitive as the gas-
phase method. However, if 10 to 20 cigarettes
are saoked per pad, the method can detect the
major particulate-phase organics from even the
This method will
require s small degree of further refinesent
before it can be placed into routine use. The
main probles is thst impurities in the derivati-
zation chromstographically
with the snalysis of phenols.

We are
suitable

lowest tar-delivery cigarette.

resgent interfere

coutinuing to develop wmethods of
and discriminstion to
The
methods are being applied to determining the
comparative cowposition of new products and the
influence of smoking psrameters on
composition. (4. A. Marghall,
S. B. Ravmon, J. E. Catom,
Jenkine, C. E. Higgine)

sensitivily

provide relisble gquantitative results.

smoke
G. M. Aenderson,
¥. B. Griast, R. 4.

Recovery snd Quentitation of Orgsmics om
Respirable Perticles

We have developed more efficient methodology
for the extraction, fractionation, and quentita-
The methods
¢xtraction snd HPLC as an
alternate to the trsiitional acid/base fraction-
ation (11) of Soxhl:t extracts.

The organice are recovered from the filter
pad or bulk particulate ssmple by ultrssonica~
tion with bengzene in & water-jacketed esintered~
glaas funnel. Three extractions, each wvith 100
ml of benzene, yield quantitative recovery of
benzo({a)pyrene (BaP) air particulates,
ss indicated by liquid scintillation counting of
s carbon-{4-labeled BaP tracer added to the pad
before extraction. More polar solvents (e.g.,
ageotropic benzene/methanol) are currently being

tion of particulate-phase organics.
involve ultraasonic

from

5¢

tested for their extraction efficiency for wmore
polar organics, such as carboxylic scids.

After concentrating the extracts to 0.!-0.5
ml, direct GC maalysis allows & survey of the
major chromatographable organics, such as the
paraffins and phthalates. Derivatization of the
crude extracts at this poiat may be useful in GC
determination of masjor polar constituents, such
ss csrboxylic acids or pkenols.

Identificetion and quaantirzation of specific
chemical subclasses is facilitated by fraction-
stion of the particulste extracts  using
semipreparative-scale HPLC with s bonded cysno/
smino silane column. Using hexane as the first

solveat, two separate fractions corresponding to

slkanes and PAHs (plus sowme phthalates) are
eluted. Analysis of the alksnes is conveamieatly
sccomplished by GC wirth a capillary column, aud

The PAR
fraction is maalyzed by either capillary column
GC,
for GC snslysis,
DuPont

"clesn™ profiles sre readily generated.

or if the PAR concentrations are too low
reversed-phase HPLC using s

Zort :® octadecyl silane column and

fluorescence detection ()'ex = 360 nm, 'zea = 425
nm). The latter provides a very sensitive
snalysis, but it .s selective for only a few

PalHs, such as
isomers. In

benzopyrene and benzofluoranthene
the GC method
motre comprehensive but less sensitive analysis
of PAHs.

Using increasing concentrations of mcthylene
the
chemical clasas fractions of particulate organics

contrast, sllows a

chloride in hexsne, increasingly polar

are obtasined from the seuwipreparstive normal
phase HPLC separation. The 50/50 (v/v)
wethylene chloride/hexane fraction contains

nitrogen heterocyclics and the remainder of the
phthalatea, and it is resdily analyzed by glass
capillary column GC. The remaining particulate
organic fractions sre eluted from the srmiprep-
srative HPLC with 90/10 methylene
chloride/hexane and then 80/10/10 isopropanol/
methylene chloride/hexane.

column

The former fraction
is expected to contsin polar organics such as
phenols, and the latter, even wmore polar and
possibly wmacromoleculer compounda. These two
classes of constituents sre not readily malyzed

by GC and analytical HPLC is more asppropriaste.

We find thet this combination of HPLC and GC
has & vide gpplicebility to the determination of

particulate phase organics. The major organics

on airborne particles collected near a coal
gasifier were found to be n-parsffins (from
Cip to s least C34, esch at 0.4-40


http://Ma.rt.ha.il

ngll3 of air) and phthalstes (usually
butylbenzyl~ and bis[2-ethyl hexyl]jphthalates at
as wuch as 120 nog/ad) (12). The n-
paraffins also are major constitueats of the
extracts of raw snd retorted shale. We have
messured thes at levels of 3-130 .g/g in the
former and 1-30 ;g/r in the latter.
organics from cosl flr ash also are dominated by

The major

the n-paraffins at wmuch lower lewels (1 to
800 ng/g in variovs fly ash samplies), but they
are wmore complex 2nd variable io overall com-
position (13).

The polycyclic aromatic hydrocarbons (PAHs)
in smbient air near a cosl gasifier are found to
be the three- through six-ring pereat PAHs
(~0.05-3 ngl-3); oanly & few simply alkylated
derivatives sre preseat. For coal fly ash, the
PAR counceatrationa ere much lower (e.g., ~1 ng/g
The high sensitivity of HPLC
with fluoreacence detection sllows the sample to

in some semples).

be kept to a managesble size (<25 g).

Of the more polar constituents, only the
fraction countsining n-heterocyclics has been
exsuined in some detail. M air particulaste
sample collected downwind of a cosl gasifier was
enriched (13) in heavily alkylated (C;-
Cy3) pyridines and slkylated (Ca~Cg)
quinolines. The concentrations appear to be
at least equal to those of the PAHs (to 3 ngln’).

Generally, summation of the levels of these
known classes of organics in air particles or
fly ash does not account for all the orgeaic
carbon present. The final fraction from the
semipreparative HPLC apparently consists of
"jatractsbles,” which comprise & considerasble
percentage of the particulate orgsnics, but
vhich sre relatively undefined £s to composi-
tion. Resesrch next year will focus on the
snalytical chemistry of these compounds, partic-
ularly those originating ia both eirborne par-
ticles and coal fly ash. {N. §. Grisst,
J. E. Caton, R. R. Reagan, J. S. Wike)

Synfuals Research Sample Msmagement

Research (14) into the potentisl health end
environmental effecte of synfuels technologies
is supported through the research ssuple supply
and information transfer services of our Foseil
Fuels Research Msterisls Facility. Materiale
suitable for methods development, comparisons of
synfuels versus petrolevm, end for informal
interlaboratory comparison are made available to
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qualified researchers. The core aspect of this
service is research sample management.

Our repository coataiuns
different types of samples.

approximately 220

Records must be
kept of the current inventory and status of each
sample.
system for improved mmagement of such records.
The system makes use of the Laboratory's DEC-10

We have nov implemented s computerized

computer snd is accessible oa the Bio/Organic
Anslysis Section Lsnier word processor snd on =
Tektropix terminal. The curreat inventory ead
all sample transsctioas to date have been
entered ioto the system and include data oun the
source, “history,” sample nusber, description,
location, and smount of each sample, in additiom
to sample transaction dats on requestor, sample
name/nusber, amount, study, and date shipped.
Bov, as each pew sample transaction is entered
into the system snd recorded, the inventory for
that sssple is sutomstically adjusted to show
the new, correct amnunt.
provisions for

The system also has
providing printouts of the
inventory and sample transsctions of any desired
ssmple or set of samples. Similarly, printouts
can be made of sll samples received by s partic-~
ular investigator. This
updated

information has

facile accear to

current, inventory and transsctions
sllowed rapid

requests from the sasmwpie suppliers for atatua

response to

reports.

A similar arrangement with an exiating lab-
oratory dets mansgement system has been made for
keeping records of all dats reports received
from the study of repository materisls. Records
are kept of the ianvestigator, his eddress,
report title and full citation, keywords for the
study, and the repository ssaples considered in
the report. Similarly to the inventory/trans-
action systes, cosputer searchea can be made by
ssuple, investigator, or study keyword. The
facility is sble to issue completely computer-—
ized status records to the sample sunpliers and
funding agencies, showing inventory/ssmple
transaction/dsta reports received.

Additional information transfer was achieved
through s symposium, "Heslth Effects Investiga-
tion of 0il Shale Development,” which was held
in Gatlinburg, Tenneasee, last June. The invea-
tigators, sample suppliers, and funding agencies
participating in the study of a special sample
suite exchanged findings and discussed reasults.
Proceedings (15) of the symposium were pub-
lished.

Other important aspects of sample mansgement

are etudies of ssmple sliquot homogeneity and




periodic measurement of sample stebility. Righ-
priority samples (those undergoing widespread or
detailed study) auch as the crude and refiped
shale o0il samplea from the Parsho/SOHIO/U. S.
Egvy suite and the Comparative Research
Katerials (CRMs) are given special attention.
The testas (not all are being applied to each
sample) include physical measurements of viscos-
ity; density; pour point; flash poiat; simulated
distillation and heating value; and chemical
measurements including ultimate snalysis
(percent C, H, N, S, and 0), direct GC profile,
an NAA scan of the elemental composition, and an
FTIR spectrum. Specific cheamical comstituents
to be wseasured include benzo(a)pyrene,
paenol and the cresols, and o/f-nsphthylsmines.
Beadspace volstiles and chemical clasa distriba-
tion also are being determined. These tests
vere designed to provide extensive characteriza-
tion of the samples and to allow detection of
changes that wmigat accompany degradation,
evaporative loss, or contamination during
storage.

Thus far, the crude and refined ahale oil
suite has undergone a stability characterization
at one year of storage (16). Of the small-scale
ammple aliquots atored to meet immediate distri-
bution requests, only the viscosity appears to
have increased sad by a small smouat (10-30%).
These semples are kept under an argon blanket in
borosilicate glassware, at -30°C in the dark.
Other aliquots are being stored under different
conditions (e.g., container material and temper-~
sture) to test the effects of such astorage
variables upon apparent etability. After one
year, few differencea have been detected. The
knowledge gained from the stability cheracteri-
zation of these materials helps to indicate the
optimum storage conditions for other importsat
ssmple suites to be obtained in the future. It
slso will determine whether it is poseible to
carry out long-term biossaays requiring repested

use of a given sample for a year or wore. (L.
B. JYeatts, Jr., W. H. Griest, P, A. Tleon
¢17))

The Isolatiom of Polycyclic Aromatic
Hydrocarbons from Aqueous Semples

The general methodology for snslysing aqueous
samples for polycyclic aromatic hydrocarbons
(PARs) may be divided into three staps: (1)
isolation of the components of intersst from the
aqueous media, (2) conceatratios of the fsoleted

sample int, che appropriate solvent, and (3)
determinati . of the PAHs of interest in the
conceatrate. 1%e isolation step ususlly gives
rise to the most problems. Therefore, eight
different methods for the isolatica of PANs from
aqueous wmedia were compared asnd evaloated.
Theae included three extraction methods, two
methods employing polystyrene sdeorbent resins

snd three different approaches involving
Cig-silice  waterisls commonly used in
reversed-phase 1liquid chromatography. The

extraction methods were aspplied to synthetic
water samples to which known smounts of 16
different PAHs (EPA Priority Pollutents) were
added end also to industrial waste water samples
received as pert of an ASTM round robin snslysis
copcerned with the determination of PABs in
water. The recoveries for each of the PAR
Priority Pollutants varied dJepending om the
extraction method but usually ranged between the
recoveries shown for lC-nsphthalene and
Mc—ponsola Jpyrene shown in Table 4.1,
This table also incorporates a brief description

of the isolation w=methods that have been
described in greater  detail in  other
publications (18,19).

Methods involving extraction (Nos. 1, 2, snd

3) were judged superior with Mathod No. 1 (Teble
4.1) generally being preferred because it com~
bines good recoveries with ease of sample manip~
ulstion end short analysis time. The resin
methods (Nos. 4 end 5) and reversed-phase
mathods (Mos. 6, 7, and 8) are generally infer-
ior. The reversed-phase methods involving iso~
lation on a gusrd colum (Nos. 7 and 8) mey
present a counvenient approach to quick, relative
comparisons of PAFs in water becsuse the concen~
tration step has been eliminsted and PAHs isola-~
ted onto the reversed-phase guard column csn be
directly anslyzed by HPLC. (. B. Catom,
Z. XK. Barmes (2), B. Mubota, W. AH. Criest,
M. P. Maskarines)

JSOLATION AND IDRNTIFVICATION

Ammonia Chemical Iomizstion Nass Spectremstry
(CIMB) for the Direct Chav2:cerizsties of Amines

Previcus work has shown that the ascetoue
subfraction of the sther-soluble base fractioa
of seversl crude fossil fuelg possesses wery
high bacterial mutsgesic activity (21,22)
Analysis of these subfractions has shown that
thay are composed principaily of primery
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Table 4.1. Summery of different methods for isolatioan of PARs

from xueocus Ssmples

No. Description of method

a
Percentage recovery

18 ¢ pap? 14 ¢ map©

1 1.0 ml of water extracted three times by vigorous
stirring for 10 min with 50 ml of CH,Cly in
2-1 separatory funnel.“

2 3.8 1 of water doubly extracted with 100
ml of CHyCl, by stirriag for 24 k in & 4-1
Ll
Erlenmeyer flask.™

3 0.5 1 of wvater at adjusted pH snd fixed ionic
strength extracted five times with 100 ml of either
CH,Cly or c:yc:lohe:uue.d

5 Water drained through glass column (30~m
<« 1.7~cm ID) packed with XAD-2. PiAHs
recovered from XAD-2 ia 100 ml tetrahydro-~
furan (THF) followed by 125 ml ether or by
sequential efution with 50 #] methanol,

100 ml THF, 150 ml ether, and 30 =l CH.Cl,.

5 Water drained through & prepacked XAD-2 colusn.
PAHs hackwashed from column with two 10-ml
portions of methanol and three 10-ml portioas of
CHyCl 5.4

6 Water drained through Sep-Pek® C)g cartridge
PAHs recovered in two 10-ml methansl washes eand
three 10-al CH,Cl, washes .

7 Water ssaple was pumped through s Fheodyne
C1g certridge. Cartridge plumbed into
reversed-phase analytical HPLC system as s guard
column vith PAHs on cartridge being elured
directly onto the analytical column.

8 Method same as Ro. 7 except that a 5-cm x 2-mm ID
column packed with Whatman CO:Pell ODS vas sub-
stituted for the Cyg certridge.

91 87

169 100

83 WD

89 50

81 ND

43 ND

percentage recovery indicates the fraction of added activity availeble at the final quantitat-
ing step in the analysis procedure. WD indicates thet no recovary determination was made,

b“‘c‘»benzo(a)pyrenc.
“14c-naphthslene.

ewples were concentrated under dry flowing nitrogen at raduced tempersture and »ressure.



aromatic smines (PAAs) and azasrenes. The elec-
trou iwmpact ionization (El1) mass spectra of a
PAA and an azaarene thet have the same mass are
virtually identical because both exhibit strong
parent ions at the same mass-to-charge ratio
with little additional fragmentstion.
of this,
ionization has been adapted and developed for

Becsuse
the selectivity of smmonia chemicsl

the direct mass spectral characterizstion of
nitrogen—containing compounds.

The ammonis chemical ionization (KH3 CI) of
the nitrogen—containing compounds is accow -
(wa,*)

That

lished by reaction with ammonium ions
formed in the ion source at 0.1-0.2 torr.
is,

NH +
Ry, e 12y M, 1"

vhere n may be zero, one, or two, corraspond-
ing to & tertiary, secondary, oi primary smine,
respectively (23). 1f (RD4) is

used as the ionization reagent, not ounly is the

mmonia-d,
smine ionized by transfer of a deuterium ion,
but hydrogen stoms om the nitrogen atom exchange
vith the
wvell:

deuterium atows of the ammonia as

Ry, TR

Thus,
change

[R3 WDy *

the resulting deuterated ion exhibits a
in mass from the NH3 CI spectrum of
one, two, or three mass units, indicating that
the compound is @& tertiary,
primary amine, respectively. An additional
feature of m!3/m>3 CIMS is thst only the
protonsted (deutersted) species is observed in
the mass resulting spectrvm, with no interfer-

secondary, or

ence fros fragmentation.

Previous spplicstions of this technique have
been limited to aliphatic amines (23).
sents using amine-substituted
aromatic hydrocarbons

Experi -
polycyclic
demonstrsted that NH3/
ND3 CI could be used to characterize these
aromatic emines also. Azsarenes, with the
nitrogen within the sromatic ring, were found to
ionize as well, yielding s change of one msss
unit upon going from NH3 to NMD;. Studies
vith aminesubstituted azssrenes showed that only
the amine group, which is more basic than the
ring nictrogen, is ionized, Diemino-substituted
aromatic compounds were found to ionize st only
one of the amine groups (presumably the more
basic site). However, hydrogen atoms attached
to the nonionized smine group also exchange with
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deuterium atoms of the WDy, alloving cherac-
terization of both smine groups.

Ammonia chemical ionization has beer success-
fully applied to the characterization of acetoue
subfractions of five fossil fuels (24).
subfractions were found to contaiu primarily

These

PAAs snd azasremes, but s nuwber of secoundery
amine and secondary smine-substituted azasreaes
(i.e., two unitrogen stoms per wmolecule) were
detected in some of the subfrsctions. Ammounia
chemical ionizstion has also beean used im the
characterization of
compounde in the neutral fractions
fuels (25) and in the characterization of a
cricket teratogen (described elsewhere in this
report).

nitrogen-containing
of fossil

This technique has proven to be useful in the
characterizations of nitrogen-coantasining com-
pounds, which sre difficult to distinguish using
other methods. Only compounds more basic than
Ny, * ionized; thus, non-nitrogen-
containing compounds, such as slkanes and PAHs,
are not otserved in the resulting mass chromato-

grsm. This has been shown to be useful in the

are most

anslysis of nunitrogen—containiag compounds in

complex mixtures without extensive sample
preparstion. Conjugated sromatic ketones, such
as benzsnthrone, are
contsining compounds that have been found to be
ionized by WNH;*. However, these ketones can
usually be distinguished from
azaarenes by moleculsr weight.
One limitation of the technique is the smbi-
guity in differenciating

amines and azasrenes.

the only non-nitrogen-

smines and

tertisry aromatic
However, in the analysis
of synthetic fuels, it has previously been shown
(26) thst these materials contain little if any
tertisry sromatic smines.

Work is continuing in the further development
of smmonia chemicsl ionization mass spectrometry

as sn snslyticsl tool. (M. V. Buchaman)

Identification of Neutral Aromstic~Polar

Compounds in Synfuels

The neutral components of coal- and shale-
derived petroleum substitutes are thought to
contsin importsnt and wutsgens.
Sephadex
chromatogrsphy was
means of

aliphatics,

csrcinogens
LH~20 and
found

Sequential silicic scid
to be an effective
sepsrating neutral fractions into

aromstic  hydrocsrbons, neutrsl
and neutral srcaustic polsr constit-

Ames bioasssys of the neutrsl subfrsc-

azasrenes,
uents.



tions of sll imvestigated petrolewm substitutes
have imdicsted that grester mmtegemicities sre
exhibited by the sewtrsl arowmstic polar comstit-
weats thamn by the aromstic hydrocerboms or
westral szssremes. A motsble bicessay resslt is
& decresse in activity with subfractiocsatios;
that is, swmmed sctivities of ssbfrectioms do
sot equsl those of the wafrectiomated wmeutrsl
fractioa. This ssuggests ceither the loes of
sctive compooemts in the sabfractiomstioa schewe
or s rather impirtast sysergisas smong wmewtrsl
fraction compoments.

The relisbility of oer frasctiomatiom proce-
dure was first exsmimed (27) by mmalyzing each
fraction prodeced from sm B-Coal saple. The
sliphstic frectiom was fownd to comsist of the
woual bhowologoss eeries of straight chais
Bydrocarboas, remging from Cj2 to Cy.
ss well as slkyl-ssbstituted dicyclohexsnes end
sstursted ethyirofleworeses, perhydroesthra-
cenes/phenauthrenes, end perhydrofluvoranthenes/
pyrenes. The mass spectral snalysis of gas
chrosstographsble constituents of the polysro-
wmatic fractiom showed that this fractioa com-
tains sromstic comstiteents of from two to six
rings in size. This frectiou is free of satur-
ated compounds, bhetercstom—coutaising, mnd
polar-substituted polycyclic sromstics according
to elactron impact mass spectrometry. Electvon
impact sod smmounia chemical iomizstion wmess
spectrometric snalyses of the neustral azsarene
subfraction indicate that virtually sll chromst-
ogrsphsble comstituents coatsian the indole-type
secondary smine functionality. Infrered sbsorp-
tion bands at 3410 cwl confirm the N2
fonctioceality. The sromstic polsr subfraction
couteins prisarily oxygensted cowpounds. These
were wmostly hydroxyl-scbstituted or carbonmyl-
containing polycyclic aromstic compounds. There
were some alkyl-substituted primary aromatic
suines snd szasrenes os well.

Soms of the compounds in the neutrsl sromatic
polar frectioma of five foesil fuels (three cosl
oils, one shale oil, asnd one petroleva) heve
been identified ueing s variety of spectroscopic
techniques, including both alectron impact end
chemicsl fonisation CC/MS, aend iofrered
spectroscopy. The three cosl oils contain ome-
to four-ring sromatic hydroxy cowpounds, vheress
the shele auwd petrolevm frasctioms costein
conpounde with osly one or two sromstic rings.
Mitroges contsining compounts, iscludiog primery
aromstic mmines end/or baeic szearengs, eore
detected in all five fractions by aemmonis
chewicsl iomisation mass epectrometry. The

petrolesm frectiou comtsins ocaly substituted
amilines snd wo basic azsaremes. The other four
fractioms cootsin small asmowsts of two— to
three-ring primary sromstic saimes sd two— to
four-ring besic axasremes. Nowever, two of the
coal fractions coataiv >I0Z szespyreses. These
same two frectioms also comtsin Jwbetituted
benzaathrones and beazopyreme-omes. (C.-h.
Ho, N. R. Gesrin, B. R. Clark, N. V. Buchamar}

Synthusis of Conpounds for Cheumical
aad Bielogical Asslysis

Probless frequestly srise in determianing the
structural detsil of e cowpound or class of com—
pounds isoleted from complex orgemic wixtures.
Structural ideatification is besed o wmessure-
weats of chemical end physicel properties.
Vhile wuch can be learned from abd imitio
ioterpretstion of dsts, subtle astructursl
differences require s reference compound for
enequivocal identification. In the complex
organic mixtures we frequently deal with, few
compounds of eny given class are commercislly
availsble. Those compounds that are avgilsble
sre mostly lov moleculsr weight, unsubstituted
or simply substituted, snd poorly representative
of resl esmples, which sre usually highly sub~-
stituted, higher in molecular weight, end often
wultifunctionsl. For this resson snd becsuse of
s basic interest in structure-biologicsl sctiv-
ity relstionships, discretionary wodel compound
synthesis has becowe s part of chemicsl chsrac-
terization sand biocassey support sctivities.

Compounds haviag particulerly significsat
relevance becsuse of their high biologicsl
sctivicy and sbundence in fossil-derived crude
oils ere the primary srowrric mmines. Isolstes
of primary sromatic smines sre crude and would
contain secondsry end some tertisry amines if
they were present in the originsl sseple. Some
ssines of the latter two classes ware synthe-
sised to determine their biological asctivites
sod, hence, their possible importence in sroms-
tic smine isolates. Two secondsry aminee (N-
wethyl-2-gminofluorens, methyl-1-sminopyrens)
and two tertiery smines (N,N-dimsthyl-2-smino-~
fluorene, N, W-dimethyl-i-sainopyrens ) were
symthesised. Synthesis followed the route of
sethyl sddition to the primery asmines by
reaction with methyl fodide. Purities of the
products were determined using thin leyer
chromstogrephy (TLC), CC, end MS. This proce-



dure usually produced a mixtcre of secondary end
tertiary amices.

Ases cests of the pure compounds proved
imsportant.
(35,000 rev/mg) primary smine exhikited about
the same sctivity as the secondary [H-wethyl-2-
aminofloorene (30,000 rev/mg)] and tertiary
[W,u-dimethyl-2-sminofluorene (35,000 rev/mg)l
The ssme trend wvas observed “ir the
aminopyrene series.

Results o>f the 2-sminofluorene

amines .
It is therefore essentiel
that analytical chemical methode be available to
distinguish the amines since Ames testing does
not discriminate between thea.

Other compound types have been synthesized to
support various aspects of characterization
vork. Sowe of these are nitro-substituted
polycyclic aromatic hydrocarbons, loug-—chain
alkyl substituted pyridines, sud N-heterocyclic
homologues of beazo(a)pyrene. In sddition,
monooctade.y! phosphoric scid was syathesized
for meking che zircomnium salt that is to be used
aa an HPLC reversed-phase column packing.
{C.-h. Ro, B. R. Clark, B. D. Barkenbus)

Isclation and 1dentification of s
Crickat Terstogem

B. T. Valton of the Eanvironwental Sciences
Division hss observed gross abnormslities in
crickets [Acheta domesticus (L.}] resulting
from eggs that are incubated in sand treated
vith an aqueous solution of impurities found in
s commercisl acridiae sample. We have been
sssisting in identification of the teratogemic
compound(r) in the acridine sample and have also
extended this work to study the possible
presence of siwmilar teratogens in syathetic
fuels.

Ispurities in the commercia!l sample of
acridine represented less than two percent of
the original materisl. To isolate enough of the
terstogenic material for spectroscopic identifi~
cation, aspproximately 25 g of the impure
scridine was fractionated using a Weters LC-500
preparative-scale high-per formance liquid
chromstograph. The acridine was eluted first
using 23 | of benzene. Then the solvent wvas
svitched, first to acetonitrile, then to
sethanol, to elute the remsining components.
Light cuts wvere takeu in total and esch of the
eight fractions vas tested by B. T. Walton for
s positive rasponse from the cricket sggs. The
first cut proved to be the only active fraction.
Thin layer chromatogrephy (0.25-mm-thick silica
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gel G plates, eluted with 90:5:5 chlorofors/
methanol /acetic scid) showed that fractiom 1
contsined one major compound aond gbout nine
other minor constituents. The sajor compound
(Rf = 0.78) was shown to be the active terato-
gen. Uhen snalyzed by ammonia chemical ionizat-
ion GC/MS, this compound was found to be an
szsarene with & molecular weight of 179. Thus,
it was thought to be coe of the seven isomers of
scridine.

Fraction | vas separated further to isolate
the active compound for further spectroscopic
saslysie using a semiprepararive silice HPLC
column eluted vith s mixture of ethylacetate in
methylene chloride. The lergest peak wvas
ccllected, smd its 3¢ WM spectrum was
studied as detsiled in a following sectiom.
Thus, it was deduced that the isolated compound
vas 5,6-benzoquinoline. This was verified using
a commercial ssaple of this compound. At the
present time, thia isolated material is being
tested on cricket embryos to check if it is
indeed reapovaible for the terarogenic sctivity.

A series of three whole oils and their sub-
fractions have also been tested using cricket
esbryos. These three oils included coal-,
shale-, snd petroleuwm-derived liquids. Of the
three vhole oils, only the cosl-derived liquid
produced sbnormal crickets. Neither the whole
petrolevm liquid nor any of its seven fractioms
were active. The wvhole shale oil wvas inactive,
as were six of its seven fractions. However,
the ether-soluble base fraction of the shale oil
wvas sctive. Likewvise, only the ether-soluble
base fraction of the coal liquid wes found to be
active; it was separsted further into three
subfractions. Of these three subfractions, ooly
the acetone cut was asctive, This cut, which
containg principally primary sromstic smines and
azsarenes, has previously been found to exhibit
asignificent bacterial mutagenic activity. Work
is continuing in the assessment of synthetic
fuela using cricket esbryos. (M. V. Buchanan,
A. R. Jones)

Praparative-Scele Purification and
Isolation Msthods

Many projects and outside work requests re-
quire preparative-scale smouats 3f substences
for a variety of studies. Typical requirements
are the separation of trace impurities from
“pure” substancae; the isolation of a clase of
compounds for biological and chemicsl character-



ization; the fractionation of cosplex mixtures;
and the isolation and concentration of trace
substances from gases, waters, biological
fluids, and solid particles.

A procedure has been developed for routine
fractionation of complex organic mixtures for
Ames testing with the inteation of finding bio-—
(28). The

steps after a vacuum devolatilization of a 5-g

logicaily active components first

sample =zcre coatinuous extractions of an ether
solution of the devolatilized sample first with
hydrochloric acid and thea with sodium hydrox-
ide. The bases and acids are recovered by back-
extraction into ether from the hydrochloric acid
after pH adjust-
ments to 1] and 1 respectively. RNeutral compon-
eats remain in the starting ether solution, are

and sodium hydroxide phases,

concentrated by evaporation of the ether, and
are placed on s Sephadex LH-20 column (5 c® x
1 m).

isopropanol yields four fractions:

Elution of the neutral components with
aliphatics,
polyaromstics, and a

mono- and di-arowatics,

residue. These are defined by elution volumes
with léc-1abeled

toluene and phenanthrene, used to

obtained hexadecane,
"calibrate”
the column before each separation. A large data
and

specific Ames test activities has been built

base of fractional weight percentages

from the application of this procedure to a host

af petroleum substitutes and petroleums (28).
Other methods

less frogquently, but add a good deal of breadth

preparative-scale are used
to overall capabilities.
LC-500

useful in

The acquisition of a
been
and

Waters liquid chromatograph has
polar/nonpolar
rapidly with

Also, this
separation of

suitable

performing

aliphatic/saromatic separations

large samples (tens of grams).

instrument is tsilored to the

impurities into a concentrate for

chemical characterization and/or bioassay

studies, A terstogenic impurity was separasted
from & 98.5% pure commercial acridine (reported
elsevhere in this section).

Methods for imolstion of specific clssses of
compounds have been developed. Basic fractions

are nov separsted routinely from fossil-derived

materials using & two-column chromatographic
spproach (29). An ether-soluble base isolate
(from the 'routine fractionation procedure"

above) is eluted on bhasic alumina with benzene,
followed by ethanol. The ethanol eluate is
further separated on s Sechadex LH-20 coluamn
eluted with isopropanol, followed by acetone.
It is this acetone fraction that has received

much attention becsuse of its extremely high
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benzene froction
in the basic

wmitagenic sctivicy. The
contains wost of the azaarenes
fraction.

Neutrsl fractions are being separated rather
routinely to give desired aliphatic, aromatic,
neutral-azsarene, and neutral fractions
(20). This procedure eaploys a
elution on Sephadex
rliphatics)
silicic acid with a benzene/hexane step gradient
to give the latter three fractions.

Other
continuing development
organics from aqueous samples (waters,

polar
twvo—coluun
LH-20/isopropanol  (to

separate followed bv elution on

purification/isolation wmethods under
include the remwoval of
urine,
and leachates), the concentration of organics in

gas stresms on various adsorbsats, and the
removal and concentration of orgsnics from solid
surfaces.

Another category of wmaterials that has

required preparative-scale isolation of msjor
components, as well as concentration of impuri-
used in

ties, is that of colored dye amixes

silitary signal swokes. A set of four swoke
Department of

and

mixes was provided by the U.S.
Defense. These were red,
green mixtures, and were composed of amthrone-
and snthraquinone-derived dyes. Vacuum sublima-~
tion, differential solubility, Soxhlet extrac-
ticn, column and thin layer chromatography, and

violet, yellow,

combinations of these techniques were used for
the separations.
only of l-methylaminoanthraquinone (MAA) as the
colored constituent, but also contained about
20 of a black insoluble, nonvolatile wmsterisl.
This
enriched in impurities, a
volatile purified MAA fraction and a nonvolatile
fraction by vacuum sublimation. The violet
smoke mix vas composed of MAA and 1,4-dismino-
2,3-dihydroanthraquinone (DDA). These two
compounds were separated relatively easily by
differential solubility because the MAA is about
70-fold more soluble in chloroform than DDA. A
complicating factor in this mixture is the ease
with which DDA is oxidized to l,4-diaminoanthra-
quinone (DAA), which 1is substantially wore
soluble than the DDA. Rowever, DAA could be
separated from MAA and DDA by preparstive-acale
thin layer chromatography on silica layers. The
yellow smoke mix is composed of benzanthrone
(BZA) and dibenzochrysenedione (DBC). The DBC
is insoluble and nonvolatile compared to BZA.

The red swoke mix was composed

mixture was separated into a fraction

the more volatile

Both vacuum sublimation and differentisl
solubility techniques were wused with this
mixture becsuse it was discovered that



a soluble, nonvolatile iwmpurity was present in
the original DBC, sod this msterisl was coancen-

trated into s separate fraction. The green
smoke aix contained 1,4~di-p-toluidino-
anthraquinone, as well as BZA snd DBC in a
70:20:10 ratio. The PTA and BZA have spproxi-
mately the same solubility in chloroform, and
they volatilize together under the conditions
used for vacuum sublimstion. The bdulk of che

PTA vas separated from the other major compoa-
ents as well as the impurities by column chrowma-
tography on basic slumina. 1In all of the swoke
mixes except the red, the chloroform insoluble
materias]l] wvss sepsrated by Soxhlet extraction.
Practions prepared by these methods were charac-
terized chemically by s aumber of anslytical
techniques and were asssyed for their biological
sctivity by the Ames test
fB. R. Clark, C.-h. Ho,
Rubin)

for mutsgenesis.
A. R. Jonass, . B.

Applications of Buclear Magmetic
Eesonance Spectrometry

Nuclear magnetic resonsence (MMR) hss been
¥X90Q
FTNMR vas scquired one year ago. A sultinuclear
probe has been added to the instrument, and now
211 active nuclei between 6.5 and 90 MHz (et
21.5 KGs) are observable. The major use of the
NMR in this first yesar has been identification
of the components of four colored smoke mixes
used by the Department of Defense. The smoke
mixes were sepsrated into fractions wusing a
combinstion of differentisl solubility, vacuum
sublimation, snd preparative chromstography, sa
described in the preceding discussion. The dye
fractions were first studied by comwbined gas

used in s number of projects eince the

chromstography/wass spectrometry to establish
the compound type.
Both !4 aad 13¢ OB were used to help

elucidate the sctusl structure of the compounds.
All of the compounds studied were derivatives of
snthraquinones, and meny exhibited low solubil-
ity in most common solvents. VYor this reasom,
13¢ epectrs were accumslated for 24 h or
even longer. Special pulsing iechniques were
s1s0 used to observe the cowpound of interest in
the presence of a prominent solvent seignal,
ELven so, one compound, dibenzochrysenedicvne, was
sufficiently insoluble that its 13¢ spectrum
var only obtsined using s solid ssmwple probe
(courtesy of JEOL, Inc.).

(-1}

~t

lines of three of the
components, l-sethylaminoanthra-
quinone, 1,4diamino-2,3~dihydroanthraquinone
and | ,4-p-toluidiroanthraquinone, have been
aseigned using proton-decoupled spectra and
Ty A oumber of the
impurities present in the dyes have also been
identified. For exsmple, & purple compound wvas
isolated in the 1,4-diamino~2-3-dihydrosathra-
quinone (1 in Fig. 4.1), wvhich is yellow-brown.
e l3¢ spectrum of the unknown cowpound
shoved that it wvas similsr in structure to I,
but the tvo carbon lineg found at 27.5 rpm in I
had moved to the aromsatic region at 128.6 ppm.
The unknown cospound was thus identified as 1,4-
diswinoanthraquinone (II).

Another project that 3¢ mm in
the structural identificetion of en unknowm was
the study of an insect terstogen in s commercial
sample of acridine, as discussed earlier.
Because both the electron impact and chewmical
ionizetion wass epectrs of the terstogen were
identical to acridine, which has seven isomers,

3¢ spectral
dye

The
soluble

measuresents . ssjor

involved

I3¢c MR wves used to identify the correct
isower. The 13¢ chemical shift velues for
acridine are given in Fig. 4.1 (III). Because

scridine
observed.

is symmetric, only seven lines

The unknown compound, however,
sppesred to be nonsymmetric, with thirteen lines
in its 13¢  spectrum, nine protonated
four nonprotonsted. Two of the lines wvere
shifted downfield, suggesting a possible peri-
interaction within the molecule, unlike 7,8-
benzoquinoline (IV). Two lines. one protonated
snd one nonprofonated, were shifted dowmfield,
indicating thet s nitrogen stom was sdjacent to
a carbon attached to s hydrogen snd s bridging
carbon. The molecule was thus identified as
5,6-benzoquinoline (V).

Although most of the

are

and

work on the instrument

iavolves 13¢ anda Iy spectre, use of the
multinuclesr probe is increasing. To help
distinguish positional isomers of asromstic

asines, s number of these compounds have been
derivetized with trifluoroscetylimidazole. The
lg and 13¢ spectra of the underivatized
isomeric comwpounds sre very similar. However,
19g spectra of the derivatized amines yield
good separstion of positional isomers. For
exsaple, the spectra of 1~ and 2-swino asnthre-
(vhich are

cene singlets) are separated by
spproximstely 30 He. FPurther work is continuiag
in this eres of derivetizing compounds to

maximize the physical differances smong very
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similar asterisls. (I, R, Rukin, ¥, v,

Ruchanmt)

SAMPLING AND SPECIAL PROJECTS
Field and Inhalstion Exposure Sewpling

Special emphasis is placed on the collection
of samples so as to minimize the chemical and
This
inhalable
aerosols are coucerned, since the amechsnisa and

physical impact of the collection process.

is of particular iwmportsnce where
magnitude of lung deposition and retention may
be dependent on whether the particular constit-

uent is present in the gas or particle phase.

Development of analytical methods is usually
geared tovard compatibility with small, chew-
ically complex samples. Use of wonitoring

instrumentation is designed to replace the need
for frequent chemical sampling.

Our program responsibilities have lead to a
In the
visits

number of field sampling expeditions.
area of solid waste characterization,
have been made to several municipal and indus-
trial waste disposal sites. Samples of the
waste, surrounding soil, groundwater, and leach-
ate have been acquired in order to determine the
organic and

inorganic constituents from the waste into the

extent of wmigration of various

surrounding environment. We make comparisons of
the composition of natural leachates with that
of those generated in the laborstory from the
actusl wastes using simulated leaching proce-
dures. Data acquired sre used to evaluate the
efficacies of these simulation
we have that coanstituent
migration is highly esite and waste dependent.
In a1l cases, have been
considersbly more dilute than lsborstory leach-

ates of the wvastes.

procedures.
Generally, found

natursl leschsates

involvement for

inhalation

We have tad s continuing

seversl with tobacco smoke
bioassays being sponsored by the NKational Cancer
Institute snd the Council for Tobacco Research-
USa,

been to chemically and physically define the

years

Inc. The objective of our research has

‘ohalation exposure.
the animal

Laborastories conducting

exposures sre visited, and smoke

ssuples scquired for chemicsl anslysis at ORNL,
Since machine/smoke/animal interactions can
alter the spparent chemicsl composition of the
smoke, asmples are withdrawn from the exposure
systems a0 as to mimic the animal withdrawal

pstterns as closely as practicsl. In the csse
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of the dog exposures, tobacco swoke is withdrawm
from the smoking machines through a glass fiber
Cambridge filter pad with a large animal respir-
ator. Gaseous constituents are collected in gas
saspliog bags.

indicated that, vhereas

physiological

Experiments have
blood

matrix for secasurement of swoke carbon monoxide

remains an appropriate
uptake, 24-h urine samples sre wore appropriaste
for measuring the animal's picotine dose. Dats
from these experiments have indicatei that ouly
slightly wore than half of the smoke that would
have been estimsted from laboratory experiments
is actually offered the anisals for inhalstion.
Further, it sppears that the inimals retain oanly
a third of the smoke particulstes offered theam.
Gaseous components of the smok: may be retained
to a greater extent than the particulate phase.
Over the course of the bioassay, swoke exposure
machine maintenance may coutribute as wuch to

relative variability of the exposure as do
differences in individus! animel inhalation
patterns.

The Depsrtment of Defense is testing an

obscurant aerosol generated by pumping diesel
fuel into the exhaust zanifold of a tesk. In
order to assess the chemistry of potential troop
exposures, samples of the swoke serosol emanat-
ing from a tank were collected by section staff
during the Smoke Week 1I1 exercises held at
Eglin Air Force Base in August. Becsuse the
smoke contains both liquid snd gaseous phases,
sampling trains designed to collect particu-
lates, volatiles, and "permanent gss~_" were
employed. The samplers consisted > small pumpe
drawving the smoke through glass fiber pads and
cartridges containing Tengx®.
collected

lsborstory-genersted

Gases were
Experiments with

indicated that
be gperformed st
Othervise, wore

volstile constituents, originally dissolved in

in sampling bags.

serosols
particulate collections must
flows of 2 1/min or less,.
the particulate phase, would be evaporated from
the filters during the c¢sllection process.
Sstety hazards on the field ssmpling grid during
actual periods of smoke generstion nc:essitsted

the remote operation of al! of the samplers.
Becsuse we expected small chemically complex
samples, we used s tiered analytical scheme:

ssuples of aserosol (either lsboratory or real-
world) are fractionated using anslytical-scale
high-performence liquid chromstography, followed
by high-resolution gas chromatographic auul!ysis,

We find that spproximately 70-80% of ths
serosol liquid phsse is composed nf aliphatic



hydrocartons, wvhile wmost of th. remainder
consists of alkyl substituted onm.:—, two-, and
three-ring aromstic compounds. 'hen comparing
the chemistry of the real-world aerosol with
thst of the aercscl generated in the laboratory,
most of the differences between the

ascribed to differances

wo can be
in the diescl fuels
employed or the sample acquisition conditions.
Instrumentation for rewote sampling and =on-~
itoring are an important adjunct to on-sive
experimectation. During the past year, we con-
structed a set of vapor-phase sampling units for
the Environmental Sciences Division, siwmilz- to
those built for the EPA Kosovo Gasifie: stuay
(3n. Laminar flow measurement/integration
systems, originally coustructed to measure
sampling rates in & pigeon tobacco smoke inhala-
tion exposure, are now used throughout the group
and section. A wost recent application is the
highly accurate measurement of puff duration on
the Phipps and Bird snalyticsl smoking machine.
We have recently placed an instrumental exposure
system monitor (ESM) at the beagle dog tobacco
smoke inhalation bioassay at the Veteran's
Administration Rospital (VAR), East Orange, New
Jersey. based on the
particulate sensor used in many of our tobacco
smoke studies (32), is designed to measure the

smoke output of the exposure systems.

The device, optical

Saoke is
vithdrawn psat s sensor with & built-in puap.
Instantaneous smoke concentration is integrated
to provide s determination of the total particu-
late matter weight offered the snimal. Dsta sre
recorded for individual exposure systems by VAH
staff and returned to ORNL for evalustion. 1In
place since October, the ESM is alreadr provid-
ing a measure of the daily varisbility in
exposure smoke levels, which would otherwise rot

have been obtained. (R. A. Jenkins)

Methodology for the Analysis of
Hagardous Solid Wastes

Poliution associated with the disposal of
hazardous solid wastes has become & msjor envir-
onmentsl probles, Analytical chemistry of the
solid wastes is confounded by the great divers-
ity of physical matrices encountered.
range from aqueous sludges to seaisolid oily
1iquids. Purthermore, the means of entry of the
individual pollutants into the environment tends
to be either by leaching into groundwster or by
volatilization into the atmosphere. The
snalytical challenge becowes, firet, the quali-

Samples
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determination of
solid waste end,
compounds in

tative and quantitative

individual compounds in the
second, determination of the
eavironmental media. Our initial work focused
on developiag procedures to recover organics
from solid wvastes.

Historically, the primary method for extract-

ing organics from solids involved Soxhlet
extraction with methylene chloride. With solid
vastes, eignificant water content 1is common.

Results obtained using & Soxhlet extractor are
difficult to interpret because of channeling of
the solvent through the solid, which results in
incomplete solvent-sample coutact Therefore,
we developed an extrzction method that utilizes
acid end base equilibratione with the solid,
followed by equilibration of the soi1d with an
This methodology results in
acids,

organic solvent.
thiee fractions for subsequent analysis:
bases, and neutrals.

A gravimetric comparison of our method versus
Soxhlet extraction was ca:ried out using aix
solid wastes. The wastes represented a variety
of physical states. In every case, the awmount
and number of organi~ constituents extracted by
the sequential scheme was considerably greater
than that extracted by the Soxhlet.
tude of the difference rsnged from factors of
2 to 50. the content of the
“neutral exceeded the total
extrscted by the Soxhlet, on the bLasis of total
as well as the
In addition, this system provides
wvhich greatly

The magni-

In every case,
fraction alone

mass, quantity of individual
constituents.
a convenient (lractionatior,
simplifies the final analysis.
A  second extraction technique, aqueous/
organic co-distillarion, has been studied as a
means of extracting and analyzing organic mate~
in solid wastes without contacting the
wase with organic solvent. The extraction is
conducted ss follows: the solid vaste is added

to a flsek containing water,

rials

the flask is con-
nected to a dual reflux column with the orposite
flask containing an immiscib'e organic eolvent;
both flaske ace  heated, and the vapors
co-condense and sre returned to their respective
vessels.

The solid waste samples described above were
extracted using this technique. These extracts
were compsre: with Soxhlet extracts, as well o
with laboratory-generated agueous leachates., In
dietillation method extrscted o
than the
aqueous leaching, although chemicsl cormpositions
The extracts did

general, the

higher level of organic material

vere quslitatively similar.



net contain as much organic matter as did the

Soxhlet extracrt. Thus, the distillation
approach is a convenient means of screening
solid vastes for potentially leachable

msterials.

Future studies vill involve the comparison of
more environmentslly relevant extraction tech-
niques with the total content studies in an
that constituents are
likely to be released into the environment. We

attempt to determine
are currently pursuing wmethods for the visuali-
zation of constituents which may be volatilized
Also
the
higher

and lost during evaporative concentration.

under development are for
the
moleculsr weight cons
These

s¢. nificant percentage of the

techniques
measurement of " ~tractable” or
uents of the organic

~xtract. mater.als are apparently a

total mass &nd

not

have been  adequately characterized.

(M. P. Magkarinec, R. W. Harvey)

Determination of Low Molecular Weight
Carbonyls in Tobacco Smoke by HPLC

Current procedures for determining gas-—phase

carbonyl compounds in tobacco smoke involve
cryothermal trapping of the sample on the head
of a GC column and subsequent elution by pro-
gramming the column temperature. The method
permita analysis cf only one brand of cigarettes
per day and requirea empirical standardization
against a reference cigarette for calibration.
We have found HPLC separation and determination
of the carbonyle as their dinitrophenylhydra-
zones (DNPH) to be a mich improved procedure.
Early studies showed that DNPH derivatives of
acetaldehyde, acrolein, propionaldehyde, ace-
tone, and formaldehyde could be easily resolved
HPLC, with  70:30
from an n-Cig bonded

quantitative results

by reverse—phase eluting
methanol :water
phase column. However,
were variable and consistently lowv relative to
those obtained using the cryothermal GC method.
The difficulty was traced to incomplete and
varisble trapping of the gas phase carbonyls in
the smoke being sampled. Initially, trapping
wvas accomplished by bubbling the diluted gas
phase rhrough dinitrophenylhydrazine solution.
Ta improve the <collection efficiency, &
procedure was devised whereby the gas phase of
the smoke was introduced, puff-by-puff, into a
partially evacuated flask containing both the
aqueous the

Vigorous agitation of

DNPH derivatizing solution and

chloroform extractant.

n

the trapping solution increases contact between
the pgas and liquid phases. This enhances the
rate of conversion of the carbonyls to their
DNPH analogs and prevents side reactions with
other gas-phase constituents.

Deliveries of acetaldehyde and acrolein, ss
determined by _he nev procedure, compare favor-
ably with those measured by cryothermal GC. For
example, the HPLC rethod yielded values for the
Kentucky Refereance 1R1 cigarette of 1360 ard 118
ug per cigsrette for acetaldehyde md acrolein,
respectively, compsred with 1220 and 123 upg by
gas chromatography. Relgtive standard devis-
tions for the HPLC-based method are +12I. The
nev procedure offers aseveral advantages. Most
important, authentic standard cc-—pounds can be
eaployed for calibration. Since the tragping/
derivatizetion and analysis are separate
procedures, multiple snalyses can be run on the
same cigarette. Automated asmple injection
provides for greater asample throughput. Also,
by reevacuating the flask and swmoking several
cigarettes into the same derivatizing solution,
sensitivity can be improved to the point where
carbonyl deliveries can be determined for . ‘tra-
low "tar" In addition, the method
offers the promise of more efficient trapping —

cigarettea.

snd thus more accurste determination — of gas
phase carbonyls in other concentrated organic
serosols, including wmilitary obscurant smokes
and woodburning stove effluents. (D. L.
Maoming, M. P. Maskarinec, A. H. Marshall, R. A.
Jenkine)}

Mvances in Righ-Resolutiom Liguid
Chromatography

There haw been increasing interest in nonvol-
atile (polar or high oolecular weight) compounds
because of their apparent contribution to the
biological activity of complex mixtures. Thesn
properties preclude the use of gas chromatog-
raphy as an snalytical method. Liquid chroma-
tography (LC) offers a better approach to the
reaolution of these conetituents but suffers
from two fundamental limitations: lack of totsl
resolving power and lack of universal detection
systems. The problem of detection conceivably
could be overcome by the use of s mass spectrom-
eter, although there asre prsctical problems.
This work has frcused on rhe development of
column technology for LC that would result in
higher separation power, ss well as increased
compatibility with mass spectrometric detection,



Several approaches to increased resolution
with LC columns exist; each has its advantages
and disadvantages. The aost straightforward of
these is to increase the length of the column.
This approach has the advantage that materials
and instrumentation are readily available.
However, increasing the length of the column
extracts & high price in terms of pressure drop,
and currently utilized packing techniques must
be reconsidered. A study was made to deteramine
the suitability of several packing techniques
for producing packed columns greater than 1l a in
length. A T2flon® tube was inserted into a
stainless stecl jacket, and the column was
packed under a variety of conditions of flow,
solvent, and presaure. The tube was then
removed, and the packing uniformity examined.
It was found that a slow, wupward packing
resulted in the highest degree of packing
uniformity. This is the opposite of the packing
system generally used in analytical LC. The
columns produced had fairly high efficiency
{approaching twice the mean particle diameter),
but very high preisure drops. The total
efficiency posaible with such columna is limited
to 200,000 theoretical plates. In addition,
long analysis times result.

The more prowising approach seems to be the
use of open-tubular columns. Such columns are
nov widely used in GZ. This technology has the
potential to provide very high (>106 plates)
efficiency, without inordinately long 'nalysis
times. However, diffusion rates of solutes in
liquids are much slower than those in gases.
In order to compensate for lower diffusion rate
in the 1liquid mobile phase, the internal
diameter of an open tubular LC column must be on
the order of 10-50 um or sbout one-tenth that of
an open tubular GC column.
loading capacity and meana that extra-column

This reduces the

Detection must
be highly aensitive, yet must not produce band-

dead volume muat be minimized.
broadening. We have developed open tutular
columna with porous asilica interior surfaces,
which have exhibited superior efficiency with
moderate loading capacity, in the normal phase
(nonpolar organic mobile phase) mode. These
columns are produced by deposition of a layer of
sodium silicate on the interior surface of
capillary tubing. The wster is driven off by
heating, and the capillary is drawn by s
technique analogous to thst used in open-tubular
GC. The plste heights measured on such columns
are approximately four times the
dismeter.

column

72

The best hope for a "universal” low-volume
detector appears to be the electrochemical cell.
However, this system requires the use of aqueous
mobile phases. These are only compatible with
so—~called reverse-phase columns. Atteapts to
produce reverse-phase columns with the porous
silica technology were unsuccessful. We have
therefore begun to investigate the use of
bis(octadecylphospho)-zirconiua(IV), a crystal-
line solid, for producing a reverse-phase
surface on the open-tubular columns. This
mat.-ial has been synthesized at ORNL (33).
Results to date indicate that the material can
be deposited on microparticulate silica and that
the resulting HPLC columns Yave very high
capacity. Thus, the material offers an attrac-
tive alternative to conventional bonded-phase
silicas, as well as poteatial for the production
of reverse-phase open tubular LC columns.
(M. P. Magkarinee)

An Aerosol Generator f.. the Produetion
of Concentrated 0il Aerosols

The wilitary has shown a renewed interest in
the use of smokes and obscurants for screeaning
purposes in warfare. This, coupled with present
day concerns for environmental and occupational
exposure safety, has prompted the Arwy to
investigate the risks associated with passive
and/or accidental exposures to these smokes. As
part of this program, we have undertaken jointly
with the Biology Division an investigation of
the inhalation toxicology of one of these
obscurants. This smoke is produced from diesel~
powsred tanks from diesel oil. The same oil
that powers the tank is pumped into the hot
manifold directly after the engine, where it
vaporizes. Vapors are carried through the
exhsust system and forcibly ejected, along with
normal exhsuat gases, into the air. The vapors
immediately condense to form a dense aserosol
used for military screening purposes. 1t should
be emphasized that this smoke is primarily
droplets of diesel oil in the micron and
submicron size range. The black sooty particles
of normal diesel exhausts make up only a minor
fraction of it.

This report describes our efforts to develop
a generstor that adequately simulates this
generation process in a laboratory environment
and to physically characterize the aerosol
produced. The serosol ia produced by an
evaporation-condensation process in a generstor



simulating the manifold of a tank, albeit on a
much reduced scale. The generator is
constructed from a one-meter-long section of
2.5-cm OD of stainless steel tubing. A one-
kilowatt Vycor ismersion heater is mounted
inside the tubing to simulate the "manifold”
heating. A carrier gas to simulate the exhaust
gases pasaes along the heater where it is heated
to 600°C. (Preseantly we are using nitrogen as
the carrier gas.) The temperature is controlled
by means of a thermocouple controller. Diesel
oil is pumped into the msnifold, impinges on the
end of the heater where it is volatilized, and
is carried down the tube., A thermostatically
controlled heater surrounding the last two-
thirds of the manifold is used to keep the
exiting vapors at 350°C to prevent premature
condensation. The hot gases and vapors exit
countercurrently into the downflowing air
supply, where they mix turbulently and cool
rapidly to form a dense serosol. The aerosol
concentrstion is regulated either by varying the
injection rate of the diesel oil using low-
volume metering pumps or by varying the flow of
the condensing sir. Typically, serosol concen-
trations from less than one milligram per liter
to greater thsn 30 can be produced.

Particle size distributions have been sti-
mated using a cascade impactor operating at one
liter per minute flow rate. Direct weighing of
the impactor stages was found to be unreliasble.
Consequently we have used a computer assisted,
lov-resolution gss chromatogrsphic technique for
estimating the amount of oil collected on each
stsge. The glass stage plates asre immersed in
carbon disulfide to dissolve the oil. An
aliquot is 1injected into a GC, operating
isothermally with a short column so thst the
entire band is -luted in 2.5 min. The output
signal of the GC i. amplified and fed into an
analog-to-digital con.erter of &  MINC-I!
computer. BASIC programs i:ave been written to
facilitate analysis of the chromstogram. The
apectrum is displayed on a graphic terminal wi*h
sufficient resolution to separate the solvent
peak from the oil band. The solvent peak is
discarded and the contribution from the oil
pesks is numerically integrated and quantitsted
by comparing this srea with that from standard-
ized solutions of the same oil type. Particle
size distributions were found to be spproxi-
sately logarithmic normsl, with Jow polydis-
persity (geometric standard deviations of ~1.5).
Mass median aerodynamic diameters vary consider-
ably, primarily depending on aerosol age and
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concentration. In the flowing stream immedi-
ately after the condensation region, wedian
In a static

chasber, particle gzrowth to approximately 2 um

diameters of 0.4 um were found.

vas observed in one-half hour. This growth at
high-aerosol concentrations, 5 wg/l, is in
sewiquantitative agreement with that predicted
from simple second order theory. (R, W.
Holmberg, J. H. Moneyhun)

An Inhalation Exposure System for
Toxicological Studies of Diesel 0il Aerosols

Existing exposure facilities in the Biology
Divisicn have been modified in order to study
the toxicological effects of a diesel oil aero-
sol. Rochester-type exposure chambers of
approximately one cubic meter volume presently
installed in Building 9211 at Y-I2 were chosen
for this study. Generators have been installed
at the top of each chamber to supply the diesel
oil aerosol. The chamber system operates at a
constsnt air flow of 420 liters per wminute. The
aerosol concentration is regulated using Llow—
volume wmetering pumps to supply oil to the
generators. 0il flow rates from 0.5 to 10 ml
per minute produce serosol concentrations from |
to 20 mg/1.

It was found that the existing chamber desigan
was not sdequate to distribute the aerosol uni-
formly throughout the exposure volume. The
aerosol stream dié not follow or spread out in
the tapered top section. Rather, it entered as
a discrete plume, flowing to the battom, where
the chsmber only slowly approached a uniform
concentration by turbuiecice. This of course
posed a serious threat of nonuniform exposure of
animals. To correct this problem, an assembly
consisting of a dispersing cone and two laminar-
izing screens was designed and inatalled in the
upper section of the chamber. With this
addition, aerosol concentrations were found to
be uniform throughout the chamber within 101,
These aerosol concentration profiles were
monitored both photographically and with an
arrgy of six Gsyle/ORKNL particle sensors mounted
in the chamber. With this laminar flow, some
particle size growth has been seen in the
serosol aa it progresses from top (inlet) to
bottom, For example, at 3 mg/l ocass wmedian
aerodynamic diameters of 0.6 ,m were found at
the top, growing to 0.9 ;ym near the hottom.

The exposure facility has been designed to
accommodste the lengthy exposures to highly con-



centrated diesel oil aerosols that
during these chronic exposure

may occur
studies. The
spent azerosol — that which passes through the
chambers — must be properly disposed of. Under
some realiatic exposure conditions, over one
liter of liquid diesel o0il will be consumed in a
single chamber during a six—hour exposcre. We
have found that the gbaolute filters of the
existing facility will plug in & fraction of
that time. Forther, it would be unacceptable to
dirsctly vent these fumes in the crowded labora-
tory envirounent. We have found that coalescing
filters (Baltson Company) are ideslly suited for
We have installed
arrays of these filters just after each chamber
to keep the pressure drop thcrough them within

thia use. somevhat oversized

acceptable bounds. To date they have performed

better than acticipated. They remove greater
than 99.52 of the aerosol and have yet shown no
deterioration with uaae.

A monitoring/safety system has been d-aigned
Gayle/
ORNL particle sensors will be used as on-line

for use during the chronic exposures.
monitors of aerosol concentration. For redun-
dancy, two will be installed in each chawmber,
and their signals recorded on dual pen recorders
to provide a permanent analog record of each
exposure. The poysical arrangement of the
expoaure facility, each chamber located

separste room, makes supervision during lengthy

in a
exposures difficult and labor intensive. Tu
alleviate some of this difficulty, signala will
be fed to a central station (a nearby office)
vhere panel meters and alarms will be provided
for convenient monitoring of all four exposure
rooms. Alarm monitors will signal and shut down
the exposure system in the event of the follow-
(1) high aerosol
(2) low carrier yas manifold pressure, (3) loss

ing faults: concentrstion
of negative pressure in a chamber, or (4) an
open door on the chambers. (J. H. Moneyhun,
R. W. Aolmberg, T. M. Gayle)

PROCRAMS
Synfuels Prozram

Several activities highlight the synfuels
component of our work during this period. A
major effort continues to be the identification
of biologically active constituents in a variety
of synfuel-related materials (34). Crude coal-
derived oils, a suite of refined and crude shale
oil products from the Paraho operetion, and a
number ot natural petroleum crudes are receiving
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specisl attention. The importance of aromatic
smines (35) has been demonstrated further by
examining additional oils end syanthesizing and
testing wmodel compounds. Recent work has
focused on determining the relative importance
of primsry aromatic amines compared with second-
ary and tertiary aromatic amines in the basic
fraction (36) emd on the importance of nitrogen-
containing aromatic compounds in the neutral
fraction (37). In sddition, we have found that
the neutral polar materials have a special sig-
The impor-
tance of thia class of compounds may exceed that
of the alksline mutagena (39).

The spplication end devrilopment of chemical

anificance in terms of activity (38).

claaa fractionstion methods alao continue as
major activities in the synfuels area. Examples
of applied atudiea include the following: (1) a
auite of shale oil samples from the Paraho site
was fractionated as part of a multilaboratory
activity in the characterization (both chemical
and biological} of raw and r2fined products
being teated by the Navy for their suitability
as fuels; (2) several samples of feed waters and
wvaste wvaters from coal conversion sites were
fractionsted in cooperation with the Chemical
Technology Division for their evaluatoon in the
Ames test syatem; (3) a suite of samples from
the bench-scale H—Coal Plent was analyzed and
biologically characterized in order to provide a
preliminary indication of what the materia.s,
produced at the 600 ton/day pilot plamt in C-=-—
lettsburg, Kentucky, wmight look 1like; (4) a
variety of samples frcm the Wilsonville SRC
plant were fractionated in support of corrosion
atudies in the Metals eand Ceramics Division; and
(5) a variety of other materials were fraction-
ated in this period in order to establish a
broader data base of weight yields vs chemical
class and biologicai activity vs chemical class.
In seeking answers to the broad question of the
ve waintain a
in the problems of dosi-
in particular with the Ames plate assay.
Synfuels are composed of a variety of compounde

validity of biological assays,
continuing interest
etry,

having different physical and chemical proper-
ties; therefore, we expect that the uptake of
these materials in any bicassay system will be a
function of the physical-chemical nature of the
Pilot studies have shown that oils are
dispensed inhomogeneously in the bioassay media
used for .ames testing. 'n addition to looking
st the related to the donimetry
involved ir bioassays, we are also developing
methods by which synfuel-relsted materials can

sample.

proble..e



be simply prepared for bioassay,
the lengthy fractionation proce-
dures, which have been spplied for wost of the
crude materials we have
time.

circumventing
tedious and
assayed up to this

The repository function remains an important
part of our program. We have obtsined an
additional large number of ssmples in the past
year, and a serious effcri has begun to charac-~
terize the more isportant sswples with regard to
their cheaical and physical stadilities. A
aumber of requests, bdoth in-house and out-of-
house, have been sade for asmples, and s signif-
icant data base is being accumulated on some of
the more important samples. We have been,
through the repository function, a focal point
in the study of the Parsho suite of oil shale
related samples. A symwposius was held this past
summer to bring together the various investigs-
tors who hsve been atudying the Parsho samples,
and a proceedings volume is being issued which
susmarizes the results to date.

A major portion of the work now involves
site-specific
services.

relsted sssessment research and
A very large amount of analytical
work is to be cerried out both in this section
and in other sections of the Analwyrir:zi
Chenistry Division. At the present time, ORNL
is responsible for carrying out the health and
environmental asssessment programs at the
Unicersity of Minnesota-Duluth (UMD) low-Btu
gasifier (40) and 4t the 600 ton/day pilot plant
of the H-Coal process in Catlettsburg, Kentucky.
the UMD site has
proceeded spasmodically over the past two years.
Although the periods of operation have been
sh-ort snd intermittent, we have asccusulated 2o
.arge smount of dsta on the varicus ssmples thst
we hsve obtiined in those past periods. In the
next year the focus of effort will be oa charac-
terization of the gas phase stresms, both the
process streams and the flue gases at that
facility. Activities is support of the H-Cosl
pilot plant fecility have concentrstad on
implementing the plan and preparing for a large
activity in sampling and snalysis. This ie
expected to be ¢ very significant sctivity in
the coming yesr. {B. R. Clark, M. R.
Guerin)

The asassessment program at

Inhslstion Pioassay Chemistry Program

Inhalation biosssay chemistry deals with the
generation, monitoring, snd characterizstion of
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exposure atmospheres for inhalation toxicology.
Concepts and methods for determining the actusl
dosages achieved during exposure are slso devel-
oped and applied in support of the bdiological
experimentation. Cigarette smoke continues to
be studied in ocur prograa.
have received
reporting period.
to extend studies to a consideration of fugitive
emisgions and other inhalation hazards associ-
ated with fossil fuels
Resegrch is carried ou:

Military obscurants
this
Discussions are in progress

increasing attention in

conversion proceases.
in collaboration with
inhalation toxicologists in the ORNL Biology
Division and at other instirutions. Our respou-~
sibility is to ensure that the msterial teated
is relevaat to the humen situation.

Systems have been constructed and installed
to supply inhalation exposure chambers in the
ORNL Biology Division with uniform diesel oil
serosolas.
tors, instrumental wmonitors of aerosol concen-
tratiou,

The systems include serosol yeners-

and spent serosol collection trups.
Three systems sre currently in use to acquire
baseline biological data. The uniformity of the
serosols throughout the chamber, the physical
and chemical and
somposition with time are

The aserosol consists of
liquid droplets composed primarily of unchanged

properties of the aerosol,
in aerosol

under investigstion.

changes

diesel o0il snugpended in the sir. Some of the
more volatile componeunts, depleted from the
particles, are found in the vapor phase.

Psrticle size as determined by csscade impaction
is well within che respirsble range.

The need to determine the relsvance of the
test material to actual exposure aavironmeuts
led to two field sampling efforts. The
experiment involved ssmpling a diesel oil smoke
introduced into s wind tunnel from an M-6C
bsttle tank at the Edgewood Arsenal, Aberdeen
Proving Ground, Maryland. An additional esmple
wes obtained from a 40-m3 static exposure
chamber filled with smoke from the same tank
during the same visit. The second experiment
involved ambient air sampling und fnstrumental
monitoring of the diesel o0il smoke produced
during Army-sponsored field trials of a variety
of obscurants at the Eglin Air Fo.ce Base, Ft.
Walton Besch, Florida. Particle and vapor-phase
ssmples were collected for snslysis at both
sites. Carbon monoxide snd nitrogen oxide
concentrations were wmonitored continuously et
the Pglin site.
both sites
limited.

fives

Results were dissppointing at
becsuse sampling time was wvery

Resultes suggeat, however, that field



aerosols are similar to our experimental aerosol
in that they consist mostly of unaltered diesel
oil. Differences due to the presence of diesel
exhaust
addressed because of the small sampies availasdle

in the field aserosols could not be

for analysis.

Ve continue to develop dosimetry methode for
both the diesel oil aercsol and tobacco smokes.
Decachlorobiphenyl (DCBP) is being studied as o
diesel oil particle tracer. The DCBP is added
to the o0il and transfers to the oil particles
upon  serosolization. Methods being
developed to quantitatively determine DCBP in
animal tissues snd body fluids and to demon-

are

ctrate its presence in only the particle phase
of the aerosol. Dosimetry accompanyiag the
exposure of dogs to cigsrette smoke is being
addressed through methods for the determination
of blood and ur’ne coaceatrations of nicotipe
alkaloids, blrod
and conceatrations of carbon wonoxide in exhaled
We find thar as little az 301 of the smoke
offered the auimsls is actuslly retained. Ve
also find that the degree of retention depends

leveis of carbaxyhemoglobin,

air.

on the nature of the cigarette smoke; low tar/
aicotine smokes appear to be more readily toler-
ated and therefore asre retained to s grester
degree than are higher tar/nicstiae swmokes.
Studies

receive some attention as part of the progras.

of humsn doszimetry continued to
Chromatogrsphic profiles of urinsry volatiles
from s small group of pooled smoker/nonsmoker
urine ssmples showed no wajor differences ia
Methods are currently being devel-
ored for a wore detailed analysis of urinary

compori.ion.

components Trelsted to smoke exposure. An
especislly interesting experiment carried ouZ in
this period involved the isolation, scid-base-
neutral geparstion, and Amcs testing of organics
concentrated frce pooled smoker/nonsmoker urine
samples. Mutagenicity was found omnly in the
basic fraction snd only in the samples from
smokers. This observation suggests causstive
s;ents methods in

development to identify the asctusl mutsgens.

and enslytical need of

Our sccomplishment in biosssay
monitoring the field
trial of our instrumentgl psrricle wmonitor for

major
resesrch is wuccessful
the continuous measurement of cigarette smoke.
The instrument, based on back-scattered infrared
light, produced
"esr' delivery in laboiatory trials ana operated
the 1inhalstion -exposure

«xceilent approximstions of

reliably at testing

laboratory.
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Our long-standing interaction with Microbio-

logical Associates (MBA) for the Council for
Tobscco Research-USA, Inc., is coming to a
close. MBA has been asked ®o terminate its
studies. We are assisting in the final phases

of the project by prepsring operating manuals
for the instrusentation wve have developed and by
quality assuring final experiments.

The inhalation bioasssy chemistry program is
being strengthened by the addition of personnel
and special fgcilities. Major nevw initiatives
are undervay for the Department of the Arwmy in
studies of phosphorous smokes.
likely that the
synthetic fossil fuels materials will be receiv-
(¥, 2.

It also appears
inhalation toxicology of
ing consideradble attention. Guerin,

R. W. Holmbera, R. A. Jenking)

Environmental Anslyticsl Chemistry Progras

Our prograw addresses analytical research and
special services required to determine organic
environ-—

compounds in ambient and occupationa!

ments. Current projects address the anslytical
chesmistry of cigarette smoke, sir contaminants,
solid wvastes, and to a lesser extent, water
pollution.

Nur cigarette smoke project has chaaged in
response to the changing nee’s of the Samoking
snd Health Progrss (S&HP). The S§HP

requires amalyticsl chemistry in support of its

now
internationgl epidemiology studies, to provide
easrly and reliabi: results on the characteris-
tics of newly introduced cigsrettes, and to
the

ulera-low deliery cigarettes.

sddress issue of smoker compensation to

The
delivery (<! mg tar/cigarette) cigarettes chal-

ultra-low

lenge the sensitivity of many standard analyti-
cal procedures. Cigarette engineering (mastly

msnipulations) used to produce such
the
experiments]l smoking methods.

Epidemiological studies are supported by the

physicsel

products challenge relevance of current

sesiroutine analysia of commercisl cigarettes
from throughout .he world using standard swoking
snd methods. Newly

cigsrettes sre chsracterized by their deliveries

snslyses introduced

nicotine, carbon monoxide, hydrogen
cyanide, oxides of nitrogen, and acrolein using
standsrd methods. Methods for the determination

of cach of these constituents (n the amokes of

of tar,

ultra-lcw delivery cigarettes are currently

being developed as part of this project. as are

methods for the chromatograshic visualization of
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total organic matter. Swmoker compensation is
being investigated by analyzing cigarette smoikes
produced using a variety of smoking conditions.
Msjor accomplishments in the past year include
developing wmethods for the quantitation of
scrolein snd other gas-phase carbonyls in low-
delivery cigarette smoke (41,42), validating the
utility of chemiluminescent determinstions of
nitrogen oxides in low delivery products (43),
developing spectroscopic methods for the estima-
tion of tar deliveries, and finding that subtle
changes in smoking conditions can yield greatly
increased qusatities of toxic constituents per
cigarette.

A systematic approsch to the determination of
organic air contsminants is evolving (44) as s
result of several studies. A sampling device
(45) designed snd constructed here to collect
vspor -phase organic pollutants was used by an
EPA contractor to sample the sir in the vicinity
of & foreign commercial cosl-gasification plant.
Samples nf the particulate matter (collected on
standard hi-vol filter pads) and vapor-phase
organics were forwarded to us for analysis. Our
results (44) agreed well with those determined
by an EPA cootractor and our method allowed
improved sensitivity, precision, and resolution.
Particulate organic matter is nov removed with
good recovery, class separsted by HPLC, and
quantitatively annlyzed by high reselution GC or
LC. We have also demonstrated (45,46) the
ability to carry out replicate thermal desorp-
tion analyses of vapor phase constituents gnd
have developed s calibration method silowing
high~precisi~n quantitative determinstions of
selected compounds. The approach is expected to
be equally spplicable to respirsble contaminante
in workplace environments.

Reszarch into the charascteristics of eolid
vastes has emphasized the development of methods
to recover orgsnics for subsequent analysis.
Diffuse reflectance infrared spectroscopy has
been found especialiy useful for charscterizing
organice adsorbed on fly ash (47). Applying the
technique to fly o2& from varicus sources and
after various solvent or hret trestments shows
the sorptivity of the ash to be directly relaced
to the quantity and kind of carboneceous matter
on the surface. Traditional Soxhlet extraciion,
ultresonic~assisted snlvent extraction, thermal
desorption, and presgure-swvsisted column extrasc~
tion have been found suitehle for the removal of
selected compound types from the ash. Indus -
trial and municipal solid wastes poes epecial
problems because of thelr diversity und inbomo-
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geneity. Aqueous/organic solwent partition and
combined stesm distillation-solvent partitia
have been found effective (48) for rewmoving meny
of the organic contaminanta for further
analysis. The relationship of such extractioa
procedures to both experimental aqueous leach-
stes snd to natural lesching is being exsmined
149).

Problems associated with the anslysis of
aqueous samples for organic contaminants are
also being systemstically addressed (50).
Studies are driven by the oneed for trace
analyses of natural waters and treated process
effluents and the need to recover organics from
squeous leachates of solid wastes. Aqueous-
organic psrtition remsins the wost generally
useful methoéd for recovering organics; recover-
ies are high snd the method is applicable to
acidic, alkaline, and neutral contsminants.
Conceatration onto s smell reversed-phase liquid
chromatographic packing cartridge is found
especially us2ful for npeutrsl contaminamts.
The spprosch is somevhat seloctive for neutrals
and allows direct coupling of the trap to &
snslytical liquid chromstograph. These methods
snd polymeric resin adsorption asre also being
compared for their general effectiveness in
preparing concentrates for biological testing.

A general observstion of importance is that
larger mssses of orgsnics are removed fros wmany
environmentsl samples than can be accounted for
by the individual constituents ultimately deter-
sined. In extreme cases, less than 20% of the
naterigl is visuslized (51). e suspect that
much of this discrepancy is Jue to the presence
of polar, mscromoleculsr, or other compounds
insufficiently volatile to be seen upon gas
chromatography sed not contsining chromophorss
required to be detscted uwring commcn liquid
chromatogrephy metnods. Xothode for the detar-
miration of such compounds arc scheduled to
receive {nc, eased sttention i rhe mezt reporc-
ing peric1. (M. R. Cuerir, VY. h. Griset, M. P.
Maskarinec, R. A. Jenkinz)
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5. NUCLEAR AND RADIOCHEMICAL ANALYSIS

J. R. Stok:zly, Section Head

The Nuclear and Radiochemical Analysis section continues to provide general radioanalytical
and activation analysis support for a number of URNL and Nuclear Divisio- programs. This
support ranges from routine analysis of samples to long-term development pro jects. The section
has three groups: Radiochemical and Activaticn unalysis, Low-Level Radiocheamical Analysis, and
Special Projects. Over the pas~ three years, the section has ewphasized upgrading and
diversification of general support analysis capabilities. Much progress has been made in these
areas, and the section has evolved into a highly productive unit, which handles most routine
radiochemical analyses and short-term development work in an efficient, competent manner. With
the basic radioanalytical capabilities well iIn-hand, present endeavors are to strengthen the
long—term research capabilities and programmatic aspects of the section®s work.

A continuing activity i{s to {mprove the laboratory facilities and instrumentation used by
the section. A concerted effort is now underway to automate the handling of routine analysis
data generated by various laboratories in the section. Three additional computer terminals have
been procured for use with the DEC~10 computer :0 process and store analytical data. The ND-
6620 data acquisition system located in the Radiochemical and Activation Analysis group is being
developed {nto a general data-processing system for most counting instrumentation located at our
laboratory at Building 3019, Future plans call for counectfon of the ND-6620 to the DEC-10
computer for direct transfer of analytical data to the division’s Data Management System. In
the Low-Level Radiochemical Analysis group, a new sample preparation laboratory and sample
recefving room were put into operation this year. These new facllities have increased the
overall efficiency and capabilities of the low-level group. Also, an automated, high~sample-
capacity liquid scintillation counter was procured for use in the low-level group, replacing an
old manually operated unit.

Development activities have continued to support a number of projects within the Labora-
tory, UCC~ND, and other organfzations where our special capabilities or expertise 18 applicable.
We are supplying radioanilytical development support for the DOE-sponsnred health and environ-
mental assessment of the coal gasifier plant at the University of Minnesora. This work consists
of activatfon analysis of trace elements and low-level radiochemical analysis of {important
naturally occurring radionuclides in feed materials, tars, and discharges from the plant. A
collaborative project with IBM Corporation is underway to determine ultratrace levels of uraniuvm
and thorium in semiconductor components. Sensitivities for these elements have been extended to
about 0.0l ng/g by neutron activation analysis at the High Flux Isotope Reactor. Development
support for the Consolidated Fuels Recycle Progrem has resulted in fmproved methods for analysis
of carbon-14 and {odine-129 in dissolved reactor fuel solutions. Interest in analysis of
technetium~99 in environmental materfials has continued. Methods for analysis of technetium-99
in soils and vegetation have become fully developed und are ir routine use; efforts are befing
made to extend analysis methodology to animal tissues. A project to develop techniques for
determination of gamma-emitting radionuclides in small anfaals 1s nearing completion. This
project 1s directed at determination of the biological radioiuclid: assimilation of wild animals
1{ving on the Oak Ridge reservatinn. A new method for electrolytic enrichment of tritium was
developed this year. This method extends our sensftivity to the sub-plrocurie level and has
been used for analysis of well water from Three Mile Island (TMI).
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RADIOCHEMICAL AND ACTIVATICN ARALYSIS

Sample Analysis Progras

The Radiochemical and Activation Analysis
group continues to provide support to severai
Laboratory and Nuclear Division programs iu the
Jreas of gamma-ray spectrometry, radiochemical
measurements, and neutron activation analysis.
Over the past year, the group performed approxi-
mately 54,000 analyses on 34,000 samples. Spe-
cial development studics were also carried out
by the group in support of sample analysis
efforts. Development studies consisted of
gamma-ray spectrometry and radiochemical analy-
ses for the ™I facility, uranium and thorium
analyses for IBM Corporation, and multielement
neatron activation analysis of coal, ash, and
tars from scveral ccal gasification facilities.
Over 31,000 neutron activation analyses were
performed this year, an increase of 28 over
last year.

The National Uranium Resources Evaluation
{NURE) program submitted 21,000 gediment
samples for the determination of uranium by the
delayed neutron counting method. Radioisotope

products anal{zed by gamma-ray spectrometry this
3 37 & 47

year were e, Ar, . Ca, Fe, Co,
:_Z,c°' 60Cfd3 676?66 755e , 85¢r 89sl,i 917.
ze-nb, ORa, 100py, 109 113g, NLiOmg

113y, lebg, 153y 237y 237p,, 24bca and
25355. In addition, gamma-ray spectrometry was
performed on samples of S{C, paper, flux
monitors, air filters, charcoel traps, Vi3Si,
and Oak Ridge Rcsearch Reactor (ORR) and TMI
reactor waters.

Tritium separations and analyses were per-~
formed on TMI reactor water, fuel dissolver
solutfons, pump parts, lreek water, silica gels,
and ethylene glycol. 1In addition, gross alpha,
gross beta, gross gamma, and alpha spectrosetric
analyses were made on these materials. Multi-
elesent neutron activation analyses vere
performed on coal, tars, fly ash, zeolite, flux
monftors, soils, sediments, vegetable ash, Mgo,
Ge0;, SYNROC materials, Pt, and TIiC. (J. P.
Emery, L. . BRate, A. R. Crook, P. P. Dyer,
Y. A. Parker, [. M. Rosaberry, J. V. vade,
L. R, Hall, J. W. Hamma, ¥, J. Rortheutt, and
S. H. Praatwood)

Anslytical Msthods for the
Coal Gasification Progras

An 2ffort is underway to determine by neutron
sctisatfon analysis (NAA) the trace elements in
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samples of coal distillates obtained from the
coal gasification plant of the University of
Minnesnta at Duluth, Minnesota. The samples
being analyzed are tar materials of high viscos-
ity. At temperatures of 200-300°C, the materi-
als have a very small component {a few perceat)
that is wlatile. The materials contain pariic-
ulates which we suppose mav vary In size and
amount from sample to sample and which wmay
contain major fractions of the trace elements.
Initially, attempts were mac2 to irradiate the
materials in polyethylene rabbits in the pneu-—
wmatic tube facility of the ORR. Irradiations
longer than a few seconds were found to be
infeasible because the tars attacked the rabbits
and tended to escape during irradiation. Some
atteapts were made to evaporate more volatile
components of the tars in an effort to obtain
samples that would not become fluid during {irra-
diation and thus prevent attack of the plastic
containers. This approach was found to be too
time-consuming and was also believed to be unde-
sirable beczuse of the possibility of loss of
some trace elements. The method that was
finally adopted was to irradiate samples of
50-100 mg in the plastic rabbits for 10 s in the
pneusatic tube at the ORR and to ({irradiate
samples of about 2 g in sealed quartz vials for
5 h in the Bulk Shielding Reactor (BSR). The
thermal neutron flux In the BSR {s about 7 x
101! peutrons cm—? s—1. Each quarez vial is
wrapped with a flux wmonitor. No significant
epithermal flux is present. After samples are
removed from their 1irradiation containers,
radionuclides are measured nondestructively by
Ge(Li) gamma spectroscopy, and trace element
concentrations are determined by absolute NAA.

Irradiations in the quartz vials have proven
to be effective for wmeasuring elements that
yi2id radionuclides with half lives of a few
hours or more. Thus far, we have allowed decay
to take place 6-7 h before attempting to
retrieve and oper the vials. This time aight be
reduced to about 1-2 h. No bufldup of gas
pressure in the viils tis been detected. We are
presently wmaking i1:plicate measurements with
quartz vial frradiations to determine the vari{a-
bil{ty obtained among 2-g samples.

Irradiations of the small samples in plastic
rabbits are usually sat{sfactory, but replicate
measurements often yleld greatly different trace
element concentrations due to the large {nhomo-
genity of the samples. We therefore do not yet
have a satisfscctory procedure for neutron acti-
vation analyafs of those trace clements that
yleld short-1{ved products. (r. P. Nyar,
L. M. Roaeharry, K. J. Northeutt)




Uranium and Thoriva Deteraminations im
Semicooductor Materials

The collsborative effort with the IBM Cor-
poration to determine uranium and thorium in
computer memory materials has continued. Nearly
200 samples of aluminum, silicon, and s few
oth:r materials have been analyzed. Levels of
uraniue and thorium in si{licon as lov as about
0.01 ng/g have been measured- Most analyses
have been made on aluminum samples in which the
uranivm and thorium coutent lies between 2 aud
300 ng/g-

To effect these analyses, we first attempt to
deteraine uranium by delayed neutron counting
following irradiatlions in the pneumatic tube of
the ORR in which the thermal neatron flux 1s
nominally 5 x 1013 peutrons ca?2 s—1L  The
detection limit is approximately 20 ng/g. An
irradiatfon i{s then made in the pneumatic tube
of the High Flux Isotope Reactor (HFIR) for a
period of 10-60 m.
2-10 d, the samples =re placed very nesr a
large Ge(Li) detector (20% relative counting
efficiency), and s gamsa spectrum is acquired
for 3 period of 2-16 h. If the photopeaks of
239Np and 233pa can be measured, vuranium
and thorium are deteruined by absolute neutron
activation methods.

Barring from other
clides, this method of analysi: i1 extremely
sensitive for uranium and thoriva. The neutron
flux in the HFIR fscility is nominally 5 x
1014 jeutrons photopeak
counting efficiencies for source-to-detector
distances of a few millimeters are nominally 102
for the 278-keV and 312-keV lines of 23%p
and 233pa. It can thus be easily shown that
after 1 h {rradistion, 10 d decay, and 15 h
counting interval, about 4000 and 15,000 counts
would be acquired in the respective photopeaks

After a decay period of

interferences rad{onu-

ca~2 81, and

listed above per nanogram of uranium and
thor {um. Irradiations sre made in graphitc
rabbits and could, {f needed, be cxtended
significantly.

Some of the ssmples containei trsce elements,
principally gold snd chromium, that interfered
vith the nondestructive analyses. In addition,
the uranium level may be too low to permit its
neasurement by delayed neutron counting. To
snalyze these sasples,
ewploy a combination of precipitations and
solvent extractions to separate the 239Hp
and 233p, to obtain relisble analyses.
{F. P. Dyer, J. P. Fmery, K. J. Northoutt)

we dissolve theam and
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An Evalwatiom of Facilities for
Neutron-Capture Prompt GCamme-Ray
Analysis at ORNL

An effort is being pursued to evaluate the
facilities of ORNL for possible applicaticns {n
neutron-capture prospt gAMNA-TAY Beasuresents
that would extend ocur capabililies {n aeutron
activation analysis. Definite needs exist in
determiaing light elemeats such as #, B, C, and
N and certain heavier elesments such as S, Fe,
and Cd to which conventional NAA {s either oot
amer-ble or ounly marginally useful. Studies by
others (1) indicate that prompt gamma anslysis
(PGA) {s applicable to these eleaumts and has,
in adiition, other desirable featurez th.t coa
plement conventional NAA.
macroconstituents such as

Interferences by
sodfus or chlorine on
trace components can often be eignificancly
decreased, and certain types of samples such as
volatile or large nonhomogeneous specimens can
be analyzed :ihat otherwise are difficult to
irradiate.

In our preseat study, we are comparing the
possible merits of irradiations in (1) the hori-
zontal beam holes of the ORR and HFIR, (2) faci-
lities that might be installed in the BSR, (3)
neutron flight tubes of the Oak Ridge Electron
Linear Accelerator and (4) facilities thet might
be established with a 252Cf npeutron source.
Neutron flux magnitude ({.e., analytical sensi-
tivities), general availability, and cost of
equipment needed are criteria being used in the
comparisons. The possibility of
neutron euergles that would enhance analytical
sensitivities of certatin elements over others is
slso being studied. f{J. P. Emery, P. P. Dyer)

selecxing

Hev Programs and System Softvare for the
ND-6620 Dats Acquisition System
A new version of the control operating
systea, Midss Version D, was implemented on the
The nev softvare
control and expanded
The user now has s
chofce of activity units in the final report by
giving the factor to
microcuries tc the desirable unit.

ND-6620 during the past year.
better
magnetic tape capab!lities.

has input —output

computer a convert
The softvare
also enables the user to set up echoes to and
from any terminal to suit his needs and tr.wuinal
cespabilitien. The system has been set to
reassign ADC =:=~-, for esch detector in the

event of & power or system failure.



We have made major strides during the yesr
toward utilizing full power of the ND-6620 as a
dates acquisition system. A series of prograas
has been vritten that accept paper tape output
from a Packerd model 2405 liquid scintillation
counter for processing on the ND-6620. The
cowputer performs all calculations, prints a
summary report, snd punches tape for direct
submission to the Sample Transactioa Systes
(STS) on the DEC-10 computcr. The prograss have
greatly reduced user-created errors. Future
plaus call for links among the Packard 2405, WD
6620, and the DEC-10, which will further sim—
plify the acquisition procedure.

Seversl Fortran prograns have been written to
process data from various gross couanting
systems. The ND-6620 generates a hard-copy
report with sample and report numbers for direct
submission to the STS. Limits of detection asre
indicated vhere appropriste and help in reducing
input time to the STS.

Current vork fincludes evalustion of & user-
vritten NAA software package. The package works
intersctively vith the ND sofcware and generates
a report with units {an parts per =aillion.
Preparation of a NAA nuclide library will
complete the packsge. A large volume of samples
for multielement anslysis 1is expected from the
NURE program, and the nev softwvare vwill greatly
simplify the snalysis procedure. (J. ’. Wade
J. 7. Emery)

Beoch Msaual Procedurss

Seversl bench-manuasl procedures hsve been
written to aid technical personnel in the Radio-
chenical snd Activation Analysis group. Proce-
duras for the setup and operstion of the gross
slphs, bets, and gasma counters sid personnel in
error checking for system fa{lure. A procedure
for counting and processing s ssmple on the
WD~6620 has besn written also. Job stresas
(command filas) enable a user who is unfsmiliar
vith the systes to follow the bench-manusl
procedure vith confidence. Procedures have been
written for delaysd neutron counting snd
sultielement snslysis st the ORR. Persoomel who
use the procedures mmst be fsmiliar with
operstion of the pneumatic tube facility and the
Fortran prigraa MONCTR, which rfunse on the
POP~15. Documentation on the operation of asny
instrument or machine 1s essential. Verbel
ia-tructions sre often suisconstrued resulting ia
poor psrformance and q ality sssursnce probless.
These procedures have helped {an filling this
seed. (J. V. Wads)
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Deta Managemeat Program

An ismediate need for the simplification of
handling customer charges each moath produced
two computer prograss for use on the PDP~10 that
are capable of handling data msnagement from
beginning to end. MANISE is s conversatiomsl
Fortran prograa that sccepts dats from the use:
and outputs the data to & file on the user's
disk. The file name is generated wvhen the moath
and year of the data are given to the coaputer
by the user. The file extension is the abbrevi-
ated name of the user's group. The user may
obtain listings of the file on the terminal or
hard copies on the printer upon comrwand. These
listings may contain all of the data pertinemt
to a customer snd his ssmples or just the charge
code, sampl :s, snalysis, snd hours charged. In
the latter case, the listing will contain the
combined and totaled charges of s customer
according to the chsrge code. The totaled
listings are sorted in oumerical order with
alphanumerics placed last. These listings are
used by Program PCARD to generate punched cards
for direct submission to the computer. Future
plans call for a routine that will ckeck charge
codes against s master ORNL file for validicy.
If & bad code 1a found, it can be flagged for

correction. MANAGE has an editor to correct and
change sny in7alid entries. (J. V. Wads,
J. P. Pmery)

Improved Methedolagy for l4¢C amslysis
of Meactor Puel Solmtions

Appsratae hes been redeaigned to improve the
carbon-14 analyeis of resctor fuel eolutious.
The changss 1noclude incorporstion of smller
hysaine traps, slterstion of the wmethod for
trensfer of 14c0; to the traps, end facre-
mentsl addition of the carbonste carrier ¢to
insure complete !4C0; removal from the
sample. Addition of smsll smounts of carbonste
carrier slso incresses the liquid scintillstfon
counting efficiency by scversl psrcest. These
improvemsnts in the sppsrstus snd method have
doubled the overall counting efficiency for
14C messurement. A bench-mencel procedure
hss besn written, and the improved msthod s in
routine use. (L. C. Bate)

Stadilicy of ledime in Aeidic
Resctor Peel Solstione

Previous observations wvith samples contsining
1291 1n aitric acid have suggssted that the




solutions were not stable sad that {odine wss
befog lost from solutions by precipitation or
volatilization, lesding to low asnslytical
results. A study has been conducted to verify
these observations, to estavlish coanditiocas
under wvhich losses are significsat and trouble-
some, and to devise mesns for stabilizing the
solutions.

Stability experiments were performed in
neutral and 0.5 to 5 N HNO; solution:. with
iodide councentrstions from 1 to 50 gfal.
Iodine~131 tracer was added to the solutiocas in
order to momitor the iodide concentration over s
10-d perfod. These experisents showed that
losses of fodine frc. aitric acid solutfiocn were
rapid (1-3 d) and sigoificanct (>70% loss {n
some cases)- No aspprecisble losses wers
observed from neutral solutiocns. Appsreantly the
losses resulted from oxidation of {iodide to
fodine by nitric scid and either volstilizstion
of iodive from the solution or precipitation of
iodine on the walls of the sswple coutsiner.
Siailar experiments vwith {odste, tagged with
1311_ showed 0o fastability {u sll aftric
acid solutions tested (0.5-SNM).

The wvalence state of todine in seweral
samples (6 N "™03) submitted for 1291
analysis wvas established. The lodide countent of
these saaples average about 33X (range: 16~
472). The remsining iodine wss present as
fodive or fod7te. One bas{~ sample .ad 92X of
the iosine present as iodids.

This study hes shown that there definitely
are {instability problems with aitric acid
saaples containing iodide. It is recommended
that a holding reductant, such as sodium matabi-
sulfste, be added to all nitric scid sssples to
prevent iodine losses from solution and erronce-
ous snalyticsl results. (L. C. BEate)

A Integrity Stedy of Type 347 Staislese
Steal Tubes after s Yive-Tear Service ia the
Bigh Plaa Neclear Resacter

The Righ Flvx Isctope Wsactor (HFPIR) 1is used
by our group for neuvtron sctivation anslyses-
Ssmples srs pueumatically routed in and out of
the reactor by msans of a type 347 staisless
steel tube sssembly. ‘The dosign life for this
tubs ssssmbly s five ysars. This 1life
expectancy is bssed on a calculsted 501 loss in
ductility dus to rsdistion dasmege to the
stainless steel. The present pueumatic tubs has
been {n service for rzsrly five years, and its
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replacement is being comsidered for the mear
future. However, the replacemsat cost is high,
asd aa exteusion of its service life would b
attractive. A tube assewbly that hed baen wead
for weerly five years was removed ssveral yesrs
ago. The portion of the tube that was ia the
Teactor core was subjected to s thermsl fluesce
of spprozimately 7 x 1022 meutrons/cal
and s fast floemce of approximately 2 x
1021  ueutroas/em?. The wpper poction of
the tube assseably was not subjected to amy
i{rradiation and therefore provided materisl from
which the as-received properties of the type N7
stainless stesel could be deterwined. A
ccapariaon of {rvradiated and unirradiasted
sections of the tube assenbly wes made. This
study {ociudsd tansile, microksriness, sad bend
tests, which wers correlated with micro—
structures obeerved with optical sad scamming
electron microscopy.

The study showed an expected incresse 1ia
hardoess, vhich was veflected in a loss of duc~
tility in both the tcasile sod bend testa. The
eubrittlemsnt of the type M7 stainless stesl,
however, wes less than saticipated. Additiomal
evalustion of the radiation desmage 1s being dome
by cosparing istercal atructcre of {rredisted
specimens vith nonirrsdiated epecimens by trams-

aissiosc electron microscopy. (R. J. Gray (2),
D. A. Canomioco (2), L. C. Bate)

Elomsntsl Aselywis of Bumsn Leag Tisswes
by Bsutros Activation Amalysis

A comparstive study of trace elemsat concen-
trstions in sutopeied luang tissue of workers snd
nosworkers {n the rubber iadustry hes been msde
asde. Analyses have been carried ot o 1124
samples of ashed buseam lusg tissue. Thase
anslyses were dome followiag two irradistioms of
sach ssuple at the msutron actiwtion smalywis
poscmscic facility st the HFIR. The firvet
irradiation (3 s) peraittod identification of
short-lived radioisotopes. These vemples were
pernitted to decay before the esecond irrediatica
(200 o) was dows. 1Radicsctivity wsasureassts
were wusde spproximstely one and chres vesks
following the second {rvedistiocsa. Conputer
progran NOWSTR wes wsed to reduce the spectral
deta to coscesntration wvslues of the elements
ssssured.

Although 36 trace slessnts were detectable fn
the lumg tissuve, omly 30 ylelded definite
resulces. Ag, Yo, W, %a, Ku, and M wre fouwnd
is a =ery limited mmber of cases.



Statistical analyses of the dats are continu-
ing in an attempt to correlate concentrstions of
the trace clements with factors such as age,
sex, race, smoking history, ead lung pathology.
A paper thet summarizes this work is in prepara-
tion. (G. R. Novrie~ (3), L. C. Bate)

Quality Asssurasce end Assessments

In the Radiochemistry and Activation Analysis
group, quality control samples sre provided for
gamma- and x-ray spectrusetry; liquid scintil-
lat{on counting; radiochhmical separations of
)ll. 1‘.‘:, snd 1291; and neutron activa-
tiou snslysis (mltielement and uraniva deter-
mination). In addition, quality assurance
asseggments wsce prepared for the poeusatic
tabes at the ORR and the HFIR and the gamms-ray
spectrometers at BDuilding 3019, ORR, and HFIR.

The Ce(Li) spectrometer systems in the 3019
and ORR laborstories are weonitored for effi-
clency changes at intervals of two to three
davs. Sources of O0co and 23y plus
;7roghters ere used aut the ORR, and 133,
9uudb, end 600 are wused {a Building
3019, MmS S gy, 207p1, and
55p¢ were wused to recaliorate the x-ray
spectrometer io the ORR laborstory. Resules
shoved a slight negative bias, up to 4 for
35p.. The apectroweter had not been cali-
brated in the 3Spe goergy range A6 keV) for
five yesrc. This recalibration was timely
because of an /MNL incresse 1im production of
55¢e radioisotope products.

Parformance of the sutoastic liquid scietil-
lation counter in Bul!lding 3019 1s wonitored
with a set of sealed standards. This set is
counted with esch t-ay of ecamples- Also,
approxinately oacs ssch quarter Instrumentation
snd Controls Division persocunel calibrate the
counter by setting the “vindows™ so thax iater-
ferences are minimized. These sdjustinents may
chauge the efficiency slightly for s given
window. VYor quality control of dete::‘nations
of W, ¢, and ”"c. a iarge batch
of slightly alkaline selui...n was prepacad fros
standard msterisls, aend wmany portions were
stored 1in separate bottles. Zsch wonth oune
bottle is snalyzed by “%s uvsusl methods. Preci-
sfon and sccuracy Zne results for eleven
months have been er(isfactory.

Quelicy controi of our sultielement asarlysis
by neutrom sctiration {g accomplished by period-
ically anslysing W3S stsodard reference msteri-
al+. The ONR lab analyzed sprroximately 20,000
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uranium samples this past year. Besides snalyz~
ing our own quality control samples with each
series of samples irradiated, NURE program
persounel also submitted blind quality control
samples with their sedimen: samples. Each
quarter the results are tabulsted and distrid-
uted to everyone inwvolved. (5. A. Reynolds,
J. W. Wade, J. F, Bmery)

LOW-LEVEL RADIOCHEMICAL ARALYSIS

Rediochenical Anmalysis for
Laboratory Programs

The Lov-Level Radfochemical Anslysis group
(LLRAG) provides radicanalytical support to
Laborastory programs councerned with the deter-
mnivation of eunvironmental levels of both wman-
made and natural radionuclides in a variety of
materials.

General descriptions of our participation in
the Vaste Management Program, the Enviroamental
Tmpact S stement Progrse, and plant mc itoring
programs have been given previously (4). Our
involvement 1u the WUaste Managesent Progras wvas
curta‘led at the end of FY-1980, and the impact
and monitoring programs were reduced i{n April of
this yesar. Other programs In wvhich we have
participated deal largely with the determinmatine
of beta~ and slpha-emitting radioluclides.

The Formerly Used Sites, Remedial Action Pro-
grea (FUSRAP), continues to produce samples of
unusual {nterest. One of the latest groups of
samples is from an srea in North Dakota at which
8 coasl-burning operation hss been conducted.
The primsry purpose of burniug of the coal vas
to recover ursnium fros the coal ssh. Vegeta-
tion samples from the asrea we-w anslyzed for
ursnjum, 2%6Ra, 230rh, and  210ppb  1a
our laboratory sad for traces of arsenic, ssle-
af{um, copper, sand molybdenum by otliar labora-
tories in the divieion. Councentrations of
21095 yenged from 100 to 2000 Bq kgl,
226ps  ranged fiow 20 to 1000 Bg kg,
end 230r, ranged from 40 to 000 8q
kg"l. Uranium, solybdenus, selenium,
coppesr, send arsenic ranged in concentrations
from a fev 1Ug/g to 200 ug/g, with molybdenus
Leing the domirsnt constitusnt.

A ream of investigators in ths Eanvironmental
Sciences Division contirue’ a eotudy of rvsdio-
suclide concentrarions in the water, sedir.at,
and biota of the 3513 Retwition Pond. Recults
{rom anslyses of fiiterad snd uafilcered water



from the pond indicate that plutonium ani ameri-~
cium ave sssociated with psrticulates larger
than 0.2 = in size, whereas curius is essen-
tially in total solution and is not associated
significantly with the particulates. More
details of the results of this study are forth-
com g in a report eatitled, "Comparative Uptake
and Distribution of Plutonium, Americium sod
Corium in an Bquilibrium Freshwater Ecosystem.”

Investigators studying the use of SYNROC (s
synthetic rock material) as a means of immobi-
lizing nuclesr waste expanded their 1list of
leaching solutions to include NaCl and fluoride.
The presence of these components necessitated
cheaicsl uganuons and alpha spectrometry to

3By, P

determine z“hl. z“u. 234y,
and 238!!. Vhen less complex solutions (water
and acids) were analyzed, determinations were

made by simply drying a portion of the soluvtion
on a plate, counting, and performing alpha spec-
trowetry. Concentrations of these nuclides in
the various solutions varied from the detsction
limitg to spproximately 14,000 dq L,
{(r*. 6. Seott, G. I. Cleasom (S), A. Jd.
Veinberger, P. S. Gouge, C. C. Granger, C. V.
Rolmes, V. C. Masgey, R. A. Teasley)

Developeents in the Low-Lavel Naclear
Messurements lLaboratory

During 1980, sample throughput for gamma-ray
snslysis wvas increased to about 200 per month.
This was in part due to the establishment of a
gross activity screening procedure, which
permits more efficient utilization of counting
tise of the three Ge(li) spectrometry systems.
In sddition, sample turnaround time has been
improved by use of several TI-59 grograms devel-
oped for hand data reduction. The option of
computer dats reduction by the ND-6620 systenm is
vtilized on samples exhibiting complex spectra.

Extensive background studies of the GCe(li)
spectromster systems have led to {improved
sssignsent of photopesk counting rates of the

natural redionuclide 1lines. This has made
possible the mesasurement of very low-level
sswples  containing  226pa, 228m,,  ena
80y, Comparisons of results obteined by NAA

for urenius and thorium have been favoradble for
sasples known to be in seculsr equilidrium.
Davelopment of 1 method for predicting the
efficienzy of o Ce(Li) detector for extended
sources vas initisted in 1979. Purther refine-
mants have baen made to {mprove the method, and
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on several occasions it was applied to samples
contained in other than routine coafigurations
vhere a calibration exiats. This procedure
greatly expands thia laboratory’s capadility to
cope with a variety of measuresent requirements.

A sisple, noodestructive wuwethod has been
devised for the dletermination of uraniuvs fso-
topic vatics by Ge(Li) spectrometry. Uranium—
235 emits a gamma ray st 186 keV, wheress
protactinium-234m, s daughter of 238y, eaits
s gasma ray at 1001 keV. The relative intensi-~
ties of these two lines provide a means for
estimating the 235y/238g  jsoropic  ratio.
On sawples containing high conceatrations of
uraniom, it s  necessary to apply self-
absorption corrections. Even here the =ethod
provides an asrsy within 1-2% of the results
obtained by wmass (G. I.
Clecsom, V. C. Massey)

spectrometry.

Developasat of Sequential, Low-lewel
Radfochemical Analysis for Lesd, Raldimma,
sod Poloaiwm in Cosl Casif ier Seaples

Anrlytical evalustion of cosl gasifier mate-
rials in support of the health and environoental
sssessnant of the University rf Minnesota at
Duluth (UMD) coal gasifier began in June of this
year. Methods for eequentisl radiocheaical
analysis of the longer-lived ursniue daughters
in cosla snd gssifier wastes are being devel-
oped. Half-lives and primary modes of decay for
the mcjor daughters of uranium asra showm {ia
Table 5.1.

Table 5.1 Half-lives scd primacy wodes of
decay for the msjor uranius dsughters

Muclide Relf-1ife Mode of decay
226p, 1600 y Alphe
210pp 2.3y Beta (0.06 MeV)
210y 5.01 d Beta (1.2 MeV)
210p, 138.4 d  Alpha

During gasificstion, oranium and {its daugh~
ters are fractionsted into different physical
phases . Activation analysis i1ndicates that
uranium 1s concentrated in the ash, while
little, 1f sny, collects in the slectrostatic
precipitator tar. The fate of the radicactive



daughters from gasifier operatioas will have to
be determined to assess their impact upon the
pubdlic.

Considersble attention haa been given to dis-
solution of the various sample materials and the
design of sequential radiocheaical separstions
since we became involved in the program. Large
sampyles are needed to scquire the desired detec-
tion limits. Luw-tempersture ashing for removal
of carbon proved to be impractically slow for
the chosen sample size. The volatility of polo-
niva precluded the use of high-temperature
ashing. Wet acid digestion readily sclubilized
unashed coal and tar. A method developed by
S111 (6) for soils and ores solubilized the
highly refractory coal ash and cyclone fines. A
sequential separation scheme is currently being
tested on spiked coal, ash, and tar. Polonium
is extracted into trilaurylasine 1in xylene,
stripped with acid, snd plated on silver discs
for alphs pulse height analysis. ismuth 1s
separated from lead and resdium on an anion
exchange column, eluted, sad precipirated as the
oxychloride for beta counting. Llesd is deter-
mined indirectly by evslusting its bismuth
daughter. Radiuwm {s separated from lead by
selective precipitation of radium with bariua
sulfate from an asmoniacal EDTA solution. The
sulfate is dried on a disc and alpha ccunted.

Polonium analysis of the spiked coal, ash,
and tar gave chemicel yields of 91X, 74X, and
851, respectively. Ninety-seven percent of the
spiked 210ps was recovered, when corrected
for cheanical yfeld. Anzlysis will begin on the
gasifier sasples afrer tests on the spiked mate-
risls are complete. (L. M. Roseberry, T. C.

Scott)

Beclear Asslysis for the Bealch snd
Environsestsl Assessment of Coal
Cesification Focilities

Neatron activation enalysis snd 1low-level
radiochenical methods are being applied to coal
and gasification vestes for the messurement of
sranium, thorium, lead, radium, polonium, and
trace e¢lements.

A number of sssples of seversl different
types ware received from the gasifier plant at
the University of Minnesota (Duluth). Nevtron
activation enalysis work on these samples 1is
described 17 en earlier section of this repocre.
Development of radiochesical wmarhods for the
longer-lived ursoime dsughters, 22Vps (1600 y),

210pp  (22.3y), and 2U0po  (1384) 1s
nesr completion. Sample digestion procedures
that retain poloniuam and lead have been adopted.
A scheme for the sequential separation of the
radionuclides is Dbeing tested on spiked
samples .

The UMD gasifier is expected to resume opersa-—
tion in early 1981 following repairs to fits
fire grate. Achievement of a ateady-state oper-
ating status will permit the finsl ad defini-
tive sampliag of the gasifier.

By early 1981, samples should bde forthcoming
from the H-Coal gasifier process being demon-
atrated at Catlettsburg, Kentucky. The eaphasis
in this prograa vwill then shift to the anslysis
of H-Coal wastes for U, Th, Ra, Pd, and
Po. (L. M. Roseberry, P. F. Dyer, T.C.
Scott)

Specisl Projects is Low-iewel
Rediochenical Analysnis

Hany samplcs that we receive are unusual and
require specisl techniques or the development of
procedures for analysis.

Alpha spectrometry has been applied to the
measurement of small quantities of thorium and
uraniua on glass plates from an impector used
for particle-size studies. The limits of detec-
tion are about 0.03 ug for 2321y, and 0.01 ug
for 238y, This technique has advantages
over other.: in that 1t 1is nondestructive,
isot opic compositions can be given, snd daughter
radinactivities can be messured 1if desired.
Furthermore, thoriua or uranius in the substrate
saterial does not cause serious {interference,
since their alpha radistions sre degraded 1in
energy vhile those from curfsce deposits are
not .

A project conducted by s resm of researchers
st Y-12 to study the feasibilirty of using bec-
teria to dJdecontaminate uranius w=ill ponds
produces complex samples that require radius
analysis. The bacteria remsin active in many of
the liquid samples snd csuse a continuous changs
in the sample properties. Separated bdacteria
samplys are processed prior to our receiving the
ssmple. The processing iatroduces 1interfering
resgents such as sulfates snd EDTA. Trestmant
with carbonates, used either for s metathesis
or s precipitating sgents, f.rilicates snalysis
nf radium in these materials.

Experiments on geetic effects and dosime-
try of plutonius in mice sre cerrfed out in »
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collaborstive effort by the Mammalian Genetics
group of the Biology Division of ORNL and the
Biomedical Scieuces Division of Argounne Mational
Laboratory. Samples of bedding material con-
taining excretiocas from mice that hawve been
fnjected with 239p (spproximately 10 kBq
per mouse) are submitted to the Low-Level Radio-
chesistry Laborstories for 239y anslysis.
Since the ssmples are bulky srd poorly mixed, it
is oecesssry to process the totsl materisl 1in
order to scquire a represeatstive portion for
snalysis. HMonitoring of activity levels in the
material prior to processing 1is difficult;
therefore, extreae care {is taken 1in samsple
preparation (ashing, dissolving, etc.) to avoid
destrrying the integrity of the low-level
facilities.

Rubber stoppers that were used as plugs in gn
off-gas duct system vere anslyzed for gross
slphs, gross beta, and 90sr  activities.
Only exposed surfaces of the stoppers were
leached with hot nitric acid and evsluated so as
to estimste contamination levels oo inside
surfaces of the ducts. Gross alpha activities
vers deteruined by alpha-counting mounts
prepared from hexone extractions mede on
portions of the leach solutions; gross bdets-
activities were determined by low-background
bets counting sources made from dried portions
of the leachstes; aad 903: activities were
determined by normsl radiochemical separatiouns.
The purpose of this project was to inventory

the radiocactivity om the ducts prior to
disposal. (P. C. Seott. S. A. Reymolds, V. A.
Teasley)

Progress 'a 5o Asalyrioc

Considersble interest in the evalustiom of
9%fc in environmental msteriasls (vegetation,
soil, snd sanimsl tissue) still exists, particu-
larly with analytical groups of UCC-WD. A
oracial seesion on the ststus of techactives was
held at the Ywenty-Fourth Coaference on Anslyti-
cal Cheuistry 1in Energy Techanology, Octobur
1980. Those asttendirg the seesion expressed
iaterests in methodology, the acquisition of
standard msterisls contsining ”‘l‘c. and
implementing an {intercomparison progras to
evaluate methods, sensitivities, et:. Arrange-
nents for the production of a soil stundard by
the Eovironmentsl Messuremssnts Laboratory (FEML),
which had bean {inftisted in 1979, u7s at o
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standstill because of confusion over the
quantity of material needed. However, arrange-
ments are presently being made for the produc-
tion of a vegetation standard. Grass harvested
at the Paducah Gaseous Niffusion Plaat will be
prepared and distributed by EML. No dute has
been stated for the distribution of this
naterisl.

A major portion of our receat low-level
analyses for 9%Tc har been related to
studies conducted to estimate soil-to-wvegetation
concentration factors for samples collected nesr
three operating gaseous diffusion facilities.
Results obtained for the 9%9Tc concentration
factors for these samples are comparsble to
field experiments that involved the use of
95mr . (7).

Technetium-95n, s gamma~rsy emitter, 1is
frequently used in our lat as s tracer to check
chemicsl recovery in the anslysis for 991c.
Since 95%rc can be wmeasured nondestructively
by gamma-ray spectrometry, the techcztiua losses
at each step of the procedure sre monitored in
one test portion of s sample, while a second
test portion 1s processed through the same
chemistry and finally measured by low-background
or liquid scintillation beta counting to deter-
afoe the 9%Tc content. The beta-counting
technique is limited to decay counting, which
primarily detects short-lived contaminsants, and
sbsorber counting, in the case of low-background
counting, as mesns of validating the results.

Methods for deteruining 99fc 1n both sofl
and wvegecation are reasonably well establicled
(7), vhereas methods for snslyzing animal tissue
are not. Requests for the ‘etermination of low
levels of 997¢ in  enimal ssmples are
focressing to the pu.'‘nt thet there is s real
need for the developmert of s reifable msthod.
Alzo npeeded are sts.dard materisls as nearly
like real samples 28 possidble for testing the
methods once developed. (T. G. Svott, P. S.
Gouge, C. V. Rolmss)

Rlectrolytic Rarichusat of Tritiwm

Factors that influence the minimus detectable
concentration (MDC) of ctritium in water are
counter background, counter efficiency, count
tiss, and ssmple size. Our normsl procedure for
deteruining :ritium will achieve an MNDC of
spproximately 0.1 Bq/ml when all of the sbove-
aentioned factors except ssmple eoiszse are
optimized. Mormally, 2 ul of sample ia abdout



the maximum volume of sample that can be added
to 8 liquid scintillation fluor without causing
complications; thus, the volume tends to be the
1imiting factor.

As a rasult of a request to determine tritium
near the ambient level (0.015 Bq/ml for natural
water) in a suite of well water samples frea
Three Mile Island, ve implemented s sethod to
concentrate tritium by acid electrolytic
earichment.

To analyze tha required mmber of samples in
the allorted time by this method, we found it
wsg NEcCessary to construct a system with mslei-
ple cells from readily available equipment.
GClass cells and platinum electrodes were
fabricated locally, a power supply was already
on bhand, and cooling batus were wmale by
modifying ice chests purchased locally. An
sutomatic cutoff circuit was {instalieu to
eliminate the possibility of the cells going dry
when unattended. The finished systen has eight
cells, esch one capable of coacentrating tritium
in a sample by a factor of tem in 36-40 h.

The overall procedure iavolves two distil-
lations, electrolytic concentration, and data
acquisition by the normsal countiag technique.
The first distillation precedes the electrolysis
and 1s necessary to eliminate interferences from
other radionuclides and organic matter. The
second distillation follows the electrolysis and
is needed to separate the water (containing the
tritium) from H2S04, which 1is added as an
electrolyte in the electrolysia. Temwperarure
of the cells is malntained at 0-4°C by the ice
bath(s) to minimize evaporation. Volume reduc~
tion 1s determined by comparing the acid
noraality after electrolysis with the acid
normslity before electrolysis. Finally, the
concentration for a sample 1s reesd from a curve
that is established from known tritium standards
ard relates to the volume reduction.

Typical resnlts for the samsples anaslyzed by
this method were 40 to 70 mBq/ml with uncer-
taioties of 47 to 414 aBq/ml. Tsble 5.2 lists
the results for controls, blanks, and iater-
comparison standsrds. (T. C. Seott, S. 4.
Reymolds, C. V. Roimss)

Quality Asswrasce of Lew-lewvel
Redfochenical Asalyses

The compilation and ravisiom of procedures
for both the UCC-ND four-plant Imvirommental
and Effluent inalyefls Mamual end our Ddench

Table 5.2 Tritius coacentrations
in water, mBq/ml (952 :onfidcace level)

E:] Known
Sasple code as determined valoe

Control #1 85 + 11 9% + 11
Control #2 89 +11 % +11
Control #3 100 + 11 96 + 11
Coatrol #4 104 *15 9% + 11
Blank #1 16+ 7
Blank #2 18+ 8
Blank #2 20+ 8
Blank #4 9.6 + 7
EML. 8004WA 370 + 17 381 + 22
BMSL-LV A" 70 + 10
EMSL-LV "B~ 6.7 + 10

manusl continue to be of interest to the Low-
Level Rsdiochemical Analysis group. A compre-
hensive procedure for the atart-up of the
KD-6603 data acquisition systeam and the configu-
ration of the memory has been completed. This
procedure differs from an operating procedure in
that it provides for resuming operation of the
system after power failure or surge and/or
improper response of the systes. The operating
procadure for the ND-6603 as a multiuser system
provides instructions for collecting deta fros
several detectors [Nal, Ce(Li), md Si surface-
barrier] simultaneously without conflict.

The three Ge(Li) gamms systems sre checked
for gain calibration, resolution, snd efficiency
on a weekly basis by use of a 226p,
standard. The sflicon surface-barrier alpha
detector systems gasre wonitored for the same
factors by use of sscondary alphs standards rhat
contain 236y,  2I9py, and 2éca  and
have been calibrated by comparisom to an N°°
atandard on a proportionsl counter. New effi-
ciencies for low-background beta counting of
997¢ (vith a vsristion of geometry) and
39r have besn determined. Beta~-count ing
efficiencies on the liquid scintflletion counter
are routinely checked for 99Tc (Asersham
stsndard) end 3H (WS stendard).

Programe for low-level radiocanslyticsl inter-
comparisons conducted by eeveral agencies are
used to supplement our in-house quality sssur-
ancs asnalysis programe. We have continued to
parcicipste {n the QA progras of the DOE-EML.



On eleven sets of samples covering salmost three
yesrs, our range of agr L with of

other participsnts’ values has been B84 to 100I,
and with EML, 61 to 89%. Frequency of
distribation of samples has bdeen cut from
quarterly to seaiannusl, beginning in 1980. The
lack of quality assursnce sampies due to this
cutbeck hss been offset by samples cowing from
EPA-Las Vegas on a quarterly basis. The EPA
samples are submitted to us bdlindly through

customers from the Envir al Sci ]
Division. These cistosers have also solmitted
saterials from IABA. Materisls froe these

prograws are synthetic eavirounmental ssmples of
biota, soil, and wvater sad are analyzed for such
muclides as 240p, 239n, 238, 238 234
zu,__ 9&_“.' 266.‘. ZZBm' J"_ and
gammn emitzers.

Camms wessurements for the determipation of
1311 on charcoal air msonftors are made each
veek on 19 samples from the Industrial Safety
and Applied Heslth Physics Division. QRoutine
measuresents of a 133gs (10.7y - 356 kev V)
standard (sorbed on resin to simslate fodine on
charcosl) are made to sssure the quality of the
1311 determinations. In June, an 1311
standard solution from Asersham Corporation was
obtained and used as a source to verify the
validivy of 131  determinations. (S. A.
Rewnoldse, T. G. Seott, C. 1. Cleason (5))

Insects as Bioliadicetors for Radiommclides

Insect collectors near verious facilities st
ORNL have yfelded ssmples thst esrve as indica-~
tors for the presence of radionuclides. Collec-
tors operate for 1-7 d, yielding insect sample
veights of 3 to 100 grams. The mass of collec-
ted insects is dependent upon the location of
the collector as well ass the sesson of the
year.

The aversge radionuclide content of s collee~
tion is determined by weans of high-resolution
gamma~Tay spectroscopy. The spectroscopy systesm
containe a lithive—drifted germsniuva datector
vith sn sfficfency of 23X relative to & 7.6 x
7.6 cm NaI(T1) detector st 25 cw. The spectros-
copy systes is psrt of a lov-level environmuncel
surveillance laboratory. Detsction limfits of
0.1 Bq/g sre sttafned for common radionuclides
with this messurement device.
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Following the gasma-ray spectrometry, indi-
vidual finsects from the col’:ction are spread
opon 8 thin plastic film covered with 2 sticky
surface. The fila 1s placed in coatact with
Esstman Kodsk Blue Band x-ray film for 24 b in
the dark. After development of the x-ray film,
dark spots indicate the preseace of those
ingects coantaining rsdionuclides.

Results of studies coanducted during the pest
summer showed radionuclide concentrations as
high as 80 Bq/g in some bulk ssmples. Radio-
nuclides detected in these studies have included
60co, 73se, and 137Cs. These same maclides
ate present as the most cosmon radionuclides in
streams and ponds near the collectors.
Autoradiographic studies showed that wmost
radicective insects vere species that spend part
of their early lives in water.

Detection of 75Se ss so  environmentsl
contaminant was first observed in the analysis
of an 1insect sample. Later meagsuresents of
vater and filter surveillance saaples
verified the presence of this radionuclide.
The releases were due to processing losses fros
a radiofsotope productfon facility preparing
this nuclide for nuclear wmedicine
(J. S. BEldridge, T. N. Oakes (8))

air

studies.

In ¥Fioo Determination of Rsdioomclides
in Sesll Aaiwsls

hite Oak Lake basfn {1s the habitat of
several snimal species that are important or
potentially {mwportant to s biolngicsl transport
machunisas for fadionuclides in the btesin. A
program has been established to assess the
sagnicude of biological cadionuclide sssimila-
tion. Several species of small animals have
been counted in a apecisl facility in the G-4
low-level counting rooms- The animal counting
chamber 1is constructed of 1-ca thick plastic
shaet as an enclosure for support during s
period of anesthesia. The center of the chamber
fa placed over & !5 x 15-ca NaI(T1) detector
housed in a shield of 12.5-cm wall thickneas.

Animals counted fn the {n ovivo facility
have included 12 racoons, 25 ducka (mallard,
black, and wood), 5 snakes (green, black, ead
ecorn), 5 ground hoga, snd several smeller
sningls such as white-foor mice, cottan rats,
rebbits, and solss. A roed-killed bobcit snd ma
Aserican alligacor (dead) were also sxamined.

Host of the animals surveyed to date were
inhabitants of one of the ORNL solid or liquid



All the ducks were
Lake. In general,

waste disposal aress.
trapped on White Osk
137ce snd/or 60Co are found 1in varying
coancentratioas ia the animals. With the excep-
tion of those fev that had expired before
capture (bobcat, slligator, two ducks), animals
were either sedated or constrained during the
counting interval. Larger animals are sedated
for the measurement with a tranquilizer, and
returned to their habitat after the counting
intervals. Ducks are not sedated - they are
simply constrained with a soft cotton sleeve
that prevents ving flapping.

Froa studies with two ducks, we found that s
significant smount of radionuclide contaminstion
vas present on the feathers and feet of the
ducks. This vas determined by counting the
feathers and feet of the ducks after removsl
from the carcass.

Further efforts in this project will be coon-
cerned vith detailed standard coastruction for
the myrisd shapes required to calibrate progrea
ALPHA-M dats reduction techaiques.- (J. S.
Eldridge, T. V. Oakes (8), D. ¥. Parsons (8))

Waclesr Safeguards Application of
Noudestructive Camm-Ray Spectromstry

Changes 1in the requirements for safeguards
megsuresents fn support of specisl auclear
saterfisls sccountability has resulted .n a need
for additional analytical support wmeasuresents
snd for development of specislized nondestruc-
tive techniques. For this resson, a new coop-
erative progras with the Ssfeguards and Specisl
Muclear Materisls Management Departeent has been
establighed.

Initisl efforts in this program have involved
the use of a portable gamms-ray spectrometsr
system in support of bDalance sres sudits. The
first exercise 1o this program was fairly
simple, but it demonstrated one of the unique
festures of the porteble y-ray spectrometer
system: the ability to determine y-ray spectrs
from enitters in large enclosures. The portable
system vaa used in ¢ quslitative identification
of the contents of a drum thet had resided in o
vault for a long period with no documentation.
The portadble v-ray spectrometer veriffed thst
137Ce yYr.ye contributed essencislly all of
the extarnal doss from the drua.

Other field asudits have occurred at many
other “balance areas,” and Y-ray spectral deter-
ainations have b-an performed on & variety of
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mclear materials including 2350 st varying
enrichsents, 239p,, 239py-Be neut ron
sources, [LRV end B3y in  fissfon
chasbers. All of the site asudits have been

successful as far as gamma spectroscopic sssis-
tance was concerned. Several cases of insccu-
rate labeling have been uncovered as s result of
these mneasuresents. Information gleaned from
site sudits has been wvaluable in establishing
the sampliag protocols st sdditional belance
sreas. (J. S. Eldridge, S. A. Reyrolds, L. R.
Rall, L. M. Cray (9))

Low-leve]l Camma-Ray Spectroscopy -
fodiun Iodide Hethodology

Calibratioa procedures and dats reduction
techniques have been implemented for samples
counted fan 8 15- x 1l5-ca vell-type sodium iodide

detector. To determine the aspplicability for
environmentsl surveillance ssmples, a series of
counting experiments were performed with
mixtures  of Oco, 85sr, ana 137¢,.

Libraries were prepared by separately counting
40 =31 sliquots of solutions contalning these
three radionuclides. Test ssaples of each
radiocnuclide solution at concentrations of 0.4
Bg/ul vere analyzed with program ALPHA-M after
counting for 3000 s. In all csses, values
agreed wvithin +IX of the smount sdded. A second
experiment vas performed like the first with the
exception that the conceatration level of test
ssmples wvas of the order of 4 x102 Bg/ml.
For the latter experiment, the ©60Co and
137¢cs values sgreed within +5%1 of the added
value; hovever, the 85Sr value was 1a error
by +30%7 due to an error in statisticsl weighting
of the beckground value.

From these studies, we concluded that radio~
sctive solutions containing seversl radiomu-~
clides be czonveniently assayed vwith sinimm
detectsble activity lavels of 4 x 1074
Bq/ml. Such s deteciion level to suitable for
m0st environmental esmples. (8elen Balbca
(10), J. S. Eldridgs)

Computer Applicstioss: Adjunct Ussgs for
Rapid Anelysis and Quality Assuramcs

Thrae useful programs have bean written in
Tortran and ars nov running in an intaractive
m0de on the PDP-10 eystem. The first progras,




EFFCAL, uses pairs of data to solve coetficients
of the general calidration equation:

lll(eff)Y -t -.:.21n5Y + uj(ln.EY)2
+ u‘(lna'y)3 .

vhere E = energy of gamms-ray in keV.

This equetion relates the efficiency of & high-
resolution germanium detector to the energy
(keV) of the photopesks of {interacting
gsmma rays. The coefficients 01. “2' G, and ﬂ‘
ave stored in s way thaet they can be used in a
second intersctive program, GAMDAT. This second
program calculates radicactivity wvalues from
finput paramseters such as net area, counting
time, wveight or volume, brenching ratio, etc.
From the {input parsseters aad the efficiency
coeffizient previously deterwined by the EFFCAL
routine, the total activity or activity concer~
tration is cslculated and sutomatically stored
in an accessible output file. The output files
are ordered as to sample types (i.e., wster,
deer, insect, etc.).

The final program, RECORD, is s simple pro-
gram useful for isproving QA procedures. It
replaces or suppiements the sample log notebooks
previously used for individual sample types. By
means of the interactive mode, all input data
are read bdack for final verification before
being stored in a master file. Use of a text
editor permi:s rapid search of the master file
for any one or s group of samples of a specific
type. Sach record keeping will rsduce seversl
error types thst hava resulted in lost data or
lost samples.

The RECORD file and the result files from
CAMDAT are accessible from terminsls in the
Environmental Survsillence Section of the Indus-
trisl Safety snd Applied Health Physics Divi-
sion. Overall improvement in QA procedures are
expected from these {innovations. T. 4.
Fhaa (11), Belen Ralboa (10), J. S. Eldwidge)

Study of los Emchange Procedures for
Conceatrating V.diomuclides from
Largs vVoiwaes of River Water

An experiment was undertsken to provide quan-
titative information concerning the bdehavior of
three importent rsdionuclides in the systems used
for concentratiog those nuclides from large~

volume river water samples. Tracer lavels of
“fo, 1376., and 85S¢ were added to 50~1fter
samples of Clinch River water that had been
acidified to pH 1-2 by the addftfon of 7250 wl of
concentrated hydrochloric acid. The water
samples were filtered through Whatman #42 filter
paper before passing thea through the two ion
exchange columns (Dovex 50-W and Dowex 1 in o
series).

Periodic sempling of effluent from the
columns, followed by analysis of the fractioas
by Thigh-tresolution gassa-tay epectroscopy,
provided s temporal history of the column
effectiveness 1n concentrating the radio-
nuclides. Anslysis of the filter pspers and the
resin coluans provided complete material balsuce
information for this concentration study.
Results of this experiment are susmarized
in Table 5.3.

Table 5.3. Material balance of ion—
exchange study

Percent activity

Recovery In On On
Tracer in Strip Effluent Filter Resin
60¢, 3.1 67.9 0.1 0
85  98.7 8.2 0 0.01
137¢, 7.3 89.8 8.5 0

fesults from this sxperiment show that the
currsnt wmethod for concentrstion of radio-
nuclides from large volumes of river water 1{e
not suitable for 60co and 137¢. A
ever, the wmethod appears adequate for 90g,
as 1s evident from dsts for the 838r tracer.
(Belen Balboa (10), J. S. FEldeidge, K. E.
Shank (8))

Application of Cerenmkov
Covnting Techaiques

Tise of Cerenkov counting of energetic bata
radiation has contisusd. Ssmplas up to 20 ml
can be counted directly, or concentrastion of the
ssmple can be performed Beforshend, if needed.
The “chsnnels retio” (relatiwe count futes ia
selected pulse height rangea) fs used to dstect
quenching or the presence of slectrons of energy



different from that expected. Quenching is
compensated by “epiking” with a small volume of
solution containing a known activity of the
desired radionuclide(z).

Most applicaticas have involwed 90sr
deteruinations through 1its dasughter 90y,
Eigh-priority samples of wvster were screened for
approximate levels of 90sr and were also
analyzed using radiochemical separation techni-~
ques- A by-product of thia comparison was the
finding of a few spurious radiochesical results
csused by contamination of SrCy0; wounts by
dsughters of 222Rn.  An interference in the
liquid scintillatjon counting of 38 1n water
samples appeared to be due to the presence of
energetic beta radiation, but this idea was not
supported by Cerenkov counting. Further atudy
showed the uonexpected ©presence of alphs
activicy.

Some 3anples require concentration of
strontium and yttrium by coprecipitation with
calcium oxalate. Ressoasble recoveries have
been obtained with sample volumes up to 800 al.
In certain samples, decontamination from other
sctivities say be inadequate. In that caase,
strontfum carrier csn be added, snd a wore
elaborate geparation carried out, with measure-
sent of 9sr by low-background counters or
90y by Cerenkov counting (after regrowth).

Cerenkov counting has been spplied to the
measurement of J2P at a level of less than
17 1n p radioisotope products. The 1liquid
scintillati r. counter in Building 3019 was used
with a cou “ing efficiency of 43X. A recently
received 1; juid scintillation counter is being
evalusted ‘or use for Cerenkov counting by the
Low-Level Radiochemical Analysis group. Resulrs
indicate good performance. The srrangesent of
the photomiltiplier tubes st en acute sngle
vould be expected to lower Cerenkov backgrounds.
A detailed report of the project {is being
prepared. (S. A. Rejmolds, J. S. Eldridge)

Literature Reviews on Oranicm
sad Technatium

A program to aevsluate the occurrence of
ursnius in drinking water threoughout the United
States 1s being carried out by ORNL for the
Er.vironmental Protection Agency in connection
vith the establishe~nt of a national drinking
vater standsrd for uranicm. The Informetion
Divieion has primary responsibility for the

program, which involves ctabulstion of uranium
concentrations fn ground and surface wvaters
that might serve ss supplies for drinking. e
have prepared an extensive survey on methodology
for ursnium anslysis. This summary coatains
information on chemicsl behavior of uraniuva ia
vater, varistions 1in {isotopic compositions,
principles of analysis, methods fnr total
uranium asnalysis, rad.oactivity methods, and
analytical quality comatrol. Typical uranium
corcentrations are in the range of amicrograss
per liter or less; consequently, methods muat be
sensitive, or effective concentrstion techniques
sust be availsble. The first draft of the
snslytical summary was subsitted in September,
and the complete document is due early in 1981.

We have sgreed to revise the monogrsph on
techoetivm for the National Resesrch Council
Subcommi.tee on Nuclear and Rsdiochemistry. A
literature sesrch has been initisted, with
ewphasis on radiochemical behavior and anslysia.
Exsct content and formmt wvill be decided {n
consultation with subcommittee representatives.
(S. A. Reynolds)

Developwent of Isproved Liquid
Scintillation Counting Techmiquss

WUe frequently must develop or modify liquid
scintillation counting procedures for sasples of
unusual types sr test performsnce of estsblished
techniques. A “screening”™ method (.2) was firet
used here in 1978 to measure simultsneocusly
38 and hard-beta-plus-slpha activities of
water ssmplea. The method wus recently used to
monitor lake water ssmples and other low-level
wastes . A T“channels ratio” criterion wvss
established to determine for a given sample
whether 30 could be decermined directly or
decontasination would be required. Backgrouand
in 3m counging 1s belisved to be due largely
to “cross-tslk” batween the photomultipliers.
The conventional fsce-to-fsce srrangsment maxi-
wizes this effect. An experimental study that
would evsluste beckgrounds with tubes st sn
scute angle {s being considered. Tritiom in
waste oil was detsrained using 1-ml samples,
vith subsequent additions of a stendard to
evaluste efficiencies of the guenched samples.
Phosphorsscence required storage in the dark for
at least sn hour before counting.

It is known that 3l| escapse from scintil-
lation wmixtures contained in plastic vials.
With our present equipment end the refrigsrator



st 31°C, the half-period for escape was found to
be abou" oune yesr. A gradusl {ocrease f{n
“blank™ couant has been observed by us and
others. The hypothesis that the Increase
vas caused by traansfer of 35 from stored
samples was tested by placing dlanks snd sctive
samples in closed containers at room temperature
and at 3°C for six to seven weeks. No signifi-
cant transfer vcs observed.

Technetiuvm-99 beta in concentrated (M ),C0,
solution wvas determined by use of l-ml samples
fo sn emulsfion “cocktail.” Efficiency was sbout
80X, aad the minimm detectable activity vas
about 0.03 Bq/ml. Polonius-210 alpha radistion
vas counted with about 100X efficfency in vari-
ous media. (S. A, Reymolds, J. S. Eldridge)

Quality Aseurance for the
Specisl Projects Crowp

Two Ge(Li) spectrometer systems sre nov in
routine service in the G-4 lowv-lewel spectro-
seter facility. A Newv Brunswick Lsboratory
vraniuva stsndard serves as the primary quality
control check goutce for both detectors. The
source wss wmeasured on the older detector »
total of 25 times in s twelve-sonth period and
ic the newer systes 21 times doring its tea-
month operstional history. For the older detec~
tor the mesn vslue and 952 confidence level wvas
64.7 + 0.7 Bq/g, yielding s relative error of
1.12 (indicating suitsble quality control for
the period). Corresponding results for the
never system wvere 65.9 + 0.8 Bq/g vith s
relstive error of 1.22. A mslfunctioning ampli-
fier (long-term drift) was detected by s single
erroneous vslue fros the check source.

Quality assursace procedures have been
deviged snd implemented in the sample collection
and prese-vstion strategies i s program ‘or
in vivo radiocactivity wmosscrements in smsll
snimals.

A papsr (13), “Quality Assursnce Applied to
Zavironasmtsl Rediological Surveillence,”™ which
descrides some of the procedures vsed fn che
ORNL environmsmtsl surveillsace program, wvss
published. {S. A. Repolde, J. S. Eldridge)
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€. QUALITY ASSURARCE, SAFETY, AND TABULATION OF ANALYSES

L. T. Corbin, Quality Assurance Officer
G. R. Wilson, Qualfty Control Officer, Division Safety Officer,
and Ragiation Comtrol Offficer

QUALITY ASSURANCE

The Anslytical Chemistry Division semiannual
quality assursacs (QA) report has been changed
to sn amnusl besi:; howswver, the Analytfcal
Technical Support Secticn has continued its con-
trol progrsm vith monthly internal reports and
with gquarterly suamsries of the statirtical
data. Seversl internal QA sudits ere hald each
year, aud each #=2ction of the division has besen
audited st lesst once.

Quality asssurancs/control operacions were
incorporated into our computer-besel Data Msan-~
agement System last yesr. It is sow jossible to
do cthe quarterly statistical calculscious,
obtain the plots, print the quarterly rvepost,
remove and etore sll old data files to s
couputer-resdable medium, and enter the new
control codes, known vslues, etc. into the
system in one day.

In April a weighted average of the “foumd”
limnits of ervor for the previcus two years was
calculated for each of the coutrol prograss.
This coaputation rvesulted in incressing the
expected limit of error for five progreas asd
decrassiug it for six other programs.

Table 6.1 shows the quality level for each of
the servics laborstories aand coupares tae re-
sults with those from vhe previous yesr. Lists
of the different coatrol programs smd the wsmber
of results reported for' sach prograa sre given
is Tedle 6.2. Duriag the past yesr there has
boen s 13X decresse {7 the aswmber of comtrol
deterninations reported se? a 5% decresee in the
sumber of control programs.

Quality assuramnce for rtae Neclesr and
Rediochenics]l Asalysfis seciion is reported fa
Section 5 of this report.

L Y

Duriag the pest year, the Aualytical Chemis~-
try Division had two recordable injuries sad
fourteen first aid cases. MNoue of the cases wes
serious; wost of them wers lacerations from
glass or contusions frow striking objects. The
Safety Committes has msde unannounced {aspec-
tions of the Jivision laborstories sech qusrter
snd has noticed considersble improvement {in the
housekeeping. Thirty-nine sad a helf percent of
the mesbers of the division sttemded s trasining
course during ths year. The courses {ncluded
defensive driviag, first ajd, asd the handling
of hazardous materisls 1ian the laboratory.

Table 6.1. Distridbutiom by laboratory
of coatrol tests for October 1979
through Septesber 1980

Nember of
control results
Quality
Outeidse level (I)2
fimed
Laboratory Total iimits 1979 1980
Cenorsl Amalytical 7353 29 9%.33 96.16
tavirosmental
Asalysis "6 67 %.13 93.27
Radicactive Matls
Asalytical 298 8 90.12 97.32
Trensuranise 3 17 97.52 95.9
Total 2418 121 9.95 95.00

%Quality level (%) = [(Wo. determisations fa-
side fimed limite)/(total Wo. determinations)} x
100.



Table 6.2. Distribution of comtrol results (by wethod)
! for October 1979 through Septembher 1980

Teaber of Tawber of

Method Coust{tuent _programs resuite Total
ftomic absorptiom Alvsinus 1 [ 79
spectromerty Calcium 2 bX |
Cadnion 2 2
Cnroaius 1 16
Copper 2 9
iron 1 82
Lithiva 2 10
Magunesiva 2 40
Manganese 1 2
Wickel 1 13
Potassive 2 34
Ruthenios 2 10
Sodica 2 105
Zime 2 _3 387
Colorimetry Chloride 1] 38
¥Molybdenwm 1 101
Witrogen 2 327
Phospho-us 1 51
Sulfate 2 84
Thoriuwm 1 11
CUrssios (MR, SCN) 2 166
Ucsnium (DBKX) 1 126
Zirconiva 1 _8 912
Coulometry Ursniwm 2 32 32
Ylooromatry Ursniua 3 422 822
Gravisstry (leco) Carbon 1 _74 74
lafrared asbesorptics Carbou 1 2 L 74
spectrophotomstry
Ion selective Ylvoride 2 _26 26
electrode
Volumetric Acid 3 149
citrimatry Chlorids 1 6
Rictrats 1 20
Sulfor 1 103
Thorive 2 6
Orsniam 3 188 473
Total b 2418

Tabls 6.) coatsims & tabulatiom of support
ssnlysee performed by the varioue laboretories
end/ov growps withia the division duriag this
reportiag period.
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7. SuprLEMENTAKY ACTIVITIES

The division countinuas to maintain lisisom with the academic commuaity thromgh the
assistance of its Advisorv Compittee and consultants. WUe slso mske facilities smd supervisioca
available for student snd faculty ressarch and trsining progrzns.

This year the division Advisory Committee wes composed of

P. 7. Kane, National Science TFoundation, Chremistry Divisiocn, Chemical Syntbkssis and
Anslysis Section, Chemical Instrumentation Progrsa, Washington, DC.

Le L. Lewis, Head, Analytical Chemistry Department, Research Laborstories, Gessrsl MNotors
Corporatioca, 12 Mile, Mounds Road, War-en, MI.

K. 3. YMark, Jr., Chairman, Chenistry Department, Univer.ity of Cincimnati, Cinciamati, OH.

R Lo Pardus, Cheaistry Department, Purdue University, West lafsyestte, M.

A+ B. Camsron advises the Mass snd Emission Spectromstry sectiocn of the divisiom.

M. T. Rellay sdvises the Analyticasl Methodology section, with perticular emphasis oa
computer appli_atioms.
The following specislists were brought to ORNL oa short-tera cousnltismg bases this past

ysar as pert of our Seminsr Progras. Detsils of sewinars sre listed ia Chap. 8.

K. Ogas, Perkin-Elser Corporstiom, Norwalk, CT.

A. Barper, University of Georgis, Atlaats, GA.

H. M. M. Bibbering, University of Assterdam, The Netherlands.

Ce H. Lochmiiliaz, Duke University, Durhas, KC.

Pe T. Kisofingsr, Turdue University, West Lafayette, IN.

J. Uright, Uaiversity of Wisconsin, Madiecn, WI.

Re L. Watoon, Toexss AlM University, Collegs Statiom, TX.

H. Schesp, Klectricity Commission of Victoria, Auetralis.

D. M. Bercules, University of Californis, Irvime, CA.

W, Ratynski, Institute of Wuclesr Ressarch, Swisrk, Polaand.

C. Burtis, usk Ridgs Netional Laborstory, Osk Qidge, TH.

C, Feuselssw, The Johns Bopkine University School of Medicine, Baltiwore, MD.

Jo W. Tayler, University of Wiscumsin, Madison, VI.
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PARTICIPATION IN ORNL IN-BOURS PROGRAM

The following divisional people coapleted courses during the 1980 winter term of the
Continuing Educstion Program for Scientific and Techanical Personnel:

¥-3108. Istrodection to the DECsysterr10: J. M. Dale, J. S. Eldridge, and T. C.
Scott.

¥-80Gi. Practical Solstioa of Differential Equatioss: A. R. Crook-

$-202C- Design sad Structare of Techaicel Wricimg: L. M. Roseberry

$-450B. Russisa I: J. E. Strain.

The following courses were completed during the spriag 1980 term:

¥-100C. Tortras I: R. D. Brooksbsnk end T. C. Scott.

¥-3008. Portram II: R. D. Brooksbhank gnd T. G. Scott.

$-4008. :earchia; the Techmical Litersture: 3. D. Barkenbus, J. D. Kintigh, and
C. S. MacDougall.

$—455B. hwssiea IX: J. E. Strain.

Courses completed during the fall 1980 tera were:

L-600. Topics in Ceology: J. S. Eldridge and W. S. Lyon.

N-3i0D. Iatroduction to the DECsystes-10: J. W. Hanna.

%-201K. Crammar and Mechsnics of Techaical Writfag: B. D. Barkenbus.

TAEA FELLOVSHIP PROGRAM

Belen C. Balboa, Supervising Radiochemist, Nationsl P-wer Corporation, Morong, Batsan,
Phillipines, was assigned to the division as an IAEA fellow until April, st vhich time she wvas
placed on a six-month assignment at ORNL. She worked in the Nuclzar and Radiochrmicsl Analysis
Section.

The Analytical Technicsl Support section was host to another IAEA feilow, Mshfusur Rahmsn,
Atomaic Energy Center, Bangladesh. He received a six-month on-the~job training ia fluorometric
analysis of uranium, atomic absorption, and spectrophotometry.

CIRST ASSICRENTS

Geoffray GCleason, Senior Scientist from ORAU, is working ss a consultant on the staff of
the NWuclear and Radiochemiccl Anslyses section. His assignaemt is to develop and isplement
nuclesr msssursment iastrumentation for low-level rasdiochemical analysis. He has developed
computer programs for the calculation of the minimum detectable activity of low-lavel sssples
and for processing of gamma epectrsl information to give analysis results.

The University of Tennesses is funding Brisco L. Harward and Vincent E. Norvell to work ia
the Analytical Methodology section on the study of repid scan spectrosetry. Aleo funded 1is
Bustoo Z. Howell, Jr., who is studying metrix isolatisn photoscoustic spectroscopy.

Analytical Cheaistry initisted s subcontract with The Univarsity of Tennsssee to provide
tte techmicsl services of advanced graduste students in environmental snslyticsl chesistry to
the division. John Vargo was ass’gned to the Anslyticsl Technical Support section for s three-
month psricd on this subcontract.

Speacer lemons, Rollins College, worked for two~three weeks as part of sn independent
study progras.

Gail R. Norris completed his one-year assignaent with the Ruclear sad Rsdiochemical
Analysis Section. His resssrch was in the study of trace elemsnts in humen ]'umgs.
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During the summer, the divisiosn was host to representatives of the ORAU Undergradumate
Regesrch Prograam, which has een developed to ofier laboratory experience to college students
ss well a¢ to promising high schonl gradustes. R%. V. foluberg served as “Dean” for thase
guests during their visit.

T. L. Chapman, Angelo State University, worked in the Bio-Orgsnic Asalysis sectica with
the WI smoke program on multicomponent methods for smoke coustituents ia physfological
materisls.

K. E. Unipschild, Central Methodist Colliege, was involved in work with the CFRP in the
Analytical Technical Support section.

P. B. Liescheski, University of St. Thomas, worked on the DOD swoke project in the Bio-
Orgsmic Analysis sectiom.

The Analytical Methodology section wes host to D. M. Taylor, Wells College, who worked on
trace ursaium detection by laser-exci-ed rluorescence.

The division vas 3lso involved in the ORAU Faculty Resesrch Program during the summer.
Subrahmanyam Pendysls, SUNY College, vas assigned to the Analytical Methodology section and
vorked with advanced specttroscopic methods of analysis.

Two people were assigned to the division ss part of the Suamer Rasearch Intermship
Progras.

Z. X. Barnes, Michigan State University, was assigned to the Bio~Organic Adalysis section
to work om the aspplication of high-performence liquid chromstography to the collectios,
fractionation, and multicomponent anslysis of orgasics in environmentsl and fossil fuel
materials.

T. A. Rhea, Western Kentucky University, worked on spplications of gamma-ray spectromstry
with & dual-coincidence spectrometer system in the Nuclear and Radfochemical Analysis section.

GCLCA PROGRAM

During the fall semester, K. P. Crosa, lawrence University, was assigned to the snalytical
Technical Support section to perform thermal snalysis of inorgsnic materials by mass
spectrometry, thermogravimetric analysis, differentisl scanning colorimstry, and differential
thernal snalysis.

ORNL CO-OP PROCRAM

Vanesss H. Ostrum, University of Tennessse, worked epring and fall quarters ia the Bfo-

Organic Analysis section on the semipraparstive fractionstion and snalysis of fossil fuel
derived products.

SPECIAL ANARDS

V. §8. Lyon, Jr., section head for the Anslytical Methodology section received the 1980
Radiation Industry Award of the Amcrican Nuclesr Society. The awerd, presentsd Novesmber 18 at
the Internationsl Conference of the Americen snd European Wuclear Socleties, recognises
outstanding contributions to industrisl applications of rediatisn technology. It coneists of
sn engraved certificate and s $1000 honorsriua.

Lyon vas cited for “pioneering research in developing msthods for asssy and identification
of radfonuclides for industrial aspplicstions, the extension of auclear amalytical methods to
studies of foesil energy production, and his lesdership in developing end pubdlinisiag
industrisl use of such mathods.”
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23rd ANUAL ORIR. CONFERENCE ON ANALYYICAL CEEMISTRY
IN DEERCY TRECEWOLOCY

This yesr's coanfereace wes hald ot the Riverside Motor Lodge iz Gatlinburg, Teamesses,
October 7-9, 1980. The theme nf the coaferemsce was “Amslyticsl Chemistry ia Eavircamestal
Regulstion snd Control.” Attesdance vas 173, including 16 exhibitors. Topics covered durisg
the mestfiag iuncleded Orgsaic Pellitante, Mass Spect-ometry, Trace Elemeat Amslyses, aad
Radiochenical Asalyves.

A. L. flarrod was Gesersl Chafrwsn, V. S. Lyca was Techmical Program Chafirmem, esd N. L.
Euwery was Traussrer. Cail Vissyard and Doans Watsom were Comferesce Secretaries. Other
conference committee members fiscluded J. S. Eldridge, .. M. Fergusca, W. H. Criest, ¥. T.
Rafaey, ¥. D. Shults, and J. H. Stewsrt.

ADDITIONAL FROFRSSIOHAL ACTIVITIES

BALL, ¥. L.
Secratary: Rlsctros Nicroscopy Society of Amsrica
hepresestative from DMSA: Sectiocn Committee, AAAS Section on Physics (B)
Wember: Anslytical Chemistry Division Semfisar Committeec
DUCRANAN, M. V.
Chairusa: Amalytical Chemisiry Division Seminsr Committee
CARTER, J. A.
Sacretary: Subcommittee C-5:05, Analytizsl Task Croup (Resctor Crade
Craphite), Committee C-5, Manufacture of Carbon and
Craphite Prodects, ASTN
Member: Commftizz C-26, Wuclear Yuel Cycle, and C-26:05, Tast
Nethods, Task GCroup Leader, Micro Analytical Techaiques,
ASTM
ORNL Mansgeasat svd Supervisory Developmemt Progras Advisory
Conmittes
GXNL Persounel Dev-lopment Chemistry Course
Laboratory Coordimator: ISF0 Programs
Iuvited Spesker: Jeventh nnusl Meeting FACSS, Philidelphis, Pennsylvsnia
Septenber 28-October 3, 1980
10th Annusl Symposium o the Analytical Chemistry of
Pollutants, Dortmund University, Dortmund, FRC, May 27-30,
1980
CIRISTIR, W. H.
Session Chpirmem aad 22ad Rocky Wountein Conference un Mass Spectromstry,
Iavited Spesker: Desver, Colovado, Augwst 10-14, 1980
Meaber: ASTH Committee I-42, Serface Analysis
CUBIN, L. 7.
Tellow: Mmerican Society for Testing and Msterisls
Member: Comnittes E~10, Wuclear Applications and Msasutsment of
Radiation Effecta, ASTN
Subcommittas E~-10:01, Fuel Bursup
Subcommittes £~-10:02, Radfation—-Isduced Cheages in Metallie
Materfials
Chairmenas Committes C~26, Fuel, Coutrol, sad Moderator Nstetials for

Weclesr Resctor Applfcatioms, ASTH




Coovdinmater:

Division Nepresentstive:

COSTARYD, 9. A-

LB, J. M.
Iavited Spesker:

IER, ¥. 7.
Lecturer:
Nesbher:

ELDINGE, J. 8.
Menber:

nERyY, J. V.
Comsultant:

FRUBAN, C.
Tollmr:

Sclentific Bditor:

Nenber:

OUEXIN, M. k.
Consultant:

Yember:
Cheivann;

Iavited Spesker:
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Analytical Chesistry Divisioa Boatechmical Rescruitisg
Asalyticai Chemistry Divisios Quality Assurasce Progras
Asalytical Chenistry Divisioa Knergy Comservatioa Progres
OMML Job Osportwaity System

ORI Labor Belatioas

Committes C-26, Feel, Control, smd Moderator Mesterials fer
Raclest Rsector Applicstioms, sid Sebcommittes C-26:03,
Nethods of Test, ASTN

Americsn Vscwsm Scciety, Kmoxville, Tessessee, Octobar 28—
30, 1990

ORAL Traveliasg Lecturs Progrss
Amalytical Chenistry Divisioca Seminsr Committee

Subcommittee No. 9 (Envircesestsl Rediologicsl
Survailligace: Mechanisws for Informstiom Exchaasge),
Bealth Physics Society

Tennesvee Valley Authority

American Society for Testing snd Materisls

Optics and Spectroscopy (Eaglish trasslatiom of Russisa
Jouraal, Opika 1 Spektroskopita)

Comaittes -2 on Emission Spectroscopy, ASTM; Subcommittess
oa Puadsapentsl Methods, Editorisl Practices, sad
Noasaclature

Atoude Abeorption end Emigsion Spectroscopy Subgroup, Uaiom
Carbide Corporstiom

National Caxcer Imatitute
DOE 011 Shale Workiag Crowp

Natioasl Csmncer Isstitute

Workiag Meetiag om Imsesrch Needs ow Low-Tield Cigavettes,
Bethesds, Marylsaa, Jesne %-11, 1980

Nationsl Instiiute ow Drug Abuse, RFP Plammisg Group,
Rockville, Msrylsad, April 10, 1980

SPRI Seurece Asccsomsut Subcommittes

DOR/ONER Workshop on the Preparation of Complex Mixtures for
Bicassay, Ouk Ridge, Tewnesses, Wovember 12-13, 1990

20d Symposins on Process Vsasuremeats for Esvirommsetal
Assessment, Atlante, Ceorgis, Pebrusry 25-27, 1980

10th Asnwsl Symposium om the Asalytical Chemistry of
Pollutante, Dortwrwmd, PRGC, May 28-30, 1980

nd Symposiwm on Envirosmeatsl iselyticsl Chemistry, Irighse
Youag Dniversity, Provo, Uteh, Juse 18-20, 1960

1980 Gordon Research Conferesce on Asslyticsl Chemistry
Nev Nampton, Nev Nsmpshire, Augwet 11-135, 1980



§IocIes, C. B.
Coordisstor:

BOLMZRG, K. ¥.

Coordinstor:
_avited Spesker:

WLETT, L. D.
Session Chairwsn:

JEOKINS, R. A.

Invited Participent:

Iavited Spesker:

ATT, L. B.
Menber:

Associate Zditor:

Mesbar:

LAING, ¥W. R.
Chairman:

Division Representative:

LT08, ¥W. 8.
Meaber:

Pleaary Lecturer:

Regionsl Editor:
Associaste REéitor:
Prograa Chairman:

NASKARINEC, M. P.

Chairmen-Klect:
Membder:

Lecturer:
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Analytical Chemistry Divisice Affirmative Action Prograa

Analytical Chenistry Divisioa University Relatiocas
Workshop oa Arc By-Products ia GCas Insulated Equipment,
Chicago, Illinois, Jume 4-6, 1980

Americsn Vacuum Society, Inoxville, Tenmessee, October
28-30, 1980

WIH Progras—Pro ject Reviev, University of Illinois,
Chicago, Illisois, Decesber 3-5, 1980

Washingtoan, DC, Chromstography Discussioa Group,
Caithersburg, Meryland, Mey 21, 1980

Prograa Advisory Committee, Divis{oa of Amalytical Cheaistry
Division, ACS

Chemioal, Biomediocal, and Envirommental Instrimentation

Pellowship Committes of Anslytical Cheaistry Divisioa of
American Chemical Society

Sabcommittee C-26:05, Test Methods, Nuclesr Puel Cycle, ASTH
UCCHD Anslytical Committee
UCCED Eavironmentsl Amalysis Committee

Committes D-5, Coel and Coke, Sgbcommittee on Methodology,
Task Croup on Trace Elemsnts, ASTM

Comittee E-10, Wuclesr Applications end Messuresent of
Radistion Effects, ASTM

Sacbcommittes R:-10:01, Pual Surmup

Subcommitter E-10:05, Drsimetry

Organising Committee, 6th Internmational Conference ou Modern
Trends {n Activation Analysis

Exscutive Committee, Isotopes end Radistion Division, ANS

Scientific Committee 25 on Radistion Protection in the Use
of Small Beutron Ceserators, NCRP

Fourth Intarestionsl Coaference Wuclear Methods in Raviron—
mental sad Energy Research, Columbia, Missouri, April 17,
1960

Joumal of Radioamalytiocal Chem/stry

Radiochemioal and Radicamalytical Letters

Isotopes and Radistiom Division, ANS

OCC-HD Cas Chromstography Specisliete’ Croup
Analyt fcal Chemistry Division Seminar Committee
ASTH £-19 Committes ou Chromatography

OCCHD Liquid Chrometogcsphy Specialists’' Croup
ORAU Traveliag lecture Progras

—

o




REYROLDS, S. A.

Secretary:
Cheirmsn:

noss, H. H.
Chairwman:

REBIN, 1. B.
Invited Spesker:

c.

Program Chairman:

ST, . 1.
Coordinator:

SYRWART, J. 1., Jr.
Member:

Invited Speaker:
STORELY, J. R.
Coordinator:

00D, P. J.
Member:
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Anslytical Chesistry Division Semicar Committee

Committee D-19, Water, ASTM

Committee B-10, Buclear Techaology end Applicatioas, ASTM

Stsadards Subc mmittee ANS-16, Isotopes and Radiation
Division, ANS

Techoical Advisory Croup, ISO Technical Committee 147 om
Water Quality

D=~19 Subcommittee &, Methods of Radiochemical Asalysis, ASTM

Working Croup 1, Subcommittee 3, ISO Technical Committee 147
on Hater Quality

ORWL Craduate Student Selection Panel

Educstion Committee, ORNML Credit Union

ORNL Technology Dtilizstion Committee

Bditorial Advisory Board, Joumal of Radioamalytieal
Chemistry

Board of Directors, ORNL Credit Uaion

1980 Americsn Chemical Society Susmer Symposiua on
Analytical Cheaistry, Durham, Worth Carolins, June 4-6,
1980.

Committee D-19, Vater, ASTHM, snd Subcommittee 4§, Methods of
Radiochemical Aaslysis

Division of Aaalytical Chemistry, ACS

Analytical Specialist Group, UCC

OPNL In-fiouse Continuing Education Commitiee

Technical 3ervices Committee, JCCWD

Lditorisl Board, Amalytica Chimioa Acta

Advisory Committee, "Anslytical Approach,” Amalytiosal
Chemistry

San Francisco National ACS Meeting, 1980.

Malytical Chemistry Diviefon PAD Recruiting

ASTH C-26 Wuclesr Puel Cycle Tssk: Croup Leader for X-Ray
Pluorescence dathods

1980 Susmer Meeting of ASTM C26, Denver, Colorado, July 21,
1980

Analyticsl Chemistry Division M8/BS Recruiting

Analytical Cheatistry Division Seminar Committee
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8. PresentaTION OF RESEARCH RESULTS

As {a past yesrs, the division has actively responded to the changing priorities
of the ORML research effort by changing the emphssis of some of irs own prograss or
instituting nev studi:s. The increasing concern with energy - ouclear as well as nca-
nuclear - {s reflected in the research results listed below. The multidisciplinary
approach required in many such problrms is fndicated by the number of papers and talks
coauthored by members of other ORNL divisions. Such persons are designated by an

asterisk.
FUSLICATIONS
Coutr” ,>ious to Books, Procsedisgs, aad Reports
AUTHOR AUTHOR(S) AND TITLE PUBLISHED TN
Bate, L. C. Bate, L. (. “Determinstiocn of Teclnetium-99 Adioelament Analysis -
in Mixed Fission Products by Neutral Acti- Progress and Py Slems
vation Anilysis” Proc. 23rd Conf. on
Ansal. Chea. in Energy
Techn., Gazlinburg,
Tean., ¥. S. Lyon, Ed.,
1980, pp. 125-190
Bustick, D. T. Bostick, D. T. "Acid~Componensate Multiwavelength PFroc., Am. uci. Soc.
Determination of Uranium in Process Stresms” Topical Meet. an Meas-
urgment Techn. for Safe~
guards and Mater. Com-
trol, uBS SP-582, June
1980, p. 121.
Buchanan, M. V. Walton, B. T.;* Buchanan, M. V. “Teratogenic ACS, Div. Baviron. Chem.
Ef fects of Fuel Oils on Insacts Developing Prepr. 20(2), 1980, pp.
in Contaminated Substratecs™ 100—-101
Carter, J. A. Christie, W. H.; Carter, J. A.; Eby, R. E.; Proc., 28th mmmu. Conf.
Landau, L.; Musick, W. R. "A SSMS Surface on Mass Spectrom. and
Analysis of B in Irradisted Zircaloy-2: Allied Topics, New York,
Ion Implsntation Stsndard as a Calibration N.Y., May 2530, 1980,
Techaique” pp. 678-689
Caton, J. E. Dalbey, W. E.;* Nettesheim, P.;* Criesemer, R.;* Proc., 19th Awn. Hanford
Cator, J. E.; Guerin, M. R. “Chronic Inha- Life Sei. Symp., Pulmo-
lation of Cigsrecte Tobacco Smoka by Rats” nary Toxicol. of Respin-

able Particles, rich-
land, Wash., Oce. 22-24,
1979, DOE Symp. Ser. 53,
CONF-791002, TIC, USDOR,
1980, pp- 522-535

Henry, C. J.;® Whitmire, C. E.;* Lopez, A.;* Proc., 19th Amu. Hanford
Dansis, D. R.;* Avery, M. D.;* Caton, J. E.; Life Soi. Symp., Pulmo-
Stokely, J. R.; Holmberg, R. W.; Guerin, nary Toxtocol. of Respir-
¥. R.; Kouri, R. E.* “The Dosimetry snd Dis- able Partiales, gich-
tribution of Whole Cigarette Smoks Particles land, Wash., Oct. 22-24,
in Inbred Straine of Mice: Compsrison of a 1979, DOE Symp. Ser. 53,
largs Smoke Exposure Machine (SEM) with o CONF-791002, TIC, USDOR,

Saall-Capacity Smoke-Exposurc Machine (Wslton)™  19%0, pp. 177-192
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Caton, J. E.

Christie, W. H.
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WUTHOR(S) AND TITLE

Griest, W. H.; Caton, J. E.;, Guerin, W. R.;
Yeatts, L. B.; Higgins, C. E. “Extractioa
and Recovery of Polycyclic Aromstic Rydro-
carbons from Highly Sorptive Natrices Swech
as Ply Ash”

Naraysn, J.;® Larson, B. C.;® Christie, ¥W. H.
“Effect of Thermal Annealing in Borom
Isplanted, Laser Anmsaled Silicom”

Wsag, J. C.;:* Wood, R. P.;* White, C. W.;*
Appleton, B. R.;* Pronko, P. P.;* ¥Wilson,
S. R.;® Christie, W. H. “Dopant Profile
Changes Induced by Laser Irradiation of
Silicon: Coapsrison of Theory and Experi-~
sent”

White, C. W.;* Christfe, ¥. H.; Pronko, P. P.;*
Appleton, B. R.;* Wileon, S. R.;* Young,
R. T.;% Wang, J. C.;* tood, R. F.;* Baraysa,
J.;% Magee, C. W.* “Dopant Profile Changes
Induced by Pulsed Laser Annealing™

Young, R. T.;* Wood, R. P.;* Narayan, J.;*
Christie, ° H. “Laser Techniques in
Photovoltaic Applications”

Zehner, D. M.;* White, C. ¥.;* Owenby, G. W.;*
Chrietie, W. H. "Silicon Surface Structure
and Surface Impurities After Pulesed Laser
Annealing”™

Christie, W. H.; Carter, J. A.; Eby, R. K.}
Landsu, L.; Musick, W. R. “A SSMS Surfsce
Anslysis of B o Irrediated Zircaloy-2:
Ton Isplantation Standard as s Calibration
Technique”

PUBLISHED IN

Polymuel. Aromatie Rydro-
oarbons: Chem. and Bio-
logioal Effecte. A-
Rjorsath, A. J. Dewmis,
eds., Battelle Press,
Colwabus, Ohio, 1980,
rp- 819-828

Laser-Solid Intsractions
and Laser Processing-
1978, S. D. Perris,

B. 2. Lesmy, J. M.
Poste, Eds., AIP Couf.
Proc. No. 50, New York,
N.Y., 1979, p. A0

Lassr-Solid Intevastions
and Laser Proocessing~
1278, S. D. Perris,

H. J. Leamy, J. M.
Poate, Eds., AIP Comf.
Proc. No. 50, New York,
Y., 1979, p. 123

Proc., Int. Confs om Zom
Bean Nolification of
Nater., Vol. 11, J.
Cyulai, T. Lobhmer, K.
Passeor, Eds., Ceatral
Inst.. for Phys., Buda-
pest, Rungary, 1979,

p. 839

Laser Applications in
Nater. Prraessing, Vol.
198, J. F. Ready, Bd.,
Soc. of Photo-Optical
Instrumentstion Engi-
neers, Bellingham,
VWash., 1980, p. 36

Laser and Elestron Beam
Proceseing of Mater.,
C. W. White, P. 8.
Pesrcy, Rds., Academic
Pregs, New York, W.Y.,
1980, p. 201

m., 20th A, w.
on Mase Spectvom. and
Allied Topios, Wew York,
K.Y., Nsy 25-30, 1900,
w. 678-689




Clark, B. R.

Corbin, L. T.

Ehy, R. E.

Eldridge, J. 8.
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AUTHOR(S) AMD TITLE

Rubdfa, I. B.; Coeckaer, N. A.;* Clark, B. R.
“Polar Constituents of a Shale 0il: Coupara-
tive Composition with Othar Foeeil-Derived
Liquids™

Nollgud, J. M.;®* Rabw, R. 0.;* Saith, L. H.;*
Clark, B. R. ; Change, S. S.;* Stephens,
T. J.* “Dosimmtry of Coal and Shale Derived
Crude Liquids as Mouse Skin Carcinogens”

Criest, W. H.; Cueris, N. R.; Yeatts, L. B.;
Clark, 3. R. “Ssaple Management sad Chemical

Characterizetion of the Paraho/SOHIO/U.S. Bavy

Crude and Refined Shele 011 Suite”

Rso, T. K.;®* Epler, J. L.;* Guerin, M. R.;
Clark, B. R. “Short-Term Microbisl Testing
of Shale Ofl Materials™

laing, W. R.; Corbin, L. T. “Rasiiocective
Materials auslytical Laboratory”

Christie, W. H.; Carter, J. A.; Eby, R. E.;
Landau, L.; Musick, ¥W. R. “A SSMS Surface
Analysfs of B fn Irvadiated Zircaloy-2:
Ion Implaatsation Stsndard as s Calibration
Techaique”

Raywolds, S. A.; Eldridge, J. S. “Investigs-
tios of Cereskov Counting of Eanvirommental
stront {ee-90"

Oskes, T. W.;® Shank, K. E.;* Auxier, J. A.;?
Eldridge, J. 8.; Jenkins, P.;* Love, G. L.;*
Obarg, S. C.;* Panssko, V.;® Seldy, B.;*
Travers, W. D.;® Scrodl, W. R.* “RKaviroo—
mental Badiological Surveillance: Mechanismse
for Iaformation Rxchsngs”

Shank, 7. B.;* Oskeas, T. W.;* Rldridgs, J. 8.
“Quality Asewrance is Eavircasents]l Meas-
sresents”

PURLISHED IN

Proc., 0il Shale Sywp.:
Sawpling, Analysis, and
Qulity Assurance  Deun-
ver, Colo., Msr. 26-28,
1979, EPA-600/9-80~022,
June 1980, pp. 390-401

Proc., 0il Shale Symp.:
Sampling, Analysie, and
Quality Assurance pen-
ver, Colo., Msr. 26-28,
1979, EPA-600/9-80-022,
June 1980, pp. 443-454

Proc., Symp. on the
Health Effects Imvesti.
of Uil Shale Dev. car-
linburg, Tenn., June 23-
24, 1980, Ann Arbor Sci.
Pub., pp. 2744

Proe., Symp. on the
Health Effects Imvesti.
of 0il Shale Dev. Car-
linburg, Tenn., June 23~
24, 1980, pp. 161-172

Proc., 27th Conf. om
Remote Systems Techn.,
1979, p. 86

Proe., 28th Aow. Conf.
on Mass Spectrom. ad
Allied Topics Wew York,
¥.Y., May 25-30, 1980,
pp. 678-689

Liquid Seintillation
Cownting Recent Applica-
tiome and Dev. pcsdemic
Press, Wew York, Vol. 1,
1980, pp. 397-405

Upgrading Envirom. Radia~
tion Data, 3. E. Wateon,
ed., EPA 520/1-80-012,
Aug. 1980, Lp. 9-] to
911

Proc. of the 1980 UCCND
and GAT Vasts Manage.
Sem.  priendship, Ohto,
Apr. 22-23, 1980,

pp. 411-428



AUTHOR

Criest, W. H.

Guerin, N. K.
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AUTBOR(S) AND TITLE

Criest, W. H.; Cston, J. £.; Guerin, M. R.;
Yeatts, L. B.; Higgins, C. E. “"Extraction
and Recovery of Polycyclic Aromatic Bydro-
~arbuas from Righly Sorptive Matrices Such
as Fly Ash”™

Criest, W. H.; Cuerin, K. K.; Yeatts, L. B.;
Clark, B. R. "Senple Mamagement snd Chemical
Charscterization of the Parsha/SOHID/U.S. Navy
Crude and Refined Shale Oil %uite”

Coffin, D. L.;* Guerin, M. 2.; vriest, W. H.
"Overview of the Repository Program smd the
Matrix Approach to the Health Effects Investi-
gation of 0il Shsle Development”™

Griest, W. H. ™Multicomponent Polycyclic
Hydrocarbon Analysis of Iniand Water and
Sediment”

Herbes, S. E.;* Southworth, G. R.;* Shaeffer,
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J. A. Design of a Mass Spectrometric Pacil-
ity for Bighly Radioactive Samples

Carter, J. A. Analytical Chemistry Division
Research and Development Swwmary for September
1980: Mass and Ewission Spectromstry Section

Carter, J. A.; Musick, ¥. R. Report of Poreign
Travel by J. A. Carter and W. R. Musick to
Takai Japan

Warssck, R. J.; Donohue, D. L.; Landau, L.;
Praoklin, J. C.; Christie, W. H.; Carter,
J. A. Design of a Mass Spectrometric Pacility
for Righly Radiocactive Samplss

Wang, J. C.;* Wood, R. I.;* White, C. W.;*
Appleton, B. R.;* Pronko, P. P.;* Wilson,
S. R.;* Christie, W. #. Dopant Profile Changes
Induced by Laser I'rradiatiom of Si: Comparison
of Theory and Ezperiment

REPORT NO. AND DATE

ORML/CF-80/16 (Jan. 1980)

ORNL/TH-7218 {Jan. 1980)

ORNL/CF-80/23 (Feb. 1,
1980)

ORNL/TH-7362 (ISPO-99)
June 1980

ORAL/TH-7429 (ISPO-105)

ORNL/Cr-80/209 (June 1,
1980)

ORAL/PTR-858 (June 18,
1980)

ORNL/TM~7129 (Apr. 1980)

ORNL/CP-80/292 (Oct. 1,

1980)

ORNL/FTR-920 (Sept. 17,
1980)

ORFL/TH-7129 (Apr. 1980)

ORNL-5640, p. 30 (Sept.
1980)




AUTHOR

Chrisrie, W. 8.

Corbin, L. T.

Costanzo, D. A.

Donohue, L. L.

Dyer, 7. ¥.

Emery, J. F.
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AUTHOR(S) AND TITLE

White, C. W.;* Zehner, D. M.;®* Ownby, G. W.;*
Chrisrie, W. H. Surface Structure of Ion~
Implantsd, Laser-Arnealed Si

White, C. W.;® Appleton, B. R.;* Bittner, H. F.;®
Bell, J. T.;* Caristie, W. H. Improvement in
Corrosion Reesistance of Imeoloy 800 Achieved
by Pulsed-Laser Amnealing

Wood, R. P.;* Young, R. T.;*® Christie, W. H.;
Narayan, J.;* White, C. W.* Study and Comtrol
of Grain-Boundary Effects by Laser Techniques

Corbin, L. T. Quality Assurance Report, Amalyt-
teal Chemistry Divisiom, July thmough December
1979

Corbin, L. T. Analytical Chemistry Divieiom
Monthly Report for March 1980: Amalytiecal
Technical Support Section

Corbin, L. T. Analytical Chemistry Division
Monthly Report for August 1980

Corbiu, L. T. Analyt’cl Chemistry Divieion
Monthly Report for November 1960

Corbin, L. T. Quality Assurance Report, Anmalyt-
teal Chemistry Division, January-September
1980

Costsnzo, D. A.; Veinberger, A. J.; Marley,
J. L. A Solvent Extraction Study of the
Thorium Nitrate. Nitrisc Acids, and Twi-
butyl Phosphate-Dodecane System: Density
and Acidity Relationshipe

Wasrmack, R. J.; Donohue, D. L.; Landau, L.;
Franklin, J. C.; Christie, W. H.; Carcter,
J. A. Deeign of a Mass Spectrometris Pasil-
ity for Righly Radicactive Somples

Wichner, R. P.;* Dyer, P. P. (arbon-14 Produo-
tion in the Peach Bottom HTGR Core

Dickens, J. K.;* England, T. R.;* Lova, T. A.;*
McConnel, J. W.;* Emery, J. F.; Northecutc,
K. J.; Peele, R. W.* Delayed Beta~ and Gamma~
Ray Produstion Dus to Thermal-Neutron Plseion
of 38%py: frabular and Graphioal Spestral Dis-
tridution for Times After Pigeion Retusen 3 and
14000 Seo

REPORT NO. AND DATE

ORNL-~5640, p. 103 (Sept.
1980)

ORNL-5640, p. 198 (Sept.
1980)

ORNL~5640, p. 114 (Sept.
1980)

ORNL/CP-80/5 (Jan. 1980)

ORNL/CF-80/66 (Apr. 1980)

ORNL/CF-80/247 (Aug.
1980)

ORML/CF-80/347 (Dec.
1980)

ORNL/CP-80/305 (Oct.
1980)

ORNL/TM-7240 (May 1980)

ORNL/TH-7129 (Apr. 1980)

ORNL~5397 (July 1980)

WUREG/CR-1172, ORNL/NUREC
-66 (Jan. 1980)



ACTHOR

franklia, J. C.

Gouge, P. S.

Griest, W. H.

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

Warwack, R. J.; Doaohoe, D. L.; Landsu, L.;
Franklin, J. C.; Christie, W. H.; Carter,
J. A. Design of a Mass Spectrometric Pacil-
tty for Bighly Radiocactive Saowples

HBoffwan, T. O.;® Huockabee, J. W.;* Lucas,
D. M.;* Garten, C. 7.;* Scote, T. G-;
Walker, R. L.; Gouge, P. S.; Holmes, C. V.
Saompling of Tecknetium-99 in Vegetatiom and
Soile in the Vieinity of Operating Gaseous
Diffusion Pacilitises

Criest, W. BR.; Coffin, D. L.;* Cuerin, M. R.
Foesil Fuels Research Matrix Program

Epler, J. L.;* Burnett, E. M.;® Griest, W. H.;
Cuerin, M. R.; Maskarinec, M. P. Toxicity
of Leachates

Criest, W. H.; Guerin, M. R.; Quincy, R. B.;
Jeukins, R. A.; Kobota, H. Chewical Charac-
terization of Experimental Cigarettes and
Cigarette Swoks Condensates in the Pourth
Cigarette Ezperiment

GCuerin, M. R. Report of Porsign Twavel
of M. R. Guerin

Guerin, M. R. Amalytical Chemistry Divieion
Research and Development Suwmary for June
1980: Bio/Organie Analysis Section

Criest, W. H.; Coff’n, D. L.;* Gueria, M. R.
Possil Pusls Research Matriz Program

Griest, vw. B.; Guerin, M. R.; Quincy, L. B.;
Jenkins, R. A.; Kubota, R. Chemical Charac-
terisation of Zzperimental Cigarettes and
Cigarette Swoke Condensates in the Pourth
Cigarette Experiment

Epler, J. L.;* Burnett, E. M.;* Criest, W. R.;
Cuarin, M. R.; Masksrinec, M. P. Torieity
of Leachates

REPORT Y. AND DATE

ORML/TM-7129 “Apr. 1980)

ORNL/Tr-7386 (Oct. 1980)

ORNL/TH-7346 (June 1980)

DOE-IAG-40-646-77, EPA-
1AG~78~DX-0372, April 1,
1978 to May 18, 1979,
issued 1980

Rat. Can. Inst. Swoking
and Heslth Progras,
flept. No. &, Toward Leass
Razardous Cigarettes:
The 4tn Set of Experi-
meatal Cigsrettes, G. B.
Gori, Ed4., DHEM Pub.,
Mar. 1980, pp. 6599

ORNL/FTR-854 (June 1,
1980)

ORNL/CP-89-228 (July 1,
1980)

ORNL/TM-7346 (June 1980)

Nac. Can. Inst. Smoking
snd Health Progras,
Rept. Wo. 4, Toward Less
fAszardous Cigarettes:
The 4th Set of Experi-
mental Cigarettes, C. B.
Cori, Ed., DHEV Pub.,
Mar. 1980, pp. 65-99

DOE~IAC~40-646-77, EPA-
IAC~78-DX-0372, April i,
1778 to May 18, 1979,
issued 1980




Coerin, M. R.

Solaes, C. V.

Jenkins, R. A.

Keller, J. M.

Klstt, L. N.

Landsu, L.

Lee, D. A.

Lyon, V. 8.

-
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AUTHOR(S) AND TITLE

Cuerin, M. R. imalytieal Coal Chemistry ad
Dwiromental and Healtk Aspscts of Coal
Conversion

Cearin, M. k. Amalytioal Chemistry Diviatom

Resvarch and Devalopment S:mmary, Pabruary
1980, Bio/Organic inalyeis Sectiom

Cueria, N. R. Anmalytical Charistry Division
Researo:: and Development Summary, Ootober
1980, Bio/Ovganic Amalyeis Section

Boffmen, T. 0.;% Hucksbes, J. VW.;* Luces,
D. M.;* Cattea, C. ¥.;* Scott, T. G-;
VWalker, R. L.; Couge, P. 5.; Holmes, C. V.
Sampling of Tecknetium-99 in Vegstation and
Soils in the Virinity of Operating Gaseous
Diffurion Pacilities

Criest, W. H.; Coerin, M. R.; Quincy, R. B.;
Jenkine, R. A.; Kubots, H. Chewmiocal Charao-
terisation of Experimental Cigarettes ond
Cigaretts Smoke Comdensates in the Yourth
Cigaretts Experiment

Keller, J. M.: Actrill, J. E. A BASIC Progvam
for Simulated Distillatiom Caleulations om a
Perkin-Blmer Sigm-10 Chromatographie Data
System

Keller, J. NM.; Rickard, R. R. The Deismmination
of Dibutylphosphorie Aeid in Carbomate, Oxclate,
or Nitrate Solutioms by Ion Chromatography

Klatt, L. N. An Instmment for the Amalysis of
fri-n-Butylphoephate in Hydrooarbom Miztures

Warmeck, R. J.; Donohwe, D. L.; Landsu, L.;
Pranklin, J. C.; Christie, ¥W. H.; Carter,
J. A. Design of a Mase Speotrometris Pacility
for Bighly madiocactive Samples

Lee, D. A.; Kerrigan, J. R.* Maiss Spsotrometrio
Charnateristios of the Pyrolyeis Produste
of (Th, V)0, Gals

Lyon, ¥. S.; Shults, ¥. D.
and the Coal War

Analytioal Chemistry

ORNML Coel Chanistry Rept.
1979, omML-5629, O. L.
Kaller, BEd., Feb. 1900,
/o 190-239 and Hp. 247-
265

OMNL/CY-80/47 (Mar. 1980)

ORNL/CP-80/314 (Mov.
1980)

ORNEL/TH-7386 (Oct. 1980)

Nat. Can. Inst. Smoking
and Heslth Progras,
Rept. No. 4, Toward Less
Bazardous Cigarsttes:
The 4th Set of Experi-
ssntal Cigarettes, C. B.
Gori, 4., DHEVW Pub.,
Mar. 1980, pp. 65-99

ORNL/CF-80/5 (Jaa. 1980)

ORNL/TH~7569 (Dec. 1980)

ORNL/TN-7098 (Apr. 1980)

ORNL/TH-7129 (Apr. 1980)

ORNL/TW-7250 (Apr. 1980)

ORNL/CP-79/327 (Jau. 1,
1980;




AUTHOR

Ma~Dougall, C. S.

darley, J. L.

Maskarinec, M. P.

Musick, W. R.

Northecutt, K. J.

Quincy, R. B.

Rickard, K. R.

Scott, T. G.
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AUTHOR(S) AMD TITLE

MacDougall, C. S. Determination of Cr(VI) in
Ruclear Reprocessing Solutions

MacDougall, C. S.; Bayne, C. K.;* Roberson,
R. B.* Studies of the Reactiom of Nitric
deid and Sugar

Costanzo, D. A.; Weinberger, A. J.; Marley,
J. L. 4 Solvent Frivaction Study of the
Thorium Bitrate, Fitric Acids, and Tri-
buty! Phosphate-Dodscane System: Density
and Acidity Relationships

Marley, J. L.; North, E. D.* 4 Refergnce
Sample Plan for Amalytical Chemistry and
Process Control of the Hot Experimental
Pasility, Modified Purex Plow Sheet (200
Series)

Epler, J. L.;* Burnett, E. M.;* Griest, V. H.;
Guerin, M. R.; Maskarinec, M. P. Toxicity
of Leachates

Carter, J. A.; Musick, W. R. Report of Poreign

Travel by J. A. Carter and W. R, Musick to
Takai Japar

Dickens, J- K.;* England, T. R.;* Love, T. A.;*
McConnel, J. W.;® Emery, J. F.; Northcutt,

K. J.; Peele, R. W.* [glayed Beta- and Cowm-
Ray Production Dus to Thermal-Neutron Fiesion
of 23%pu: tabular and Graphical Spectral Dis-
tridution for Times Afier FPission Between 2 and

14000 Sec

Griest, W. H.; Guerin, M- R.; Quincy, R. B.;
Jenkins, R. A.; Kubots, B. Chemioal Charac-
terization of Experimental Cigarcttes and
Cigaretts Smoks Condensates in the Pourth
Cigaretts Ezperiment

Keller, J. M.; Rickard, R. R. The Determination
of Dibutylphosphoric Aeid in Carbonate, Oxalate,

or Fitrate Solutions by Ion Chromatography

Steuber, A. M.;* Webster, D. A.;® Munro,
1. L.;* Farrov, N. D.;* Scott, T. G.
An Investigation of Radiomuclide Release
from Solid Waste Disposal Area 3, Oak Ridge
Ratiomal Laboratory

REPORT NO. AND DATE

ORML/TH-7A13 (Oct. 1980)

ORNL/TH-7419 (Oct. 1980)

ORNL/TH~7240 (May 1980)

ORNL/CFRP-79/40 (Feb.
1980)

DOE~IAG-40~646-77, EPA-
IAG-78-DX-0372, April 1,
1978 to May 18, 1979,
{ssued 1980

ORNL/FTR-920 (Sept. 17,
1980)

NUREG/CR-1172, ORNL/WUREG
-66 (Jan. 1980)

Nat. Can. Inst. Seoking
and Health Program,
Rept. No. &, “oward Less
Razardous Cigarettes:
The 4th Set of Experi-
seutal Cigaretss, G. B.
Gori, ®d., DHEW Pub.,
Msr. 1980, pp. 65-99

ORNL/TH-7369 (Dec. 1980)

ORNL/T¥-7323 (Sept. 1980)



Scott, T. G.

shalts, ¥W. D.

Saith, D. H.

Stewart, J. H.

Scraia, J. E.

Walker, R. L.
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Boffman, T. O.;%* Huckabee, J. ¥W.;® Lucas,
D. M.;® uarten, C. F.;® Scott, T. G.;
Lalker, R. L.; Gouge, P. S.; Holmes, C. V.
Sampling of Technatiim-99 in Vegetation and
Soile in the Vieinity of Operating Gaseous
Diffusion Pacilities

Lyon, W. S.; Shults, W. D.
and the Coal War

Mnalytioal Chemistry

Saith, D. H.; Halker, R. L.; Carter, J. A.

Progress Report for the Office of Safeguards
and Security

Bayne, C. K.;* Carter, J. A.; Saith, D. H.;
Walker, R. L. Resin Bead U and Pu Analysis
of WAL Imput Solutioms - A Statistieal Sim~
mary of Expsriment #1

Saith, D. H.; Walker, R. L.; Carter, J. A.
TASTEX Task J: Reein Bead Mass Spectrometry
Sfor Safeguards

Stewart, J. d. Moters Ml Material for Cooling
Towers at Gaseous Diffusion Plant Sites

Straia, J. E. Applications of Cyclie Voltametry
to In-Line Analysis for Ruclear Pusl Repro-

csssing

Saith, D. H.; Walker, R. L.; Carter, J. A.

Progress Report for the Of fice of Safeguards
and Security

Hoffman, T. O.;* Huckabee, J. W.;* Lucas,
D. M.;® Carten, C. F.;® Scott, T. C.;
Walker, R. L.; Gouge, P. S.; Holmes, C. V.
Sampling of Technetiim-99 in Vegetation and
Soils in the Visinity of Operating Gaseous
Diffusion Pacilitiee

Bayne, C. K.;* Carter, J. A.; Saith, D. H.;
Walker, R. L. Reein Bead U and Pu Analveis
of WAX Imput Solutions - A Statistinal Sum-
mary of Expsriment #1

Smith, D. H.; Walker, K. L.; Carter, J. A.
TASTEX Task J: Feein Bead Mass Spectrometry
Sor Safeguarde

REFORT NO. AND DATE

ORNL/TH-7386 (Oct. i%80)

ORNL/CF-79/327 (Jaan. 1,
1980)

ORML/TH-7218 (Jan. 1980)

ORNL/TM-7362 (ISFO-99)
June 1980

ORIL/TH-7429 (1SPO~105)

T/TL-855 (Mar. 1980)

ORNL/TM-7183 (1980)

ORMNL/TM-7218 (Jen. 1980)

ORNL/TH-7386 (Oct. 1980)

OFML/TH-7362 (13P0—99)

Juoe 1980

ORNL/TH-7429 (1SPO~105)



Warmeck, k. J.

Weinberger, A. J.
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AUTHOR(S) AND TITLE

Waraack, R. J.; Donohue, D. L.; Landau, L.;
Fraanklin, J. C.; Christie, W. H.; Carter,
J. A. Design of a Mass Spectrometric Pacil-
ity for Bighly Radioactive Samplss

Costanzo, D. A.; Weirberger, A. J.; Marley,
J. L. A Solvent Extraction Study of he
Thorium Fitrate, Witric Acids, and Tri-
butyl Phosphate-Dodecane System: Density
and Aeidity Relatiomshipe

REPORT MO. AND DATE

ORNL/TW-7129 (Apr. 1980)

ORNL/TH-7240 (May 1980)
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As 1in previous years, staff meabers have made presentations st local, national,

and, in a f2vw instances, internstional meetings.
subjects, reflecting the division’s broad spectrum of activities.

The papers covered a vide variety of

At Maetings of Professiomal Societies, Coafereaces, sad the Like

SPEAKER

Beall, G. U.*

Beene, J. R.*

Bemis, C. E.*

Bittner, H. F.*

Buchanan, A. C.*

Buchanan, M. V.

Carter, J. A.

AUTHOR(S) AND TLITLE

2eall, G. W.;* Kelley, K. L.;* Beall, G. W.;*
Young, J. P.; Boatner, L. A.* “Volume States
of Actinidzs in Synthetic Monozites™

Young, J. P.; Beene, J. R.;* Beais, C. E.,Jr.;*
Kramer, S. D.* “Study of the Fission Isomer
240mpq (s.F.) Using Laser Induced Nuclear
Polarization”

Beene, J. R.;* Bemis, C. E.;* Young, J. P.;
Kramer, S. D.* “Study of the Fission Isomer
240m,, (S.F.) Using Laser Induced Nuclear
Polarization”

Bemis, C. E.;* Beene, J. R.;* Young, J. P.;
Kramer, S. D.* “Laser-Induced Nuclear
Polarization (Linup): Application to the
Study of Short-Lived Nuclide”

Bittner, H. F.;* Bell, J. T.;* White, C. W.;*
Christie, W. H. “Steam Oxidation of Laser
Aanealed Incoloy 8007

Buchanan, A. C.%®; Buchanan, M. V.; Dworkin,
A. S.;* Smith, G. P.* T"Low Teamperature Cats-—
lytic Hydrocracking of Naphthalene in Molten
ShC1l3-AlZiy"

Buchanan, M. V.; Ho, C.~-h.; Clark, B. R.;
Guerin, M. R. “Chemical Characterization
of Mutagenic Nitrogen-Containing Polycyclic
Aromatic Hydrocarbons in Foasil Fuels™

Carter, J. A.; Wslker, R. L.; Smith, D. H.
“Isotope Dilution Resin Besd Mass Spec:rom—
atry ~ An Ultra Trece Tachnique for Measuring
Nuclides in Three-Mile Island Water”

Carter, J. A, "Multielement Isotope Dilution
Messuremants by Spsrk Source Mass Spectrometry”

PRESENTED AT

Mat. Res. Soc. Ananu.
Meet., Boston, Mass.,
Nov. 16-2u, 1980

Am. Phys. Soc., Washing-
ton, D.C., Apr. 21, 1980

Invited, 5th Int. Hyper-—
fine Interaction Conf.,
Berlin, Germany,

July 17, 1980

11th Int. Quantum Elec~-
tronic Conf., Boston,
Mass., June 23-26, 1980

3rd Int. Symp. on Molten
Salts, Hollywood, Fla.,
Oct. 5-10, 1980

3rd Int. Symp. on Molten
Salts, Hollywood, Fla.,
Oct. 510, 1980

5th Int. Symp. on
Polynuc. Arowmac. Hydro-
carbons, Battelle Colum
bus Lab, Columbus, Ohio,
Oct. 28-30, 1980

Invited, 10th Annu. Symp.
Anal. Chem. of Pollut.,
Fed. Repud. of Germany,
May 28-30, 1980

Invited, 7th Annu. Meet.,
FACSS, Philsdelphia,
Pe., Sept. 28-Oct. 3,
1980


http://Arom.ii

SPEAKER

Carter, J. A.

Caton, J. E.

Chrisvie, W. H.
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AUTHOR(S) AND TITLE

Carter, J. A.; Musick, W. R. ~“Rapid Batch Resin
Bead Loading Techaique for U aad Pu for PNC™

Csrter, J. A. “Resin Bead and Mass Spectromsetry
Technique for Dissolver Solutions for Safe-
guard Applications”

Caton, J. E.; Yeatts, L. B.; Griest, W. H.
“Characterization of Fossil Fuel Derived
Liquids by Normal Liquid Chroaatography end
Infrared Spectroscopy”

Caton, J. E.; Wike, J. S.; Kubota, H.; Griest,
W. H.; Msskarinec, M. P. “Comparison of
Methods for Collection and Quantitation of
Polycyclic Aromatic Hydrocarbons from Aqueous
Media”™

Caton, J. E. "Some Approaches to the Organic
Analytical Chemistry of Fly Ash™

Cston, J. E.; Griest, W. H.; Henderson, G. M.;
Reagan, R. R.; Ostrum, V. H.* “General
Characterization and Sample Preparation of
Fossil Fuel Derived Liquids”™

Caton, J. E. "Use of "TIR in the Quality
Control of the EPA/DOE Fossil Fuel Sample
Repository at ORNL"

Griest, W. H.; Caton, J. E.; Yeatts, L. B.;
Maskarinec, M. P. “Sample Matrix Extractiom
of Organic Compounds for Quantitative
Analysis”

Chrietie, W. H.; Carter, J. A.; Eby, R. E.;
Landau, L.; Musick, W. R. "A SSMS Surface
Analysis of B {a Irradiated Zircaloy~2: Ion
Implancation Standards as Calibration Tech-
niques”

Christie, W. H. “Secondary lon Mass Spectrom—
etry: Quantification Techriques and Their
Application”

Christie, W. H. “lon Microprobe Maas
Spectrometry”

P{oJENTED AT

T. a1 Reprocessing Plant,
Japan, Aug. 26, 1980

JAERI, Japan, Sept. 2,
1980

1980 Pittsburgh Conf. on
Ansl. Chea. and Appl.-
Spectros., Atlantic
City, N.J., Mar. 10-14,
1980

180th Aa. Chem. Soc.
Meet., Las Vegas, Nev.,
Aug. 24-29, 1980

Chesistry Dept., Univ.
of Tennessee, Knoxville,
Tenn., Feb. 25, 1980

Anal. Chem. Div. Annu.
Info. Meet., Oak Ridge
Nat. Lab., Oak Ridge,
Tenn., Tuly 21-22, 1980

UCC Anal. Specialists’
Meet., Tarrytown, N.Y.,
Oct. 16-17, 1980

2nd Symp. on Environ.
Anal. Chem., Brighaa
Young Univ., Provo,
Utah, June 18-20, 198U

28th Annu. Conf. on Mass
Spectrom. and Allied
Topics, New York, N.Y.,
May 25-30, 1980

Invited, 2Znd Rocky
Mount. Conf., Denver,
Colo., Aug. 10-14, 1980

Basic Energy Sci. Site
Rev., Oak Ridge, Tenn.,
Apr. 15, 1980




SPEAKER

Christie, W. H.

Clark, B. R.

Compere, A. L.*

Costanzo, D. A.
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AUTHOR(S) AND TITLE

Christie, W. H. “Secondary lon Mass Spectrom-
etry: Quantification Techniques and Their
Application”

Christie, W. H. “Some Quantitative Aspects
of Secondary Mass Spectrometry as Applied
to Nuclear Materials”

Christie, W. H.; Eby, R. E. “Analytical
Applications of Secondary Ion Mass
Spectrometry”

Clark, B. R.; Ho, C.~h.; Guerin, M. R.; Griest,
W. H. “Bfologically Important Compounds in
Synfuels Processes”

Clark, B. R. “Synfuels—-Prodblems and Promises”

Clark, B. R.; Klein, J. A.;¥ Guerian, M. R.
“Characterization and Control of Toxic
Organic Materials from Coal Conversion
Processes”

Compere, A. L.;* Griffith, W. L.;* Rao,
T. K.3* Griest, W. H. T"Potential Use of
Organosolv Underflov Tar Lignin as a Petro-
chesical Refinery Feed™

Costanzo, D. A.
Development™

"CRFP Analytical Chemistry

Costanzo, D. A. TAnalytical Cheafstry in
Support of Reactor Programs”

Costsnzo, D. A. “Nuclear Activities -
Progress and Prognosis™

Costanzo, D. A. “Analytical Chemistry for
Reactor Fuel Reprocessing”

PRESENTED AT

1st Amnu. Symp. of the
Tean. Valley Chap. of
the Am. Vacuum Soc.,
Knoxville, Tean.,
Oct. 28-30, 15U

UCND Anal. Comm. Meet.,
Osk Ridge Nat. Lab.,
Osk Ridge, Tera.,
June 10, 1980

Anal. Chea. Div. Ann.
Irfo. Meet., Oak Ridge
Nat. Lab., Oak Ridge,
Tean., July 21-22, 1980

179th Nat. Anal. Chem.
Soc. Meet., Houston,
Tex., Mar. 23-28, 1980

Oak Ridge Nat. Lab. Suam.
Seainar Ser., Oak Ridge
Nat. Lab., Oak Ridge,
Tenn., July 1, 1980

1980 Joint Southeastern-—
Southwestern Meet. of
the ACS, New Orleans,
La., Dec. 10-12, 1980

TAP?I Papermakers Conf.,
Atlanta, Ga., Apr. 5=
16, 1980

USDOE/UKAERE Brec.der
Info. Exchange Meet.,
Oak Ridge Nat- lab., Oak
Ridge, Tenn., May 1,
1980

UCCND Ansl. Meet. at Oak
Ridge Nat. Lab., Oak
Ridge, Tenn., June 1},
1980

Anal. Chem. Div. Annu.
Info. Meet., Oak Ridge
Nat. Lab., Oak Ridge,
Tenn., July 21, 1980

CFRP Sem., Oak Ridge Nat.
Lab., Oak Ridge, Tenn.,
Mar. 11, 1980



T SPEAKER

Costanzo, D. A.

Cross, K. P.*

Dalbey, W. E.*

Dale, J. M.

Dunn, H. W.

Eldridge, J. S.

Feldman, C.
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AUTHOR(S) AND TITLE

Costanzo, D. A. “Analyticsl Chemistry
Development: CFRP Semisnnual Technical
Progras Review of Process R4? Tasks™

Cross, K. P.;® Lee, D. A. “Quasi-Isothersal
Urying of Sol-iel Synroc Microspheres™

Dalbey, W. E.;* Holmberg, R. W.; Moneyhun,
J. H.; Lock, S.;%* vuerin, M. R. “Toxi-
cological Evaluation of an Aerosol of
Diesel Fuel #27

Dalbey, W. E.;® Nettesheim, P.;® Griesemer,
R.;* Caton, J. E.; Guerin, M. R. “Chronic
Inhalation of Cigarette Tobacco Smoke by
Fischer Rats”

Dale, J. M.; Hulett, L. D.; Pendyala, S.*
“Low Energy Positron Spectroscopy of Solid
Surfaces”

Dale, J. M.; Hulett, L. D.; Peadyals, S.*
“Low Energy Positron Spectroscopy of Solid
Surfaces”

Dunn, H. ¥W.; Stewart, J. H. “Quantitative
Determination of the Asbestos Content of
Building Materials”

Dunn, H. W. “The Quantitative Analysis of
Asbestos in Building Materisls”™

Eldridge, J. S.; Oakes, T. W.* “Radionuclide
Transport in & Liquid Waste Systea”™

Eldridge, J. S.; Oakes, T. W.;* Shank, K. E.*
“Radionuclide Concentrations in White-Tailed
Deer on the Department of Energy's Osk Ridge
Reservation”™

Feldman, C. “The Determination of Traces of
Fluoride in Natural Waters and Residues”

PRESENTED AT

Oak Ridge Nat. Lab., Oak
Ridge, Tenn., Mar. 19,
1980

Nat. Academy of Sci.,
Oak Ridge Am. Museus of
Sci. and Energy,

Nov. 22, 1980

l1th Conf. on Enviroa.
Toxic., Dayton, Ohio,
Nov. 18-20, 198v

19th Anmu. Meet. of the
Soc. of Toxic., Wash-
ington, D.C., Mar. 9-13,
1980

Gordon Res. Conf. oa
Elec ron Spectros.,
Wolfboro, N.H., July
14-18, 1980

Am. Vacuua Soc. Conf.,
Knoxville, Tenn.,
Oct. 27-29, 1980

24th Conf. on Anal. Chea.
in Energy Techn.,
Galtinburg, Tenn.,

Oct. 7-9, 1980

INTER/MICRO~80 Meet.,

McCrone Res. Inst.,
Chicago, Ill., July
21-25, 198

179th Nat. Anal. Chem.
Soc. Meet., Houston,
Tex., Mar. 23-28, 1980

Health Phys. Soc. Annu.
Meet ., Seattle, Wash.,
July 20-25, 1980

24th Conf. on Anal. Chewn.
in Energy Techn.,
Gatlinburg, Tena.,

Oct. 7-9, 1980



SPEAKER

Ferguson, N. M.

Francis, C. W.*

Glish, G. I.

Gray, R. J.*

Griest, W. H.

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

Ferguson, N. M.; Lund, J- R. “The Determination
of Mercury in Environmental Samples ~ A Coa-
staat Challenge”™

Francis, C. W.;* Maskarinec, M. P.; Epler,
J. L.;* Brown, D. K.® “The Stility of
Extraction Procedures nad Toxicity Testing
with Solid Wastes™

Glish, G. L.; Zakett, D.;* Hemberger, P. H.;*
Cooks, R. G.* “Nev lastrumestatiom for
us/mMs”

Gray, R. J.;* Canonico, D. A.;* Bate, L. C.
“An Integrity Study of Type 347 Stainless
Steel Tubes After s Five-Year Service in s
High Flux Nuclear Resctor™

Griest, W. H.; Higgins, C. E.; Caton, J. E.;
Wike, J. S. “"Characterization of Ambient
Vapor snd Particulate Phase Organics Col-
lected Near the Kosovo Coal Gasifier”

Griest, W. H.; Caton, J. E. “Interactiono of
Polycyclic Aromstic Hydrocarbons with Fly
Ash™

Griest, W. H.; Cston, J. E.; Yeatts, L. B.;
Maskarinec, M. P. "Methods for Analysis of
Trace Organic Constitueuts on Fly Ash™

Griest, W. H.; Guarin, M. R.; Yeatts, L. B.;
Clark, B. R. “Ssmple Management and Chemicsl
Characterization of the Parsho/SORIO/U.S.
Navy Crude and Refined Shale 0il Suite”

Guerin, M. R. “’'Biocassay Clemistry’' and the
Characterization of Polycyclic Aromatic

Organonitrogen Compounds ~ New IEnvironmental
Analytical Problems”

Guerin, M. R.; Ho, C.~h.; Buchanan, M. V.;
Rubin, L. B.; Griest, W. H.; Clark, B. R.;
Epler, J. L.;* Rao, T. K.* "Sepsration snd
l1dentificacion of Mutegens {n Synthetic
Crude 0ils and Relsted Products”

PRESENTED AT

1980 Pittsburgh Conf. om
Anal. Chem. and Appl.
Spectros., Atlantic
City, N.J., Mar. 10-14,
1980

Sol{d and Hazardous
Wastes Res. Div. Sywp.,
Mar. 3-5, 198C

285th Anous. Conf. on Msss
Spectroa. and Allfed
Topics, New York, N.Y.,
May 25-30, 1980

13th Annu. Techn. Meet.
of the Int. Metallo-
graphlc Soc., Brighton,
England, Aug. 18-20,
1980

180th Nat. Am. Chem. Soc.
Meet., Las Vegas, Nev.,
Aug. 24-29, 1980

5th Int. Symp. on Poly-
nucl. Aromat. Hydrocar—
bons, Battelle Columbus
Lab, Calumbus, Ohio,
Oct. 28-30, 1980

20d Conf. on Air Quality
Manage. in the Electric
Power Industry, Austinm,
Tex., Jan. 22-25, 1980

Invited, Symp. on the
Health Effects Invest.
of 01l Shsla Develop.,
Catlinburg, Tenr.,
June 23~-24, 1980

Invited, 2ad Sywp. on
Environ. Anal. Chew.,
Brighas Young Univ.,
Provo, Utah, June 18-20,
1980

Invited, 10th Annu. Symp.
Anal. Chem. of Pollut.
Fed. Rapubl. Cermeny,
May 28-30, 1980




SPEAKER

Guerin, M. R.

Hei-e, R. (. %

Higgins, C. E.

Ho, C.-h.
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Guerin, M. R. “Inhalation Bioasssy Chesistry
and Instrumentation”

Guerin, M. R. “Sacking and Health Issues
Related to Lov Tar Cigarettes”

Guerin, M. R. “The lategrated Approach
to Chemical-Biological Analysis™

Guerin, M. R. °“'Bicassay Chemistry’, Anslyt-
1ical Chemi:c*ry in Biological Testing™

Ho, C.~h.; Buchanan, M. V.; Clark, B. R.;
Guerin, M. R. “Chemicsl Characterizstion
of the Neutral Fractioo of Synfuels”

Haire, R. G.;* Young, J. P.; Peterson, J. R.;*
Ensor, D. D.* "Chemical and Structural
Consequences of Radioactive Decay in Traus-
plutonium Oxides”

Haire, X- G.;* Young, J. P.; Easor, D. D.;*
Peterson, J. R.* “Solid State Spectroscopic
Studies of CfF3 and CfF4"

Haire, R. G.;® Young, J. P.; Bourges, J. Y.*
“Absorpt ion Spectrophotometric and X-Ray
Diffraction Studiea of NdIj and SmIj”

Higgins, C. E.; Holmberg, R. W.; Moneyhun,
J. H.; Grisst, W. H. “Sempling snd Anslysis
of Vapor Phase Orgsnics in Ambient Air"

Ho, C.~h. “Separation of Arosstic MNitrogen
Compounds from Synthatic Crude Oils for
Biological Testing”

Ho, C.~h.; Buchanan, M. V., Clark, B. R.;
Guerin, M. R. “Chemical and Biological
Evelustion of Synthetic Puels”

PRESENTED AT

Imvited, Mat. Inst. om
Drug iAbuse Meet. oo
Cannabis Iohalatiom Bio-
assay, Rockville, Md.,
Apr. 10, 1980

Invited, Working Meet. oa
Res. Nseds om Low-Yield
Cigarettes, Beathesda,
M., June 9~-11, 1900

Invited, 2od Sywp. oa
Process Measure. for
Eaviron. Assessaent,
Atlenta, Ga., Feb. 25—
27, 1980

Invited, 1980 Gordon Res.
Conf. on Anal. Chen.,
New Hampton, K.H.,

Aug. 11-15, 1980

Proc., 20th Hanford Life
Sci. Symp., Richland,
Vash., Oct. 20-24, 1980

180th Nat. Am. Chem. Soc.
Meet., Las Vegas, Nev.,
Aug. 25-29, 1980

Southeast-Southwest Reg.
As. Ches. Soc. Meet.,
New Orlesns, Ls.,

Dec. 10~13, 1980

Proc., l4th Rare Earth
Res. Conf., North Dakota
Stste Univ., Fargo,
N.D., June 25-28, 1980

24th Conf. on Anal. Chea.
in Energy Techa.,
Gatlinburg, Tenn.,

Oct. 7-9, 1980

Invited, Pittsburgh
Energy Techa., Ctr.,
Pittsburgh, Pa., May 15~
16, 1980

CONFAB "80 on Fossil Fuel
Chem. and Energy, Lars-
sis, Wyo., July 22-25,
1980



SPEAKER

Bolmberg, R. W.

Jenkins, R. A.

Johnson, J. N.*

Keller, J. M.
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AUTRHOR(S) AND TITLE

Holmberg, R. W., Keller, J. M.; Jones, C. M.*

“The Prodblems of Sulfur Hexafluoride Impuriti.s

on the Operatiocn of Large Electrostatic
Accelerators”

Bolmberg, R. ¥.; Moneyhun, J. H. “An lnhe-
lation Exposure System for Toxicology
Studies of Diesel 01l Aerosols”

Rolaberg, R. W.; Moneyhun, J. H,; Dalbey,
H. E.* “Modification of Rochester Chasbers
for Studies with Righ Concentrations of 04l
Asrosols”

Jenkins, R. A. “Tobacco Smoke from an Analyst's
Standpoint: Pigeon Festhers and Chrosatography

Really Do Mix™

Jenkins, R. A.; Wike, J. S. “Chemfcal Charac-
terization of Diesel Fuel Obecurants”

Johuson, J. M.;* Lemberger, L.;*® Novotny, M.;*
Forney, R. B.;* Maskarinec, M. P. “Pharas-
cological Activity of the Bssic Fraction of
Marihuans Whole Saocke Condensate in Mfice™

Keller, J. M. “Application of lon Chromatog-
raphy to Nuclear Technology Developaent™

Keller, J. M. “lon Chromstography”

Kellar, J. M. “"Ion Chromatography”

Kellar, J. H. “Ion Chromatography”

PRESENTED AT

Invited, Vorkshop oa Arc
By-Products in Gas
Insulated Eguir., Chi-
cago, Ill., iune &-6,
1980

2nd Symp. on Phys. end

Chea. Charac. of Ammy
Smokes/Obscurant Aero-
sols, Frederick, Md.,
Nov. 13-14, 1980

Symp. on Inhslation
Toxic. and Techn.,
Kalsmazoo, Mich.,
Oct. 23-24, 1980

Invited, Washington,
D.C., Chromatog. Dis~
cussion Grp., May 21,
1980

2nd Symp. on Phys. and

Chem. Charsac. of Ammv
Smokes/Obscurant Aero—
sols, Frederick, Md.,
Nov. 13-14, 1980

19th Annu. Meet. of the
Soc. of Toxicol., Wash-
ington, D.C., Mar. 9-13,
1980

22nd Rocky Mount. Conf.,
Denver, Colo., Aug. l1-
14, 1980

Anal. Chem. Div. Techn.
Sup. Sec. Sem., Oak
Ridge Nat. Lab., Oak
Ridge, Tenn., Jan. 24,
1980

USDOE/UKAERE Breeder
Info. Exchange Meet.,
Oak Ridge Nat. Lsb., Osk
Ridge, Tenn., May 1,
1980

UCCND Anal. Meet., Oal:
Ridge Nat. Lab., Oak
Ridge. Tenn., June 11,
1980



SPEAKER

Keller, J. M.

Kineigh, J. D.

Klate, L. N.

Lackey, W. J.*

Laing, W. R.

Layton, F. L.

Lee, D. A.
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AUTHOR(S) AND TITLE

Keller, J. M. “Ion Chromatography”

Kintigh, J. D. T“BET Surface Area Measuresents™

Klatt, L. K. “Simultaceous Multivavelength
Measurements in HPLC and Spectroelectro—
chemical Studies™

Klatt, L. N.; Goeringer, D. E. “Advanced
Instrymentation for Analytical Hot Cells”

Lackey, W. J.;* Layton, F. L.; Angelini, D. P.;*

Stinton, D. P.;* Vavruskas, J. 5.* ~“Sol-Gel
Technology Applied to Glass and Crystalline
Ceramics”

Laing, W. R.; Stanton, J. S.* “A Data Mansge-

ment System for Analytical Chemistry Labora-
tories”

Laing, W. R.; Carter, J. A.; Emery, J. F.;
Shults, ¥W. D. “Analytical Chemistry
Response and Three Mile Island”

Layton, F. L. “Leaching Studies of Symroc”

Layton, F. L. "Syaroc Leaching Studies”

Lee, D. A. "Pyrolysis Mass Spectrometry of
SYNROC™

Lee, D. A. “Thermsl Anslysis”

PRESENTED AT

Angl. Chea. Div. Annu.
Info. Meet., Osk Ridge
Nat. Leb., Osk Ridge,
Teon., July 22, 1980

Angl. Chea. Div. Techn.
Sup- Sec. Sem., Osk
Ridge Nat. Lab., Osk
Ridge, Tean., Fedb. 28,
1980

Invited, Wayne State
Gaiv., Detroit, Mich.,
Feb., 1980

Anal. Chea. Div. Anno.
Info. Meet., Oak Ridge
Nat. Lab., Oak Ridge,
Tenn., July 21-22, 1980

Waste Manage. 1980 Symp.
Tuscon, Ariz., Mar. 13,
1980

1980 Pittsburgh Conf. on
Anal. Chem. and Appl-
Spectros., Atlantic
Cicy, N.J., Msr. 10-14,
1980

26th Annu. Meet., Aa.
Nucl. Soc., Las Vegas,
Nev., June 8-13, 1980

Met. and Ceram. Div.
Alternate Righ-Level
Waste Vorms Program
Sem., Mar. 20, 1980

Anal. Chea. Div. Techn.
Sup. Sec. Sem., Oak
Ridge Nat. Lab., Osk
Ridge, Tenn., Apr. 24,
1980

180th Nat. Am. Chem. Soc.
Heet., Las Vegas, Nev.,
Aug. 24-29, 1980

Ansl. Chesu. Div. Techn.
Sup. Sec. Sem., Osk
Ridge Nat. Lab., Osk
Ridge, Tenn., Mar. 26,
1980
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Lee, D. A.

Loundes, D. H.*

Lyon, W. S.

MacDougall, C. S.

Mamantov, G.
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AUTHOR(S) AND TITLE

Lee, D. A. “Thermal Analysis”

Loundes, D. H.;* Westbrook, R. D.;* Cleland,
J. W.;* Christie, W. H. “Pulsed Ruby Laser
Annealing of Zn, Mg snd Se Ion Isplants in
Seaiconducting Ga As™

Lyon, W. S. “V. P. Guian -~ 1979 Hevesy
Award Winner”

Lyon, W. S.

Lyon, W. S.; Bujdoso, E.;* Braun, T.* “"The
Flov of Journal Intormarion in Analytical
Cheaistry”

MacDougall, C. S.
Sugar Reaction”

"Study of the Nitric Acid

MacDougall, C. S.
Development”

"CFRP Chemicsl Methods

MacDougall, C. S.; Costanzo, D. A.
Cheaical Methods Development”™

“CFRP

Mamantov, G.; Norvell, V. E.; Klatt, L.;
Tanenoto, K.;* Marassi, R.;* Ogata, Y.;*
Matsunaga, M.;% Wiaux, J. P.;* Mamantov,
C. B.* "Spectroelectrochemical and Other
Studies of Sulfur and Its Helides in
Chloroaluminate Melts Application to a New
Rechargeable High Voltage Low Temperaturs
Cell”

“"Nuclear Methods in Coal Research”

PREGENTED AT

Met. and Ceram. Div.
Alternate Bigh-level
Waste Forms Program
Sem., Apr. 17, 1980

3rd Laser Solid Inter-
sctions and Lsser
Process. Conf., Boston,
Mass., Nov. 15, 1980

4th Int. Conf. om Nucl.

Methods {n Environ. and
Energy Res., Columbia,
Mc., Apr. 14-17, 1980

Invited, 4th Int. Conf.
on Nucl. Methods in
Environ. and Energy
Res., Columbia, Mo.,
Apr. 14-17, 1980

Southeast~Southwest Reg.
Ama. Chem. Soc. Meet.,
New Orleans, La.,

Dec. 10~13, 1980

Chemn. Techn. Div. Fuel
Reprocessing R&D Sem.,
Osk Ridge Nat. Lab., Oak
Ridge, Tenn., Jan. 14§,
1980

USDOE/UKAERE Breeder
Info. Exchange Meet.,
May 1, 1980

CFRP Semiannual Techn.
Prograa Rev. of Trocess
R&D Tesks, Oak Ridge
Net. Lab., Oak Ridge,
Tenn., Aug. 13-14, 1980

3rd Int. Symp. on Molten
Salts, Hollywood, Fla.,
Oct. 5~10, 1980



SPEAKER

Marley, J. L-

Maskarinec, M. P.

Mueller, T. R.

Oakes, T. W.*

Peterson, J. R.*

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

Marley, J. L. TAnslytical Rejuireweats
for the Hot F:perimental Facflicy”

Maskarinec, M. P. “Evaluation of a Coatiouous
Extraction Device for the Analysis of Solid
Wasces™

Maskarinec, M. P.; Manning, D. L. “Liquid
Chromatogaphy with Microbore Columns™

Maskarinec, M. P.; Mamning, D. L. “Liquid
Ctromatography vith Microbore Columns™

Mueller, T. R.; McKowun, H. S.; Warmack, R. J.;
Saith, D- H. “An Interface and Data Acquisi-
tion Systems for Two Spectrometers™

Oakes, T. U.;* Bird, J. C.;* Shank, K. E.;*
Kelley, B. A.;* Harrison, L. L.;* Clark,
B. R.; Rogers, F.* ™Waste 0il Mansgeaent
at Oak Ridge National Laboratory”

Paterson, J. R;*® Young, J. P.; Raire, R. C.*
“Bulk-Phase Studies of the Chemfical and
Physical Consequences of Radiocactive Decay
in the Solid State”

Peterson, J. R.;* Young, J. P.; Raire, R. G.;*
Easor, D. D.* TAbsorption Spectroscopy of
of Transcurium Element Solids”

Rarsey, J. M. “Spatial and Temporal Sample
Wedging in Flawe Atomic Absorption Spec-
trometry”

Ramsey, J. M. “Correlation Methods for the
Measurement of Pluorescence Lifetimes™

PRESENTED AT

USDOE/UKAERE Breeder
Infor. Exchange Meet.,
May 1, 1980

GCordon Res. Conf.,
(Poster Session), New
Hamptoa School, New
Hampton, N.H., Ang. 11-
15, 1980

Ansl. Chea. Div. Annu.
Info. Meet., Osk Ridge
dat. Lab., Osk Ridge,
Tean., July 21-23, 1980

Union Carbide Corp.
Specialists Meet.,
Tarrytown, N.Y.,
Sept . 23, 1980

28th Annu. Conf. on Mass
Spectrom. and Allied
Topics, Nev York, N.Y.,
May 25-30, 1980

1980 UCCND and CAT Waste
Manage. Seainar, Friend-
ship, Ohio, Apr. 22-23,
1980

10th Journees des Acti-
nides, Stockholms,
Sveden, Kay 27-28, 1980

Invited, Southeast-South-
west Reg- Anal. Ches.
Soc. Heet., New Orleans,
La., Dec. 10-13, 1980

1980 Pittsburgh Conf. on
Anal. Ches. and Appl.
Spectros., Atlantic
City, N.J., Mar. 10-14,
1980

Invited, 33rd Annu. Ansl.
Sum. Symp. sponsored by
Anal. Chem. Soc. Div.
and Anal. Chems., June S-
7, 1980



Ramsey, J- M.

Rao, T. K.*

Reyeolds, S. A.

Ricef, E.

Rogers, C. W.

Ross, H. H.

Rubia, [. B.
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AUTBOR(S) AND TITLE

Ramscy, J. M. “Delayed Lasing: A New
Approsch to Absorption Spectroscopy”

Rao, 1. K.;* Epler, J. L.;* Guerin, M. R.;
Clsrk, 3. R.; Bo, C-h. “Mutsgenicity of
Witrogen Compounds from Synthetic Crude
01ils: Collection, Separation, and Bio—
logical Testing™

Reynolds, S. A. T“Assay of Bets Emftters by
Careckov Counting”

Ricef, €. “XRF Multideteruinstion of Zr and Hf
Tracer in Solutiouns Relevant to Energy
Research™

Rogers, C. W. “Lectures - Efficient Numerical
Calculations on Microcomputers and Fourth
Generstion Laaguages in the Laboratory”

Rose, R. H. “Optical Spectroscopy is the Time
Domain Using a Rsdioisotope Light Source”

Ross, H. H. “Anslytfcsl Methods for Safeguards
at Nuclear Fuel Cycle Facilities”

Ross, H. R. “Advanced Techniques in Liquid
Scintillatfon Counting”™

Rubin, I. B.; Bayne, C. K. “A Bench Chemiet's
Viewpoiat of Optimizstion Techniques™

Rubin, I. B.; Bayne, C. K. "A Bench Chemist's
Viewpofint of Optimization Techniques”

PRESENTED AT

Ana:. Cheu. Div. Anmm.
Info. Mest., Osk Ridge
Bat. Lab., Osk Ridge,
Temn., July 21-22, 1980

Appl. Short-Term Blo-
sssays ia the Fractiome-
tion and Anslysis of
Complex Environ. Mix-
tures, Williameburg,
Va., Mar. 4-7, 1980

Anal. Chen. Div. Annu.
Inafo. Meet., Oak Ridge
Wat. Lab., Oak Ridge,
Tean., July 22, 1980

1980 Ananu. Meet., Am.
Bucl. Soc., Las Vegas,
Wev,, Juse 8-13, 1980

Invited, An. Chem. Soc.
Short Course: MNicro—
processors and MNinfcow-
puters - Interfacing sad
Applications, Blacke-
burz, Va., Dec. 17-19,
1980

Invited, Shell Develop—
ment Co., Dedfication of
Nev Radfochemical Facil-
itfies, Houston, Tex.

Invited, Graduste/Psculty
Seminar, Mucl. Eng.,
Dept., North Carolins
State Univ., Oct. 30,
1980

Invited, Oak Ridgs Assoc.
Univ., Apr. 16, 1980

Iavited, Sum. Symp. on
Anal. Chem., Duke Uafiv.
Durham, N.C., June 4-6,
1980

Anal. Chew. Div. Annu.
Info. ¥set., Oak Ridpa
Nst. Lab., Osk Ridge,
Teun., July 21-22, 1980



Bessell, D. H.

Semhoua, K.*

&o‘t. T. G.

Shalts, W. D.

Saftk, D. H.

Stewart, J. AH.

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

Russell, D. H.; Mueller, T. R.; Rainey, W. T.
“ORNL Multi-Sector Mess Spectromster for High
Resolution MS/MS~

Russell, D. H.; McBey, E. H.; Mueller, T. R.
“High-Resolution MS/MS Via Multi-Seitor Mass
Spectrometers”

Hobart, D. E.;* Sashoun, K.;* Haire, R. G.;*
Youmg, J. P.; Jaber, N.;® Petersos, J. R.%
“Stadilization of Pr(IV), To(IV) and Am(IV)
in Aqueous Solutiocns™

Scott, T. .. “An Approach to Tailing Correc-
tiocas ia Jlpha Spectromstry”

Shults, W. D.; Carter, J. A.; Emery, J. P.;
Laing, W. R. “Analytical Chemistry Respouase
and Three-iile Island”

Saith, D. H.; Christie, W. H.; Walker, R. L.;
Carter, J. A. “Osk Ridge National Laboratory
R&D Programs in Actinide and Other Inorganic
Mass Spectrometry”

Stewart, J. H. “Generic Specificstions for
Purchase of X-Ray Fluorescence Spectroseter”

Stewart, J. H. “X-Ray Fluoresceancs in Support
of CFRP Analyticsl Meeds,”

Stewart, J. H. “Technicsl Review of Process
R and D Tasks of the “onsolidated Fuel
Raprocessing Program”

Todd, P. J.; Mclafferty, F. W.;* McGilvery,
D. C.;* Yaldwin, N. A.* "The Performance
of a Multiple-Sector Mass Spectrometer for
Collisionsl Activatfion”

Todd, P. J.; McGilvery, D. C.;* Baldwin, M. A.;?*
McLaffarty, F. W.* “A Tandem Double-Focusing
Mass Spectrometer for Cas Phase Ion Studiss”

PRESENTED AT

19% DOE Mass Spectroa.
Work Shop, Seattle,
Uash., Jan. 3-4, 1980

28th Annu. Conf. on Mass
Spectroa. and Allied
Topics, Mew York, N.Y.,
May 25-30, 1980

10th Journees des Acti-
nides, Stockholm,
Sveden, May 27-28, 1980

Info. Exchange in Alpha
Spectroa., 1daho Falls, ‘
1daho, May 20, 1980

Wucl. Soc., 1as Vegas,
Mev., June 8-13, 1980

1980 Anna- Meet., Am.

1980 DOE Mass Spectrom.
Work Shop, Seattle,
Wash., Jan. 3—-4, 1580

ASTH C-26 Mucl. Pual
Cycle Meel., MNev
Orleans, la., Jan. 14~
17, 1980

CYRP Process R and D
Prograa Rev., Osk Ridge
Nat. Lab., Osk Ridge,
Tenn., Mar. 9, 1980

Osk Ridge Mat. Lsb., Osk
Ridge, Tenn., Aug. 14,
1980

24th Conf. on Anal. Chem.
in Energy Techn.,
Gatlianburg, Tenn.,

Oct. 7-9, 1980

28th Anou. Conf. on Mass
Spectros. snd Allied
Topics, Mew York, NMN.Y.,
May 25~30, 1980



SPEAKER

Tomkins, B. A.

Wglker, R. L.

Wslton, B. T.*®

Warmsck, R. J.

Weinberger, A. J.

Whitten, W. B.

Wood, R. F.*
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AUTHOR(S) AND TITLE

Tomkins, B. A.; Kubota, H. “The Confident
Determination of Benzo(a)pyrene in Natural,
Syanthetic, and Refined Crudes”

Tomkins, B. A.; Feldmsn, C. “The Deteraination
of Primary and Secoodary Aromatic Amines by
Gas Chromstography with s Glow Discharge
Detector”

Halker, R. L. “Msss Spectrometry Used in
Sapport of an Evaluation of a NDA Method
for Deteraining Fissile Content of Spent
Fusls”

Ualker, R. L.; Scott, T. G. “Chemistry and
Messuremsnt of Tc in Eaviroomsatal Samples”

Halton, B. T.;* Buchansn, M. V. “Teratogenic
Effects of Yossil Oils on Insects Developing
ia Contsminated Substrstes”

Valton, B. T.;® Buchanan, M. V.; Jones, A. R.;
Ho, C.~h. “Isolation, Identification and
Physicochenical Properties of an Insect
Teratogen”

Warmack, R. J. “Development in SSMS”

Weinberger, A. J.; Hulett, L. D. "Some Studies
of the Structurs and Chemical Composition of
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Whitten, W. B.; Ramsey, J. M. “Multiphoton
Relaxat{ion Ratas from Delayed Laser Eaission
ia Nd-YAC Crystals”

Whitten, W. B. “Analytical Applications of
Piber Optic Waveguides”

Wood, R. F.;* Young, R. T.;* Narsyan, J.;*
Westbrook, R. D.;* White, C. W.;® Christie,
W. H. 'bnf_ Processiag for High Efficiency
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Oak Ridge Nat. Lab.,
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Apal. Chems. Div. Annu.
Info. Mtg., Oak Ridge
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180th Nat. Am. Chem. Soc.
Meet ., Las Vegas, Nev.,
Aug. 24-29, 1980

Annu. Meet. of the Am.
Soc. of Zoologists,
Seattle, Wash., Dec. 27~
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Anal. Chem. Div. Anny.
Iafo. Mget., Osk Ridge
Mat. Lab., Osk Ridge,
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Sth Ammu. Spriag Work-
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Anal. Chem., St. Loufs,
Mo., Apr. 7-10, 1980

Am. Phys. Soc., Mewv York,
N.Y., Mar. 24, 1980

Anal. Chema. Div. Annu.
Info. Meet., Osk Ridge
Mac. Lab., Oak Ridge,
Tenn., July 21-23, 1980

IREE léth Photovoltsic
Specislist Counf.,
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Wood, R. F.;* Loundes, D. H.;* Christie, W. H.
“Pulsed Laser Annesling of Ion—Implanted Ga
As: Theory and Experiment”™

Yeatts, L. B.; Griest, W. H.; Guerin, M. R.
“Comparative Research Material for Generic
Health Effects Investigations of Synfuels”

Bemis, C. E.;* Beene, J. R.;* Young, J. P.;
Kramer, S. D.* “Study of the Fission Isomer
Am (S.F.)} Using Laser Induced Muclear
Polarization”

Young, J. P.; Haire, R. G.;* Peterson, J. R.;*

Ensor, D. D.* “Chemical Counsequences of Radio-—
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2538.C13 and 253EsBry”

Young, J. P. “Resonance lonization Spectro-
scopy”

Young, J. P. “Chemical Consequences of Radio-
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Techniques for the Fabrication and Study
of Polycrystalline Solar Cells™
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“Environmental Application of Righ-Pressure
Liquid Chromstography”

"Pasttern Recognition in Chemistry”

“Some Recent Studies on (an)ionic Cycloaddition
and Anionic Addition-Elimination Reactions in
the Gas-Phase”™

“Novel Concepts in Bonded Phase Structure for
Liquid Chromatography”

“Environmental and Toxicological Applications
of Liquid Chromatography with Electrochemical
Detection”

"Application of Probe Ion Techniques to Solid
State Cheaistry and Trace Analysis”

"X-Ray Excitation by Hesvy-Ion Bombardment”™

"Some Studies of Australian Brown Coal: 1Its
Ash and Environmental Aspects”

"Analytical Chemistry of Surfaces Using Modern
Spectroscopy”

"Some Interesting Criminsi Cases Involving
Neutron Activation Analyeis”

"Applicability of Uranium la X-Ray Lines f.r
Determinacion of Low Uranium Concentrations”
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1980

1980
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1980



152

ABALYTICAL CHEMISTRY DIVISION SEMINARS AT ORGIL

Speaker Title Date
Burtis, C. “The Development of a National Refertence Aug. 28, 1980
Chem. Tech. Div., Systea in Clinical Chemistry”
ORNL, Oak Ridge,
™
Fenselau, C. “Synthesis and Mass Spectrosetric Analysis Oct. 30, 1980
The Johns Hopkins of Glucuronides”

Univ. School of
Medicine, Baltimore
| o

! Tavlor, J. W. "Problems of S'ructure and Analysis Using Nov. 19, 1980
Dept. of Chea. Electrons, Ions, and Synchrotrom Radiation”
Univ. of Wisconsin,
Madison, WI
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ORNL Reports
Proceedings
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Radioohem. Radiocanal. Lett.
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Caton, J. E.
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Costanzo, D. A.
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Esergy, J. 7.
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Holmberg, R. W.
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DIVISIONAL MAN-PONER AND FINANCIAL SIRMMARY

7Y 1980
Source Funding (in th ds) Man-years
DOE programs
Basic Bnergy Sciences 1,047 12.5
Environment Research and Development 1,19 16.5
Buclear Materials Security snd Safeguards 100 1.0
Consolidated Fuel Reprocessing Program 460 6.0
Keactor Research and Development 80 1.0
Defense Muclear Waste 49 0.5
Fossil Energy 53 1.0
Total DOE programs 2,983 38.5
Work for others ~ federal agencies
National Cancer Institute 365 5.5
Departmsent of Defense (U.S. Army) 470 7.0
Environmental Protection Agency 546 4.5
State Department (I.S.P.0.) 118 1.5
Miscellaneous 12 0.0
Total vork for others - federal agencies 1,511 18.5

Work for others - nonfederal agsacies

Council for Tobacco Research 109 1.0
Electric Pover Research Institute 193 2.5
Protective coating companies 57 1.0
I 15 0.5
Miacellaneous 50 1.0
Total work for others - nonfedersl agencies 424 6.0
ORNL divisions - support 5,6074 89.0
Others 6274 10.0
Total financial plans 11,152 162.0

GReflects Laboratory general and sdainistrative expenees and gsneral plant
servicas.
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