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Introduction and Summary
W. D. Shaits

The Anahvtical Chemistry Divisioa of Oak Ridge

Natwoma! Laboratory is a large and diversifecd
amahtical chemical organization. As such._ #t servesa
multtude of functions for a chientele that resudes both
within and owtside of the Laboratory. These
functions fall mio the followmg four general catego-
e

3

Basic Amalytical Resesrch. Development, sed
Implesentation (RDEI). The Division maintains
an RIMI program 10 conceptualize. mvestigate.
davclop. assess, improne. and nplement ad-
vanced technology for chemwcal and physico-
chemical measurements. Emphasis s on problems
and necds identified with Laboratory and ERDA
prograns. but atiention is also given o needs
the anahiical sciences themselves. Thes program
comprises medium- 10 long-tcrm projyects and »
supporied primarih by ERDA. The program
constituted appronmmately 117 of the FY 1976
budge:.

Prepramawtic Reesrch. Development, sed
Uilizntion. The Divisson cammies out a2 wide
varety of analvtical work that tvpecalh mvolves
vesearch and or development plus the stilization
of amabtical R&D results or special analytical
capabilitics to expodite grogrammatic meresls.
The effort i this category comes from Division.
Laboratory. and ERDA programs and from
“Work-for{hers™ agreements. Fmphasis here is
on shori- o mediem-term projects. depending on
the programs (hemsefves. This type of activity
accounted for approximately 257 of the Divi-
sion’s budpet i FY 1976,

performs chemical and physiochemical analyses
and tests of virtually all types on both routine and
nonroutme bases. Development of methodology
ts an mherest part of this activity becawse of the

vii

sarcty of amalytical problems that anse in 2
multiprogram mstiution hke OR L. In general.
this wosk 1s shornt-term in mature and larpely
comes from other divisions and programs within
the Laboratory: however. a significamt {raction
originates outside of ORNL. Outside work of an
amahtical service-assistance nature often nvolves
the usc of Division talent and or facibties that are
parnticularly strong. unussal. or even unique. This
effont accoumted for approxumately 557 of the
budget during FY 1976,

4. Consultation, Colaboration, and Special Proj-

ets. Thrs work s distmguished from the anaivti-
cal service-assistance function mentioned above by
the nature of ieraction between this Division
and nts chientcle. Typically. work that fal's s ths
category s of 2 Jevelopmental mature or requires
special attention and or expertisc and hence
comsintules 2 collaborative cffort betmeen the
“customer” and Division personnel. Interactions
range from performung highly sophssticated
amahtical measurements. for or with a customer.
to msiructmg others in the wse of anabtcal
cqupment plus (he inierpretation of data. and 1o
panicipating as analvtical members of techacal
task lorces. Activitics range from special measure-
menls of lests lo program development and to the
desgn and [abrication of amivtical msirumenta-
tson lor others. This work involves close interac-
tvon with the stalfs of other divisions at ORNIL.
and with non-ORNL people. Suppont for this
activity comprised approximately 9; of the FY
1976 budget.

The Anabytical Chemistry Division s organired
into four major sections. each of which may carry out
amy type of work falling in the four categorics
mentioned above. Chapien | through4 of this report
describe progress and accomplishments made within



the lour diviswnal sections dunng e period
December 1. 1975, through November 30. 1976
Somc of these are highlighted in the following
paragraphs.

Advanced Methodology Section (Chap. 1). Spec-
troscopy  has continued to be prominent in the
Amabytical Instrume:tation Group actinitics. J. P.
Young has been the amalvtical member of a tcam that
has been studying resonance ALZATION SPECTIOCOPY
under G. S. Hurst's icadership in the Health Physics
Dwision. Much progress has been made in this
supersensitine technajue for detecting atomic vapors:
as lntk as a few atoms of cesium have been detected
at present. “One-atom detection™ s one goal of the
work: however. we arc nterested in various analy -
cal applications of this laser-based technique. We
have developed a progect in laser-excited opi-ocous-
e spectromatry and have acguired cyuipment and
intiated cxperwnerts in this area. During this
reporting period the Tektronics rapid-scan spec-
tremetny {RSS) system was acyuired for a host of
studics that involve multispeciral data accumulation.
Interfacing and programming for the RSS system
have been accomplished. Significant progress has
also been made in our studies of high-powered
mKTowave excitalion sources: hoxever. the sonsitiv-
iy of the systcm is not as great as we bad hoped. One
objectine of this work is tc provide an clement-
selective Jetector for guad chromatographys (1.C).n
keeping with our gemeral interest in improved
chromatographic detectors. We have complcted
studies of an clectrochemical LC detector and have
continuad to use and impror ¢ our dickecinic-constant
detector. Pantcularly exciting have been the studees
of an arc-excited optical-cmission detecior for gas
chromatographic use. which has provai o have
excelflent semsitivity as well 2« gond selectivity n
many siluations. Its use in 0 .swnal programs s
already under way.

The “Tundamer:ial-parameters™ approach 1o a-iay
fluoresoence analysis has been shown 10 be feavible
for certain types of sampies and has b 2en put (o ys¢
within the Division. Significant improsements in our
clectrun spectrometer system have heen made. and
we have begun (o consinuct a2 mew  clectrostatic
spectrometc . The development of a position-
sensitive detecter sysiem is an nherent part of this
project.

The demand for the rather specalized kinds of
mensutements that arc made in this section has
increased. This is particularly true in ibe case of
scanning clectron microscopy. neulron activation
amalysis. low-level gamma specirometry. and delayed
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ncutron counting. e kst technnjue has umdergone
a remansance bevause of its utahity i the Natiwonal
U mnum Resources Evaluaton Program: UCC-ND
n roponsible tor the mudwastern paition ot the
United States in this massive ctiort.

Owur rev arch ;v transuranium-clkenment chemivin
and analysis. in pattern cecogmtion techanjues. i the
appluavon of microckctromos crcuntn. and
methodology for determining specen (e, sultate
and organocarsemicab) has contnucd. 1 e mcorpoera-
won of a reventh announced commercal caloulator-
controliker module inte our mcrockectromes rocarch
program b under comaderaton.

Mass and Emmssion Spectrometry Section (Chap.
2. Dunng this reporting peniod we compicted
wmstinktion of the two-stage mass spectiometer
system lor the Internauonal Atomse Emery Agency .
The instrument has been instalied i the Sesbersdort
Analvucal Laboratony near Vienna and has met all
specilications  Ths instrument plus the “reun-head
techauc™ that was devcloped at ORNL carlier wiil
be used for safcguards amalhyses I IAFEA H.
McKounn is on kas ¢ of absence from the wectnm for a
two-vear assignment at the Saibensdort Laboraton
Work with the resm-bead technnjue has contnucd
and can now be uswed 1o determune fswon product
rrcomum and to study ““Pu at kveh belown that
accessibic v com entional countng technnjucs.

W_H. Chnistic and D. H. Seath have contimued 10
study and e the ion mucroprobe mass analy7er
(IMMA) with reail sucoess. They are partcipating n
the National Burcau of Standards mteriaboraton
program aimod at quantifying IMMA data. Results
10 datc mdate that better results are obtainad
through the usc of empincal seasitivnty factors than
with the CARISMA computer program. Chraisc
and Smuth have also collaborated closcly with others
at ORNL m anwwering mprriant questions aboat
the relationshp between surface composition (Ircat-
ment) and tritium permeation and about thermocou-
plc failure m reactor-barst expernments.

The MS-50 GC-MS and #ts companion 15-50
computer syslem have been placod n operation
during thes reporting penad. We have constructed
and instalied 2 special gas inlet sysiem for this
uhirahigh-resolution organc mess spectrometcer. and
have continued (0 lcamn more about the tofal sysiem
capahilitics. We abo acquired and placed m
operation a Du Pont 4908 GC-MS systemat ORNI..
This instrument mcorporates 2 Perkin-FElmer 920
G unit comparable 1o the GC units that are used in
much of our organic analysis work. The Iu Pomt
sydem is intended to provide routine GC-MS



idormation for irm structural wdentilication pur-
poses o the statls of ser eral ORNL divmors. Several
members of the Divivon have sudeed “arcars aspects
of HIGR operations trom the organx chemntn
punt ol viem o improve undentanding of fuel
preparation pracedures and o determune  the
potential rekcase of hazardous comounds. An
cuemaine  compmilation of the max specia of
nitrosamuine was complciad and puhinhed dunng
thn penod.

We have acguired and hegun to evaluate an
inductney couplad plasma cxvctatron souree for
cmnaon spectrometns. The use of pelatm-tree film
tor spark-source mass spectrometny (SSMS) » abo
under Mudh . Qur “dn-sprkie™ techmgue for conduct-
ing notope-dilution () SSMS amalvses has been
wsed cltcctn civ_and 1D SSMS procedures fos several
new cikments have been dercloped. A second
computcr-based photoplate rcader systiem has been
pot to operation o expedite the heass SSMS
workload.  Thrn sectwn performad anal ses lor I8
ORNE dnrsions and reparted a2 total of more than
#0000 results Junng ths pernd.

Amshtical Sevvices Section ((Dhap. 3). A mapr
accomplishment s this soction dunng thes pernd kas
been the implementation of a computcr-based data
managememt  sviem (DMS). Thes wistem was
desgned v Amahitical (hemesine Dnvision and
Computcr Scxences Dinivion penoancd to smprose
the cord cliccineness i Bmc-cod s data managemont
and the citixxncy and accuracy with whah we
mrovce and repont amahical data. The DAS
designad (o operate v the ORNE DEC syvsiem 10
computct. We have acyuared and wstalied ictmamals
to the DEC-10 m the General Anabyses [ aboraton
and m the Faronmental and Radwchenmucal
Anatyves L aboraton . Time and covi data are alrcady
bomg provessed by the DMS an 2 tral bases. Mam
sabprograms have been wirien (o perform anah tical
computaions and (o handic the tofal problem of
proccssing amahical ressks.

The Moken-Salt Reaactor Fypenment at ORNI
nas icrvmnated s med-1976. We were abie 1o clnse
ot the cxpenacniation lor which we were
roponsible  loop momstonag and m-lme mosstor-
g rascarch  m an orderhy lasiwon. Other mork m
the Reactor Progects Group has progressed. The
ofganc mass spectrometne study of fuel prepacation
proccdures has beem memtioned. We dhave abo
comtimued (0 Mudy and optimize mahods for
measunng defecine fuel particies and 1o improve
mxcthods for heasy-metal assay. F. F. Dver has
continved s gamma-spectrometrc sudiss of the

fssion product distributson in fuel ciements from the
Peach Botiom Reactror.

The Anahtical Services Section abo camed omt 2
wide vanety of acalvses i suppornt of vanous ORNL
summanzed m Chap. 5. New procederes and
cqupment were wsed to meet sample loads. The
secuon acyuired 2 mew Perkin-Elmer model 240
clemental amah 2¢e1. 2 P-E model W08 gas chromat-
ograph. 2 P-E model 460 atomic absorption system. 2
hgquwd scmtillation coumter. and am amtomatic
sampicr for the graphitc furmace atomec abi.rption
svstiem. Additromlly. we relocated most of the low-
ivel alpha amalvss nork mto a remotely sicuamed
laburatory and have made final phans 1o move the
ND-3300 spectromcter there o faciisate multiple
dewector operation. Ths move will be possible
becawse 2 nen ND-6600 svsiem will soon beavailable
for gamma spectrometne work. Nomamabhvtcal
techmecai servioes of variows 1ypes are also procided
h ths sccuion. for cxample. the syntheys-
preparatvon of specral rescarch componads. the
clcamng of mercury. and the estmg of mucicar
coatwps. The dewand for these kst lests bas
mcreased ssgmeficanthy . prmanh becasse we have the
only tcstimg boratony capable of conductng all of
the reormth wpdated speafied lests. Durneg the
presemt reportmg penod se mmproved facltees for
periormmg the desagn-bass accademt Sest and 250
sradatons.

Bie-Ovpanic Amshsis Section (Chep. 9). Ihcsork
of the Bro-Orgamc Anahs so Section kas contmeacd Lo
be programmatc m nature. with actabic growth m
the arca of ssnthorx fach technology . Melcompe-
acnt methodology continues 1o be 2 prome comoern
ecamse of 13 obnwoes Senefdt 10 all of the sectwn™s
programs. Mcthods for rwh nacezr aromatic by dro-
carhoms. phemohics. and pohghvcols have heem
dercloped and or impronod spmfcantly . Scpara-
tons stwdecs s ¢ abso continmod. and >ink mg results
have been obiaine? through the wse of Sephades 1L H-
20 gcl. Tins Laticr scparation schem: offers 2 valuable
preparatine-scale technsjue that may be of raal
Peneft 10 ncw programs in whxh characterwed
rescarch materials are prepared for others. Studees of
tcchasgques for axahnng ornganx makmab wm
aqucows discharges from eneryy -relaied lechnolopes
have also contmvued.

The tradntional posture of this section has been one
1hat reflects a keen interest m health (and environ-
memal) programs and the role that chemisiny can
play. Accordingiv. the section has worked closely
with vanous members of the Biology Division. the




Environmental Sciences Division. and the Industrial
Hypene Depannment. Especially noteworthy has
been the collaboration with ). L. Epler in the Biology
Division. in which cur ch:mical fractionation-
characterization techniques and b's mutageniity
screening {the Aczes test) have been used for rapid
examination of fossil-derived nmicrials. We have
studied in some detail the samphing and analysis of
airborne organic materials presemt in the work
environment around cenain nuclear fuel preparation
facilities at ORNL. /_a imponant finding is that total
particulate matter (taken on glass-fiber filters) is not
an accuraic means for collecting and detecting
polynuciear aromatic hydrocarbons less than four
rings in 3ize. In a joint verture with the Environmen-
12l Sciences Diviiion, we designed. built. tested. and
now operate a microcosm [or exposing vegetation o
symbetic gasecus efflluents resembling those from
coal convors.on processes.

The development of unique or specralized instru-
mentation las been a necessary function of this
section for some time. During this period a smoke
exposure machine. model 11 (SEM-11). was designed
and constructed for the Council of Tobacco
Research, and a moniloning system was devised
specifically for use with the SEM-II (10 protect
a22inst excessive dosage lo experimental animals due
to machine malfunction). Work of this nature and
quality has led t0 an increasing number of requests

for assistance in designing and monitonng large-scake
ammal exposure experiments condacted by contrac-
tors at ovher nstitutions.

This section has continued 1o perform many types
of chemical amaivses on tobacce -mokes and smoke
condensates i support of Nationai Cancer Institute
programs. and 1o conduct numerous special projects
on reyuest.

Chapters S and 6 contain information that reflects
upon the Division as 2 unt. Changes in the quality
assurance and safety programs are mentioned in
Chap. 5. along with a tabulation of analvses
rendeved. Publications. oral preseniations. proles-
sional activities of the stall. cducational programs.
seminars, cic.. are cited in Chap. 6. In gencral, the
levels of these activities are comparable to those of
the preceding vear. Approximately 100 articles and
reports has ¢ been published. nd approximately 100
talks have been given during this reporting period.
One shilt 1n emphasis is worthy of mention here. We
have become increasingly involved in workshops and
topical mectings of various (v pes, and hence we have
contsibuted significantly 10 a large number of
proceedings. Accordingly. this type of publication
has been listed separately. Educational programs. via
faculty and student guests plus in-house training.
have also cor.tinued at levels comparabie to previous
vears.



1. Advanced Methodology
W. S. Lyo., llead

The Analytical lnstrumentation Group has enjoyed a most sucoessful year as
reflected by the continuing progress of both established programs and fledgling
projects of a year ago. The interfacing of our rapid-scan spectrometer to the computer
Iwbudanaqmmadmsmﬂnmh is a powerful new
capabilty in muRiwavelength analysis that will be apphed to a variety of optical
excitation sysiems. Data collection with the optoacoustic spectrometer has also begun.
Although the systen respomse is not yet optimized. we have verified expected
improvements by use of laser excitation rather than overarc-source systems. Thas
instrument setup will provide the Division with an analytical initiative not previously
available in any form. Last vear a high-power microwave device was acquired to
generate plasmas for the possible direct excitation of liquids: this difTicult objective has
been achieved. Several hquid systems are now bring investigated with the intent of
cventually coupling this unit 1o the rapid-scan spectrometer for multiciement analysis.
Our cooperative program with the Health Physics Division on resonance ionization
spectroscopy has yiclded data that strongly suggest the realization of one-atom
detection. Possible analytical applications are being explored.

More scasoned projects in pattern recognition. atomic spcctroscopy Tiquad
chromatography. tramsuranium analysis. and integrated-circuil instrumentation hold
our continuing interest because of their projected usc in sulving a range of existing
problems. Specific tasks in the areas of coal liquefaction and gasification have been
identified, and some of these are under study. The main objective of our
instrumentation cflort remains the same - to maintain a research program that offers
significant potential benefit 1o ERDA programs.

Work continues in improving and applying multiclement analytical techniques. A
general method for matnix correction of quantitative x-ray fluorescence (XRF)
analysis data from alloys and similar samples was developed and successfully applied.
We are making substantial changes in the clectron sp=ctroscopy for chemical analysis
(ESCA) machine: these should result in much improved sensitivity and instrument
stability. The x-ray diffraciion system is also being upgraded. These changes are in
response \ » an increased demand for physicochemical methods of analysis.

Neutron activation analysis continues to provide a large number of investigators
with multielement analytical data. A sizable contribution to the work load is the
determination of uranium in sediments for the Uranium Resource Evaluation Program
for which the Union Carbide Corporation. Nuclear Division. is responsible. Our
invoivement in environmental monitoring and assay of radionuclides in the
environment has grown, since we have greatly expanded collaborative efforts with the
Environmental Sciences. Health Physics, and Chemical Technology Divisions.

The activities of the Advanced Methodology Section are thus seen to range from:
(1) basic research and development. through (2) improvement and modification of
existing techniques. to (3) the application of acquired expertise for problems of
interest, not only to analytical chemists, but also to environmentalists. health
physicists. and technologists engaged in energy research.




ANALYTICAL INSTRUMENTATION

H. H. Ross. Group Leader

Array detector for multinavelength spectroscopy.
In terms of the amoumt of wformation obtained
durning a single obsenation. spectroscopic technques
can be divided mte single- and muliiwavekngth
detecticn modes. Multiwavelength detection has
been recognized for quite some time as the means for
significantly improving the capabilities of anahytical
spectroscopy. Reoently. semiconductor array de-
tector sysiems have become available at moderate
cost. These devices have the potential of provading 2
multiwavelength capability with the advantages of
photographic plate and phototube array with lew. if
any. of their disadvantages. The objective of this
program is to provide an advanced spectroscopic
capability using semiconductor array detectors.

Previous work deakt with the screenng of vanous
solid-state devices.' This evaluation ndicated that
the entire arca of semiconductor array detecions Is
undergoing extremely rapid technological change
and that any program requiring development of the
optical and electronic systems nesessary 10 use these
devices would not be viable until advances m the
semiconductor industry begin to plateau. Thus. work
was reditected toward applications development
using 2 commercially available silicon vidicon-based
rapid-scan spectrometer (RSS).

We acquired a Tektronix model J20 RSS and
interfaced it 1o a PDP-8 | computer. ltoperatesas a
peripheral service through the interrupt system of the
computer. Features incorporated into the interface
include: (i) an external time base for the analog-to-
digital converter. (2) logic that synchronizes the
vidicon sweep. integration time. and the initiation of
the experiment and data acquisition routines, (3)
switch-selectable vidicon ramp hold times ranging
from 20 msec to 5 sec. (4) vidicon target current
amplification circuitry, and (5) the ability of the RSS
to operate as a stand-alone unit. The hardware
assemblage has been tesied. and the proper operation
has been verified.

Application of the complete system RSS and
computer - to various research problems utilizes
FOCRSS a tailored version of FOCAL as
an interactive high-level programming language.
FOCRSS includes additional commands and func-

1. Y. Talmi and V. E. Norvell, “Multickement Spectroscopy.”™
Anal. Chem. Div. Annu. Prog. Rep. Nov. 0, 1975, ORNL-S100,

p. 2

twoas that facitate operation of the RSS and
processing of the spectral data The wnting of
FOCRSS s uajer way.

The firet application of this system will mvohe
multivavciength layuid-chromatographac detection.
Assembly of the detector ocll. radant-encrgy source.
and opuical system reguired to illumnate the cn-
trance sttt of the RSS s complete. Demonastration of
the unsuc capability that this mode of bwusd-
chromatographic detection can provide will begin
shortly. Sebscquent studics will ivohe mubli-
component amalyses based upon molecular fluo-
rescence and various types of atomic spectroscopy.
(- N. Klatt)

Resomance ionization spectroscopy. The study of
reomance onization spectroscopy (KRIS) has con-
tinwed in collaboration with G. S. Hurst's group.
Health Physics Division. and a description of the
basic principles of RIS has been given.” In the RIS
technique. atoms in a vapor are excited to inization
by absorption of precisely tuned encrgy sources of
sufficient power so that the ionization is a saturated
phenomenon. The clectrons thus formed arc detected
by standard counting techniques. In previous work,
a proton plus a tuned kascr beam were allowed to
interact with helium atoms to cause ioniszation:
presemt work involves the imteraction of atomic
vapors with tuned Iaser light. RIS signals have been
obtained by several differemt route; from cesium
vapor at room temperature or above. Phototoniza-
tion has uccurred either by 2-photon absorption or by
two 1-photon absorptions through the 7p level. Inthe
latter case. light from two different lasers was re-
quired. and the lasers had (o be fired in both space
and time coincidence. Phototonization has also
occurred by single-photon absorption directly to an
upper Rydberg state. followed by perhaps some type
of collisional or associative ionization. Such ioniza-
tion has been demonstrated by successively luning
through the 12p 10 2Ip levels. Approximately 10° to
10" atoms of cesium has been detected by cach of the
above three techniques in a panliel-plate detector
operated within the pressure range of several microns
to an aimosphere of argon. A concentration of the
order of $ X 1¢° atoms cc has been detected by the

1 1. R. Mueller. “Apphcations of [arge-Scake Interated
Cweunts.” Ansl. Chem. INv. Annu. Prg. Rep. Nov, 0, [975,
ORN)-S100, p. 2.

3 1. P. Young. "Rewvna e lonization Spectroscopy.” Amel.
Chem. Div. Annu. Prog. Rep. Nov, 30, 1975, ORNL-SI0D,
p M



two hint-namad techragues in 2 proportonal counter
uades an atmosphere of 50 10 200 o0 of argon-
methane counting gas. Ina proportional counter. ot
possibie to detect a ungke clectron: thes the RIS
techanjue shoold be able to sdentify and determne
singhe atoms. Thes & our goal. It s probable that we
have detected a single atom of Inthsum by RIS ia the
propottivaal counter. Lithium photowomzat:on m-
vohes a three-siep photon absorption through the 2p
and 3 states. Prodems of chemustry. cither ground-
state of excrtad-state. have as yvet prevemted a defimi-
tive pruol of lew-atom detection for this clement.
Sigmab arc observed for short persods of time. up to
30 min with a fresh sampie. and them disappear.
Perhaps the RIS process & a destructive process: oF
more kkely. the polymenization of CH: m the
counting gas. caused by continually occurmag cosmic
cvents m the orunter. yrelds products ®hich react
with hithium vapor. Besides the problems of chem-
sry. there s a2 continmng problem of sufficient
tunability and power of the laser-excitaton sources
zad. m the case of dual lasers. the previously men-
twned requirement of space and time coincidence
(within 500 nscc). In general. the laser parametersare
under reasonablc control for the atomic species we
wish to study. so an im cstigation of the vared chemi-
cal reactions of the vapor can be made. (J. P. Young)

Optoacoustic spectroscopy. In January 19762 new
program was mitiated o mvestigate the analytical
applications of optoacoustic spectroscopy (OAS).
the mewly rediscovered technique for acoustic detec-
tion of optical absorption.

The OAS phenomenon can be explained in the
following simplificd fashion. Light encrgy absorbed
by matter is reemitied in the form of cither light
(flvorescence o7 phosphorescence) or heat (radiation-
less decay). Itis the latter of those two options upon
which OAS is based. The emitied thermal energy
yields a gas pressure increase when the sample is situ-
ated in an enclosed cell. Because the intensity of the
original light source is modulated, the resultant
pressure increase is periodic with the same modu-
lation frequency: that is. a sound wave is generated.
Quantitative determination of the sample absorbance
is then accomplished via a sensitive microphone in
the OAS cell. The amplitude of the acoustic signal is
proportional to

Koo Aw)Flw) .
where Aw) is the intensity of the light source ut fre-

quency o, Aw is the energy of the light photons, Aw)
is the probability that a photon of frequency o is

absorbed. apsl Fe) i< the fraction of absorbed
photons that are coaverted into thermal ewmergy.

The advastages of this techaique are threefold:
(1) absorption spectra can be obtained for samples
such as powders. opaque solds. turbt, hquids, and
bving tmaue (in vivo) coavemtcaal spectroscopy
would be impossible with such materals, cither due
o scaticring or opacity: (2) OAS also provides a
senstivity advantage over coaventional spectroscopy
in that the observed signal is directly proportional to
the amount of mput hght: (3) OAS can yicld excited-
date radationicss docay miormatwon absemt from
conventional spectroscopy. Until now. only radiative
photophysical processes lave been well characierized
experimewally. It should be possibie o study the
“dark™ processes as well.

At the outset of this project. we decided that the
optimum approach to developng 2 useful spec-
trometer [or OAS would be to wse a tunable laser ‘or
excuation. Such a light source would provide high
input iniensity (and hence satisfactory OAS signal-
to-noise ratio) and also high-resolution capability.
The laser selected for use was a flash-lamp-pumped
tunable dye laser. That system. a Chromatix CMX-4.
provides up to 200 mW of average power over the
720- 10 430-nm wavelength iange and up 10 12 mW
over 365 10 265 nm. Because this hser is pulsed. the
modulation requirement of OAS s automatically
met. The laser arrived very recently: mstaliation and
checkout procedures have begun.

While awaiting the arvival of the laser, prelimmary
OAS cxperiments were compictied. An OAS cell was
designed and used for the observation of the OAS
phenomenon for several solid samples. The cell was
constructed from a windowed Pyrex cylinder fisted
with a 90° prism for light input and a brass micro-
phone adapter. The cell was designed with eventual
laser excitation in mind. The unobstructed cell op-
tical path minimizes background levels. Thus far. a
continuous (dc) filament lamp has served for OAS
excitation. Due to the low-output power available.
the light from that source has not been dispersed. and
only “white-light™ observations have been possible.
Modulation of the input light wasaccomplished with
a mechanical chopper designed and constructed for
this project.

For signal detection and treatment. a tuned ampli-
fier has been designed and is under construction. In
breadboarded form its performance is slightly better
than a phase-sensitive lock-in amplifier previously
tested. For example, for a white-light input of 25 nW
the breadbosrd-tuned amplifier yielded a signal-to-
noise ratio of 40. whereas a commercial lock-in

[



amphifics with 2 comparabie time constant vielded 2
sigmal-to-notse ratio of | 1. However. laser-generated
OAS signals will be more sawtooth m mature (as
opposed to sme wave). and the above comparisoa of
tumcd vs phase-scnsitive detection schewmes sy not
be valid. These data will therefore be redetermimed.
Since the above prelmisany expenmaents have been
satisfactorily complected. we are Bow i 2 position to
use the new dye haser for OAS akmost imenediately.
Umconventional absorption spectroscopy of a mmlti-
tude of ampics of OR NL interest will be p-usiblc and
are plananed. Sorbed monolayers on swrfaces can be
mvestigated: this can facilitate particei_te. acrosol,
and catalyst stwdics curremtly wnder way. As -
vironmental monitor {or certain trice gases and a
wavelength-sperific radiomeser ar: both possible
developments of this OAS study. (R. B Shew)

Microwave-excited plasms for ansiytics! spectios-
copy. The adaptation of a hgh-powered mcro-
wave gemerator (245 GHz. 2.5 kW) as an excxation
source for cmission spectroscopy is mot vet complesc.
though most of the origmal expermental problems
have been solved. The purchase and installation of 2
forward-reverse power meter has made 8 possible to
and geometry of the quaru plasma tube for the best
impedance maich. The plasma tube las been through
a series of 11 modifications to maximize the cle-
mental semsitinity and avoid deterioration of the
optical window. In our present configuration. the
hquid sample s converted 10 2 wet acrosol n a
prcumatic generator and injected 1nto a low-pressarc
(60 cm Hg) argon plasma just downstream from the
microwave anicnna. Introduction of the sampic n
this manner somewhat reduces the absolute detection
sensitivity but avords the changing impedance, power
transfer. and cmission sensitivity observed when the
sampic is njected upsircam and passes through the
antenna.

Our present sensitivities lic in the range of 50 to
1 ug of solute per milliliter of sampic. using a flow
rate of 0.58 ml min nto the acrosol generator and
0.13 ml min into the plasma. Weare in the process of
determining clemental sensitivities and evaluating the
common-ion cffect in multiclement analysis. The
effect of absolute pressure in the plasma tube and
microwave power has been tabulated. The use of
1 kW of input power has been adopted as standard
for sensitivity measurements. aithough semsitivity
increases with increasing power.

In addition to using argon as a plasma suppori gas.
plasmas have also been crcated in nitrogen. air.
helium. oxygen. and hydrogen. Background spectra

have been accummiated from 250 1o 300 nm on
all of these plasmas and clememtal lnes and band
srecteres identified with 3 view woward thew pos-
sible amahvtical application with real-samplc systems.
J. E. Swrain. J. L. Kracker)

Helinn arc desector for gaschrommtography. Twno
gewneral types of gt sources have been propusad as
mmhpm-um the
microwave discharge’ and the helm arc.’ The
formcy lias very good semsativity and speofacaty (sec
discussion of the toras “speaificty”™ below). but m-
volves relativels cxpemsive and complex cympment
and s somctimes subject to window-coatmg prob-
lems and varations of e size and ‘miewsity distn-
bution pattcrn of the lemwnous discharge. The batter.
in the form published.” ewncowmtered Qirly scriows
window-coatimg probicms. required the use of wide
siits with the atiendamt spectral interference prob-
lemms. and showed widely varving specificities.

It appaarad that the window-coating probicem
could be chimimated by making certaim changes marc
chamber desipn and that a discharpe of exoellemt
stabilty could be obtaimed 21 very Kttle trouble or
capense by using approprnate clectrode materaals and
a newly avaslable low-cost (3225) cwrrent-regulated

Ordimarily. the specificity of an optical emision
detector is not entircly umder the control of the
operatos. Good specificity exists if the clement
wwaght produces an intense signal at the wavelength
observed and i other specics that do not contain that
clement. but which may be cluted from the gas
chromatograph at any timee during the run. do not
produce optical emission at the same wavelength.
Any such emission (c.g.. bands duc to C:. CH. N,
NO. NH. CO. etc.) would constuute a false positive
signal, thus lessening the specificity of the detector for
the sought clement m that sample mixturc. It ap-
peared cbvious that any simple method of correcting
the specific clement signal for the underlymg spectral
background would greatly enhance the specificity of
the detector.

Arc chamiber design. The arc chamber used for the
present detector s shown schematically in Fig. 1.1,
The chamber body is made of 6-mm-OD Pyrex
tubing. with a |-in.-diam silica window cemented to

& M. G. Payne. G. 5. Hursi. M. H. Nayleh. ). P Judish C_ H.
Chen. k. B. Wagner. and ). P. Young. ~Kmetics of Het2'S) Usng
Resomance lomization Spectroscopy.” Py, Rev. Ler. 35, 1154
11975).

S A) McCormack.S. C.Tong. and W. 1. Conk, Amsl. Chem.
37. 1470 (196S).
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this flange with cpoxy adhesive. The clectrodes.
consisting of commercally available 0.060-n.-dam
W 20 ThO: welding rods. are sheathed in glass and
held in place by Silastic rubber sleeves. The electrode
£ap 6 4 to 6 mm. The observation window remains
chean because it is located considerably opstream
from the gas mict and arc. The mlet tube is connected
1o the gas chromatograph outlet with 2 No. 5 Pyrea
O-ring flange fitting or other appropriate coupling.
The inlct tube and the upsircam arm of the arc
chamber are Inated. when necessary. by 2 heating
cord. or by an appropriately designed oven. The
cxtension keading (o the window is not ncated.

The carvier gas entering the chamber is normally
helium at atmospheric pressure. The potentil across
the glow discharge between the above-mentioned
clectrodes in this atmosphere is ~400 V. To produce
a stable discharge. the power supply should be
currest controlied and have an open-circuit voltage
of ~600 V. These requirements are met by cerain
hollow-cathode power supplies. However. 600 V is
not sufficient to ignite the discharge: this must be
done by a weak external silem discharge produced by
3 Teska coil (Jeak tester) with the power supply pro-

tected from the triggering pulse. An additional difhh-
culty is posed because hollow-cathode sources with
thes owtput voltage are mo longer available commer-
cally as separaic snits. Both the scli-gaition and the
a:ailabelny probicms have been solved. however, by
the recemt appaarance of a3 separately availabie
cwremt-reguiated 10-50 mA) power supply’ with an
open-circut voltage of 1 130 V. This is high cnough to
reignite the discharge f quenched by a sebstantial.
but tramsient. change im gas composition. for ex-
ampic. by the passage of 2 solvest peak through the
detector.

A backgromnd cortecting device should be fiexible
ff # is 10 He wsable with variows types of spectrom
profies: that is. # should cmabic the operator 0
choose the wavelength at which e measures the
background. Afier scanning the spectral ramge of
interest. the operator can thes sclect 2 wavelength
near the signal bne at which the beckground mtematy
s the same as Rt is beneath the signal line. The appa-
ratus avalable wasa Jarrell-Ash Mark V 0.5-m Ebent
monochromator. with an exit-beam deflecting murvor
and side exit port. The casicst way to cffect suck 2
background correction appeared to be to splnt the ext
beam by cutting the deflecting mirror m half hon-
romally. The upper half of the beam then comimeed
1o the normal ( fined ) exit si. while the lower half was
deflecied ~90° 102 second (mos abic) exit slis mounted
on the side exit port. Each chanmel had s own
photomultiplicy and amplificr: the background signal
was subtracted from the (linc + background) signal.
and the corrected lme imtensity was fed to a stinp-
charnt recorder. Operation of the backgroumd cor-
rector was checked by simultancously directmg the
light from an mcandescent lamp and 2 low-pressure
mercury lamp mto the monochromator and adjusting
the hatter to pass 2 minor mevcury kine through the
normal cxit slin: the side exit siix was displaced from
this wavelength by 2 few angsirom umits. The ob-
senved intensity of the mercury lme remamed the
same regardicss of whether the incandescent lamp
was on or ofl. thus indicating that the backgrownd
cotrxction was effective.

Prefimmary measurements were made by attach-
ing the helium arc chamber (o the outlet of 3 Tracor
MT7-220 gas chromatograph containing a 6-ft X ' .-in.
column of 455 OV-101 on Chromosord GHP. The
helium flow rate was 90 to 110 cc min. Entrance and
exit slits were 50 to 100 um. The detection limits

6 RS Braman and A Dynsko. 4mel i 80, 95 (1988).
7. Hollow-cathade power wapply. mode! SSF 400, George W
Giates amd Co. Inc.. Frankim Square. Sew York.
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shoun im Table 1.1 were measured by miccting an
appropriatc amownt of the compound hsted and
comparing s peak height to the peak-to-peak noise
of the chromatographic bascline. The detection lmu
given is the quantity corresponding to sigmal Roise =
2 The above-dexcribed backgrousd corrector was
wot vet availlable when these detection hmits were
measured. It is safe 1o assume, however. that i some
cases. detection mits can be lowered by using wider
slits and correcting for background. or by achicving
better resolution of chromatographic peaks.

Other clements have been detected at comparable
Icvels, but imits of detection have not yet been meas-
wred (c.g . Siat 251.6 and 238.) nm. As at 228.8 nm.
Coat 345.3 am, Mu(i1) 21 403.1 nm. Niat 341.5 om.
and V(IID) a1 4379 am).

Initial testing of the background corrector 1o maxi-
mize specificity of clement detection is reported n
Chap.4.(C. Feidman, D. A. Batistoni. R. A. Jenkins)

Detectors. During the past year, a simpie general-
purpose clectrochemical detector having both a small
internal volume and high clectrobytic efficiency was
developed for liquid chromatography. Electrochem-
ical detectors are becoming increasingly important in
liquid chromatography because they are selective for
clectroactive substances and they exhibit inberently
great sensitivity. Selectivity can be further enhanced
by adjustment of the potential at the working elec-
trode. For example, an electrical signal of | nA from
the detector, which is easily measurable. corresponds
to a flow of approximately 10 femtoequivalents sec
of clectroactive material. The working electrode of
the new detector consists of a vitreous carbon tube.

1 mm m mside damcicr and $ cm long. packad with
carbon mictospheres. 45- w0 75-pm mcrospheres
were prepared for us by the Metalbs and Cerammcs
Divisson by a techanme wsed for preparation of
aucicar reactor (uch mvohmg carbonizaton of
spherical ation exchange resm beads at controlied
temperature in an mert atmosphere.” The micro-
spheres are held in the tube by porous Teflon (rits and
Teflon Swagelok fitmgs. Al the mict end. the ol s
conmccied to standand * io-in. Teflon lnjuid-chroma-
tography (LC) tubing. and the ontict cnd is conmecicd
10 a2 '-m-ID reservoir. which is large cnough to
allow msertion of platmum aunsdary S.C.E. refer-
ence chectrodes. The assembled detector bas an active
volume of 20 10 25 ul. An ORNL coulometric tira-
tor. model Q-4010, was used to control the potential
of the working clectrode and to measure and inte-
grate the current flow. Electrolytic efficiency of the
detector is 50 1o 1005;, depending on the solute con-
cemtration, conductivity, and flow rate: essentially
1007 efficiency can be achieved under conditions
nosmally used. Primary advantages of the detector
include: (1) high clectrolytic efficiency at low con-
centrations- limit of detection is at the nano-
gram level. flow rate dependence is small. and quanti-
1ative analysis by coulometric integration of peak
arcas is possible; (2) versatility - because materals of
construction are solely Teflon and nonporows
carbon, the detector is useful in all inedia, both

8. The wse of 2 movable susiliary exit shit was suggesied’ by J. D.
Defreese and H. V. Maimstadt, puper No. 206, FACSS mecting.
Indianapoins. indiana, November 1975,



e and organc. urer 2 wade potental range and
wm buth ox:datwn and reducton modes: (3) a2 saall
wicrmal solume compatibic wath hegh-cffcxcncy 1.C
separations. We micnd 1o wae thes detector s a chro-
atograph system under desvclopment for the sepa-
raion and detcrmmation of phcaolc compounds.
Becawse of retatneh low molar absorpinatses. the
semati iy of comentional shiraywiet 1.C desecton
lor whenolics b povr. A paper descnibung thes work

We previomshy reooricd that the diclectrc constant
may pron sde the Basis for 2 ssinversal L C detector and
abo proposad as clectromsc systiem that offered a
solston W the cacrgy dusipation problem cw-
counteres in high-dickctric-constant sob ems. ™ Both
of these suppositions have been shown to be valad
Tiee detector bas been characierired. and its potental
wxcfulncss as an L C monstor bas boen ascertamed.

(rencral operatmg charackerstas of the detector
were detcrmmcd with solvents of diclectrx constant
rampng from | 5% (hexanc) to TR (water): the oper-
atmg freguency vared from 435 100.33 MH/ respec-
tvely. Notse was mdependent of diclectric constant.
averapmg 43 H/ (rms). and is hmsted by residual iem-
perature changes withim the detector ocll. Drift as
avcasured with cxane was 3.5 = 1 8 AH, men: quah-
atrve obsen ations with other sohcnts mdicate that
was freyuency mdependent. A small dependence of
the freyuwency shift spon sohent flow raic was ob-
served. but when considered m terms of the precsien
of modern LC pumps. i was an msignificast factor.
Inuml tests of the detector m actual chromato-
graphic apphcations emploved low-diclectric-con-
siastl solvemts. Scparations of o-dichlorobenszence
from nitrobenzene on silica were monitored: excel-
lest precision and limearity were obsernved. Because
the dipolc-dipoic mteractions between sohent and
solwtc with low diclectne cunstants are refatively
small, the diclectric constants of the indiv idual com-
ponents are additive on a volume-fraction hasis. One
aan therefore express a detection limit applicable to
these sysiems i terms of a change in diclectric con-
stamt. Analysis of response data for naphthalene dis-
solved in benzenc. using three times the rms noisc
level 1o defme the detection hmit. yickded a value of
0.0002)¢ for the detection limit.

9. G. W Weher, R. 1. Bratty. and V. J. Fsnners. Properies of
Carbewvized and Converied Uramivon-1.oaded Weah Acnl Resims,
ORNL-SD1 (1978),

10. G. Goldstem and ). A. Thomas, “A Simple. General-
Purpme Eleciro-Chemcal Detector For Liqusd Chrometog-
raphy.” sumaitted to Anslsnicel Letters.
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Previows designs of diclectnc-comstant detectors
have beem moperabie with hugh-daclectnc-constamt
sohcats. ~ Figure 1.2 shows a scparation of chioro-
form from |-chlorobutane with permancatly bonded
octadecy! silane (ODS) usmg 2 40 to 605 (v v)
sopropancl-watcr maxture 2s cluant. The solvest
peak correspoads o 2 megatne froquency shift and s
the ressh of water bemg displaced irom the sta-
tiomany phase b the kess polar soletes: the solete
pcaks are posune frequency shifts. Clearly. the
proxest mstrument can be used with hagh-diclectric-
comstant solvents.

Limcasity and reproducibibty of the detector-
chromatographic sysiem i high-diclectric-constant
sobvents were exocliemt. Analysis of data jor peak
beight vs solute \ olume for the scparation shown m
Fig 1.2 vichded detection Limits of 0.04 sl of chioro-
form and 0.95 il of | -chlorobwtanc. Dac 1o the large
dipole-dipoic micraction m high-diclectrc-constant
solvents_ teese detection hemi’s. expressed as 2 Quan-
my of solute. cannot be comerted 1o a3 change m di-
chectnc constant. which s the fundamsental manncr of
reportmg detection hmits for ths detector.

This development cffon has demonstrased that the
drciectric constant can be the basis of a univenal
1.C monitor. Recent refmements in the clectronse svs-
K™ have impros od he detection limat by a lactor of
2 from those measured dunng inutial cvakaation and
make this detector conoept competitne with other
uninversal monitors. The instrument s beng used on
a2 routine basis m the characterization of fossil-
derived oils: sec Chap. 4. ¢/.. N. Kisi1. G. Goidsiem.
D. A. Thomas)

“Stuinicss sicel” analyzer for LMFBR fuel pro-
gram. The LMFBR fuc; recycke program is gewer-
atung a large number of samples that require an
analysis for stainless steel by our General Analvtical
Laboratores. The sampies are sized portions of a ct-
fuclk-rod asscmbly. In the current studics. alumma s
used 10 simulate the spent fuel in the rods. A nonde-
structive procedure for determiming the stamios
steel content of these cut-fuel-rod assemblics was
developed: it v ohves observing the frequency shift of
an oxillator upon insertion of the sample into the
core of the frequency-determining mductor of the
oscillator. Samples with iron contents ranging from
0.5 10 43, can be measured. The response was not
lincarly related 10 the percentage of iron. bul use of 2
second- or third-degree polynomial for the calibra-

1 0. N Kiatt, “Loguid Chromatography.” 4mel. Chem. D
Anowm. Prog. Rep Nov 0. 1975, ORNI -$100. p 4.
12 R Vopalke and K. Hana. J Chvomarogr 65, 51 (197,
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Fig 1.2 Scpusston of chivsnform and I<chimsbotane ow 3 46mm » 25cm Pwtsi ODS csloms wih 80607
sspvopenul-water minterr 28 cluant. |Hos 1a1c. 0.36 mi man. ¢ A) 100 5l (hincoform and 100 5 | chisrnbutane ddutcd W 10 mi wrth
rsoproganel-aater <huant: 50 5l myccted. dicdectnn consgant mosstor. (B) |50 gl chileralorm and 150 ol | chivrbutane diuted & 10

ml with sopropancl-water cluant: 50 5l myecicd: wv monstor BTth 208 @ reference beam.

twn cune vicldad pood results: corrclation of thrs
method with the chenmical anah sis was excelient. A
protolype msirument was craluated v the General
Anahual Laboratones. the miirument performoed
satisfactonly. Approximaich 7%, of the sampies
revencd from this program can be anah7cd by thes
method. The remaming portion reyuires alternate
procedures because of erther msuffcent matersal or
too large a partick: sizc that results in nonrcpresen-
tatne ampling. Sample throughput s 10 1o 15 per
hour. t1.. V. Kkain)

Applications of microelectrosic circuitry. In 1975
we initiated 3 program to investigate the analytical
instrumentation appixations of large-scale inte-
grated circuits. At that time we recognived that the
wajor probicm in usINg a2 MINKOMPUtlcr as an ana-
Iytical instrument (i.c.. conligured by software) was
the cxiensive design required for the computer-
nstrument mterface. Each interface must he closely
tied to the architecture and language of the computer.
Thus. even minor changes in insirument oneration
occasionally reyuire extensive changes in the inter-
facc and »m the system programming. A complete
rhange in instrument concept entails a virtually new
dewign cffort. This is a regrettable situation. since the
computer s ideally suited for both data collection

and processimg and micractne mstrament control. It
o cicar that the keric of computer apphcaton s m the
dedicated mode rather than i the atiempt to adapt
to contmuoush changmg. shori-lcrm mstrumenta-
tion meeds. Unfortunately. analvixal nceds ave con-
tmuoush changmg and oficn are shont wkrm. Oar
usual respoast o these needs is st design and labn-
ction rather than the IMC-CORMIMNE COMPuUicTI/a-
won via software.

To overcome these design diffculiics. we con-
cenved the idea of developing a mew Iy pe of computcer-
controlier for mstrumentation applcation. The key
feature of this device s that it can be quckhy con-
figured via software mto 2 wide variety of mstrumen-
tation formats. This is accomplished by combining 2
“caiculator™ type of programming anguage with a
software-defmed. highly flexible mput-output mter-
face system. The rosult is that computer-type data
collection and mnstrument control can be realived ina
fraction of the time generally required. The complete
system specification has heen detailed.’’

This year we have contmued the system design and
fabrication program. The work has primanly been
that of defmimg system logic, transiating this logic

13 W I Friveiding. 4.0/ Chem. &7, I3 (1975)



1o an clectronc componeat arvay. and_fumall_fab-
rcatmg e 2172y - A maagority of the sebsyvtoms kave
boen compictod. but macgration of these svsicmns mto
2 workmg wnu (mciedng testing and debugpng)
remans 2 hwmedable task.

Commcrcaal dorces have now become avalable
that cwbody mam of the progrommmg and con-
trolimp conoepts that we ongmally cvisoncd. We
plan o cr 2hatc one o More of these wnits = dcvwes of
ONt MSITUMCAt2le requwements. Should the de-
woes prone suffucnth prowsimg. we wll moor-
poraic them mio thrs progect as 2 means of savimg
buth tunc and tabrcaton costs.

The ongmakty of thes work was recognired by m-
vised participation m 2 joomt Japae-U'S. semimar
ttied Computer Assonted Chemmcal Rescarch Ie-
ugn” held m Washe on. D C._onder the awspices of
the Natwmal S -ace Foundation and the Japan
Socety for the Promoton of Scemce. (7. R
Mowrlier )

Patscrn recognition. We have comtmecd our stedy
of patecrn-recognton mathemataal sechmigees for
‘andlmg compicx acahhtcal problems. = coopera-
tion with the Computer Sccmces Dvision. Hagh-
resoletion gas chromatographee (GO) profiles con-
widme of ~150 pcaks prodwocd m the Tobacco
Smokec Program are wsed 10 pencrate the data scts.
Graals of the progect are: (1) 1o determme whiach of the
(A peaks are most dinecth  relasod to the bologcal
actnuy of the cagareties and (2) to predict 2 bivlogical
cflect. grnen only the gas-plase profike.

Three haghh sophisiicated paticrn  recognition
compuict codes arc now operational on the ORNL
large computer wvsietws. These are RECOG (wrn-
ten oripmallhy by C I Bewder of Lawrence Livermore
Laboraton ). I’YENDRO (onginal version v E. Hall
of the Unnersny of Southern Californm). and
ARTHUR (wrasen originally by D_ 1. Duewer. ) R.
Koskimen. and B. kK  Kowalski of the University of
Washington. Scattie).

The amalysis of series | cigareties {provided by the
National Cancer Instrtute) is now performed on a
data set of 87 GC peaks. These peaks have heen se-
lecied by 2 sem@mulomatic indexmg procedure that
runs intcractively on the ORNL DEC system 10
computer. The 87 peaks are consistemt from ore
chromatogram to another and can be chosen with
confidence. Using a “leave-onc-out” algorithm, bio-
logical activities have been predicied for the series |
set with an average error of 5.6¢¢. The simple corre-
intion coeflicient (P, experimental vs P, predicted) is
0.97. where P, is the adjusied percentage survival of

L L)

the cxpermental ammals at the S0wh day of the
beologecal cvaluation

The clesser amalysas program. DENDRO. has been
of special impertance m classifocation of tee series |
agarcucs through reduction of an §7-Jmscnsional
pace 10 a two-dimensional space. two-duwensional
hended by humans. The cigareties are clawified mto
clusters “good.” “had.” and “m-berwern.” Sigwifi-
clustensg

We have complcted imtial work on the compuser
processing and analysis of selected members of seres
Il and series C (commercial) agareties. The pattern-
recogaition results wow good agreement i ranking
of the series Il agarciies acconding to biclogial
net agrer well with cxperimental numbers. Predicted
values were calculated wsing Use lncar. least-squares
model developed for scvies | agareties. The dincrep-
ancy betwern cxperinental and predicied biclogical
acinvities may be dwe 10 different experimental conds-
vions (differemt GC columns. different tames for bo-
lopical cxperiments. and dfferemt mature of the
cgarctics). We plan 10 investygate further. wsing 2
traimng sct from serics 1] agarcties.

This application of patiern recognition $o chemi-
cal-beological problems was assisted m pant by 3
~sced money™ gramt from ORNL w0 the Computer
Sciemoes Division. (R. W Seelmer)

Chezaical Rescarch and Development

Separation sysiems. Investigations of the charac-
teristics of polyvimyipyrrohdone (PVP) as a station-
ary phase for lmjuid chromatography have mdicated
that binding of solutes 1o PVP can be based on
several mechanisms. These mclude nonpolar mierac-
tions (adsorption). hydrogen bonding beiween
proton-donatng groups n a solute and the carbony!
oxygen on the lactam ring of PVP. partition of the
solute between the cluent and 3 hquid phase adsorbed
on PVP. and. under appropriate conditions. weakly
basic anion exchanger behavior of PVP. Conse-
quently. « appears that PVP ought to provide a very
versatilke. genenal-purpose stationary phase for
chromatographic scparations and that its full
poiential as an analytical icol has yet to be realized.
Chromatographic studics have been made of various
chasses of aromatic organic compounds, including
many which have been identified as primary

|
!
|
|
|
|

oY
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Results are presemtod v Tabie 1 2 With isspropascl
=5 chwent. resention on PYP cvidently depends both
on the sumber of womstc rimgs [advorption
mechanism. as s the pohvaacicar aromatic hydrecar-
ben (PAH) scrics] and e the availability of pretons
for bydvogen bounding (phenoh. amincs). Hexcre-
ateams appear 0o have onls 2 small cfiect. Exocliem
scpasations between clames of compounnds and of

Laxt vear 2 Sqguid chromstographic meshed for the
sepatation of PANs. wnng PYP a3 the stationans
'hndunu'-dalkmm-
= aow i Jrew.* PAN's i sovoval types of symabetic
ol from csal ceaversisn prworsses have boen
parsinlly resolved by this methed. howover, those
smbevinls are far e complex for smoceysful ambvss
by a smgic sechnique. We ane taking advantage of
the ssmplicity. low cost. and high cagacy of PVP
colmmms 1o scale wp to the scnpreparative tange
{1.25 X 40 cm column) lur preliminary scpurations of
these very complex maicrinls. Collected fractions will
then be further analyzed by other bigh-resolution
ecchmgues. In the presest scheme. 250-my ol
samples are fractionated Mo scven groups represen-
tag. in geweral. (1) moncaromatics. (2) diaromstics.
3) tmromatics. (4) percowdensed fowr-ring
srecteres. (5) catacondensed fowr-ring  strwx-
mres. (6) percondensed five-ring  structeres.
and (7) other five-ring strctures and karge-ring
sysiems. Represemtative chromatographic fractions
have been provided to G. Mamantoy and E. L.
Wehry (University of Teanesser) for examimation by
Fourier transform isfrared and fiworescemce spec-

Tabie 1.2 Liquid cheomtogmphy of sromutic composnds o

Compuand & Companns '~
PAN .
::; ‘, S-Heserecycles om
Nophthalene ) ¢ Rensethvaphcs 074
Phenonthrenc : ;; i Decaretinephone 1om
Flwsranthene Phenals
N-Hacrocycies Phene! 1.6
Pyrdine 02 . oCrevel 153
Quinelne 0 ' mCrevel X
Acruding 047 pConal 1.37
fadole 109 . aXylene L)
Carburer 356 Amiwes
O-Heteronyeies : Awmidine 1.9
F leorenone 069 ' \.Methylanime 0L5
Amhraquinonr 0.48 N V-Diwnetir, o ndioe  0.82
Dibzarofuren 0.7 nsc..,m 168
051 |  a-Nephtiylemine 299

'Fl'ﬂll (mpmt lmm ar.
“r' o ¥os

these Wosts willl be presensed.

A mewn cress-imkod polsmce. preparcd v copo-
hwernizatien of polvctinicac ghool dmnethactntaic
ummw@mmwm

phascs for GIC. ﬁnpk-uuphun.rw
meve stable wo acidc and basec indvrelyses. amd monc
rosstant S0 mcroongansans. Becawe of ows micrest
m waproned wctheds for the scparatwn of veny
complcy. muturcs of ergasec csmpeunds. we bave
wvotigatad seme of e properincs of thes gel A 1 »
90 = column was packad by sumpic sodumentatoon.
and 0.1 W acctic aced s )] sepropasel-water was
weed 2 cloent 2t 2 flow raac of 20 sl b amd 2
scmperatere of 62° . Elston volumes of compounds
winth frec. polar functuomal groups (arboxyix 2cnds.
phenols) were greater than the tatal column volumc.
and they arc wamod on the pel and scparatcd
adsorption cfiects or hndvogen bondwmg. Phewolc
aculs haviag morc thaa onc [ree plenol proup were
strongly. sometimes wreversably. retaimod. Howaver.
m tests with favonoud compounds ia.mg cstenifcd
phenolic growps. many were cloted withm the
mciuded volume of the coloma. and molccular
sicving way be 30 mwportiant pan of the scparaton
mechansm. fn gewncral. # appears that polvetiylene
giyool pecbs may be 2 uscful tool for pei chromatogra-
phy of complex matcrials. A report of this work will
be publishod. * (G. Gokdsicin)
Desermination of arsenic and the methylarsines.
Stwdics were complcted on the vapor-phase HF-
HNO: method for descrminmg traces of arsemic m

14 R Hayatse. R. G _Sosnt. | P. Moore, and M. H. Stwdect.
~Avomatic Uasts m Conl.” Sovawy (Losndm) 157, 378 (197

15. G. Goldsteom. ~Scparaton of Polvcychc Arvmate Hydro-
carthoms by {ugued Chromatographs en Crow-1_mhad Polyvmn |-
prrvoidenc.” Jourwal of Chremavographs. m press.

16. G. Masmanten £ 1. Webrs. R R Kemmerer. F. R Hhmton,
R. C. Stroupe. 20d 6. Goldstem, "Characicrization of Miniures of
Polycychc Aromatic Hydrocarbens by Ligesl Cheommtography
and Matnx holation Spectroscopy.” Sympossms on Amslytical
Chemmiry on Tor Sends and ON Shale. Amercan Chenmwcal
Secxty Mertng. March 21-15. 1977, New Ovicams. La.

17. D. Randuu. H. Buyer. and W. Schaell, <C'|
Une of the Polyetirylene Glycol Dimsethacrylase E M (et PGM 2000
Uader Normal snd Elevaied Presswre.” J. Chromesnr. 51, T7
(197h.

18. . Goldsiew. “Liqueid Chromatographic Separation of
Plsmt Phenolics Using Polyethylene Giycol [imethucrylnte Gel.”
Jrwrnd of Chrometogrephs. wm pres.
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wvisocows matcribs. R ua lownd “hat 2-¢ samples of
rocks contawmng serv rosstant manetabs sach as
Juartz, sagactie. smcastc. cic.. could ac dissolvod
complosch o shew partucic sac v <150 pm hwas
abse loend that o arsensc 5 prosest m the HF-HNO-
mestwec. some of o (25 vo 40, ) s transfcrvod b the
samplc o the arscmec © ttnalent. but B0t i U &
the it that As~ docs not velatiize mndicates that
Ak, B mot formed. prowmbly beaese of the
suintantial concentration of water ( ~80; )m the acnd
mestwrc. The HE-HNO. moxrere is therefore treated
suh KMa0). before mse to oxadire any As~ which
gt be present. thes preventing contammation of
the sample. A paper en this precodere has been
spbunticd to Snehvrical Clhrmiars .

¥ the relaine amounts of morgame arscax and
methylarsonc and cacedviic acuds m 2 mxed
wintwn arc (o be deicvmmod v mcasermg the
rclatne amosnts of the corvesponding  arsmes
prodeced I rodwcton. the pH belavior and
micraction of the vanows chewncal reactions must be
known. A stud> was therelore made of the cfiect of
solution pH on the amoant of the approdrate arsmne
produccd v the reaction of arnows areac com-
pounds with I; NaBH., solstion. A given number of
gram-atoms of As and As():" produced the maxi-
wam amownt of AsH. at the lowest imitial pH (0.25)
(1 N HS0.. a5 the intnl pH rosc 1o 35 [I
1COOH):| the vicld of AsH: decreased fourfold.
When the arsemic was presest as 2 mcthylated acd. 2
low-startmg pH cawsed the reaction 1o produce 10 1o
15 ¢ AsH.. as weil as the expected methylated arsine.
When the il rodwction modem was 1
1ICOOH):. the amoumt of AsH.. CH:AsH.. and
(CH:):AsH produced was kncarly dependent on the
amosm of arsemiows. methylarsonic. and cacody lic
acd. respectively. regardiess of the proporstions of the
components. As would be expecied from the above-
describad behavior of the methnated compounds in |
N H:SO;. this lncanty was aot found m mixtercs
mmﬂ Iv H;SO‘. Thes. I V ":S‘)& ™ 2 better
startine medium if only Inorganic arsenic s present.
but the analysis of mixtures of inorganic and organic
arenic compounds should be carmied out e 17

19 SR Parvon.R 1 Fcdoms. J P Young. amd R G Hawre,
“Study of the Soled-Siate Phase Irambormatmn of “Bille. Via
Absarpimn Spectroscopc and X-Ray Ifiracton Techmgmes.™
Proccodmgs of the 2nd Intermatnal Conlerence on thwe Electrons
Structure of the Actmdes. Wrackaw. Poland. Scpiember 14 16,
1976, piors.

(COOH)-. No werk has vet born done on (CHMAS
beawsc of the diffnits and danger mveived =
canely preporcd minsures of (CH hAs aad helimm are
won acailablc commercally. however. an aticmpt
will be made 0o 2miyre for thes specics.

In wung the presemt arume ovc'wten-sccessle-
ten-arc cosswa desecior  pregedure. the pas
mintuve swept ot of the semple selution st be free
of waser vaper before emtering the cold trap. In
doscrwninmng merganic arsenic_ MgtCiOL): wars weed
a the desiccant. since @ does ant absorh AsH.. h
does 2beerd CH.AsH - and (CH .- AsH_bhewever.and
thus cannet be wsed a3 3 disiccant m the corvespond-
mg amlyses. Trinks showed that conceatrated H-SO.
might be waeful for this purpese. smoe 8 did net
abeorh 30n of the arsmes. B is net possiblc o wse
H-S0. m 2 bubbling tower. since pressure chaages
H.SO:. A dosiccator was therclore constructied m
«hach the gas stvcam pasmses over. rfather than
through. the H-SO; Thes desaccator has periormed
satisfactonly @ 2B cases.

The cold trap found S0 give the best resolation of
U-shapad section of 6-mm-OD Pyvex tobing (cooled
area 2 m. high. | in. wide) filled with 0.3-mm ghass
beads. The arsime peaks obtasned from 2 mixture of
0.5 mg of Asas AsD:' .05 ng as CH:ASOIOH):. and
1.5 ng 8 {CH:): AMOYOH were casily measured and

In carly experiments the CH: AsH: and (CH.):AsH
peaks were supermposed on 2 broad. wregular peak
cwsed by an unkmown reaction product. The
material dud not appear to contain arsenic. but caused
micricrence by prweratmg optical band emssion at
the arsemic and adjacent wavelengths. Thes imterfer-
ence was chimmated by mserting a trap containing
gransiatied NaOH between the desiccant and the cold
nap.

:mkthmdpatmobm\dtomralm
the (CH:):AsH had been relcased from the cold trap
(i.c.. ncar room temperature). Athough this peak did
not interfere with the presemt determinations. we
considered it desirable to climmate the peak n the
event that the technigue was applied to less-volatile
arsines. We found that cither acration or partial
ovacuation of the cold trap between analyses
climinated the second broad peak. To further purge
the cold trap between analyses. the radimtion from a
quartz-iodine heas Bmp is directed onto the trap for

I N I TR
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6C oc after the trap has come W NoUm kempertaturc.
(. Feldwan)

Solsbie sulistc = imenpherc sertcwmistes. A
contmuacd cfiornt s wader 53y to daclop and cralmate
2 ncn amahtxal sxcthodolegy for the dedcrmmatws
of water-soluble sulfatc presemt m vmosphers
paruculates colieciod on filiers. The mstnal mnostaga-
twows mnohod 2 predmmman sency of sveral
proposed mcthods for sulfate anah s The remam-
wmg tmne was thea asod o study and optumise the
scnsun s and seloctr iy of tie mctivod docwod maost
promomg. The wrbdmmctne anahws of sulifak
bl on the UAD (S-ammo-4 -chiorobwphem 1)
rcagest was suncved fust. wsmp the minDterc
cemtnifugal fast awmah rer (CE A). Poor reproducibelin
with= replhcaies was eacounicrad and was atinbuted
to the mstabilety of the CAD collosd m 2 ceninfugal
facid. Although the addition of 2 pohvmer stabilirer
dud mot cakance the rcprodeabslss. 2 standard
dertion of 1.7 ppm salfatc nas acheerod tor a lmcar
range of detection for 2 o 16 ppm sulfate o 2
deflocculant was present m the reaction minturc.
Because the CAD rcagent also reacted with sech
amons as sullne and phosphatc at wmilar wn
concentrations. other mcthods for sullztc anah sis
were sought.

Tuo methods hased on envmatic reactions were
nvcstigated m an cflort to cstablish 2 morc sclectne
technaguc for sulfate. The first procedance requined the
quantitatine chemical reduction of sulfate o sulfue.
The subseyuent cnsymatic reactwn of seifitc with
sulfnte oxadase produces H:O:. which can be detectied
by onc of the several existng spectrophotometric
procedures. The feasinlity of this enzvmatc method
s dependent upon the ability to chemically reduce
sulfate. and. therefore. a study of weveral reducing
agents was mitiated. Variows reducing columns.
including a Jones reductor. Ievarda’s alloy. and Cd-
Cu alloy. were investigated as possible reducing
agents because they were most adaptable (o the
ensymatic reaction. However, no reduction of sulfate
was obscrved under a variety of experimental
conditions. Sodium borohydride was also tesied as 2
reducing agent. Introduction of a NaBH. pelict
reduced sulfate to sulfitc and sulfide. Further studies
n this direction did not appear advantageous because
oxidation states other than sulfite were produced and
hecause any remaining NaBH: would have to be
removed prior to the ensymatic reaction.

The second enzymatic method surveyed was based
on a three-enzyme “sulfate transferring system.” In
the proposed reaction scheme. sulfate concentration
is proportional to the decrease in absorbance of a

phcnol 2> the plcnol n sultatcd v the tansicring
anm. Saveral atkmpts ucre mwde v nolstc the
canmo | our hboraton bocaie o of the thrce
canmcs arc i avaulabic wescrcalh \o xine
preparation of the canmae w2~ ohtamad. vamg o
e motabsity A strasn of Sadrmessrihe sy pizomr -
s matant & bemg wnvad that ponoaes tho ol the
throee roquered can mo> amd compickes The toxtnm
swheme by rodecmg the tramicrrad sultatc o frec
sulfnc. Stwdw> are umder way 10 periorm sultaic
amh i by macrobsolopcalh ralaong the 2nm o
suline and then descrmmmy the bbcrated sullie n
the West-Gacke colonmcting reactmn.

A mayor portwa of the progect has mvoinad the
dorvclopment of a2 direct hctas saltate 2vav caird
out m conperaton with e (hemecal 1ochanheny
Dnoswon. In the procadurc. sulfate wa cataly 7o the
depoh mcrwzatmon of sircom] (1) pohomcr | acudn
wilatwn. Free swcomum wa then reacts with
mcthy Rtk mmad blec § M1 B imdwcator to gne a coberad
compicy. The hmctn seactesn . phatomctraaih
moattorcd at 386 nm. using the mmature CHA The
raic of formatwen of ke Zr MIB compky n
proportional o sulfaic cororin tua orver the range
0 10 25 ppm. Kinctx data arc pecally accumulated
oner 2 17-mn reacton tme ot Wwee micnah. A
computcr routme has heen wIRien to scarch Yor the
hncar portion of the reaction data and - cakulate the
manimum i for the samplc. The precswn i the
detcermmaton of the reaction rate. wsing the bncar
scarch routine. s | 1o ;. or 0.2 10 0.3 ppm SO,
The detection limit » approxmmatch 0.3 ppm. Ran-
to-ren reproducibility and dav-to-day reproducbil-
ity in sample amahss s 0.2 ppm $0O: . Savenal
dnalent ations hatve been lound to mvicricre m the
Ze-MTB technngue. However. these have hoen
remosed by treating the aqucous sampic batchwise
with Amberlite IR-120 won exchange resm (sodium
form) prior 10 analvsis. Fluonde. phosphate. and
arenate produce 2 positive ntericrence in sulfate
amlysis. even at trace levels. Interference of these
anions up to the 2-ppm concentration kevel (exceed-
ing the upper limit of these species found in acrosol
and surface water samples) can be climinated by the
addition of a 25-ppm AKIID mask. Precipitation
with excess magnesium oxide has been used for the
rerroval of anion nterferences present at concentra-
tions greater than 2 ppm.

A correlation study between the Zr-MTB tech-
nique and a reference method was performed using
rainwater samples provided by Ihe Environmental
Sciences  Division. The reference method was
performed independently by the Environmental
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Ferther dadas m the anahsn of saicrolebic
suliates will mciude the compiction of the /r-MI1B
proccdurc. a2 morc cuicaning o aluatam of macrobue-
lopxcal roductmen of wltate. and 28 myvotgatinm ol 2
gavibromatographee ichnaguc lor seltate detcrm-
matwwe (/) Beesnd)

Spuctrophotometrx studies o the Transsraamm
Reseaich Laborstory. In couperaz~a with J R
Pecrson and R | Fclbvas §nncraty of [eamessee
(Knouwidic). and R G Hare. Clemntiy [ iseon, 2
sumbct ot compuound sythoes. charactenratons
and wdentitnatims. and chemaal reactoms were
tollowcd n spoctrophotomctnx and -rav dffrac-
ion Irchanjucs lofr mctogram quantdees of wolud-
atc Rnswuramum compounds. Such studces wac
prmanh carrad out with hakdes and ovy haldes of
B (1 and bs and were aimed 2t pemctving
kaownidge about the bechavior of compoands of the
hear i chenxents that can e obtainad i mxrogram
amounts. Such studies provade systcmatec and hasw
chenmcal mntormaton about the actmsde wres of the
clements. pive dala for (wture use m the ldentilicanon
ol synthesizad clerents bevond clement 108, and
indicate the cliect of extremely hagh radiation facids
on chemcal stabshity and reactiv ity of these clements.
Our abslits 10 lollow chemical reactions. or choeck
stabslity . of actindc halsdes i the result of the unsyue
nature of our cxpenmental sctup. Samples are
obained 1 walkd. thin-walled SH): capsllarses of
suitabic kngth lor cither x-rav  diffraction or
mucrospectnal study. | he capsilan s scabed off under
high racuum or a reduced prassure of some
appropnate gas. depending upon whcther we desire
1o promoic a subsequent chemical reaction when the
capillary 1s heated.

Further studies of the reaction of H: with Bk. (1.
and Es halides scem 1o conlirm the hypothesis that
the aticmpted H: reduction of these halides in SiO;
containers lcads 1o the (ormation of trivalkent
oxyhalides. In the case of CfBr.. some CiBr. is
formed. but only as a transient species. With other
actinide halides. littke or no evidence is obsened for
the presence of a divalent species. but the respective

tmaknt oxvialde & obwnal ht appcars that an
mdwoct mdvcatoon lor roducton of these actmede
habdcs n tac lormation of oxyvhakdes. Comvenehy.
prchmuman: data mdcate that haldes that arc not
rodecbic wth H. do aat iwld vashahdes on
prolvaged hcatmg wih K

Further windy of the cmnsson ( radsobsmamescence
weoctra of cmsiconmm  haldes s confurmed an
carier inpothon that sech cmmsswons arc smpunty
cwoted and apparcat’s aut 2 tundamontal property
of pure Fslll). The cmesson appearns to be
mdcpeadent of the mpunty dogant amd therciore
reprevents coetygy tramsict of cmsicmasm. nknown
that Ca or Eu woms can canse the radwlumm.sconce:
the mgronth of Bi. oc 1. docs mot cawse the
cmrsson. s more costaonmm bocomes anvashable.
Surthet studses of ths plicnomenca will be made

An micrred woled-sizatc phase transiornmatuon of
BLBr ko been confivmad v both spectrat and v-ras
ddtractawn echangues Tk resalts of ths stuedh were
publnbed Fhe phave trandormanion s readih
iolloncd h obscrving xcrcases | the micmstcs of
Bl 77 ramames when (e cnistal strictere
changes irom the hagh-temperature. monoachn lorm
(AKL: 1y pe) 1o the lower-temperature. arthorhombec
ructurc (Pelir. 1vp=,. e changes m the absorprion
spectra result trom a moditkation of the r21al won's
conrdwation s mmsetry Thot occurs when the crysial
vrecture 5s zliered from 6- 1o Swroordimate. After we
compared the x-ras and spectroscopc resulfts. if was
chiows that the absorplion mcasuremxcnis wcre
more sensitine. provided 2 more rapad analvses. and
were not dependent upon the long-range  onder
requirad Tor v-ray Sitfraction. By folloming the
absorption miensit: changes. it was alwe posuble o
study the kinctics of the phase transformation. It s
hehicr ed that this 1s the first studs where absorption
changes have been uned (0 fohow 2 dimorphic
modilication of a compound or the kinctics of such a
phasc transition.

In carry ing out the above imvextigations. a numbcr
of muisccllancous ancillany  spectral studies were
nccessans . and several usclul spectral results he-ame
onious. In the phascchange studies of BhBr.. itwas
obwned that the CIH) daughter underwent the
same coordination change as did the parent. This
means that CBr. was found as a daughter impurits in
a herctolore unknown R-coordinate form In a study
of the H: reduction of BkBr.. preliminany results
suggest that daughier CfBr. (unlike parent Bk) is

» C }eldman, “Determmation of Arvenc,” dnal Chem Dn
dane Prig Rep Sev 30,1075 ORN SO0, p 6
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more readily reduced ¢ a reasonably pure CiBr: in
the BkBr. macrix. Under the conditions of this study.
the BkBr: did not react with H:. There are several
implications in these r=sults that kave application to
solid-state storage of actimde compounds: further
tests will be carned out. (/. P. Young)

PHYSICOCHEMICAL ANALYSES

X-ray fluorescence (XRF) instrumentation and
quantitative analyses. Probably our most sigr:ificant
achievement this past vear in XRF analysis is the
development of a general method for matrix
correction of quantitative analvsis data from alloys
and certain other types of samples. This method does
not require the use of standards whose compositions
closely resemble those of the unknown. Only ~pure-
clement™ standards for obwaining peak shapes to be
used in deconvoluting spectra of mixtures are
necessary. In the past. if one were going to analyze
Cr-Fe-Ni-Mo alloys, for example, it was necessan to
compare unknown Inconcls with standard Inconels.
unknown stainless stecls with their corresponding
standards. ctc. Often. standards of suttable composi-
tion were not available. These difficulties have been
climinated.

Matrix corrections to x-rav fluorescence data must
be made because the fluorescence intensity from a
given element depends on the amount of absorption
by vther clements in the sample: simultaneously.
sonie elements that absorb the fluorescence radiation
of others have their own fluorescence enhanced.
Sparks” of the Metals and Ceramics Division has
developed a procedure that uses fundamental
constants (cross sections and mass absorption
coefficients) to correct for absorption and enhance-
ment effects. Schematically, one can describe the
procedure in terms of the following two cquations.

fluorescence mass
infensity absorption
{rom specimen coefficierts of
(1) = ————— X f1 specimen:

fluorescence
intensity from
purc standard

cross sections
of clecments
present

)

21 € Sparks, “Quantitatine X-Ray Fluorescence Analsvsin
i wing Fundamentar Parameters.” Advances n N-Rav Analysis.
vol 19.¢d B W Gould cf al.. Plenum. New York, 1978
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;mass absorpton.

[ cocificients of = AIAND.AD.... AN (D)
" specimen
where Gt CL2. .. .. Ct V) denote concentrations ol

the clkements in the sample: the £ quantitics denote
“functions of™ factors. Equations such as the above
cannot be solved in closed form. The method of
SUCTOSSIVG APProXimations. using a minicomputer.,
works very well. however. The first step is to estimate
the concentrations. ({.N). lor cach of the ckments
present b: substituting their respective tluorescence
intensity fratios into Eq. (1). The /quanury for Eq. (1)
is first evaluated by using an estimate for the mass
absorption coeffcrents of the specimen. The vanous
cross scctions needed are availabke from the litera-
ture. The second step s to make a more accurate
estimate of the mass absorpion coctTicents of the
specimen. using Ey. (2) and the C(.N) estimates from
Eq. (1). The improved estimates of the mass
absorption coefficients are substituted back into Eg.
(1) for more refined calculations of the C(.V) values:
these are then resubstituted into Eg. (2). etc. After
about three iterations of this type. the ((.V) values
converge such that they do not change further by
more than i;. A 12-element matrix can be corrected
in less than 5 min on a PDP-11. Ten standards of
stainless steels. Inconels. and Hastelloys have been
analyzed: typical results are shown in Table 1.3.

A few brasses have been analyzed. but agreement
with listed concentration values was poor. We think
the listed values were incorrect, and better qualu,
standards have been ordered. We have also anplied
the method to some W-Re-Os alloys (85 to 95¢
tungsien. varying rhenium and osmium) that had
been cast in the Metals and Ceramics Division. We
had no other analytical data for comparison. but
results agreed well with the weight ratios used in the
casting procedure. Cobalt-molybdenum-aluminum

Table 1.3. XRF analysis of some standard sampies (wt %)

Ni Cu S Mo I Co

Cr Mn Fe
Stainless steel
Certified 2070 693 4208 2X72 11K 039 230
NRE 2058 105 4308 2Xn8 V4 076 222
Inconel
Certificd 1496 076 TX4 7249 D05 093 2.54
\RF 149% 04y 709 7426 007 0.59 2SS
NBS Waspalloy
Certificd 1888 034 22 84 450 109 130
282

\RE IR9% 031 21§ 472

4.06 148
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oxudes have abio heen successfully analyzed: this is
discussed further in Chap. 2.

The quantitatne analysis method that we have
developed can be casily applied to any homogenous
mixture for which all ckements can be determined by
XRF. Heavy-clement alloys such as stainkess steels.
for which heavy clements account for 98¢ of the
composition. arc especially convenent. We are not
vet ready to apply the method to biological and
environmental matrices. however. because XRF
cannot provide data on light clements such as carbon.
hvdrogen. and oxygen. To calculate massabsorption
coctlicients with Eq. (2). we must account for all of
the clemems. For light-clement matnces. othe:
methods of determinirg mass absorption coefficients
must be used. Recently. Cox etal. ~* have reported the
successful use of Compton scatter measurements for
this purposc. and we will explore this technique in the
ComINg vear.

in previous annual reports we described the
advantage of monochromated Ag Ka radiation for
exciting fivorescence. We have now incorporated 2
barrel monochromator into our system, which
greatly increases intensities and reduces the time
required for analyses. Detaction limits are kess than
10 ppm for clements having fluorescence cnergics
{either X or L peaks) between 5 and 10 keV (atomic
Nos. 24-32 and 60-74). Lowest detection limits. less
thian | ppom. are for clements having fluorescence
energics in the 10- to 15-keV range (atomic Nos.
33-39 and 75-95). (L. D. Huleti. H. W. Dunn)

Photoelectron spectroscopy instrumentation. Ad-
vances in three arcas related to instrumentation are
being made. We are upgrading the performance of
our magnetic spectrometer. building a new electro-
static spectrometer. and designing and fabricating a
position-sensitive detector for simultancous multien-
crgetic electron detection.

The operation of the magnetic electron spectrome-
ter has contintously been fraught with difficultics.
most of which have been a result of the vacuum
systein. We have been aware for seme time that
surfaces etched by ion sputtering in this instrument
undergo a process whereby material from the gas
phase is deposited on the cleaned surface. This begins
immediately after etching and results in a continuing
degradatior of peak heights and areas until the
surface comes into equilibrium with the components

12, H.L. Cox. Jr.and P.S. Ong. “Sampic Mass Petermination
Using Compton and lotal Scattered Excitation Radiation for
Encrgy Dispersise X-Ras Fluorescent Analysis of |race Elements
n Soft Tissite Specimens.”™ Journal of Medical Phyvsics, in press.
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of the gas phase. 1t can be shown that at a pressure of
only 10* torr. which our old vacuum system had
difficulty maintaining. there are sufficient gas atoms
striking the surface every second to ferm cne
monolayer. With a sticking coefficient of 1. which is
normally the case. a cleaned surface is very Quickly
covered by the adsorbed gas. In an attempt to study
our capabilities for performing quantitative anaiysis
on alloy surfaces. we found that the peak areas not
only decreased rapidly afte ion sputtering. but that
those for different elements decreased at differemt
rates. This made it virtually impossible to acquire
Jata that could be reproduced with any degree of
cerainty. A pressure of 10 torr is desirable. and we
hope that our new system will be abke to maintain a
pressure of at Jeast 107 torr. For the new system. we
have acquired a new 6-in. oil-diffusion pump with a
matching roughing pump and a liquid-nitrogen
cryotrap. We have fabricated a redesigned source
chamber that will be compatible with 6-in. pump
connections for adequate pumping speeds and have
reduced the total pump-out volume. This new system
should also increase the length of time that a clean
surface can be maintained on the anode of our x-ray
source. In the past. the anode surface became rapidly
contaminated. which resulted in a simultaneous
order of magnitude decrease in x-ray intensity aftera
few days of operation. Anode replacement was a
major operation. The design of the new swsrce
chamber allows the x-ray components to beremoved
more casily. We have also purchased a new x-ray
filzment power supply with low dnift characteristics
that should provide more stable short-term photon
intensity and improve the short-term counting
statistics. Another inherent problem with the
magnetic instrument is that it was originally designed
as a beta spectromete, for high-energy clectrons. At
the lowest current range mode of operation the full-
scale spectrometer coil current is 12.5 A, which will
focus an electron with a kinetic energy of 50 keV.
With an aluminum anode. our maximum measure-
ment is for an energy of about 1.5 keV, which requires
a current of 2 A. We are therefore operating on the
low end of the current range and are unable to fake
advantage of the full resolution of the current step
settings. We are considering the possibility of adding
a lower current power supply that will provide full-
scale current control within our present uscful
operating range.

For some time we have needed an electrostatic
photoelectron spectrometer; E. C. Dunlop of our
advisory commitfee suggested that we build such an
instrument. using ORNL facilities. and we are



constructing a double-tocusing electrostatc instru-
ment with sphencal ficld symmetry . The electrostatic
ficld in this instrument i1s gererated between two
concentric spherical-sector aluminum clectrodes with
a 20-cm mean radius for the clectron path. The sector
angle is [45° in the horizontal section and 60° in the
vertical section. A more detailed description of the
imnstrument and the theoty of its performance have
been discussed by Siegbahn.* We have purchased a
programmable power supply which will be used 10
accelerate or decelerate the clectrons to a predeter-
mined kinetic energy before they enter the analyvzer.
Thus will allow the selection of a constant resolution
which will greatly simplify the data acquisition from
the position-sensitive detector being designed. The
first use of this instrument will be for testing the
position-sensitive detector. The position-sensitive
detector for simultancous multienergetic clectron
detection consists of three components: an clectron
multiplier. a light-pipe array. and a solid-state line
scanner. The clectron multiphier (Chevron channel
electron multiplier) has two tandem plates. cach
composed of wo-dimensional arrays of parallel
channels 25 um in diameter and 31 um center to
center which can resolve events greater than 0.2 mm
apart. A gain of 10 can be obtained. For eacheventa
burst of electrons from the plates strikes a phosphor
screen which creates a light pulse. The light pulse is
channeled through the light-pipe array to the solid-
state line scanner (Reticon). which stores the signal
for subsequent readout. The light pipe is an array of
alternating parallel transparent plates and opaque
spacers. The Reticon consists of a row of silicon
photodiodes. each with an associated storage
capacilor to integrate the photocurrent and a
multiplex switch for periodic readout via an
integrated shift register scanning circuit. The Reticon
has 1024 diodes on 25-um centers, which provides a
resolution exceeding that of the electron multiplier.
We have checked out the Reticon response to several
light-pipe configurations. Atpresent we have selected
a design that incorporates 20-mil transparent plates
and 30-mil opaque spacers for a total of 20 channels
across the face of the Reticon. The larger spacer is
necessary to eliminate cross-talk between channels as
a result of light diffraction at the light-pipe-Reticrn
interface. The first trial of the electron
multiplier-light-pipe-Reticon combination will be

23 K. Sicghahn. . Hordling. and A, Fahiman. Kleciron
Spectroscops for Chemweal Analssis, AFMI-1R-6%-1%9, Wright
Patterson Air Force Base. Ohio
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made in the clectrostatic spectrometer when it s
complcted. (J. M. Dale. 1. D. Hulert)

Characterization of cobalt-molybdate catalysts.
The excctron and x-ray physics methods deseribed in
this section are. for the most part. noadestructive of
the sample. When they are applied in a coordinated
fashion 10 an individual sample or series of samples
generated by a particular study. a highly detaiked
characicrization of the samples can usuallhv be
constructed. We can determine the composition of
the sample in terms of clements and compounds,
using X-ray fluorescence. clectron spectroscops for
chemical analyses (ESC A). electron diffraction. and
x-ray diffraction. We can determine the shape and
size of the specimen and the distiibution of clements
and compounds within it bv using scannming and
transmission clectron microscopy. One of our main
cfforts this past year has been the application of our
methods to a study of a coal hvdrodesulfurization
catalyst. cobalt-molvbdenum supported on alumi-
aum oxide. This study has been done partly in
collaboration with E. L. Fuller. P. A. Agron. and
R. A. Strchlow of the Chemistiny Division. H. L.
Richards of the Y-12 Development Division worked
with us also in measuring phetoelectron spectra. The
cffect of firing temperature on Co-Mo catalyst was
studied. Six samples of catalyst fired in air at 30,
500, 700, 300. 900_ and 1000° C have been character-
ized.

X-ray fluorescence has been found to be a quick
and reliable method for determining bulk concentra-
tions of cohalt and molybdenum in supporied
catalysts. We used the method of fundamental
constants described above for matrix correction.
XRF determinations on a large number of individual
catalyst pellets showed that the cobalt concentration
was approximately that specified by the manufac-
turer of the catalyst. but the molybdenum was
significantly lower. Results from neutron activation
analysis agreed very weli with our measurcnients.
XREF results indicated that the bulk concentration of
cobait and molybdenum did not change significantly
with firing temperature. Many of the pelicts showed
brown spots on their fracture surfaces: XRF showed
that these were isolated inclusions of iron. presuma-
hly Fe.0..

Optical microscopy showed that for thosc samples
fired at 900 and 1000° C, there were gross changesin
phase. Purple and pink crystallites could be scen
dispersed in a white-gray matrix: x-ray diffraction
studies are being conducted to identify these phases.
The samples fired helow 900°C did not show the
purple and pink phases. but one could see variations



in their overall color with the unaided eve. Samples
fired at 700 and 800° C showed the most intense blue
colors.

Scanning clectron microscopy was used to study
morphology and cobalt and molybdenum concentra-
tion profiles at the surfaces of the catalyst pellets.
Pellets fired at ¥00- C and higher showed an increase
in crystallite size. Also. there appears to be a
concentration gradient in cobalt and molybdenum at
the surface of pellets fired above 8300°C.

ESCA studics of the catalyst pellets showed a
sigmficam decrease in cobalt concentration at the
surface for those peliets fired 2t 900 and 1000° C. Ths
correlates with the color bicaching effect seen at these
temperatures and ndicates that the cobalt diffuses
away from the surface at the higher temperatures. At
the lower temperatures the surface cobalt concentra-
tion was in good agreement with the bulk concentra-
tion found by XRF and neutron activa“ion analysis.
At all finng temperatures the surface molybdenum
concentration was about twice that found in the bulk.
This is somewhat suspect. however. since we have
lound higher-than-cxpected surface molybdenum
concentrations in  other matenals. Appreciabke
concentrations of Ti. Ca, Si. Na. and Cl were also
found in the surface. Another interesting result of the
quantitative aspects of this work is that the average
atomic ratio of ALOinthe Al:O; substrate was found
to be 2:3.i. This is further indication that ESCA can
be developed as a quantitative tool. and we plan to
pursue a detailed study in this area. The binding
energices of the prominent peaks for both cobalt and
molybdenum agreed to within 0.1 ¢V in the pellets
fired at the diffeient temperatures. However. as the
temperature increased, there was peak broadening,
which indicated that other chemical states were
appearing. The prominent peak for cobalt agrees
with that reported in the literature for CoO in
octahedral symmetry. This work is not complete and
further study is planned. (L. D. Huleus, J. M. Dale,
J. Tarter)

Studies of particulatesfor EPA. As part of our task
to develop and apply advanced concepts in analytical
spectruscopy o problems in energy research, we
entered an interagency agreement with EPA to
identify compounds on and in particulate pollutants
from mobile and stationary sources and atmospheric
suspensions. The Acrosol Research Group at EPA
was interested in the form of sulfur. nitrogen. and
carbon found on particulates collected with eight-
stage aluminum cascade impactors. The Emissions
Testing and Characterization Section at EPA was
interested in the elements contained on fly ash from
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{1) a coal-fired power plant which burned city refuse,
(2) iron dust from a smelter bag house. and (3)
exhaust emissions from light-duty vehicles fitted with
catalytic converters.

Photoclectron spectroscopy (ESCA) techmaques
were used to determine the chemical form and the
clemental surface concentrations of these samples to
a depth of 10 10 50 atomic layers. X-ray fluoresence
methods were used to complement the ESCA resuits
by dentifying the clements present in the substrates
when this was of mterest.

There were no unusual chemical forms found for
the clements present in the surfaces of the particies
from the impactor plates. the fly ash. or the iron dust.
Carbon was present on all of the samples as either
hydrocarbon or as adsorbed CO-. and oxygen was
present as oxide or adsorbed O:. Other constituents
present included chloride. sulfate. Ca™".adsorbed N:.
Pb". and SiO: Although iron was the main
constituent of the iron dust particles, as verified by
XRF. it was not detected by ESCA. We have noticed
this phenomenon with other types of samples.
indicating that iron oxide has a tendency to cover
itselfl with adsorbed material.

Two automobile exhaust emission specimens on
fluorocarbon filters were taken from an AMC
Homet equipped with a platinum hydrocarbon
oxidation catalyst and a nickei NO, reduction
catalyst. It is known that sulfur in gasoline affects the
nickel catalyst and that high nickel emissions can
occur. XRF showed the presence of Ni. Fe. Cr. and
Pb in the first sample and only Ni in the second
sample. In the first sample. ESCA revealed the
presence of Ni. N.S. and Pt Fluorine and fluorinated
hydrocarbons from the filter were also detected.
Sulfur was present as SO ° . which is understandable
since emissions of H.SO, are known to occur. The
filters had been neutralized with ammonium hydrox-
ide after sampling. which accounts for the presence of
nitrogen as NH.'. Platinum was present as the metal
and nickel as Ni;O:. It is interesting to note that
platinum was not detected by XRF. which is
normally very sensitive for this e¢lement. Our
explanation is that the platinum was present only in
the outer atomic surface layer at a total overall
concentration below the limits of XRF detectability.
The ESCA spectra did not show the presence of
nickel in the second sample; again this demonstrates
the adsorption of matcria! by transition-metal ox-
ides.

Once of the major questions to be answered in this
work was whether carcinogenic rickel subsulfide was
one of the products in the engine exhaust. The ESCA



spectra did not show 2 sulfide. and the nickel binding
energy was higher than would be expected for a nickel
sulfrde. We concluded. therefore. that this species was
cither not onginally present or was destroved by the
filter trcatment. (J. M. Duale. I. D. Huletr. P. S.
Muriv)

Scanning electron microscopy. Our scanning clec-
tron mKToscopy work encompasses a number of
cooperative rescarch projects with investigators in
other divisions as well as examination of special
sampies. The three examples below are representative
of the tyDes of studes in which we are involved.

Scaling in a geothermal system_ In cooperation
with E. G_ Bohlmann of the Chemistry Division. we
arc investigating the scaling of test specimens in a
dynamic geothermal test system. The specimens arc
exposed 1o a solution consisting of 300 ppm SiO: in
0.1 M NaC:H:O:. pH 60. with a temperature
gradient of 110 10 45°

Samples from at keast ten regions of a reaction
system constructed of Pyrex tubing with stainlessand
carbon steel sirips mserted at several locations within
the system have been studied by scanning electron
microscopy. Visual examination of specimens from
the first experiment revealed a brown streak. several
milbmeters in diameter. on the bottom surface of
some sections of tubing. along with some random
spolting on the tube. An attempt was made to
examine these specific areas. In all cases the deposits
examined from the high-temperature( | 10° ) region of
the reaction system were composed of particles of
silica averaging 25 u in diameter. with smaller
particles appearing lo grow out from the large
particies: faceting was observed on many particles.
The particles were primarily silicon with a trace of
iron. It was also observed that the deposit which
formed in the cool (45°) region of the system was
made up of silica particles with an average diameter
of 0.2 u. No gradual change in particle size was
observed. Identical results were obtained on the
metal strips examined. It was also noted that the
deposit composed of 25-u particies was very ad-
herent to the tubing. while the 0.2-u deposit could be
brushed from it.

A second experiment was carried out with a more
accurate lemperature control in an attempt toexplain
the mechanism of the growth of the deposit. The
temperature was increased to 175°; the solution
consisted of 800 ppm SiO: in 0.1 M NaC:H.O: and
I.M NaCl. pH 6.0. We have examined the valve stem
and valve scat which plugged early in the run. The
scaic on the valve stem was differznt from the one
examincd in the first experiment. probably duc to the
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presence «f NaCl The scale tended to flake off the
metal and appeared much rougher: that i, there aere
more hills and valleys obsened than in the previous
one. The scale was made up of Na. Si.and CL Somwe
tanium was picked up trom the underhing surtace.
Twelve sampies of tubing along with some 15 metal
sampiles have been received and are being examined.

Leaf stuudies. In cooperatwon with 1. Shrner ol the
Environmental Sciences Division. we are examining
hickory and chestnut-oak kaves by scanning micros-
copy. It was first necessary to determine the best
method of “fixing™ the keaves to preserve ther wax
structure. We agreed that the best method was to
“ix™ the kaves in OsO: vapor for 5 to 10 nmin.
dehvdrate through . graded serws of alcohobs. and
store the sample in 100, C:H.OH prior to coating
with carbon and or gold-palladium. The structurcol
the wax was then cxamined on a number of kaves
after their exposure 1o wate: at varving pH. Other
leal samples were prepared as above and studied lor
the presence of partiches of fly ash. The kaves were
aken from many trees located at varving distances
and heights from a ncarby stecam plant  some keaves
wers washed in an attempt 10 determ:ne i the fly ash
could be removed by washing or rain: no appreciabic
amount of fiv ash appeared to be removed by
washing. At keast 40 samples have been examined.
and the results are being evaluated by the Environ-
mental Sciences Division.

Pariicles in liquefied coal. Two samples of parti-
cles present in coal samples were received for exam-
ination of shape. sizc. and identification by ciemental
analysis. We are attempting to preparc these sampies
by spreading a thin film of the oily sample onto
distilled watcer. picking up a portion of the resulting
film on aluminum foil. drying. and coating with
carbon prior 1o examiming in the microscope. This
technigue has been successfully used in preparing
similar samples for transmission microscopy. The
particles isolated by this technique range in size from
0.6 10 10 u. Some oi the partick: are copper
compounds. while others contain Si. S, K. and Fe
compounds. This work is continuing; our results
along with work of B. R. Rodgers in the Chemical
Technology Division will b2 presented at the AAAS
meeting in Denver in February 1977 (F. 1. Ball)

X-ray diffraction. For inorganic solid specimens.
x-ray diffraction is probably the most-used technijue
for compound identification. One of the more
interesting applications this year has been in the work
of C. E. Bamberger. D). M. Richardson. and M. A.
Bredig of the ORNI. Chemistry Division. They are
studying ¢cnergy storage systems involving thermo-



chemucal decomposiiion of water mto hydrogen »nd
onvvpen. They propose a ovcle using banium and
chromuum compoumds. * The hinst step of the oyeke
»n to pencrate hvdrogen by raacting  chromum
sesquionide with banum hyvdronade.

Cr O (wind) - 82 OH): thquad)

T LB CrO: sold) ~ JHO(gas) ~ Hoqgasr. (D

The secomd step 1 to generate oxygen from banum
chromate:

BaCrO): t>old) - BatOH): thyqud)

T L B OO solid) - H O (gas) - O (gas) .

2]

The third sicp » to regencrate the chromium
sesjuioxade. barium chremate. and banum hyvdrox-
uic:

IBa-CrO): (solid) = BaaCrO,) solid) = SH-O
L0, sohd) - 2RACH); (sohd)

= SBaOH) (diohad) . (5)
Neray dittraction was used 1o adentity  reaction
products in the above ovele.

We are modihing one ot our older y-ray
ditiraction  systems 1o improve  sensitinity - and
accuracy. Pyrobvtic graphite ¢nstal monochroma-
tors will be mounted on a GF gomomkter to sharpen
the degree of monochromation of the \ radiation
belore ard atter diffraction by the speaimens. This
will improve the resolution of the diffracted peahs
and greatly reduce the background. Much weaker
difiracted peaks will be detectakle. and measured
lattice parameters will be more accurate. We estimate
that in hiological and environmental specimens we
will be able 10 detect as little as 0.1 by weight of
heavy-clement crystalline matenial. The older detec-
tion clectronics will be replaced with a low-noise
solid-state system. A programmer to control the
goniometer and detector has been ordered. (H. W
Dunm)

National Uranium Resources Evaluation Pro-
gram. A national program is under way to suncy and
locate arecas favorable for uranmum prospecting.
UCC-ND is responsible for the suney m the
midwestern states. Part of our participation in the
program is to determine uranium in  sediment

24 C F Bamberger. D M Richardson. and M\ Bradig.
“Ihermechzmical Decomposition of Water Based on Reactions ol
Chromum and Barmim Compounds.” Soanee 199, 718 (1976
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samples by the delayed-neutron counting method.
1he procedure ©» to irradiate samples in the ORR
pacumatsc tube tor 6 sec. allow them to decay for 16
we to remove N (2 = 4.1 sec). and then count the
delayed neutrons produced by fission products for 80
v, Since March we have analy 7ed 1779 samples and
controls. In addion. we have run over WO
caht:vation standards and quahty -control checks of
our vwn. [he NURE progct control samples ase
submitted 1or analy sisas if they were regular samples.
Fhese controbs are carnied through the entire sample
preparation and analysis procedure and therefore
reflect the quality control of the entire program. This
» summarized in Chap. 5.

Ihe uramum concentration i the sediments
ranges trom | 10 20 ppm: howes er. most are about 2
10 3 ppm: the imit of detection for natural uranum
i 0.02 ppm. A ncw neutron moderator and detector
assembly 1 under construction which will improsve
detection ctficency for neutrons and also lower the
ststem background. With those changes. an overall
improvemxnt of a factor o8 10 i expected. J. £
FEmers. A J. Northeutn

Applicd neutron activation anmalysis. \cutron
actinatonanals vis has been appled o a wide vanety
of sampies. ranging from environmental materials to
neutron flux moniors. Some of thexe matersals arce
biologicals. coal. Th ash, ar filters. wscues. plastics.
quartz. resins. monozites. somt. Al N1, Be. Au. Ph.
Csl. and MgO. The biological. coal. fly-ash. and air-
filter samples were submitted lor multiclement
analysis. Inaddition. assays of isotope products " Co.
“Co. "Co. "Ca, 77Cd. *Np. and - Pu werc
periormed. Radionuclide assay s were also performed
tor ‘Na. “Mn. “Fe."Co. ‘As. L L TTa Tl

“Re. and T Au. Over 7500 determinations were
made on | INS samples.(J. £. Emeny K. J. Northaurn)
14-MeV neutron-generator applications. The
tollowing samples were analszed for oxygen by fast
nculron activation analysis: L.i metal (29). “Nimetal
(. Y metal (1). Cametal (D). Li:N(2). Li:Se (4). WS:
(3. and Li-Al alloy (5). Ir addiion. oxygen was
determined in 35S sampler of hithwwm metal in a
cooperative program with Argonne Natwnal Labo-
raton to determine the solubility of 11:0 n lithium
metal as a function of tcmperature.

The neutron generator was converted to produce
25-McV ncutrons via the Didsn) He reaction to
cvaluate the performance of a neutron spectrometer
developed by Kopp. McKay. and Borkowsk: of the
Instrumentaion and Controls Division. These tests
were successful. and the detector has been set up In
the Thermonucicar Division to dztermine the energy
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and ongin of 1ast neutrons created in thermonuckear
reactions. {J. £ Strain)

Decay heat project. This project aims at improving
the accuracy and percision of the measurement of
decay heat from radwactise fission products after
reacter shutdown. Decay times of 0 to 10.000 sec are
being studied. The heat produced during these
penods s 2 pnmany determinant of reactor core
shutdown cooling requirements. Several methodsare
being used: (1) a thermal calonmeter at LASL:(2)a
nuckar calorimeter or total-absorption samutlatwn
detector at IRT Corp.: (3)a scintillation spectrometer
to measure the beta and gamma spectra at ORNE.
With this vanets of expenmental approaches. it 15
hoped that a decavy heat cunve with anovenallerror of
=3 w ¥ may be obdained.

The program at ORNIE istostuds U, "Pu.and
possibily U, The experimental work on U is
complete and is summanzed in a quarterh NURFG
report:” the final report will be issued m the near
futurz. Mcasurements on *"Pu will be started by the
citd of 1976. Compiletion of the 'Pu expenmental
work will depend on the continued operation of the
Oak Ridge Rescarch Reactor throughout calendar
sear 1977, Fhe Neutron Physics Division has priman
responsibility tor the project. (J. F. Emeny. K. J.
Northeurn

Trace alpha emitters m the environment. We are
continuing the program” on low-level alpha
cmitiers in emvironmental matenals that is concerned
with radiochemical behavior and analvtical method-
ology for the clements from polonium to curum
1and bevond if necessary). The program s in
collaboration with. or in suppor of. the Eavironmen-
1al Sciences.  Hcalth Physics. Chemuistry. and
Chemical Technology Divisions, and other members
of our own Dwvision. particularly the Environmental
and Radiochemical Analvses l.aboratony (ERAL).

Methodology. Emphasis has been on simple
simultancous or sequential analyses of twa of more
clements in a given test portion. It was demonstrated
that neptunium and plutonium could be isolated
together by TTA extraction following nitrite oxida-

200 K Dhens. TN Toe. T W McConnell, R M
breestone 1V bowergy and kK W Pecke. Frsswon Prodie 1 Beia
amd (rarmmu Lreres Release Q Proe Rep July  Seprember 1974,
ORNE N REG TMaS

265 N Ronolds and 1T & Soott. “Raduwanaiveis of
I nvironmental Mascrialh  bnal/ (her D tnms Preg Rep
Ve A (TS ORND S TOD, p 9

2* R € Iahiman ct b "Plntomum and Related 1 ransuran-
we T bmveon Sor b Ammu Preee Rep Sepr 301975 ORND -
Si9lp W

tion of plutonium to the tetravaknt state. Plutonium
and thonum have heen determined by seguentual
extracton of plutonium trom | W HNO. and then
thonum trom 0.03 3 H\O-. Suggostions were made
ahout determmmations of ~ "Rn in general. and about
“emanating power” of solds. A comensus was
reached on methods for Wentitication and measure-
ment of essentially all alpha crmitters maur bilters. In
determimng Ra by wparation with a harum
carmer and correcting tor s revonens,. ERAL
personned obtaied high radium resulis, the problem
was found to b duc to losses that occurred 0
preaiptation of  BaNO: trom EDTA solutin.
Application ot the classwal kzmanthmee distributien
calculation with A = LX tated the cxyperimeatal data
with an average deviation of 3,

We have abo studed micthods which provade
oxdation-yate mtormation. ¥ 1A oxtraction trom |
Y HNO or HOis very selectine tor Potdd ). but the
HNO-1 TN savtem wan tound to onddive Pudith
durimg the 10-min ¢xtraction period  Oudation by
HCL-TT A was much slower. and reduction of PuiV b
was abvo slow: hence this satem s preterred $or
PulV) analvsin. Hevore extraction s usctul tor
PutVhand LoV, but ovdation of PutV yappears to
tahe place it a § W HNO 3 VCaNO ) mntore s
used tor salung. We continue to desclop procedures
that arc scketive for spealic speers.

the cqyuipment for counting and spectrometn
described fast vear” has functiened venv well
Assistance was ginen to the Favronmental Sceences
Dinision and FRAD personnel on wtting  up
spectrometers. and o alpha detevtars were evalu-
ated on our svstem. Calculations were made of
growth and decay of peaks a the alpha spectrum ot

I h and it~ daughters

Special analvses. A number of investigations by
vanous groups required special analytical techniggucs
or interpretation; some examples follow: (1) In
collaboration with Environmental Sciences Divisien
personnel. determination was made of the identitics
of alpha ecmitters and the valence state of plutonium
in White Oak Lake water. Fhorium-230 and various
isotopes of L. Pu. and C'm were determined a1 0.1 1o
8 dis min' liter . plutonium was found to be
tetravalent and anionic. Neptunium was sought but
not detected. it appears to be insignificant in all local
cavironmental samples inspected. Plutonium keached
from PuQ): microspberes was shown to be radiolyti-
cally oxudized. This rescarch may make a major
contribution toward understanding how plutonium
escapes from the inert oxide. (2) The U7.S. Geological
Survey submiticd two samples from the Maxcy Flats.
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Kentucky . doposal Lacility tor actinide analvsis. In
one. uranium was the domnant actnaty . whike  "Pu
was largent in the other. (3) Samplkes of aluminum.
nxchel. and steel trom Paducah were analvrzed tor
ncptunium and plutemium  Coprecipitation ot the
actindes with PrtOHy. or Prl wastoliowed by 1'1A
ctaction. Signitcan? actimde contamination was
tound only 10 an aluminum wmpk (Pu 0.3 dis Mun
£ ) that abw contaimned uramum. In many cases our
alpha spectrometer has been uswed to dentiy and
yuantitate alpha activitien on plates prepared by
others.

Qualinn  control. Assurance of the guahty of
analyses of alpha cmutters i maintained by use ot
reference materials. Many anabvses imohe the
addiion of known quantities ot notopse tracens of the
devired nuchdes. with ultimate measurement ot the
hnown and unknown activities by alpha spectrome-
trn. N the tracers are NBS sandard reference
matcrials (SRM ) such as * Puand ~"Am. measure-
ments are traccable to NBS . In other cases. beta- or
mamma-cmiting  notopes are uwd to determine
revonveries of alpha emitters. Reterence matenalsare
used to cabbrate instruments; environmental maten-
als of Anown contents are used to evaluate proce-
dures. Finallv. we participate in “round robins.” so
that our measurements may be comparcd with those
of other participants (and sometimes certitications by
the onginatons). Phe tollowing paragraph cor s
oxamples of cach ot these.

In addition to NBS SRM™. a4 Po preparation
was obtained and cabbrated tor use in © Poanalyses
in the programs on tobacco. airborne activitics.
uranium mill wastes. amd others. Neptunium-239 was
used tor  Np analyses: its gamma activity was
counted in the final TTA exiract. which was then
cvaporated and alpha counted for  Np. A ' Po
source from NBS was ised 1o determine or confirm
alpha c¢fliciencics of proportional and scintillation
counters and spectrometers. he counter efficiences
were 50 to 517 as expected. and cfficiencies of
spectrometcrs varied from 25 to 4077, depending on
detector sive. Analysed samples of uranium ore and
tailings were obtair=d from ERDA-ldaho. our
analyses for uranium and " Ra agreed with thosc of
FRDA. Saggestions were made with regard to an
intercomparison on several epvironmential materials
sct up by the ERDA Health and Safety Laboraton.
Somz of those samples have been recened. as well as
a st for plutomum a water. preparcd by Mound
Laboratons for FPA (S, 4. nevaokis)

Low-level gamma spectrometry. The low-lkvel
@amma-ray  spectrometry  facility”” in  Building
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4S00N has been converted from lunar-sample and
other NASAaponsored analyvses programs to the
determnation of low concentration radionucctides
a wide vareth of environmental sample matnces.
High-rwlution spectroscopy utilizing a2 Getln
detector and computercoupled pulse-height anal-
vzer has heer the system of choxce tor most of the
enuronmental samples. but the Nal(T1) systems ™"
will be uwd extensnely in a planned hwlogical
monitoring program for the in vivo determinaion of
radwnuchdes in small ammals. (J. S. Eldridge)

Radicactivity in trench water and suspended solids
from the waste disposal site at Maxey Flats,
Kentucky. Sempk-~ of water from fine trenches at the
Maxey Hats. Kentucky. radioactine-waste bunal site
and three suspended-particulate samples (rom three
of those trenches were analvzed by high-resolution
gamma-ray spectroscopy as part of a comprehensine
study tor determining the fate of radionuchdes
disposed of by shallow bunal. Gamma-ray-cmitting
radionuchdes in the water samples were ~ Na. "~ Co.

‘Cs.ond O, and the suspended solids contained

S Aman addion to " Coand * Cs. Contamination
levels as highas W.000 pCi hterinwater and 350.000
pLr g of suspended solids were measured in some of
these samples. Such levels of radioactiity in the
trench waser lead to the conclusion that leaching by
inhiltrating groundwater 1s an important factor in the
movement of radionuchdes in this important waste
divposal method. This was a cooperative program
with H. H. Behner. US. Geologkeal Suney. (/. S
Fldridge)

Uranium milling operation residues. Residues
from previous and current uranium mithing opera-
tons (tailings) are present in large quantities at 22
locations in the western United States. An cxtensive
suncy is being conducted o determine present and
potential health hazards attributable to these tailings
piles to assist 10 possible remedial actions. A small
concurrent program is being conducted to study the
possible economic removal of the hazard-limiting
““Ra by a simpke nitric acid leaching process.

2N S enctal T ow-l evel Gamma-Ras Spectrometn.”
tnal Chen: P Unme Prog Rep Sepr 40,1978 ORN -S006,
pie

29 B S Fidentgectal b ow-Fesel Gamma-Ray Spectrometor
tor F v ironmental Radmactin ity Sunovs.” personal communwa-
ten, \ug 31970

W 1N Hdendge of al - "Nondestrucine Eetermimation of
Radionuciudes in § anar Samples L anga b arge | ow-Rachground
Camma-Rav Spectrometer and 4 Nenel Applwanion of | cast-
Suares bitting.”™ Ml Insirum Metheds 112, V19 (1970
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Both the suney and the kaching study reyuired the
development of a reliable method for the determina-
von of "Ra at the 1-pCGi g kvel. We tound that
pulverized and biended soils from the tailings surveys
of the kaching studies could by accurately anah 7ed
with a2 70-g alwuot in a 7.6-cm-diam plastic petridish
placed directly on the end cap of cur mew 23, Getlb)
detector housed in a 7.60-cm-thick kad sheld. This
detector has a sulfcxently high ctfwxency and low
background to permit the time of counting to be as
low as 1000 sec at the 1pCi g concentration. A
sophisticated computer program ™ for  Getli)
detector spectral data resolution (MONSTR) s used
on the IBM 360 lor ofi-ine data processing.
Efficiency calibration of the Getli) system
perdormed on a regular basis. and the resulting data
are wed for quahty assurance purposes. New
Brunswick Laboratory standards contamming 0.05 or
0.5¢; uramwum in a matny of dunite are used as
primary siandards for the ~"Ra determinations.

Results from these extensive measurements have
shown ~“Ra values ranging from approximately onc
toseveral hundred pCi g. Alarge selection of western
states  backgreund sammplkes were colkcted and
analyszed o this program. These “hackground”™
samples average | pCi g "Ra. \ssociated s
kyvels are determined n the surface background
samples. Levels of ' Cs from atmospheric tallout
range from a few tenths to 2 pCi g in those surface
samples. These studics are in cooperation with F. F.
Havwood of the Health Physics Division and F. J.
Hurst of the Chemisty Division. A more detaikd
account of the survey has been desenbed clse-
where.” (J. §. Eldridge)

Decommissioned and excess ERDA property
surveys. The Assessment and Technology Section of
the Heaalth Physics Division has undertaken an
cxiensive suney and sampling program lo provide a
radiological assessment of several sites that were
contaminated to some degree by previous Atomic
Encrgy Commission operations: these sites were
declared excess property when they were no longer
uscful to the AEC program.

We have applied the * " Ra measurement technique
to the supportive analysis of several hundred samples
from the first of these radiological surveysat the U.S.
Marine Corps training center in Middlesex., New

W S Lvonctal . “Activation Analvss” Anel (hemr In
dnme. Prog. Rep Senc. #1975, ORND -S1D, ro

2F b Haywood cf al . "Raduimn Mcavuremenis and
Assesumenis,” Health Phss D Anms Prog Rep Juwe 0. 1974,
ORNM -SI71 pp 282 &7
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Jerser. Thn site was tormerhy a storage depot and
samphing plant tor uranwm ore trom the Belgan
Congo duning the 1990 and carly 198K The sitewas
swunesed I 1967 pror o decontamination and
rekase o the General Senwes Admuimistration an
1968, I'he present sun ey wasconducted todetermine
the magnitude of ressdua! radution kevels on the
property and the extent of any oft-vte contaming-
tron. A significant dikoiens was the spread ot 'Ra
contamination to properts sarrounding the "-acre
site. particularh to a low-lving region to the south ol
the site. Fhwe extent of the contammnaion i being
cvaluated.

A second suney has imvolved two sites including
the aty garbage dispoal arca in Tonawanda. Mew
York: analysis of these sunes samples s under way.
Rosults obtamed so tar are simikar to those tfrom the
Muddkxex samplkes. An cxception is the presence of
the actimum-weres radionucides i most sampies in
addition to the uramum-series daughters. We are
raaining our data analysis scheme o provude a
measure of the  Pa and  Th content of these
samples.

This iy a cooperative program with H. W. Dichson
of the Health Physies Division: a more detaiked

account of the work has been reported. ™ (J. 8.
Eldriige)
POLLUTION ABATEMENT OF
TOXIC MATERIALS
During this period we completed our

NSFRANN)supposted project on the removat and
recovery of cyanide and 7inc from ckectroplating
wastcs by amine solvent extraction. The fecasibility of
the solveat extraction process for treating real-world
cvanide wastes from the clectroplating industry was
evaluated in our laboratory-scale miniplant. Free
cvanide and 7inc cyanide were successfully removed.
concerrated. and recovered in a series of demonsira-
tion runs. In addition to its pollution ahatement
applications. the new process shows considerable
promise for the metal-finishing industry because of
the potential savings through the recovered water.
metals. and cyande. Details of this work were
presented in a recent article. !

This new approach opens the door to a host of
possibilities with great potential for the metal-

W H W Dakwnctal. el 3. p 287

B E I Moorcand W S Groeneer. "Remmal and Recmven
of Cvande and /i from Fleciroptaing Wasies by Sohent
Fxtraction.” Plat Swel. Foynk 63R), 26 (1976)
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tumshing industn . 1o cite the industral demand Sor
such technology | the response to the new process has
heen tremendous. Over 60 companies have con-
tactcd us tor detath of the process. and a number of
technial personnet have visited us. We pantcipated
m o worhshops on the subgect. In apite of the
apparcnt mabilinn of vanous toderal agencexns o
continue support ot the propct. soveral private
compane~ have indiatcd mierest in commercalza-
ton of the process: at kast one company has begun
work to exploit the process.

In connection with the above work . we developed
an improved wn exchange rean method for the
remonal and recoven of 2 ovanade and cyamde
from ckctroplating wastes. A major disadvantage in
previous atiempts (o use anion exchange resins tor
cvanude remoral was the difficulty of regeneration:
the reeent mtroduction by the Rohm and Haas
Company of a2 new series of ann resins promises to
allkviate that probkem. Particularh interesting s
Amberhite NE-275. 2 macroreticular. weakly basic

amon exchange resin possessing lertiary  amme
tunchionality m a cross-linked acrvic matnx.
Attractive features of this resin are fis utilay over a
relatisehy wide pH range. rapid adsorption kinetics.
good physical strength. and resistance 1o fouling.

We demomtrated that Amberlite XE-275 b an
clicxemt 100l tor the removal. conceatration. and
recosens of 2inc cvamde and cvanide from actual
metal-hinsshing waste cfflucnts. Akhough tie resin
column and feed solution pH's must be maintawmned in
the range 6 to 7.5 (unlike the sohent extraction
process). the method has applications for the
anahitxal chemnt and prubably fer the pcllution
abatement needs of the small electroplater. Details of
the method were described in a recentarticle.  (F. L.
Moore)

W FF Moere. “An Improved bon B achange Roun Method
tor Remonal amd Revinen of Zine Crvansde and Cvannke from
ticctioplating Wates™ J Lmveren. Sai Hewlth ALUT). 499
1978
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2. Mass and Emission Spectrometry

J. A. Canter. Section Head
R. L. Walker, Associate

The present programs of the Mass and Enmussion Spectrometts Scotion are basx
and responsive (0 the aceds of ORNL and the Nuclkear Pnvision. ard as a result. the
section is involved in a great varicty of devclopmental work. It has beea mostgratify mg
10 see technobogy developed within the section transferred immediately mio a suppon
function at ORNL and clsewbere. To cite an exampie of methodology transfer. the
single-resin-bead technigue for smulizncous determinations of plutonum and
uranmum in safeguards work for the International Atomic Frergy Agency (JAFA)was
followed by the installation of the ORNL-type two-stage mass spectrometer in the
IAEA Salcguards laboratory at Scibersdorf. Austria. This spin-off of ORNIL.-
daveloped mass spectrometry techniques and hardware designs brings 1AEA 3 gzt
step closer in fulfilling its safcguards analytical reyuirements. The resia-bead tcchninjue
has been extended to other clements and is finding use in evalmating * “Pu levels helow
the conventional counting capabilitics. Another imporiant cxampie of technology
transfer s the application of low-level techanjues developed for spark-source mass
spectrometry (SSMS) to the axalysis of submicrogram samples of highly irradiated
reactor matenials for the full complcmens of (ission products. Full advantage is being
taken of the clemental coverage offered by SSMS and the multclement isotope
dilution approach.

Our increasing compeience i sutrface analyses using the 1n WicToprohe mass
analyzer (IMMA) has been accompanied by a gr: ~ving awareness 1 Mong investigators
of the importance of studics of su:face comtaminants. This has resulted in increased
«ection nvolvement in significant Laboratery programs. Experinients with IMMA,
for example. for the Conteolind Thermonsicar Reactor Program. pa.ed the way for
sh~ prepaiation of metal oxde figus that reduced trittum nermeation 1006-foid. The
problerz of failure in high-temperatur thernu.couples wes likewise clucidated: the
<fects of low tace-metals additions to a'ioy types can now be studicd. since IMMA
posscsaes Cxireme sersitivity and can dutect seall precipitates along grain boundaries.

Duiiag the past year. several isotope dilution precedures were daveloped and
refined for spark-soure and thermal-emussion mass speciroficters to provide more
retiable and cllicient operztons. Developmes tal and analysis work convinucs and has
been expanded to nclude an organic effost for EPA undir the “work-for-others™
program. A collaborative trace-metabs effort with the Paducah Jrascous Diffusion
Plant was initsxted.

A in the past. organic mass spectrometry support was given (0 investigatoss in the
Biology. Chemixal Technology. and Metals and Crramics Divisions. The study of the
mass spertme of nitrosamine: was concluded with 147 published spectra. Techniques
for noth qualitative and quantitative analysis of gasenus hydrocart.ons were developed
for the Chemical Technology Division. A time-of-flight mass spectrometer was used (o
furnizh support (o the Metals and Ceramics Division for the study of reactions
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occurnng dunag fucl-coating cxperiments. Assistance also comtmucs to Industral
Hygwene personnel at all plant arcas m their studies of possible air polistion and
exposure of workers to hazardous chemicals. Inorganic mass spectrometny senvice
analyses were performed for [8 ORNI. disv mons and projects: over 80.000 analvtical
results were reported dunng this period. Major users are the Chemical Technology and

Mctab and Ceramics Divisions.

MASS SPECTROMETRY
RESEARCH AND DEVELOPMENT

lon microprobe mass analyzer. T he high sensitivity
ol the won microprobe mass amalyzer (IMMA) has
gencrated interest n the yuantification of IMMA
data. We invesigated 13 National Burcau of
Standards (NBS) glass and S NBS iron standards by
two technyjues with a view to establishing IMMA's
capabhitics in quantification. The two different kinds
ol standards are. hopefully. representative of non-
conducting and conducting samples. IMMA was
operated at the “standard™ conditions recommended
at an NBS workshop in January 1976. Accelerating
voltage was 15 kV. and data were taken in fast raster
mode from 2 50- by S0-gm  arca. Scttings for the
various slits also conformed to the workshop's
recommendations.

The two approaches we traed were (1) theoretical,
in which concentrations are calculated on the
assumption of local thermal equilibrium: and (2)
empinical, in which sensitivity factors are used to
calculate concentrations. The theoretical calculations
are cffected through the use of a computer program.
CARISMA._ and are based on a model developed by
Andersen.’ The assumptions upon which his model is
based arc open 1o question. however. it is the only
working model available for these calculations.
Concentrations that fall within a factor of 2 of the
theoretical values are considered to be “good™
analyses by this technigue. Results from CARISMA
fell within this range 63 of the time in our work.
Obviously. under these conditions. IMMA is a
semiquantitative technique.

The application of sensitivity factors to IMMA
data presupposcs the availability of a tandard whose
composition is not too different (rom the unknown.
The phrase “not (oo different™ has not vet been
quantitatively defincd. Although it is well known that
sensitvity factors vary radically from matriv to
matrix. no one has vet defmed just what constitu esa
“differemt”™ ratrix. It is clear that conductors and
noncondu. ors form 1wo distinet classes. In our
studics. it appeared that all the iron standards could

be considered to have the same matnx; onc glass
standard. which was predonunantly germanmum
oxide. gave rosults that showed it needed e be
cons.dered a different matrix from the remainder of
the glasses. which were predominantly silicon. boron,
or phosphorous oxides. Sensitnity factor calcula-
tions gave results accurate 1o withina factor of 2. 87%
of the time. and within 200, 457 of the time. It is
obvious irem these results that it is desirable 10 use
sensitivity  factors rather than CARISMA. when
possibie. The results obtained will be published as an
ORNL report (D. H. Smith. W_ H. Christie)

The Controlled Thermonuclear Reactor (CTR)
Program is concerned with how tritum diffuses in
reactor construction materials. In a typical CTR
concept. a heat exchange medium. possibly helium,
will extract heat from the reactor and deliver it to a
steam turbine to generaie clectricai power. The heat
exchange medium w1l be contaminated with tritium.
If this tritium becomes involved in the turbine stcam
cvcke. it is considered lost to the environment. which
is an unacceptable situation.

We have used the ion microprobe to investigate
samples of as-received Incoloy tubing which show
high tritium diffusion rates. anJd samples of the same
matcrial after oxidation in hot steam (similar to
actual exposure in heat exchanger operation). where
the tritium permeation rate is significantly reduced.

The ion microprobe revealed that both samples
contained a region about 30 to 50 u m deep (measured
perpendicular  to the oxudized surface). where
considerable perturbation of the aluminum and
titanium distribution was noted. Furthermore. this
region showed an approximately linear chromium
depletion from the bulk material toward the surface.
The second significant feature of the probe analysis
was the surface scgregation noted for chromium and
mangancse in both samples. Higher levels of these

I € A Andersen and J R Hinthorne, = Uhermodynam
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two cikments, as well as 2 strong oxygen signal. were
observed at the surface of the stcam-oxidized sample.

The conclusions drawn from these data were as
follows: Dunng the manufactunng process the
tubing undergoes oxidation damage. as evidenced by
the aluminum and titanium subsurface segregation.
chromium depiction. and the spotty noncontmuous
oxwde film on the surface. Afier undergoing steam
oxidation. a more contimuous. thicker oxide Tilm s
obscrved on the surface. That this film is thicker and
more continuous accounts for the reduced tritium
permeability.

This work suggested that removal of the 30- to 50-
pm region damaged in the manufacturing process
might be beneficial. Fimally. the microprobe was used
to show that clectropolished surfaces grow thicker
and the more continuous oxide films grow faster than
those of the as-recerved Incoloy. This difference s
probably due to the fact that the polished matermal
has more chromium and manganese available at the
surface with which to form the oxide film. These
improved oxide films have shown a 1000-fold
reduction intritium permeation rates. In a continuing
study. we plan to use the probe to cstablish the
composition of the oxide f[ilm as a function of depth.
This work will be the subject of a forthcoming
publication.

As part of the Mulliple Radmation Burst Test
Program being carried out in the Engincering
Technology Division. it is important to know the
temperature of a reactor fuel cladding to within 2%
during a temperature excursion. It has been observed
during simulated testing that thermocouples used in
the measurements decalibrate as much as 160° at
1300°C m 2 hr or kess. We have used the on
micsoprobe 10 determine the cause of decalibration.
The thermocouples are sealed in tantalum sheaths,
and Al:O: insulation permits service at chevated
temperatures. Sections of the thermocouple wires at
3. 7. and 20 in. from the region of maximum
temperature were removed and examined. The 20-
in.-distant pair was used asa standard. because at this
distance from the hot zone it was assumed that little
ot no alteration of the originul wire composi:on had
1aken place. Mass spectra were laken in rasier mode
1o determine what trace-kevel elements were present
in the wires. Only aluminum was consistently
observed 1o be present at levels ranging from trace lo
relatively high abundance. Based or. this finding. the
probe was used to determine transverse aluminum
concentration profiles across a series of platinum and
Pt 105 Rh wires. Semilog plots of the aluminum
count rate vs trarsvene distance strongly suggested

that the observed aluminum entered the wires via a
diffusion mechansm. The 20-m.-distant s'andacd
showed very littke aluminum diffusion. The 7-n.-
distant wires showed comsiderable penctration, and
the 3-n.distant platinum wire appcarcd to be
saturated. lndependent optical-cmission and spark-
source analyses indicated that this wire had approxi-
mately 27 at ¢ Al present. Inallcasesthe Pr 106; Rh
wire exhubited significantly lower aluminum concen-
trations, suggesting much bower diffusion rates for
aluminum in this matenal.

This work was repeated for another serxes of
Pt 30 Rh Pr-&7 Rh thermocouple pairs that were
off calibration. The carlicr findings were conlirmed.
It appears that. at clevated iemperati re. reducing
conditions are sct up that allow alumnum from the
ALLO: insulation 10 react with the thermocouple
wires. The results of this study are being prepared for
publication.

in collaboration with the Mectals and Ceramics
Division’s High-Temperature Alloys for Space
Isotopic Heat Sources Program. we have looked at 2
serics of doped Ir 0.3 W allovs. Significant
improvement in the high-temperature performance
of these alloys has been obtained by doping with
DOP4 clements (Al Fe. Ni. Rh. and Th). Auger
andlysis has indicated that of these dopacts. only
thonum segregates to grain boundarics at detectabie
levels. This work suggesied that the solubility of
thorium in this alloy was less than 1000 ppm. and
alloy microstructure comparison studics suggest that
it may be less than 30 ppm. We have used the on
probe to confirm that, of the DOP-4 clemunts, only
thorium can be detected at grain boundarics: Ir- 0.2,
W alloy standards containing 25. 10. and 5 ppm.
respectively, of thorium were studied. The extreme
sensitivity of the ion microprobe clearly shows
thorium segregated to grain boundarics and present
as thorium-nich inclusions randomly distributed
throughout the alloy. These features were clearly seen
in the 5-ppm standard. Jtis of interest in this program
10 determine the solubiuty of th ‘rium in this alloy. If
the 5-ppm standard is correct. then we would
estimate that the ion microprobe could be used down
to about 0.5 ppm in this study. We plan to use
isotope-dilution thermal mass spectrometry (o assess
the accuracy of the nominal thorium levels in the
standards. In the alloys studied. the ion probe is
considerably more sensitive for aluminum and iron
than for thofium. 30 there is no question that these
clements do not segregate at the levels invoived.
Sensitivity for nickel and rhodium areat least as good
as for thorium. Further studies along this line should




tablish the solubility of thorium s the Ir 0.3 W
alloy. (W H. Christee. D. H. Smith)

Acunidcs n caviroamental samples. Mass spec-
trometrx procedures empioyiag isotope dilution are
being devcioped and applied to the determination of
low kiwels of alpha emitters i ¢environmental
sampies. The determinations of thorum. uramum.
and plutonsum in soil and plant uptake cxpenments
have been done 1n cooperation with investigaton m
the Emironmental Scences Division. In such
cxpeniments. sotopic and quantitative nformation
can be obulntd usmg the resin-bead method. Spikes
of ““Th. “'U. and ““Pu arc used for quantitative
measurcments.

In another cffort a sample of “punfied” plutonium
from a wastc trench was imvostigated for clemental
content by spark-source mass spectrometry (SSMS)
and for thorium and plutonium by 1sotope-diluticn
lhcmnl-cmlssu)n mass spectrometry (IDTEMS).
using ~“Th and ““‘Pu as isotope spikes. The main
problem was to confirm or determine the alpha
emitler or emitlers giving rise 10 a large 5.50-McV
alpha pulsc peak. Plutonium-238 was expected 1o be
low in this sample; therefore. mass analvsis was
necessary  for confirmation. A portion of the
unspiked samplke was analyzed by direct lilament
loading to sec what. if any. other possible nuclides
might be obscrnved by thermal-cmission mass spec-
trometry (TE \lS) l-rom lhls loadmg we confirmed
the presence of ““Th. “U.” Np.and "™ *'Pu.
No unusual peaks wzre obscncd below m/e = 232,
and no peak was seen at m/ e = 243, thus suggesting
the absence of lhonum daughiters and americium. It
is usual 10 observe “*°Ams in conjunction with *'Am.,
if americium is present. A paak was observed at
m, e = 234 and was confirmed as the ThC” ion.

A sceond aliquot was used for determining
piutonium and thorium content. Spikes of ““Thand
“*Pu were equilibrated with the sample. and then the
ckements were adsorbed on resin beads. The pluto-
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ninm sotopic results from a smgie resm bead
confirmed the observed alpha spectrometry peak at
5.50 McV as “"Pu. Thorium resukts by SSMS and
TEMS checked withia the expected analytical ervor.
IR L. Walker. E. G. Miller. H. C. Smish)

Americiam decontamination in isotopic pheto-
aium analysis using the resin-bead method. Expen-
mental evidence based on the on signals obtamed
{rom plutonium-loaded anion resin beads mdicates
satisfactory  decontammation of americium from
plutonium. This has been accomplished by scanning
the ““'Am during plutonium amalysis from direct
filament loadings of dissolver solutions containing U.
Pu, Np. and Am from irradiated fuch. These “*’Am
data are compared with “’Am ion signals obtained
from plutonium analysis of the same solutions after
anion resin-bead adsorption. The 241 mass position
contains both amerxium and plutonium. Since
americium cmission occurs at lower temperatures
than that for plutonium. a change in the 241 239and
243 239 ratios is obsenved during the analysis. The
ctimated ratio of “**Am “*’Am can be ciculated
from the high and low ratios. The results presented in
Table 2_1 were obained from direct filament loadings
of dissolver solutions. As can be readily observed
from the ““Am “Am ratios in Table 2.1. this
method is not very accurate. For the purpose of
determining the decontamimation of americum by
the anion resin adsorption method. however. this
approach toward estimating the amount of “*'Am
observed in the unseparated solution scems adequate.

Jon signals of “*'Am (Table 2.2) were obtained
when we analyzed for plutonium from anion resin
beads loaded from the same 8 M HNO. dissolver
solution used for straight-solution loading in Table
2.1

Since the **' Am noise-corrected counts are <O and
the “*Am “**Am ratio in the sampks (determined
from dircct filamem loading) is approximately 9
(Tabke 2.1). the decomamination of “*'Am in the

Table 2.1. Americiom and plutoniom in snecpersied

dissolvey solutions
Sum of counts nf
I nading 143 Mm‘""nm
l.l"' le'" :"‘AM
i Ax 10* 172 1 218 % 10 7%
b) d4x 0 49% 10t S8 x 0 *°4
3 87x 10 9% v 1n* 1.98 x 1o’ 108
4 YR 78 x 10° 141 % 10° an
[] 43x 10® 48x 10°

— e s e iy - 4 ks e = e >

37 x 10t (X
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Tobie 2.2. Test of amesicinm decontamination ia pluteninm-Josded resin beads

Sum of counts of

. Nowse counts Net counts
Loading
13epy, 2, 243 0 at mass 2365 of 3%3am
1 74% 10* 85 10° 10 10 0
2 s2x 10* 6.0 x 10° 10 b <0
3 &7 x 10* 10x 10* 12 20 <0
4 Sax 10° 6.7 x 10° 21 4 <0

“*'Pu mass position is >10". These results (Table 2.2)
indicate that americium would not contribute any
significant interference in the **'Pu isotopic analysis.
Occasicmally. very smai! signals at mass 243 arc
initially observed w ken analyzing for plutonium from
anion resin beads. It is not known whether these
counts in mass 243 are from hydrocarbons or
americium; nevertheless. when this occurs, the
plutonium analysis is delaved until the interference
“bums off.” as evidenced by a clean 243 mass
position. Small quantitics of ~*'Am. whether from the
lack of chemical purity or from the decay of “*'Pu.
can be tolerated in the analysis, sinve. in the thermal-
cmission process. americium ionizes before pluto-
nium. hercby affording some separation on the
filament. (R. L. Walker. E. G. Miller. H. C Smith)

Fission zirconium analysis—resin-bead method. A
sensitive isotope dilution technique has been devel-
oped for the analysis of submicrogram amounts of
zirconium. The analysis is based on the increased
thermal ion emission for zirconium adsorbed on a
single anion rzsin bead. Zirconium is isolated froma
solution contaiaing the sample and a highly enriched
isotope spike. The detection limit depends upon the
amount of the isotope spike added and the expected
precision. Fifry nanogram.: of zirconium (sample and
spike) produce sufficient ion signals for reliable
isotopic analysis so that fission zirconium cai be
measured with blank correction to a precision of 37.
In the analysis for fission zirconium in single spent-
reactor-fuel particles. contamination from normal
zirconium and molybdenum can be corrected out by
making isotopic measurements before and after
spiking and by scanning masses 90 and 95 during the
analysis. The intensities of these isotopes are used for
correction based on the normal isotopic distribution.
Zone-refined tantalum ribbon. essentially free of
normal zirconium and molybdenum, was used as the
jonizing filaments. This method could be adapted toa
wide variety of samples. (R. I.. Walker, E. G.
Miller. H. C. Smith)

Isotope dilution method for gallum. A sensitive
method for determining gallium water samples has
been developed. Using 100 mi of solution. the method
can measure as little as 2 X 10 “'g miof gallium. The
isotope spikeis 'Ga.99.7¢; enriched. The emission of
the clement loaded onte rhenium filaments s very
efficient when loaded as the nitrate form. As little as
10 ™" g of the clement on a filament gives satisfactory
emission for precise measurements. This method has
been used o establish gallium toxicological concen-
tration in environmental experiments being con-
ducted by the Environmental Sciences Division.
(R. L. Walker. E. G. Miller. H. C. Smith)

Uranium water solutions for the National Urani-
um Resources Evaluation (NURE) multilsboratory
control program. Uanium solutions from natural
lake water have been prepared. and the uranium
concentration has been certified by carcful isotope
dilution analysis. The evaluation of these solutions
for homogeneity and stability is continuing by
monthly analyses. This work is in support of the
multilaboratory control program conducted by the
Y-12 Statistics Section. To meet the analytical
requirements of the four participating laboratories
and to simulate real-world samples. lake water was
used as the starting material for making uranium
solutions in concentration ranges fitting the real
sample situation at the four NURE laboratory sites.
Previous to this exercise. only synthetic soiutions
stabilized with 17 HNO: had been used in the
internal UCC-ND control program.

Two 210-liter drums of Norris Lake water were
analyzed by thermal-emission isotope-dilution mass
spectrometry. Each drum was analyzed in duplicate,
with each having a concentration of 0.22 ppb V. A
uranyl nitraie spike solution was prepared from
normal U.Ox and converted to the carhonate
complex to more approximate the natural water
system. By appropriate addition of uranium spike,
three concentrations of uranium solutions were
prepared to contain 0.82, 7.72. and 100.2 ppb



respectivelv. Four analyses by IDTEMS of cach
prepared batch were used as the certified value: the
analyzed values for the three concentrations were
0.82. 7.79. an 99.7 ppb respectively.

These solutions are being mailed out to the four
participating laboratories. where they are being
ama'!yzed along with NURE field samples by cach
laboratury’s sclected uranium method. The results
are then submitted to the Y-12 Statistics Secton for
qualiy coatrol assessment.

As a further check on stabiiity and homogeneity.
ORN\L is making monthly checks of each control by
taking aliquots from the botiom and top of the
containers. Isotope-dilution results thus far (three
months) do not indicate any significant change in
concentration. The uranium contents of the three
controls. based on cight measurements. are: 0.81 +
0.0;. 7.80 *+ 0.05, and 100.0 * 0.55 pph respectively.
These measurements compare favorably with the
original certified values. In addition. this section
continues to supply and centify uranium syathetic
solutions for quality assurance for the UCC-ND
NURE program. (R. L. Walker. H. C. Smith. E. G.
Miller)

Age measurement studies on wasie solation site
samples. Sandia Laboratories. Albuquerque. New
Mexico. which is managing the search for an
underground wastc repository n southeasiern New
Mexico. has asked us 10 assist them by performing
chemical characterization and age-dating cxperi-
ments. This need arosc when a brine pocket was
discovered some 2719 ft helow the surface in one of
the test drill holes. At this depth. the brine pocket is
reported” to be 200 ft below the proposed disposal
facility. Our experiments involve the use of our two-
stage thermionic mass spectrometers equipped with
pulse counting for uranium and plutonium ion
detection. The age-dating scheme being tested is the
uranium disequilibrium approach commonly ex-

pressed by the relationship
[am = 1]=(au - De".

where a- and a. are U to “"U alpha ratio at the
present time and at intrusion time or time zero
respectively. k isa decay constant. and  is the number
of half-lives of *U. A number of brine samples have
been measured isotopically. and the uranium and
plutonium concentrations have been established.
Alpha ratios were measured to be [.35. which
projects to an age of up to 10" years. depending on the
an value selected as reference. Mineral near the brine

pocket where the uranium concentration was 10°
times higher than the uranium in brines showed alpha
ratios near unity. which significs that the U and
U are essentially m equilibrium.

The uncertainty of the a. is of great concern in
determining age by the uranium disequilibrium
technique. Values for decp-well waters in the
literature vary from | up to 16. A feasible explanation
for such a large vanation has been given by
Kronfeld.' This explanation involves the surface
alpha recoil of ““Th. a precursor of “ U, as being 2
significant factor in the fractionation of unanium
isotopes. Experiments on minerals and on controlled
UO: microspheres are under way in an attempt to
undersiand the mechanism. Additionally. some
samples from deep wells. in which the uranium
isotopic content was cstablished by counting
techniques. are being sought for verification by our
mass spectrometry technique. (J. 4. Carrer. R. 1.
Walker. E. G. Miller. H. C. Smith)

ORGANIC MASS SPECTROMETRY

High-resolution organic mass spectrometer and
data system (MS-50; DS-50). The DS-50data system
and associated peripheral input-output (1 O) devices
for the organic mass spectrometers (MS-50 and the
ORNL [12-in. single-focusing instrument) have been
instailed and have met initial specifications. The DS-
50 system is not a time-shared svstem and is dedicated
to onc mass spectrometer at any onc time for data
acyuisition and or data processing.

The DS-50 system includes a 24K (16-bit word)
Nova 2 10 computer. Input-output peripherals
include 2 4047 4049 Data General single cartridge-
disk system (1.2-megaword capacity) for the storage
of data and for processing software. Other 1 O
peripherals include a DEC DecWriter 1. 2 Versatec
200-A printer plotter, and an ASR-33 Teletype and
Tektronix 4010 virual display unit (VDU). The 4010
VDU is the only | O peripheral physically located
with the ORNL instrument. An AEl (Kratos)analog
data acquisition interface has been instailed with
cight additional multiplexed inputs for optional data
capabilities (i.c.. temperature and pressure meas-
urements). A recent addition to | O hardware is a
four-track (1.4-megaword capacity) Tennccomp

2 "Radimactive Wasie Stie Scarch Grets info Deep Water.”
Science. p. 361, Octoher 1975,

3 5 Kronfeld. ~Uranium Depostion and Th-234 Alpha-
Recorl: An Explanation for Fxtreme U-23W U-2 ) ractionation
Within the Frinity Aquilcr.” Rarth Planer. Sci Lerr 20, 32°(1974)
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Data Pacer magoetic tape system that wiil be used tor
data storage as well as for disk backup.

The DS-50 soliware package is very comprehen-
sive in that « can handle both low- and high-
resolution data Typscally. data can be collected at
high resolution (~10000) on the MS-50 m a
repetitine scan mode at a scan rate of 10 sec per
decade. This capability has given us the opportunity
to do high-resolution packed-column gas chromato-
graphic mass spectrometne (GCMS)analyses. “Real-
time” (post-scan) processing is another salient feature
of the software. s that onc may examine cmpincal
formula. mass chromatograms. or total ion current in
graphical or numeric formats during the course of a
repetitively scanned gas chromatogram. Of course.
posi-run processing is also available in similar
formats. in addition 10 uscr-seiecied mass spectral
plots 2nd background subtraction capabilitics. Other
software programs available on the system include
text and data editors. interface diagnostics. data
directory | O, off-lme time-10-mass conversion. and
disk and central processing unit diagnostics. System
capabilitics can further be cnhanced by user-
generated FORTRAN software. An optivnal BASIC
compiker is also available for uscr-gencrated
software.

The MS-50 DS-50 combnation system has been
uscd for analysis at high resolution (~10.000) with
the gas chromatograph (GC) inket. the direct-probe
inket. and the gas-probe inlet. This type of data yickds
empirical formulas (within user-selected error limits)
of cvery ion present in cach mass spectrum. The
metasiable scanning circuitry of the double-focusing
MS-50 has proved uscful in identifying fragmenta-
tion pathways of sckected 1ons. This technxgue allows
one 1o cxamine only parent ions or daughter wons of
sclected ions in . mass specirun). The technijue
improves “Visualization™ of the metastables seen in
single-focusing magnetic insirument mass spectra
because background peaks are virtually climinated.
Future organic applications of the MS-50 DS-50
system  will involve low-ionizing-voltage high-
resoluticn analyses of mixtures. high-resolution
GCMS analyses. and metastable analy ses of mixtures
and individual compounds.

In addition to previously mentioned inlet systems,
a yuantitative gas inle. system has been designed.
fabricatled. and installed on the MS-50. The inlet
system can be operated at temperatures up to 2000 C.
The pressure in the gas reservoir is measured by a
capacilance manomeler at pressures up to ! torr. The
2-liter reservoir is eyuipped with a variable keak for
variable flow rates inlo the mass spectrometer. The

system i bewng cvatuated tor semsitn ity and precson
ol operation. When used i conjunction with the 15-
50. the sysiem will proside accurate high-resolution
mass data over the range 12 1o 60D. Present data
indicate that accurate mass measurement at ¢ = |
o 12 will reyuire devclopment time and possibly
hardware or software scan-rate modifcations. The
reproducibility of raw ion micnsitics from the svstem
s about 3 at the 959 confidence kel (B T
Rainey. D. C. Cananla. J. C. Frankiin. J. R. Walton.
1. K. Bertram)

Du Poat 490B GCMS and data systems. A GUMS
and data system was acquired this vear and has been
mstalied w Building 45005 as pant of the orzan
structural identification facility. All standard specifi-
cations have been met of exceeded with the 490B
mass spectrometer. These specifcatons include: a
nominal resolution (m Am) of 600, xykene sensitivity
of 7.1 C ug. maximum clectron multiphier gain of | %
10", and a batch-mict sylene mass flow rate of 1.5 ¥
10° ug sec.

The 490B computer sysiem inciudes a 16K. 16-bit
word. 21 MX H P computer. Software for data
acyuisition. storage. and processing s maintained on
an H P MDA dual-disk system {2.3-megaword
fixed-cantrdge disk). Peripheral | O devices include
a Tekromx 4012 CRT unit and a Tektronix 1631
hard-copy unit. A small mass-spectral librany (W key)
with software capabilitics of spectral additions: san
Wentification aid has been supplied with the
nstrument.

Availablc 490B mass speciromelier sample inlet
systems include a packed-column GCMS inlkt. a
heated hatch inket. and a direct-probe inket. The
heated batch-mlet system has been particularhy useful
for rapid m/e calibration of the instrument with
perfluoiokerosenc. The batch inket hasalso been used
for qualmative analyses of gascous sampies (ic.
perfluoracyclobutane and nitrous oxide). A Perkin-
Eimer (PE) 920 gas chromatograph has been
interfaced (o the 490B mass spectrometer via an all-
glass inlet system. The interface consists of a splitter
followed by a Ryhage jet scparator. At a helium
carrnicr flow rate of about 30 cc min. approximately
10cc min is split 1o the flame ionization detector and
20 cc min 10 the spectrometer. The sysicm. in
general, has performed in a satisfactory manner fora
wide variety of sample types.

Packed-column 490B GCMS work is being carried
out. Initial GCMS analyses have included: Green
River paraffin polynuciear aromatic hydrocarbon
fractions. char-oil-energy development (COED)
Syncrude fractions. trimethylsilyl (TMS) derivatives



of H-O scrubber solutions obtained from hvdrocar-
honization coal convension provesses, TMS derva-
nves of DNA hvdrolysties. and fucl-particie coatng
scrubber solutions. (. C. Canade. E. H. McBay.
¥. T Ruinex. 8 R. Clark)

Organi: mass SPeciiometry support activities. As
n the past. the Organic Mass Spectrometry Greup
has given support cffont to personnel neyuinag
assistance m qualitative and quantitainve ofganc
amahses. The major support has bece given to
investrgators in the Biology. Chenmucal Technology.
and Metals and Ceramics Divisions. The study of the
mass spectra of nitrosamines 0 cooperation with
W. Lijinsky of the Biology Dnision has been
compieied. The specira of 147 nstrosamines have
been published.’ and the thorough study of genesal
fragmentation schemes of nitrosamines is bemg
prepared for publication in the open Inerature.
Asssance to the Chemical Technology Division has
continued in the fickd of coal utilization. with analysis
of a large number of gas sampies from hydrocar-
bhonization and other gasification studies and
chromatographic fractions from various lquid fucks
and cffluent waters. We have also fumished support
10 the Mctals and Ceramics Division m the use of the
ume-of-flight mass spectrometer to study reactions
taking placc in the Partick Coating Facility. This
work is discussed in detail in Chap. 3.

In addition. we are assisting M. S. Judd of the
Metals and Ceramics Division in evaluating possible
personnel hazards in the recovery operation for
perclens used in the cffluent gas scrubber of the
Partick Coating Facility. The use of the single-stage
mass specirometer coupled to a GCMS has enabled
us 10 give probable identification to at least 53
chromatographic peaks present in the perclene
removed rom the scrubber after a variety of coating
operations were Grred out. These compounds arc
predominantly alkylated aromatic hydrocarbons
varying in complexity from benzenc to benzperylenc
derivatives. Our GCMS data have also been used 1o
show that the recovery process removes many of the
haormful polvnuckear hydrocarbons. However. since
this process mvolves distillation. it does not
completely remove the low-molecular-weighs hydro-
carbons, even some of the methylated naphthalkenes.
Therefore. personnel protection will be reyuired for
thosc persons handling this product. We have also
analyzed cviracts of soot deposited in these
processes. As expected. similar products were

n

obuaincd. but in much iower concentrations. Only the
fower volatihity products were presest. simce the soot
was collected from hot regions of the furmace

We are improving our techaigues for the collection
and the GCMS analysis of volatile organic materabs
present m air. We have studied samples collected on
activated charcoal granules from stack gases and m
work arcas and have idemtified large numbers of
diverse compound types n these samples. These
sampics have been analyzed by extraction of the
carbon with organic solvents. concentration of the
solution. and subseyuent injection into the GCMS.
We have modiied the inlet of the PE 3920 gas
chromatograph o allow mtroduct:on of a sample
collection tube containmg adsorbemt and sample
directly iMo the mjection port of the instrument. The
gass liners used with the PE 3920 mjector assembly
arc packed with adsorbent materials and used to
collect volatiles from air. The tube s then mserted
into a push-rod assembly replacing the septum and.
after instrument stabilization. is inserted into the
heated port for analysis. This system is being
<valuated using Tenax GC as the adsorbent material.
and we hope it will give us ncreased capability for
studying environmenial pollution problems.

We have also given support to F. F. Knapp of the
Operations Division. who is nvolved in a develop-
menial program kcading to the preparation of
organotchiunium compounds of biological interest.
specifially aimed at  incorporating radicactive
tellunum into compounds uscful in nuclear medicine.
Mass specirometry has been very useful in proving
the identity and purity of a series of dialkyl tellurides
and ditellurides that will be used for synthesizing
alkylhelluro sieroids. Two of these products have
been prepared and proved by mass spectrometry.
nuclkear magnetic resonance. and infrared to be 2.3-
hisnor-A-telluro-Sa-androstan-17g-0l and 24-nor-
23-tcliuro-58-cholan-3a-ol.

Continued work with Snvder and Rock of the
Comparative Animal Rescarch Laboratory has led 10
the identification of a major lipid component of the
white portion of the rabbit harderian gland. This
component has been shown (o be a mixture of 240-
acyhhydroxy fatty-acid esters in which the fattv-acid
moictics are saturated and vary from C.. 10 C:: in

4 W I Rauncy ctal . Mass Sprcira of SeVarroswe Composaids,
ORSE TM-5500 (1976



chain iength. The O-acyl moictics are saturated and
are pu'do'mml_\' C:s 10 C:o m chain m.‘

Imtradivisional developmental activitics have abso
incladed assnstance 1o the Bio-Organic Amabysis
Scction. The PE 3920 gas chromatograph has been
intcrfaced to the single-stage mass spectrometer.
using a glass-jet scparator with packed columns. The
mnict jet has been adjusted to permn flow of 18
ml min of helium carrier at 200°C. with the
remainder of the carrier being sphit (0 the Mame
detector. All connectng lincs are ghass-lined stainless
steel (except for that portion in the spectrometer
source can) and are heatod to prevent sample
condensation. The vield of sample 1o the mass
spectrometer appears to be about the same 2s that
with the porous stamiess stcel separator used with the
Varan 1200 chromatograph. However. the ennch-
ment scems to be about 30 times greater in the jet
system. resulting m source-can pressures in the 10 -
torr range (as contrasied 10 10 ~ torr with the porous-
tube scparator). This increased ennchment
cspecially important in prolongng filament and
heater life. m reducng background. and in
maintaining lower pressure in the magnetic analyzer
section during prolonged GCMS operation.

This system has been of value in anahvses for our
Tobacco Smoke Chemistry Program and in analvses
for coal- and shale-oil-related problems. The GCMS
has been of assistance in corroborating wdentifica-
tions proposed from chromatographic retentiondata
and cochromatographic data in many sampics. The
proof of identity of the limonenc. damascanone. and
ncophytadiene peaks in the terpene fraction of
tobacco smoke condensate was accomplished with
the GCMS. Another interesting probkem resulted
from discrepancies between the total alkalowd
colorimetric and the gasiquid chromatographic
nicotine methods for analysis of ceriain tobacco
variants. Mass spectrometric analysis showed the
presence of tricthylene glycol. which was not properly
resolved from the nicotine peak when using aged
Castorwax columns. We have also assisted in the
identification of the components in the acid fraction
from shalc oil {a series of long-chair. aliphatic acids)
and in the polynuciear aromatic hydrocarhon(PAH)
fraction from shale oil and shale oil process water. As
expecied. the latter sampks were composed of
aromatic hydrocarbons and their alkyl derivatives.

5 C O Rack. V. Fitrgerald. W. 1. Raney. and F. Sayder.
“Mass Spectral Menhiixabon of 2-40%acv) Hvdrovs Fatty Acd
Esters n the White Poriion of the Rabbit Hardersan Gland.”
Chermuisirs and Phyvies of Lipads, 10 pres,
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As mamy a5 40 compomcats were gnen probablke
dentitics with complexitess up  to  subsistuted
pyrencs.

The mcrcased mterest i possibke  hazardous
expusure of persoanct ked to the analy s of varoa
process products such as fiv ash. furmace resaducs.
and pitch fractwns. PAH fractions of these matcrab
were pencrated within the Bo-Orgasx Amahso
Section and amahvrad by GCMS. The data pencralh
confumed the tentative dentifications made trom
retention data. but often furnshed wdentifications m
possible otherwise. For mstance. prtch and furnace
resadue fractions were shown to contam beterocyclix
sulfor compounds (vanows thophene, benzo-
thiophene. and naphthothiophene dernvatives) that
undoubtediy ongmated from the pisch{ | to 2¢; sultur
content).

We have contmued owr comtract with the
Cyphemetres Corporation for use of the mass
spectral scarch svstem resident in their computer
system. Their scarch system has been of value in somxe
cases of questionable identification made from
interpretation of data for which we had no
companson with known rpectra in our laboratony.

The organic mass saectrometry hboratory has
amalyzed approximmatel, 400 sampics during this
vear. many of them by ng very compkx. multi-
component GCMS anah wes. The single-stage in-
strument has been used wth most of the samples.
but mcreased usc ©f the MS-50 system 15 expecied
with the more difficult ara.yses. (W T. Rainey, C. A.
Pritchard, D. C. Canaday

ISOTOPIC AND
ELEMENTAL SPECTROMETRY

Evaluation of evaporated silver halide photo-
plates. The photographic detector in spark-source
mass spectrometry is responsible for the high
sensitivity of the method and also allows simultane-
ous detection of all isotopes fromm ¢=710245. The
photoplate is also the source of analytical variations
(plate sensitivity may vary by a factor of 10 withina
hatch of plates). The plates are casily damaged by
temperature and pressure extremes. so that procure-
ment and storage arc continuous problems.

We are evaluating gelatin-free. evaporated silver
halide plates” as ion detectors for spark-source mass
spectrometry. Gelatin-free plates are commercially

6. ). Madcers. “Evaporated Siher Bromide as an fon amd
Particke Sciector.” Nerure 133, 611 (1969),
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aadablke and have been used pimanh (m mass
wectrometnn ) as  detectors  lor  igh-resolstion
duoublc-{ocuang ongaie mass spectromctny sork at
hagh mavs. We purchasod a group of these plases for
cralmation alcr the vender agreed to mect our mass
rooletn and wminiy requiemacats. The gram
sy are soall so that lmc wmages are very sharp and
the plate background kvel » cxtremch low.

Prchminan Mudies have praduced encouraging
data. It ckar glass i» defmmed 25 100, transmittance. a
devcloped gehatin-iree plaie has an average trams-
mison of 97, Comentional pelatin plates arc
acceptable it the background = >K¥ .. The pelaim-
free emubacn has been cabbrated using our standard
Churcka two-line emulbsion calibration program.
1he cmubvon charactersts are sumilar to gelatm
plates: therclore. exiting computer programs do not
neyuire sipnificamt modification. However. the slope
of the cunc in the gelatin-free plate s greater. and the
lwwar portion of the cunve dovs not cover as great a
dvaamx range as the pelatm phates. The response to
was s sufficxenthy high 1o warrantevaluation of these
plates as aliernate detectons tor applications where
lon background and high-resolutwn mass spectral
data arc required. The bow background makes the
platc deurable as a detector for sotope-dilution
spark-source mass spectrometry. especially where a
sery long cxposure © necessan. Other nosubike
apphcations in which the gelatin-free plates would be
an advantage arc in the scarch for super-heavy
clements, and where spectral interferences can he
climinated by high resolution. (J. C. Frankiin. D). 1.
Donohue. 1. 1.andau)
plate reader. We have designed and placed in
operation a second. semiautomatic, Microdensitome-
ter sysicm 1o read and analyse the photographic glass
plates generated by spark -source mass spectrometers.
The new sysiem uses an 8K PDP-11 10 computer
ti6-bi1). an LPS-11 labonatory peripheral system
{contains a real-ime clock. an analog-10 digital
converter. and mierfacing amplifiers). a Tennecomp
Data Pacer {dual. magnetic-tape unit for bulk storage
of programs and data). and an ASR-33 teletypewriter
(for input output).

The PDP-11 system makes use of a dual-beam
principle to cancel the cffects of any variation in light
intensity. Measurements are made on sample and
reference beams. with correction accomplished in

7. ). R Churchill. ~ Y echnigues of Quanistative Spectrographn
Analyms.” Ind Fmg. Chem. Anal. Eed. 16, 653 (1944),

soltware. Our lira photoplatc readet sysicm wsed an
KK PDP-3 £ ¢12-bitj computer and simgic-beam
macasurcaent.

Exccwtne computer programs used by the PDP-11
svriem are KUS (kevboard wtalsty svsicam) and TIL
( lenmecomp micrpretine language). both furmshed
by [emmecomp Systems. Inc.. for operation with the
Data Pacer. 1M 5 veny samslar to FOCAL mecrpre-
ive computer haguage. TIL software has beem
modifced to mcorporaic overlay functions to operate
with the Jarrell-Ash model 21-300 mcrodensitome-
ter.

Computer programs wirtien m FOCAL for the
PDP-3 E must be tramskased to opevate m TiL onthe
PDP-11 because of diffcremces in compuicr design
computcr wdeas and concepts are employed m the
PDP-1] and PDP-8 E systems. Two basic types of
progams arc used: (1) ssotope-dilution amalvsis and
12) imtcrnal standard addition.

Spark-source mass spectromeiens ar used 0
certity production quantities of nuclear reactor fucks.
1o assay transuranc materals, to characterize allovs.
and 1o determine metallic clements in fuels and
ctiluents from conventional power plants. (R. W'
Stelzner. M. T. Kellev. J. C. Franklm)

{nductively cowpicd plasma system. Earleer this
vear we acyuired 3 Plasma-Therm modet HFS 3000-
1) inductively coupled plasma (FCP) source. Thistype
ol source has been used in optical-cmission spec-
trometry for 2 number of vears. but until recently.
there have been no commercial units on the market.
The technuue and its capabilitics have been
adeguately reviewed by Fasseland Knisely ™ at Ames
Laboratory. Our mterest i the techasgue mvohes
the determination of parts-per-billion trace clements
n aqucous and organic matrces.

To date. we have interfaced the source with our
Paschen-mount direct reader and a 3.5-m Ebent
photographic spectrograph. Both of these showed
less than adequate sensitivity due to the long path
kengths involved. The ICP isapproximately 100 times
leys intense as an emission source than our conven-
tional arc and spark sources. For this reason. short-
path-kength spectrometers are used cxclusively by
those workers reporting sub-parnts-per-billion detec-
tion limits. We plan 1o acquire a 0.5-m Ebent

NV A Fassel and R N Knuseh, “Inductinels Coupled
Plasma  Opiwal Fmisson  Spectroscops.” Amel. Chem. 46,
HIDA11974).

9V A Faswl and RN Knnely. “Inducinely  Coupled
Plasmas.” 4nal Chem 48, H1S5A (1974).



spectromict (o be wied wath the P for detcrmmmg
sclected clements.

Ow work wuth the WP has ilwdod basa
smsany studes b 2 numixr of ckments n
aucoss wistwns. There has abo been wnork on
raceckement amahss of osbh and otixt ongaax
mawcrab. Fwmath. modiuations and redesggn of
Plsaz-Therm's apparanes have boen carreed ot o
mprove sensun ity and case of operation. Work will
contmuc m the arcas of xmsdniy amd spectral
mterieremce (matnx ) etiects. (D). L. Domdner. J_ 4.
Carter)

Amlysis of fusion product samples. We arc
attempting 1o determme. by further developng
spark-source mmass spectrometry  capabilitics. the
concemtrations of fissioa product sotopes m samples
of rcactor fuck that have umderpome sarows
weparation procedurcs. We diluic samples until the
radiation level s Iess than 200 mR per sampie so that
they can be handled in owr spark-source mas
spectrometer futed with an alpha-contamment glove
box. 1he dilution sometimes Icaves as bt as 0.5 up
of sample for amalhysis and mtroduces large amounts
of normal contammants from the diluents. To aid
the analyses. we are adding 2 mined “Ba. ~‘Te.and
St spike 10 the undiluted sampies and 2 normal
crbium spike 1o the dilmed samgics. These isotope
spikes are usad 10 detcrmme relative semsitin iy
factors lor represeniative clements in the samples.

A syathetic waste sample was prepaned contammg
25 normal clements m the mass range of 75 10 160.
with a concentration range from 003 xg ml 1o 1000
sz ml. This sampie was diluted by a factor of S0 and
analyred using the same procedures as with the
radwactive samples. For the exposures used. scven
chements with concentrations kess than 10 ug mI n
the onginal solution gave liney oo weak 0 he
measured. The lmes for the other I8 clements werc
used to determne selatinve sensitv ity factors vanmg
from 0.3 for casihy wnwed clements such as strontom
and coesium 10 1.5 for wellunum. These sensinity
factors and a computer-gencrated table of sotopi
abundances for fuct rradwated two yvears and cooled
Iwo yaars pros ide anahvtical data with an etimated
precision and accuracy of about ¥; of the vakse,
When fission product nucke concentrations are <10
sz ml. the relability of the data declines.

Somx fission product clements can be detcrmined
from the characteristic decay of onc of their isotopes.
but most clements cannotl. spark-source mass
speclrometry s a gnod way (o determine the
concentrations of these ckements in the varnous
fractions from irradiated fuels. In the Laboratory's

taxl reprovosmg prograsn. traomg cien the mmor
comstucats through cach scparatos b 2 sooeaaly .
J.C Franhis | . Landsn. ). A Carrer. . 1 (it}

Elemental amalyss. | mnswn spectrochemncal and
sparksnurce maxw spactrographen amahses  werce
provaded o 16 ORNL dinsses and rclaicd pro-
grams. A total of 6] 336202k 3 (2529 samplcs ) mere
epoited dunmg the past vaar: Mctab and Ceramnes
and Chemmcal Fochmology Din seons nere the lanpest
wers of the chmental spectromxtn xnwe. n
adduwa. we have pronaadad anah txal sen e 1o the
Y-12 Plamt. K-25. and the Ens wonnxntal Protccton

Ageney.
Fhe spark source mwmﬁrmbmd
ndwndnt ampks (' B “Pa. " Pu.

Cm. “Am. "(L° \u.aul ltsllu\ccml-d
tas wear. The wcton s heavih mohed n the
Jdevelopment ol an anahitxal syvicm lor the analyses
ol dusolver solutons and ressdwe kach solatons
from cooled [ WR tect rods. The raduaton assocated
with those samzacs has requred analy sis w bere mapr
clemental co-woen’ rations are at submecrogram ivebs.

T he Pascicn cmssion spectromctics has pron sded
certification analvses for alummum. axchel allons.
and stamicss stechs. T mcthad has ban ased 1o
detcrmne additines m 1 S-1 and rclaied bom sncllimg
alloyvs. We have casarcd a precsion of aboat ¥
relatne standand dor Rtion by contmuing anah s of
NBS standard reference makcrmals.  Photockytne
mcasurcmenls are bemg used as supphemenian data
n the determination of nckel m ammal toowes.

The photographic cmnsion spectromciers have
contnibuted 10 the ambyss of platmem mctab and
radwacine matcrals. We have cxiended our cmin-
sion spectrographic  procaderes 0 support and
confirm e spark-source mass  spectrographx
impurity amaly sis of platmum growp metabs (Ir 0.3,
W. Ir. Pt Rh W) Semsatnvity of the ac method was
not sufficeent for the impunty analvses required:
therclore. several de excitation methods and buficr
ssslems were imvesigaled. From these studies. a
modificd il butler de arc method was developed
with anahyixal capahility for I8 clemcents at concen-
trations of 20 1o 100 ppm.

The hot-ccll-cmnsion specirograph has heen used
for support analy ses for the | ransuranium Research
Facility laboratory. especially curium isotope prod-
uct samples. Hltsvuemhmalmhemmdlo
confirm aluminum determinations i ~ ‘U solutions
and wids. Additionally. qualitative spectrographic
analysis on irradiated residucs that remain alter fuel-
rod dissolutions 1 heing done. Quantitative data arc
provided on = number of dissolved fission products;



the acinaty of cortam samphes cvoeeds 100D R o
mpronc the opcraing condstuae tor the bot-ocll-
cmesa  spctagraph. we have mnstalicd 2 aew
gratng amnd arc vand. e Botocll micraes has been
ckanci. lapad. aml rcpamtad.

Thn paxt yaar. o samphes ol an wicraatwomal
naturc wcre submaticd lor spark source amabsn. The
st was 2 zwconmum mctal sampic Irom the Bhabha
Aok Emcrgy Cenier. Bombay. Inda. Thes sampic
b apparcath pomg 1o be used > 2 standand reberence
maicral » Inda aml was et 0 ORNL bor reicrec
amahosn. Tk ciements Fe. Cr. No. Mo, Mn. and B
weic rjquokd i atopedietos  spark-source
| spoctronxtn atl conccairation aapag from
abost Y ppm lor boron v abust 200 ppm ki won.
e roults showzd a2 hagher amount ¢§ woa (1700
pPm) tham was cxpecicd. and tes valee was venled
I otiet wchangecs.

Fowd samplcs were subomticd v tie Canadaan
Agraculture epartaxcat m a round-robm stedy of
arcex and chkenium. One probiem cocountcred n
the SSMS amahses of these sampics was the seocssay
ol asinng them to remane organee maticr. Thes was
done v wet<chemacl oxsdaton. hagh-icmperature.
and low-tcmperature (rf) ashung lechangucs. with the
iicy provading the most relabic ressits. Another
problem rcsuled lrom the high cakmum and
potassam kel provent. whsch caused mass speciral
micticrences on the mapy wicnem sotopes. We
therctore onh  reported arsemc valics. using an
carchied mmor sckemium Botope as an iiemal
sandard. Agan. onc sampic showed 2 hagh arsensc
conceniation (20 ppm) compared with the expected
(1 2 ppm). 2nd agam other chanjues provwded
subsiaial agreemcnt. (W R Muwswk. S 4.
Machvivre. J. C. Frankim. 1. Landas. R. C. Bryvew.
E.H Waters. 6. I. Gaddt, I.. K. Beriram)

Mass spectrometry amalysis. This hboraton
pPerforms mass SPCIrOMCIne MCSUICMCRts on 2
wide varety of soluds and gascs. Dunng the past vear.
over 19900 results were reported. an mcrcase of
about 177; over the previous year and 50 over tmo
years agn. About Iwo-thirds of the analyses per-
formed this year were (or the Chemicai Technology
Dwision. The other third was split between | ! other
ORNL dnisions and five “work-for-others™ pro-
grams. J. H. Shatfer of the Chemical Technology
Division  reguested that we make uranum and
thorium amalyses for the H TGR Thormm Utilization
Program. Because of the wide spread in uranium-
thorium concent rations, we make Ino separate spikes
and separate the thorium from the uranium by won
exchange belore isotopic analysis. For the uranium

amahvsn. a dilutwe » made and spiked with enrched

T M9,  U) beforc measunag the 238 235
atw. [he thormm amahss & sade by spikmg the
onpisal soletion with cnnched ~Th (9955 - “Th)
Abvuat 50 sampics hase been amahzed. and the
utamem coacentration kas ranged from abow 30 w
omer N0 mp mi: the thonem conoentrations have
arwd trom 006 w 3000 xg ml. The results on
duplscaic mines mdicate 2 procnion of 1 1o X¢ wien
the thonum kevel s abone 10 gz mi

E. E. McCombs of the (hemcal “echnology
Dnsioa reyuosicd siher anahsis for sailve r volatshiny
stwdics. Normal silver 1s heated m 2 furmace. where
the volatitized sihver 5 removied by arsemac or other
sweep gas. [he product is spiked with “Ag and the
sotopic ratio is usad 1o calculate the amount of sihver
volatdired. Innml analyses mdcared that abowt 250
ug of sample was required for 3 rehable analyvss.
Howcrer. loadmg the sampic on sibca pel. simdar o
the iechanyue wsed for lead samples.  and ciosing the
shts to give resoluton from contaminatmg hydrocar-
hon paaks. caablcd anaivscs to be made with less than
1 pg of samplc.

Akhough the program s now compicic. a large
number of sotopc analvses were run thes vear on the
U Sor the L WEBR program. We have contimued to
make otopic amah ses on all actmides 1rom thonum
through aliormum. Addwionally. thes capabsiny
has heen used to support research m other laborato-
nes such as LASL. Ames. and the JAEA.

In the past yaar the analvsis of gas sampics has
wcreased. primarih (rom expandod research activity
n the Caal Techaology Program. We have oblaned
standard saturaicd and unsaturated straght-cham
compounds through C. and have obtained sersdn vy
factors and spectra for thexe compounds. These
specira and factors arc used in a compuler program
{RESID) w aalculatc concentrations of 19 different
componemts im the coal gas sempies (H:. CH.. H-0.
N+ CO.0-.HS AR CO-.C:-H.. C:H..C:H..C:H..

CH.. CHin. C.H;:. C.H:-. C.H... benrenc. and
tolucne).

We have receved sampies from ). F. Land of the
Chemistiry Division for solubiliny studies of mixed
hydrogen isotopes n lsthium for the Fusion Energy
Division. We report the percentage of H:. HD. and
D: i these sampies.

We have continued to supply the Y-12 Plant with
specification amalysex lor argonand helwm cyvlinders.

10 A F Cameron, D Smuth.and R | Walker. “Maw
Spectrometrs of Sanogram-Sezc Samples of [ cad.™ 40wl Chem
41, 825 (19w
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.
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We also makec ambvses for trtmem. knxpion. and
xenon (rom vanows Laboratons programs.

The number of amalvses of stable Botopes lor the
Chenmcal Technology Davrson’s Calstron Scpara-
uons Program bas decrcasod durmg the past vaar.
botopec amaivses were made on X daificrent chements.
Most of the sampics amahad were one of U
followmg clements: (1. Ge. Hg. No. Se. Sa_ Ic_ 1L
ad Yb (R E EMc I Guoen D. 1 Whein_ M M.
Homsler. R 1. Sheveman_ 1. K. Berrrom. J. R Naves)

WORK FOR OTHERS

Jou project with PGDP. We arc cngzged m 2
collaboratine cffort wath the Paduecak Gascows
Diffesion Pamt (PGDP) Laboratons Dintsion. the
purposc of which s to mmprove tie amahtcal
sechusyucs for detkcrmmng trace wnpuritcs m both
gascous and vdrolyzed UF..

The mutial obpctnes are (@) to cvaleate the
mductively couplod plassa (ICP) sosrce for sewss-
iy vis-a-Ais the methodologs i wse 2t PGP and
(b) to study concurremtly the application of gas-
chromatograpiuc tochanjurs stilizmg the arc emn-
sion devector (AED) reponied m Sect. 8. The AED
has very high scastn ity for several clements and may
oflcr the possinhity of soymental or cven vimmitanc-
ows detection of ccrtam trace mctab m U Our
responsibvlitics m this joint vemture are the maml
calsation of the ICP for chkments i sampics
Tumished by PGP and the assembly of a Misoride-
reustant GC-AED system. plus assistance 1o PGDP
personncl In opteninag spectral and chromato-
graphic conditions.

In the Paducah Plant sampics. five clements are of
particular interest: Ta. Ti. Nb. Ru. amd Sk If
possible. these clements must he measured at 100 pph
or lower in the presemce of higher concentrations of
uranium. Detection limits for these ckments pub-
lished by Fassel and others’ mdicate that the
ICP optcal-emission source should he capable of
performing this sk lor Ta. Ti. and Nb. Little work
has been published for ruthenium. Our scheme for
cvaluating this technigue has heen 1o micrface the
source with various spectrometcrs in our hboratory.
Sensitivity studies for the five clements are run using
standard solutions at concentrations ranging from
100 down 10 0.1 ppm. The lowest concentration that
produces a significant signal over background i
taken as the detection limit. In addition. mixtures of
these clements with highcr amounts of uranium have
also been studied. The conclusions reached thus far

arc that lhag-path-iength spoctromexcs mohe
wsacocptable lngit koo 20d degradatnes of «cman -
. Warh the shorseo-parh-kneth spectrometer (0 $-
m Fhertl descctnm bmat: of 100 ppb have baon
ahered b omum amd mcheum.  \ntmmen .
rethcmsum. and Gatalum arc Jetcctable at 0 8 1o |
ppm. but aev hwmer uuh the proemt wwiem
Compaicnincd data colkotsse mvohunme  wemal
wmicgratnn  icchnnjecs wookl dkyvraaw detatnn
howts W 2 Lxtr of 2 (0 S thes commg wte
agrecost nuth pubinhad rowlts. Fwalth. the
preemce of up (o 10 ppm of wranmm doey Mo
sagmslcanth change the rospose for thie Incclemaents
ol imteresl.

The (U AHD syvaiem utihaes 2 Mure-1ch MF
2000 (A" nhnre mict 2nd detoctorn waicms have boen
replaced v 3 samplc kop of axchcl nhbmg nth
Moncl vahes and the AHD. The anc chamber
yuartz and the clectrodes are mackel. The chromato-
graphic colwmn s . Teflon telwag pached wuh
Knvtox-143 AD-coatod Chromaosorb 1. High-voltage
ponct supplecs tor the arc and photomeiiplcT tub
were buill mio the GO cabwact: 2 (A McPherva
Instrumcnt mosachromaton s moustcd oa a vhell
attached at the top of the cabnct. A multipkc-rangr.
current-lo-s ollage transducer provades readowt via 2
Homavunell I-mV.  -sox reawder. Separatc inens are
pronsded for the amplic op and mandeld. A\t
prewent. onh onc amplic containo masy e attachad
to the randold: more may e addad aticr the miml
s are compicted. [ hes sysiem was constructod and
teded at ORNI and them mad 10 Padecah
Nonember 1976 lor atihzateon and study Iy
Paducah personncl (8. 1. Makdor. 1.1 Ivwnviner,
J. 4. Carter)

Pistmem metsls in 2w particulstes by sotope-
dilstion SSMS. We ambad for FPA compositc
dust ampics for P1. Pd. and Ru . The onpn of the
matcrial was airthome dust partcsiates coliccied by
filtcr hanks that were lncated about 1.4 km from a
busy coght-lanc inceway interchange in Los Angeles.
The major constituents of the ashed composite (507,
wi doss) were Si, Al Ph. Ca. Fe. Na. Zn. K. Mg. and
Ti. Minor constitwents (ppb range) including P1. Pd.
and Ru were not detectable v conventional
excitation with radiofrequency spark followed by
spectrometric measurement of the mass-resolved ion
beams. gold was detected at the I-ppm level.
Therelore. tn oMain adequate sensitive and quants-
tative Pu. Pd. and Ru results. we dissolved a large
sample to equilibrate enriched stable isotopes of
™. ""'Pd. and " Ru. with cach of these isotopically
unalicred clements present in the samples prior o



platmum mctal cnnchaent as 2 mctal preapstate.
Gold was 2ddicd 25 2 carricr. The pold and platmem-
group ckmcnts ucre conoamtrased mio a crude pold
precpstatc sebsoquenth wsed m the satope-dulstnn
sparksource mas spoctrometny {TDSSMS) meas-
wremcnis. i rcooven of the pold by wegt was
wcat theurctnal tor blank aced samples. but was
alsavs ko than 5O lor e sampie salutons. The
tact dud mst 3ltcr the vahdaty of the roules. bowever.
e oqwhbrum wan cstablshbad praw 0 the
preapstatun process. § e range of resalts by notope-
dilstion SSMS m pcugrann per cubee mescr of a2
arc o lollows: Py Sto 3: Pd. <0 3 10 |; 20d Ru mot
detncted. bt <011 4. Corser. W. R Masakh.J. (.
Fradkim. . 1. Gawidr)

‘. pectroscopic cxamunation of siightly wsed casa-
lytic converter beads. { midcr an EPA-ERDA Inecr-
apeacy  Agroenxest. plataem-coatcd alumma cata-
hsc comerier beads have beem cxanmuncd In three
echosyues: IMMA. photocieciron spectroscopn.
and SSMS. Thee wechanpues were wsed m U
charactcrizatnng of catal Ui coms ericr beads that had
boen exponed fos abowst 1000 maslcs.

We oxal the ma mxcroprobe (e mogatc
phatmum-coated alumna catalvin comcricr bzads
that appearcd (o have uaderponc difleremt sarface
rcactmns. Many of the beads [rom the com erter kad
turncd panmlh or compicicly black. and the causc of
thee phanoaxnon was of interest. Sefficaent wn
cmesuon could not he obaned from esmndiincd
sphencal beads. It was aecessan 1o cncapsetaic (em
n cpoxys and then grind and polish them (o obtam Mat
cross sechions sattable for anahses. Beads reprosemt-
wmg the (wo cxtremes. black and whitc. and several
with black regons extendmg approumatch halfnay
theough were cxammed.

In all heads the Mack regpson was found 10 be
hecavily boadad with iron. Chronwom and axckel nere
conspicuous by thewr absemce. Alummum was
obwcrvad in both black and white repions. Based on
owr work with the NBS glass standards that arc
hghhy oxudiyad msulator maicrmals and ® 2 wase
smlar to the bead matirm. we used an alum-
aurs 1ron seasiivity ratio of 2.5. For the black region
n the bead. this ratin would mdwcate won concentra-
tions up into the 20 at. ¢ region. This high
concentration would sugge-! *hat. under operational
conditions 0 the catalyst heed. ALLQ: is being
replaced by Fe:0s.. The white regions of the bead
exhibited iron kvels several thousand times lower.
The iron transverse concentration profike cxhibited a
very sharp gradient at  the back-white mierface.
followed by an increasing iron concentration as one

proccods omt Wweand thae surface of the bead = the
black reproic. Thes & sugpestive of 2 disluson process
1o accaent lor woe pesctraion wio the bead mtenior.
Ncpainc-wa spoctrz prevest a0 additioral feature.
Carbon pczbhs thmepn (. were observad. therebn
wdwatng th: ricsence of carbosaccons watcTal m
both the black and wheie portioms of the bead.
indcocnecnt amalyses of tine winte beads (Al-O:) and
black Fe4)--nch beads gave 0.154 and 0075 wi. *,
carbon respectinch.

A scparatc black bead was allowed to stand two
day> m hot concemtrated HCL This resalied =
csctalls compicte drssol-stion of the bead. Micro-
wugec cxaswmation of 2 smmasl amownt of “esadwe
showed thr beal to be possibly carbon and 2 veny
wmafl amosmt of sadisschad ALO:. Cheancal
amalvss of the soletion g2v¢ a5 alowmem won ralw
of 1.4, uhech venfied the wa probe values for the
won-rich spicre. We nere smable to desect platmam
o mildum mmg am O pnamany bam. and
therclore. we arc smabic to make amn  statewsent
conccrmng plataum or paliadiem distribution of the
bead.

H. [ Rchards of the V-2 Laboratons [Deveten-
oot Dnson anahrod several catahtc coms oricr
heads b the ciectron spectroscopy for chenmcal
amahyses (ESCA) techanjuc 0 deikctmme  spoccs
proent on the surface of the bead. and w pariscwiar.
the oxsdation statc of platmens and paliadum. The
comcricr sampic contamed 2 heicTopencous mRRIBrC
ol hgh- and dark-colored beads. | on-rescluton
specira were obtamed from mdndual beads sith
both alurmsnum Ae and magacsem Ao cxctatwn 3t
250 W {125 kV. 2D mA). Scans were made m three
scgments: 1200 10 1000V . 1000- 1o S00-cV. and
500- 10 OcV mading cncrgy. The only peaks of am
sigmficance that were nhsennod were AL G.C. Fe. Na.
and svmall amounts of 5. Howerver. two addstwnai
pecaks. which appear 10 be the palladmem M. - .- -
doublet. were obsernod on onc head. The presemce of
paliadium was confimed v SSMS. Efforts 10
obscive platmum were unsuccessful. The strongest
platinum photaciectron peaks. the 47 doublet. are
supenimposed on the alumnum 2p peak and would
hndcr the obsenation of platmom. The second
strongest platinum peak o 314 V. hkewne. could
nt be obsened.

High-resolution scans were made of the most
intense photocie-tron peaks so that precise indmg
encrgics could he determined. lron was present in the
beads as Fe:O:.

The platinum and palladicm concentrations were
measured by IDSSMS emploving enriched Pt and
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‘T sowpes. The platmum-gronp chemscats were
remonod trom tie Al-O. heads by 2apma ropsa_ and the
platmem and polaham COBCRITARE BT M2
wred after cpmbibratmg the aormal platwem and
palizdmm remmnal trosa the bead with e Laona

“Ptand Pd spies. The anerape plaimem and
paliadmm abecs lor the baads were Si0and 150 ppm
rospectineh . T anerage yuanty of platmam pes
bead for the winte 2nd black spocwmces was tound
be 130 2md 155 pg respecinch . Ruthomem was mn
obscrnad B SSMS.

Ve combenod stadars cmplon mg the iechanucs of
IMMA ESCA and SSMS shounod that the catah i
comcricy beads hav¢ 2 platmam conocratratuon of $19
ppm and thay vome of the Al-O. beads mun have
scacted wuth the won from the comerter. The hagh
ORIt Ion of o 18 somc beads seppests that the
AlO:-» m "M h_ .;Cf()i‘ The FcO- sPcs
was sdcntificd By the ESCA sechnopc. [ nder the
homtcd mumber of cxpermoats conduckd. the
plaumum concemtration m the won-contammyg bead-
wa st decreasod. Atom ralws of 2lnmmien o won
arc 2> ngh as 1 3w hnch probably mdscates 2 wrere
cortosion condion wthee the catah fic comverier.

Wah the cusimg state of the art. ENCA and
IMMA tochasgees arc not seffcemtihh scmsenc o
detect the i el of platmum (510 ppm) on the coated
ALO. caalvix beads. By the ESCA technnguc. the
sirongest platman photocicctron peaks 14/ doubict)
arc darecth mtcrierad » wh by the alummen 2p paak
palizdmm pcaks were obsenad. Platmum spocalon
™ the IMM A 1echanpec at low concentration kvels
mpossibic sance. m the best aases. the speciation
cstablishad by 2 deduction and assocRton process.
Therclore. nt nould scem that feterc aticmpts o
mcasure plaimem oxxdaton siatkcs m automoinic
cxhnal and ambuemt 2w mced to awan mewer
wmsirnmental brcakthroughs. (8. N. Chnisenr. J. 4.
Corter. J. C. Frawdiin. E. H. Warers)

Work ©s comtmumg s the analvsis of gasolme for the
Emvironmental Protection Agemcy. The pewceral
techmigue was docribed » bst year's anmwal
report ' and imvolves reflaxing the gasoline with a8
alwuot of HCT containng |3 separated sotopes and
normal crbvum as an micrmal standand. Spark -source
analysis s carmed out Iy separating and drving the
HCl onto graphite clectrodes. The job of sample
workup and spark-source analysis s heing cacred

E D8 Donehucctal “Fucd Anatvsis s HASMS (or E PAS
dnal Chem I Ammu Prog Rep Nen W1 1973 ORN -SIn.
p 3

vt m the Y-12 Past's saahinal biwaton  Tha
proanic ws wiih the cyponad plstoplates trom » hnh
ue radwmx amd repat the data I s arraseceent ~
et adh antapcows m hat o troes o poresanct 2md
oquepnacwt o perhorm oty anah inal detas » ke
becpamg chne comtrad oner the data hasdhae and
ICTPICIaan.

Our et ORNL-IVA vy of el lrom arca
weam phants ks comtmead We arc curremth
reportmg |2 trace chemacnt> b the e ol a mn el “dn -
Wb natope-dilaton wechasyes . aswchod notope
ol the sanvm cikements arc dncd from wistne ofiv a
hegh-punty wher pouder. Thn sther » ik
wtwmaich et nth the aal b or 1 b and
tormod s clectnndes. In sparksource asalhses.
rach clcwncat s mcasurad agamst € cwnciod nestopc
“spebic.” > m sormal notape dontun. | hes methond
wnohces 2 mmemem of samplc preparatua and
radwoes contammation cficcts. NS vandands arc
mad 2 quahty avarame mooston. and the roalts
arc wsualihv wilun 107, of the \BS abees (2 /.
Inwaddne. ] ¢ Framhim. R (. Brvami)

IAEA mass spectrometer imstalintion. | e ws
Woctfome s cooniiicied S the  Intcmatwnaal
Aromnc Fncrgs Apencs (LARA) by the ORNT Mass
and Femswn Spoctroman Scctwa kas  been
wstalicd m dec 1AFAS Bboratons ncar Vxnma.
Theee memieers of onf group vpemt 2 moath m \ cna
dunng the meialanon and soting. T nork wemt
Juitc smoothh . rgeh due o npoross guabiy
control hefore the mtrament keft (ak Radpe.

T hee mrstrument has two magnctuc deflectoon stapes
and © cymppod wnh 2 pelsc-cosatmg dekcctmn
swsicin. The resaling cominmation of dugh ahun-
dance sematn ity and hegh samplc scasitn ity . cospled
nxh good samphk twoughput capabiby. was
reqyowod M the JAEA for thew mtcrmatsonal
safcgmands program. Sech an msi7ument was ol
availablke from a commercial vendor. and thercfore
IAEA ncpotted 3 comtract sk Umion Carbede
Corporation. Nucicar Division. whereby we would
buid and mstall an instroment simslar o the ones
ORNDL has bad m operation for some years. The
nstaliation and mecting of performance specifica-
tions compleies our responsibilatics snder this aeree-
menl.

Because the safeguards program requires the
analysis (both isotopic and total) of several thousand
uramum and plutonium samples cach year. the

12 H S Wckonn ot al “Comtractnn of a [eo-Sage Maw
Specirometer tor IARA" dmdl Chem. v Awwns Pre Rep
Ven /975 ORNLSIOD. p %0



abulely of the mre EirEEKR 0 2031 /¢ RIRVETAM
amvunts ol ampke Boald pminanth radece the
haith hasand miohad 1 hamdbag Inomaabic
matcab. Inconpactos with the rom-bead-sampic
hadhng tachangue rcventh dovclopod at ORNL., ©
thetc v 2 ponnd ponsiinbts ul cmrmunsh reducmyg the
undy ol Insmabie matcnal that scods e I
shnppad. thes avmg the 1AL A 2 sebslant ] amount
ol mon axh vaar Iktab ol omisc ampling
rcwmam W be nurkal vwt

1 b heph 2bumdance xcmnstn ity of ths spoctrome-
ik tugcticr nuh the programasabie yaccp of the
s spearsm allons egh-procon mcasurcmonts
ticticr than ¥ 1 of Bt natopes (< 100 ppm) to be
made on >l samplco. Sech mcasarcments arc of
grezt wnpariance | retapec calcuizton.

I lollonmg opcratnal fosls nere mct by the
anITesscnt:

I. Vacsum below 10 (o0

2. Tue ampics of NBY 010 sranwmm siandand (< 10
g cach) were anahsod: micrmal procsmn Ban
“B.¥, v tee 235230 rato and <, tor 234:235
and 23233 ratmm. Accepied alues arc 0.01014.
0O0S3I%_ and 0 GDFT™ revpectnehy .

3 Abundance wmsdn ity was mcasurcd o be >>10°

4 <05 ppmof "I uas foend m matural sramem.

5. Sx sampics were rum on cach of several days to
demaomstratc sample throughput capahehty

6 Crons contammaton (or kack thereof) was
chechod v anah ymg 10 ag of NBS 010 (1
235) ummodiatch after anah 7mg 100 ng of NB
930 (-9¥,; 235. Ik NES 010 shoned mo
contammaton. gining 2 235:23% ratw witha 0.5 ¢
ol thevrctcal.

[ prscipal improscrmcats m the mstrument s
compamon with those 18 use a1t ORNL are an
wpdated wa source Shamber pumpmg syséem and the
wchows of aa oa-hine PDP-11 computer to
accumulatc and process the data. AR computer
programs were uritcn winhm this scction and were
thoroughls testod before kecavimg Oak Rodpe.

A documcatation package comsistng of program
Int>. clectron - od mechanecal component drawmgs.
and aa woirecimwa maawl  accompasicd the
ntrumest. (M. S Mchown. B H. Christie. D. H.
Soeuh I K. Beriram_ J. A. Corter. R. 1. Walker)

13 R1 Nalka R E B U N\ Prschand. a2 ) A Caner.
“Scwiancess Platoasem 20d | aomm betapec Anahws trom 2
agic Rown Boad V wamphiad Chemacal  Fochamgox Les
Yeat g Seeat Ronter Fach ™ Susl Jorr 7403419705

14 R I Walher € A Prschand. } A Carcr.and P H
wngh. Procindl § v of e Revm Brad Foulospn e Ve
Vv Srewmrivie Nawyper | vadhove. ORNL [ M3t Juh 197

1 D HSmah . HS VUchenn. B H Chrrax. R | Baler.
ad |\ Qs fnvom o Womel o OV Fandow Hreh
o s Sowecrir: Wess v roseeter ORNE PSS
anc 1%°»
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3. Analytical Services
L. T. Cordbm. Head

Dunng the past year. actnitics of tiwe scervice haboratones wclwded w-ba
monitoring of gascows cfllucnts from HTGR fucl preparaton reactions. m-lme
monnoriag of trtmm = the Gas-Cooled Fast Reactor GB-10 ~apsale wradiation
experimest. wnd survellance of fission products m the Peach Bottom HTGR. In
addtion. we have contimucd our development program for the complcse chemecal
characicrvation of HIGR fuel and lave recstablshed capabelitics for the
characwervaton of advanced | MFBR nutride fucls.

In February the Molicn-Sak Reactor Pregram was sermmaicd for budpetany
reasons. Work durmg the remamier of lscal vear 1976 was divectod towarnd an onderly
conclusion of the m-hne sranmm montorng program asd rescarch actn ics alecady
m progres. whch mcheded clcctrochemical siudics of icliwrmsm and oxypenated
specics m moucd Muorides. and transport and disinbution measurcments of Irtem
the Coolam-Sakt Techmology Facility.

Concerm about low-kevel raduonwchic contammation irom sach diverse sowrces as
stored wasic. uramam ore taidings. and fucl reprocoasing prompicd ws to cxpand and
rclocate 2 low-level alpha boratory mto the FGUR Poildmg. L ow-kewel
radiochemical work ofics requres icdiows chemnal scpatations and o kag coantmg
tmes. we have ordered an NI)-6600 gamma-13y spectromctcr sysicm and a 197,
rclative-cfiiciency Ge(l.1) detector 1o expedite ths work. Other few  cqmpment
wcindes 2 Perkm-Elmer model M0 clemental asalvrer. 2 model OB s
chromatograph. and a2 model 460 atocuc absorption spectrometry sysiem  all for the
Crencral Analyscs | aboratory. We haveabo addod an astomatic sample changer to the
graphvic furmace AutoAnalyrer sysiem in the Ervwonmeental Asalyvses | aboratory.

A mapor achcverien: ths year was the development of 2 compuierved data
management sysiem for records koepimg and fos computing and reportmg resslts. [we
wramnals to the ORNI. DEC sysiem 10 fave heem acquired and arc » we m Iwe
Anabtcal Services Secton bboratones.

REACTOR PROJECTS
. A. Costanszo. Group | cader
HTGR Monsitonng Stwdies
Monnoring gaseous effiwents from HTGR fuoel
preparstion reactions. using a time-of-flight may
spectrometer. A Lime-of-fhght mass spectrometer
1 TOFEMS) has heen used Tor the in-line montonng of

the gascous cifluenis from the Fuel Partick Coating
Facility i the preparation of HTGR fuel particles.’

The purpase of these stedies bas beem to optimire
condtom for the production of seend fudl purticies
and awsure occupatonal and cavironmental safety
from possibly harzardoss pollstants which mey be
produced. The entiflication and cuantification of
lhmmmmhnaﬁhlumimd

I l) A les. '»lmmdmuummm
Process FMinewt Sircams Vsmg 3 Tor conl-Figin Mass Spee-
trowmeter.” Annl Chews D Arwg Prwg Rep. Now . 973,
ORNI-IN. p W



the chemxal reacton mechanses and  kmctxs
rciateve o the plnsical propertes of te fmeshed
partcics.

Durng thes perand we preporcd 2 paper. “la-1 me
Moasormg of Ffecats frem HTGR Feel Pastxcie
Preparation Processes Using 2 Tumc-of-Flight Mas
Spectromcter.” shich was publshed a3 an ORNL
topecal rcport amd was submmiticd o Nawidrer
TMI«M

Reoently. we adicd 1o the TOFMS an alk-mectal
carbusvaios Goity wh 2 4m.dam (10-cm)
from the cfTheent siscames arc divericd to the TOFMS
through two kmcs. ome dwectly 21 Whe cart of the
fermace scctsea and one after 2 rap that condenscs
lqunds and tars 21 0°C. This metal Gacility docs not
adserh compencuts of the cffiwent strcamic g . HAN
as readils 25 do the sarfaces of e graphwe-lmcd
Eaciliy. Therclore, 2he mass spectia arc meec
represcntative of the actual cffiucnts. and there s iess
“MCWOry” M Secocssive samples.

There s boen 2 comtinung cfion 1o quantily
betact the TOFMS data. To do tha. we have made
mure detaied stwdics of semsitnuty Gctors and
Ingmomtation paticrns of compencats Laewa
cxist m the cffioent sircams. A varety of standand gas
mixturcs bas been wacd e help sneave! the comples
specirz » these systews. (D A Lee)

Tm—mlw“(il-n.mm
MORNOrng program t0 dcicTmme I proaduc-
wen. melcnizr speaws (HT or HTO). claddmg
permcation. a0d reicase was serausated afecr capsule
GB-10 sttamed the revised bumep peal of 1D
MWd kg of ncavy metal Fifsoon (ritim mentering
caperwnents were compiciad prier te pestradiation
cxamsation. Dign. mstalistion. and cvalmation of
the UWUM mondenng system were reporied.”’ n
October 1975, tritiom mentening was cvmmated
bocause of msullicet fandwmy- development work
on H: and H-O montteriag and myection was abwo
toward cvaluatmg Thermox and Mecco waits for
decrmmng the H: and H-O concemtrstions wp-
strcam and downstrcam of the kradiation capsule. A
reirigerated monrere generator wos beng evaluaied
for comroliced H-O mjection. With this cquipment on
e, the H: H-O ratio and conaeniration could kave
controfied lkevels of H: and H-O could have ben
mjected mio the capsule sweep gas such that the
oxypen poieniial of the capsuie would aot have been
akered.

41

in Juls 19%._ fusds for the Intism program were
agen wade avuipbic. bat e ' Bt porast
wstallation of the H: 2ad H:O moaspremncat and
wyection cguapnent. However. twe series of eapen-
system. The farst series measorsd trtioms reicase and
ransmeson. esing bigh-purty helbam 23 sweep gas.
and dewonstranad that tnte-= s retaimed i areas
ciposed o fame preduct deposiien. Rebtine
rehense rades through the vaross capwie flow medes
bchavier wuhm the apsuic. As cxpected. the kaglvest
Apprasmnicly 105 of the calcuinsed production ratic
was obscrved m whis flow mede. which sagpeses that
hugh reicxse rates can be capectod durmg carly stapes
of uradntion. An Crperineat wng trniom i fngh-
perty helimm as seecp gas gave low (raRsEmTsOR
raics and confirmed the previows data.

Tiee seonnd series of expenments wsed suecp and
i wtancd Srom lnghpenty hclem was
rcicased when e sweep gas contamcd 3 hydrogen
carreer. Campicic (ranssmssion was observed whes
cakbration pas contaemmg 2 hydvegen Carmer was
passed theough the capsuic. Sicady-state reicase was
hong appreached after sen crat howrs when swecp gas
contymmy hydrogen carnet was passed through the
chorceal trap. Heowever. the sicody-staic fosponse
w2 temperatere dependont. therclore. the danect
appearcd o be poodonmmaicly HT: however. data
sogpest hat oywilibriom and or micchange = the
H:. HT. NTO. and H-O system may be cocmimng.
information on rdmm preduction and claddmg
permcation could ave boen sbtamed by Nowmg 2
Iydrogon carmiey shrough the fucl regron. et thes was
mut possible because of 3 serveus flow resinction
the fucl.’

D AIa.DACanm DP Sym a) A Carpentey.
N W T Ruars. .0 C Canpds.ond ) A Carser. dv-lmw
Ymprrang of Fiuynes fromn NTGR Vurl Parsardy Preparenes
Poreswes (sog o Tomraf-Figh Y Specw-wneswr.
ORNE 109979 | Aggust 19784

S 7 A Costan and A B [eapt. “GCHFR Irndanen
Faprowments.” (O F R Progoow Prog Rep Jone 3. 1978 ORNY -
s pp M 78

& M Prowictal .~ T rtsmm Mamtnag Sy e for 3 Reacier
Frperomens ™ dnal (hew s domm Preg Rep Sev 801970,
ORNI S/ pp W W

$ M I Prowya ol .~ Trmem Memtarmg Svstem (or e (-
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A complete description ol the tritium monitoring
program and cxpenmenis is being prepared for
publication as an ORNL report. Since this program
began. interest and concern about tritium production
and behavior in fast breeder reactors have increased.
Thercfore. the real worth of the program is probably
the background mformaton required for evaluating
the limitations and practicability of mn-line tritium
monitoring. Sufficient information is available for
comprehensive tnitium monitonng for the proposed
capsule GB-11. (M. E. Pruin)

Peach Bottom Reactor Studies

Surveillance of fission products m the Peach
Bottom Reactor. We have continued to participate
with the Chemical Technology Division m the HTGR
fission product survellance program. In this pro-
gram the behavior of fission products in the primary
circuit and tucl clemerts of the Peach Bottom HTGR
(@ 115-MW reactor owned and operated until
October 31, 1974, by the Philadelphia Electric
Company) is being studied. The purpose of this work
is to comparc measured and predicted behavior of
fission products in an HTGR.

During this reporting period we completed studics
of the primary circuit and finished a report describing
all the results and the measurement methods for this
phase of the surveillance program.” In work deanng
with fucl-clement examinations. we published 2
report describing results for an element irradiated to
384 equivalent full power days (EFPD). prepared a
report presenting [lindings for fuel element EN-07'
irradiated 1o 701 EFPD. continued examinations of
two clements. E14-0! and F03-0l. irradiated to
reactor end-of-life (EOL). and began examination of
two additional EOL clements. EOI-01 and FOS5-05.
(F. F. Dver, L. C. Bate)

Examination of Peach Botiom primary circuit.
This activity. pursued since 1970 and concluded this
vear with the above-mentioned reports,” consisted
of four types of observations:

1. Measurements on four occasions of the axial
distribution of radionuclide plateout on the
primary-circuit cold duct.

2. Determination on tiree occasions of the concen-
trations of condensible radionuclides. for exam-
ple. '3 and ' Cs. in the coolant. These measure-
ments. carried out with samplers that withdrew
coolam upstream and or downstream of the loop
steam generator. were designed to determine both
gas- and particulate-borne radionuclides. Separa-

tions of radwaaine speves according o ther
physical and chemical nature were effected by
combinations of gasecous diffusion tubes. cascade
impactors. and particle filters.

. Measurement on three occasions of L krypion
and xenon sotopes in the primany coolant and
purge-gas helium.

. Characterization  physical. chemical. and radio-
chemical - of dust specimens obtained on three
occasions during core 2 operaton from the
reactor’s cyclone dust separators.

References 6 and 7 contain details of the methods
uscd and results found in this study. (F. F. Dyer)

Exammation of Peach Bottom fuel elements. The
procedures used in the examination of fuel clement
EN-07 (701 EFPD) are gencrally those being used for
all EOL clements. Details of the experimental
methods have been published.

Exammation procedures focused on the determi-
nation of the total amounts and distributions of
radionuclides in the graphite portions of the
clements. The gamma emitters “'Co. '"™Ag. ' "Cs.
'"’Cs. and ' “Eu were found in significant amounts in
the graphite components of Ell-07. Gamma spectra
acquired at 0.62-cm intervals along the skeeve and
spine of ENI-07 permitted highly detailed distributions
of these radionuclides to be derived. From these data
it was found. for exampie. that the skeve contained
17 Ci and the spine 8.3 Ci of ''Cs. Radial
distributions of these gamma emitters plus the beta
emitters 'H. "°C, and "'Sr were obtained at six axial
locations. four within the fueled region : ~d one cach
above and below the fueled region. Radial dissection
was accomplished by the use of a lathe in a hot cell
ope:ated remotely by manipulators. Radial profiles
reveal that ' “Ce penetrated the graphite sieeve and
spine to a larger extent than did ' Cs.due.cvidently,
to a longer time spent as a xenon precusor of ' *Cs.

6 F F Dyer. R P Wichner. W. ). Martin. and H. ).
deNordwall, Iistribution of Radionuclides in the Peach Boriom
HTGR Primary Circuit During Core 2 Operation. ORNE-5188,in
review for publication.

7. . F. Dyer, R. P. Wichner. W. 5. Maruin, L. §.. Fairchild,
R. ). Kedi.and H._J. JeNordwall. Posi-irradiarion Exeminarion of
Pearh Boriom HTGR Dyiver "l Elemenis EA01. ORNL.-5126
(April 1976,

% R. P Wichner. F. F. Dyer. W. 3. Maniin. and |.. C. Bate.
Iistribarion of Fission Products in Peach Botiom HTGR Fuel
Flement E11-07. ORNE.-5214, in review for publication.
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Examinations of EOL fuel clements E14-01, FO3-
01, E0IOL. and FO5-05 are at various stages of
oympleteness. Visual. photographic. and metrology
phasas of the examinations on all components of cach
clement are complete. Also complete are measure-
ments of the gamma-ematter mventory in the fuel of
cach ciement as well as axial gamma scanning of the
graphite components of E14-01 and F03-01. Cur-
rently in progress is the measurement of radial
dustnbution of beta emitters in the graphite compo-
nents of E14-01. Preparation of a repont presenting
the results found for EI4-01 is in progress. and
reports for the additional EOL eclements will be
started soon. (F. F. Dyer)

Lathe modifications for hot-cell machining To
measure the radial fission product distnibution in
highly radioactive sleeves and spines from the Peach
Bottom fuel elements. a lathe was modified for hot-
cell operation to machine and contain samples.
Modifications consisted of the following:

The motor was replaced with a variable-speed
motor with external speed control mounted behind
the lathe. Collets were machined to the proper
diameter {7 holding either the sieeves of spinesin the
lathe.

The control knobs for power feed. cross-feed
carriage. and the tail stock were changed to square
blocks that the fingers of the manipulators can grip
and turn. A tool block to hold the cutling tool was
mounted on the cross fced with a micrometer dial
attached to measure depth of cut. The normal cutting
tool was used for sleeves, and the extended cutting
tool was used for the spines.

An arm with a centering dial was attached to the
frame and was movable. permitting it to be turned to
position over either the slceve or the spine so as to
center the piece prior to machining. The skeeve or
spinc was adjusted to the cent<s by using the centering
dial. After use. the centering dial was moved to a rest
position out of the way.

Thec sleeve specimens were filled with epoxy,anda
mctal rod was centered in the epoxy and used to
manipulate the specimen. The epoxy gave the skeeve
cnough strength so that it would not crumble when
the intcrior wall of the sleeve was machined. Since the
sleeves are not perfectly round. some epoxy was
machined on the last cuts and was removed from the
sample.

A basket was designed to attach to the lathe frame
and enclose the collet and sleeve or spine specimen
and contain the machined sample. The basket was
made of two sections, with the top hinged for opening

to retrieve the sample. A scoop was made to fit the
bottom of the basket to collect samples and transfer
them to the tared bottles with a funnel. A screen was
scaled 1n the funnel to facilitate the separation of the
graphite and epoxy during the final cuts of a sleeve.
(L. C. Bate)

Defective particle fraction of Peach Bottom fuel. A
method was developed to determine directly the
failed fucl-particle fraction of irradiated driver-
cicment fuel from the Peach Bottom Reactor. The
method consists of the following steps:

1. Cut surfaces of a core sample taken from a fuel-
clem:znt compact arc clectrolvtically cleaned to
remove damaged particles.”

2. The sample is weighed and hot-chlorine leached at
1000°C to remove the thorium and uranium
exposed in the failed particles.”

3. The sample is electrolyticzlly deconsolidated after
leaching. the particies separat . from the matrnix
graphite. and the total number of particles
determined from the total particle weight.

Four Peach Bottom archive compact samples.
weighing approximately 9 g each and containing
about 15.000 particles. gave a mean failed-particic
fraction of 0.28%; with excelient agreement between
the determination by thornium and uranium mass
from cach sample. The number of failed particles is
determined from the weight of the leached thorium or
uranium and the average amount of heavy mietal per
panticle. (J. L. Botts)

Methods Evaluation and Development

Determination of the defective-particle fraction in
HTGR fuels. The high-temperature (1500° C) chlor-
ine leach method for the determination of the
defective-particle fraction in HTGR fuels'' has
continued to be applied successfully throughout the
ycar to a large number and variety of samples. The
installation of a new and more powerful (10-kW)
induction heating unit has not only added to sample

9. D. A Costanzo ¢t al.. "Gas-Cooled Reactor Programs.”
Anal. Chem. Drv. Annn. Prog. Rep. Sepi. 30, 1974. ORNI.-5006,
p. 35

10. D. E. LaVaile. D. A. Costanzo, W. J. Lackey. and A. J.
Caputo. The Determination of Defective Particle Fraction in
HTGR Fuels. ORNIL. 1 M-5441 (September 1976).

1. D. E. LaValle. "Determination of Particle Failure Frac-
tion.” Anal. Chem. Div. Annu. Prog. Rep. Nov. 30. 1975, ORNI.-
S0, p. 23




analyses capacity but has also made possibic the
chlorination of larger specimens such as the “5-in.
commercial HTGR fuel rod design and large
segments of 3-in.-diam Peach Bottom fuel compacts.
The question of whether the StC layer in Triso-coated
fuel particles may prevent the detection of defects
the inner low-temperature sotropic (LT1) pyrocar-
bon ceating was resolved. Particles with a permeable
inner LTI coating enclosed by only an outer SiC
coating were subgected to the chlonne leach. In | hr
the silicon was removed as SiCl: the residual
carbon'’ presented no barrier to the removal of
uranium through the permeable mnes LTI coating.

We prepared a paper entitled “The Determination
of Defective Particle Fraction in HTGR Fuel™ which
was published as an ORNL topwcal report and has
been submitted (0 Nuckear Technology for publica-
tion."* (D. E. LaValle)

Heavy-metal assay for HTGR fuel particles. We
also investigated the possibility of adapting the
chlonne leach to the total assay of thornium and
uranium in coated fuel particies. In this determina-
tion the two chicf problems are the removal of the
coating layers and the dissolution of the refractory
ThO: kemnels. in the past, coatings have been
removed by crushing and burning, followed by
dissclution of the ThO: in alkali or borate fusion or
by an acid leach. More recently 2 method '’ has been
developed using oxygen and chlorine to remove the
pyrocarbon and SiC layers of the coating, but still
dissolving the fuel kernel by fuston or acid leaches.
These procedures have been lengthy and cumber-
some; more desirable woukd be an extension of the
chlorine leact: to convert the ThO: to casily soluble
ThCL.

We carried out a preliminary study using the
existing horizontal system'" as designed for the hot
cell at 1000°C. The conditions for removal of the
coatings were quickly cstablished: 1 hr in a I:|
mixture of O: and CO: a1 800° C for each pyrocarbon
coating and 1.5 hr in Cl; at 1000° Cfor the SiC for 5-g
samples of fuel particles. The attempted conversion
of the bare kernels was unsuccessful, however. Using
a gas mixture of CO and Cl: in a ratio of 2:1 at
1000° C, conversions ranged from 20% in 4 hr to 75%
in 12 hr.

We turned to the more favorable design of a
vertical system in which the sample, resting on a
scaled-in frit in the quartz tube, allowed an upward
flow of gas to create a fluidiz2d bed. The chlorinating
agent was phosgene (COCI:) used alone, or with
added carbon(soot) on the sample. or in combination

with CO. The high-fired ThO- kemels used. in 1-g
sampics. were virgin matenal and had aeser been
incorporated in fuel particies: the samples assaved
99.6¢c ThO:. Runs were made of 7 hr duration with
fairly uniform resalts of ~95¢; conversion. Another
apparatus of vertical design incorporated a lovep of 8-
mm-0D tubing to hold the sample and keep 1t
concentrated in onc spot ex posed to marumum heat
Results were the same. and an examination of the
residual kernels under the mucroscope showed the
majority to be practically undiminished in size. The
reason for this resistart fraction i1s unknown.
Rcustance (urmnaces may be obtained (Kanthal-
wound) that operate as high as 1300°C n air.
However, we investigated conversions at this iempe-
rature, using induction heating and adapting the
particle failure fraction apparatus to a downward
flow of gas into a collector flask betow for the Th(Ci..
In these runs, 5-g samples ol coated fuel particles
were treated in the horizontal 1000°C apparatus to
remove the coatings. the bare kemels then being
weighed before transfer to the induction heating
apparatus. The conversion was accomplished at
1300°C in a gas mixturc of CO and Cl: in the
optimum ratio of ¥:I. In a series of ninc runs,
conversions of 98.0 to 98.5¢; were obtained on the
assumption that the kemels were 1009% ThO:.
However, in cach sample, approximately 100 kernels
were black and were found to contain quantities of
uranium and minor impuritics. The ume for
conversion of approximately 2.7 g of ThO; kemels
from 5 g of fuel particles was 3.5 hr. Total time,
therefore, including coating removal, is ~7 hr, in
contrast to the crush-bum-kach method. which
requires up to 44 hr. (D. E. LaValle)
Determination of defective SiC coating fraction.
Because the ignition-acid leach procedure for
determining the defective SiC coating fraction of
HTGR fuel particles has proved unsatisfactory, a
technique'* which employs mercury penctration and
radiography to detect defective SiC coatings was

12. J. Nick! and C. Braunmishl, "Chloricring und Analyse
hochschmelzender Carbide.” 2. Anel. Chem. 221, 223 (1966).

13. D. E. LaValle. D. A. Costanso, W. J. Lackey. and A. J.
Caputo, The Dererminetion of Defective Particle Frecrion in
HTGR Fuels, ORNL: TM-548) (September 1976).

14. S. . Reeder et al.. “Analysis of HTGR Coated Fuel
Panicies for Urnnium and Thorium.”™ Amel. Chem. Bramch Armu.
Rep. Ociober 1974, (CP-1056.

15. D. M. Hewette and W. R. Laing. "Detection of Defective
SiC Layers in Coated Nuclesr Fuel Particles.” Nucl. Techmol. 28,
14911974).



cvaluated as a possible method for routinely
determining the defective SiC coating fraction of
Trso fuel particies. Particles from which the outer
LTl pyrocarbon coating has been removed by
ignition are pressunized at 1.034 % 10° Pa (15.000 psi)
in an Aminco porosimeter. Mercury forced through
any defects in the SiC layer is detected by radwogra-
phy. Fivegram samples containng approximately
30.000 particies were emploved in order to statisti-
cally improve the value obtained for the defective
fraction. This technique is being routinely used to
study the effect of various coating-process parane-
ters on the defective-particle fraction. (F. [ Layion)

Silicon carbide removal by chlorination. In the
determination of defective-panticle fraction and in
the procedure for convening Triso-coated fucl
particles 10 a solution form amenable to the
measurement of heavy-metal content. chlorine gas at
1000° C is used to leach the heavy metals from the fuct
particles. Questions have been raised as to whether
hot chiorine gas will react with and destroy $iC. and
about tbe conditions necessary for quantitative
removal of the SiIC.

Test portions of a Triso-coated HTGR fuel sample
{uranium-loaded weak-acid resin (W AR) kernels, no
outer L. 11] were chiorinated 21900 1000, and 1500° C
for 1 to I hr. After chlorination. the test portions were
radiographed. Microscopic examination of the
radiographs revealed that chlorination at tempera-
tures of 1000°C or greater is required to completcly
remove the SiC coating in | hr or less. At 900°C for 2
hr. the SiC coating was completcly removed in only
107 of the particles; however. at 900°C and 3 hr the
SiC coating was completely removed from 90% of the
particles; the SiC coatings which remained were
extremely thin. Those particles that were chlorinated
at 1000 and 1500°C had the SiC coating compietely
removed in | hr. Examination of the radiographs of
these particles revealed a layer of carbon resulting
from the removal of the SiC coating. This carbon
layer was readily distinguishable from the inner L. T1
coating. No attack of the kernels was observed,
indicating that the inner LTI coating was intact.

A number of the particles that were chlorinated at
1000 and 1500° C were ignited inairat 900°C for4 hr.
Microscopic examination of these ignited particles
revealed only uranium oxide (UvOy) kernels, a further
indication that all SiC had been removed. (F. 1.
Layion, D. E. LaValle)

Coating densities detemination. Density measure-
ments of Triso-coated HTGR fuel particles are
required to qualify the particle at each coating stage
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and to ensure the acceptability of the final Triso
particles: it is necessary to interrupt the coating
process at cach stage to determine this density. It
would be advantageous it the coating process could
proceed without interruption and the densities at the
various stages could be detzrmined by using the final
Triso particles.

By means of mercury porosimetry. the densitics of
Triso fusl partickes were determined at the outer LTI
pyrocarbon coating. again at the SiC coating after
removal of the outer LTI by ignition in CO:
atmosphere at 900°C. and finally at the mner LTI
pyrocarbon coating after removal of the SIC by
chlorination at 1000°C. Density values obtained at
the outer LTI and SiC stages compared favorably
with values previously obtained during the coating
process. The values at the inner 1. T1 stage differed by
approximately 119% from the value obtained after the
inner 1.TI coating had been applied. This was found
to be due to carbon that remained cven after
chlonnation of the particles.

Published reports have indicated that when StCis
chionnated below 900°C. SiCls and carbon are
produced, but chlonination at 1000 to 1100°C
produces SiCL and CCL." Several samples were
chlorinated at 1050° C to see whether the SiC would
be quantitatively removed at this temperature.
Microscopic examination of radiographs of these
sampies revealed that carbon did remain. In order to
accurately determine the density of fuel particles at
the inner 1.T1 stage. this carbon must be removed.

Removal of the carbon by selective oxidation was
investigated. Previous studics indicated that the inner
LT is not oxidized by ignition in air at 400°C.
Weighed - amples of HTGR fucl particles which had
been chloninated at 1050° C were therefore ignited at
400°C for 20 hr and then rewcighed. The weight
losses indicate that only about 507 of the theorctical
amount of carbon present due to the SiC is removed
by this procedure. In addition. an excessively large
number of fuel particles arc cracked during ignition
at 400°C. This is probably due to permeation of the
inner L'il and oxidation of the UC: kermel. These two
facts make the accurate determination of the density
at the inner LT1 an impossibility. Other means of
removing the carbon without disturbing the inner
LTI must be found. (F. L. Layron)

6. A C. ten. "IN The Oxdation of Silicon-Carhide
Refractory Materials,” Trans. Br. Ceram. Soc. 40, 198 (1940).




HTGR procedures manual. A manual entithed
“Laboratory Procedures for the Analysis of HTGR
Fucls and Materals™ was compiled and is being
prepared as a GCR report. This manual provides
information concerning some anahtical methods
used by the Divisior: in the chemical charactenzation
of vanous HTGR fuel matcriais. As new methods
pzriaiming to HTGR-type samples are developed and
demonstrated to b reliable. they will be included 1in
this manual. (F. L. Lavion)

Advanced reactor foel development: Characteriza-
uwon of nitride fuels. The compounds of UN. PuN,
and solid solutions of these compounds are of interest
for application in L MFBR advanced fucl systems. As
a part of the advanced reactor fuel development
program in the Metals and Ceramics Division.
suitable analytical methods and twechmques for
charactenization of these fuels were reestablished.
The feasibility of an accurate chemical analysis of the
major clements and contaminations in these com-
pounds has been demonstrated in the past.’

Using a wellcharacterized uranium mononitride
material. the following methods were evaluated:
uranmium by a sequential oxidation-reduction-
oxidation method. nitrogen by a modified Dumas
technique. oxygen by the Leco inert-gas fusion
method. and ca-bon by the Leco oxygen combustion
mcthod. The precision for these methods was found
to be as follows: uranium. 94.46 = 0.02 wt
nitrogen. 5.46 + 0.02 wt ¢ oxygen. 526 = 29 ppm.
and carbon. 350 * 22 ppm.

Using the same matenial referred to abuve.
methods ha¢ also been evaluated for characterizing
mixed plutonium and uranium nitnde materials.
These methods and their precisions are as follcws:
uranium by coulometric titration, 94.59 + 0.02 wt 1¢:
nitrogen by Kjeldahl-acid titration. 5.48 * 0.04 wt'¢:
carbon by Leco combustion. 419 + 17 ppm: and
oxygen by Leco inert-gas iusion, 593 * 76 ppir.
Plutonium by coulometric titration is still under
cvaluation.

The UN material used in these cvaluations was
characterized in an extensive round-robin program
to contain these elements: uranium, 94.46 + 0.02 wt
¢ nitrogen. 5.46 +0.02 wt ¢;: oxygen. 335+ Z1 ppm:
and carbon. 389 * 29 ppm. (J. L. Borrs)

HTGR Process Development Studies

Solvent extraction studies. In support of the
HTGR Fuel Reprocessing Development Program.
laboratory studies have been initiated to determine
the cffect of temperature on the extraction of thorium

and nitne a0 0 the system THNO:L-HNO- 3
TBP-NXDD and to determuine extractiva conditions
for third-phase formation. These studics will provide
data to develop a mathematical model for use with
the SEPHIS-Thorex computer program.’” will be
wed 1o simulate the Acid Thorex flowsheet.”™ wiil
correct for the effect of tzmperature on the contactor
svstem. and will provide a signal to indicate when a
third phase will form. The experimental conditions to
be studied and which are required 10 bracket the
flowsheet condition are these: 2010 60°C. 00510 1.5
MTHNO:).and 0.0 1o 3.0 3 HNO:. Extractions at
30°C have been completed. and the densities. free
acd. and thorium content of the agucous and organic
phases have been determined. The conditions under
which a2 sccond organic phase appears were abo
determined. Studies will be conducted at 16-C
intervals from 20 to 60°C. (A. J. Weinberger)
Uranium recovery. For the preparation of HTGR
fuel. WAR 15 loaded with uranium from acud-
deficient uranyl nitrate.” The acid-deficient solution
is prepared by extracting the nitric acid with an
organic amine that is regencrated. The process
produces wastes. the uranium content of which
should be low because ““U will be loaded. It also
introduces carbonaccous and mitrogenous organics
into the aqueous resin-loading streams that could be
detrimental. The reduction of the amount of uranium
sent to waste and the determination of the amount of

‘organic carbon in the agucous process streams were

investigated in the kkboratory.

It was found that tizz introduction of a second
water-scrub step in the amine regencration system to
reclaim uranium for recycle was beneficial. Use of
0.01 M nitnic acid or carbon dioxide—saturated water
did not significantly improve the extraction. A
second water-scrub step was introduced into the
engineering-scale equipment. It performed approxi-
mately in agreement with the laboratory results.

17V ) Tennery and J. 1 Sotts. = Fhe Chemicai Characienza-
nor of Uremium Nitredes.” Sucl. Technol 13, 204 (1972}

e ik Racy and S, B Watson, “Muodifications of the
SEPHIS Computer Program for Calculations of the Acd Thorex
Solvent Extraction System.” Trans Am. Nucl. Sen- 22, 315¢1975)

19. R. H. Raincy and J. ;. Maore. “Laboratory Development
of the Acid Thorex Process lor Recovery of Thorum Reactor
Fuel.,™ Nucl Sci. Eme. 10 (1901).

P A Haas. HTGR Fuel Developmeni: Loasding of
ramium on Carboxvhe Ackd Anions FExchange Resin (sing
Solvent Extraction of Nignde. DRNL TM4958 (September
197%).



{he orzanic content of the agueous process stream
was determined with an Oceanography International
model 0524 carbon analyzer. The total organic
carbon. which could be due 1o the resin. organke
amine. or organic sohvent. ranged from 22 to 100
ppm. Lheinsoluble or suspended carbon vaned trom
4 0 13/ of the 1otal. Data indicated tha® the resin
absorbed some of the organic matenial in the carly
stages of the process. (4. J. Weinberger)

Maierials Preparation

Preparation of inorganic materials for Sold State
Division research continued at about the same level
as last vear. For the Neutron Diffraction Group.
300 g of the fernite (Sr..Ba,:2:Zn:Fe..O:. was
prepared by thorough mixing of the oxides or
carbonates ol the elements and finng at 1300° Cinacr
for ¥ hr. Ao for this group. 20 g of the isotopic
compound Li'H was made by combination of the
clements at 700° C over a period of 7 hr. The alloy
LaNi. was prepared in a 50-g quantity for studies in
hvdrogen storage. This compound isabletotake upa
quantity of H: equivalent to its own volume of the
liquid gas. For the Neutron Spectrometry Group. a
200-g quantity of palladium was purified by ton
exchange methods. The punfied palladium was used
to make lour allovs containing mangancse in
amounts of 0.25, 0.50. 1.00. and 2.00 at. ;. For the
same group. appreximate l-g quantities of the
valuable isotopes "Gd. "Dy, and ' Er wese
recovered. and approximately 20 g of “*Ni. For the
Pure-Materials Group. 20-g quantities of the follow-
ing compounds were prepared by well-known
methods: BaQ:. VO:. NbO:. RuO:. and ReO..

The group in the Chemical Tcchnology Division
concerned with LWR reprocessing required a
nitrocompound of ruthenium with <10 ppm of C1'. A
satisfactory  compound sclected was Na:[Ru™O
{NO:1LOH]. We prepared it according to the method
of Fictcher ef al.”' Soluble RuCl: is dissolved in a
restricted amount of 1 Vv HCl and treated gradually
over a period of time with NaNQ: at elevated
temperatures until the orange-red solution of the
compound is obtained. The solution is carcfully
evaporated to dryness. and the compound is
extracted with acetone to remove it from the by-
product NaCl. A second extraction reduces the
chloride concentration to the desired level. (1. E.
{.aValle)

Molten-Salt Reactor Program Studies

Electrochemical studies of tellurium in molten
LiF-BeF:-ThF, (72-16-12 mole %). Tellurium occurs

47

in nuclear reactors as a fission product and causes
shallow intergranular cracking in structural metals
and alloys * Efforts were continued to characterize
this substance ckctrochemically and to ascenain the
teasbility of in situ monitonng by ckctroanalytical
means.

As previously reported.”’ lithium telluride. Li:Te,
was added 10 molten LiF-BeF:-ThF; that was
contained m a cell equipped with viewing ports in
addition to the clectrode ports. Subsequent voltam-
mograms did not roveal waves that could be
attnibuted to soluble clectroactive tellunium species.
Chemical analysis indicated <5 ppm Te in the melt.
Following cleanup of the cell and recharging with
LiF-BeF.-ThF.. standard additions of LiTe: were
made in the form of pressed pellets. The pellets
disappeared more rapidly from the melt surface than
did the Li:Te peliets. A gravish metallic-looking film
formed on the surface. Subseyuent voltammograms
dud not show signiflicant changes over background
scans. The eyuilibrium potential remained the same.
which was different from that for the Li:Te additions
where the melt became more reducing. This s
indicative that LiTe: is not stable under our operating
conditions, Bamberger ¢t al.”* revealed. in their
SXPeriments on spectral measurements of what was
reported 10 be LiTe: in LiF-BeF .. that isothermal
conditions were necessary to hold the charactenistic
color for any kngth of time. Under nonisothermal
conditions the color quickly disappeared. with
evidence of tellurium metal formation. Since our
conditions arc nonisothermal. the LiTe: probably
decomposed immediately after contacting the melt.
The gravih maallic-looking crust on the melt
surface apparently tended to short out the electrodes
after a few hours. because the voltammograms
became  extremely  aoisy and  nonreproducible.
However. there was no change in the eyuilibrium
potential.

Thus we have been unablke to detect stable
clectroactive tclluride species in molten LiF-BeF .-

21 ). M. Fietcher. | 1. Jenkins. . M. Lever. F. 8. Marun,
A R Powell. and R. Todd. “Mitrato and Nautre Complenes ot
Nutrosybruthesum,” J Inorg. Yavl Chem. 1, RS (195%).

22 H B McCor “Materials tor Salt Containing Vessels and
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24 C F Bamberger, J P. Young, and R. 6. Rowss. "The
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ThE, following standard additives of Li-Te and
LiTe: compounds under these conditions. It appears
that these tellurdes arc. for the most part. relatively
insoluble and or thermally unstable under these
expenimental nonsothermal conditions.

In the abuence of meanngfui volammograms,
cxperiments were imitiatud 10 determine the decom-
position potential of clemental tctlurium (e + e —
Tew™ ) refative to the half-wave potential of the U(IV)
—= U(1D) clectrode reaction. This should provide
some msight on the reducing power [U(IV) LI
ratio] reyquired to favor the existence of tellundes (i
stable) over clemental cllurium i MSBR fucd sah.
For these experuments. the molten LiF-Bek ~ThE,
was contained s a pyrolytic boron nitnde cup. The
holder for the small teBurium-pool electrode (- in.
dametcr) was fabncated from spectrographic-grade
graphite. Cathodic polanization curves (recorded on
the tellunium-pool clectrode right after it was dipped
into the melt at ~650° C. and for the next hour of so)
revealed 2 decomposition potential of about + 115V
vs the melt hmat. It was observed that ~ 100 mg of
tellurum volatilized from the graphitc holder in
approximately | hr. The half-wave potential for the
udyv) — Uil reduction is about +0.40 V. which
corresponds 1o a U(IV) UY(HID) ratio of ~150 at
650°C. From these measurements it appears that a
relatively reducing meft s requined to favor the
existence of stable telluride specwes over ckemental
tcllurium in molten LiF-Bek.-ThE,-U(IV) a1 650°C.

in order 10 obtain additional mformation on the
formation and stability of tellurides under noniso-
thermal conditions. studies were conducted on the
tellunde species produced in situ from cathodizmg
clemental tctlurium (mTc + ne — Tea” ). Chrono-
potentiometric and double-potential-sicp’’ volum-
metric expeniments conducted at a icllurium-pool
clectrode contained in a graphite cup reveaked that
the telluride species generated does not appear to be
stable at ~650° C. Instability was indicated from the
chronopotentiometric cxperiments by companing the
ratio of the forward and reverse transition times. ™
According to theory, gencration of 2 stable but
insoluble substance yields r; . = |; for a soluble and
stable species. r, 7. = 3. For an unstable species. on
the other hand. 7, 7. should be greater than 3. For
these experiments the current was reversed at a time
1 <r. however, the above conclusions remain valid as
long as 1 &r.. Polential-time curves recorded at the
tellurium-pool clectrode produced a 7/ 7. >3 in all
the runs, indiating that the tellunde specics
generated is not stable. at least within the time frame
of the experiment (scconds).

In the double-potental-step  cxperments. the
anodic-cathodic corment ratbw (1.°1) s plotted v a
functiwon of ume [Fi7)] that the potential step i
appled and removed. For a2 stable sysiem the rat
i, ¢ sunty when Fl)is exinapolated to rero_ Forthe
generation of an unstable specics. the R0 £, i s
than umity. This was obsenved for the cliurum
CXpeniments.

Plots of log i vs £ from potential-siep experiments
reveabed an 22 value close to unity. [The saludity of -
value determunations by this metived 15 descussed by
A-mstrong ct al. and by Bacarcla and Gress.”
Tuws ¥ 7 = V1 the tellunde peevated can e
represenied as mTc + ¢~ Ten (m 1), Bronstem and
Poscy” also obtained an n value f umity from
polarization studecs of tcllurum in molten chlordes,
using a different method.

A stable ctturade of the type Te.. should exhiata
color wixn dissolved in the mett. ™ In an cfiort (o
observe this effect. we cathodizad ciemental tcllurium
in molten LiF-Bek: 11 ~480° C. The melt was hekd in
a quartz tube to permit visual obsenvations. Upon
applying a current of 150 to 300 mA lor sevcral
scconds or longer. a dark brownish-lookng sub-
stance was obscrved streamung from $% tcllunium
clectrode. however. the material appeared to be
insoluble. and a colored melt was not produced. Aficr
the material diffused away [rom the chectrode a short
distance (~1 cm). the color could no longer be
detected. These results alwo indicate that we gener-
ated an unstable specics that under nonisothermal
conditions will undergo a decomposition reaction.
Rcasonable reactions arc as follows:

ZTC - Tt::
Te: —Te¢ +Tettm=1)

2Tea —~ T + (2m - HTel (m >
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Ihe I species does not appear 1o be soluble in
fluondc. at kast to the extent that soltammetrc
detecton o feasibic. (D, 1. Manming)

Electrochemical studies of oxide ions and related
species m molien flworides. The electrochemistry of
oxade wns {[ree or complexed) was studeed i molten
Lik-Bet ~Z k. (65.6-29.4-5.0 molke ¢ )and Lik-Bek -
Thi, (72-16-12 mole 77 ) at gold. indium. and glassy
carbon clectrodes m the temperature isterval 500 (o
710°C. Well defined and reproducibie voltammo-
grams and chronopotentiograms could be obained
only at gold ckctrodes. Cyclx voltammetrc and
chronopotcntiometrnic results indicate the followng
chectrochemical reaction pathway:

O =0+2 .
0+0=0_~
0+0 -0~

Peroxide specics were oxidized further. producing
a voltammetric postwave which increased with Na:0):
additions. Peroxide ions also gradually decomposed
in these media; the decomposition was more rapid in
the ZrlV)-containing melts as compared with the
TIV)containing melts. The results provide the
hasis for an in situ electrochemical determination of
small amounts of dissolved oxide.

A more dctailed repont of this work has been
submitted for publication in the Journal of the
FElectrochemical Society. (D. |.. Manning. GG. Ma-
manitov)

In-line analysis of molten fluoride salts. Corrosion
test loops and creep test machines. described
previously.™ were operated with reference fuel salt
LiF-BeF:-ThE.-UF, (71.7-16-120.3 mole ) uatil
the shutdown of the program in Junc 1976. These
experiments were under the general supeivision of
H. E. McCoy of the Metals and Ceramics Division
and were designed to test the compatibility of
Hastclloy N and other container materials with fuel
salt under various conditions. Correlations were
made with respect to U(IV); U(II]) ratios. fuel
composition. and temperature.

Ratios of U(IV), U(I]) in thermal convection
loops NCL-21A and 23 showed no unusual trend in
the redox behavior of the melt with time A
temporary fise in the ratio was observed in response
10 the addition of new corrosion test specimens, but
within a short time the ratio returned to the initial
value. The U(IV)/ U(11]) ratios were about 5.4 X 10’
and 4 for loops 21A and 23, respectively, at
shutdown.

The WIIV) U(IND) ratios in loops I8C and 24,
which were operated with Hastelloy N corrosion
specimens. showed a gradual dechine to final values of
about 1.7 X 10" and 80 respectively.

Foroed convection loop FCL.-2B was charged with
new saft and was placed back n operation after a
shutdown perniod. The U(1V) U(III) ratio at startup
wasabout 5.3> 10°. which indicated that the melt was
oxsdizing. The ratio decrcased to about 90 at
shutdown, as the melt came in contact with new metal
surfaces mstalled in the loop.

The mcasurement of U(IV), U(Ill) ratios wzs
initiated in November 1975 on cight creep test
machines locat~d in Building 2011. Since the mitial
measurcments, the mehs have tended to become
more reducing. For comparison, first measurcments
and final U(1V)  U(11I) ratios are shown in Tablc 3.1.

Tabie 3.1. Ratios of U(TV)/ U{11]) m creep test

machines
Machnc UOv) LD rae
wdenint
" Initial Fmal

14 Ab W 1A 10

1] Ivx 1o 450

17 230 I

Ix 18 10 4

9 sx 10 x

.1} S3Ix o »

b]] 65 »

n 357100 ot

Tellurium as Cr Tes (~50 mg) was added to machines
19 to 22. and no detectable change in the redox
behavior was observed.

TeGen experiments, a series of ORR poolsde
cxperiments set up to irradiate prospective MSBR
container materials, were designed to produce a
fission product inventory similar to that produced in
the MSRE when intergranular cracking was ob-
scrved. Qur role was to determine the U(IV). U(HI)
ratio in situ in the salt charge prior to irradiation.
Voltammetric measurements were made on the fill
salt used for TeGen 4 after a 4-hr period of hydrogen
treatment. It was not possible to record voltammo-
grams on the melt contained in the treatment vessel
because potential control could not be maintained. It
is believed that this difficulty was caused in part by

3. H. E. McCoy. “Maternals ‘or Sat-Containing Vessch and
Piping.” The Development end Staius of Molien-Seli Rewciors,
ORNL4IB2 (February 1975), p. 207.




tilm on the surtace of the melt that was conducting
and shorted the clectrodes. After transferring the
mxlt into the fill vessel reasonably well-detined
volammograms were obtained from which a
UdAV) Udih mmtio of 100 was calculated. Following
pin filling and blow-back into the !l vessel of a
portion of the melt for recheck. the U(IV) UtllD
ratic was within the range 100 10 130. The
voltammograms recorded on the alowback material
were poorly defined: thus U(IV) Ui values could
not be calculated as precisely as for the original fill
solution. However. the U(IV) U(IN) ratios were well
within the desired limits set for this experiment.
(D. L. Manning. R. F. Apple)

Tritium transport experiments at the Coolant-Sah
Technology Facility. The Coolant-Salt Technology
Facility (CSTF)was operated for testing NaBF .-NaF
(928 mole ©¢) for its suitability as a possiblc
secondary coolant for the molien-salt reactor. In
cooperation  with the Engincering  Technology
Division, we participated in experiments 10 deter-
mine the fate and distribution of elemental tritium
when it 1s added directly 1o the salt to simulate. at
least in pant. the predicted transport of tritium in the
coolant system via diffusion through the primary
heat exchanger. The methodology and the resules
from the first two tritium injection experiments were
described previously.” This section presents the
results of the third tritium injection experiment.

About 80 mC . of tritium (diluted about 1:1000 with
protium) was introduced into the salt over a period of
about 11 hr. Tritium concentrations were measurcd
in the cover gas and salt from the beginning and for
several days thereafter.

Preliminary evaluation of the data indicaies that
about half of the injected tritium experienced
significant holdup in the salt but was eventually
removed in the off-gas stream. Very little tritium in
the off-gas was in the elzmental form: the majority
was 12 a water-soluble or combined form. which is
advantageous from the standpoint of \ritium trap-
ping by the salt. Also, there appears to be evidenceat
low concentrations that some tritium is captured by
the salt and has a tendency to cscape on standing. A
general discussion of the behavior of tritum in the
CSTF and more complete analysis of the injection
experiments are given elsewhere.

A fourth tritium injection experiment was started
in February 1976, using more sophisticated gas
addition and sampling techniques. Tritium was
added in this cxperiment until a steady state was
reached. The experiment was conducted for a period
of several months, ending in July. The results are

¢

being cvaluated by Engincering Lechnology D ison
pensonnel. Some preliminary resuits. however. have
beer presented ebsewhere. ™ (R, F. Applei

GENERAL ANALYTICAL LABORATORIES
W. R. Laing. Group lLcader

Chemical Technology Division personnet began
several programs in suppont of tiw reprocesing of
spent reactor fuels.

In the head-end treatment for hght-water reactor
(LLWR) reprocessing. the fucl bundies were sheared
into l-in. sections for acid dissolution of the UO:. The
designens of the shear equipment would Eke to know
the amount of stainkss steel cladding in cach swe
traction of the chopped tuel. This measurement was
usually made by dissofution in HNO-HCL and
determination of the iron content. A need arose o
test for iron in 3O samples  day. but the leach-analysis
method was tov slow. H. H. Ross and 1. N\, Klatt
developed a monitor based on the change in
trequency of an oscillator when a samphke containing
stainless steel is inserted into the center of the col.
Details are given in Chap. ). Over 500 samples have
been analyzed with ks instrument.

Equipment was assembled to prepare a mamfold
for the Arsenazo 11 spectrophotometric thonium
method for the Technicon AutoAnalyser. The
calibration range was | to 10 ug of thorium per
milliliter. Four kundred samples were analyzed over
a period of four weeks. Half of the solutions
contained tributyl phosphate. and the thorium was
stripped with 0.01 3 HCL before analysis.

A gas-sampling svstem was constructed for use
with the Microtek 222 gas chromatograph for
sampling glass or metal gas containers. The appara-
tus consisted of a vactum pump. iow-volume
manifold. mercury manomcter. Hastings gage.
sample valve, and manifold-to-sample fittings. This
system allowed gas samples o be taken with httle
waste because of the large manifold volumes. Gases
have been analyzed for CO:. N:, CO. and CH,.

The Waste Management Program included formu-
lation of special cements for borchole plugging.
Standard ASTM procedures were used to determine
12 components of these mixtures. Flv-ash composi-
tion was also measured.

W AS Mever et al. “Intium Transport Fxpeiiments at the
Conlant-Salt Fechnology Facthis™ 4nal Chem Iy Ananu. Prig
Rep. Sov 30, 1975 ORNE-S100. p 23

12 1 R Engel et al. ~“Irinum Behavior in the Coolant-Salt
lechnologs Facilny.™ MSK Semvannu. Prog. Rep. Feb. 9. 1978,
ORNLSI1 p 2



Uranum mane tanbings were anahy 7ed for .V and
R, Ores which had heen reated with H SO: were
expeaialthy ditficult to prepare tor rndwm determina-
uon: savenal perceit SO: remained and tormed
wsoluble RaSO. A suitable procedure imvohved
snading the tlings to 100 mesh. tollowed by
trcatment ot a g alwuot with HNO: and HE. The
wsolution was diluted to a volume of 200 ml with 2 M
HNOL RaM): was more soluble in a higher
concentration of HNO.. The radinchemical analvses
were done by the Environmental and Radiochemical
Analvses Laboratornies.

Bacternwological decomposition ot acetates o H:0
and CO: was tried by Chemical Technology Division
engineers as a solution to a waste-cflluent probiem.
Fhese wastey contained mg ml amounts  of
CatNO: ) CaCO:. and HNO:. and 50 to 500 ppm of
acctate. In this method the aluot was passed
through H -form Dowex 50 resin. which cluted the
HNO: and HAc. After neutralizing the bulk of the
HNO:. the acids were titrated in 904 acetone. usinga
recording tutrator. The second break in the cunve
corresponds to the titration of the HAc.

Work lor the Emironmerntal Sciences Division
included the analysis of 75 samples of wood tfrom
individual tree rings for C, H. and N determination.
The Perkin-Elmer model 230 clemental analyzer was
used for this measurement. Samples of 0.5 to 2 mg
were taken, and based on duplicates. relative
standard deviations of 0.677 tor C. 1.8 for 1. and
1Y, for N were obtained. Nitrogen levels were
generally <0.5 ;. which accounted for the higher
relative standard deviations.

Environmental Sciences Division personnel indi-
cated a nead to measure the reducing sugar confent of
tulip poplr bark and wood. This value was thought
10 be assovarted with the production of CO: by the
tree. The wood was ground thoroughly with ethyl
alcohol ina Waring blender. and the reducing sugars
were extracted into the alcohol. Next. cupric ion was
added which was reduced to cuprous ion by the
sugars. The cuprous ion. in turn, reduced an
arsenatomoly bdate complex to molybdenum blue for
a spectrophotometric measurement. A calibration
curve was prepared using glucose. and the sample
results were reported as ppm glucose. Thirty-sia
samples have been analyzed with a range of 800 to
9000 ppm. Two sample extracts have been separated
into individual components by high-pressure lquid
chromatography. The total amount of reducine
sugars found was approximately the samecaswith the
spectrophotometric procedure. Half of the sugar was
Slucose. with the remainder split into fructose.
xylosc. and galactose.
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In another Emvironmental Scrences Division
program. we have measured the orgamic carbon
content of snails and snail cggs. In the procedure
used. similar to a chemical oxyvgen-demand test. the
suaily were digested in an H:30:-K:Cr:0- solution.
and the remaming Cr(Vl) was measured spcctrophoto-
metricallv. The “as-received” snails. preserved n
formahn. were carefully washed with water before i
analysts. The shells were crushed between glass plates
and dropped into the oxidizing mixture.

The Coal Technology Program included stabilins
studies for onal-dernved liyuids. Four containers. to
be stored under different condittons, were analy 7ed
for C. H. N.S_BTU_forms of S, ash. density. solids.
cresal insolubles. viscosity. and gel chromatography.
Additional samples were analyzed every two months
during the vear.

ASTM method D28R7 Boiling Range Distribu-
tion of Petroleum Fractions by Gas Chromatogra-
phy. has been set up on the Microtel 222 gas
chromatograph. using a 6-ft by '.-in. Dexsil 300
column. A calibration curve was prepared using
compounds with boiling-pownt ranges from 60 to
327°C. Column bleed was negligible over this
temperature range. Samples of solvent-refined coal
(SRC) hyuid product have been analyzed. The
hoiling-point cunves were similar in shape and
showed a distillation of 150 10 375°C.

Fractionation of coalderived hiquids by solvent
scparation was used for SRC product. Benzene.
cyclohexane. and nitromethanc were used to separa.e
asphaltenes. heavy oil. and aromatic and nonaro-
matic fractions. Methviene chloride was used 10
extract water-soluble organic compounds from
agquecous condensate. Acetone and m-cresol were used
as solvents tor coal-derived liguids.

Encouraging results in the solids separations from
coal-derined Iuids caused a large increase in the
number of samples tor ash determination. As many
as 500 samples month have been received. Several
modifications have been made in the procedure to
increase the cfficiency. Samples are handled in
groups of 12, evaporated under a battery of heat
lamps. flamed as a group in a stainless steel tray. and
ignited in a muffle furnace. Ash contents range from
0.05 w0 1077,

Severai samples of monazite sand were analyzed
for uranium by the dibensoyimethane spectrophoto-
metric and fluorometric procedures. The key 10 a
successful analysis was in the sample preparation.
Some monazites comain  materials of varying
denstties. and it was npecessany 1o quarier thew
sampies to size and grind them to - 100 mesh. using
the shatterbox grinder. The uranium was dissohed



with H:5O0.. using a scaled tube. Some residue. about
10°;. mained and was fused with pyrosulfate.
Negligible amounts of uranium were found in the
fused portion. Results on a very inhomogencous
Georgra monazite were as follows:

Peroentage of wranmm
Spectrophotometry  Fluonmetry Mass spectrometry
A 041 043 [1 2 R3]
B (PR ] 043 0435
¢ oM 042 [ R ]

Mass spectrometry was used to check the chemical
results.

The Civil Defense Group worked on methods of
iodine removal from water that might be used in
case of a nuclkear emergency. Complexing the 1 w'th
flour and filtering the water through 6 to 8 in_ of svil
was very effective in removal of 1., but removed only
07 of the iodide. Further tests showed that
houschold hleach could be used to oxidize the iodide
to indine for more complete removal.

The Nuclkear Safety Pilot Plant has been reacti-
vated. The first tests were (o determine sodium
transport. and samples were analv/ed on the Perkin-
Eimer 460 nstrument. Either atomic absorption or
Mame emission modes could be used. plus a built-in
microprocessor to linearize the calibration curve. In
the (lame emission mode. a calibration curve from !
to 25 ug of sodium per milliliter was set up. and most
samples were read without further dilution. With 40
to 60 samples per sct. this resulted in a saving of 2 hr
over the use of atomic absorption.

A chemist worked with Chemistry Divison
personnel to establish the operating and sampling
conditions for a geothermal test loop. The effects of
acidity. salt content. and waiting time on the
polymerization of SiO: were studied. A procedure for
foutine operation was written, and a Technicon
AutoAnalyzer was set up for the on-line determina-
tion of silica.

Water samples from tanks in the Annual Cycle
Energy System experimental house, designed to use
solar energy, were submitted on a regular basis. Tests
for total hardness, total alkalinity. pH. conductivity,
Mg. Ca. and Al were done.

New instruments obtained during the year werca
Perkin-Elmer model 240 clemental analyzer. a maodel
3920-B gas chromatograph. and a model 460 atomic
absorption instrument.
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ENVIRONMENTAL AND RADIOCHEMICAL
ANALYSES LABORATORIES

R. R. Rickard. Group cader
Environmevntal Analyses Laboratory

A mxrocosm study undertaken by the Environ-
mental Saences Division for the Fnavironmental
Protection Agency (EPA) was the largest programin
which the Emvironmental Analvses Laboratory was
involved durng the past vear. Another wizabk
analytical effort was made toward providing anafvses
for six to cight trace clements in support of the
Environmental Fate of Fmissions (rom Coal-
Combustion Plants Progect. The measurcement of
mercury m a vanety of cavironmental samples
continued at about the same level as that last xear.

The microcosm project reguired analyses for Ca,
Mg. K. NO:. NH:. PO:. and dissolved organic carbon
({DOC). Arsenic was found to interfere in the PO,
analyses unless the sample was pretreated with HBr.
The DOC analyses involved seaked-vial oxidation
conditions emploving clevated tcmperatures and
pressures to convert carbonaccous materials to
carbon dioxide. The failure of a pressure vessel ed 1o
a radical change n the sample treatment procedure
relative to temperature and pressure control. Re-
dundant temperature controls are now in use on the
pressure vesse! and the heating oven. A pressure relief
valve is also a safety feature added to the pressuse
vessel. These changes were achicved at a high cost of
man-hours and materials.

An automatic sampler for the graphite furnace was
acquired and is being evaluated for its effectivencess.
The graphite furnace is dedicated mostly to the
analvtical work supporting the Emissions from ( oal-
Combustion Plants Project. With an increase in the
use of the furnace technique. this sampler unit should
improve sample injection reproducibility of microli-
ter aliguots. Results of trace-clement measurements
in both EPA water standards and “unk nown™ quality
assurance standards have been gratifying.

The NSF-sponsored study of a mercury mine in
Spain produced samples of vegetation, fish, birds,
stream sediments. and mice for organic and inorganic
mercury analyses. Lockl water, fish. and air provided
the other samples analyzed for mercury this past year.
Depunding on sampling locale, the mercury levels
varied from ng g to ug g.

Radiochemical Analyses Labomatory

Most of the low-level radiochemical work has been
consolidated in onc remotely located laboratory.



Lhi  sction became nccasary with an increased need
for low-kvel actinide analyses. more definitive
environmental monitoring  analvses. and  specaal
rad:um and radsm daughter analvses. New instru-
mentstion has been acquired 0 improve our
capabiotios tor low-level activity measurements.
Strontium-90), gamma-cmiting aucldes, and alpha-
cnutung actinides have b= determined in soils and
scdiments, water. vegetation, and air Glters.

Studics imv olving the behavior of ““T¢ (a pure beta
cmitter) required numerous radwchemical sepasa-
tions tor “T¢ throughout a small-scale treatment
system.

LWR fucl reprocessing studiey placed  heavy
emphasis ¢n determining the fate of 'H. “C.and I
during tucl dissolution. Procedures employed were
ather datllation. evoiution, or solvent extraction
coupicd with ncutron activation to isolate these
nuchdes of interest. The L. WR work also required the
assay  lor gamma-cmitting aucldes in dissolver
solutions and dissolver trap solutions. This was
accomplisted by gamma-ray spectrometny coupled
with computer resolution of gamma-ray spectra.

I he fission product sunveillance study on compo-
nents of the Peach Bottom Reactor involved analyses
tor 'H. "'C. and fission product “'Sr. Special
dissolution and combustion techniques were used o
prepare samples for analyses of interest.

HIGR work necessitated the greatest number of
difficult radiochcmical separations. this work in-
volved the isolation of “Ru. *""Ag. "*Sh.and "“Eu
from other fission products many orders of magn:-
tude lugher i concentration. Numerous gamma-ray
spectra were analyzed for the more predominant
gamma-photon emitters by gamma-ray spectrome-
try. using J. F. Emerys MONSTR program.

A ncw hquid scintillation counter was acyuired to
increasc our productivity in ““C and 'H analyses. A
197 relative cfficiency Ge(l.1) detector was obtained
and placed in a lead-shiclded facility to enable us to
perform  analyses of intermediate- to low-ieve!
gamma-cmitting nuclides. Plans have been made 1o
obtain a new gamma spectrometer that will not only
replace the older unit but will also free the old system
(NI 3300) for multiple-detector alpha spectrometry.

RADIOACTIVE MATERIALS ANALYTICAL
LABORATORIES

J. H. Cooper. Group l.cader

The 1. WBR Assistance Program of the Chemical
Technology Division provided the major portion of
our work during the past year. This program is

drawing to a close and consists pamanly of
recosering scrap and wasice from the production of
luei pellets. The production of transuranium cle-
ments has become fairly routine and consists of about
WO Tuns per year.

We have assisted the Chemical Technology
Division in studyving problems in the reprocessing of
LWR fuels. Solids that anse from incomplete
dissolution of the fuel. that precipitate upon storage
of the fuel, or that appcir at the interface during
solvent extraction have been investigated. Portions
of these solids were isolated for x-ray studics and
possible dentification: other portions werc dissolved
for radiochecmical and spectrographic analyses.

Another important study in LWR fuel reprocess-
ing is the behavior of plutonium. Exhaustive
extraction of plutonium {rom the fucl solution is
donc. 2nd all of the resulting organic and aqueous
solutions arc analyzed for plutonium. Radiometric
methods of plutonium determination are used: often
the levels of plutonium are very low (less than 10° dis
min ' ml ‘). and the levels of fission products are
high. Extraction of plutonium by thenoyl trifluo-
roacctone has becn verv successful under these
conditions.

Mcasurcment of the transuranium elements is
usually done by counting the gross alpha activity and
perfornung an alpha pulse-height analysis. In cases
where the salt concentration is very high (samples
that have been dissolved by carbonate fusion). gross
alpha measurement by direct evaporation of aligniot |
is not satisfactory. Cleaner counting planchets were
made by carrying the actimdes down on fenic
hvdroxidc and plating a portion of this mixture. This
scavenging technigue also helped to make better
sources for alpha pulse-height analysis. Neptunium-
237 was measured in tie LLWR fuel solutions by a
combination of ion exchange and solvent extraction
after spiking the sampic with “"Np for recovery
calculations.

We participated in another study to analyze the
depletion of acid in stored 1. WR waste solutions.
These extremely radioactive solutions were titrated
remotely with a standard basc. Erratic results caused
us to closely inspect our procedure for determining
frec acid: we discovered that restandardizing the pH
meter after cach titration greatly improved the
precision. Evidently the high levels of radiation
caused cxcessive drift of the clectrodes. Future
studies in | WR fuel reprocessing will be made on
determining nitrogen, *C. and tritium in the spent
fuel.

During the past year we cxperienced a large
increase in demand for our nuclea,-coatings testing



senvice. largely because we are the only independent
testing laboratory capable of performing the recenth
updated specificaiions tests w0 meet ngd qualiny
assurance standards. As a resull. improvements have
been made to our design basis accident test chambers.
We have also added a second air irradiation facility at
the HFIR spent-fuel storage area. We have main-
tained close hason with the Utilities Nuclkear Coating
Work Committee as an advisory board member and
with the ASTM subcommitiee on “Coatings for
Power Generation i-acilities.”™ A continued increase
in the work load i1s anticipated for the coming vear.

DATA MANAGEMENT SYSTEM
R. W. Stelzner and J. S. Stanton

In coopenation with the Computer Sciences
Division, we are designing a data management
system to assist the Anralvtical Chemistry Divisionin
craating and keeping records of the results of
chemical-physical analyses. During the 12-month
period ending Scptember 30. 1974, the Division
reported 178,411 results from its various service
iaboratorics: by 1975, this number had increaved to
223.751. A computerized data management system
will redure tk.e large amount of manual data handling
and increase both efficiency and effectiveness.

The Computer Sciences Division is designing the
record-keeping facility. using the assembly and
machine languages of the ORNL DEC system 10
time-sharing computer. Access to the computer is by
means of “inielligent™ remote terminals (Texas
Instruments model 742) via telephone lines. One such
terminal has been placed in operation in Building
2026: a second unit is used in Building 4500S.

We are designing programs using high-level
languages (BASIC. FORTRAN V)10 perform some

ol the caiculations that will be used on the remote
terminals. One such program cakulates the ppin ol
U present in UL lnput information for the
terminal consists of the alpha count tor 1 and the
total alph:: count tor the sample: vutput from the
remote terminal is the ppm amount of ~ L.

A FORTRAN IV computer program calculates
gamma-ay detector etliciencies over a range o
energics. Prozram execution on the DEC syste + 10
computer results in sucvessive calculatuwns of hincar.
quadratic, and cubic equations to It the cnergy-
cfficiency  data set. For cuch cunc. a CHI-
SQUARED value 1s calculated to test “gomdness of
ii.” The best lit is computer sclected for computation
of the polvnomial coefficients: the coellicients
created have heen used successtully in calibrating a
new gamma-ray detector.

We have placed on the disk a general-purpose.
least-squares curve-fitting program that will allow
welection of the degree of the polvnomial eyquation.
This FORTRAN IV program is employed for
particle density determination. using the gradient-
density method. The original version ol the program
had no provision for incorrect keyboard entries.
making it necessary to rety pe an entire input data set:
we have introduced new coding to permit retyping of
uniy e ncorrect entrics.

A BASIC language program to calibrate specific-
ion clectrodes Jor the determination of F and NO-
concentrations has been written and nlaced on the
disk. The same program: has been written in FOCAL
for execution on a PDP-8 computer.

We are working at present on programs that will
correct radioactivity measurements for decay.and on
a program to simulate distitlation curves for complex
organic mixtures, using gas chromatographic data as
input.



4. Bio-Organic Analysis

M. R Guenn, tead
J. R. Stokels | Assodiate

Wo oare experienzing g penod of tramsitivn. both o otganizaton and in areas of
rescarch, We continue 1o be mvolved almost solely i programmatic research and swrvices.
our funding ease has beoadencd. however, and traditional objectives of tobacco-smoke-
related progects are chancang. The Nanonai Canicer Institute Sinoking and Health Program
has eftectivels abandoned smoke condensates and skin carcinogenicity bioassay models in
tavor of whole smokes and nhalation bioassavs. Our obgectives for the Councit tor
Tobacco Rescarch USA Inc.. are neanng completion. and  reprogramising i being
discussed. Methodologc s and philosophies deveivped a5 a result of tobaceo-related work
have been etfectively transferred to emergng ERDA concerns in the area of syntuch
technotogics. Methodologes and fagiliies derived from sy nfuels rescarch promise to
expedite poogress in newls defined areas of tesearch related o the brolugical sttects of
wbacoo smokes for the traditional sousces of upport.

The Bo-Organic Analy sis Section 5 divided into four groups: Quantitative Methods
and Payjects. Sepatations and Hdentificanions. Biosnaly ical Methods and Projecis. and
Inhalation Exposure Chemistry and Instrunmwrtation. The Quantitative Methods group is
primarily commitied to the characterization of experinwntal cigarcties. but includes
sescarch and serviees an the area of ovcupational exposure fo organic constituents of
complen. mintures, in cooperation with the Laboratory  Industrial Hhgene staff. A
challenging expanded responsibility for the group accompanies an NCE decision that
chemical characterization will constitute the primary paramicter for priontizing cigarcite
tvpes Tor biological study. New approaches and methodologies are reguired to adeguately
mwet this expectation. The Separations and ldentifications group was foriwd to awet the
need for carefully  defined materials from synfuels processes for bologicas and
cavironmental study. It has zenerated methodologies of general ase 1o those interedted in
envitonmental  toxiwology. including  that associated  with agarette smoking. The
Bivanalytical Methods group continues 1o provide expertise in the arcas of uptake and
impact of smoke constituents. and approaches are readily transierred te other sources of
envitonmental insult. The Inhalation Exposure group has provided the tools required o
meaningtully dose animals with tobacce smoke and 1o chemically monitor the exposures.
Attention is directed toward sdvanced exposure and monitoning methods and toward
transternng these methodologies to studies of general envisonmental contamimanon.

This report period has included an increased interest by new sources of support in the
unique maly twal chemistry life wiences viewpomnt of the section. We are involved witiv
the Masonite Corporation in a study of an agrultural feed supplenent to isolate and
identily beneficial ingredients. We have recently accepted responsiifity Tor 2 buanch of
the Envitonmental Protection Agency (o provide its contractors with matenals related to
alternate cnergy sources for mological and environmental study . In-house interactions
with process developers on potential problems of occupational exposure o ofganic
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shemicals are mereasimg. Methods developed i support of Tite-sciences problems appear
to be readily transterable W anrerests of provess developers. and we look torward to an
mcreasmng meeracnon with the engineerng statt ot this and other mstitutions,

Our ettorts continge to be tvpiticd by closely collaboratne micractons with other
mstiutons and groups. We continue to nteract cosely with Nasonat Cancer Institute
Smoking and Heaith Program contractors and anticinate an even broader steiaction with
other mstiutons sponsored by the Counctl tor Tobacco Research. Collaboraiive studies
with J. L. Epler of e Biology Dwision have been parucularly productive and are leading
to umque capabilities for ORNL. We have been particularfy pleased with the cooperation
ol colleagues at the Pittsburgh and Laramie Energy Research Centers. We look torward e
new mterachions with unvessinn  researchers on the problems of agniculiaral teed
supplements.

The topios cluded in this report were chosen by the group leaders as being
tllustrative of ongeing > tivities and capabilines. We anticipate an ncreasing need for
multicomponent orzanic analytical methods to provide 3 maximum chemecal character-
17ation and an ncreasing demand for gnambiguous orgame structural identificauon.
Bioanaly tical and separations methodologies require attention te mevt these needs and
extend section capabilities. The following reports ilustrate our capabilities o address

organic- and bivanaly tical probiems.

QUANTITATIVE METHOUS AND PROJECTS

Advanced organic-analytical services. Quantitative
analy tical capabitities have evolved from the expertise
developed moanalyses of wbacco smokes. A number off
corrpounds being routinely deternined were listed last
vear.! New metheds added this year include proc sdures
tor the analysis of paratfins and carboxylic acids. A
provedire for the direct amalysis of the latter in
aqueous samptes is described elsewhere in this report.?
New gas-phase  constituents that can be determined
include methane and hvdrogen: polynuclear atomatic
hy drocarbons (PAH'S) are being determined lor the
Industrial Hygiene  Department. using methods  de-
veloped i smoke-related work.

The larzest user of these services has been the
National Cancer Institute (NC1 Smoking and !ealth
Program ¢SHP). A series of experimental cigarettes and
their corresponding smoke condensates have again been
submitted tor extensive chemical chasactenization. Ap-
proximately 40 varieties of experimental cigarettes and
vondensiates were examined tor more than 30 rouiine
protocol  constituents or parameters in this repont

W, L Griest and B Kubota, “Polynuclear Aromatse
Hydrowarhons,” dnal. Chem. Div. Annu, Prog. Rep. Nov. 10,
975 ORNL-Si00,p, 57

JoC e Hoo B R Ulark, and M. R. Gaerin, "Direct Apalysis
ol Oreanic Compounds in Aqueous By-Products from Fossil
T uel Conversion Processes: Onl Shale Retorting, Synthane Coal
Gasthication and COED Coal Liquelaction,” J. Environ. 3ci.
Health AVHE Ty, 481 11976).

peniod. This characterization required approximately
4000 anals ses.

An increasmg part of vur ettort has mvolved respond-
ing to special requests from the NCL Studies have
included the nwasurement of tar. niwotine,  water,
carbon monoxide. and carbon dhoxide delivernies of 11
varieties of commerckl cigarettes purchased in Brazil
and Hong Kong. A mwore detailed analysis of smoke
constituents from 17 domestic commercial brands is in
progress. The smokes are being amalyzed Sor tar,
nicotine. carbon monoXide, nitrogen oxides. hydrogzn
cvanide, and acrolein. The data are to be used by the
NCE SHP managemient 1o postulate fevels of smoking
that produce an acceptably low health risk.

We have also completed examining smoke con-
densates generated, using 24 experimental cigarettes to
compare a new bioassay, the sebaceous gland sup-
pression fest. with the mouse skin-painting bioussay.
Our assignment was to determine it these condensates
were chemically identical to thuse generated and uscd
carlier tor skin testing. Statistically significant com-
positional differences were found. Two causes of this
ditference are possible: (1) the smaller number of
cigarettes available for use produced an insuflicient
amount of condensate to properly condition the cold-
trap assembly for maximal collection efficiency, and (2)
the cigarettes had aged up to theee years and may have
yielded a chemically different smoke in spite of freezer
storage. These data indicate that a direct comparison of
bivassays is not possiblc by ws: of this experimental
design.



As the priontes and requirements ol the NU1 SHP
change. our srvices and capabslities also change. The
tutere direction of this NCI program will include heavy
reliance on multivomponent analvtical pracedures for
an cflicient. maximum characterizatier of a2 <smaller
number ol expenmental vanants. Newly developed or
improved methods 1o meet such requirements are
described i the following sections. (R B (uincy.,
H. Kubsrta)

Charactevization of eccupational expossre to PAH-
containing fugitive emissions. Operations involving the
prrolyats of petroleum pitch produce large amounts of
hydrocarbons as by-products. The chemical compusi-
tion of such by-products and their release as fugitive
emissions into the workroom atmusphere have not been
well characterized. We have been involved in a study of
PAHconuining aitborme tugitive emissions assuciated
with an ORNL project involving pitch pyrolysis.

A covperative effort was established with the op-
crating davision and the Industrial Hy gene Depariment
of ORNL 10 collect air samples during norma op-
crations. A standard air-filter cassette was employed
with a backup drv-ice trap on a2 20-iter. min sampler.
Samples of workroom air were collected at suspected
emiission peints Tor cach operation. Personnel expuosure
was defined by a personal monitor carried by one
wurker.

The samples were ranked for analysis by examinaticn
of the fluorescence exhibited by the gross unpurified
filter extracts at benzofa| pyrene (BaP) emission wave.
lengths. Those samples whose fluorescence indicated
more than 0.2 ug of BaP per m? of air (the proposed air
concentration limit for BaP)’ were selected for specific
BaP determination. Selected samples will be subjected
to a multi-PAH analytical procedure for a more
complete assessment of airborne PAH content.

Results from the first set of samples allow several
conclusions to be drawn. (1) The standard filter cassette
employed tor the collection of air samples appears to be
at Ieast 957 cfficient for BaPcontaining paniculates in
the range or particle sizes encountered in these op-
crations. The cryothermal backup trap was therefore
citminated from subscquent sampling operations. (2)
Comparison of the results for the final specific BaP
analysis with the initial gross sample fluorescence
measurement suggests that use of the latter may allow a
rapid. rough estisnate of the BaP content of a sample.
However, more samples are required to guantify this
relationship. (3) The manner in which a worker

3. Standards Advisory Committee on Coke Oven Emissions,
Occup. Saf. Health Rep. 450, 639 (1975).

performs 2 gven operation has 2 major effect on the
cemissions penerated. This effect may seriously compli-
cate efferts o predict expusures for the various work
operations. ($) Most imporiant. certain operations were
tuund to produce BaP-containing emissions. Particle-
size amalysis of the emissions of one operation showed
that approximately 70 by weight are <10 gym in
diameter: hence a significant portion are in the respt-
rable range.

The operation that appears to offer the greatest
emission is being characterized in greater detail. Emis-
sions have been sampled hourly during the course of a
wurk shift at three workroom points. Hourly personnel
exposure was defined by a separate personal monitor
carried by a worker. The intent of this study is to
develop methods for monitoring the release and spread
of emissions and for defining some refation to worker
expusure. {W. M. Griest. H. Kubota. R.W. Holmbery,
L B Yeatts Jr.)

PAH amlysis methodology and correlation with
biological activity. Interest in methods that dlow the
simu'tanevus determination of many PAH's continues
as new information on the biologival activity of various
isomers indicales a synergistic carcinogenic effect *®
Our multicompunent PAH method has undergone
several improvements in this report period. The initial
procedure [serial extractions with cyclohexane. di-
methylsulfoxide (DMSO). and cyclohexane] has re-
mained the same. However. a volume reduction step has
been added prior to the DMSO extraction to improve
the recovery of alkyl naphthalenes. Extraction of 80 ml
of cyclohexane with § X 20 mi of DMSO allows only
one-quarter of the alkyl naphthalenes to be transferred
into DMSO. Reduction of the cyclohexane volume to
about 5 ml by evaporation under nitrogen at reduced
pressure prior to DMSO extraction improves recovery
to at least 957, The residue is subjected to Flomsil
column chromatography as before.

The major change in our mwethod is that we aow
divide the subsequent alumina column etfluents into
two sublractions prior to analysis. This separation is
accomplished by using a solvent program consisting of
100 mi of hexane ‘benzenc (6, 1) followed by 300 ml of
hexanc/benzene (2/1) on the alumina column. The

4. R. Schoental. pp- 133 60 in Polvevelic Hydrocarboms. ed.
F. Clar. Academic Press, New York. 1964.

S. Parniculate Polvevele Ormmc Maiter. Committee on
Bitogic Fffects of Atmospheric Pollutants, National Academy
of Sciences, Washington, D.C. 1972, pp. 4 .12

o. k. L. Wynder and D. Holfmann. Tobaccor and Tohacco
Smoke. Academic Press. New York, 1967. pp. 228 32,
330 5t
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sublractions are defimed by the elutivn of ' *Clabeled
naphthalene and benzie] anthracene (BaA) travers, de-
wcted by fiquid scntllativn counting The two sub-
(ractions are separately concentrated and analy 22ed by
high-resolutivn gasliquid chronatography (GLC). Re-
covenes are cakulated from liquid scintillation measure-
ments of te tracers. We have appied this m2thod 10
the analyss of a variety of sample types. Sampiles
amalyzed mclude several coal-derived liquids. a matural
crude oil. petroleum pitch, tobacco smokes, and air
particulates.

Experiments comparimg the PAH's collected in towal
pasticulate matter (TPM) (gass-liber filter) and cold-
trapped condensate showed widely varving collection
efficiencies on the standard glass-iber tilter. Collection
efficiency by the filier is a function of PAH volatifity.
Sixty-two percent of the naphthalkene was lost Itom the
TPM. while losses were lower for the less volatike PAH's
such as anthracene { 287) or 2 methylpyrene (47). TPM
cannot. therefore. be used 1o reliably detesmine the
smoke deliveriecs of PAH's less than fous rings in size.
The experiment suggests that analysis 0! indusinial
air-filter samples will produce unrealistically low results
for smaller PAH's.

Smoke condensates from five experimental cigarettes
were used in a direct correlation ( “blind assay ™) of GLC
profile-peak areas with biological acrwity of the whole
condensate. The biological activity. a< determined by
skin painting elsewhere oi these condensates, ranges
from 0.19 to 0.52 Py (probability of survival without
wmor for 18 months at 25-mg dose level). PAH

fractions were solated from these condemsates. and
GLC profiles were gemwrated. The PAH protiks for
theee of dwese cundemsaes. rangng from the highest
biwlogical activity condensate (upper trae) (o mter-
mediate (venter trace) and lowest brologeal actiary
condensate (buttom trae), aie shown i big. 4.1 The
general features of the profides appear uite simila. but
the intensitics vary Jirecily with the brologea actmny
of the condensate. suggesting 2 group correlatwn.
Thirty-one visually selocted peaks were chosen for
correlations ol peak-area vs wlopeal actimty. Result-
mg ample correlation coetlicients are presented in
Table 4.1. The highest correlation with biologeal
actvity (- 0.97) was found tor an unidentitied peak { 3)
whch may be 2- or 3-methyl tluorene, judgng by 11s
retention time. Fluoranthene. 2. 3-benzolluorene. and
perviene (possibly with 2 cocluting species) alse pro-
duce significant correlations. as did the wia integrated
3- 10 6-ning PAR-{raction peak area. The latter result is
consistent with the long-known ('t that the majonty
of the carcinogenic activity of 1obacco smoke resades in
its PAH<consaining neutral iraction. Fluoranthene is
cocarcinogenic with BaP, pyvrene. which also s 2
cwcarcinogen. did nut correlate so well. Surprisingly .
the 1.2-iscmer of bensolluorene viclded the best
correlanion, +0.99. an excelknt correlation agwinss
bivlogical activity. This result is just oppsite that of
the 23-tsomer.

A very low conrelation was observed for BaP or BaA:
however. this was not unexpected. since correlations of
the routinely determined BaA/BaP data with bicassay
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Fig. 4.1. Theee- 10 mvening PAH profiles for three experimentsl cigarette smoke condenmaies of known bivlogical activity. ()
high activity, (h) intermediate activity. and (c) low activity. Temtative peak identifications are listed in Tabl i),



[ESOWN

Tabie 4.1. Testative peak idestifications and canciptinns with shin-guinting bisosny dota

Pk No. Tematne meatifdation Corclation” coefficiem
] F hsorene -0.38
2 9.10-Dibkydvuantheacene -0.23
3 Uakaven-1 -0.97
4 9-Mcthy! Movrene .-
s 1-Mcthyi Shouremc -0.58
[ Uekmoun-2 -0.80
7 Uskmown-3 -0.74
Phenanthrene -0.77
° Anthraenc. mmpure -0.60

10 Unkmown-4 -0.70
" Unkmvwn-§ -0.75
12 2-Methy | antheanene --
13 1-Methyl pheaanthrene .-
14 Unknven-é -0.77
s Fiwocanthene -0.92
1] Pyveme -0.80
17 1.2-Beazoflsvrene 0.99
s 2.3-Benzoflmurene 091
i Unkmpun-7 -0.65
20 1-Methyl pyrenc --
b4 | 1.2-Benzja) anthracenc tBaA) 0.05
22 Cluyseme -0.10
23 2.3-Benzja | anthwracene --
24 Unknow -0.65
2s 1.3.4-Tripheny e azcnc -0.02
26 1.2-Benzofa] pyrene 18P 062
27 Perylenc -0.95
3 Unknown-9" --
by oPleeny bkewe pyremc .-
3o 1.1 2-Benzoperybene -
31 Anthanthrenc --
Totd 310 6-rmg PAH fraction peak anca ~-0.93

- sigmifes that these PAH were not found a5 swuffioent sumber of condensates (o

allow calvulation of 5 conlheent cosrelation coefimem
PThew uaknumns are comh stographw with 7.1 2-dwnethyi-) .2-benzjo ) snthracenc 1 24)
and 3 methyl cholanshrene 128). aether of which have been identified n tobacoo smoke

results for previous experimental cigaretes have never
beer good. The results of thes study suggest that a
better mdivator of the PAH fraction and its refationship
10 botogical activity would be the unidentified peak
(33. The next step of this study is structucal identifi-
cation of the coelatmg consiituents of the PAH
fracion.  Gasliquid chromatographic mass  spectro-
metric (GLC-MS) examination of the sample is planned
in the near Tuture. (W. H. Griest, G. Olerich)

Polyglycol multicomponent amalytical method. Poly-
gyculs such as gycerol are usually present in tobaxco
smoke at relatively high levels. They originate for the
most part from polygycol humectants added 10 the
twhacco wn the manufacture of cigarettes. Although
polyglycols are not expected to be bidogaally active. it
is possible that their presence in smoke at clevated
concentrations could alfect the absorption and uptzke

of carcmogenic constituents of smoke. Our recent
vbservation of unexpeciedly high levels of pulygycols
m certain tobacco smoke condensates of the current
NC1 seres suggested a need for an analy tical method for
identifving and quantitating polyglycdls in smokes.

We have developed a3 rapid analytwal technique
capable ol wdentifying and quantitating several poly-
gycols in tobacco smoke. The provedure is a slight
modification of our standard multicomponent TPM or
condensate profiling method similar 10 the humeciant
analysis developed by Carugno et al.” One milliliter of a
25 wt 7 solution of 1obacco smoke condensate in

7. N. Casugiwo et ab, “Gas Chromatographic Determination of
the Trimethylsdyl Derivatives of Polyhydric Humectants in
Tobacco and i Tobacco Smoke.” Bermr. zur Talwk. 6. 19
197,




aetone water (95.3) and a known amount of undecane
wnitemal standard are pipetted into 2 5-ml volumetne
sk and Uwn diluted 0 volume with redisubled
pyidine. After muxing. 2 3004 aligquot 15 reacted with
200 gl of bast trimee thy Lsily [ Rvatluoroace tamide contain-
me I'7 wimethy kchlorosilane for 30 min a1 65°C. A S
siquot s npcied mio 2 20X %-m.-OD gas GLC
column  packed wath 35 OV-101 on %0 100-mesh
high-pertonmance Chsomosarb G, temperature  pro-
gammed from 100°C (3 min sothermal hold) o 280°
2t 27 oun. Appropriake atieauations ai¢ made o keep
all pubygdycol peaks on saalke. Applkatn of ths
method 1o certam smoke condemsates of the current
)Ry conlirmed our mitial observation ol ekevated
polagheol conentrations. For example. in one con-
densate.  three polygheols - dycerol. 1 3-propylene
Bhveol. and uxcthvkne gdycol - were present in even
geater comeentiatuns than that of notme (638
me g). and at kast one viher pulvglveol was present at
about one-third the nvoune concentratun. The total
weight of the identified polyvdhcols comtituied amost
207 of the condensate.

The mportance of such multcomponent screens &>
the:s demonstrated. N1 s now supporung such meth-
ods 1o cstablsh the mtegity of experimental vananis.
(W. H. Griest. . Olerick)

Phenel multicomponent analytical methed. Methods
have been devised tor the mulivompunent deter-
mination of phenols in tobacco smoke and other sample
matenab such as Musonex. 3 by -product of hardboard
manulxtunng Intarest n the phenols anses from the
obsenation of signifivant tumuor-promaoting X tvity n
the weak-avid fracton of tohacco smoke condensate” ™
The phenols may exhibit umor-promoting activity.
Certam phenols. such as catechol. e comsidered
COCACINORENK.

Our multxompunent phenol method ivolves both
sulvent extracton and column chromatography. The
sample m ether is spiked with 2 ' *Cdabeled phendol
tracer and is extracted with 1.V NaOH. The aquenus
fayers are pouled. neutralized to plt 6.1, and back-
extracied mio ciher (o obtain 3 weak-acid fraction.'®

3 F. ). Wynder and D. Hofimann, Fobecco and Tobecco
Smoke Acaderm Press, New York, 1967. pp. 626 27.

9 S S Hechi. R. L. Thomne. and D. Hoffmann, A Srudy of
Tobacco Carcimopencas. NI Tumor Promonng Subfrac tions
of the Weakly Acudic Fraction.”™ J. Nar. Cancer Inst, in press
11975).

. A P Swain, . | Cooper. and R. L. Stedman, “Large
Scalke Fractwmation of Cxarette Smoke Condemsate for Chemr
cal and Brokwgic Investigatioms.” Canerr Res. 29, 579 (1969).

This fractwn can be divectdy analy/zcd following 12
methyisdvl (TMS) derivaizanon by GLU tor 2 few
phenolics and phenal. Many more phenols can e
vsualved and measured. apparently free of nter-
ferenves it the weak-auud racton s further subtiwction-
ated oo a silicagel colunn. At present. 2 solvent
program comsisting of benszene. varous ratus of ben-
rene and methy koe chlonide_cther, and. tinally . metha
nol s emploved.” The first subftacion. as detined by
the "*C phenol tracer. consists of simple phenals and
thewr methnd derivatives: thwe second subtraction o
detined as the matenal cluting up o the methanal
sofvent sicp: and she final sublraction comsnts of the
m: terial eluted with methanal. The second sublraction
wontans some camn-awes of simple phenols sih as
v droquinuee from the first subliaction. The use of 3
V4Cdabeled hy droguinune traver mstead of the phenal
r bemg considered Fiv Sefining the simple phenola
subfraction. The identitees of the remamng consiifu-
ents of the swvond and third subtracinns are not well
knvwn. bur are thought o be carena e auids, oyl
pentencols. perdnols. and other constiients. bach
subfraction s cxamncd by CLC alter preparaton of 2
TMS dervative by reacuon with bedinethy |-
sty Inrnifuaroacetamde.

Innal appinatien of this provedure was 1o the same
five tohacco smoke comdensates as were uswed 1 the
PAH Mmd assay study . GLE protides were seactated lor
cach sublraction. The ample phenolne subfiaion was
tound to contam at kast 20 phenaols, with phenol. the
thice cresol momers, and certan et and mcthony -
phenoly as the mapor constituents. Several dmetind and
higher dky i phenols and catechnd denvatives dso were
tentatively sdenitied. The second and third sublrac-
fions were complex. but little idennification was posar
ble.

Blmd sy conrclations were applcd 1o the protikes.
but no readily apparent correlstions were observed for
ay of the sublractions. Two explanations are possible.
Th: comnsttuents visualved i the profiles may not
actualy e contributon  to smoke-brological activity.
and Turther subfractionation may be necessay (o
visuadize the active constituents. Alternatively. it is
possible that the active comstituents of this fraction are
on 3 “satusating” plateau regon of the dese-response
curve. and. therefore, the concentrations of other
congtituents are controlling the differences in bivlugaal
xKtivity of these condensates. Considerable ditferemees
in the PAH contents of these condensafes were ob-
served. suggesting that the PAR's might be ameng the
contiolling Tactors. Further work will be necessary to
confirm this explanatson. (W. /. Griest)
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Arcemission detector for g chromatography. Gas
chomatographens have bng recognized the poternial
that a versatde. multclement detection system would
hald. Scveral svsiems have been investigated with
vary ing degens of success.’ ' With increasing interest
wn orzmohalides and  organometallics. an element-
wevific dewector should fuve broad application in areas
uwkh 13 whacosnwke chemnin and environmental
studies refated 1o synthetic tossil fucls production. We
are studying a technigue that we hope will kead w0 2
true multclement detection capability. The progect.
mvolving both spectroscopic and  chromatogaphic
methodologes, has been one of clise  couperation
between the Bio-Ovganic Analvsis Section and  the
Analytival Instrumentation Group.

The detector. based on 2 helium gow discharge. 15 a
muodification of 2 system described in [ast year's annual
repost’ and in dewail clsewhere in this report (Chap.
1. The arc has been interfaced to 3 igh-resalution gas
chromatograph 10 provide for 2 maumum separation
capabihty . The chromatogaph has been modified by a
50:50 sphit of the column cfffuent to the arc emisson
detector {AED) and 3 conventional Mame 1onization
detector (FID). Thus the output of the system is a
dual-trace chromatogram. with one trace responding to
Al hvdrocarbon-containing components (FID) and the
other (AED). idealh _ responding only 1o compunents
wontainmyg the clement in question.

Mont of the mitiad studies were conducied using The
sstem as 2 silicon-specific detector,  monitoring
photonectneally  the 238.2-am siicon emisson line.
Using maxtures of inmwthylalyvlated faty acids and
simifar normal hvdrocarbons, sefectvity for silicon was
determ . d 1o be ~37 (Sclectviny refers o tie ARDS

1A ) McCormack. S C. Tong, and B 1. Cooke.
“Semulive Sekectne Nas Chromatography Detector Based on
Emrsson Spectiometsy of Organw Compounds.” 4nal. Chem.
37,1470 ¢1965)

12 RS Baman and A. Dynako, “"Direct Current Diwcharge
Spectral Fmsaon-Ty pe Detector.” 4nal. (Arm. 40, 95 (196R).

13. R.W. Morrow, 1. A Dean. W, D. Shults. and M_R.
Guerm, A Silivon-Specific Detector Based on Interfacing 2 Gas
Chromatogrash and 2 Flame Fmision or Atomic-Absor ption
Spectromet-.r.” J. (womarog S1. 7. 572 (1969,

14. W. k. McLean. D. L. Stanton, and G. F. Penketh. A
Quantifatn 2 Tunable Flemeni-Selective Detector for Gas
Chwom twgraphy.” Awiver 9, 43211973

15. Y. Talmi and A. W. Andren. "Detcrminanion of Selenium
w Frvonmental Samples Using Gas Chiomatogaphy wih 2
Sixrowave Emission Spectrometrn Detection System.” Anai.
(hem. 46, 212241974

16. C. Feldman, “Determination of Arsemic,” 4mal. Chem.
Dw. Anmu. Pog Rep. Now, 301978 ORNL-S100, p_ 6.
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ability 1o discrimenate between a compuend cuntaining
the atom of interest and a2 compound of similar
structure without the particular atom.) Silicon-specific
detecin was applied 10 samples of TMS-detivatized
twhacco smoke condensate. Response comparisons of
the conventional FID with the AED flustrated both the
strengths and weaknesses of the “first-generation™ AED
system. Since most constituents in the smoke con-
densate possess active hvdrogens and thus become
TMS-derivatized. most compounds are visualized by the
sinon-specific  detector. Constituents which are at
moderate concentration. contain no ative hydrogens.
and ae not TMS-derivatized (e g neophytadiene) are
eadily identitiable. sinve they ase visualized by the FID
but not the AED. However. for nunactive hy drogen-
containing constituents present at high concentrations.
suwch as niotme. there is still 3 small response by the
AED. This is presumably Jue 1o an increase in overal
spectral backgiound radiation. since relatively large
amounts of hydrocarbons pass through the discharge. In
order tee alleviate the problem of small. false. posnive
reponses and 0 substantially  boust the system™s
wleciniry . spectial background corrector modifications
have heen made in 2 "wcond-generation” system. These
modifications are descriibed in Chap. 1 ol this report.

The prehmimany tests of this second-gencration sy s-
tem have been completed. With the background cor-
ector, 10 has heen possible o completely  suppiess
background radiation resulimg from pure hydrwarbuons
that arc at keast one 10 two orders of magnitude more
concentrated *an the speows containing the saought-for
clement. High clement selectvity and good sensitiviny
have been veritied Sor organic compounds contaming Si
As. and L. Sunw prehiminary studies with a nonback-
gound-cosrected system indicate that moderately sensi-
tive clement-specitic detection appears feasibie for
compounds containing AL G P.S. CL. Br.and F.

We are using this detection system o investugate and
quantify the posdble existence of arsine in the vapor
phase of tobacco smoke. Arsenic is present in cigarciles
n microgram  quantitics and  presumably  could be
converted 1o arsine m the highly reductive atmosphere
of the burning cone of the cigaretic. Some preliminary
nonchromatographic experiments bave indicated that
aboui 357 of the arsenic in the cigarettc transfers to
the mainstrecam vapur phasc and the sidestream smoke
during normal smolang. About 307 remains with the
unsmoked butt. 307 remains in the ashes. and about
57 wansfers to the mainstream particulale  matter.
Gven the inherent sensitivity  of the helium-gow
dicharge method for aisme.'® these arsenic levels
should be within the detection capabilities of the


http://Sprilr.il

system_ allowing 2 lmuve amwer o the gaotion of
arsime w1 wbacco smuke. We hawe aicady icmpted
wow  gschrontographe: vouwalizatnm  of  awenn-
containimg compounds. and these prelminary exper-
ments indicate that goud selectivity (>55) is attainable
usmg the arsemicemissivn line o 2783 wm. ewen
without the “secund-pemeration.” backgroend-currected
AED. We are mvolved with determination of GLC
conditions and procedures Recesary (0 Separale arsne
fiom other smokevapur-phase coasteents. (R A
Jenkins_ C. F cldman)

SEPARATIONS AND WENTIFICATIONS

Lasgracale chemical class fractiomation of sywthrtic
crode ols. Avadable wpatatwns methods for fossil
Jderived maerials ae produminanthy of an analvinal
wake. There cxists 2 substantiol meed for chemical clos
wpanations methods which arc preparative in soale and
broadiy applicable. Ouwr own comcern in this regard
arses from the need to praduce samples laege enough
for extensive bulugival and chemical charcrizatinm
ol coal hquids. crude shale oils. natural petroleunns, and
saious by-mrodints. In additan (o the probbm of
sample size. aticntum must be gven (o the prescrvation
ol the sample mntewrity: that is. the methnd should be
penitie.

Encouraging progress has been made in the develop
ment of 2 separaton scheme that appears 1o fulfill the
cniteria vutlined. The heart of the schene 1 2 Dexiran-
derived el Sephadex LH-20 (Pharmovia Fine Cheme-
cals. Swedemd). This s 2 gl that was cspeaally Jde-
vedoped  tor  low-molecular-werght el Giliranon
applxations where it is desiable (0 use organn ul-
vents.' 7 Earlier publications’ *-** have suggested the
possible  wtitiey of LIF20. Most uscful among the
propertes of this el are the behavior features observed
when the el i swollen and cluted with differem
solvents. By judicious chone of solvent systems, one
<an achicve lipophilc-hy drophalic.  aliphatic-atomarie
hydrovarbon. of molecular-swve separations. Gentleness,
with respect o chemical or physial streses upon
sample componenis. has always been a positive facton
with polysacchanide gels: <ample ety showld be
maintaincd much betier than in cases where heat.

17 M. Jowstra. B. Soderquist, and T. L. Feaer. "Gl
Fidtratooa m Organ Solvents.” J. (hvnmatng. I8, 21 11987,

IR S. Marm-Mudroscex. J. Mub. and M. Sateva, Nolng
(/a0rrhi 23, 593 (1972,

19. 0. ). Klimish and D. Ambrouns. el Chromatography
of Polycyclx Aronmatic Hydrocarboms,” J. (hrmaetog. 98, 311
11974y

sttomg acnbs. strumg bascs. o6 ma exchange oMy e
uwnd | sCparaion .

Crade shale ud obtzmad trom an sixa-gound et
of the Laanwe tacrgy Rexcarch Uenter [ Ivvn uned
> 2 ownlel nokTal o Jeschop e mx by and
W be wed bere o dlwsitrale the praceduse. Fint. 2
sample of the vl ¢ dicd by a2cotiope: dstdlatem with
benawe 3t redieed oot awd how lempetature
HU°U). Thes sicp wouhd. of cumrse, end (o redwe the
asnuunts ol sulatile cunsuteents k1t m the samplc . but
m the case - shole vl fow constinecents e bt by thes
dedey drativn aiep. The sample s placed o an LH-20
colema (3 cm X | m)m whach the ot bas been sealien
with an %57 methamd 157 water muxvtuee. Up 1o
several hundrad gann have beem placed sm the colrmn
at ume i wath no apparcat loss ol separatom of yvicld
m this mitial culunm sepuratnm. ar-Hleane s used o
cluic the sample (300 ml hr): i the proaces. the
lipophilic  compuncnts didnbuic e icaddy In the
bexame phase than n the el-suppuriad. pola. mctha-
mid-wakt phaw. Hhdropheln components o distns-
butcd muwe readiy m the polae phae and canmet be
ciutced with hevane. oven alter extrenwdy by clution
volumcs. Thus 2 veny rapid. large-sale. ngh-yacdld
tvutualhy 1007 ) scparatnn s abecvad ity the bivad
classdcaton of hpophia aad s Jroghln: materals.
The by drophds matenal keft un the column is casdy
recovcred by back-flushung with awethoned o clunsg
with acetone or maxtwees thereot. No further work has
been dome with the by drophidn fractnm.

The bipophin matenial 1~930 w shale o) & nexi
swhpccted 10 2 separainn privedure cmplosing an
LI 20 column m which the oef has been swadien with
tctraby droturas: (THEF ). THE is used to dute the sample
tup v 4 g at vee timc) a refrative imdex detectos
reveals thice distuwt peabis whwh arc hughly repro-
duciblc when 3-¢ sample loads are plancd sikcessively
on the codumn (2 sample can be placed on the column
before the prevanes one is chated with no overlap).
Examunatnm of the maierials corresponding o cach of
the peaks has indicated that the first materal
ply menic with respect (o the gel prve size {nwdeculas
werght: >5000) and 1s cluied with the vind volume. The
bulk of matenial 1s cluted next: this is the low-maley-
ular-weight (>5000) lipnphilic material. Elution occurs
in approximate order of molecular sive. since the gel
behavior is that of a filtration el or sieve when
operated with THF. A small weight of matenal is found
in the third fraction. This is a class of compounds which
can hydrogen-hond to gl sitex and is substantially
retarded. Since this matersal did not distribute in the
hydrophilic  phase initially. it must have lipophilic



chatacter. tor exangpic. hng alksl chaim with oxy pen
w mtioen fumctwonal groups. Detaihs of thas siep
requsie turthes Saudy.

Following weatment on the THE U200 column. the
kpophidw  (weved potivm) tctiion & cuted with
naopeopunad  thiough an LH-20 colemn with the ped
swudken by popropanol. This system pow separates.
acurdang e aronuin-ahphatn and mokevular wse.
propziies o the cluate comporents. The it purtion
cluted contams nuwe polymcra maternai cluted be-
cauw the gel pore e o somwwbat smalket 0 e
popanol than m THE. Next come the aliphatics. in
wyene order of mokecular swe. Bllomed v aromatns
m order o ring sizc (Munoeromatis i) A remark-
able wpatatmn b achicved betwecn the shphata and
atomatn compunents. This © true oven when the
aromatns ac highly alkyl substituted. a factor whach
lowers the clutum volume. Heteruatomn: groups substi-
wicd on diphatws of aromatws iIcreawe the clution
solume. w oserlap 1 expedted 1if this frainm 15 Aot
composed crliech of by deacartens. But mant hetero-
tome species dwuld have been separated at this point
b the hpuphulic-hy drophale il )epatsinon step o
b the THE step ¢hy divgen-bonded Srac tion).

Although th wperation wheme  appears  hnghiy
promusing. its penecial appliabihinn o 2 wide range of
tonsd-derved materal sremans (o e demanstrated.
There s 3 hikelihonnd that 3 method exists here for
solating PAN and Ixtciaatonne aromatic comprertds
for wodogal studwes and chemal chatactenzation,
(A R Jomes. B. R. Clark)

Chewmical-bivlogical  charxcterization of  symthetic
crude oils and agwevws by -products. This Dvision and
the Biologpn Drasion have been working closels 1o
develop an approach Tor screeming 3 large vatieny ot
Tossil-derved masterials to getermne their iclative bio-
logeal actvities. Several biotestng acthods are being
explwcd to Tind an coomomnal and rapid nwans tor
preduting. on g relative wale from B2 activity data.
whether a notenual bealth hazatd exasts. Fractionaton
of whole samiples is an antegrar part of this approach.
siwe repeated fractionation. Motesiing. and chenngai
analysis Tunction 0 3 fecdback foup. which allows s to
converge on those specific components of 2 mixture
that produce a Ingh raic of hiologeal activity. In this
way. guidance s prosided to durect turther Craction-
ation and dentification effort toward the identification
of “cilpnits”™ m g complex nixture without need 1o rely
m previously established 1oxny data.

One separatiem prowedure® Tor the fractionanon of
cml-derved hisuids into ceproducible-class fiactions has
been improwed and put mto semoutine use. The
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procedure has abwo been sdapied to the trationation ot
the wigana Malter 0 agquevus process streams from
tosal-fuel comversion processwes. Samiples which have
heen thus treated include char~voalenerg development
(COED) separator  luor  from cuval  liquefaction.
swnthane condensate from coa gasifwation. and shale-
ol product water from vil-shak retorung.

In conpumtion with tfractionation provedures. 1 15
dosirable 10 have avalable methodaloges tor speufu
vy analy wes. PAH'S constitute one important class ¢
compounds which can be isolatzd by the provedure
ued with wbacco-smoke condensates described earlier.
This method was applied 1o the determination of PAHs
m five hiquid fuels {shale oil. Synthoil. COED Syncrude.
petroleums) and three synthetic-fuel by-product waters
tshake oil water. Synthane water. and COED Symrude
waterd. Fne muroliters of the PAH fraction were
mpcted mie 3 gy chromatograph equupped with a
pached 37 Deanul 200 column. The tentative idenufi-
catiom were made by covhromatographs © and quaniifi-
cation was acheved by usng siandard solutions. Strucc-
wral confumations were made wsing GLO-MS. The
comcentraiions of 30 PAH in cight fossil-denved
samples were cakulated and coppared. LMS-petroleum
oi mined petroleums contain PAHS in the 2 to 3-ring
nge  with alkyl-substituted naphthalenes predomi-
nating. Shale of 1 sunilar 0 thes 7ange but has about 3
wven Gmws higher distabution of PAHs i the 3- 0
onng Jategon . fur exampic. 4300 ppm pyrene. 270
ppm bensz| gl anthracene. 330 ppm picene. and 1500
prm benso] ghijpenslene. The overall PAH concen-
tratien m Synthoil 1 somewhat less than in shale oil
~%. but stll about Ine tinws greater than in
petrokeum crudes. COED $ymarude shows refatively low
congentanons of PAH's. Shale ol retort water shows a
broad specttum of PARL matenals. but the larger
proportion falls ingo the 2 10 4-nag category . Sy nthane
v-product  water  contans  prncipalls  2-methyi-
aaphthalene with no detectable PAI< of mee than
theee nngs. Only trace amounts of PANs are tound in
COED-Sy ncrude by -pronduct water.

Paralfins. 3 mapr compound class of hiquid or
swnthetic tuels. can be ssolated by the Tollowing
comventional procedute: an oil sample (ST ¢) 15
dissofved in benzeme. o1 3 syntheti-fuel by -product
water (1 Iiter) is extiacted with benszene. The bensene
safuiion or combined beazene extracts are washed with

20. 1. B. Rubim. “Frachonatsn of Synthein Crude Ovs lrom
Coal 1os Biodogical Testing.” 4nal. Chem. Drv. dnmu. Prog. Rep.
Now, 30, J975, ORNL-S100, pp. 63 6.
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NaOH and HR1 solutons. The paraltin fracteon 5
solated by dumena column cheomatographsy (neutral
ativiny 1), using hexane a3 the cluting sadvent. This
method has been uwed to determine the concentratnm
of nalkanes w the e ol discussed abase amd the
three svnthwein-tuel by -product waters. The most sats-
faton sparation of the paraltm iactua was obtancd
on 2 Yg-n. by 1O dass column packed wuth 37 Dexsd
400. Tentatpve wientitications were made by cochue-
matography . and quantificalion wn ahwesed sung
standard solufions. Stwctural confiumations were ob-
tamed using GLC-MS._ n-Alkanss detedted anged trom
Gl 0 G Hy,

The comventratons of #-alkanes m petroleum crudes
are umular W these for shale wil. The overall #-alkane
conventrattons of COED Svacrude are somewhatl Sess
than m petrokcum crude or shake od (~%). Svathad
<ontans only voiwe-tenth the 1otal found m shale ol The
comwentratnrs of a-adkanes o shake ol yv-prodics
water rane from 2 to 106 pph. Such concentrations are
about 10 umes geater than 0 COED-Synucrude o
-Svnthane by -product water.

Sutwrent hologaeal data have been gathercd n J L.
Epler (Biology Divam) 1o indiate the et directon
m chenmal characterzauon. Ment of the duta hne
been obtamed on fractions generated by the aoud-hase-
meutral frationation scheme mentoned carlser.*® The
Ame tesrt o mwrobmlogcal mutagenens e ap-
pears to be the meont usetul. Mutagenie acinvits data are
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shown m Tabie 3.2 Thew sades show the rdaine
muaeene xtnin of the ixews titens n cah
sample. The numbers e cabvutated Trome the redatne
weights and the specily ity of cah traton. Ths
tatw b bawd wn the number ot cobmees o hactera
gowmng on the nutient modum pet mallegam of (o
wisiance. The fixtwons which hane high daine
Aty van from samele o umple. Hoaeva . the
cicr-sduble base tractnm (Tiatem 0 m ol o the
samples cxept v s contam Sgmifnant atmiy . »
des the neutral actnm o all of the oils. Thoee weuld
appear o he the mant trusttul subgects tor turtheer
motgion. As notad 10 3 proveees sepont . the
ncuttal tratem n dnnded nto fout poriews b column
chromatogaphy . amd cach of thewe. i twn. & wib-
dnrded miv thiee wbtoacinns. Mutaann atnin an
found m vutuallh l of thew neutral subl-actns m adl
tour oy wued. Because mam of the fratnas e
mugniliant prirom of the whole muteral by werght.
the relatrve offect of thow fractem i Jeght. The naw
traton can be turther subdivudked i chwomatograpin
on umina columns®® and the resufing sablracinms

2 BN Amcs. “The Deecima o Chemncal Metapons swh
Fotcrw Bt p 2607 m (hvemined Wnlagews Prowciples and
Mcthends foor Thcw I fes tnme_ sob. 1 od. A, Hollacnder. Picwems.
New York, 1971

220001 Kay. ) B Seter_snd D. R. Lathom. Uhua W-
Vatem of NEroprn Rawes e Hogh-B-wlone Petsvbemm Dt oy ™
Ancd (T 38 %91 IR ([9TH).

Tabie 4.2. Distribution of selstive Amacs Sext actmities of fractmns
of Sgueil-devvoed ails ad squecws somples

T Cosbderned  Coolderned  Shale-denved
vt A ol B od
1. NaOH, Y3 [Tt
1wy 0.2 0.2
3wy, (LX) 0.3
4. S\
S. SA; 0.2 0.3
6. SAy 0.2 0.6
T By, 33 633 07
8 By 02 LI
9. B 16 142 me
10. By, V.2 v4é
Newiral 189 95 51

LS Scrubber water. Conal cautnatinen Shulc derrved
=~ rwebe vl pravew A comlcautc. proness B priwdint mater
hY | hY} NT
N bé H |
o 3 3o 7
N 31
08 270
03
NT ol
NT (2] 2.2
ne 228 B2 ©2.0
NT NT 171
10l 09 (R ]

Nete NT - nottested. § - mvroluble. o past 2. b. part b} - cther wiuble. W - waver wiwble.
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eramunwed (X -A R [ 8 Ruben. B R Clowk_ J |

N cticcte upn Kertesingl plants of sy gnes.,
Aovwn o0 anpecied o be cfileents n coal cmveraon
M. B e studeed by members of the Envinon-
oxniai Suenes Dnnem The Anahvinal (emnin
Dnesn n protnding the technsca avwastance pecensan
tes deveiop the £y metcrnyg and mosstonmg »vstenn hie
2 plant cxpentite chamber ta contndked atmenphere
comiamawent Ity ) desagned o Thow studees.

In aeder 1 acumulate micrpretable covinamenta
sz comentiateny mttoeduced ato the chamber
st e known wath reavonshic precnam. Furthermee.
. uptake v cxpulsil of £23¢0s Trom plants mu<a be
tcted th peredn sauplme oty atmesphere
Carclul mezsurcocnts caa prossde 2 maps Salaace that
atmds 3 meam of dewvmmmg the cxten  of plamt
cxperure to_ of aplake of  the gres metcred o the
ssviem. The o siem has been dessgned w that 2 vagle
£ W 2 manture of up v e grsos man be miroduced
at stcadh -state defavens rares.

One wrwwas landiap m Joagung plant  exposure
expenmcals n e ok of kovwledee regarding both
kivds d keveh of gacous eftheents that wil! e
prodiced s coal comverwen aahn. Neverthelos.
awne mdiaten of hkch cfthunts can be mterred Irom
oMl cyperaeme with rowarch-wale convserwn appara-
taw bt preent purpeeecs 3 axcterimg sy stem has been
Jeschped that wan wippiv the Ldlommg gaves micth-
. cinkenc. mctinlamune. benzone. v lene. pheredd.
ol b drerpen asltnde

Wndes o &iven (o the cxyporume chamber van
avorduvg te the propestes of the matenals. Bensene
amd wWiene are held in gavbabbler rans thwough whsch
metered solumes of aw arc passed. Quite reprodi ibie
concentrations of these vapws are proined m thas
nanner. dthough the vadablc concentiatum tanges are
soall. Phened. 3 svdsd ot room temperatune. is beated 1o
a meli. and the headspace solume 1s swept into the
mandold a1 3 steady rate. It was mecessany [ beat this
delivens Ene 1o prevent condensatom of the phened
sapon priew 1o reaching the mamfold. where dilunion
can sustan the vapor phase.

A wenes of tests has been completed 1o estabish the
detvery characknisins of the vanous gss melenng
devives. Likewise. many gas samples have heen with-
drawn from the chamiver 10 test the reproducibsliny of
sampling and 1o mvestigate the behavior of vanous gas
mixrures m the empiy chamber. The chamber has 2
15017 volunxe and a2 wt flow tate of an throudh the
chamber of 37 5 10° aun (1002 Tirers, 2% changes pes

mm). A svethetn stk g heeted to 4.7 Vppm
methonc. | 5 Vppm etin kewe. 093 Vppm metin lamme
2 \ppm bemrewe. | Vpp aleme. 0.8 Vppm phenol.
md 47 Vppm H.S wam be mtrodaced wmiv the
<hamivcy.

Sampics ac withdiawn by vacvum panp Gwough 2
I'mi kowop atiached 0 2 pocunatn gasv-amplng valve
and rapedly wamsicrred to 2 107 DC-200 column m 2
Perhm-Hloaer 392) gas chwomatugaph. The colema
hid 5 0C Tor > mm. then heated 21 32° oun 1o
+INO'C and held tar 4 men. Micthane and cthny kme me
ciated 2t 60 C 23 very sharp peaks. mith 2 57 valley 2t
| man afcr mgecton. The retentun e of bemocne &
" mm. of xakene, 9 . 3d of phenol. 9.75 mm
Sullms compuusds arc malvzed wsmg 2 1SR Y Y -m.
<lumn packed wmith 20 FEAP on 60 30 mesh Chrom
WAR-DMCS. A flame photom-tnn detector B weed (o
oblam mayvmem sewstnity for selfar compueads.

Calbatnm curves for higuds were obtzimed grave-
metrncally by culd rappmg the practator vapors and
werghang. The cwrves fir gaees weve ubtaimed by use of
samdwd g minwres. Data were compared with
samples withdrawn trom tie chamber after mtroducing
pedetermancd amuwats of the mdwadual components.
The it were m pownd agecowent with the furmer
cuwept for meths lamme. whach dd ot appear n the
chomategams cven at the 10-ppm kvel. Detector
FOPUNSE §3 CneRitalion was imcar for all compunents
cuwepl .S The cahbratem curwe for H.S shows 2
ropomye apprexemateh proporiional 1o the square of
the comcentraton The detectanr response of cach
compunent s the mesiure in the presence of. and i the
absence of_H, S was measared.

Severd comclowns were drawn as 2 1-walt of these
studaes

1 Ie o mntwre of 3 componentc (avweeps H:S)
methune. cinlene. benzene. and xyvieme responses
wete constant | hr after imtrodwectam inte the |
chamber.

2. Phened did not gve 2 mecasinable response before 2
hr. The responae was crratie and padually mreascd
fex gbout 6 hr unisl 1t became constant withen 2157,
Aftes the plwenol bubbler way turncd off, the decay
ol the phenal respuotese was aboul twics the rate of
the buddup. and 11 divawed ™ 3 Iactor of 2 | .

There were oy upnificant changes n the Iovels of
the known organic componenis bpon mirodu hon
of H,S mio the chamber. However. thiee unknown
component  peaks  that  were present i the
hgh-tmsiing 1cpon of the chromatopam (mav
T = 150°C) mereased m the presene of H,S. The

.
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thatwatnn of thew peaks was sery Luge tivan tun
to rem. amd they varwd a8 mageitede tom <1 to
~¥7. bmed om the peab beyght of benrene.

4. The rspomse of H.S onh m the prowewoe of cach ot
the rzmk compuncnts mdnndualh and culloc ey
B comslaml except I e presemoe o et laneanc
where the mapgumsde of the H.S ropse wn
reduced abumt 23 00 N saller compuoment peaks,
et H, S, were deweced i the prowme of e
wpan  cmponsents  cather msdivadualh o ool
keioeh. The comceniatem of 3l compuacnts
Jurm? dhese esls was mtentnmath 2t ot e, the
ounsun bawt of detecinm. Therefare. st amy sadiar
cumpusents were formed v the recinm o §:S
wih m orgaen compuaent. they wosld be bebom
e lumet of detecton. The wsts st be repeated ot
lughet comoemtinatnms of all componcuts with an
cxess of HeS 10 dewrmme whether  eactnn
prondngts contammg sulling e prosent.

The aext stapes of Jovchpmnnt will molode enitalls-
m of 2 huowditn contrad device amd 2 sampling
uadet Tmal operaimg conditemns. Some Vaneies of
bpumcs will be placed w the chomber lor the fus
cxpusare wests. These wall piobably commemce with
vaby ambxnt 2 o kekctmew bachgound conditnen.
Tollowed i mGoducion of one g2 at 2 o, (4. D.
Ik wion)

Amlyys of wspmic compounds i foud fud by-
prodact walers. An Iacicasmg comocTn with woter
quaiity and puscatolih  hazardvas contameants has
2wcnaicd 2 srkms moed for 200 e al ssctinnds capoblc
of Ktermmmg orenn compuamds cacr wike 1anpcs of
convenitaten. Mectmg thes aced hecumes mewe wrpent
with the hkcithond of walcspread constic inm ot
fissl-foc] comversan Tacdites. Smae ol the cvsting
comersin tcchnolopes plan 10 use water within the
\arhwis prancscs. sonke aditenal contammateen of
present  waker reardces Wil incvitably  result. Pre-
worwn of hedth and the cnvieeonnwent will nccessitaic a
sitwcE. avcurate. and raped Monilonng program o gssure
that unaccepiable kevels of contanunatnm are avonded.

The wdeniifwatnn and detctnmnainm of argane pol-
latants m waky have heen appraached o2 vanesy ot
wavs The methends of (e are ually swerned n
the concentraiiems snd propertics of the compounds of
micresl. Snce low concentainms e the severest
diftxculines. 2 comeentration sicp usualh pracedes the
analvus. Frequenth  uwed comventralion metinnds in-
hude solvent exttatmn. activaicd-cathem adsorpinm,
headspace amplwg. aduwpinn on macroretnula reun
heads. and bvophilizaton. We have performed a series of

stndas o iwimene the uthits of 3 vy of theee
mcthnb aben applecd te wwal samples tom od-Jdaale
ety 2md cval caweham prwosn.

Ainaicd calmm ab apinn a2 hadcd al o~ o
prnaible reomnal mctiend that mld e applecd o the
ot Ay o comprunds. Thew studo wcae ma
cacusapny. ot becsne how-andecular-waghi
pldar compmad wore paanly daibedl opecsadh
wivn e apaous amples aauscd mgh oocen-
Uanmy o 3t (P te 30 b werdhi m ke et
watcrl. Aha. actwatd v z.o mcompletc e
anemes of e il awopecnd wien back-
cuiaied m 2 Ssabdet apparatsn.

It appexs that 2 mcthand lox comwmal of IR
compounds m 2 g skp > mr asatlbie. Owe st
1cant W apph e 3 metiend whach v pand ol
of 3 partnuln dss of compuemds o mcTor. Reds-
inch hegh comccntianums of gann cumpuund (wy-
cral ppm ur mmere) we amcnable (o droct maly s with
3 pakad Temandol colaum. Sees = prociecenitaton
shep B Bt oymEcd. samples can v aash zed 1apediy
and very repmonducibh . This mcthend would be well
sttcd [0 0y wwl of BREMbrnyg progam (o p-wdk
taped wiecnmg Tur moapx cwtznmaats m clileot
Mrcams.

In mes mcthod oA duect anshsn o Perlun-blme
mndel 3920 gas chammztvpraph cquippcd with o lane
woatem detestor (FIDY was used with 2 L5007 %
m_-OD gaw colsmm (abrnaicd aml pachicd with o0 30
mobh Tenan . Iavimeest parancicsy were wt o
tvdbows. coluam Kyperatuce prasganuncd (rom 00U
mm bold) 10 3200 at 2 cas 130c of imTcase of
Y men. mkt femgectature 3t 33070 detech tcnwpeta-
ere 2t 330 U helmem canmer gas et prassiee st at o)
e The cdumn was hoked cut ovcrmght 31 32070 and
e 3 comstant low-kevel hanclme ot the annt susitive
witmgps. All ample volumes were X pl. Tentatwe
wieniiinatnns were made Irom FeicRinm tanw data and
voxhuomatogaphn  comparens  with  rcageai-gake
compoumds. Sonwe chemeal wentilanoes were con-
tumcd from gas Jhromatogaphi mass specironein
1GEOMS) dsta. Quaniiiaine measicnwils weie make
feoom Tisc micgraivs ol prak arcas. wawking cwves wore
vhiamed (rom mpec oms of stambasd solutngs.

Chvomatopam oblaaed from the dinect ingecion of
v aqacms samplcs ontoe Teras{d arc shwwn i Fig.
4.2 The most promsinent feature of these data 1s the
wmlanty of the twer coal Iguard chwomatograms and the
dfleremme between e shake md ool bhguds. A
homedopuss setwes of carumyin ks comatituies the
mapw organk computind ckess i the shale water { peaks
oo AT 00 13 19 21 whereas phoned (9),
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Fg 4.2 Ges choamatogans of mupw eogwic components
et n apnews by products from fomdfod conversnn
pomcesses.

oxtesd (100, and mrtp-cresals 112) 3¢ Mmagw compe-
nents w the coal nawrs. (her sapmilcant compousds
m the cal waters arc dumcting- and cthn - sbstvturcd
phcnols. One cual waker comiams mcasstable ammwnis
of @ and J-naphiheds 122 and 23 sespocineh ).

The emammg peaks m the chromatogams have mot
vet been wienliflied. Since the magor pothen of &is-
uived orpnn makeria! s polar. thes iechmigque uang
Arect anabosrs ot cupectsd te reved] Yy relqraeds
soll  amwnts of aonpla compencents.  Low-
mwdccularwentht mmpoinr comprunds. Te example.
henseme. st obscured I the bakpgound. hgher-
mdecularweight compounds. for cvample, pelvoycn
ndiwarbons of thice o mewe 1. Jic retancd
the codumn and wamild he undetectable m any cvent at
the low Jevels pverned W ther shght  salubsbvines.
Noapolar componmds requine simme provoencenitaton
hefore NIV 3.

Tenan- A" appears 10 he the muwt sniable codumn
rackng if aguicous samples are 10 be mpecied directhy
Other packing materials rciam waker and pve ponss

results. In addvtrom 1o 15 low aiTwwty for water.
Tenax-GC has the avamtzpr of 2 hegh vperaimg
emperatur. The aea reourted here demsonsirase the
uthny of Teman£CC tor e direct zmalvses of ageeuss
samples from tosd-fudd sosices. (2 8 Clork. C-k Ho)

INHALATION EXPOSUPRE CHEMISTRY
AND INSTRUMENTATION

sures. The Smokmg 20d Hakh Program of the
National Cancer fostuwie s developing and wsing
wmabtion boasass to determme the relatne
mological cifects of tobacco s™oke iIrom expermmen-
ual agarctics. The complexuy and devclopmental
mature of tix tobacoe smoke miabation boassay
rapirc sopeshiated chemical and mstrumcental
mcthods to adequatch defme exposures. it has been
our “cspossdniity to provade thes support aad lo
montt. the bsoassays studics. NC1 5 spoasornag four
~akaion boassay stedes: the rat inkhalation model
» bemng roicd in stedices 21 two laboratones. ORNL
and Baticlie Northwest [aboraton. Richland.
Wanluagton: beagic dogs arc bemg cxposed at two
other aboratones. Hazikcton Laboratones. Reston.
Virgina. and the Veteran's Adminisiration Hosptal
(VAH) East Ovange. New Jersey. The three piman
obgextines of our work are:

1. 1o defume and document exposure conditions to
permt confidemt mtcthaboratory comparson of
beoassay results.

. 1o dentify and of resolve problems as they oocur
durng the broassay experiments. and

1. to develop mcthodologics required by the SHP 10

cxiend mialation bioassay capabbtacs.

Fach laboraton s vissed penmadicaliy by at keast
two ORNIL stall members. Hasicton Laboratones
ha- boen visited mice sinoe March 1976 VAH has
heen vosited four Limes smoe November 1975, One
1 10 dimiss SNz doossay protocols was
made (0 Baticllc Northwest. [Duning these visits.
whalation cxposures arc observed. measurcmcats are
madc on the smoke pencration devices. samples are
taken. ard discussions are held with Laboraton
personncl reganding wentified or anticipated prob-
kems. Cigaretics scheduled for use m bsoassay studies
arc sampled and later returned to ORNL (v analysis.
Results of the site visits are reporied to both hicassay
laboratory personned and NC T management through
nformal topical reports. Routine monitoring is
perioemed on a2 monthly hasis for the ORNIL
cxposure study.

‘e
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One of our micrests i3 to cstumate the average dose
of tobacco smukc offered ro the cxpenssental ammmal.
Thes dosc Gan vary over the cosrse of the cxpusarc.
and many Bctors (machene. caganctic IVpe. expuossre
persoancl. and conironment ) mflacnce thes varation.
Scveral tests are conductod dunag cach site vt o
cvalmate these bGotors. Measurcmnents  relased 0
pulfmg charaterstics (du.atwn. froguecacs . and
vnlumc) an¢ made oa seieciod cxposere dav e tn
detcrmnme o the machnes anc periormng accondmg
to speaifacatons. Smokes peacrated by the exposerc
devices are coliccted on standard Cambridec Glier
pads. waghed 10 determme TPM. catracied wuh
cthanoi. and rwrid W GRNE ke mecotne
descrmmations and or mmitxcomponent chromato-
graphuc profilmg. Samples aken a1 the mict of the
machiacs peramt comparson of the cxpusare devioes
va the bases of thar ability to peneraic a comstsient
smoke acrosol. Samplcs talion 3t the poant 2t whech
the smoke is defcrad to the ammal allow ctiwatua
of the quamnty of smoke offcrad the 2nmmal 20 the
cffecency of the machme 1o detiner the smokc whch
" gemcrases. Maasurcments of iemporatance. rebine
humndnty. 2nd 2 ow m the cxpusare arca ad o
cumatmg the mporiance of covronmcr tal cffects
oa amtioa of smoke dosc.

Data gathered o the siic visits senie et oaly o
docunxmt 1ohaccc-smoke dose kevels but abo W
SEPPOt on-silc odscnations M Ml momiers
conccrung  potemiial  problcays 1n the cxposurce
Swdics. For cxample:

1. Mcasurements of cagarctic static burm rate vcrified
that an cxnocssine ventslation air flom raic = an
caposare ward was rospomsible for  redwocd
particeiate delivcrees of the cagarcties smohod.

An inadeywatc swoking machine 217 suppls a2t one
kborators caused subsantal varation » ma-
chine pufling characicrrstics and was cormected.
1 Larpe matcho-hatch vananons in agarcties used

1 onc of the rat inhakation studics was discovered.
4. Ennchment of gavphase smoke componcnts

occurred as 2 reselt of mternal partculaie

deposition m onc greep of [he exposure devices
used.

Careful documentation of thase kinds of difficultics
permsts more sald intcrhaboraton comparsens of
whalation woassay results. It alse demonsirates the
need for montoring on 2 mote (reguent hasis,
perthaps with the and of continunus-mostonng
mstrumentation.

We are investigating the porsiility of changes in
the chemical composition of smokes produced by two

1e

cyposuire devwes. s sich changes could hase 2
deictermes cticet oa the rekvame of the buasays.
Stwdes are made on gn- and parcwlate-phase
compaoncals. wag buth conscntmaal amd onoother-
mal g chromatography. Prchmman  Liadwgs
sappest that there 3¢ e gross  Companttnal
diftcremces Ictacen the smwbos poctated W the
cxpunare deos wes amd thare pemcratod umiler anah ts-
al comdimas. Honauer. the anolie? content of the
smohe pracratad by onc of the cxpnare dovnes b
shghth  hogher (1¥V ) voa that of asahnalh
woncrated smvhc. whah may be sprslacant.

Wuh cuisent samphay mcthudobgcs. € & 2
possebic 1o amplc W hing-Macuca it = b
the amaab 21 bemg cvposad. B cvessan o
seininutc an aMful ropwater hor e anmmal »
onder o sampic 2t the camnula cu of the machencs
We arc wnodipatmg e ctkets of umubaod
rcatinng paicran un the amount of samdhc reacksng
the camasla ot Agamm. U realts arc prclaan .
but They soem (o sagpest that shert. shalbown brcaths
way ot reamnc lrom the cypoasurc sysicm alt of the
smvdc partculaics avastable for ahabiinn.

Mcallh . routme mondtormg opcrations would e
pertormed by the bwassay hboraton 2t 2 wack
greater frogquency thas s possiblc with persadec < -
soits. Becawse of the mcllawcs and tmc rogesec-
meats of the procmt samphng procoduncs. hoscer.
thes s ot practical. Durmg the report pernd. we
have kad 2 modest cffort mnder way [ :mprove U
ToutIne MmoRlonng cperatimns of the Jup-snhalaivn
cypure macheecs. Our sl olpxctne ~ o
astowaic the provedere lor measurmg total srkc
that the crvposare darvice pemcrates. A second. amd
mre diffwcuik. obpecine would e the astomasod
deticranaziom of the amount of smokc that th
awmal mhales. Related studues ®m thn group e
shown that an opiscal gt wasor can e twed 0
detect and quantiiaic tobacon smolic i micTmttent
and continwous wmhalaimn cxpmsrc dawes. The
semsor 18 descrvived 1 detasl later m thes report: the
dovice appearns promesing for routme dog-rminakaton
exposyere svaliems. We are constructmg a2 prriable
wmoadcl. siwch we cxpect to (arld st on 2 sstc vt
the mear fwtcre. (R A Jewhms. R. B. Quanev. J. R.
Sokelry

Addition of macroquantitics of chemical carcino-
gens te cigaretees for inkalstion cofactor stadies. We
have imtiated 3 study te detcrmne whether large
quantitics of chemecal carcinogens an be addod 0
cigaretles for transier to the smoke withowt zpprecr-
able decompostion. Ammals would be cxposed 0
such cigarctics i an attempt (0 induce respiratory-
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tract tumans i 3 et perod of tmec twecksi The
wouhl 2lve comparsoa of tes diung scthod with
ot supponodh kess reicsant lechanpees (irair-
chcal sntallata. pelict mplantatoni.

Ow muni vurk a2 cosccrncd swh loadmg Bal®
m Rentuxhy rekerencor agarcoics. Pres sows bolapscal
studecs wdvcaic tha: mtratrachol msaltwen of
approvssich 10 my of BalP admarnsicrod over 2 10-
sockh pernd praducod hgh porcestapes of testors m
e 2 0 e 30 works. Wath the Walien susekmyp
macinec we oxfamate Bt thes same Bal dose can be
attasncd B 2 18-ncch cxposare w0 19 agarcties dn
uith 10 myp of BalP lnadod i cach agarcite. Aficmpts
were madc o od aganctics uth ths kvl of BaP in
wgpcctng solutmas of BaP aleag the tobaoos rned wth
owr IraceT admy apparates wwd proviowsh foe
hadmg ‘C compuends B agarctics fer dussmcin
stwdecs. Some modiacations wcre lownd ncocssars m
the nadmg sochanguc becanse brger volemes of
soluton 2rc requwral. It B soccssarns to e 3 bower
mpcction raic and te bhrw 20 theough the agancric
donng the nadmg o rapudh rapurate the solhent.
Wirh these mcvhiacaton. at icast 10 mp of BaPP copld
be adécd 1o capaictics wrthoot duffxuly. Cgarctucs
lwadcd m thas manncr wore smvhod 1o cstablshed the
reconers of RalP i the smohe. Hhe smoke pa:txsiine
were lilcred. desohal. and aaah red bor BalP
both g2 and Ingued chromatagrapghs . Aopreusaich
Xr. ol the RalP kadod m the aparciics sas foad m
the partcalatc maticr of e mansincam soke. Ve
ot'wt large peaks were lownd i the chvamatograms.
wdecatmg That there rs probably ae maer docempe-
stion o the BalP dermg ssek mg and that the P o
smply destilicd out ol Jie aparctic enchanped

Swenlar dudees  uh Sty ichelanthaene
(MO AL 2 poicwt temer mrtcator. showad that WA
wm mefhgram guantiaes s ahe cficcings transfornod
from the hacco rod (o the wansitcan smoke.
Approumaich W: of the MUA added 1o the
cagarctic was iramsicrned. With agaretics inaded wuth
10 mg of MCA. ot & csimmated that ternrs can e
miiaicd = mece B approvmaich theee Ie four
wechs. usmg mhalaton Cxpossres In Ion cgareties
per dav on The Wakor sohmg machne.

Expeniments bave hoem startad  te determme
whcther 12-0ctiradecanoy i-phorbol- | V-arctate
(1P A) the most potent TBANT Promoict Anwn. can
I wsed w2 mannct simiar to that ssed with Ba P and
MCA. Because of the high mlecular woight and
polar charactenisiics of TPA. there may be diffaculty
w transfcrrng TPA from the cigarctte to the smoke.
Studnes indicate thers may he some transier, but [PA
i at kast part@ilv decomposed during the smokiing
Process.

Reosals obtamed 'ave beoen suticacntly proemsng
™ cncowrage the fundrg apency to cywp anether
Lborators for ameal mbalon cxposare cxpen-
ments wang modificed agarctics. i these mbakuon
cxperimcnts shon that respwalen-tract (umers s
e :wnduced m 2 short e, s acn scchasgue conld
e wscd to simdh the cliects of chenmcal cofacters on
the beolopscal cficces of samokmg. Detadlod orgamc
amalvtacal stwdees would be requared 1o unequit ocalliv
determmre the taic of added comstitmemts m both
wousircam ud siovurcm smeke. The would
cuosituic 2 new foscarch effort for the sechon. (U N.
MNenvhan. J. R. Sewdels)

SEM I} whacco smehe whelstion systemm. The
SEM 1 (umekc cxpessre machine. modei 1152w
tobacoe utwke mialsen cxpesss.: 2 siem designod
n Process zad lestrements Corperation for the
Commal tr Tubacoe Rescarch USA Iac. The
machme = dosignad (o prrduce 2 contmpons siveam
of (nsh tohacoe smole lor brpe-saic shabton
cxposure studers 0 be condaciod . Mcvebwlepcal
Assecuates i Bethenda. Marviand. Many fcatures of
the SEM 11 rashod from owr cvaluaton of the
prototype. SEM 1. We are engaped m an exlaesine
cvaluaton of e nstem Figure 4.3 dlustrates the

Fig 4.3. Miwtoguph of e SEM N tobucco swshe inlnletion
yem.




SEM 11 and a prototy pe monitoring unit ydescribed
elsewhere in this report)developed here 1o document
smoke generation.

The SEM 11 is 2 positive-pull. constant-pressure
smoking device. Thirty cigareties are loaded auto-
matically into a drumunder a scaled dome Yiedrum
rotates and positions the cigarettes consecutively ata
slider block that opens to the smoke delivery tube.
Positive pressure in the dome forces air through the
agarette. generating the pulf. puff volumes are
rezulated by the dome pressure. Each puff is of 2 sec
duration with a l-min cycle for the drum. Smoke
generated by the system may bk diluted to the desived
concentration and directed cither continuoushy to
one animal exposure unit or alternately toas many as
four exposure unis within a I-min cyvcle.

Due to the constant-pressure puffing mode of the
SEM IL it was found that puff volumes vary inversely
with the resistance-to-draw of the individual ciga-
reites.  Other smoking  devices are  essentially
constant-volume putfing systems and do not have
this limitation. A flow measuring device incorporat-
ing a sensitive pressure transducer was fabricated to
detine pulf characte stics. The response of the meas-
uring device is such that we were able to profile indi-
vidua! pufls 2nd measure their volumes. It was shown
that the cigarettes were not scaling in the diaphragm
holders, which permitted air to leak around the
cigarettes and generate low smoke concentration.
Corrective measures were provided by the designer.
Pnff volume variations. caused by resistance to draw
differences. were found to lic within = 5 cc of the
average puff in over 907 of the tested cigarcties.

Puffvolumes are calibrated using abeliows system.
The bellows is attached to the smoke delivery tube of
the SEM Il and draws air through the cigarettesata
nearly constant volume. The pressure differentia!
across the cigareites gencrated by the bellows is
monitored. and an average differential is determined.
The average produced by the bellows system is then
established in the positive puffing mode of the SEM
11. The previously mentioned flow measnrirg device
was used 1o establish that the beilows system is
acceptable for caiibration.

Design of the animal restraint and exposure units
for the SEM Il is new. The animals are mounted in
groups of five in holders with neck slots and spring
neck restraints. Racks are positioned in the exposure
system so that the nose of each mouse enters the
smoke stream through a rubber diaphragm: several
such racks arc mounted lincarly along a central
smoke delivery tube. The design of the restraint
system evolved from interactionof our personnel. the

designer. and users o the system. A head-restrunt
sprng was added 1o pravent loss of amimals through
improper positioning at the daphragms. |eakage of
smoke at the daphragms has been lowered by
providing trey adjustments to accommaodate animals
of varving sizes. Spread of animal wastes iscontrolled
by using an open-lattice support tray: body wastey
tall through the lattice and »re caught 1o a sunport
pan.

To ensure that all the mwe receinse unaltered
smoke. a study was performed to determine the
maximum number of amimals that could be clfec-
tively exposed in one smoke stream of the contain-
ment system without altecting smoke composition.
Using carbon monoxide as a smoke component
indicator. we determined that if all the smoke from
the SEM Il s dirceted o one smoke outlet. up to 100
mice could be cxposed simultancoushy  without
significant amimal cfiect on the carbon monoxide
level. with this number of animals. smoke entering
the exposure tube would be depleted by the mice by
less than 1077, By altemmately directing the smoke
stream in M-sec exposure periods to two confinement
systems, 200 mice could be cxposed during one
exposure cvele of the SEM UL

To prevent dehydration of tne animal’s respiratory
system during ar cxpuosure and to maintain constant
relative hemidity in the smoking chamber. all air
supply tothe SEM 11 passes through a humidification
system. Temperature changes under the dome of the
SEM 1) cause a sharp drop in absolute humidity in
the dome: this change could affect the smoking
characicristics of the cigarettes. A separate study has
shown that the moisture content of cigarettes drops
rapidly at clevated temperatures even though relative
humidity is held constant. Cigarettes held in the
loading hopper during continuous operation could
lose 2 to 3¢ by weight duc ro loss of moisture in | hr.
A more detailed study of the cffect of humidity upon
the delivery of smoke is being performed 1o be certain
that chemical changesin the smokedo not result from
moisture changes in the tobacco. (J. H. Monevhun,
J. R. Stokely)

Design and testing of smoke monitoring unit for
the SEM 11 exposure systemn. A monitoring unit for
usc with thc SEM 11 has been designed. built, and
exiensively tested. A second unit, specifically tailored
10 actual ficld testing and based on experience gained
with the prototype unit, has bern designed and is
being fabricated for use in large-seele inhalstion
studies at Microbiological Associates, Bethesda.
Maryland. A concern in the usc of tne SEM 1l for
large-scale inhalation experiments is the possible



citect of either machine malfunction or operitor
crror. 1t iy hkely that occasional mallunctions or
crrors will occur that may cause high levels of smoke
to be provented te valuable test animals. In such
cass. death of animals could result from nicotine
and or carbon monoxide posoning. The monitonng
untts tor the SEM 11 incorporate alarms and
automatically  actuate safety  svstems o prevent
accdental overexposure. The sensor instrumenitation
»anterfaced with integrating and recording systems
1o provide data documenting exposure conditions.

I'he three detectors used in the momitor are: (1) a
hght-scattering devicr lor particulates. (2)an infrared
carbon monoxide analyzer. and (3) a2 thermal
conductivity sensor for gas-phase hvdrogen. The
optical sensor. developed especially for tobacco-
smoke particulate measurements. consists of a light-
cmitting diode and a high-gain phototransistor that
measures backscatter from the smoke particulates.
The sensor is housed in a short section of 12-mm-
diam tubing. and the total smoke flow for one Fank of
animals passcs through the unit. The sensor provides
the basic rapid signal for animal safety. and its
continucusly recorded output gives the operitor a
measure of mackine performance. Basic studies of the
senser showed that its response is directly propor-
tional to the concentration of particulates in the
immediate vicinity (within i cm) and that it is easily
calibrated. While the unit is subject to minor drift
with time as a result of the buildup of tar coatings on
its scnsitive optical surfaces. this has not been an
impediment to its practical application.

Gas-phasc measurcments are made by drawing a
sample from the smoke stream through a standard
f"ambridgc filter and through a scrubber to remove
carbon dioxide and water. The scrubber is necessary
only for a valid hydrogen measurcment: the carbon
monoxide analy7er is immune to these components.
The hydrogen measurcments are made using a
diffusion-type filament cell with tungsten-rhenium
clements. while a nondispersive (4.7-5) dual-beam
infrared analvzer is used for carbon monoxide
analysis. A small vacuum pump with an external
flow-control system is used to pull the sample
through the filter. scrubber, and detectors.

For purposes of recording and display. each of the
three detector outputs is electronically amplified toa
signal level of 0 to 100 mV. In addition, each chanr-]
is provided with continuous signal integration; panel
meters continuously indicate each signal level as well
as the integrated totals. A patch-panel network
allows any signal or integrated total to be displayed
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digitally and or recorded on 2 two-pen stnip-chan
recorder.

A normal run of the SEM H covers a penod of
about 10 min, usually consisting of 10 puffstfromeach
of 30 cigarettes. The prototype evawation has
involved more than 200 such runs. It was demon-
strated that the unit can rapudly detect machine
malfunction or operator crror that might endanger
animal safety. All three measurements showed a high
degree of reproducibality as well as proportionality to
smoke concentration.

The basic design of the prototype monitor is
acceptable. and a field test model of the monitor is
being fabricated for tesung in inhalation studies at
Microbiological Associates. The freld-tested model
has been simplified by climinating the hvdrogen
cuncentration measurement made withthe prototype
device. It was felt that the carbon monoxide
measurement was adequate as a backup for the
optical detector. botn for safety and exposure
documentation. The safety circuit and interlocks for
the ficld test unit must incorporate features not
provided in the prototype. In actual field practice.
exposures to particular banks of amimals alternate in
rcgular shont cyvcles. The monitor must not only
detect abnormally high levels of panticulates and
carbon monoxide. but must alse monitor the
cxposure time to make certain that both instantane-
ous and integrated exposures remain below the
danger thresholds for the particular animals being
exposed. While this complicates the design of the
field test monitor. its routine operation has necessar-
ily been kept simple in order to make 1t suitable for
use by operating personnel. (7. M. Gavle, C. E.
Higgins, J. R. Stokely)

Application of a light-scattering device for detec-
tion of smoke particulates in the Walton smoke
exposure system. One of the critical requirements in
the operation of any ¢xposure system is that a
homogencous acrosol be presented to the test
animals. Chemica’l determin=iion of smoke concen-
‘ration at any given <vjposure site in an e..posure
chamber is time consuming. The need for an
analytical method for rapid and continuous measure-
ment of smoke concentration led ustoinvestigate the
application of a light-scattering device. Operational
results from use of the Walton inhalation exposure
svstem have shown the device to be especially suited
to rapid smoke concentration determinations. The
sensor was used to prove the uniformity of smoke
concentration in the Walton chamber. to investigate
the effect of changing puff parameters on production




ol particulate matter. and to estabinh the cttect ol
surnng on actosol concenitration and sctthng in the
cnposure chamber.

Ihe light-scattening sensor consists of a commer-
viallv avafable combination hight-emitung  drode
«LED) phototransistor devic: mounted in one of the
motx cAposure postiions in the Walton chamber.
Intrared hight (900 nm)emitted by the LED element s
saattered by the smokeacrosol.and the retlected light
iv detected by the phototransistor element. The
phototransistor output i~ recorded to display the
concentration of the acrosol in the immediate vicinity
of the sensor. Iymical readouts of the sensor for
smohke 10 the Walton system are shown in Fig. 4.4,
Fhe response. which increases only shightly as the
smohe ages and agglomerates. 1s directly propor-
tional to the acrosol concentration. The specitic
response was lound 1o be independent of cigarette
tvpe. with the exception of svnthetic agarettes.

Momtonng ndividual compounds in a given
smohe i also teasible. We have found. tor example.
that sensor response and nicotine concentration in
IR smohkeinthe chamber are directly related and are
independent of the putt being monitored. Ii appears.
thoretore. that monitoring smoke  conce: tration
could give a good Indication of the amounts ot
particuliate components (o which animals have been
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exposed. An independent measurement oablishing
the ratw ol cach component to the total partwulate
matter trom that agaretic » all tat i required.

I he Light sensor has il been apphied @2 studving
the cttects of changing putt parameters on particulate
matter production. | hree types of Walton puttswere
tosted: (D comiant duration. varvng solunie, (2)
consant volume. varung putt nme. and (3 varsng
pult ume and volume. Whea 2-see putt volumes were
ncreased from 15 ml o 51 ml. the average sensor
response per putl ncreased  lincarly more than
threetold. while the total response increased from 1.9
mV to 44 mV. The total rovponse  reprowents
particulate matter Jdeliveny tor the entire agarette.
Putting the same volume (25 mb of air through the
cgarette over ume intenals of 1 to 4 sec shewed
progressive. though not proportional. increases in
particulate dehivers with increasing length ot puil.
When the air flow necessans to produce a 35-mi putt
in 2 sev was mamntained tor 1- 2~ and 3-sec putts. the
average roponse per pult increased hincarly from
~0.2 10 0.6 mV. The total response doubled only.
singe tewer putls per cigarette resulted at the longer
putl umes. i C. E. Higgins. J. R. Stokelv)

Particle size charactenistics of tobacco smoke.
Particic size distributions of tobacco smoke acrosols
are being investigated using the incthylevanoacnytate
(MCA) fixation technigue. ~ Fhree aspects of this
work will be discussed: (1) the methodology.
including investugations into the vahdity of the
results, (2) some general characteristics of tobacco
smoke acrosols as determined by this technique. and
{3 its application to the size distribution in specific
>moxing machines. particularly the Walton.

A simple syringe sampling technique is used to
collect and fix smoke particles for microscopic
chservation. A syringe icated in an oven (600 () is
partially filled with air containing MCA vapor. The
ssninge s removed from the oven. and a smoke
sample is injected into the warm MCA vapors. After
a short reaction period the fixed particles are expelled
onto a nucleopore filter. which is then processed for
scanning-clectron microscopic examination. There
are losses of particles in the transfer of smoke acrosol
1o the filter. which can be severe under some
cifcumstances. Agitation of the comtents of the
syrnge to mix smoke and MCA promures *hese
lasses. Plastic syringes have proved to be particiz.arly

21 R W Holmberg. “Pasticke S17¢ Charactenstics of §obacco
Smoke.” Anal. Chem v Annie. Rep. Nov 30, 1975, ORNA -
SIn, p. 64,
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unrchable: as much as %0 1o 99 ; of the smoke may be
lnt. These losses are size dependent. invalidating the
sized distnbuticn resalts,

Acceptabhy quanutative results are obtained. using
glass svringes (wath only tarbulent miving of smoke
and MCA) and kevping the ratio of smoke to MCA
vapor volume small: 30, or more of the gas-phase
smoke partickes are collected on the filter. When
smoke i sampled n this way. particle mze distribu-
tions show excellent reproducibility. One expen-
ment. repeatzd seven HMes. gave 3 geometric mean
diameter. d,. of 0.404 = 0.025 um (standard devia-
tion)and a geometric standard deviation. a.. of 1.396
* 0.029. A quantative sampling procedure has ulso
allowed us to estimate the diameter bias mtroduced
bv the addition of MCA in the fixation of gas-phase
pasticies. The data presented above were from the
mid puits ol seven 2A1 cigarettes. From the measured
diamcters we calculated the average particle volume
(=d 6). and from the particiedensity on the filters we
calcnlated the number concentration of particles in
the chamber at the time of sampling. From these we
cstimate the total particulate mass per puff tobe4.6 =
0.9 mg. Thisis inrcasonably close agreement with the
value of 4.0 mg from conventional gravimetrnic
(1PM) analvses. Fhe indicated difference translated
to a diameter basis s about 4.

A large number of determinations of smoke
particle size distributions were made in the past vear.
Quite generally we found that the distribution of sizes
w adeyuately appronimated by a logarithmic-normal
distribution tunction. A typical distnibution is shown
in Fig. 4.5. The lower section of this figure shows a
histogram of the fraction of particles in various size
intcnvals and the fitted log-normal curnve (the wo
parameters d. and o, define this curve). The upper
section is a ~uraulative percentage plot on logarith-
mic probability coordinates: the linearity of such a
plet is often taken as evidence of log-normality.
Statistical tests for log-normality are routinely made:
reasonably often the measured distribution does not
conform in a strict statistical sense. Nevertheless, the
deviations (usually a slight negative skewness) are
seldom large enough to invalidate the use of this
distribution function for practical purposes.

Ratter unexpectedly. we found an almost constant
valueol 0, (1.4 £0.1)fromexperiment to experiment.
For example. a sample of {resh 10 cigarette smoke
may contain about 3 X 10" particles per m} with d, =
0.30 um and o, = 1.37. After aging for 60 sec. normal
cnazulation processes reduced the number tenfold
and increased d, 10 0.70 um. but g, = | 40 changed
insignificantly. We found the kinetics of coagulation
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Fig. 4.5. Puticle size distribution of snaged 1R cigaretoe
tobscco samoke.

of an unstirred smoke aerosol to be second order
with a rate constant of approximately 0.7 >3 10~
ml sec. This value is quite typical of aerosols in
general.’

The particle size charactenistics of tobacco smoke
were studied by a variety of methods witha varniety of
results. Very often the work was directed to the
question: What is the average particle size of tobacco
smoke? A it Ieaves the butt of a cigarette. tobacco
smoke 1 an exiremely concentrated aerosol contain-
ing as many as 10" particles per ml. The average size
may Jdouble in the first second of cxistence. To
measure the “initial” sizc. the smoke leaving the butt
of the cigarette must be rapidly diluted to arrest the
coagulation kinetics. We measured the size distribu-
tions of a number of cigarettes under conditions that
appruximate this rapd dilution requirement. A
variets of initial sizes was found; the smallest. from a
code 46 synthetic. was: d, = 0.16 um. o, = 1 41.
Conventional cigarettes vickded diameters considera-
by larger: Kentucky IR1,0.26 um: NCl code 5. 4th

24 H. 1. Green and W R lanc. Partivulate Clouds. Van
Sostrand, Princeton. S 1964, p 140
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seres. 0.21 pm: Kemtucky 2AL 0.32 um. No
appreciable change in size with puff number was seen.
but we have preliminary evidence that these mitial
stzes may depend on thz manner in which the pufiis
aken.

Of practical mterest are panick size charactens-
tics of the tobacco smoke acrosol in existing smoke
delivery systems. pactecufarly with animals present in
the system. The Walton horizontal exposure system
was investigated. be. with and without the presence
of mice (12 acchimated black €47 mice were used).
Normally. an:mals are exposed to smoke for 30-sec
penuds. We extended this period to 60 sec in these
expenments (o accentuate particle size growth and
possible changes from prolonged animal inhalation.
The results. however. indicate no significant changes
in size or size growth due to the presence of these
amimals. We found. on the basis of CO: analyses in
the exposure chamber. that the respiration rates of
the mice are severely curtailed on exposure to smoke.
Based on Guyton's rule:’ estimates ate that 12 free-
breathing mice should tum over about 70¢¢ of the
contents in the exposure chamber in a 60-sec
exposure. Mcasurements of comparative CO: gains
indicate that they turn over only about 207 in the
presence of smoke. an amount insufficient to
appreciably perturb the particle size growth in the
chamber. This result is supported by the measure-
ments of number concentration of smoke particles :n
the chamber. Additionally. we note an insignificant
increase in particle size from 30 to 60 sec. Presumably
the Walton system with its high-velocity stirrer and
its high surface-10-v olume ratio perturbs the particu-
late cloud sufficienrly to mask size growth by normal
coagulation. kinetics. (R. W Holmberg. L. B. Yeatts)

BIOANALYTICAL METHODS
AND PROJECTS

Scparation and identification of mat unnary
constituents. A general analvtical procedure was
developed for gas chromatographic profiling of
biochemically significant compounds occurring in rat
urine. Such “metabolic profiles™ may aid in clucidat-
ing smoke-related pathology in rats chronically
cxposed to cigaretic smoke. The rat urine specimens
used in this work were obtained as part of the seriaf
sacrifice portion of the chronic rat exposure study
being conducted in the Biology Division. These

25 A G Geyton “Meaw: ment of the Respiratory Volumes
ol Laborator, Ammals.” Am. 4. Phyunl 150, 70 (1947).
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specimens can be dividaed into tour sets: {DHunme trone
aped nonsmobad rats (age controls). (2) unne from
aged mats placed on smwking machines  without
smoking (stress or containet controb). (3 unne lrom
aged-smobed rats, and (4 unnr lrom voung
nonsmoked rats.

The tirst step in the analysis of these samples s to
tractionate the unne by gel chromatography. using
Sephadex ™ G-25 as a stationany phase and cluting
with 0.2 M ammonum acetate bufferedat pH 5. Thes
crude (ractionation viclds a three-peak chromato-
gram with the order of clution mversely related to
molecular size. The eluted products were colfected n
two parts: (1) the traction ¢cluted i the voud volume
(macromolecules) and (2) the fraction that was
retained by the stationan phase (peaks 2and 3). Both
fractions were concentrated to dryvacess by Ivophiliza-
tion. The macromwlecular fraction was stored at

18° C for subsequent ckectrophoretic analyses. The
second lyophilized fraciwon was dissols ed in pyridinc.
derivatized with bisitrimethylsih Dinfluoracctamine
and separated by gas chromatography. employing
3¢ OV-17  on the sationary phase. Such ges
chromatographic profiles obtained for the urine from
voung rats showed 32 distinct peaks. Profiles lor
different voung rats were cssentially the same.
showing ditfercaces only in absolute peak heights.
Most of these differences in absolute amounts can be
attributed to the variation in the daily tolal usine
volume excreted by individual animals.

Unnary constituents should vary wit: age.
Accordingly. the profiles of seven urine samples from
age-control rats exhibited 57 distinct peaks for cach
of the seven samples. Samples from the smoking rats
and stressed rats (container controls) of the same age
were scparated by gel ch-omatography. lyophilized.
and stored at  18°C. These samples will be deriva-
tized and profiled in the near future.

Twenty-cight peaks in the profiles have been
tentatively identified by use of retention indices or
cochromatography with reference compounds. How-
ever, any distinct profile differences hetween smok-
ing. stress. and age will be more carefully studied by
preparing identical samples for GCMS examination.
(L. G. Farrar. J. E. Caton)

Determination of nicotine and its metabolites. The
analysis of nicotine and one of more of its metabolites
in physiological fluids is of increasing interest to
many “smoking and health™ studies. Because of rapid

-

26. Registered trademark. Pharmacia Fine Chemicals. Up-
psafa, Swaden.
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pharmacohinetios. nicotine or cotuune {its principal
mctabohte m many specics) kevels i serum or unine
are probably not good measures ol smoke dose.
However. peniodic meassrements of 2 parameter
such as the chronic uninan kel o coumine in an
cxpenmental ammal subpected to chronic smoke
cxpaosure may givean indication of continuing smoke
msult. Any changes in unnary cotimine levels might
mndicate aither a change in nicotine uptake or a
change in the ability or mechanism of metabolizing
micottne. Thus. tunctional methods for theanalysis of
nicoline, cotimine, and other metabolites of nicotine
would iz usetul tools 1o our suppornt of chroni
smoke exposure studies.

Analytal procedures for nicotine and its metabo-
Iites 1in physiological fludds are generally considered
quostionable because such compounds are ditficult to
handle analyvticallv at the low lkvels presemt in
physiological situations. In addition. nicotine is an
almost ubiquitous compound under most conditions
where a measurement is of interest. Thus. there are
o requirements tor the validation of analvtical
procedures: (1) some internal standard must be
carried through the procedure in order to provide a
reliable estimate of sample recovery. and (2) a blank
i» necessary o determine how much. if any. nicotine
has been recovered from sources other than the
sample.

Our general approach to this problem has been to
use tracer quantitics of ‘C-picotine as an internal
standard to estimate recoveries from both blanks and
samples. After adding the tracer, samples of cither
serum of urine are extracted threw imes with volumes
ol benzene equal to twice the sample volume. The
benzene extracts are pooled and concentrated tonear
dryness on a rotary evaporator. After evaporation,
the samples are dissohved 1n 3 volume of ethanol
cyual to the oniginal sample volume. Analysis of the
recovered sample for C activity  indicates the
amount of sample recovered: analysis by gas
chromatography. using specific nitrogen detection.
indicates the total amount present in the sample. This
procedure has been shown to be effective for nicotine
added to secrum at the levels of interest (ng mi).
However. there has been no vahdation of the
procedurc for metabolites because the metabolites of
interest are not readily available.

I'wo of the principal metabolites of nicotine
(cotinine and nicotine-I-oxide) were synthesized
according 10 published methods.” ** In cach case the
starting material for the preparation was nicotine,
and gas chromatographic analysis of cach product
showed it to contain a small amount of nicotine and

75

onc major peak. Future efforts must be directed
toward the synthesis of ‘C mectabolites. Lpon
compiction of such synthesis. the recovery after
extraction and concentration must be established.
followed by the characterization of the response of
the speaific nitrogen detector to cach of these
metabolites. (J. E. Caton. B. F. Hirsch)

Dosimetry  rats. A study 1s under way in the
Biology Division that involves the chronic exposure
of rats to inhalation of agarctic smoke. Two aspects
of this study are: a serial sacrifice expenment in which
rats were cxposed for predeterminad p=riods (12, 18,
and 24 months) before sacrifice: and a Lifetime study
in which the rats will be exposed for the longest ime
mtenal consistent with viabality and survival rate.
Only 2 small amount of data was available for
cstimating dosc in rats cxposed on the system
employed in this study. Thus the tracer dosimetry
technique.” using cigarettes labeled with ‘C-
dotriacontane {DTC). was apphed 10 40 rats exposed
10 two different smoic concentrations at Iwo
different times. Another dosimetry experiment was
dosigned o ascertain the effect of containment on
dosc.

The results of a set of four rat dosimetny
cxperiments with the Maddox-ORNL exposure
svsi~m. smoking both one and o cigareties at 30-
and 40-scc puffl exposure times. are summarized in
Table 4.3. In this table the total exposure time is
combined with smoke concentration as indicated to
give a value coalled smoke exposure. Both the
carboxyhemoglobin concentration in the blood and
the amount of TPM deposited in the lung vary
iincarly with smoke exposure. The distribution of
acuvity and. therefore. TPM within the rat was
essentially the same for all exposures. The respiratony
tract (exclusive of the upper airwayvs) contained
65¢¢ of the total internal activity. The upper airways
contained 10¢; of the internal activity: and the lanvnx.
stomach. and remainder of the animal ¢ontained 8.
I} and 5. respectively. of the total internal activity.
The distribution of activity within the respiratory
tract (excluding the upperairways) of the rai wasalso
dctermined. Tyvpical data for this distribution are

22 F C lavior and N F Boxer. "Pundine-T-ondes. 1V,
Nicotine-l-ovde. Nicohine-1-ovde, and Nicotine-. 1 dwvde.”
J v Chem 14, 275 (1949).

X R Boaman and H McKenm:. “(¢ -Cotimine.”
Biochem. Prep. 10, W (1959)

29 | B Rubin. " ASimphficd Method for the Determination of
Labeled Alkane Hydrocarhons in Mammahizn Tissuc and Blond
After Faposure 1o Radiolabeled Cigarette Smoke.” 4nal Leir 6,
W97y
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shown in Table 4.3. The vanous lobes of vhe lung are
not the same size. thus the eft ung (largest lbbe)
always had the greatest activity. Homever. when the
deposttion s normalized on the basts of lohe weight
{Table 4.4). theve appear to be sites of preferential
deposuion. Careful analyvsis of kung distnbution data
trom 40 rats indacates that there s better than a 99
probabilnty that the woght-normalizad deposition in
the nght supenior lobe 1s higher than that in ans other
lobe. The weaght-normalized deposition m the nght
inferior lobe has 2 R<; probabilits of being lowest of
any lung lobe. Values determned for the nght meda
lobe. post-caval lobe. and kft lung arc probably the
same.

Another set of experiments mvolving rats showed
that the manner of animal restraint has a defimite
cffect on the dose retained by the ammal. The
cxpenments mvohied 30 rats restrained by one of
three different  axthods dunng cxposure. The
restraint methods were: (1) the regular containment
method used in the chronic exposure studies in which

the rat s held in place in the containoent tube by a
spuage (movement i almont completely restnctal).
121 the rat s held 1a place in the contnnment tube h a
siant-faced collar (wuthin the containment tubx.
morement » rclatn ey uarestratad). amd € 3) the rats
restrained in the containment tube yumply by hohding
hrs nose 1n the chamber by means of a “touth hook™
with no other restrictons i the tube.

T'wo types of restramt were used in cach of three
different exposures of ten rat o ™', smoke trom a
cude 16 agaretic generated by the Maddox-ORNL
cxposure devwe. [Depossion in the lung was
ncreased by 15 for the “tooth restraint” and by 107,
for the slant-faced collar. celative 10 the repular
containment. Homerver. these differences may not be
significant. Of more significance s the reducton
(53 reduction for the stant face and T/ for the
“touth restraint.” compared with the deposition for
the regalar containment) ot deposition sn the lanvnx
for the restraint methods that are kess restrictive of
movcment. Thus, some consideration of containment

Table 4.3. Smoke constiteent splake fo; vanous

Faposure Tostal exposure Smoke TPM depoated .
time per puff® time concenintmn Smaoke » m luengs ¢ “h.!hf_m‘"‘hh“
B} - CXPUruUre N [

(>3 o) (e} ne)

wn 20 (¥} 134 2n IR4-28

40 n LR | 186 R ) 422

30 2in 1458 nt S9n w122

40 n 13.5 432 9an B9-68

2Rats exnved o smoke from one code 16 cyarettc on Maddoy-ORNL exposure deswe.
¢ exposure = (otal exposure e ¥ smoke conventoaton ' 100

Table 4.4. Distribution of actwity within the
respiratory tract of rats®

™ TPM organ weight

Total
activity

Area (T34} iuy/g) respiratory tract

)

Trahea b 4
Bifurcatuon 4n 6
Left lobe p 261 k1]
Postc;val lobe o6 194 1n
Reght inferion lohe [ RA] 2318 5]
Right supesint lobe 19 4.30 17
Right media lohe 73 249 1
Total (52} 10

*Lxpomcd (or 30 wo/puff on Maddox ORNI. cxposure device
smnking code 16 ogarclies: smoke concentration was 14 877




method may be impontant in evaluaung larnvnx
pathology (/. £ Caton)

Companative dosimetry in hamsters and rats. [ike
rats. hamsters have heen the subject of studies
concerned wit* cigarette smoke actosols generated
by the Maddox-ORNI exposure device. Theretore.
with adeguate data arvailable for both species. some
comparnsonseems appropnate. The internal distribu-
ton of DIC actnaty s the same for both hamsters
and rats. However. the total internal deposition per
gram of body weht s significantly higher for
hamstens in companison with rats. This difference
may be somewhat related to the method of restraint.

The standard restraint system {or hamsters on the
Maddox-ORNI. device employs a collar and allows
significant body movement within the containment
tube. The stundard restraint svstem for rats. however.
limits movement severely and mav posaibly hmit the
depth of respiration by slightiy restricting expansion
of the chest cavity. In anv case. the increased hody
mosement of the hamster should stimulate respira-
twon and thereby contribute to increased nternal
deposition of the exposure acrosol. In addition to
greater deposition per umit body weight. the rate of
ncrease in fung deposition with increasing smoke
exposure is more than twice as great tor hamsters as
tor rats. Another difference is the relative effect of
cxposure time and smoke concentration. In evaluat-
ing smoke cxposure for rats, exposure time and
smoke concentration can be weighted equally. For
hamsters. tung deposition appearsto be shightly more
dependent on smoke concentration. Iog-log plots of
lung deposition in hamstersys exposure time indicate
thai the ime contribution to smoke exposore values
must hbe weighted by some tractional ¢xponenual.
Such ‘arations can probably be attributed to
breathing patterns. but other dilferences such as
method of restraiat, greater vigor of the hamster. and
the hamster's greater tolerance of mcotine may plzyva
role in this tme dependence variation. The data
conciusinely demonstrate. however, that smoke doses
to hamsters follow much dilferent patterns than do
smoke doses to rats exposed on the Maddox-OKNIL
expasure sysiem. (J. £, Caron)

Dosimetry in mice. Studies of dosimetry using
mice arc casried out jointly with Microhiological
Associates of Bethesda, Maryland. for the Council
for Tobacce Research, USA. Our responsibilities in
vies cffort include cigarette sclection, cigarche
labeling. tissue analysis, and data compilation.
Animal conditioning and cxposurc are the responsi-
hilities of Microhwlogical Associates. In contrast to
our rat and hamster studics. these mouse cxposures

have been camed out on the Walton horizontal
smoking machine. which has sexeral basic ditferences
trom the Maddox-ORNIL. machine. The studies are
guite comprechensine and invohe large numbers ot
animals. which lkends a high degree of saustcal
significance to the results. During the past vear.
experiments were compicted to determine the cffect
vn .nternal smoke paruculate deposition of the
following parameters: (1) exposure time. (2) stoke
concentration. (31 sex of exposed mouse. (4) strain of
cxposed mouse. (5) type of ammal contammen:. t6)
retention period tor three differunt tracer compounds
1 *C-DTC. *C-nicotine. “C-Bal™, and (7) compara-
tive “etention periads for two different mouse strains.
In all. about 300 cigasettcs were selected and labeled.
and 6000 tissuc samples were analyvzed.

internal deposition increased with per-putf expo-
sure ime as expected. Homever. analvsis of the data
indicated that incr=asing per-putf exposure time had
an increasingly impoitant eftect on intemal deposi-
tion for mice exposed on the Walton horizontal
smoking machine. T'his was not true tor rats and
hamsters exposed on the Maddox-ORNL machine.
I'he second cxpenment was designed to measure the
variation in deposition of * C-DIC as a tunction of
sme ke concentration at a sing.c per-puft exposure
time (30 sec). Here the amount of interna! tracer
retention was i hincar tunction of smohke concen'ri-
fion.

Comparative dose measurements were made on
both wexes of tive ditferent strains (C3H Ant.
DBA 2. CS7BL 6. BCHL. and B6C3E ) of mice.
Some sex-gependent deposition was tound for the
C3IH Antand DBA 2 strarns. This sex dependence.
which 1» of doubtful significance. indicated an
increased internal deposition in males compared with
temales. The effect ol stran on deposition s
signthicant. with the tollowing order of deereasing
deposition: CSTBI ¢ = BC3FE > DBA
CIH Ant - B6C3EL Mice were restrined by cither
a coneshaped  containment tube of a nech-
restraimng device 1 one cxperiment. the amount ot
internal deposition was the same for both methods of
festrant.

The three expenments studving the retention
period of tracer compounds showed someinteresting
rosults. In the case of DIC the body distiihbution
changes vers slowly over a 23-hr penod. Fyven the
total-body burden of D1 C decrcases by fess than 2¢,
over a 24-hr pennd. Thus, DT Cappearsto beanineit
traccr capabiz of mapping the initial tate of deposited
smoke particulate matter very well, especully when
animals are siacriticed within 1S min after completion
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of the expusare. The retention period experniments
indicate that both “C-mootine and  “C-BaP arc ven
poor tracen of the mtal distnbution of smoke
particulates 1n the mouse. iImmadiately atter smoke
cxpunure. ks than 28 of the towal internal mcotine
of BaP actniy s kwvated in the lung. Both
vompounds apparcnth have rapud pharmacokinetus
:a the lung atter inhalavor. In studies completed. kess
than hall’ of the internal actinity of either of these
compounds can be assignad to specit areas. One can
speculate that much of the ncotine may be i the
circalators syvstem and other body tluads. However.a
more carctul mapping ol the distnbution of Poth
compounds s needed. (. E. Caton)

Evaluation of the use of an antibody to BaP to
remove BaP from mainsiream cigarette smoke. An
antibody claimed to be specifc tor BaP was raised in
gozts by personnel at the University of Nebrasha
NMedical Center at Omaha (UNMCO). Subsequently.,
UNMC patented the idea of using the antiscrum as a
cigaret'e lilter component that might remove BaP
from th.e mamnstream smoke. Thas aboraton . at the
request of the NCESHP, then assumed the role of
assisting personned trom UNMC 10 evaluating the
utibity of this antiserum as a BaP scavenger wn a
cigarette filter.

The ctixacy of the antiwrum was total b adding
it o the cellulone tiiter of ovpenimental  tidecr
agarctics and by adding it o Aquahlters.” Sube-
Juenth. the relatn e amount of added " 10 C-Bal?
removed trom the mamnsircam smobc was comparad
with the amount of BaP tacer removed iy tiliers
treated with normal saline solution. FHhe goat-scrum-
traatad  ocllulose filiers were mont clfuxnt 0
wemoving the “C-Bat® tracer trom the smobe. It made
little ditlcrenve. homerver. whether or oot (e poat
serum contined antibodies 0 BaP. Both ~rum-
treated (with and without antibody? cellulone filters
removed about ¥, of the “C-HaP actnny. The
saline-treated ceBulose filters removed about 30, of
the activty . AflL Aguetifters removed about M, of
the ‘C-BaP: pretrcaiment with antbadies had no
cltevt.

All studics indicaie that the uwe of an antigen-
antibody  reaction to remave  specitic harmtul
components trom mannstream cigarette smobe does
not have great potential. However. serum proteins in
general may add to the etticiany b a cellulose ilter.
tJ. E. Catom)

0. rademarh. Aquatilter Corparation. Southtickd. Mich



5. Quality Assurance. Safety. and Tabulation of Analyses

L. 1. Corbin. Quahty Assurance Officer
G. R. Wikon. Satety and Radiation Control Officer

QUALITY ASSURANCE

The Quality  Assurance (QA) program has been
strengtherd Juumg this repusting period. Each section
o group has developed a QA program appropriate to its
worh These programs are desenibed n the tirst divi-
sion-wide report issued Juiy 1. 1976 Future divisional
QA repoits will be issued semuannuallhy 1o highhight
changes 1 the QA program and to summarize what has
been accempished.

We have ontmed 1o mamtiin a3 quahty control
program witmn the Analytical Services Section. Cus-
tomiets hsre been supphied with control samples that
can be ponled. labeled. and subnutted tor analy s
alorig with real samples. We have aiso added 3 new
control sample (o the epertony © one that contains U,
Mo. Uriand Zr tor use by the Transuranium Laboratorny
staff. We have abs  seceived the hmits of zrror expeni-
enced i oui quality control program over the past two
vears and have tightencd a number of values, as
mdicated in Table 31,

For the National Uranmmuin Resources Evaluation
(NURE) Prowam. our calibranen standard s 9370

ennched ©“*U from the National Bureau of Standards.
for vur internal quality  control, NBS-1632 coal and
NBS-1633 1h ash standard reference matenals are used.
Table 3 2 summarizes the quality control data.

Table 3.3 shows the quahity level tor each laboratorny
and compares the results with those from the previous
vear. Lists of the ditfferent control programs and the
number of results reported tor each program are given
mn Tahle 3.4,

SAFETY

During the past vear the Analyucal Chemistry Divi-
sion had eight first aid cases. most of which involved
mimer culs or burns vn fingers. The only case that could
have been senvus ovcurred when the bottom fell out of
a gallon jug of chronmee aaid: fortunately. little aad
struck the emplovee and the safety shower was used
promptly . The Division had one medical treatment case
when an employee was injured whiie removing the cap
from a bottle. There were thice tousual occerrences.
Two involved radiation contamination, and both were
cleaned up with no problems The third unusual

Table §.1. Reviswons in limits of ervar for quality contre” program

Limst of error

Methed _!_:5_)__'_

Oid New

Carbon  Teve thighy [ s
Chromium: colonimetnic tlow) 1o N
Fluonide: solumetrw 4 2
fron: colorimetnie tlow) 10 6
Suitur: Tevo [N 10
Thonum: colenmetnc, tow thonum, Jow aramun 4 3
Uranium: fluonmetne, Genesal Analyses Laborato, . 10 8
Nitrate mtrogen: Techpivon 20 1
Ammoria mirogen: Techaicon 0 10

79
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Table S.2. Quabty contond sesplts fos the descymnation of scaninm

by declayed aretven conating
N of Awcraee Relatne
Comtrol wranmm standard
determmatnns
1pper) dvatnme )

Hagh urantum 0 10 59 2

Low uramusm 58 £33 4

NBS-1632 1.40 - 0.1 ppm urzamm (7.17) 41 12d quarien) 1403 1

NBS-1632 40 ¢34 quarten 1413 4

NBS-1633 11.6 - 0.2 ppm uranum ¢1.77) 41 ¢2d quarter) 152 2

NBS-1633 40 ¢ 34 qaartcr) iled 2

Table 5.3. Dutribution by Iaboratory of control sests for
October 1975 -Sepeember 1976
Number of control resalts Quahity kevel ()
Laboratory .- —_

Total Onvesade Nned limsts 1978 1976
Environmenzal Analy wex 612 22 93 52 9% .41
Radioa tive Marcrials 905 39 8BS 68 9569
{seneral Anaiy e 903 41 91.49 95.46
Totals 2420 102 90 93 9579

“Controt results within 28 hppts

ovcurrence, fortunately. occurred at night. A pressure
vessel seal failed and resulted in a steam explosion. The
only damage was to the oven that contained the
pressure vessel. The pressure vessel has been redesignea.
and the ne.; oven has been provided with backup
temperature controf.

We continue to maintain a safety program that is
section or group oriented and is supplemented by
routine quarterly inspections by the Safety Committee.
Additionally, we have begun to emphasize training
opportunitics that relate to safety. For example. seven
people completed a cardiovascular resuscitation course
at ORNL.

The Bio-Organic Section conducted. after normal
working hours, a drown-proofing course for its mem-

bers. A number of Division staff members are scheduied
1o participate in the Laboratory’s first sid course.

The

1976 Safety Committce was G.R. Wilson.

chairman; H.W. Dunn: N.M. Ferguson. P.Gouge.
I. Hackney. T. R. Mueller. and J. M. Peele.

SUMMARY OF ANALYSES RENDERED

Table 5.5 contans 3 tabulation of analyses pertformed

by the various lsboratories and/or groups within the
Division during this seporting period. Analyses per-
formed as part of Analytical Chemistry Diviston pro-
grams are not included in this tabulation.
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Takie 5.4. Dswibutna of control results (by method) fos
Octobey 1975 - Sepiemies 1976

. Nes_of No. of Total for
Mictined Constituent programs rcsuits mcthod
Atomn absorpiasn Cadmmm 2 19
Calcmum 2 TH
Cwommum 1 7
Copper 2 )
Iron ] 25
texd 2 1
Lithum 1 33
Magnesium 1 ()]
Nickel | 7
Potassium 1 42
Sodiwm 1 31
2 2 33 350
Colonimetrn Berylium ! 27
Chromium 2 30
Iron 2 38
Molybdenum 2 3
Nwkel 2 25
Nitrogen 3 130
Phosphorus ! 98
Sulfate ] 67
Thorium 2 180
Uranium 2 114
Zircomum 1 el 774
Coulometic tranium 3 360 360
I'lame emission Lithium ! 14
Potassium 1 18
Sodiurn I R4 60
Fluorimetric Uranium k. 227 27
Gravimetri Carbon 2 100 100
Infrared absorption Carbon 1 90 90
Volumelri Fluoride i a8
Nitrate 1 n
Sulfur ! 50
Tharium 2 187
Uranum I 182 459
Total 54 2420




Table 5.5. Summary of analy tical work

Number 9 1esults seporivd by

Mass Spectrometny Generad Analyws Radinactive Materialy  Eaviconmental and Radichemical  Activatisn Analysie  Fhy st e al

e v —————

o Ve o tr 8

Organuzatson Llemental {ortoi
i Spectranwtry  Servwee Laboratory Laburatory Analy tical Laboratores Analyws Labuoratury Latwiratory Laboratinny )
ORNL diwivwons
Analy twal Chemastey 13770 982 (R k7Y 2 '3 P
Chemnal Tevhaology RS R X) 1317} 13,820 206,114 an 143 1.2 93109
Chemmry 1.597 734 177 162 (2173 1) ). )69 [ L}
Loergy 24 24
b nguwening Technology 1,723 34 754 1 uN? 1? (¥}
tasronmental Scwenues s N7 1,238 49 ERR 1} 1414 LT 411,544
MHealth 493 49)
Heslth Phyans $51 10 1 ] 198 (2] \y 2724
tnipecton b ngineering 257 247
Metals and Ceramns 15,336 e 6,168 706 A 499 Jun AR LM
Neutron Phy wos 2 M Hb 1 3]
Opcration 1,153 678 R ] S.6040 ANAT] 188 0 [RE 1N
Phyas m M) 4 1 wm?
Pt and Equipment po Himg
Sulw State J3sK N 142 L]] [} L X A0} 440
Thermonudlkear w2 13 e
Orhers

N2 12 10
Los Aoy Suwentiln: Laborator i 1 4
Miscellancous 290 19 M0 150 LT o4 2y 1420
NURHY 1.779 [
Protectae Cogiing Testing 154 AR

ya? 157 2.7 » 1L}

Totl a1836 19973 37,066 361 NI 7.874 an IR

—

UNatenal Uranum Resoure:

b valuation.
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6. Supplementary Activities

The Dwvision continues to mamian hason with the academi commuaity through the assistance of its Advisory
Commutia and consultants and by making available facilitics and supervision for student and faculty research and
(rainIng psograms.

ADVISORY COMMITTEE
Thes vear the Division Advisory Committee was composed of:

E. C. Dundop. Central Rescarch Departirent. E. 1. duPont de Nemours and Co.. Wilmingion. Delaware.

V. A Fassel. Deputs Director. Ames Laboratony . ERDA L and Frotessor of Chenistry . fowa State Unaversity. Ames.

A. F. Findeis. Program Director for Chencal Analvsis. Division of Mathenmatical and Physical Sciences. National
Science Foundation. Washington. D.C.

CONSULTANTS

A. E. Cameron advises the Mass and Emission Spectrometry Section of the Division.
M. T. Kelley (Adjunct Research Participant) advises the Advanced Methodology Section. with particulas emphasis on
computer appliciations.

. ] r. University of Tennessee. specializes in areas of electrochemistey and molien-salt research.
G. Mamantoy. Un tvof T pecial { electrochemistry and molien-salt h

The tollowmng specislists were brought to ORNL on shori-term consulting bases this past vear as part of our
Seminas Program. Details of semmars are sisted in Chap. 7.
Dr. Henry Borella, Ldoe-c-2 . Germas and Greer. Santa Barbara. Calitornia,
Professor Edward Rinehart. Departineni of Phy sics. University of Wyoming. Laramie.
Dr. Ronald J. Pugmire, Vice-President for Rescar h. University of Utah. Salt Lake City.
Dr. Harry S. Hertz, Chemical Division. National Brcau of Standards. Washington D.C.
Dr. Charles D. Wagner. Shell Development Company. Houston. Texas
Dr. Eugene Barry. Department of Chemisiry . University of Lowell. Lowell. Massachuserts.
Dr. Thomas Isenhour. Department of Chemistry . University of North Carolina. Chapel Hill
Dr. Peter W. Carr, Departinent of Chemistry . Umiversity of Georgia. Athens.
Dr. Philip D. LaFleur, Insiitute for Matenials Research, National Buseau of Standards Washington. D.C.
Dr. Lawrence W. Kessler, Sonoscan. Inc., Bensenville. Ilinois

PARTICIPATION IN ORNL “IN-HOURS' PROGRAM

Gerald  Goldstein  taught o course in Liquid Chromatography. and W.Griest taught a2 course in Gas
Chromatograpity as part of the Laboratory’s “in-Hours™ Continuing Education Program. One person from the
Division completed the Liguid Chromatography course. and ten Divisional people completed the Gas Chrora-
tography course.
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Short Course in Interpretation of Mass Spectra

W. T. Rainey and D. C. Canada taught the Amesican Chemical Soviety short course in Interpretation of Mass
Spectra to sax members of the Division statt.

GREAT LAKES COLLEGES ASSOCIATION (GLCA) EDUCATION PROGRAM

This covperative program is row in its seventh year. Two students were assigned 1o the Division during the fall
1976 semester: S. V. Jobanningsmeir from DePauw University in Greencastle. Indiana. to woih with 3. R. Stokely
and W_H. Griest on 2 method for the determination of glycerol and other humectants i 1obacco and tohacco
smoke: and R. Q. Thompson from College of Wooster. Wouster. Ohiv. to wurk with A.R. Jones on the hound
chromatographin: fractivnation of coal-derived vils.

SOUTHERN COLLEGES AND UNIVERSITIES UNION (SCUU) SCIENCE SEMESTER

Two undergraduate students were assigned 1o the Division as part of the SCUU couperative program tor the
winter (976 semester: J. D. Meyer from Centre College in Danville. Kentucky. worked with 3. R. Stokely and J. H.
Moncyhun to develop a gas chromatographic provedure for determining hydrogen cyanide in tobacco smoke: and
D. H. Sikes from University of the South. Sewanee. Tennessee. wuorked with B. R. (Tark on the isolation »f organic
compounds from water.

JAEA FELLOWSHIP PROGRAM

D. A. Batistoni. IAEA Feilow. Chemistry Department. National Atomic Energy Commission. Buenus Aires.
Argentina, was assigned o the Division in August 1975 to work with C. Feldman on the evaluation of emission
spectroscopy sources. He completed this assignment on November 18. 1976.

P. S. Murty, JAEA Fellow. Bhabha Aiomic Research Center. Bombay. India. was assigned to the Division from
June 1975 1o Septemoer 30. 1976. He studied electron spectioscopy for chemical analysis under the direction of
L. D. Huleut.

SUMMER PROGRAM

During the summer. the Division was host to representatives of several programs that have been developed to
offer laboratory experience to college students and faculty members as well as tv promising high school graduates.
G. Goldstein served as “"Dean” for these guests during their visit.

ORAU Summer Research Participsnt

Dr. W. M. Cooke. University of North Carolina at Charlotte. worked with W. H. Griest on the analysis of main-
and side-stream tobacco smoke polynuclear aromatic hydrovarbons.

Dr. Wilmer J. Stratton, Earlham College. Richmond. Indiana. worked v:iith H. H. Ross on new methods for trace
metal analysis using a microwave cmission detector. On Scptember 1. 1976. he hecame 3 GLCA Visiting Faculty
Participant and continued working on this project.

ORAU Summer Undergraduate Research Trainees

M. P. Barbalas, Rose-Hulman Institute of Technology. Terre Haute. Indiana. worked with W. R. Laing on coal
fiquefaction.
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Lauren Dutley . College of Charleston. Charleston. South Carolina. worked with J_R. Stokely and W. H. Griest
on the pulygv ool anaty us of tobacen.

Frankim Hickman. Davidson College. Davidson. North Carolina. worked with W_R. Laing on fuel reprocessing.

D. H. Sikes from University of the South. Sewanee. Tennessee. worked with B. R_ Clark on the isolation of
organk compounds from water.

1. G. Tartes. Angelo State University . San Angelo. Texas. worked with L. D. tiulett on x-fay fluorescence.

Temporary Summey Graduate Stwdent Employees

M. W_ Biown. Centenary Cullege of Louisiana. Shreveport. Louisianz. worked with H. Kubota on the analysis of
polynuchear aromatie hy drovarbons.

Bernard Hale. Tuskegec Insuitute. Alabama. worked with 1.S. Eldridge on garama-ray  spectrometry of
eanronmental samples.

Jauqueline L. Kracker. Flosida State University. Tallahassee. Flonda. worked with J. E. Strain developimg the
high-power macrowave plasma as an excitation source for spectroscopy.

ADDITIONAL PROFESSIONAL ACTIVITIES

Members of the Division continue to serve on professional. civic. and educational boards and committees. These
activities are listed below as part of the Division’s overali outreach.

Frances L. Bl
Secretarn Electron Microscopy Society of America
Representative from EMSA: Section Committee. AAAS Sectior on Physics (B)
J. A. Carver
Secretary: Subcommittee C5:05, Test Methods. Analytical Task Group. Committee C-26,
ASTM
Nominating Committee: East Tennessee Section. ACS
J. E.Caton
Leciurer: NRAU Traveling Lecture Program
Consultant: Natioral Cancer Institute
W. H, Christie
Lecturer: ORAU Traveling Lecture Program
Member: Committce E42 Surface Analysis, ASTM
L. 7. Corbin
Fellow American Society for Testing and Materials
Member: Commitiec E-10. Nuclear Applications and Measurement of Radiation Effects.
ASTM

Subcommittee E10:01. Fuel Burnup
Subcommittee E10:02. Radiation-Induced Changes in Metallic Matrrials

Chairman: Committee C-26. Fuel, Controt. and Moderator Materials for Nuclear Reactor
Applications, ASTM



0. A. Costanzo
Member:

J.S. Eldvidge

C. Feldmen
Consultant:

d. C. Frankiin
Member:

G. Goldhery
Member:

Secretan:

G. Goldsten
Member:

Cha-man:

Past-president:

M. R. Guerin
Consultant:
Member:

Chairman:

R. W. Holmberg

Consultan::

A. D. Horvwon
vember:

L. D. Hulett
Mcmber:

Committees C-26. Fuel. Control. and Moderator Matenials tor Nuclear Reactor
Applications: and C-26.05. Methods ot Test. ASTM

NASA Group Achievement Award. Apollo-Svyuz Test Progxt Expeniments
Team. Johnson Space Center. Sept._ 16, 1975

Trace Mercury Analysis, Almadeén, Span

ERDA Mass Spectrometer Technical Group ASMS Committe: VI, Studies of
Solids

Committee D-1. Faint. Varnish. Lacyuer. and Related Projects

Subcommittee DO1.43. Coatings for Power Generation Facihiuies. ASTM

Advisory Beard of Utilites Nuclear Coating Work Commutiee (UNCWO)Y

Rewrite “Suggested Tests for Codings for Nuclear and Power Generating
Facilities.” Subcommitice DO1 .43

NAS-NRC Commuttee on Specifivations and Critenia for Biochemical
Compounds

Subcommitter on Nucleotides and Related Compaounds
IUB-IUPAC Ad Hoc Committer on Radivactive and Bsotopie Specifications of
Labelled Compuunds

Tenncssee Institute of Chemists ( AIC)

National Cancer Institute

Tobacco Working Group. National Cancer Institute Smoking and Health
Program Advisory Committee

Chemical Subgroup. Tabacco Working Group. National Cancer Institute
Smoking and Health Program

National Cancer Institute

Committee E-19, Chromatography. ASTM
Subcommittee E-19.07, Indexing of Chromatographic Methods, ASTM

Editorial Board. Journal oof Electron Spectroscnpy
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W.S Lyon
Member:

Reponal Editor:
Asswciate Editor:
Spevial Consultant:

Invited Partiapant.

W. R. Laing
Charman:

Coordmator:

Dwion Representative.

W. 7. Rainey, Jv.
Member:

S. A. Reynolds
Member

Sccictary:
E. Ricei
Mcmber:

Chairman:

H. H. Ross
Mcmber:
Membes:

Committee D-5. Coal and Coke. Subcommuttee on Methodology . Task Group
on Trace Elements. ASTM

Comimttee k-10. Nuckear Applcations and Measurement of Radiation Etfects,
ASTM™

Subcommitiee E10:01. Fuel Burnup

Subcommuttee E10:03. Tracer Agplivations and Actvation Analy sis

Subcommittee E10:05. Dosimetn

Orgasuzing Committee. Sth Intermational Conterene on Modern Trends in
Actvation Analy s

ANS  Isatopes and Radz:ation Dmasion: Executive Commuttee: Program
Chairman

Jonurnal oof Radivansly ricsl Cheristry

Redirchemical end Rodinenaly ricel Letiers

International Atomx: Energy Agency . Applkations ol Nuckear Methods in
Eavironmental Research. Vienna. Austnia. March 1976

Waorkshop on Health and Environmental Etects of Coal Combustion Tech-
nologs . tor ERDA DBER. Knowville. Tenn.. Aug. 2 6. 1976

Sub.ommittec € 20.05. Fuel. Control. and Moderator Materials tor Nuciear
Reactor Applications. ASTM

Dwisional B.S. M.S. recruiting

Cuoal Techpology Program Stcenng Comnutiee

ASMS Committee VI. Bivlogical Applications

ASMS Committee on Computers and Data Processung

ASTM Commttee D-2. Task Group vn Hy drocarbon Components of
Synthetx Fuels from Coal

ORNL Landscape and Architeciural Review Committee

Committee D-19, Water. ASTM

Committer £-10. Nuclear Applications and Measuiement ot Radiation Effects.
ASTM

Environmental Sciences Division. ANS

Committee on Environmental Analy tical Methodology . ACS

Subcommittce 4. Methods of Radiochemical Analysis

Executive Committee. Isotope and Radiation Dwvision. Amernican Nuclear
Saciety

Planping Committec. Isotopes and Radiation Division, American Nuclear
Society

ORNL. Graduate Student Selection Panel
ORNL Technology Utilization Commitice



W. D. Shuits
Cochayman:

Co-punaipal lavestigator:
Anab tieal Chemisty Divasion
Representative:

Anahy twal Chemistry Division
Representative:

Member:

Editoral Board:

Secscdan
Sesuon Chairman:
Invited Partapant.

Invited Partiapant:

Chavrman:

J. R. Seekely
Member:

Consuitant:

D. K. Smith

Conwdinator:

Workshop on Health and Environmental Bttects of oal Combustion Tach-
nologs . for ERDA DBER. Knoxville. Tenn . Aug. © o, 1976 with R L
Van Houk?

ORNL NSF EATC Program with R_ L. Van Hook) (untd Dec 31, 19760
ORNL Coal Technology Program Siecrimg Commuttee tuntd Juse 1. [970)

ORNL Lite Scenwes Program: Coal Conversion Technolony (unul
Jume 1. 1976)

ORNL —In-Hours™ Contmuing Educatson Commiticee

Anglvticel Chemistry

Fellowshup Commatice. Analy tical Chemistiy Dwision. Amcrcan (hemacal
Savreny

General Spectioxopy Second Annual FACSS Mecting. Indanapdis.
Indana. October 1973

ERDA DBER Wurkshup on Surrogate Standards 1ir Use i Coal Com-
verson Studics. June 1976

NBS Wuorkshop on 2 Natwna Emvironmental Speamen Banh . August 1970

Analytical Progiam. Ssutheastern Regonal Anwinan Chemucal Soveny
Mecting. Ntober 1970

Commttee D22, Methods of Sampling and Analyss ot A'mespheres. ASTM
National Cances Institute

Divisional Ph.D. recruiting



7. Presentation of Research Results

As i past vears. the Division has actively iesponded to the changng piionities of the Laboratory research effort
b chanpng the emphasis of some f 1ts own programs of nstituting new studies  The mcreasing concern with

cncry aucleax as well a3 nonnuclear

s reflected in the research results listed below. The multidisciplinary

aspproach required m many such problems is indicated by the number of papers and talks coauthored by members of
vther Labwwatory dnviseens Such perwms are designated by an asternk

2V THOR
Bondxcr b A °

S A Revnolds
M H Shunk.*

Carter. J A
% R Vuwk

Catter. § A
R 1. Waker.
RE I,
C N Pichard

Catter, J A .
D 1. Domobue.
3 C Frankim,
R. W Siclrner
Carter. J A
(ark.B. R
Costanzo, D A

Dale. 5. M.

Donohwe. D. L.

PUBLICATIONS

Contributions (o Preceedings

s

“Intera tem o Plutonmum with Complevng Substaroes m Souds and
Natural Watenn”

“"Plannum Metah m Arr Partwewlates Near 2 Cataly twe Converter Test Sete ac
Meavured M bwotope Eulutsen SSMS™

A Simpithied Scparaton Method for Sunultanenus U and Pu hotopw
Analy v with 2 Twe-Stage Masws Spextrometer”

“ avwonmcental and | ol Masetuds Analy ws 5y Multe-F kement lwotope
Dlutet: Spark Source Mavs Spectr metn ™
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meetings. The papers covercd 2 wide variety of subjects. reflecting the Division's bread spectrum of activities.

200k Answal ORNL Confesence on Anslytical Chemistry in Esergy
snd Esvironmental Technelogy
This year's comference — the 20th — was agaim keld at the Riverside Motor Lodge in Gatlinburg. Six sessions
occupied the full three days October 12 -14. Titles of these sessions were: Amalytical Chemistry Related to Fossil
Energy Techmology (1), Amalytical Chemistry Related 1o Fossil Energy Techmology (2). Special Session on National
Uranium Resowrces Evaluation (NURE). Nudear and Radiochemical Methods. X-ray and Spectroscupic Methods.
and Automation and New Instramentation.

L. J. Brady was Conference Chairman: W. S. Lyon was Techmical Program Chairman: and A. L. Harrod served as
Treasurer and Exhibits Coordinator.

At Meetings of Profemionyl Secicties, Confesences, snd the Like

AUTHOR(s) TITLE PRESENTED AT
Dondietti, E_A_° “Fickd 3nd Laberatory Observations Workshop on Actinide -
S. A. Reynolds on Piutoninm Oxidation States™ Sedimeni Inter-
actions, Seattle, Wash
Fed 10-11.1976
Dondieti. E. A.° “Interaction of Platonimm with Complexing Substances IAEA/ERDA Sympo-
S. A. Reynobds, in Soils sad Natwral Waters™ siwm on Transutan-
M. H. Shanks® mm Nuchides in the
Environment. San
Francisco, Nov.
17-21.1978
Dostick.D. T. “The Determination of Atmospheric Sympusium on Recent
Sulfate™ Developments m
Sampling and Amaly-
sis of Atmospheric
Sulfate and Nitrate,
Research Trianghe
Park. N.C.. Mar. 23,
1976
“Studics of the Desermination of ORNL Analytical Chem-
Atmospheric Sulfate™ wstry Division Aanesl
Informetion Mecting,
Oak Ridge. Tewn.,
Mas. 11,1976
Bostick, D. T.. “The Spectrokinetic Amalysis of Sulfate Using the Mimiatwre Gatlinburg Conference,
W. D. Postick® Centrifugal Fast Analy zer System™ Gatlinburg. Tenn.,
Oct. 12- 14,1976
Botts, ). L., ~Analytical Methods for the Chemicsl Charactetization 78th Annuel Mecting.
D. A. Costsazo, of HTGR Fuehs” Americon Ceramic
D.E. LaValle, Society, Cmcimmati,
F.L. Layton Ohio, May 1 6.1976
Caspenter, ). A.* “TGA-DTA-Msss Spectromeier Observations 78th Annusl Meeting.
D.A Les of the Carbonization of Uranium-Losded Wesk Arverican Ceramic
Acid Resin Microspheres™ Society, Cmcinneti.

Ohio, May | 6,1976



AUTHORts)

Canver. ). A..
D. L. Donohue,
3. C. Frankiim

Catom. ). E.

Catom, ). .,
W. E. Dalbey.*
P. Netwesheim *
M. R. Guerin

Christie, W. H.

101
TITLE

“Multiciemeat Analysis by lsotope Dilution Spark
Source Mass Spectrometry™

“Flatinum Mctals in Air Particelstes Neas 2 Catalytic Convertey

& Measured by Isotope Dilution SSMS™

“Cigarete Smoke Dosimetry im Mice™

*Analytical Electrophoresia ™

“Immunological Reagents in Analy tical Chemiszry ™

“Tobacco Smuke Inhalation Dosimetry™

“The lom Mictoprobe Mass Analy 2¢1 23 2 Susface Analy tical
Technique - An Overview™

~Mass Spectrometry and Jon Microprobe Mass Analysis™

~Applications of lon Microprobe Mass Analysis™

“Chemical-Biologicil-Envivonmental Characterization of
Fossil Fuel Conversion Materisks™

*"Chemical-Biological Characverization of Coal Conversion Liquids™

PRESENTED AT

Southeastera Reginnel
ACS Macting, Getlin-
burg, Tean., Oct.
27-29.19%

Catalynt Ressasch
Program’s Piatinum
Rewasch Review
Conference. Rouge-
mont, NC_, Dec.
3-5.1975

Couwnxil for Tobucoo
Reseasch Contracions
Mecting. New Ovicans.
La.Aps.1-3.197¢

ORAU Trawveling Lecture.
Christisn Brothers
College. Memphis.
Tenn.. Feb. 18,1976

ORAU Traveling Lectwre.
Tougaleo College.
Touwgaloo, Mim..

Feb. 17,1976

Ishalation Toxicology
Workshop. Tampe.
Fla, Oct. 20-22,
9%

Swsface Science and
Heterogencows
Qu,- M'mv
ORNL. Osk Ridge.
Temn.. Nov. 9. 1976

ORAU Traweling Lecture,
Lowell. Mass.. Nov.
16.1976¢

ORNL Aselytical
Chems Divies
Asavsl Informetion
Meeting. Osk Ridge.
Tenn.. Mar. 11,1976

Energy/Enviton-
ment Workehop:
SRM's for Coal
Gasification snd
Liquefaction.

Jan. 20-21, 197

813t National Meet-
mg of the American
Institute of Chemi-
cal Engineers.
Kanses City, Mo.,
Apr. 13,1976


http://NX.Dk

AUTRORt»

Quk. B.R..
M R .Gacren

Cark.B.R,
C5 Ne

Corbim. L. T.

Costanzo.D. A.

Tk

“Chemcal Chasactenzatson 2nd Yowitoring Stafdies of EMfiurats from
Ewcngimg Fouil Fuel Proorsey™

“ORNL Pregram 1o Scocen for Heatih Harasds Assocoated
with Coal Laguetaction™

“Ovganix Contammants in Aqueous Medis Rebosed to O Shale_
Ol Refming. 20d Gevthermnl Sowrces™

“Infrared 2and NMR Spectracioctmchermidyy ~

“Service Activities of 1975™

~Amalytical Chewisiry Dwision Rescarch and Development Actiities™

~Analytical Chemistry i the GCR Program™

“Asalytical Chemintry Support to the HTGR Bass Progrom™

MRESENTED AT

ARCA Contesene
on Tom
Selbstances me the
Ax Fovevessent.
Cambeodps. Mot .
Nau. T 2,197

Natmenal Research
Coumil. Natsonal
Academy of
Sciraces. Meet-
wg of the Com-
-tber o
Provesmg and
Unliratoon of
Fornd Furls
Ad tHwc Panet
On Ligufactaon
of Coul. Washang-
wa. DC M 9,
197

ORNL Amalytecal
Chemmstry Dyvusson
Aneval Snforms-
tiom Mecting, Oak
Ridge. Temn .
M. 10, 1976

599tk Yiceting of
Flecrsochemical
Swcicty . Washing-
ton_DC.. My
2.7.197

ORNL Amalytlicsd
Chemistsy Divisi
Annual inferme-
Ridge. Tewm..
Mar 11197

ORNL Chemical
Techmotony Divis
Semimar. Ouk Ridpe,
Temn.. Apr. 21, 1976

ORNL Amalytical
Anowal Informe-
tion Merting, Ouk
Ridpe, Tenn..
Max. 11,1976

ORNL HTGR Fust
Development Pro-
gvom Semings. Ouk
Ridge. Tenm..

M. 17,1976

v e
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ALTHOR:15»

Donshec. D L.
5. A Catex.
J.C. Franhien

Dembee. D L..
J. C. Frankba

Dyer. ¥ . F.

Fideudype. ). S.

Fmery. ). F.

“Chvemncal Oharacserization of NTGR Fuel™

“Descrmmativg of the Defective Pastnde Fraction of HIGR Fal™

“Standards Reguremnsts for Ceal and Cool Products Amlyws™

“Sekucicment Isotope Dilution Spark Sowrce Mas Spectrometry ™

~X-12y Fluoresornee Quantative Analy s Using F undamental Constants™

“From Beta Couwntmg (0 Computers A Look at the Past of
Newtron Actnation Analy sis™

~Apphcations of Instremental Gamma-Ray Spectromeiry to a

Vanety of Envsonmental Problems™

~Radionuctide Concentrations m KREEP Basalt Samples 15382 and 153067

“On-Lme Gt Li) Gamma Spectrometsy ™

PRESENTED AT

Information Ex-
change decting.
Genesal Awmic
Compeny . Sann
Dicgo. Calif.. Aug.
24-27. 1976

ORNL/KFA ¢Ger-
muny) Infermn-
ton Exchange.
ORNL. Osk
Ridg:. Tean .
Neov. 22-23. 1976

SRIN’s for Ceoal
Casifecats

DC..Jm.
20-21.1976
ORNL Analytical
Chemistry Dm-
son Annmd Infor-
m’ kl" -
Oak Rudpe. Temn..
Mar_ 11, 1976

Amercan Nuclear
Society Work-
shop. Lynchburg.
Va..0c1.4-5.
1976

Sowtheasicrn
Reponal ACS
Meetmyg. Got-
lmburg. Temn..
Out.27 29197

Gathnburg Con-
ference. Gat-
mburg. Tewn..
Oxt. 12 14.1976

Tth Lunar Scence
Conference.
Howston, Tex..
Mar. 15 19.1978

ORNL Gas-Covled
Fast Reactor
Technical Review
Mectmg. Osk
Rodpe, Temm..
Aug. 26,1976




AUTHOR1»

Farx. L. G..
3. R. Seokede
M. R. Gaerin

Gemtv R V¢
W_ sl Chsistie.
D. . Sminh.
R. L. Walker.
S. 5. Cristy.*
). F. MicLaughtin®

Goldberp. G.

CGoldstem. G

TITLE

“Polunmm-210 m Commercial Cigasctor Smelie Condensates™

~Amalytical Chewnistry of Arscuic and Arsenicals Intcrmisewe™

“Radivlomincsc:rx Specira of Enciminem-2$ 3 Tribkalides™

~Testmg of Protective Coatangs Yor the Nucicar Indwstry™

“Tesmg of Coatangs Tor the Nuciear Industry ™

" Lagwid Ohromatographsc Study of Polycydic Asomat Hydrocarbons™

“Sepatation o Polycyclic Aromatic Hydrocarbons by
Laqusd Chsomatography ™

A New Lsgud Chromatographic Method for Separation of
Pooly aucer i Aromatin Hydre artons Usng Polvvmy iy rroldone
2 Statmnary Phaswe™

PRESENTED AT

ek Tolbaxwe
Choemansts Re-
scarch Conler-
Team Ot
15 2 197

ORNL Anady ool
Chemenrs Dy
st Annwal lofur-
matwe Moctng
Ouk Rulipr. Tewm
M. 11,197

Seuthramcrn Regronal

ACS Mcetimg. Gat-
Imbusy. Temn. .
Oct 27 29.1976

Amencon Gew-
phymcal Uneen
Anwsal Moctung.
Washwgpien. DC ..

\ped (976

Uvilstars Nexciear
Coatwngs Werk
Commtsce
C(UNCWD),
o, Beach..
Fla.. Mo 1976

YSecumg, Notroral
Aswcration of
Corrosion | apeeers.
Burna Vista Fbo .
Now 9 13 1978

ORNL Amalytxad

Chemestcy D
mun Annusl Infos-
maton Wectmg.
2k Rudee, Tenm .
Mar 11,1976

UT Chemmtry
Prepartment Seww-
nat, Umversity of
Temmesare. Knos-
ville. Feb 17,1976

271k Pritsburgh Con-
feremcr on Analy s
ol Chemistry and
Apphed Spectroscopy.
Clevelene. O,
Mz | 51976




ALUTHOR:

Groest. W H.

Grest € 3§ |
G Olerch

Guerm M R

!ﬂ?i
nbryg
£,

TME
“Lagund Chronn_agraphy of Pelycycin Arematn Hydrocart-as™

“Gus Chovmatugraphec Study of Pely cycic Asemmtc Hydvocasbems™

“PAN Profimg Amalyses by GLC

“Multnompeacnt PAH Analy s sad Bhnd Asas of Todavow Sade™

“Tobavon Smwke Chemustry ™

“Mentificatin. Sontormg. and Cantrol of Water-Salebie Fflurnts™

~Desermning Fugitive Emigsions Measurements Needs for an Ferpng
Industry Advanced Fossil Fucls Utilization™

L M

PRESENTED AT

Chesristry Divins
Scenmar_ Ouk
Rudge. Temn_ Jan.
13.19%

sen Asswd lnfor-
maben Mesting.
Ouk Ridge. Temm .
s 15. 1976

First ORNL Weork-
shep on Pely-
<yix Arostatx
Nydoocrbens:
Chasacicrimation
and Mexsusement
wwth 2 Virw
Touxrd Persennc!
Prosecuon. 0ok
Radpr. Temn..
Feb. 261976

Southcasicra Re-
ponal ACS Meet-
mg. Gatimburg.
Temn . 1. 27T 29.
197¢

Notwnsl Cancer
lasttete Tobacco
Werking Group
Mectung. Bethesda.
Md.. Mas. 10197

Notwonsl Cancer
lasetete Tobocoo
Workmg Growp
Meetmg. Bethesda.
¥d.. Mas. 10, 1970

ment and

Control. Harttord.
Conn . May 17 19,
197¢




Germ W &
3. R Secbely

thise.R.GC_*
3.P Young
R. L. Fellows.*
). R. Rscrson®

Mg C K.

T. M. Gayle *
5. R_Suebely

Heolmbery. . W

hE BBl ]

YwTR g
b
il

§

“Intcsaction of Proband. Machine. and Ansml™

“Micvechemical Tochmigues foc the Synshews aod Study of > 88 _
259CY. 2md 2% PEs Mskides snd Oxyhalides™

~A Light-Scaticnng Scanes for Detectus of Tobacos Sanske Pasticulates
m Exposuse Sywcom™

“Detcrmmteen of Ospanx Ccmpoands m Massars™

“Chemncal Chasscierszatinn of Shuale OF and Shale OF By -peodhuct
Revers Waser™

“Dricsmmstion of Polynucicas Aromutx: Hydvocarbons snd 5-Allanes
= Fomil Fuel Materials™

“The Determmmatinn of Ssslie Acrons] Partacks See™

~Apohctiens of Fleciron Specirescnpy ™

“Elctron Spectiwscepy Faciities and Pregram m the Analytcal
Ohem Divemon™

~The Charactenzation of Solid Specimens from Eavirenmental Polletion
Stwdics Usmg Flectron X-ray and Nockear Physcs Methods™

FRESENTED AY

fabobytaen Tovawhery
Wothshop Tampa.
Fa O 2 22
197

MS Mocrmyg. Cathn-
burg_ Yeam Okt *7 29,
197

Jorh Tobuwow (Tecmmts
Rescarch Conbesence
Nasdrwilie. Temm..

O 18 2. 1976

Masate Corputaten
Rescarch Repocung
and My Wect-
me_ Kamtas Cols .
Yo Aug 23. 197

Contsh 76. Lataomnc.
Wyw._ bubs 19 23
197

Gathmburg Conlesenor
Gathaburg. Tews .
Oct. 12 14,1970

ORNL Amaly tecal
Chemsticy Do
wan Annual Infes-
matern Mectmg.
Ok Rudpe. Tomm..
M 111970

ORNL Analyncal
Chewstry Doy
won Anweal bnfor-
moteen Mertmg.
Oak Redpe. Temm..
M. 11. 1976

Swrface Scaewce and
Hevcropracess
Catalyms Conference.
ORNL. Ok Rudge.
Tewn.. Nov. 91978

Intcrnational Sym-
povwam on e De-
velopment of
Nucleas-Based Tech-
neques for the
Measurement. Detex-
ton, and Control
of Envreonmeatal
Pollwtants, Vienma,
Awstrin. Mas.
15-19. 197



AUTHOR:s»

Mebeu L. D.
C ). Sparks

Juars A Romacl

Jungers R M .~

J. A Carner.
D.AQs"

). E. Dumgsemey®

Kever ) R
D. L Manewg_
R . Coumny®

nmne

“WYumesatwe Analyss by X-ray Flavtcscene Witheut Standoeds™

~A Prcputatiee Scalie Fractuempteon of Shale Od™

~Tsaux Constatucnts m Fucls and Addsers Descrmmned by fsotupu

Diutovs Sgark Svavar dass Sprctremruy sad Neutoon Actasatin Asaly ™

“Corrwsen Remstanoe of Seme Nochicl-Base Alleys so Mabuen Fluovsde
Sales Contammy LT g 2ad Telirmm™

~A New Declrctroc Constant Desecior for Lagusd Ch-wenategraphy ™

~Applecatsens of Fary mes to the Detcrammatses of Contammants m Wates™

“Rearwt Development m Lagusd (howmatography ™

~A Unswersal Detectos Tur Lugund Chromategraphy Based upon
Duelectine Comstant™

~A Deelecirne Constant Monstos for Lapmd Cheomatography ™

“Ceal 2nd Analytcal Chemmstry ™

“in-Lane Monstormg of FMinents from HTGR Furl Particle Preperation
Processes Usmg 2 Towe-of-Flaght Mass Spectromerer™

i . SR SRS

PRESENTED AT

Gatlinbung. Tens..
Oct 12-14. 1970

Gatimbusg Conficownce.
Gathebuny_ Tens..
Oct 12- 14, . 978

Seacty Contemand
YMecumg. New Yook
NY._Age.4-9. 1978

Molien Sakk Symper-
som_ 199w Merumg
of the Extoochrm-
al Seociety, Wah-
mysen. DL . My
2 1197

ORNL Asmalyvecat
Chemutry Do
won Annasl lafec-
motven Mecting.
Ouk Rodpe. Temm..
Mar. 111976

the Amencan
Chemcal Seaety.
Pensacels. Fla..
M. 25.197%

172nd Nateenal
Weetmg of the
Amervean Chenn-
cal Seatv_San
Framcwoo. Cald ..
Aug. 30 -Sepn. 3.
1978

Gathmburg Conference.
Gatimburg. Tomm..
Oxt. 11 18,1978

ORNL Asalyvical
Chemtry Dinn-
non Sewinar.
Oak Rodpe. Tewn..
Feb. 10. 197¢

ORNL Anslytrcal
Chemwtry Dm-
Oak Redpe. Tenn..
May 17,197
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Lee.D A

. T Rusarcy. Jr.

D.C.Camada

Lyon U S

Lyen B S _
IR Y

Yoddex W
G. Yomanter®

Manmy O L.
G. Yomanter®

Moore F. L

Nayteh. M H.*

J. P Youmg.
G. S. Hornt®

Nt

oL Yomtermg of ENurnes from NTGR Fuxi Partacde Prcporatn
Cwng 2 Tvnr of-Flagit Mass Sprcmsesmsect ™

“Nucicar Yetheds s Envronmental sad Encagy Retated Rescarch™

“Yoelacicment Analyss by Jacramenty) Newsrwn Actrnaien Analves™

“LU'or af Founey Transvrm lnftased Spectrosceps m Telbuoo
Sonclir Chamber Analy s~

“Analy ws vf Cogavetic Smshe by Fournt Teanslfors
Infrared Spectrwsonpy ™

“Rearmt Flectrvanals neal Scudars m Mnlien Fluoenle Solt Systems™

“Revrnt Stwders on Peliutios Contrul of Mercary and Cranndes™

“Cy aondc 20d L Rewwval sad Reowwery Trom Elcctrofinnhng Wastes™

“Photosnzaimn of Cs Fxcited Staves™

*Abworptinn Speciroscopic and X-ray DWYraction Study of
Dvmorphom m 8Ky

PRESENTED AT

Stk Amwsal Wectmmy
Amcrncan Coramn
Soucts . Covmean
Ol Wax | & %70

LAF A Advawsrs Gronp

Methwds. Varana
Amora Mar 22 19N

Swetherzwcra Reessol
S YMecumg_Cothe-
busg. Tewm . Ot
27 29 1976

ORNL Asmasirtwal
Clnrwegstrs Dows-
wen Scwwnae. Osh

Radpr, Temm_ Apn.
2. 1%

Senthratcrn Regpenal
M3 Weetmy_ Catha-
burg Temm Okt
21 Md.1ve

1720d Notuwr 3
Mcetwmg of the
Amcricon Chemecal
Soxnty._ Son Fran-
cosn_ Calel . Awg
® Sept 31976

Werkawep for Tech:
wocal Persouned
Yowm Asthar D
Lutthe Company «n
Wasic YMomprweens.
Osk Rudpe. Tows .
Aps. 81976

Ridpr. Tewn..
Sept. 16, 1978

291h Asnwal Gascous
Flectronics Con-
ference, Clrvelond,
Ohes. Ox1. 19 22,
197

172nd Natiwasl
Mecting of e
Americon Chem-
w2l Socmry., Som
Franciscn. Calil .,
Awg. 30 Sept. ).
197

s



AUTHOR: s

Prowt. W § .
AW Lomau.®
D A Costance.
} A Conlm *
U Gat™
B C Fgetem®

Romcy W T,
D C Cmals

Rames W T .
D € Canads,
C A Ptchand

Reymndds. S A

TITLE

~Stady of the Sobd State Phase Tramfermatsen of “ 000y vo
Absrpiwa Spectresvpn and X-tay Dnfraconn Tochasgues™

~ It Wexsmpements m GB-10~

“Trisum Wemtenmg $s swem Yoy tie CB-10 (LT R Faxl iradton
F uperament ™

“Oreamn. Maw Spes tremctes ™

“1ur «of Ovgann Mass Sproiremsetrs m Encegs Rebated Programs™

“Rade ansly tecal Wicthadnbogy snd Standards Neods ot
ORNL Retatvr tor Uramues Sanng snd Vallny ™

“Photensum and Actmmdes m the | avcrnuuent™

“Envwonmental Alpha Fantiers Somr Radvochemsiry and Analyss™

“Tharry amd Applacation of Cevenkew Countimg™

PRESENTED AT

2nd inecTnatesnsl

Coicsence en te
Flecirenx Stractane
ok the Actmndcs.
Erntsn_ Pobad
Sepe i3 6. 1976

ORNL GasCowied

Fax Reacrwe
Techmecal Reveen
Yiccrong. Ok
Rodge_ Temm. .
Ang. 261976

Sty Anmagt
Mectong. Torumte.
Connds. Jumr

14 16,978

ORNL Anads Tk

Chemwtrs Dos-
wn Aswesl laler-
watswn Mertmg .
sk Redge. Tennm .
My 111978

Swutieastern Re-
el MS Wert-
my. Gathebory,
Temm (kT 27 2O
197e

Rackdop on SRW s
Tor Urancmmn Shuveny
Natwmad BDurcaw
of Stamdards. Wash-
weton. DC M
22.197%

ORAU Collcyr F aculrs
Inctstuic on Radws-
tr0ce7 Techmgurs
= Foologs . Ok
Rdpr. Temn . Awe
12.197¢

22nd Anwual Contey-
ener. Bansay . Fa-
neonmental. and

Anals tic ol Chemostry .

Pholadeiphsa. Pa ..
ot 7197

Intcrmatmnal Confer-
ence on Lagud
Scmitliaton
Scoence and Tech-
nokwgy. Banfl, Al
herts. Canada,
June |6, 1976

o r———
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AUTHOR(s)

Rubwn. L. B,
M. R. Guerin,
J. L. Epher.*
A_ A Hardsggree*

Shults W.D..
J. A Carter,
M. R. Guerin,
. R Laing

Smith, D. §.,
W H. Christie

Smith. D_.H..
H. S McKown,
W._H. Chnstee

Stelzner R.W_,
N. A. Betz.*
J. S Stanton*

Stokely. J. R.

Stokely . J.R_,
M. R. Guenn

Walker, R. L.

Young, J. P,
Haire, R. G..*
Fellows, R. L..*
Peterson, ). R.*

110

TITLE

“Fractonation of Fossil Fuel Conversion Products tur Butesting™

“Analy tical Problems That Rest at the Energy - nviconment Interfwe™

~An Approach 10 SIMS Quantification Analysis of 10 N8S Glass Standards™

“Two-Stage Mass Spectrometer for IAFEA Safeguards Laboratory™

“Compgputerized Data Management System™

“Characterization of the SEM Animal Inhalation Exposuse System™

“Review and Status of Inhalation Bioassay Monitering Activities”™

“Tobacco Smoke Inhalation Exposure Systems™

“Microbead Techmique Applied to Burnup Aualysis™

“Spectrophotometric Studies of Microgram Quantities of the Halides

of Berkelium. Californium, and Finsteinium™

PRESENTED AT

Gatlinburg Conlerence,
Gatlinburg. Tean..
Ot 12 141976

Amcrwan Chemecal
Sty Centennial
Merling, New York,
NY.Apr.4.9 1976

Workshup on Micro-
standards, Natrnal
Burcau of
Standards, Gaithers-
burg. Md.. Jan. 22 23,
1976

ORNL Analytical
Chemistry Divi-
sion Annual Infor-
mation Mecting, Ouk
Rudge. Tean_, Mar.
11,1976

ORNL Analvtical
Chemistry Divi-
sion Annual Infor-
monon Meeting.,
QOak Ridge, Tenn.,
Mar. 11, 1976

Council for Tobacen
Rescarch Contractors
Mecting. New Oricans,
La. Apt. | 31976

National Cancer In-
stitute Smoking and
Heaith Program,
Chemistry Subgroup
Mecting. Rockville,
Md.. June 9,1976

Inhalation Toxicology
Workshop, Tampa,
Fra..Oct. 20 22,
1976

ORNL Analytical
Chemistry Divi-
sion Annual Infor-
mation Meeting,
Ouak Ridge, Tenn.,
Mar. 11,1976

Federation of Analyt-
ical Chemistry and
Spectroscopy
Societies, Philadel-
phia, Pa..Nov, 15 19,
1976
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AUTHORS)

111

TITLE

“Spectrophotometrc and X-ray Diffraction Studies of the Reaction

SPFAKERis)

Barry . E_F.
University of Lowell
Lowell, Mass.

Borella. H.
FGA&G
Santa Barbara, Calif.

Cags. Peter W.
University of Geurgia
Athcns

Dethave M.
CNRS Laburatory
University of Lilke
France

Duoley, ). E.
Bartkesville Encrgy
Research Center
Bartbesville, Okla.

Evan: C. A
University of lllinvis
Urban:

Goldstein, +5.
ORNL

Yertz 11 S,
NBS
Washington. D.C.

Isenhour. Tom

Umiversity of Notth Caroting

Chapel Hil

Kessber. L. W,
Sonvscan. In-.
Rensenvilke, U4

LaFleur. P. D.
Institute lor
Materials Research
NbS
Washington, D.C.

Laing. W. R, and
L. J. Brady
ORNL

of Hydrogen with Berkslium. Californium, and Eiestecminm
Bromede and ludides™

Amalytical Chemistry Division Seminars at ORNL

TITLE

“Selective Stationary Phases ki Gas Chromatography™

“Encrgy and Environmental Monitonng™

~Analytical Application of Immobitired Enzyme Technology ™

“Laser Microprobe Spectioscopy™

~An Analytial Scheme tfor Characterization of Liquid
Products from Coal™

Comparison of MeV-He*? Back-Scattering with Other
Methods of Surface Analysis™

“Liquid Chromatography of Polycyclic Aromatic Hydrocarbons™

“State of the Art  Chromatographic Techniques Applied to
ppb-Level Environmental Assessment™

“Minicomputer Text Searching Applied to Bibliographic and
Specizoscopic Data Bases™

*Acoustic M:croscopy ™

"'Standard Materials and Accurate Analysis™

**Coal and Analytical Chemistry ™

PRESENTED AT

Southeastern Regional
ACS Mecting, Gatlin-
burg, Temn , Ont.
27-29.197¢

DATE

Sept. 8, 1976

Feb. 19,1976

Oct. 26.1976

Nov. 19,1976

Dec. 3. 1975

Nov. 3. 1976

Jan. 13,1976

June 17,1976

Sept. 30, 1976

Nov. 15,1976

Nov. 8. 1976

Feb. 10.1976

Sy

o

P



SPEAKER1s)

Lee.D. A.
ORNL

Maddox, W. L.
ORNL

McCrome, W_.C.
McCrone Research
Institute
Chicago, 1.

Pugmire. K. J.

University of Utak
Salt Lake City

Reynokds. S. A.
ORN'.

Rinchart, Edward

University of Wyoming
Laramie

Wagner. C. D.

Shell Development Co.
Houston, Tex.

AUTHOR(s)

Anderson. N.G..*
J. E. Caton

Mucller. T_R.

Mucller. T.R..
H. H. Ross
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MTLE DATF.

“Ta-Line Monitormg of Effleents from HTGR Fuxl Partcie
Preparation Processes Using a Time-of-Flight Mass Spe.” Lmeter™

“Use of Fouricr Transform Iafrared Spectroscupy is Tobacow
Smoke Chamber Anaiysis™

“Slcuthing with the Microscope™

“Application of Carbon-13 NMR to Fossil-Derived Liquids™

“Alpha Emgtiers in Environmental Materials™

“Mictowave Spectroscopy”

“Dual Anode ESCA: A New Approach to Chemical

State Identifiation™
PATENTS
TITLE PATENT NO.

"Rotor for Centrifugal Testing 392782

of Flectrophoresis Gel™
“Automatic Flectrochemical 3.969.209

Ambent Air Monitors fos

Chioride and Chiorine™
" Automatic Rangine Circuil 3958.178

for a Diytital Panel Meter™

May 17,1976

Apr. 20.197¢

Dev. 10,1975

May 20.1976

Oct. 28,1976

Mar. 17,1976

July 12.1976

DATE ISSUED
Dec. 23,1975

July 13. 1976

May 18,1976
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Number of artiches reviewed or refereed for mdicated periodical
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Reynolds. S. A.

Ross. H.H.
Shaw. R. W,
Shalts. W_ D.
Stelzmer. R.W.
Walker. R. L.
Walon, J. R.
Young. J. P.
Total

Maddox. W L.
Moo, F. L.
Muctier. T. R.
Raimey. W. T.

Holmberg. R. W.

Hulett. L. D.

L’I)ﬂ. w.Ss

Lang. W.R.

Klatt. L. N.

Clark. B. R.

Eovery. J. F.
Feldman. (.
Geiest. W_ H.

Bosi, D. A
Canada. D. C.
Christic. W_ H.
Costanzo. D. A.

Guerin, M. R.
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