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Preface

We omcluded the Preface 10 last year's annual repon
with the statement that we antic.pated a0 mureasing
wvolvement i coal conversivn tecanology progms in
1975. This expectation has tumred out to be well
founded. The Division’s strong program i the charac-
enzation and mexsurement of complex mixtures of
organic  compuwnds found in tobaccu  smokes and
condensates has been extended 10 equally complex
mixtures of orgenic composmds from coal coaversion
prvesses. with particular emphasis on environmental
and health considerations. As a2 consequence of this
extensin. we have established collaborative working
relanunships with several of the ERDA research centers,
such as those af Pitisburgh. Laramic. and Bartiesville.
and also with privaie industvial organizations. through
exchange of samples and micthodologies. 4 new pro-
gam was started 10 uvestigate instinnmentation and
methods for charactericing products from oil shale
processing. od refining. and peothermal encrgy ssurces
for envitonmental considerations: this study s funded
by EPA pass-through funds and by the Division of

vii

Biomedical and Envirunmentat Research. ERDA. Much
of owr research and development continues 10 be
collaborative in nature. a characteristic of productive
and cfficient analysical chemistry. Fur example. we
maintain duse tes with the Chemical Techaulogy and
Metals and Ceramics Divisions in theis reactor programs:
our environmental and health program coniributions
are mamdy to the Envitonmentd S:renves Division: and
we have 2 developing involvement with the Bioloyy
Division in their carcinogenic and bioassay  testing
programs.

The main bpctive of our anavikal chemisin
wwxch remaim the same 1o investrgate  those
techniques that provide multianalvses with accom-
panying high reproducibiity. This goal 1s not likely to
change. since the need for analytical data in buth
quantity and quality continues to be of hghest prionty
in ERDA’s programs. In this report. the accounts of our
many programmatic activities reflect our continuing
efforts 10 keep pace with this require...ent.
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Part A. Analytical Research and Development

I. Advanced Methodology and Instrumentation
H H. Ross. Head

The prosent programs of the Advanced Methodology and Instrumentatzon Group are
best o scribed s ambitious. inovative. and responsive. In no tecent reporting penod
ha. we been able to discuss 25 many new and significant research directions. We are
specially pleased 10 note that 3 number of our current tasks were generated in response
 problem or technlogy areas that were only recently recognized as being fundamental
m both application and scope. Fur example. our previous work in mstrumentation
suggested that large-scale integrated (LSI) circuits would plav an mmpurtant role in the
future development of sophisticated  “smart”™  analytical sysienm. Thus we initiated 2
program 10 demonsirate the potential of such LSI devices in chemical applications.
Significant progress has been made in this pursuit. and our leadership has alveady been
recognized. A duosely related task. the development of “cxperimental language pro-
gamming.” appears (o be unique and promises to greatly simnlify scientist machine
mteraction. Our wark on multiclement analysis has been pushed on scveral fronts. We
have completed an cvaluation of the design of an echelle-crossed dispersion spectrograph
for use with a solid-state array detector. Testing of various types of detectors has also
begun. We are now considering the feasibility and methudology of interfacing these two
vptical components. A high-power microwave generator. a truly impressive picce of
eyuipment. has been acquired by the group this year. This unit is capable of generating 2
2.5-kW plasma that piomises to have important applications as an in-line spectroscopic
source. The injectiom of aerosols into the plasma is under investigation. Other new
projects include the development of 3 computer-based data management system for use
within the scrvice groups of the Division. an investigation of new separation and Jetectuon
technigues in liquid chromavography. and several approaches to the determination of
sulfate in the atmosphere.

Although we tend to experience a special excitement associated with new research
challenges. we do not forget that these challenges can dso arise in our more mature.
continuing programs. The extensive methodulugy developed for lowdevel determination
of arsenic is finding application in 2 ncw program in the Environmental Sciences Division,
and a couperative effort between the divisions has been established. The implementation
of our pattern recognition effort has also come to fruition . actual data from the Tebacco
Smoke Program are being processed with interesting and potentially valuable resu.'s. Our
gas chromatograph microwave-cxcited spectrometer has . sin demonstrated its ability to
vield anaytical results difficuit tv obtain in any other way. and our fluorometric
instrument for the analysis of uranium is being implemented throughout the country as
the “system of choice.” Finally. we continue to catry out an active effort on the
forefront of electrochemical rescarch. In the past year. new procedures were studied for



the determination of Jead (at the 107" Jevel!) 22d for the predictive conlometsy o
wianium. Ax awestipatiom of heterogrmeous clectron  tromsfer weactions was alse
completed that suggests that m est. hished theory on tramsfer mechaniss sy i

alwrays be valid.

ADVANCED SYSTEMS DEVELCPMNENT

Applicstions of hwpesoole inteputed ciscwits. Work
b3 begun on 2 program W aemss the waefuluess of
variows LS} ciecuits in the comstruction of amalytical
mstruments to be uwd in supprt of programmatic
vesearch work a3 well 8 for routine analywes. Utilizing
capabilities inhevent in LSI circuits, uue comcept s o
permit 3 vescarcher o st ot his seletypewrites and
describe his messuwement snd contrel seguiscments by
xwmally configuring an instrement. His vocabulery
would be compused of contreleriented statements.
This approach differs from computer-reseascher dinlog
design im that. when Imisihed with the progrom. the
vesearcher has “buillt™ an imstrument that will atwally
pesform, rather than having geuerated oniy a piece of
paper. Variows functions of the “imstrement” can be
wsted while ~“construction” proceeds. Armed with 2
nowisdge of the primitive imstremet’s adeguacies
and deficiencies. the msirument desipner can  then
provesd o optimize performance f 2 stand-alone
devive s reyeircd

Initial efforts toward accomplishment of our jong-
range goal involve the production of 3 Jemonsiration
msirument. The Environmental Analyses Labwatory
receives a karge number of water samples For which
phosphate analywes are requived. We are in the
Somsiruction stage of a3 project 1o develop 3 “smont”™
photometer. This photometer will e sell-calibrating
to ihe range ol sample concenirations it has received
and self-diagnostic of the quality of results or outright
fallure 10 achiewe acceptable caibration limits. The
results will be printed, i conjunction with an identi-
fymg sample code. The photometric analysis is rela-
tively simple. We can, therefore, fovus our attention
on instrument development.

Cakculations will be performed using an MOS Tech-
nology. Inc., model MPS 2529-103 calcwlator chip.
This chip provides up to 40 functions, most of which
execute with a singe entry. For the present desipn we
will need only 2 small fraction of the 1otal calculation
capability. The use of the chip mtroduces both power-
ful computational capebility and circuit complexity.
The calculator chip was. of course, developed for the
hwnd-held calculator, where speed was sacrificed for
accuracy of daia entry via keyboard. To sssure ade-
quate throughput for the present imm“lmcm. the chip

had w0 be buffered on its inpwt and cuiput with
fast-euctry shift vepisters. The cincuitty o accumplish
the astomatic eniny of duta syuived 46 additivmal
integrated ciscwit puchages. One of ons gouls s o
ascertain how waxch of the added circuitry could best
be incorpurated in the syne package as that with the
calculator chip.

Most of the suwbomemblics for the instrument have
born comstructed. Design is essentially cumplete, and
testing will begin withiu the next quaricr. Owr work
W this puint was prevewied at the 170th ACS Annual
Mecting i» Chicagn. Apeil 25-79. 1978,

Alhough the overall project is a rather ambitions
ome, we believe that it will not ouly teach us how to
apply the wew capability proflered by LS8 ciscuits,
bt will give us 2 valuzdie asesment of their place in
the design of mew instroments. As we acquire experi-
ence with the concept of instroment synthesis by the
experimenter viz sofltwarc, we will fnrther owr .bility
0 awess and apply advances of this new elecironic
technology 10 a variety of challenging malytical prob-
lems. (7. R. Musiier)

Multiclement spociswace)y. Our previously reporicd
work on the development of Hadamord transform
spectroxcopy’ suggesied that. for multiclement analy-
ss i the witrvinket and visible regions. mo el
experimental  advamiage exists over conventional
scanning spectrometry. This conclusion. however. did
not dampen our enthusiasm for the development of
multiclement tcchniques. because of the enurmous
potential application of such methodology. An alter-
nate approach (o the problem, which we also hod under
consideration, immediately became more altrxtive --
the coupling of an echelle-crossed dispersion spectro-
gaph with one variety of the new solidstate wray
detectors.?”? Unfortunaiely, neither of these optical
subsysiems exisied in a form switedle for spectro-
scopic interfacing. Thus we  redirected owr multi-

1. N M. Larson. Y. Talosl, and R. V. Crosmun, “Tinoretical
Comparison of Simgly Multiplexed Hodomerd Tramsform $pec-
irometers and Scamming Specirometers,” Appl. Opi. 13, 2662
11974).

2. Y. Toimi. “Apphcabllity of TV.-Type Multihanmt De-
fectors 1o Spuctrosnpy.” Avel. Chem. 47, 638A (1975).

3 Y. Tami. "TV.Type Muitichanme! Detectors.” Amel
Chem. 47, 697A (1975).




clement cilort oward the practical realization of both
of these subunits.

Tine propused rescanch program was buth ambitious
amd expensive. However. we felt that if we could
demonstiate veal progress oward the objective. ex-
wma smwces of funding v develupment and apph-
catiom conld be obtaimed. Thes 3 ~seed-muney”™ pro-
pussl that outlined the project was preparcd: the
propusal was acepied and seedmoney fonding was
panted.

struction of a2 crusscd disperzion cchelle spectiometer
and 2 spectscupic cvamation of variows solid-state
maging dev,.~s. We cected 0 wok on both arexs
siwsltam i) - that advances in ome cumponent
would be ev.'uatex in terms of the other. An extensive
theovetical desipn of the echelle system has been
completed and is buing prepared for publication. The
design was oplimized hor wee with 3 sodid-state charge
mjection device having abrwt 46K pinvtodiodes s a0
avay measuring 11.45 by 875 om. Some of the
desipn  parameters comsidered imclude blaze angle of
the cuielle grating. speciral ramge, detector size. reso-
ation. abersations, and cron dispersion mechanics. At
present. we are st sure of the meed 10 continue this
phase of the project by xtual labrication of the
spectrometer. 2 mew cchelle sysiem has reoently de-
come commercially availsble that may satisfy enper-
meniad demands.

The sccond phase of the project. the cvaleation of
armay detectors. is im 2 wery preliminary stage of
development. A number of screening tests have been
carried wut with various solid-ttate devices to gaim
familiarity with their operating characteristics and in:
strumenta’ demands. We have succeeded in producing
oplical sprotra with the devices and in measuring
some of .he signal and woise parameters. This work
will pe expanded in the coming year with particular
emphasis on applications development. (V. Talmi,
V. E. Norvell)
Microwsve-excited plusmas for indine monitering. As
an extension of the work on the microm ave excitation
source for analytical im-ime specimscopy.® a high-
pwered microwave generator (2.5 kW at a frequency
of 245 GHz) was purchased. This penerator is being
used to investigate the possibility of direct inpection
of liquid or solid samples into an argon plama. The
success of this investigation will make possible the
direct indine analysis of process siscams.

It was found previnusly that with low-power (30 10
160-W) grnerators the amount of water that could be
miroduced in the plasma withouwl quenching the

m ﬂk_‘m’b-mh'hnlw
e curently iwestigating the wse of an witrasomic
sermol gemerator o reduce dissulved solids to micron-
size pusticles). (4) effect of chhide ioms on the
emission imicasity and other common-ion effects, (5)
seiection of he optimus: plasma contaimment vesoel
diameter and operating pressure. and (6) memurement
of plasmes lemperature.
Our first atiempts 1o mearwee the tempersture of a
400-W discharge in argon ai atmospheric presssre was
wse of the O-H rotational band emimion method
and by the argm atomic line emission method.® It
was found that the temperature measured by the
rmm 1976’K) wa much lower than that
measured by the latter method (4628°K). This dii-
ference is presumably duwe to the failure of the
discharpe to atiain complete thermodynamic equilid-
In previous temperature  measufements of
porous<up discharges.® where complete  thermo.
dysamic equilibrivm is atiained, observed O-H band
temperatnres were in the 4000 to 4500°K range. To
check the O-H band method. a similar technique way
used (o measure the temperature of an oxyhydrogen
flame. The value obtained (2825°K) is typica of surh
fames.” Tempenature measwement of the low-

3

4. Y. Talmi and A. W. Amdren, “Determimation of Seleniom
n Eaviroamental Samples Using Gas Cheomatngraphy with o
Microwave Emission Specirometric Detection System,” Anel.
Chemn. 48, 2122¢1974).

5. 7. Tami umd D. T. Bosick. "The Determimation of
Arsenic amd Arsewicals,” J. Chrometoyr. 3ci. 13,231 (1978),

6. C. Feldman, “Sample Transport and Temperature Studies
n PorowsCup Discharges.” Specrrockim Acte 9. 19 (193D,

7. F Pungor, Fleme Phrtomerry Theory, Yan Nostirand, New
York. 1967.




pressure plasma s now s progress. . E. Swain, C.
Feldman, D. A. Batistoni)

Computerbased dote mumgrmant wystewn. The
Andytical Chemistry Division cresics many seconds of
the results of chemica-physical awlyses on 2 wide
vanety of matetials in smapport of reseaxch and de-
velopment wwrk at the Labovatory. Dwing a2 12-
month period cnding September 30. 1974, a 1otal of
178,411 resuits were reported by the Division from its
several service baboratories. The reconds must be kept
accurately. they must be updated continsously. and
they must be accessible readily. At the end of each
month the recurds e summarized for cost accounting
amd distribution of charges. At present the revonds
and reports e handicd in the main by manua daz2
wethods.

Computerization of 3 data Mmanagement sysiem
wu:ll reduce the g amount of mansal data hon-
dimg 1d would increase the effectivencss and efli-
ciemy of the Division comsiderably. As an initinl sicp
toward develugznent of 3 data managemen! svstem for
the divisional service laburatories. we are xxquiing 2
programmable (“imielhipal”) remole wermimal  for
accessing one of the timw-sharing computer services
available st ORNL - cither the DEC sysiem 10
computer or the time-sharing option on the IBM 360
computer. An imtelligent remote teiminal is one con-
tainir © an imicgral microprocessor and some form of
Jocal bulk storage. The microprocessor aflows off-line
data entry and editing, reduces the amount of connect
time. and climimates sume of the difficultics caused by
ponaccessibility and mafunction of the mam com-
puter.

To get a head start with the design of computer
programs for a dala managemen! system and 1o gain
some experience with cassette digital data revording.
we have set up an BK PDP-B/I minicomputcr and 2
Sykes Compu/Corder 100-cassette unit to simulate the
remote terminal. We have successfully formatted
audinquality cassetie magnetic tapes and have 1ound it
pmsible tv READ/WRITE with a high degree of
reliability. The audioquality tapes are far less ex-
pensive than certified. digital-quality. cassette tapes.
When complete. the data management sysiem will
enable the Division to offer better and faster customer
service. (R. W. Stelmner)

Liguid chromstography. A liquid chromatography
research and development effort was recently initiated
which is proceeding along three lines: (1) development
of new and improved detectors. (2) development and
charxterization of new stationary phases. and (3)
application to particular  problems determined by
Divisional and Laboratory programs.

Separstion amd determinatam of pulynmicar an-
math: ydeocarbons (PAH's) 5 of impurtame m the
analysis of lgmil lecds. products of coal conversion
provemes. wbaxy smoke and tohbaccy condensais.
and for 3iv, wates. and suil pullution studies. We have
found that PAH's can be separated by liquid chruma-
(PVP) = a stativnary phase and 2 pulsr subvent 3 a0
cloant. Elution paraweters were established fur wime
25 compownds = a2 fenctiom of variows experimental
comditions. I comirast o other  chromatographic
applications of PVP. in which rctentivn snd separation
ac due o hydrogen bonding. retemtion of PAH's
appens to depend um the depree of romaticity of the
compuund. Compounds with one aromatic ring thete
peuated compounds elute cartier than theis completely
wasaturated cownterparts. Elution volume and resule-
tion depend un the compusition of the cluant. flow
rate. and temperaiure. AR unusial effect was observed
using mixtures of isupropanol and water for clution.
As the water cuntent of the cluamt was increzsed. the
clution volumes decreased. reaching 2 minimum with
25% (ViV) water im isopropanol. When the waler
content was further imcreased, elution volumes alsw
increased. This vbservation suggests several possibilitics
for gradient clution. At clevated column temperatures.
we also pote dution volumes becuming smaller along
with a substantial decrease i plate height and system
operating  pressure.  particularty when wiing  iso-
propanol a3 eluamt. Temperature programming to
minimize separation time and sharpen peaks at the
end of the chromatogram thus appears leasible. At
low linear flow rates (0.1 to | mm/sec). plate heights
for most compounds followed the well-known empisi-
al relationship H = D", with values of 1 between
035 and 045. Appropriate VP columnas [or ana-
lvtical and preparative separations of complex PAH
mintures ase inexpensive. easy to pack and mantam.
and are stabie for long perinds of time. Efficient
separations were obtained with 3 350 X 6 mm column
packed with 63- 10 90-um panticles of commercial
PVP (Polyclar AT). lsopropasnl. a good soivent for
most PAH's. was used as eluant at a flow rale of 0.3
miimin. A typical chromatogram is shown in Fig. |.}.
Capaxity fators (k') ranged from 0.5 10 10 for PAH's
having from | to § sromatic rings. and theovetical
plate heights were between 0.3 and 0.5 mm (2000 to
3500 plates per meter). We are now evaluating PVP
columns for analysis of several kinds of materials. This
work has been submitted for publication.

Detectors empioyed as effluent monmitors of chro-
matographic columns are classifled cither as specific or
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Fig. 1.1. Separation of palycyciic muemetic Mydvacarbons by
Nguid on palyvinyigywelidvar stetionsry
phase. Columm: 36 X 0.6 cm. pucked with 65- to 90-um PVP
petiicies; chnnt: mprponsl. 0.3 g min: rcmpraisne: 82'C.

wniversal. A pexific detector is one that yields a
respunse (o thome compounds possessing 2 Unique
property. for example. wv Fbsorption at 254 nm.
Conversely. » universal detector s based upow some
property common (0 all compounds. The theimal
oonduclivity detector is ome example of 2 universad
detecior. In gas chromatography. severa! devices in
both danifications are commescially available and are
emgioyed on a2 routine basis. In liquid choma-
tography. however. such a variety of monitors does
not exist. The only detector in widespread use is the
uv absorption detector. Because of the need to study
materials in w-absorbing matrices and  the simul-
taneous need for liquid-chromatography moniton with
different detection capabilities. we have begun a pro-
pam to develop detectors that will satisfy this need.

Dieleciric consiant s a property possessed by all
compounds that. with suitable instrumentation. can be
translated into essentially 2 unique response. As the
basis for a liquid-chromatography detector. changes in
solution dielectric constant. Ae, must be measured.
This can be accompiished by determiming the shift in
resonsmt Trequency of an oscillkor containing 3 capax-
itance coll. with the columm efMuent serving as the
capacitor dielectric md the cell forming a pert of the
oscillator tank circuit.

A prototype instrument with the detector cell o3 the
frequency-determining capacitor in a Colpitts oscil-
ator was constructed. The frequency shift was con-

verted W 2 dc sipgnal with a phase-lock-Juop imiegrated
crcuit. Swocessful vperatiun with solvests possessing
diclectric comstants less than 10 was achicved. A
detection limit of 0.0013¢ with a siaal-o-noise rativ
of 2 was measured. This detection limit. expressed as
weight-volume data. comresponds o 43 ppia maph-
thalene (¢ = 2.5) in CHCL, (¢ = 4.8). 0.16% maph-
thalewne in hexane (¢ = 1.9). and 04X naphthalene in
benreme (€ = 2.3). Cleardy. this detector concept has
moderate semsitivity. but more isnportantly. it func-
toms with sanpic motrices not amemable o study
with the wv manitor.

Alhoust: the relationship between the chamge in
dickectric comstant and the observed frequency shilt s
nonlinta. the degree of wowlinearity for typical
chromatopraphic conditivas was predicied 1o be very
small. This was verified experimentally. For example.
using chioroform as the sulvent and naphthalene as
the solute (naphthaene <I1%). statistical mformation
oblained from 3 lincar regrension treatment of the
frequency hift vs diclectric constant data indicated
that 3 linear vesponse model is valid at e 9%
confidence level.

The prototype msirument has the capebility of
serving a3 a unmiversal liquid-chromatography detector
with Jow diclectric constant: however. F~~ wivents
with dielectric constant lasger than 10. the oxillator
encrgy dissipated within the sample increased ‘o the
point where repenerative feedback cin #o longer man-
tain oscillation. For the solvent-solute systems investi-
pated. this dissipated energy is primarily dwe to dipole
relaxation. Atlempis to redesig: the basic oscillator
crcvit in an effon to couple additional energy into
the resonant network were unsuccessful. Conse-
quently. development of an instrument based upn an
alternate circuit concept was initiated.

The revised circuit consists of four basic elements:
(1) a voltage-controlled oscillator- power amplifier. (2)
a resonant network containing the detector cell. (3) a
phase detectos, low-puss filter. and dc gain amplifier.
ad (6) the frequency-shift readout circuitry. The
system will operate via the following feedback mech-
anism. The simusoidal oviput of the voltage-controled
oscillstor-power  amplifier unit drives a parallel
inductive-capacitive resonant network contaiming the
detector cell a3 the capacitive cement. At resonawe
the phase angle between the current and woliage n
this network 5 7ei0. A chonge in the diclectric
constant of the solution flowing through the detector
cell detunes this resonant network esulting in 2

nonzero phase angle. whose sign and magnitude are
decoded by a phase-semsitive detector. After amplifi-



tue of the Gltered phase desecior omipet. 2 &
woltape is applicd - the tuning cumtrol of the voliage-
catrolied oxcillz'as (VCG). This dc voltage Jhanger
the operating leysency of the YOO »» 5 w reshre
the network costaiming te detector cell 1o the reso-
sant  cundition, hereb; compleimg  the feedback
provess. The amalyticy wseful miormatun s the
Jifference betwven the VOO vperating frequency fos
the pure suitreat and the sample. These frequency-shift
Jdata aee Jisplayed is 3 digital and amalug format.

Theovetical cinuit amalysis. Jesign. amd comstnction
of A fou clements are complete. Sacvesiul vpera-
tom of the high-lacqaency purtion of the instrument
with hexane (¢ = 1.9) pyridine (¢ = )2) methanl (¢
= 330 amd water (¢ = TK) has been achieved. The
sipnd amplitwde applicd 10 e celi s vl vury with
dielectrc comstant. sl e sesonaRt freyuency ob-
srwved for exh solvent apeces with e 2 privn
calculated vaues Measurements of stability or semsi-
tivity have not yet been atiempiad. Upon assembly of
the entive elexinmic packape it 3 compleied mstre-
ment. 2 through charxcterizatiom of this Jetector will
be umberiaken. Its pplacation to the study of sehected
compunents of cual amd/or shale oils will adso be

A second detectiorn concepl being evaluated s based
un oxidation o5 reduction of cleciroactive sulutes 2
an clectrode hedd at 2 controlled potential amd meas-
wement of the current fhw. Elecsrochemical de-
tectors have aready been sucorssfuliy emphwved W
monitor Irace guantities o electrvactive onganic com-
pounds in liquid-chromatography effluents. bul
useally with an cfficiency of valy sbout 5%.° Effi
cemy refers o the fractmn of the cectmaxtive
molecules m the cuant that are xtually oxidired v
reduced by the detector, and hence is directly related
10 semsitivity. We ar> atiempting tno develop an m-
proved. small-widume. high-clliciency detectnr [
quantitative analysis. Basically vur detecior consists of
a carbon 1sbular low cell packed with carbon mic-
spheres. which is made the wurking electrinde. in
amtact with a chamber containing the reference amd
amxiliary checircdes. There are 2 number of variable
facturs to be cvaluated. mchuding the kind of casbon
1o use: the length. diameter. and volume of the flow
cefl. the size. demity. surface area. and porosity of
the microspheres: and the concentraton and flow nate
of the cectroactive species in the eluant. Although

B.B. Fivt amd C. ). Litthe. “Deogn and Evalwation of
Eiectrochemical Detectons for HPLC.™ J Chwwter. Sci. )2,
74741974y, ' ‘
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wveral problems remam 1o be resolveld. we have thus
fx ahiesed wwer SUZ clfvewmy fur axidatam of
ancorbic ahl amd ower WP for oxadatema of feinms
am, 2t reanwable comcentcations and Buw rates. Qual-
watively. 25 Bttle a5 | me conld be detectad. (G
Gobkstein, L. N. Kiatt)

ANALYTICAL RESEARCH -
NEW AND REVISITED

Determingtion of mwwic. The determinatom of
traes (1 o 2 ppm) of wicnic w the sy fnm
wal-fired power plamts is complicated becawse il
leaching Jocs st extract the asemi from the slag.
amd HF axk o fusion mtrodmes unacceplable
amomts of caomtewination. A prevedure has bern
develuped which disslves the slag withuut addimg o
removing arsenic. The sample and 2 1:) mixime of
concentraied HF and HNO, ae placed in wpavate
snal phiimum or Telhm dishes. Both dishes are
wmvcricd mio 2 Teflom jor. The jar s tightly capped
and placed 0 an oven 2t 70 o 80°C for several hows.
Afier covling, the sample (mww 3 mixture of Moosili-
vaics) is heared 1o fumes with comventrated H,. S0, or
HOD;. covled. aml dileted W volume. Comparinm
analyses cavied out on NES SRM 1633 (fly =h)
showed that this procedure dies nelt resalt in cither
contamimation w hss of arsenic (see Table ).)).

Trxes of mitrocompoends remaiming after mcum-
piete wel-ashing of wrganics with H;50, *» HNO,
micriere in the subsequent detcrminatom of arseaw.
vsing NaBH,. a dJdescribed Iebow. Thee mitr-
compounds can be desimyed. once the wet-ashing is
cseptially complete. by adding a tew drops of HOID,
10 the fumin,: mixinre.

The basic n. thenls used were thase of Holak® amd
Braman'® (volatidizatem of AsH;. accumulation n 2
wild tap, liberatiom mto 2 sircam of heliom, 20d
detecton of arsenic by awc emisshm spectroscopy ).
Huowever. numecrous changes and additions were made
to improve the reliabilily aml sensitivity of the pro-
cedure (see Fig. 1.2). Since vomstan.  of helium Mow
rale was exsentil. 2 Mlow contmller was instalied 1o
keep the flow rate consiant 1o within 20.5%. regand-
ks of dowmstream Muctuations in back pressure. ARl

9. V. Hokak, "Gus-Sampling Technwpee for Arsewn: Determ.
natmm by  Atomic  Abwwption  Spccimpheiomciry.” Anl.
Chem. 81, 171201989,

1ir, R. 5. Bramam. L. 5. Jwstew. aod C. G Forcbak, “Divect
Velatiization-Speciral Eminven Type Betecton System oy
Naoewgram Amownts of Arscric and Antimewmy.” Amd. Chem.
44,2198 1197
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Fig- 1.2 Sywem far deterwining senugram quantities of

juints were cither Swagelok fittings. O-ring glass
Nanges. or shrinkable tubing. The reducmg agent (17
NaBH, sulwtion) was imjected mto the sample solstion
(I N H,S0;) with an infusion pump. The reapent
siution was delivered into the bottom of the reaction
chamber mear the gas disperses. (0 maximize mixing
amd 10 ensure the reproducibility of the kimetics of
the reduction reaction. Simce the heliom arc excited
arsewmic emission most efficiently and  reproducibly
were absent, 2 pathway was provided to bypass the
solution cell omce accumulation of the Astl, in the
liquid-nitropen trap had been completed. Contrary 10
published cxperience.'’ “imdicating” silica pel was
found 10 give much more reproducible results than
Drierite. We believe the presence or absemce of im-
porities im the desiccant may have been the decisive
factor in both cases. The trap was an empty W-shaped
giss tobe immersed in liguid witrogen. When the
accumulated AsHy was o he released from the trap.
the Dewas flask was removed and the trap exposed to
an aif stream from a hlower. Glass deaimage tips.
alined 10 the lower extremities of the trap. enswed
the immediaie climination of any hanging drops of
bguid mitrogen after semoval of the Dewar flask. The
a chanber was made from 6-mm-OD quartz tubing.
sarowed to ~2 mwm ID where the helom siream
crvssed the arc. The helam was miroduced near the
window and flowed (domg the projecied optic axis of
the monnchromatos) twough the arc 1o the outlet.
This fiow patiern prevented clouding of the window

1. D. 5 Mewr amd C. S. Gomner, “The Kimetics of the
Furnpront 103-F oropiomt I Fachampe  Reaction.” J. Phvs
Chrm. 58,883 11982).

by cathude sputtering or other impurities. The elec-
trodes were 0.060-0um W-- 2% THO,; rods of the lype
wyed in heliom asc weldmg The arc was encrgized by
2 JarvelAsh hollow-cathode power mpply. The arc
was sormally extinguished by the substantial flow of
H; during the reduction siep. Simce the open-circuit
voh* of lhepl-ﬂm was wot sufficient to
. igeition mMn&a

fosnd w0 vary limearly with arsemic comcentration
Mﬂuwdmkwkgmma:md&

"y-today reproducibility of results ot the £- 10
10-ng level (per diguot) s 24.3%. Accurxcy was
tested by comparisn analyses with published results
on NBS standard reference matevials. a3 dhown i
Table ).1. {C. Feldmen)

Atmosphevic sulfste smalysis. A study was mitiated
recently to evaluate ad develop mew mnalyticd
methodology for the determimation of water-soluble
slfate presemt in Amospheri: filter samples. Sulfate
amalysis s conventionally based on the reaxction of
imorganic of orgamic  basiem salts. However. these
methods suffer from lack of specificity and precision.
Proposed methods of anaysis inclede 2 direct kinetic
smifate andyss based on the catalytic effect of slfate

12. C. Feldman. “Spectrochemical  Derctmimation  of
Hafniwm-Zircsmiom Ratwos.” Amel. Chem. 26, 1211 11949).
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Tabir 0.5. Deteowsination of sutel As by Asfl; evnintinn
snd drtuctinn of As by amission 25 specSuecepy

PR A
Somple [ MBS wader  Newiown sctmame’
NES SRY 1633 1/ 0 56 (NF NDy, sapee- []] is
phase k)
$6 10,50, kachd

NES SRW 1632 tomd) 57 L X (X 14
NES SRM 1571 (woechaed beawes) e TS
NBS SRM 1577 (buvime fvcrd 0033 o055

®) Ondws i A “Elrmenia Conventtatives i the Notivaal Buscan of Stamdasds Favisvramsrntal
Cual 2nd Fiy Ash Standond Reterence Matcriolhs ~ Anel Chrm. 47, 11024 1973).
MThis averape figuoe excludes onc wabne withdrann by the amals ol e publicathen (R 0 Follbs .
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e on the sow sexction between methylthymol blue
amd aged Ziscomimm soletinon. Because sulfate imcreases
the depolymerization of the aged zivcomyl species
aidic media. the rate of formation of e lree
ziconivm wn- methylthymual blue couple is propur-
vonal o sulfate concemtration. The kimetics of the
rexciion ave followed spectiroscopically. using  the
GeMSAEC mimature cemirifugal fast analyzer. At how
concemtrations of zisconium (1 X 0™ M) the reax-
tion rate was fouad to be psuedo first osder with
respect to sulfate ion comcenination over the range 0
to 16 ppm. The precisim of the rexiion rate was
typically 1 1o 2%. Work is i progress 1o evaluate the
method lurther. assess the effect of chemical mer-
feremts and procedures for their removal. ad awto-
mate the analysis.

Becaus: mamy anions present n 2it samples. in
cuding sulfite. aso reacl umder the conditions of
most dansical sulfate methods. efforts are under way
to develop a procedure specific for sulfate. A speciro-
scopic method has been propused that is based o the
enzymatic iransfer of sulfate 10 3 chromogenic ssb-
strate. Sulfate concentration would be proporiinal to
the dexcrease n absorhance of the sample dee to the
formation of 2 aonchromogenic suifate product. In a
possidle second enzymatic method. sulfate 8 chemi-
ally reduced to sfite which subsequenily rexcts. in
the presence of an onidase. 1o form hydrogen per-
oxide that may be msayed via a2 chemiluminescent
rexction. Efforts are sow undes way to isnlatle and
purify the enzymes mysired fo the Iwn pmpsed
enzymatic procedures. Following this. reaction condi-

tiuws will be determined e acwrate and repronducible
ensymatic analysis of sullase. (0. A. Bestick)

Gas chwomategraph - micvowsve-excited spectrametey
(GC/MES). Becawx of its mherent semsitivity  amd
sclectivity. the GC'MES has proved W be 2 versatile
towd in the avdysis of volatilc sonmctal amd orgame-
metallic species. For the past theee years the GC/MES
has been rowtinely applicd u: the detcrmination of
volatile mercwrial comprends. Usimg the MES detector
system. levels from 0002 w Q0005 mg of mercury
have been determined with 2 sclectivity of greater
than 10000 n such complex matrives a3 bivhpnal
obtaimed for CHyHCl are better tham 10 ng/g fiw
sdid samples amd 100 mgiz G water samples. Re-
cently. we have atiempied 1o impriwe the detection
limit of CH HgCl m matwrdl waters by precumcen-
trating the contammant from large sample volumes.
Previous stwdies have demvonsivated the oxcellent en-
trxtability of murganic anioni compleses of mer-
cury. from alkaline as well 8 acidic solutions. with
quanieraary  amimes dissolved in vasious organik: sol-
vents. We have continued these studies and found that
tertiary amimes are cven mure efficient in extracting
CHy (L. With 0.5% iertiary-amime benzene solutions.
2 quantitative exiraction of CH,HgCl (95 ¢ 3%) cam

1. Y. Talwwi and V. F. Nowwell. ~A Rapid Mcthed fowr the
Devcrmination of CH (Y 8 e Part Per Trillon Jowed m
Water Samples Usimg the Gos Chmmatograph  Microwave Fmin-
won Spectimmxtric Detecior Sysiem.” subantied 1o Anefvrirsl
Chemistry. Sepremiber 1975,



e achecred Ry aysevas sulvent volume ratins s hagh
a 300, Fullowm; extiatam. 1 to (05 dumots of
the benseme cxtiat ae mjected o the gas chro-
matograph for angdyses. la the mjecton purt (200°C).,
the CH, HgClamime complex 5 mstanth cleaved 10
selease the volatike CHHgCL whach & then separated
by the g hnmatogaph column in exatly the same
manmet as pusc CH,HgCl stamdands. Using this ama-
ikal sevhanme. race CH HECl a5 low as ) np biter
<an be determimed | water samples with an xccuracy
amd poecisivn of 10 1o 157%. The excellent sensitivity
amd selative simplivity of this asalviaal 1echaigee s
o comsalerable micrest 1o caviruRsReRimists who are
vomenned with the mechanesms of CH, HeCl accume-
latwm i varows badogical sysems.

The GC.MES has also been applicd 10 the analyus
of dkylarsenic acids i industriad pesticade and envi-
ronmental  samples'®' Previws amahiad  tvh-
nigues have generdhy relicd vn the determinaton of
total ausem™: content (o munttor the mpact of arsenic
m the covinmment. Huowever. there s mm evidenwe
1 at the baaccumudatom of certan aky larseni heths-
sndes adso occurs m the envirooment. In addition.
onganvarsenic anbs have been shown 1o underge re-
duinm by mroorganisms o tovic sl wolatile
asmcs. Theretore. 1o stwdy the true histon of arsenic
herbiondes m the environment. an accurate and sensi-
twe anah tical techaigue is required that is capable of
providime. miormaten comcerning the chemical form
of e awsweowal. Ou. new provedure  involves an
NaBH; redwction of dkylarsenic avids. particularly
mone- and Jdmmethy larsenn: acids. cov- wned i aidic
apucous samples o their corresponding alkyvlarsines.
The gascous arsimes ae adlectad by aither of two
methods. In the first method the alkylarsies may e
collected by oxtraction of gnes with (oluene or
bensene comcurrently  with NaBH, reduction of the
anls. in the sccond the akylarsines mav be flushed.
thiough the clfervesceme of the NaBH, reduciin
reaction. mio a cold 1oluene trap ( 5°C). The arsine
collectnm provedure emphwed depends upon the vola-
ity of the akylarsine generated. Bevause of its high
volatility. monomethylarsine was collecied using the
toluene cold 1sap. Dimethylarsine was collected using
both prvedures. However, because of theis low vola-
tility. alkylarsines possessing greater than 2 (wv-carbvn

14 Y Tam and D T. Bosink. “Determmaten of Alksl-
e Acnds m Peviowde and Frveonmental Samples by Gas
Chromategraphsy woth 5 Munmoave Fmeven Detecror Sydem,’
Andyrrcdd Chemisiry, 197810 press

1IS. Y Fadm ond D T Bstick. “The Determmateen of
Arweni and Arwenscals.” ] Chnomgtogr Ser 13, 231 019°%)

-wyar o morty could oaly be collected efficiently by
the catration technique. Aliguots of the organic
phae. cllecied from etther pr-wedure. were subse-
quenth mpcied mto amd separated by 2 GC column.
The scparated akyvlansines were eluted into an arpon
plasma where they were detected by muonitonng the
22%%-nm As emissna lime. Lsing the culd toluene
trap provedure. linear working curves were obtained
for buth mmo- and dimethviarsenic acid in *he 0.03-
to 100-ng range. This cormesponds 10 2 relative sens-
waty of 001 ppm! of adkvlarsenx acids in water
samples. By preconventratng the alkyviarsines evolved
from large sampie volumes into 2 mmimum volume of
twluene. the relasive sensitivity can be reduced by at
ieast 3 factor of 30, With this extended range. the
present analvtical method can be used to separate and
mdividually  determine  akylarsenic aceds as  either
majr. mmar. of Zrace sample components.

In 2 tusther studs. the GC MES was adapted as a
sdivon selective detector that will be used to aid in
the dharacterization of the numerous organic com-
poucds eluted Jurtay the GU scparation of coal-
derwved cffluents With this adaptation. those com-
pounds containmng ative hyvdregen atoms can be
wentificd from vasious other volatle sample com-
ponents as siislized derivatives. Silivon detection has
been mvestigated using both 2 helium amd an srgon
plasma. The spectral characteristivs of silicon in 2
helium plasma were studied by measuring the emission
miensity o the silvlizing reagent. bisttrimethy Isiy)-
trifluoroacetamide (BSTFA). in benzene. Monitornng
the 251.6nm Si emission line. BSTFA could be
detected in the concentration range 10 to 1000 ppn.
However. under optimum conditions the best selec-
tivity for silicon. when compared with 2 nonssilicon-
contaming compound, was 25 The reproducibiliny in
anays/ing a2 ample was verny Jdependent upon the
abibty to controd both the power of the plasma and
the duration of the silicon-contining compound in the
plasma. In an effort 10 reduce the influence of these
txtors on sificon determination.  the less enzrgenis
argon plasma was used. The plasma was operated buth
m vacuum (5 10 10 torr) and a1 atmespheric pressure.
Several silicon atomic emnsion lines were moritored.
and the best silicon response was observed at the
25).0-nm Si Jine m vacuum. Silcon selectivity and
senutivity varied with the region of the plasms mom-
twwed. with both parameters showing 4 maximum
when silicon response was detected in the extreme
upstream puortion of the plasma. In contrast o the
hebum plasma, sensitivity and reproducibility in argon
were only sightly dependent upon mivrowave powmer.
When the abwe parameters are optimized. the detes-
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tion limit of the silvlizing reagent samples 5 0.1 to
100 ppm. with a reproducibility of 2 w0 3% amd 2
selectivity greater than 250. Ia a linal study. read
samples ol silylred compounds will be used 10 evalu-
atc the uscfulness of the GCMES in the cval pro-
gram. (V. Taimi, D. A Bostick, V. E. Norvell)

Pattern secognition. fn couperation with the Com-
puter Sciences Division. we have contmued the study
of pattern recognition  techaiyues for Jealme with
complex analvtical problems. High-resolution gas chro-
matographic  profiles consisting of ~150 peaks pro-
duced in the Tobacow Smwke Rescarch Program are
wsed 1o generate the daia set. One program objective
B 1o determime which of the GC peaks are corelated
highly with bivlogical activity amd to schect those
peaks for which chemical compound dentilicaton
would be wosth the effori. A secomd obgective is to
determune i 2 mudel can be developed that woald
predict biokugical actwity. usmg chemical mformatinm
present in the gas phase of cigaretie smoke. Siwe
brdogical studies mvolving large  cohmies of experi-
mentad animals are cxpensive laboratory  uperations
that require considerable time fup 1o Two years) o
achieve results. a chemical imdicator of carcinogenesis.
if 3t could be develuped. winld be a2 very valuable
tood in cancer reseatch wark.

Gas hromatographic runs (im duplicate) for each
the 22 cigarettes in the set of 23 series | cigareties
abtained tfrom the National Cancer Institute have been
compleied The code 12 cigaretie could mot be ana-
lyzed because the supply was exhausted. Interspersed
m the time period of the gas chromatographic runs
was a set of ten GC runs on code 2 cigarettes. This
el was wed 1o assess the reliability and reprodui-
bility of the GC procedure. Relative standard devia-
thms for rctention times on the column and fiw
nommalized (10 1otal particulate matter) peak areas
were calculated for each of the 36 GC peaks sehcted.
The retention times had remarkable relative standasd
deviations (RSD's) in the range of .18 0 0.33%,
while peak arcas showed RSD's in the range of § 10
25%.

Raw analog uaa from the gas chromatograph are
digitized by a dedicuted 8K PDP-NE computer and
stored  sequentially on magnetic tape (DECTAPE).
Since it would be costly and time consuming to rerun
this experiment should the data be kost. backup copies
of the GC raw data were produced on the DEC
system 10 computer. Disk files were created from the
POP-8.I. formatted DECTAPES and transferred 1o
DEC 10 formatied DECTAPES.

10

The raw GC data Gie cumstimg of 3347 Jouble-
prunsn members) was piocesed oa the DEC system
10 computer 1 prdwce FORTRAN IV sevugnivable
wic. amd was further provessed and amahed o
<ventually grve a file contamng prak asea vs retentnm
tane. These batter DEC-10 files are stored om magmetn
tape i sets aml are m sach Jurm that they can be
tnputted to the FORTRAN patien revogmitam prs-
gram. RECOG. for runnimg on the (BM 360/9) com-
puter.

Our first plan for analysimg the data set wtibizcd the
computer 10 st aml imdex the GO peaks on the
chnwnatogram. Becawse of 2 fimite tolerance on reten-
tion times. classificatom emrors ancurred. amd we de-
cided 1o test 2 visually selecied data set comsistimg of
36 of the larger GC peaks. This set of 36 members
showed eavugh primise so that 2 set of 125 members
(mcludes smaller peaks) was created for mput 1o
RECOG.

Least-syuares fittmg ~..ag 25 of these 125 GO peaks
tsclected o the hasis of sedundancy sirippng) bas
athwwed h*“i E"'“_\' (7. valwes) to [ 53 pre-
dxted 1 better than 57 fw 2 mwmmember of 2
trammg sct Ios series | cigareties. We plan to test ths
mindel o0 senies 1 and xries HI Cigaveties. for which
the biokmgical xivity dala are mt known (o us
(R. W. Stelzner)

Flosromewic amalysis of wamiom. The mproved
instrumentation'®  (fluscaphotometer Q-S19% 2l
automata: fusion air ) wed for the determmatnon of
urapium has mproved the stamdand deviatiom of the
analytical results by 2 factos of 2. but the variatiom (0
> 07) wa still greater than expected. The source of
this vanstion was identificd a5 Jdifferemces i the
surface condition of the plvtimom Jdish in which the
sample is fused. The light seen 3 the photomultiplicr
in the Q3198 comsists of $27 direct radiaton from
the sintcred pellet and 487 radiatem reflecied from
the platmum dish. Al the 100-ag/pelict level. the
relative standard deviatinn observed in -n pellets. in
tandomly selected didhes. was 7.3%. In polished and
re-fiwmed dishes the refative standard deviaton was
found 10 he 3.8%7. When a single Jish was used to
read 2l ten pelicts. the relative standard addition fell
10 1.7%. This is abvut the same magnitude of msire-
mental ernw as expected from the fTuorophotometer.
Other fators investigaled induded: pellel sive and

16. H. H Rows ot 2. “Improwed Flonmmeiric Analysie
System.” Ansl (hem. Div. Anmu. Prog. Rep. Sept. 0. 1974
ORNL-SIW6. p. 3.
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wenogeneny. sample sive. distinbutem of waniem 0
the smtered pellet. pefict sohume. chemical state of
the wamiem (U*° vs U0 amd cffect of quenching
apents. A reputt on the compicie study s m prepara-
rm.

A scomd cvmplete anahy sis system comsstng of the
model Q-S19% fluruphotomcier and lamace tram
wn cstrcied and placed i service during  this
vepust pernnl. The mew fumace was mudified so = o
wnlormly  simter dbout Y0 peliets per bwr. ) E
Strain)

Electron tsamsfer veactions. Undentanding the basc
muleculy provesses that aucws dermg aa clectron
tamster reactom has implicatems 1anging from enerey
cmversam and comsam o the mechannm of nemes-
ous ensymecatahyvzed reactams. Several theories of
cecinm tramsfer weacinms based wpom yuantum and
satistcal mechanics have been formelaied aad sub-
reied o varyimg degsees of experimental verification.
One oFf the more sccessfil ones was developed by
Marcws.' 7 His theory predicts mumerous comrelations
between varmwss types of homogeness clecton trams-
fer seactums. aml numerous experimental studics have
repoited reawmable agreement between theon and
cxperiment. Mancus' theory also predixts the existence
of 2 conrclatnm between the sates of homogencous
ad hetervpenaws cleciron Transfer reactions. The
thevry mmplies that {or 2 given chemrical system, the
mechanisms of the two types of reactaoms should be
similas. The gencral guestom of 3 paraliclism between
heterogencuus and homogeneous electron transfer re-
ations has sl reveived any sigwificant experimental
tesi. The ubjective of our sesearch effort in electro-
chemical kimetins s 10 oblain kinetic data for the
heterogeneous seduction of selected redox couples and
correlate these data with the self-exchange reactions
accordimg 10 the predictions of Marcus.

In a previos mvestiatom tve standard hetero-
acvus rate oomstant of the Exl )iEwt i) couple was
found 10 be imdependent of hydroxide ion cmcentra-
tion.'® This result agrees with the sceif-exchange reac-
tin;'” hence the two studies are m accord with the
theoretical predictions. Because ibe seif-exchange reac-
tim rate of the europiom couple is greatly enhanced
by chhride wm. the mfluence of chhwide on upon
the standard heteropemenus rate cmsiant of this
couple wa investigated.

The experimental approach comsisied m measuring
current-tome cuives at a2 siationary mercury clecinude

at several potentials i the potential himiting repon of
the Fuifil)Ewill) volammopiam. A comventiond
amaug potentivsiat was wmed W custrol the oell
potental. Curmrent-time cwsves were oblaimed with the
ad of 3 PDPX 1 computer. A program entitled
FOC4LK. derrwed from FOCAL (imcorpocating chock.
ADC. disk stosage and retrieval. amd cuse fetch-put
routimes). comrolied the data acquisition and peclins-
nary processing. The cerrent-lime data were obtaimed
un 2 pusched paper tape and analyzed via 2 monlmear
curve-fittimg soutine on the DEC-10 time-shared com-
putes sysiem. Formal potential data were acquived via
dizect puvdentiometry.

Preliminany results of the experiments imdicate that.
cmtrary 1o the seif-exchange reaction. the hetero
gacows duction of Eu(HI) s not enhanced by
hlorid: ion. This resslt 5 1otally unexpected. and the
full imphicatimn i refation to the Mascus theory will
requore additsmal studics with other redox cowples.
Iwestigations  of the ViV, FealibhFeall)
adior CAIVICtltl) couples e planmed. (L. N.
Kiger. 7. L. Cronton)

Coulomewry and the determinstion of waniom We
contimued work on the improvement of the mevnd
for the detcrmimation of uranium » highly radioactive
solutions. The method of choice has beer the coulo-
metric reducton of U(VE) at a controlled potential in
a splfuric acid medium. Some samples must be deter-
mmed m phasphoric acid. Although the accuracy of
the method s betier tham 0.1% for cold samples
containing more than S mg of wras..am. this acceracy
has not heen demomsinated for “hot™ samples.

Experiments were desipeed 10 establish those param-
cters m the method needing the most allention.
Eadier work by Secphens et 2.2° demonstrated the
validity of computer-assisted data acquisition and the
prediction of the uraniam content of 2 sample from
measurements made before e titrimetric end poimt
had been reached. The coulometric wduction of

1. R, A. YMarces. "On the Thowy of Electron-Transfer
Rextoon. VI, Unificd Treatment fov Homogeweows and Elex-
trode Reactions.” J Chem. Phss. 43, 679 (1969).

18. J. B. Carranay. "Detcrmimation of the Rave Dependence
of the Hewcroprneows Redectrm of Emlih to Fwih on
Hydronide bom Comoentsation.” M.S. Thesis. University of
Gergra. Athens. 1974,

19.D. J. Meiwer and C. $. Garmer. “The Kimetixs of the
Furopiwn D wopimmt il Frchange Rexction,” J. Phvs
Chem. 56,853 (1952,

20. F. B Stephems. Freda Jahob. L. P. Riphn. ond J. F
Harrar. “Real-Time Computer Prediction of Fad Pomts m
Controlied-Potential  Cowlometns.” Andd. Chem. 42, 764
1 m



WD does ot Tulhw the smple expunceatial Jdecas
pradnied from the mass transpaort made] based om 2
smple, rapal onestep reduction of the species of
micrest. The redmtnom pracess for LIV prceeds. as
is well known. via the reduction 1o U(V) with subse-
queni  disproputtivnation o produce UIIV) aad
WVIL The rate of disproportonation is Jependent
upom the H® comentsation and. to 2 lesser degree. om
the sulfaic cuncentration [pussibly becasse of com-
plexation of SO,° with LgIV)]. It follows. then. that
otar the ume of imitiation of decitulysis the measured
current results chefly from reduction of “pristime”
VD) o LeV)] m the momediate vicmity of the
clactiode. Were it posuble 1o oblain am accumate
measurement of this cuntent. there would be mo need
for comtmmeed cectrohyss. It s Juring this mitial
phase ol titrativn. however. that potentid cominol &
puorest. chargimg of the elecinical duuble ‘aver w the
omirol potential adds 2 compiwent 10 the megsurad
carrent. and the totad cell current 1 changmg 2 2
manimem rate. It s s durmg thes time that cell
resstance and the cusrent-Jelvering capabilitny of the
poteniwstal contnbute 2 maximum to the uacentainly
of the Faradaic cumvent amd thus disturt the observed
cuprent from that predcted from the thewretical
muodel. Therelore. miegration of the current ower a
protracted time perinnd (usualhy about 5 10 7 mim) s
requucd to ahicve precison m the desited range.
Further. 1t becomes obwious that simple curve-litting
voulmes applied m the very early stages of electrulysis
cmpot result m an acurale prediction of the emd
puini sxceptl. perhaps. by 2 furtuitous set of compen-
satimg facturs. Amother complcation arises i radn-
ative samples in that radiohtic Jamage (0 the ehex-
trohvie causes the appearance of peronides. These ave
reducad at the same potentid at which the uranium
determmatmr must be made. This reduction adds 2
current 1o 1hat which rewlts from uranien reductom
and which 1s dtingusshable from it.

We have developed an clectnxhemival cell that
appears 10 be supenor (o those presently m use 10 ous
laboratones. Potentiad control is within ¢ 1.5 mV
dunng minal clectrolysn and within 205 mV fir
muost of the titration. We are able. with this cell. 10
perform the anayws in H,PO, solutions without
difficulty. With the conventimal cell. the precipitation
of L(IV) phasphate frequently caused the potentiostat
to become unstable hefore the completion of elex-
trolysis. We feel that the superuw polential controd
lfwded by the cell desym results in this stable
operatwn. We have also demmnsirated a capability 1o
aquire. store. and process coulometric data with the
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POP %1 cmputes. The abded FOUAL fumctions
repuricd last year®' were wsed withuut modificaton
aml pevformed adcyuately. Am exat program for
contmued work m this asez 1s awaiting the outcume
of analvsts of data alveady takem. (T. R. Muetier, S. T.
Crommun)

Teacedevel veltommetry. Dutfcicntial-pulse amndn
siny, g voltamenetry (DIPASY) cowbines the precon-
centration advantage of amdie sinpping  with the
dicrimimatann aginst cdecinnde double-laver charpng
current imberent @ differential-pulse  ploatogaplny 10
viehd 2 venn semsitive clectrochemical nsetiund. During
the past year we were comoerned with the evaluation
of DPASY for the dezermmation of ppb kevels of kead.
wsing 2 hanging mevscuny Jdowp chectinnde (HMDE) and
a rtated thin mercury film cecurode (RTMFE).
Stwlics cemtered om  ascertainimg  the experimental
pasameters citical 1o aa accuratc amd precise analy sis.
secking guantitalnom. and companng the bebavior and
properties of the HMDE and the RTMFE.

Several cxpermental aspects become uite -
portant when DPASY & used fir analyses near ns
detection bmit. These imtude the deanbaess of clev-
el contats, quality of distilled water. the necessity
for usimg cleam Vyoor frits between the amalyte
slution and the reference and counter elevinndes. and
the requirement for pretreaiment of the HMDE cap-
lary or the wilreous carhon support fur the thin
mercury film electrode. Carcful and contimuous atien-
tion must be given to each of these 1o minimive
experimental Siffwulties.

The impiriance of using the standand addinion tech-
megue msicad of 2 standard curve for quantitaton was
demwmsirated by a study of the natrix mfluence upn
0.03 M HNO, hackpound solutims stored in puly-
cthylene. pulypropylene. and glass buttles.  After
stiorage of the backgound clectrlyte for 3 prede-
termined time. lead was added amd the semsitivity
fator (uA/ppb Pb) detcrmimed. The background solu-
ton stored 2 few weeks in superflicially cleaned poly-
ethylene exhibited a sensitwity about two-thirds that
of an dentical bakgound sdution stored in 3 glass
volumetric flask. Polypropylene showed intermediate
senstivity. This effect is presumably due 10 slow
leachimg of plasticizer and/or  antioxidant material
from the plastic omlainers. Storage in glass is not an
aceptable aliemative because of the possibility of

-:.’l. H. B Row ct Jd. “Instzamentaton and Advanced
Mcthodohmy.” Andd. Ch-m. Div Anme. Prog. Rep. Sept. 3D,
1974. ORNI.-S5N6, p. 4.



lead leachimg frum dhe gass In amy case. it is clear
that emvinmmental samples collected m plastic butties
amd peeserved by alding 2 10 3 sl of HND, per liter
shld be amalvred by the standard additnm tech-
nogue 1o assere accurate results.

As expected. the detecnion limit fo¢ lead by DPASY
uamg the RTMFL is about 0.01 ppb. vnce reproducible
behavieor is achicved: this 1s a0 order of magnitude lower
than that a1 the HMDE. Reproducibility s dways a2
problem with sulid chevirades. and the mercury plated
vitreous carbon electrode 13 no exception. Best results
arc ubtained by using 2 highly polished swrface and
scesuve m situ plating and  stripping  cvces of
mercury in the presesce of the analvsis elemzut. The
number of plate-strip cyvdes requited before repro-
ducible voltammograms are «-blained depends upon the
comcentratnn of the analysis element. Reproducibility
s remarkably guod o subsequent plate-strip scans after
standard additions.

The utility of DPASY 1or analy/mg real samples was
demonstrated by analyzing rain and stream-water
samples obtaned from the Envitonmental Sciemes
Divison. Using the HMDE and the standard addition
technique. lead concentrations of 8 and 11 ppb + 107
were reprted respectively. Stnpping  peaks were ob-
served for cadmium and copper m (e rainwater and
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for copper in the stream-water sample. but these
clements were not quantified. (L. A Knecht)

Sevvice insrumentstion. With the reactivation ot the
Molien-Salt Reator Progect. the Metals and Ceranucs
Drsion undertook 2 progect requinng the use of
voltammeters tuv monitor  selected  electrochemical
properties of the thermally beated salt test loups. These
expenments use the test lvup plumbing as the counter
clectrode in an dectrochemical cell - consequently . the
voltammmeter must be desygned i grounded counter
cectrode configuration. We provided the Metas and
Cerancs Division with an dectrome design based upon
commercially avaslable modular components. The -
strument includes 2 tnangular waveform generator with
switch-selectable sweep rates rangng from 1w 1000
mV.sec. Full-scde current ranges are 10 gA to 1000
mA. Nommal or derivative oy clic voltammeograms can he
recorded. The derivative operation is accompinled
hrough use of 2 two-pode-state vaniable active tilter.
Some provision for mplementation of computer con-
tral of the voltammeter s included m the design.
Construction of the instrument 1s being performed by
the Instrumentation and Controls Dyvizron. On the basis
of theee umits. the ostimated unit ot is $S4500.
mncluding compiete ensineering documentanion. (T. R.
Mueller, L. N. Kiatr)



2. Nuclear and Physics Methods
W.S. Lyun. Head

The Nuckear and Physas Merhiods Group has continued to enlaree and refine the
capabilities of its multiclement techniques. This sear the xray fluorescene (XRF)
method  both tube and radionotope excited  has been appined 1o 2 vanety of sample
1o vbtain quantitaive data. Electron spectroscopy for chemical analy sis (ESCA) has been
used in a series of research studies elucidating surface corrosion In rERTOr companents.
well 5 in a2 number of other applications. As part of 1hn program. we are cvaluating the
potential of ESCA fur quantitative surface analysis: preliminary data lovk promising. We
have organized our ctiforts and technigues m 2 manner that can best be described a5 ~an
approach to the whole problem.” In this approach. scanning spectroscopy. XRF. ESCA.
x-ray diffraction. and asaciated separatiom  techniques are brought 10 bear vn an
analytical problem in a coherent and programmed manner.

Our vther multiclement technique neuiron activation analysis INAA) - continues
1o be used a5 an adjumct in 3 number of impurtant studis. Coal. 1y ash. tree IMp.
uranium sxploratory samples. cherts from Indian sites. and special high-punty metals are
some of the materials that were ~tudied. Depite the end of our eight-y ear formal NASA
commitment. we are still involved 1n radioac vy me<arements in special flights such »
ApolloSoyus. In support of reactor energy Inveshigations. we continued (v develop
methods for very low amounts of ramsuranium cements i the environment. a
couperative study with the Neutron Phy sics Diviston is comcerned with the devay heat
released duning fission  an impurtant parameter for safety design in freactorns.

Onc man has been lwaned 1o the Physwies Dsvision 1o asist in Controlled
Thermonaclear Research. We ourwives have had a3 number of tramees: JALA Fellows.
summer rescarch participants. and visstors from elvewhere. Thus we continue to explore
new ficlds while shanng vur knowledge with others.

X-RAY AND ELECTRON PHYSKCS

Quantitative analysis of alloys by \-ray flwarescence
and sy phetoclectron spectrescopy. To 4 first
approximation. the intensity of an x.ray Nuorewence
peak in a given element 1s directly proportional (o the
concentralion of that clement in the specimen being
analyzed Unless one makes correctioms, however, tor
the so-called “interelement cifects.” the resulis of the
analysis may be in error by s much as 2010 5077 The
nterelement cffects are caused by the absorption of the
x-ray fluorescence of elements of higher atomi: numbes
by clements of luwer atomic number The result will be
that the flusresence from the high-Z clements &
decrened. while that of the lower-Z clements

mreawd. Some o the mont prosounced inferck nent
etfects oveur for llovs of Cr. Fe, and N (taintess
steehs. Hastellons. Inconels). Chrommm and ron both
absorh the fluwescence of nwkel. while chromum
atmorhs that of won. Recently . Rasherry and Homnrwh'
propised a method for interelement conrection that
quite acurate for Co-Fe-No systemns. It takes o
acount nonhincar relationdips between Muorescence
micnsily  and concentration by empincal cyuations.
Concentrations are cakulated by an sterative method.
The firss step v o propurtionate comcentfations o
: .S D Rashersy and K. 1. ). Nemmh, “Caldwatun Tor
!nirvdrmﬂll Frsevt: m N-Ray 1 loncemee Anafvas ~ Inef
Chem 36,81 11973,
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thets Nuorecen? mtemsitics. The secund step s v
corect exh of the comemirations by emperical rela-
onships to 2l the siinen. The third step b the same
the wvond. ming the new concentraions. Convergence
of the correctons usually ovcuns atter 4 (v § itentions.
The computaiwn can be casih dvme on am 3K
minxomputer. and we have used the method oa our
system. Below 5 2 comparison fur wetchemical and
x-1ay tlworescence results. using the Rasberry-Heinnch
vorTectnon:

Cavpenect 20 2oy tncend X
o ke N G ke M

Wetchemiad M7 3208 I8.7) 1469 TS4 T289

xRE 1953 2207 8e1 1536 732 7328

The method appears 1o give exceflent results for iron
and nickel. but further work b needed for chromium.
We hope 10 be able to extend this techanue (o other
matrives. Al present. we are examining 2 large number
of allovs by XRF.

X2y photoelectron spectroscopy s 2 very versatile
method for surface analysis. but §s very pouvs Sur bulk
analysis. The ESCA techrique samples only the top 10
v 50 atomic lavers of solid materials. Surface layen
will mvarably be different in composition from their
substrates. There have been many effoxts 1o quantify
ESCA resulis fur surface anavsis. however. bevause
comparisons of surface aad bulk vompositions are
imporiant i the characterization of solid materials.
There are also many applications such a5 electronics
device technology and corrosion research in which
surface analysis is much more grportant than bulk
analysis. One of the main problems in quanrifying
surface analyshs is the choice of 3 standard. One cannot
purchase an "SRM surface™ from NBS. because the
compusiton will be altered in transport. It docs appear.
however. that we may be able 10 prepare surfaces of
known composition n sifu withn the spectrometer. We
are attempting (0 do this by the jon etching of Cr-Fe-Ni
alloys. For Inconel {787 N 147 Cr. 87 Fe) we found
that the photodhectron spectrum of the as-received
surface did not match the known bulk compusition at
2. The nickel and chromium peaks were hardly visible
above background. The surface layer comsisted mostly
of carbon and oxvgen with smaller amounts of nitro-
gn. slicon. and sulfur. After the surface was jon
etched. the Cr. Fe. and Ni peaks were quite prominent.
Tie N. Si. and S were compleicly removed. but some of
the catbon and oxyg:n remained. The presence of the
cbon and vrygen was doe (o adsorplion of residual
vaprs (rom the spectrometer vauum system. The ratio
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of NiCrFe wa almost oxactly 78:14:3. the bulk
percentages. Interpretations of the peak imtensities were
dume by the method of Carter et 2! Ouwr guod
agreement for the Incomel sample may have been
fortuitous. We are presently examining some more
samples of NBS staimiess sicel and Incomel. (L. D.
Hulett, J. M_Osle, H. W. Dunn, P_S._ Murty)

Chasactevization of slids by a cossdinnted sualytical
appeesch. In support of the varivus emergy-related
research and development programs at ORNL. we are
often asked o charaterize complicated mixtures of
solids from many scerces  corvosion scale. dusts. soils.
coal. fiv ash. for example. Our characterization owolves
muach mure than just clemental analysis. In general. we
ask the following questions:

I. What elements ate present?

2. What are the chemical states (compound and ur
ionic forms) of the clements”

3. How are the elements and compounds distributed”

4. What are the sizes and shapes of the pasticles that
make up the specimen?

5. How dv particle sutfaces differ trom their mtenors®
6. What is the onpn of the specimer. ( precipitation.

Figure 2.1 shows the approach we ke 10 answering
these questions.

By combimng information from each of the steps
indicated on the flow diagram. we are able 1o construct
2 peneral characterization pture. The imformation
obtained fron cach step and how we assimilate ii can
be demonsirated by means of a specific example. 2 scale
formed on an Inconel substiate. The specimen came
from 3 cosrosion study of nuclear reactor builers. Our
analysis proceeded as follows:

1. X-rav-imduced x-ray fworescence | XR-XRF). Capa-
bie of detecting all elements heavier than uorine
with sensitivities ranging from | 1o 10 ppm for
heavier clements and 100 10 1000 ppm for lighter
clements. Resulis apply 10 characterization qguestion
1. above. For the corrosion scale we found the
clements Fe. Ni. Cr. P. Su. and Br.

2. Scoming clectrn  microsenpy: x-ray  fhaovescence
(SEM-XRF). Capable o viewing solid surfwes

2W. ) Conter. G. K. Sshwainr. amd T.A. Catdson
“Fxperimental Fralwatin of 2 Smple Yode! T Ymantitaivwe
Amsiyen i X-Ray Photoele 1rom Speviros wpy.” 1 Flerprom
Spectrone Retat Phenom 8,527 11974).
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Foe L1 Ceneral appovch 0 the avolyws of complivated
wintwors of wlids.

directly ot magnificatsons of 10 1o FANX. Ia-i-
vidual particles o anall o 1 gm can be analvsed by
means oF -Gy Huorewenee induced by the chyetron
beam. Resules trom this mcttnad addeess chavacier-
wation guestions S and 4. For the saple we found
that Niand Fe were segregated in lugh concentration
at the vuter surtace of the seale. Inclusions with fugh
comeentrations of wangancw wese also Toanad i the
mtenor of the sale. Scale is approximately 150 sm
thick.

. Xerav photocleciron spevisoscopy (ESCA ). Capable
of dewetmg all clements beavier than helum.
Analyzes only the upprer 1O 10 30 atomic Favers of
sodid surfaces. Capoble of determining differcimes
eiween surbace amd bulk composition Chemical
shires i spectra mdwate the chemical states of
clements. Results from this owthod address gues-
ons 2030 and S0 Fer the corrosion specimen we
found that the surfaces of the scale paiticles were
vovered with films of NiCOy. Nay €O,y phosphates.,
bromates, and sificates By applying the jon-cich-
ISCA techmgue 10 the seale-alloy mrerface, we

‘-

towmd that the cosrosion prowcess cased 2 Cirommum
cnrichiment

Xerav ditfraction { XRD)). Reveats what crvstal struc.
tares e present. By combimng crvatal stncinre

mlormation with clemental anabvsis, we determine
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what compuoamis are peesent. Reals Srom the
ncthod addiess charctanwsatun gosten 2. It ws
NCKHY o sparate the walke mte magwin amd
noszznetn compvnents. The magnwetn Geaction
conzimd Nibe, O, the avamamctnc liation
comiaimd FeCr0, and NCHD, .

. Trawsmsissant clezinm micnsopy  clectrwe Jiffrnc-
thwm {TEM-ED). Ths mcthad ws net usod i the
problems. but 5 witen cophved Tor examuning
submicron pa ticles amd detereiimng crvstal st
ture. TEM-ED rosults addicss questions 2. 3. and 3.

By vusnbning the SEM-NRI daia. whach el us that
valy Ni amd Fe ase prosont om the vuter portins ol the
scale. with the XRD inturmation. whah says that
NiFe, O, & prosent. we comdude that there & a
scparate phase of No Fe, O segiegsivd om the vutes
stirbace of the wale. The seale closcr 1o thwe speciawen
~omtaims FeCrdy amd NiCrO . The ESCA data imdwase
that she soale particle srfn s are of 2 dilferent
vemnpuosition fTom thewr micrtos and that the corronon
pavess cased 2 chiomism enrichiment at ihe wale
allov interlace. SEM-XRE data aser ievealed manganese-
och ancusisns. Ous overall Tindimges B this swale arc
hstrated )hematwaliy m Fig 2.2

Probably the mumt important characterzcatvm gunes-
tn o all. x T et customer s concermed. is the
migin o the specinwen Gpicsinen 6). Proviousdy i had
been conchided that most of e swake was precipitation
fren the buiker rather than cocroston. hevatise the nins
of the scalke was fow Lirge 10 % aceounted tor by the
mass fuss oF the Inconel. Our stualies szppost ths by
revealing foreign cations sich & manganese. Alse. we
van say that solidtate transtormations arc prohably
taking place i the saale. in that the outer portion of

AT PR SR A T o

Nbeaig) AbN

CRYLTAL (TR M
LTS D MY S TIATE Y,

LRI
N e H.ATE % MoMATE

P
) LANRCEATE o
Ve (
h AR :\.N’\
T
ISREUS LTI N X
g rATNE )
o
- Id
Ny

Vg 2.2. Oweral) character of scake.


http://lli.il
http://crysl.il
http://i-li-iiH-ni.il

the wale 5 of different compsiton (N _Fe,  0,)
from the nmer. (L. D. Hulett. J_In. Dale. H. W. Dunn,
P.S. Murty. J. L Hibbard)

MEASUREMENT OF RADIOACTIVITY

Decay heat for theswmel-neutron-ndured fvion of
35U and 2> Pu. This experiment ws initiated carly in
1973 = a2 pent Anclyincad Chemistry - Neutrun Physas
Divisiom project to study the 1013l dacay bea? from the
thermal-ncutnninduced fimivn of >0 and **’M
awer the ampe 2 to 2000 sec after tissan. The totad
ewergy redease rate will be obtained by mcasuring
separately ti heta amd Commea devay emcrpy .

The gamma-roy detevtor w 2 12 Fom-diom by 12.7.
cm-thick Fadt Th crysial calibeated with known sotop
sources. she belasay detecton s an arganac scimtiflater
calibiated 3 2 like monner  usimg beta-ayv sounces.
Goomaray sources will - meowred amd used 10
correct any gunma-ray offec’s on ihe deteiorn.

Both the bxir and gammaray detectons have been
consincied znd cxlibrated. and Wil runs have heen
\'Imﬂtlt'}.

Bosid-s fusnishing th irvadiation fxality . our Division
has the primary seywmsibility of preparing the 2**U
samples wnd detessrining the number of fissions. The
333U used is the NBS-930 ensiched uranivry standard.
and the number of fissions will he detcrmined by
monuring **Mo. 2 fNssion orodwet with preciscly
known vicld. ). K. Dickens and T. A. Love are the
contributors from the Nenteon Physics Divisson_ (J. F.
Emery. K. J. Northeutt)

Low-Jevel gamma spectrometry. The low-kevel gamma-
ray spectomensy  failic’ has deen used for the
deterination of low-concertration sadionuclides in a
varicty of cwvironmental samp ke tvpes. These sample
ivpes included monavite wres. soils. vil-shakes. Ivoph.
ized deer meal. and Tilters from the ORNL liwal air
monilors.

We angly/zed the momavzite ores for K. Th. and U by
gmma-ray spectrometsy alier homopenizing the rock
materizs. This was 3 covperalive project with members
of tire Chemisiry Divigion *

The analvsis of the decr meat was a feavibility study
to determine *he wtility of the low-kevel equipment fiy

3 W.S Evenetal, “Low Level Gamma-Ray Speciromenry.””
Amal Uhem Div. Annu Prox Rejr Sepr 30, 1974 ORNAL.
S06._p. 16

4. R.W. Stoughion of ab.. “Spontancous Fission i Monasite
Ohes.” (hem he Aame P Rep Ovtoier 1978 ORNID -
SE1).in preparaten,

cculupcal sample types. Due 1o the long sicrage e of
the sample 12 vears). only * > 7Cs and K via **K could
be merured. We ar¢ prepared ™ amalvse future
svad-killed animals of this iype 1o determine ambecns
rabiomuclide comcentrations » 3 measwre of the irans-
port of rakosuchdes in the vicirity o ORNL.

Th suvib. shales. and air Giter samples a¢ pon: of 2
methods-developrent propect within our Division. aad
the results will be wsed by the Health Physius Diviseon
in a lickd wesitoring program oFf microdusime try o5 well
as in theiz cltiiuent munitoring activivies. (). S. Eldridge)

Radiownclide charxctevistics :ad memusewmnents. We
trequently receive sgquines abuul mcasurements and
standands fur radivemtandes. and abvut their propertics.
Experimental work is requited un some of these
problems. In this perivd. inguiries involved measure-
ment methods for *4C_ " * 7 Pm. and * "Ga. properties of
trwvers for Eu. and production of *3%i A *'%Po
stzndord was ubizined from NBS and used to check
calibrations of 3 nember of aipha counters. and
mesurcmets were made of 3 *® Co standard. Informa-
tam was uvblzimed from ASTM Cuommitice D-1V on
yuziitly control for gammaspectrometric malysis. Our
data va decay of P ™ Ap bed 10 a0 estimare of 2522
davs fos the halvdife.® This was mt publshed in our
It paper on hall-lives because it was suspecied (e be
bizsed by the presence of longlived '**™Ag Al the
reques! of the ORNL Nuclkear Data Groug. tive data
were reexamined and comrecied for the  estimated
comtent of **3™ Ay andd the new value is 251 ¢ 1 days.
Decay was ubserved by use of 3 gamma ionization
chamber liw five halldives. using 2 chemcally purificd
silver preparation. (S. A. Reynolds}

13U determimntions for safeguard imventories. The
calibration amd operational assistance program” fos the
NRC Region H Directorate of Regulatory Operations’
mobilc laburatory was concluded in the middie of
September. We made several impartant changes in the
labuoratory that resulied in improved perfonnanve and
wpenational convenience. For greater reliability in the
operating mogram., = well 2 in data stovage. 2
nine-track computer<ompatible magnein-fape svsiem
was added (o replace 2 marginal cassette tape device. Tw
complement the on-line utility of the narnetn-tape
system. we developed offline data provessing that

S. ). k. Emery. S. A, Reynodds, anad Fo 1 Wyatt, “Ihalt-) ife
Measurements.” gl Chem. v Ann P Rep (hp 31,
1909, ORNI.4466. p. 75.

6. W. S Lyon et al. <IN Determmatins for Safeguard
Inventornes.” Anel  (hem invy Annie Prog Rep Sepr 30,
1974, ORNL-S006, pp. 19 2},
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utiives  the capabilities of the brge cuomputers o
ORNL. This atlity prugram camverts spectiradl data
stored om the magnetic Bape to 3 varicty ol “haed copy ™
formats switable fur many purpuses. (o additam. the
utlity program was mterixal W a mtomaeed data
reductivn program that will provide 3 compleir Bulope
wentlication package fur ferure investapatings. using 2
hagh-resvlatiun Got Lid detecion.

A dipial stabificer was added to the anahug-1o-digital
CUMNETICT s Bt prevemt excessive drifts in the
psition of photopeaks camed by emperatuse andos
werall precision of 2PV mcassieent a3 well
redoce the meed fux lrequent energy calibvations. Aa
wcithscope camcra uiilizing Polarvid Gihe was added to
complement the vtteet readumt devices im the system.

The Lburatwry was operated 2t several field sites
dwring the post year by NRC personnel. On two of the
field impections. 50 1o 30 mventury samples were
coliecied at the livensee facilisy and “cturmcd 1o ORNL
for detaibed andlyses. We wsed the ORNL ND 4420
systzm and 3 76 X 76 wz N2NTDH crysial Tur those
measurements aad showed the complementany aature
of ORNL-based mcsusrements (o the licld messure-
ments in the mubile laboratary.

A paper’ describing the mobile keburazory and its
operation was prescenied at the 16th Axnual Mecting.
Institute :f Nuchear Materials Management. New
Ovicans. Louisiona. (3. S. Eldridge)
chdes i racks and wils from Devcastes and Tawsws-
Littrow. Studics® «on the distribuinns o the primuordial
eadioclements K. Th. and U in samples 1-om Apuollo 16
and 17 have oen exiended to inclade material frwm
addinional samoling statwns and marerial with a greater
range of chemical propertics Measurements on vields of
vosmugeny radionulides. which are carmwed wut siml-
tancoudy with dererminations of K. Th. and U by our
acthods of nondestnciive  gamma-ray  specivwme:ry,
have priwided niich usclul information on the chara
ter of the incident cosmic radistion and on detasls of
funar surfae provesses Siv samples of the Apullo 16
collection from Descartes and five ampies of the
Apodle 17 collection fiom Taums-Littrow were studicd.

The primwrdial radioclement content and the conven.
tration of 3Na. 2" AL and **Mn mn the seven vk and

7. 1S, Fdrudge, W. S, Lyon. amd F. L. Clay. “Mobile Ssay
Laberatery for 2 'S0 Safeguards Measurements.” Jowsrnel oof the
Insvitvete oof Nuvlear Matenigls Samagrment i press,

B W, S Eyon et ol "Prmowrdial Radewhment Comeentra-
thems 1 Rinks and Soils Yrom Faueos Litreors " I Chem
s e vz Rep Sepr 301974 ORN{. 3006 p. |8,

foar soil saaples were detcrmined in ths “owdy. We
were able e currclate prsnovdial adivelement cumcen-
watiums with we o three separate bosalt hows 2t
Taurus-Litttow snd tv Jemomstrate lusther chemical
ditlerentiation i the Th-U paw. Cosmupeni radionn-
cide comventiatnees were wed 1o deduce the pastiol
burid or recemt expusure um the surface by the
undersaturation of “*Al.

This work cumcledes the NASAspunsored  lasar
sample IRV IS PYOGIER UM W2t 3 QIperative project
with G. D. ONelley of the Chemitry Disision. An
acount uof the work has boen published® (4. S.
Eidridge!

ApslioSeyuz test preject: Pasive arystal ctivation
expeviment. RadinaTivi'y mcasuneancnts were meade on
twe oxperimental  packapes retwmed om the Apulie-
Soyus flight e ol the experimental packapes wan the
s 7 X T om sodinm iwdide detevion that was (lown
wn the Apullo 17 mission {Dyer ¢t A.'®) The oher
packape contained six picves of pare germonium ingot
machimed to fit 2 Tamdam container with 2 height of
4 cm. The totad weight of gecionmm was 728 ¢ Buoth
packapes were brought iy coririer im codminim-shackded
cumaners from Hawani alwer an imitial meassroment
abvard the recovery ship.

Direct measurements of mdwed radionuclides were
made by opticaliy seaimyg 3 pho.omultiplicr tube to the
aivated covstal. Pube-beight specina of the intersad
response weae oblained beginning about 26 hr after
splashdwn. Such “exurements arc vontinuing in order
to characterize the long-lived compuonents.

Inuirest monurenxents of the mdived radivoaclndes
weic made using Get Lip detectons and 2 large anticoingi-
Jenee shiclded NalBThH specinmcter e ewkevel
facility.

Preliminary reults from the kwdevel spectrometer
system €47 wwsiem) vickded pisitive itentificatiom of
VI3 VI ond CUNa in the soddium indide ight
detector Tentative idenlifivation o *3Na wans alio
made. it verification mwist await refinement of the
spectral analvsis. Semiquiantitative disinlegration rale
values are approxmmately  une-thied o onc-hall those

9. ). S Fhienlpe o . Primendial Rodvwriements smd
Conmopenic Rademinies i Rowhs and Sodls from Descaties
and Towews-Latteow.” pp. 242 84 i Liwor Scremee VI ) wnir
Svenve Insitwic, lhowdnn, 1976,

16, C. Iyer. 3. L. Tiombha, R. 1. Schmadebeck. F. s,
M. Biricleld. G.D. O'Keliey. ). S. bidendpr. K. J. Northentt,
Ak, Metrgee. R.C. Reody. F. Schomield, S, Sehin, )R,
Amvodd. amd 1.}, Petervon. “Radeacimity (served in The
Sedm bedide {omma Ry Speviremecier Returmed om the
Apoths 17 Mission.” Spw- e Ser Ioantrnm. k) 11978). m press,
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Tound in the Apullas 17 experincent by Dyveretal ' ® for
I:C.. I:OL“:C&.

Gamma- sz cuscelence s on the permanmm
expeimment frum the 42 svstem indiawed the presewce
of 21 kst uee shoctdived pusttroncmitting radiona-
héde Decay cwive amalvss ol the pusitron-pusitrun
cumuidenoes vickicd 2 halfdite valae of ~29 hr. The
carly merurement. abo show 2PParcatT Famma-gamma
commidemes of 0.5 o OA aed 0K 1w 14 MV The
radi-mulide meost chesely ‘I“~ these characrerisins s
TIAs. 3 20.0br pmition cmutter with an 0.533-MeV
camma 12y in coincidence with ity major pusitron
branch. The postron-pusitron coontmg fate corected
w splxhdven s abust 2.7 cusats min with 2 cwr-
respunding system backgroend of 0.1 count men. At dl
days pustsplnbdosn. the positrua-pusitron counting
rate s omly SO above bakp mnd.

Detaied analysis of GatLid _mexctra shows 2 tentabive
identiticatom o * *Ga. 2 T8-hr radivnuctide that decays
v chectzum capture. Ths 5 2 couperative ¢iTont with
E. Schonicld of the NASA lohnson Space Center. (.S,
Eldridye)

RADIOANALYSES OF
ENVIRONMENTAL MATERIALS

We are contmuing the program’ ' of rercarch on_and
special analvses of. lowdevel Jlpha cmitiers in cnvinom-
mental materials. In additnm 1o Po. Am. 2nd Cm. the
wiwk aow mcludes Th. U Np. Po. and the members of
the natural radwantive scries. This program is sappor-
iwe of investigations in sevcral ORNL divisions. prin-
cipaliy  Emvironmental  Sciences.'’  Chemistry. and
Health Physics. Assi,nment of 2 second persem (T.G.
Scott) ks resulied in 2 substantial increase i outpet of
anziviical resulls,

Aqueows behwvine of actimides. Rescarch has been
carricd forwaed o the micration of xtinides. par-
tkulwly  plutonium. with constituents of  natural
waters. soils. and planis. These included fulvic acid and
polygalaxcturonic xcid: both complex pluiosium. and
the latter carries it when precipitaied by salt or acid It
was found that bicarbonate neither prevents nor re-
verses sorpinn of plutosium by sudfaces. conirary (o
the compleving cffect some have predicted. Details of
these and other studics have been reported.'* '! (S A
Reynoids. T. G. Scott)

Actinide methods and roults. The plulonium
methods indicated last vear' ' -'® have been applied 10
substantial numbers of amples of water. soils, i
ments. vegetation. and fish. and have pencrally been
swcessful Madifications have included BPO, carcying

"

for e sample 1 pes and addithonal wet ashing  with
H, SO, and HOWW, tur othens. Levehs of plctoncam have
vancd from abowt 003 W over 100 dnmim ' g ' for
sib and sedurents. and from sbust 104 0 107" tue
plants and znimab. Semncutine analvses began i April
m 3 empurary bbustony  Langsy permament tacifitees
hav: been surveved and are bring equipped for use in
the near Sutwre.

Amcriciuey and curem have been deteinuned by the
uxabate hydruside-fluunide methud m effluents from
the anive cxchange separatiun of pletonism. Stody of
other separative tecanigees b i prugress. partivelarly
the e of TTA extraction as the fmal step. Level: have
penerally beent ume of two arders of mapmtnde below
that of pletonism. but in White Oak Lake and burial
gosnd sweps. **4Cm has been the dummant alpha
emitter $at sbuet | pCuliter in the bke). Fxplorai-wy
amalyscs for *2"Np have been made by gamema-spec-
trometrc measwrement of its dawghter. 2 Pa. but
sune A been detecied. The more semsitive method.
radiuchemiai scparation and alphs counting. will be
applicd 10 2 sullicicnt number of representative samples
v Jdetermine whether neprunism s of envronmental
signéficame i this area. Thonem was mearures in some
soil samples and water by anion exchange separation
and TYA extraction.

Referemce materiols of *'°Po. 3", ***Pu. and
82 Am were oblained from the National Burcau of
Standards. AR were used 1 conlirm calibrations of ver
msiramuents. and the la.ter (wo are also employed a8
“spikes” o determine recovery i many  anclyses.
Further. these and other maierials wire fumished 10
personmel of Environmental Sciences. Health Physics.

1. %, 5. Lyem @ a. "Radwomlyas of Envirnamental
Wieriale.” Smal (hem Miv Jwwm Prog Rep. Seps 30, 1974
ORNL-2006._p. 21.

12.8. C. tablman et Jd.. “Piuirnions in Aquatnc amd
Terreurod Easkonmments.” Fnsiovm. $i1 Do Ao, Py Rep
Sepr 301975 ORNL-5016.p. 1.

13. 5. A. Reymndds. “Aquernn Bricvivd of “luionions
Americim 31 Concemrations ebow 10 ™ M. Koo fornwienl
ond Redesmalviwd I.ettevs, m prees.

14. k. A. Bendirtti. . A. Reymdde, and M. H. Shanks.
“Foswonmenal Plutoncom (hemistry. |- Reaclions of Plwie-
nimm with Fnviesnmented Orpanic Sabsl.nves.” submitiod 1n
Sewl S0 Sewicty of Amrrns. P -odings

1S. F. A Boductri, S. A, Revondds, and M. H. Shonks.
“Inieraction of Pintorium with Comparving Subsiames in Soik
~od Natwead Waters * submit:od 10 /A5 A ERD4 Symprnitim on
Tramssrarmr,omm Nwindrs in the Foivmment. Prowces demgs

16. $. A, Revowdds and T, (. Seotl, “Ietcrmination o
Thutonimgs 0 Faviconmenial Sampies. 1. Development o
Metheds. 1. Prnedures.” Raduschemice] and Rodioarnelvnee
I rtters. m prews,
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ad K-25. makimg cesles Trome thew hbueatunes cum-
parable 10 vers amd traceable o NBS. A seawaler
sampde frum (AEA ws malvoed tur plutomiem
abuat 0.1 pCi lser. amd the result agreed with that of
1AEA within (D7, the cstamated wncerismty. Other
covmonmenta “knvens” mchede sediment and scaweed
frum IAEA. sedineert from NBS. and sedl frum ERDA.
(S. A Reynolds. T. . Scert!

Ouher sipha emittess. Jn cummestion with reseanch’ ’
m e Chemistry Divisive. specta of 2 vanety of
Dowm’ dewctar (see below) im 2 swanch for Jlgha
dations of | o 4 ad 9 w0 14 MeV. and (e
discyuilibriom i ¢ nsteral sevics. Enciched "4 Sm
wx wsed to werily satisfactory pecfonmance 21 its alpha
ewergy. 2.2 MeV. No alphas m e ranprs ol mterest
wre detected. but e of dicquiibrem  were
found.'® Becawse of mdicatives that ***Po in tubacco
3y be Rasaniows. smples preparcd by mewmbers of the
Bi-Organic Analysis Group weve cxamined. and sumoll
amounts of *'*Po were ddentificd and memured. A
briel lsecrature scanch for weethods Jor 2'°Pb and o
was made. {S. A Reynolds. T G. Scort)

Sstramments. Fusr ZaS-Mytar cusnters were delivered
ewfy in 1973 aad hase proved wery wecful for 1082l
spha countimg. Efficiencics ar¢ sbust 4377, and back-
gounds sverage abumt 0005 cpm. Phsl analyses
revire  spectromesers for isctopc azlyses of the
sepaated radiociements and for mezsmrement of o
coweries v sotopic  irer. Two spectromelers are
normally avadlable Tur this wark. so tha the vutpet &
limited. However. 2 system with four detecions is being
readied for servive. For special pusposes. 2 “state-of-the-
at” surfacebasrier detector 20 m’ in wea was
obtamed. lts efficiency & about 3¢77. It has been wsed
day and naght simce insiallation in Jume. except for two
petinds when the detecior had 10 be replced by the
spplicr. and when other imstabilities occutred which
were eventually  traved tn the preamplificr. (S A.
Reynoics, T. G. Scott)

ACTIVATION ANALYSES

NURE netional wawiom rvewces evelution.
ERDA is fonding 2 project for "he messarement of
wisnium and other e clements i watzrs and
sehmenis throughout the US. The country has been
dvided mto four sactions: UCND is responsible Tor the
central states. and ORGDP is the principal invesigator.

I7 l \ (mmy I.ﬂh.lrlnr ok, Amne Rev Mol Ser
23, M7119TH,

I8 K.V, Gontry 2t ol Radordislers m Crodified Weund: New
Mt om U Drseyuitibrimm.,”” wwbmitied ln."tlmr

A sumber of cumparsus H, O sanples nere pecpared
2 Y-12 amd submiticd to micresied UOND Laboratores
for analysis. We amaly 2ed these samples for sramssm by
dedayed acwivom counting amd fur maltsciewmcnn
NAA. Exceflemt aprevwnent was obtamnd by mmst
taburatonies va trace clowents, but wianem resalts
varied trewmenduwshy . Mass spectiomcton sosslns Gsev
Mass Specirumetry Secrun) mdicaied that the sulstams
all comizined Sficvimg mas 1athn o the sanmm
BOIOPSS.

Work dume i v Labucatory prosed that cumtamct
cuntzmimativs (probably m the storcroum) was the
camse.'® Uramen malvwes of 3 sevamd serics ol sre
carefully preparcd amplss were comsistent.

MNONSTR. 2 computer progam fur GetLid desector
a6y specival data acquisitivn and resulutivm fus 3
PDP-1§ Nacleas Data 5O 50 system. has been modified
for the IBM-360 fur wse by the service growps of the
Divisiun. At the same tame DECAY GAM tables of
radivmaciides were enbarged trom 520 10 700 sotopes.
The quality of the uriginal data was also amproved by
evahsatron of awclear pavameters. MONSTR ases these
12eles hr otope identification. The FB3-360 veruun
has been m wae daily s Junce. (J. F. Emery. K_J.
Northcutt. W. O. Resnts)

Other projects and prugams. Newirnun  ativainm
amayvis 1s beimg wsed 1o devermme buth majur amd 1race
clements s monthly compusites of coal samples from
the Bull Pun and Kmprion sicam plants of TVA and
the UCND Y. 12 sicam plant. These results will be wsed
n a2 proposed emergy study 23 well 2w the Walker
Branch Waicrshed study .

Aovther progect s the characterivation of cherts from
seven lcatwons in suuthern Ohbio for Miamsi Unewersity .
Oxnfird. Ohio. Multickemens analyses were performed
and the data cxammd to see i any trends were
observable. The uranium m the first series of 30 samples
wa reasonably consisient . however. i the second series
of 30 samples. there was much wider sprcad i the
uranimm comcentration. Additional samples are bemg
analyred 1o determine i my pattern is discermable.
J. F_Emery, K. ;. Northcutt)

Environmental baselines by aulysis of tvee rings. The
xtivation analysis wirk on envisonmenial haschines was
compicicd 2® Trce rings correspond 1o years of tre
life: thus. treecore sample impurities may be correlated

19.W. D. Reewts. ). F. kmery. and K.J. Nerthowio.
“Sompling. Preparation and Analyixal Problems Assmoted
with thwe Detesmimation of Low Levels of Uraniem i Water and
Sediments” t anpublnbed).

X. WS lymetal. dnd (em Dy Avwm P Rep
Sepr 36 1974, ORNL-S_p. 14.



W pt cavevamentdl cundtiuns. We  mveshigated
chuvavlopnal varatues of cavironmental melteciement
baschmes and cuntamimation leveh over 2 centwry by
amaly g cove samples from tew swily shortieaf pases
(P echingtg) kncased i the Walker Branch Water-
shed 2 redonwely wapupulaied arca  and m the ity
of Knunville. Exghteen clements were analy 2cd in theee
cory of the Watershed tee. while 16 clewments were
devermimed m taw cures of the Knoaville tree. We
mgivred samples corvespunding 10 fuwe perivds of

e 1872 To_ 1932 35 1958 63 and 1968 72 A
twtal of 2Je data ssems were cbtaimed for the Watershed
rece and 173 for the Knuaville tree.

No defmitive combwsions coan be down frum s
muittede of daa watil 3 detasled stansacal study s
-de. Huowever. we cunld malic some poclammon
observations. First. 2 prweral imceeasing trend B appar-
ot for the “matweral compuneats” (Xa. Al Q. K)
apimst 3 decresimg Wendewcy of the “cuntamimants ™
Min. Co. Zn. Rb, Ba). Evidence of ths & sirung fur
chiorime and pulasiom amung the fosmct. and for
cumoenwation levels and chrmmulopical variation tremds
arc remukably similar for the Watershed and the
Knuxville trees. These two observations show ininguing
wends which aiready poisl ust the power of the
mwitickement tree-ring method. (€. Ricoi)

Methodelegy for high-flon swnhiclement NAA. We
have completed owr methodology work *' ORNL's
Hagh-Flux NAA Laboratory featwees 2 thermal e of §
X 10'® om? sec™t and 2 thevmalto-sesonamce flax
ratio of 35 10 45 An strewental Jbsvlute multi-
chement methnrd was developed for thes laboratony. and
crvors weve mimiwized thiough 2 sevies of corefel
methodolugy steps which can be casily adapied 10 other
Cacilities.

The devecion was calibrated for absoluie comnting
with two independent scts of radinactivity standards for
fowr deteciorsowroe distances: 3. 10. 27. and 39 om.
By uwsimg the resultimg calibration cwives we could
repvoduce the siandards” absolute ativities with 97 or
better accwracies. To smsuee malytical accwvacy. five
possible cawses of systematic error weve them imvesti-
pated: (@) correction fov commting of cylimdrical sowsces
for 26 gawwma-12y ewergies and for the fowr distances.
15) flux variation during bombardment md within the
wradiation capsule volume. (c) sample composition
siabiliry during high-flex bombardment. (o) correction
for sample axctivation derimg rabbit iramsier. and ()

21.W. 8. Lymet a.. Amel. Cem. Div Ao, Prog. Rep
Sept 0. 1974, ORNL-S0D%. p. 15.
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mulnckzwment mapurnitics in aoutssory materials ¢ puly-
cinylene and “Nuocleopure™ filiers). We fouwnd 15). ().
and {¢) 10 be nueptable fur vur method’s weutmty
and acuray. But (a) reaches (4 w 17F (depending on
wanedetectur dntance) for photan emerges  belon
500 keV. and () bevumes quite bege tor shewt
bumbordments. whah e st smcumewes m ous
high-thex Gality. for cxample. BU7 for 6 sex and
1965 for 4 sec.

Thes mcthodolugy rewlts i an acceraxy of 1010 157
for must clements. 23 desevmmed By amalysn of NBS
aschard keaves and coal and of Bowen's kale standard>.
(€. Riooa)

Sepomntion and deoovninntion of chissine in dlumi-
sum metd by setven activation amalviis. A raped
method for the desermmatom of chlorme m dummuem
metd &y nestrom actvation amahvss was developed.
The duminum is wradiated. dissolved in hot NaOH._ and
“Ma atvity remuved by a0, previpuaton. The
32C1 s precipitated a3 Agll and cownited om 2 GatlLo)
detector. (hiucime comoenteations 23 luw 25 0.3 pg g m
the presewce of several bundied Tines mure MaNERese

A paper describimg thes work has been written and
will be submitied fus publicativa_ (L. C. Base)

NFIR puramatic tebe system. The piston-1y pe valves
m the HFIR ptube air systew: perivdically maliun-
woned and reguived removal and cleaning e LcTate the
ptube: these valves were chamged W0 ball valves.
Anothes valve. supposed to camne the bW 10 spm.
was climinaied. it had mever wurked satisfactonly
becawse the aiv pressare could mut be balanced. Simce
the valves weve changed. theve has been no trosble with
the p-tube operation.

The im-versel section of the p-tebe is requined to be
changed cverv Vive yvears. When the HFIR was shut
down o change the bery Biom reflector. the tobe was in
s (3" - ~a1. s0 it was devaded 10 replave this section.
The m-sessel section of the p-iube was redesigwed 10
clomis we the ait limes wot wsed after the removal of 2
viive The new imvessel sechon s expected 10 be
completed and the HFIR laboratosy m opesation by the
end of the year. (L. C. Sate)

SNin )’ *Co crumsection memwrewment ot the
NFIR g aube. Fve nickel foils weve irvadiated i the
HFIR p-tube faxility to determine the effective xtiva-
tion cross section for the reaction **Nun p)* °Co boed
on the thermal newtron flux. The cross section of 3.1 7
mb was the average measured value. This cross section is
wed s one of the parameters 10 cakulaie the nickel
concentvation in samples by absolute neutron 2 tivation
amalysis. (L. C. Bote)



Deocominstion f dements i eovisonmental amples
b we of cutsen activation smiveis. Istrwescatal
woutron ativation anshses mecthods have been Jevel-
wped amd wed 2t rhe HFIR o detenmine the dewent
content and o Bt of Jetectem by over 40 demsenis
m covuonmental samples. This method was apphad 1o 2
Large aray of covmomoarnial somphs whech mclede
acrvsals. water slads. walcr. wdimments. amd st
lana The water solnh 2ad water samples were from
buth the Walker Branch Watenshad amd the Mubaua
Rrver. A sevis of water seduls samples were takem cach
wemth 2t fows sites @ the Walker Bramch Wanrshed 10
wrmee the vatpar of dements  the water slids m
the water flow lrom the wca The resulis from e
stady show that the dememt hss e frum the
watenshed varics scaanalhh > well ¢ povgraphicalih
Thew rosalis amd the methods wsed 1o determme the
chements m xrosobe and water solinds will be salumetted
fowr publation. (L. € Baw)

Reflection of neunad st from the ORMAK mner
wall deeply sftects plama iemperatwie amd. therefine.
stabilaty. These phemomena are md Yot compicteh
wnderstood. The Atoms: Phy sics and Plasma Diageenin
Geoup torrgimally m the Thermunwdear Diviseon and
pow W the Physcs Dvieond. headed by C F. Barnenr,
» mvesngating these. among other means of plasma
dogansins. L Ruo was haned w0 ths glosp on
Sepember 19. 1973

Reflection expesiments. We ha-e retlected |- 10 S-keV
B and He™ trom copper aad guld sarfaces m vanves
conditions of chamber pressure. previows  chamber-
1arget treatment. and 2t vanoos wident and waticring
g The 1argets were m 2 satterning chamber. and
the ceflectied parinks eniered an cmergy amalvzer
thnated mvide the chamber) by which thew emergy
distribuiion wa  determined.  Resulting  refleciod-
particle specira helped us wentify sax parameters that
requive adpnimvent hefore conclusive retlection resulis
«an be obtained. they mvolve vacuem quality. heam
miensity. energy and pomi of incidence at the target.
cheanlimess of the target. and data handling efficoeny.
{E. Ruceii

Quudrapslc mass amalysis of vacuwm components. T
ahieve 2 vacuum of 10°° 1o for reliable reflecnon
experiments it 15 amporiant 1o know both the scalter-
mg<hamber vacuum components and thess behavior
under various condiitons. We have investigated these
two problems by means of a qrradrupole mass analy zer .

we wbprvtod the watiormae oy sl wall
sacvarely e the stmmurdecre. wv gt heatme (o
“Sokmg ) with hearmg sty mirased faght. amd condd-
wmg by 2 lngued-nstrepen codl.

Ous sesulic show that the st dbundast compae. oo
210 ° 1010 * 1ur e H,OM H.O. N 4ex (U0 md
0O, Ia ks propovinm sbust ome order of mage-
wd smalicr we fussd O.. O 1w CHY. =l
hdnwarve frapmcats. sch » the tree radicahs oth
viewe tmms 27 ctind 6 290, proprad €399, propene 1870,
aml propame (430 Fmalh. C. N, As. xoenvicae 1200,
cthane (300, and methsi (15 appear m vary sl
QRTINS

Uhiavivdet and mtrarcd lightag casse sharp mes m
et compaeets ratal o, abah saoelt m
guik hamber prevsuse s of mare than v ondey
of mapmrede. Baking camws 3 much dhwer mcrexne m
pastal prcssures. while lquad-aitrogen andhag 1oelt m

Swéace ansdysis for thomemaciess veseanch. The ISN
tmnpuein study cxpermnentd) b 2 Tokamok propescd 1o
tc budt 2t ORNL penth weth Gemeral Atvsmn Comn-
pamy. It would be specstically dedicated to reweasch on
plema-wall miaatnes ad phrws dopraics. A
preiamimany ropenal wars wwhmniod for peviin work 21
the ISX entitiad. Lxpermments with Ingevted Newtral
Avven Beams.” by £ Racr. D H. Crandall. sl C |
Basmett. We would be mnviced nowly 1 2 twoven.
dual proect TSN Inowecr-Wall Tn-Setu” Newtral Rethex-
vow Study amd Switace Compratem W Analysis of
Neutrad Impact Radiatem.” (€. Reces)

POLLUTION ABATEMENT
OF TOXIC MATERIALS

We comimucd vur NSHRANN) praugec 1 o the wilvens
extiatnm semwal amd recmen o cvannde. i, and
cadmiom from mdusinal wastes of the metal-Tmeshang
wdin. Sckuid quaterRry s were ovd In
extiat metal cyamdes md tiee cvande. The sofvent
wax regenerated by dnppmg the metal and cvansde
with diuic wdwam hydsonwde. Prinulas emphaws wa
tiwused ' the reaiment of xtual Afuenis fron a0
mdusirral plater. Omr manw obecives e (1) 1o “chne
the loup™ by recovermg and raydmg contly chomnab
(cyamde. metals) now wasied. 1 2) (o clammate current
troublevome and expenvive dudpe problems. and (3 I
recycle the decontaminated waler (v rewse m the plant.
therehy mmimiving sewer tanes and raw waler comis
the mapw operating cxpernes of many  plants. Of
comsiderable impartance s the [t that the Weated
water may be recyched. thus chmmatimg a lavpe Traction



of the <otal ctfuent sedume. The Encronmcntal Prose -
i Agwmy h caovmapag odeciues m water dn-
charpe vidumees m adding 10 fvmcimg  pelietant
Comcenisatnes m the cithecnt strcamn

On i baney ot 60 lalnwaton -wale mmiplant dewem-
Miathm TuEs. the pravew 2ppear ment promsmg fiw
the licatment of sk maw wduthes CoRaeng
amde sad . Detash of thes mak me presemted m
another ORNL repurt”° 2md tae open-detciature puble
catmn * ' A papet va The pracess demnenttzines &

m prrainm. 2 patent applicat;os has been tiled un
part ot the wewrk (F_ L. Meare)

). L Wnwr ot A beabgy ond Snghsn of Fooo
Comtpmmgnts S Pug Rep Driember 1975 ORNL-NSE -
FATC 21 m preporaton.

23 . L. Wenwe. Logudicped Frttmthw of Zim with
Mach-Mdovubr Seght A from Alabee Cvamde Sols-
awan " Srp Sar LAY 9T 19T

M. 1 L Y. Sdvest Burnte of Cadewem from
Al Cramde Sedunions awth Quaternars Amnes” Freswon
fesz WY 4 19TSy



3. Energy Programs: Molten-Sahlt Reactor Program
A S Moer Head

The lomg-scrm obpectiee of the MSBR A- Jyocal Chemnin Rescanch and Dewchop-
ment Group 15 o provide the dhewscal metidulupy and sechmegees reygmred 1o acherse 2
sabe amd cfficient Muolen-Salt Beecder Reactor. The strompest cophases 55 placed e the
demonstrvtom of e wcasibibty of mbme methuds for aWstTitEcREs o properiaes of
ety siicams csential for power vperathon. Esental detcrmnatens will el the
redux omditnm of the fard [LITVE WITID ratio] . oxsde and brsmuth comtammeaton. and
cwroson imdicators of buth feel and coulant salts. Mcasssement of Tnotmem destnshutem
twoughout the nstem 5 of utmst soguificase. A dwersiry of appreaches will be
mvestigated. mciuding cleciroanaly tval. spectropletometng. and chemecal metinnds.

Al peesent. we are perfonmimg clectro “hemical m-ne mcasurements 1w focl W stewn.
Our indimc respomsibiletoes contmowe 10 m ez, We e dw amdmmg studaes of he
clectrochewical behavios «of brsmwth and +Buriom m furd melts. A1 the Condant-Salt
Tadmology Fadlity (CSTF). firt mcasurem.ats have beem made o the (nitm
distributom withn the sy stem.

Spectrad ad clecinmbemical wacarch m xtmede chemisin. whah n ® part
asiaied with the MSRP. s beng carvied owt ot the Transuranomn Rescarch Labvratenry .
Spectrd studies of actmides and therr compuunds are 2n outgrowth of Cxperanents that
were selated 1o the MSRP. but the present mvestngainm has cxpamded comsaderabhy oo
minde siodies of atimde cwmpounds and possible schewes 10 determane  these
cumpounds m the cavirommcnrt. A new 2002 of very semsitive clement devcrmwatnm and
sentificatem by reumance nmization spectiscupy s alse an owtgnowth of MSRP

crests that wilk laser be applicd 10 MSRP peoblems.

TRITIUM TRANSPORT EXPERIENTS
AT THE COOLANT-SALT TECHNOLOGY
FACIUTY

Owe of the sportant techmological herdies dong the
path to the realization of 3 molien-salt breeder teactor
s comirol of ritiem emisems. Dunng this reporting
period. severd divisions particopatmg im the Moleen-Salt
Breeder Reactor Progect have cooperated in addressing
tus pemblem. The Anayticad Chemistry Division has
contributed about 2 1'% -man-year effort 1o the essemtial
Intiem mcasurements » mockep experiments ot the
CSTF.

Befove the program was mtcrrupied m 1973, plams
had aircady been Tormed In establish expenimentally
whether or mt a sodim fluoride  sndimm Nuoroborate
culeclic mixture ¢nuld soccessfully trap the tritiom

24

between the praman condant (fucl salt) and the sicam
penerating svstem. Tromm » produced m the prwwan
salt by acwtnm absewpiom m hthum 2t 2 ratc of st
2400 Ciday m the 1000MWIc) MSBR cweprual
desagn.’ but mo mawe than 3 foew pfi per bter of
efflwent water s alm-d o light-watercomied nuacicas
power scactors 2 Chearly. the comdant lonpls) between
the primary fucl-salt sysiem and the sicam gewerating
system sl be capable of trappwg or chewncally
converting (ntiem fir sewmoval and doposal.

I.R. B Briges. 3. R. Fopel. amd P. N. Howbewrewh.
“Favwonmental Fiiects amd Salety.” p. 395 m The Drwving.
wni Storws of Mivivew Selr Brerder Rewrows. ORNE 4812
tAuge 19720,

2. Crndr nof Frideval Regiotwwrs. Tovke [0, Py S0, Appendin
i
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A el bnap (CSTEHS 2 thee V-12 Past s boem wned
b the cmnlans of 2 sndien NoF NolBf, cwnit
mmitesr fur cureemn and wilicr stmidies. Owpinal b
* meamer e Gie of byvpen mtraduced mto e
st stscam calied fue the mpectiue of demtcriom b
the wlt. When the prugram was seswed = 194, 2
xmes of dinwssbms cwwed aad 2 et W
trmaed e pepaec 2 sommmary of pussible avwmate
cmbmt cumceprs. The sdsam Sovenburate svston: was
scrommsly Jdalicuped mamly en proends that pusiblc
brat exchamgey beaks v cither the sicam gracratue sde
v the furl ot wde cunld pradece scactimms icadmp e
Eminary weamscmnts’ wih die sediom Swsraburase
svsiem wdnaied 2 liliclibosd that ciewmentad tritiam
wight be spficomly confincd » e st Thes 2
caperments smencdotch w cstablith the cfficacy of

A mcthed w3 devwluped for cullccamg samples of e
et g2l amalvses. A e but quine desectabie. leved
of rwtwm ws mcasved m e g (helimm 20d 2rpw)
cvmtzncd m the cmpts bup Junmg dhetdenn. This
“ckgeand” kvl of 1 0 2 pCiml has e appeased
o Jungr oves the past yexr. 3ad the mune =
froom MSRE watcrals which wewe knwan e contain
npnficant quantitics of dbsarbed tritimm. but the lowp
has wvn wperated 3t hagh omprratoers ke 2 tanr [
excess of that vequived fov dhwwebed itiwm S have
dffused foum e loup wall Nevertheless. the small
v bockpeund persists aad ws weefel in i
develupment of the amaly tical 223 sonpling apperates. A
the witmm o intiated water. which & caliecied i
comdensatomn and cryogwic trags. dilted. and cwenicd
by beta Dguid scimtillatom i 2 cwmision cvchiail.
Exly snwnles wewe quite cviatic and depended an the
histwry of the cmnecting Wbing from the lonp o the
aalysis 'vam. To exchwle BF; from the cwppry snide
bed. 2 series of traps containimg waler weve placed st
befove Whe bed. Quite sewnarkably. Whe tritiom leved
meaured i the scrubibed g declined o neas 200w, and
3 measwe of iritimm i the watey from the prctraps
showed 2 neardy complese wapping of witiated species
m the water. Ths wnexpecied resolt was quite ow-
curaging. since the comversion of clemental (ritiom o
3 watersnluble sprcies w indicated. Sewme experi-

3. W.R. Giomws o1 3. “Forl 308 Covlant Chemiswy.” p. 137
m The Drevvingment Saatus nf Midorn-Solt Brevdev Reorpers,
ORNI.4812 tAugumt 19T

wmeats wewe periemed W csidhbhdh ot cementad
rithem was s beang Wapped in the water via exchange
seactams vt ewhamord sdubilies i 3 BF , -water suly-
| &

A sicads cffont wan made o mupreve the umpling
appuates aad gn snscased scpedacihiliny i e
sampling of e buckpesnd befon commencmyg 2
reproducible analyese: afwcr 2 peviod of conditeamg
which pralighlys swvelvwed some N ; fonmatinn w Jonn
a wmert fim on the whing walls Albuagh sewe
mmpartant samplimg problenss ol cxist. 2 seasemable
vepneducibiis amd pocciion weve wbtamcd b per-
smtumg 3 sl wds stream (0.1 hser mam) of the sormal
oft-23s flow {2 Licvs mim) t» poss cuontmmeusly through
oo exhaust except whes 2 somple wan cullecacd: then in
was divevsed dwengh the amvss ram. that 1. the
waier-filied pectags. hrated cwpper enide bed con-
denmation Kap. cTyugreic Wap. and wet test g valume
meter. Senoe the principal g compunent B helimm. the
g meaey scadimg 15 appeenswstch oqual 1o the totad
s samplicd. Samplcs of knven velome were collecied.
and dliguts of the prctrap 3nd sfecs-teap selutions weve
counted. Thas. data weve seduced 1o cuscentrations of
WPpecs.
stecam. Tritiom was mined with swrmal ydeepen (019
wtiom) and diffencd theeugh 3 siver-palladion allev
scrubber te rewowe Waors of ether gasrs. The puvified
hydvagrn mixtese was ssused in 2 holding cylinder and

Twe inprchions kave bren male dwving this reporting
pesind (Tabies 3.1 and 3.0 In each cae Jbont 80 mCi
dm-umwhﬂamma

vev i the dats from the
to the discowery of 2
Whﬂhm‘-&mafmm

1
a!’
ty



Tabir 3.). Vet conreumptions i cover g

cpmples fooun the CSTF
P troemamn ol Cower o
Date Tome N; O wisbic Ehemnental
et Tp>*
bt 1l b 38
-q" 1398 aT 12
bt 17w 14 1™
e on 18 3
b Inseb
bt g b2 11 14 aP
=13 wlue 32 40
~18 L T3 [ 1]
b 1999 & n
T 1037 TN 2
7-21 [ ] 1900 [}
T8 133 o 13
T2 s 58 b3 ]
=33 1393 o 2
T2 H k 2
=28 (231 3o »
1-28 1248 1.} p 4
t £ oTIe » "S
8 L7
| 5] " In 11® 32
| 2] > 2. [ L]
L 1330 5 3w »
a8 15 7.50m he)
t 2 1830 13 000 k]
8 9®
L B ™ i3 k
t &) L 12000 [
2 2318 9 o »
36 s L 3 n
L 2 ) i 7 e
2 Y 1 5oy &5 14
29 ] 4.0 "
8.7 b, ) 3. [ 3 ]
| B 18318 2.0 49
*8 [ 2] § S 34
29 1556 1 2
319 1nan 1.3 >
81! 123» "0 28
812 iInio ™ 11
813 nlo 2:n L)}
| B3 1L ] 1 | K4
[ 31 m3s ”» hs
L 5. ] 1nin L ns
452 o» ] ns
L 51 inln [ ng
“hapex Tonat Sarted.
R opped.

Yahir 3.2 Veitiom concentimtives i ult

sumgles Gaen e CSTF
Date Tume sy
bt 2 (L A
7 11eg 12
TA7 1e 23
T4T | 5.1 B )
=97 1718 st
T-87 (32 ) 3
17 e
Y7 2143 73
717 hE | n2
T8 1ne? 32
718 .2 »
719 g »n 15
T49 [ ] 18
N 132 18
7-22 1w 1%
723 13 2»n
s A
| %] 1313 o3
8 o
t 5. i3 L 1]
t 5 1188 b |
t 52 133m »
E ) B4 ¢ 2
| &) IS8 n
s (1104
-8 1932 [}
| X 212 n
s 2338 L
. 2 w»n »
t 79 1507 ™
36 e e
87 i3 LA ]
-7 112 8.1
8 1 11} 3s
39 e 42
1 1243 29
| B4 103 14
83 1958 22
| B33 e 4
| 32 ] s 87
“pr Yo vl
.h\m wopped.

hkad beem onliexied for weweval dns. 2 mosceable
amoum of lugeed bad cnlleceed m the showt ghas 2ecn
between the stoponk. med 0 divert the g shocam.
and vhe first 1sap » the analyss iram. The hymid v
washed from the gass. coonted. and fund to ciam
ahowt 60 pCi of intvem. This disowery clearly complhi-



ey the micrpectatnm of the data e 2 selstantnd
putem of she et g Intiaied speans never readed
the anah s iam. The wmstc ¢ of the bysid wn reactrm
of BE. wub mnvtare m the an Ushutunatch . e
Juwt pacce of cosmectmg glans tubmp was cxpemcd to
the 2 cah teme 2 samplc 5 clieciad. Ne chanees
dn appazies Fere made for e sevond mpcctem. bet
the duwt kngth v glan tubm: was mwd covh e
wth 2 bypeadeoma ncdic and sy mmex . thee wahmps
were zldcd i the pectrap salutnm.

Rowits o the sevomd mpectnm shew 3 manh mewe
cmimeas rapuaw boe all theee yuanttecs meaured.
vl n data Trom the T cxpermmcnts can be
micrpectod. e results Irvem the secund capermoat aee
wancnhat comparablc. that 5. the ntrem kewels m the
it peaked o oughls Z e Jlter e mpctem w
wimmated. nd the water-wilabic Intaied species were
S te0 SUD-Bedd m cxCCs o the chementad specaes.

These data vtzblsh that the salt v 2 Lompunent ol
the ot mntwes wats wrth bvdiogen w prdnce o
wakcr-wiuble grevws specas. The doomen B wen
IRORIRORE. T 3 BT wiubber om the oft-g of a0
MSBR . viant hawp wonld be 2 suaplc 2d ccomonecal
mrtlrnd to st mtsm  Farthes 1 aoe planecd S
Sl 2 mav balamoe o mpecied I devern and 10
alncne the eficct of addung swall 2esmmts of water 1
the salt Jurmg on mgcten f ntunt ‘8. S Meyer,
8 R Clwk R F Agole:

IN-LINE ANALYSES OF
YWOLTEN FLUORIDE SALTS

Commnm st hnipn desaonbed preswash ® contmmse
w opcratc wnth cwcubitmg seferemoe fued salt. LoF-
BeF - ThEF, 17210612 mode 7). Lowwp 31 was recemsh
paced m operainm. nd scvesal moee aee capected W
bopm operatnm withm the next ew s, The
oxTmmn et hup cxpenncnts soc snder the procsal
wpervrnm of WL E. SCon of thhe Mctals aad Cerammms
nsem md we desapeed 1o Sest the capabelny of
Hassclhon N and orhes contaimer matcnals with the fecl
salt wwder varwms comdstems. Comclatrons soc made
wih respect t UIIV) W) raties. fael salt compon-
. and salit Semperatuses.

Mexswrements made of the UiIVY UIIN) rat mn the
forced-comwectmn hwp. FCL-JB. sedicate 2 ~sicads -
siate” valwe of 2bvwt 100. This b swnewhat wes thae
the apporent sicady 528 valme obiamed with the

M 1. Wty er A, “Waterssh " SR

Pvgrem Seovmmn Pg Rep dmg 51 1978 ORNE-S0L Y. p.
.

oxpermncntal melt. LiF-Bef . -Thi, 168-20-12 mde 70
ad mduates 2 b onsdimg meft. The medt wiech
sarted 2t 2 rate of round 1000 reached thes bevel vz a
redun. proness whch proboblhy mvuives soducm of the
UiIV) v the drumsm = the cntamer walls. No
tempts have vet been raade 1o reoxsdize the meelt by
atable adduooms of Nof ; oo somme otieer onsdamt. i &
micresnmg tha the decscase W 2 sscadv-staie valwe
wowrred after dbomt 7S davs. with 3 rapud dececase m
the tnt 30 days Th: ubwrved osallarons m the data
prvbabh resmlt from an contammases. wrth sulee-
quent ondatnm of Lilll) wher the loop was =
wpcratmg ot durmg spocenen cxamimation. The s
st provwnent wih the experanental melt shen the
UV W) e was wbstantialls greatery than the
stcadh stiate salue roacdhed a8 2 hater dase.

Raters f U4V LiIl) measuved ;e dhe two thermal
cavectsa boops. NCL 21 and NCL 25, are appronsr
masch 706 X 0 fie hop 21 and § fux hoop 23 No
wesud ttewd 5 spparent m e hoston o e
onsdatewns state of the fucl mch m NCL 21 This kwp
has wpetated o ot 240 dns wth Heodlln N
costonpum specamens. It B obwrsed that 2 vather
diamate: me m the 1 occurs whenorer aew specr-
mems asc abdcd. Thes » stinbutad 10 the vamtentunal
minde e of mwsture and o whah pastalh <w-
dres the L1IB A svovens L ke catnn follows cak
morease W scpeiwe (ashan.

The fud melt m the mond bup. ML J3. o
rapediy redwocd 1 2 WSV LD ratw avmnd 40
Soe then the 1t has contmeed 1o declime el
rcachmg a selatrnch stabic vabee mear S A hogh bevel of
rewwem w the Inamed prwades sefficent seductant
w redmce the LEIV) mver exsemsoely than has beew
obscrocd m Hasiclhn N hnwgs. thesefose the greascs
WA cmoemtiatnm s mxt sorpresmg. This seclt 5 sow
ome of the oent sedocmsg melts we have nbservew o (29
ad 5 mny well be approachmg the apphoablc hawt of
the voltamnctie meidnnd.

Revewtls. clevtroamaly sl measurenenis were ow-
mated on ke 31, whah s 2 type 310 stambess stecl
thermal crowectmn hmp that contams L, Bef,. The
pospse of thus hup & 30 gam basclime comomn data
Ows progam will be to second cathodn: and avodsc
wiltzsmmoprams on the mell dormg the penod oo
opesatem o follow  owvenm  pradect  belavwor.
hanges » the cquibbrmm priential of the melt. and
other pprametcrs by whach the corsent-valtape cwrves
may pve weful miormainm.

The fst cathodic soltammogams sccowded o8 starfep
revealed two reduction waves with prak potewials
~ 013md G4V s Ir QRE. We brlucve the first



aad sevvmd wases ocerespond W she seductan of il
ad Callp respecawels. After approamaich une week
of operatsun. lwwever. the it wae = oo epcr
Jeoecond. and e devumpontus poteatal of the mele
bovwme e wdmomg Senxr Ues satsal perand of

woductun. e pomtios of the Ctlld wane s a
hanged sgnile-acal . ndicaamyg Gt the cunoINun
of the diffemmg spocies and the cymblbvuss puscotal
ave buth sempsmng stblc.

TeGen cxpevaments e 2 xnes of ORR podnde
CNPETIRENS ST wp o wiadise prospacwse MSBR os-
tamey watenal:. Theae cwpemments ¢ desgmed w0
prodax 3 Gsmm prodoct mwesturs samba > that »
the MSRE shea sercamin aoadkeg v vbarved.
Ous role i3 W detevmme the LTIVE LHIED 2t  s50n
e sk Jusge pris W wvalasem  Eloctrachomiad
meassscvncats o the it Jorgr fw TeGen-» seveded
WV conentiapon of abuet 1.7, wdah o ow-
wicved acceptable. The wstammcgrmrs fus e LtIV)
= LI dectwdc wenthm. bhongh asable. wew st
gnevalls n well defimed 23 m e sescaech mefts 2nd =
e corrsen et huogs. A sl pet-aac s ob-
svved on top of de LiIV) sodecen e slmb
wcscaed 3 the cxperumcnt gropeesed and became 2
saisance durmg fimal mexavcaents. it bec s Sfficalt
w determme the lali-wane poscosal for the LtlV) wane
from wored scams . bowewer. By ennanee sockmegecs.
we weve dile 1o sewdve the derntwe peak b Whe
srasem wilnctun wave a3 ey e kilf-wmse
posemscls from winch UalV) LIl cten were o
culatied
The post-wwe w ot sdentilicd. ® X1 8 5 ot
norndis bucrved @ wanmm-contwng mede. The
e cnduted dhe granva. Baractenvns of am adseep-
oon wame ohach wupld revsls of mckt oadiems Gvoncd
sdsotpren of LIIV) on e chvtmade. We hawe poc-
wsh obwewved hat sraem kends W be weakh
aerbed o cectrode srfaes. We will aote o the
pt-wae ouwn apm duwmg the clectrocdhemical
measwrcments b TeGen-3. and cfiorrs will be made W
better chasnciene 0 (D L Mawvng R F Aggpic,
A S Meyer

ELECTROANALYTICAL STUBIES I
WIIR FUEL SALTS

Bocorunslyticsl stolis of bismuth. Volsaswmenn
swwies f bumuth’ m wwdien LEF BeF; 20F, (656
2945 O mwic 51 weve comvmwed o et the bower
wts o4 detectom by bmear wan voltamemctny and
a—dn umn:. techmogues The wudy »n dwected

wund detcnesmany the fendbiity o8 mukay -
WCRteEeEts of Sraces of eamuth sy the actume Wwam
Srum oy 55 SIoWeS.

As mdncased poconmsls .” brsmeth & shad bt from
the ety prrssmobh B vulanlssten » i o Nocked »
28 znopated macricreme. s B wan devadod to ol
e et of ankel on the besmuth wdtzmsrougrass
while cowugh besamth 15 miM) dcwmumed S vockd
weli-ditmmed cwrves. Nackied . Nob . o= added 80 goor &
amcntzains of 15 mi 7 Vilomaeegy s wese
recugded & pold. mbem. aad das e dectnedss
A e deer cdatndns. the s of bomech
ovours fust o8 ~ 808 ¥V hlbvanvd v el 2t et
S35V Thas the peak potcwsals aoc srpasaind v
sdwoct 5 mV_ ahab. Jdihough oot sdeal. warvants
mweigtnn A lewer cacentotes kach In pracvad.
the brst sesdotowm. defimten. s Spraducablits ¢
wtamed 2 the pid clavvrde Howvser. we weweree
wam. 3 smglc ssoppung peak B olcreod o oold whah
may corvespond o 2 B-Ne skt ovdriom
Viianmvp e o i sodoctan of brsouth = O
prevemor of kel 28 20 wenlees choctnnde sescaled Yt
the wbd wae an penk dkficd ivwgdh e
dewhs  wcpmated strppang prakis wioc oblamnd ow
wwcese sams. The fiesl peak could comacsprad % the
vaslatem of mchet v puably Nodh dbn _ Solhvard
the srcomd peak. winch cerespmds ¥ boamth sinp-
pong Trm the choctnnde Wisem we st the wan 2 a8
mcd pecnid of et 03V s b QRE. 3 el
e n ywoen whnh » helaesed 00 e 2 bnmath
sduwptne wae rvcimg fwn advwsbod brmath a the
clestionde wrtaoe

The don bus of bmath 5nen vhe melt 2 00 C aan
lhwmed voltamwctrcally e cooenicates decscand
fosm ~J00 w dnst T ppm @ FO dns The n abom
e bwmcs comentone Bt s e wenuved 0
dwect e wan svlamseetrs  Fow mcamecaionts a0
e cmcentraiven. we wied o aandn inppg
sochagees. Fust. innth was plated amdes costrniled
it of fame. potentnal. ¢t . oot ghases cashvm
a potcatsal sufticenth cathendi: S0 sodmor E9UR) b
ot Naly Then i bswnuth won stnpped foom the
clectrmde by scanumng vhe potenteal 2n.docalls - the peak
haght of the snudn nppmg carve » 3 Ton T of e
omenisstom of dwnmath. Cdibratem of the vl

.0 S Nmmed od B §. Nonmme. “Sewdis 0
Blesorowrcdmne 4 Bt il .0 Wodoew B0l Bef - Lrb, 0
Veltameverry ad § Tevapricnnnwtrs "~ Mgk Frmp S 8.
LZXTL 22 TS

& WS W o b "Histrauytad Seadire m Ml
IVt . Trby WS VASP mdy 0" And (em Dw
Sy Py Rep Srpe ™ 1978 ORNE Som_p. 27,



wrles. Lo -BefF --ThEF, (72-10-02 =) that de et
oatas kel I L Mpnning. G. Mementer)
Bewasndvticd wadics of n lotll) 6 3 ow-
o prodect swenlh present m molien Bowvades.
We have pocvmily casmed wmt cloctrchonncal studins
of wenfl) = wolien [ F-NaF KF 040.5-§ 55320 muir
L LiF-BeF.-IiF, (90254501 and NaF . -NaF
1923 ande =17" Smoe dhe fucl suivent fur the MSBR
o 3 thervmm-contaoomg sals. Lo -BcF - -ThF, 072-1-02
T o was wf Iicvest fo cunduct vwitammetne and
ounepetratiomesn: stondics of westll) m thes ford
sivent. To detormine comocntsaten and v Silfevn
vt Baaents by lneas sworp veliammetss. W B ROCCY
so hoow whether she product of the dectanchenncal
icxwon s siubic w meleblc. The meamscments
dscuned belon weve done with thes purperse s wwnd.
Veltzmmagrams fws the seductumn of woniB). Fe*”
- F” 2 2 pld decwade clesch apgronamated the
theosencal shape based vm cornewt fowctvms Gabulased
e Nahibon and Sham® fw 2 scwersible wane whew
both the wxadived and seduord Gwms of the clectrm-
actiwe specwes ave solubic. Thus. cven thvagh Fe™"
reduced on the metad 2t pidd. Wi clectonde reacton
very Jesely appeenmmates the solable product case.
appavently thrungh the fmatam of imn-pold serfae

T F R ey I “Riviwchenal Sondies m Msloem
Hewnles 20l Floweberates.” dwintad demertaton. | 'mveniry
¥ Fewnewer, PDecember 1971, . 82

& A S Yeyrv o7 d. SR Prew Sewinmm. Poe Rep
Ang 1. 19 ORNLSTIN. p. 83

9. R S Nebolen ad | Shoms. “Thewy of Statenery
Firctwwie Pl sgraphn.” Amdd (Trm 3B, T 11900
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dboys Ao, trem hewe putratugrams. the e of
the furwasd b vy (R en Wme i1, 7,0 CRAgeset
favoesbls weth thr stheovernad vaiue'® of 3 S e
wiubic cue. whnh apam pomts te the Fummten of
e s

Fu dhe scvernlie depwitom of aa moulnbie sb-
samce a8 pyvelvin: graphuse. sheee # = 2 the whan-
metew £, - F, 2 = 0S5 mV 2t 650°C u m pod
aprement’' ' wah the experanental valwe. The >
potempommcwn: 7,7, & appronivotch wity.'® vhed
v~ s mbanes that Fe™™ u redwond w smetalin s
wwhent 2n pporent muTatun wuh the prrdyng
papine. and 2l e won & strapped frven the decirmic
wpsn caewent seversal Inm apprars. thevcluse. W be
severgbls seduced to 2 selshic oo 3t pdd 2nd a0
mordubl - ceowm 2t Py olvtic graphine

The 157, tate 21 20 widimm clectrade & apprors-
manch wmty o 513°C amd 3 o OOB'C. whach
cordence that Fe™ scdncaun 21 wediom approsimac:.
the movlublc species cave (28 wth praohtic grapho=t a8
SIB°C and vier wiuble praduct cas: (uwnlar b0 gWér 8
S80°C The chong: » seducn beharew with lewpre
W wa et 3 prewmeiced M pidd w pravlvtc
paphwe.

Avcrsgr dffonsn cncfliceents fnr Fe evalvated fsom
the dwenupuicnivmecttn meassewmeats by weans of
the Sond cqutem’’ 20c spprenmmatels 3.2 X 0. 3
X 10 d 185 X 10° cm” s 2 SI8, 00D, and
700°C sespecuwels. 1D L Monning. G. Mumantes)
Bxvenniyticl ssodic o ullvem. Teleoen
aows B medes wacwrs 33 2 foem pdnc: ad
sornds b beem oomsideved =3 2 prawe cuer ey
mecoyramslss crackmg w sivex vard metals and alleys.
It 5 of micoest s charxtense this sebstance clecs->
deewically amd morveam the lexibility of m s
polewation memuwwents 2 2 sl welisziom pord
clecwrade m mulven Lo -BefF.-2ZoF, (ef. 14) b esiobh-
fwh he poscntiols »t which illonuawn 5 bl Jnd
veduced m the malien Buende covwomment. Tinesr
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prefminary observations imbicated that sfecinde rec-
tans aie complex.

For ellunum screenmg studws. ). R Keiser (Metals
ad Ceramics Divisan) 13bricatecd an experimental ool
equipped with viewing puis and clectrode poris 1o
study  the stabilit: fuor lithiom wBuwinde. Li.Te. in
molicn  LiF-BeF, ThF;. The Li;Te was shled ax
pelizes. and vedtai:-ragrams were vorded at gold amd
irndium electiodes.

As Li; Te was adided to the awdt. the voltammwgrams
became very complex and are not yel completely
w. . sstond. For cdarity. pertinentl observainms at the
irnium and euld clecinmdes are lisied separately.

1. When vne 35-mg peflet of Li;Te was added. a
reduction wave observed at an iridium clectrode st -0.9
V vs It QRE Jisappeared. This wave s i yet
wentitivd. The peliets did not mels or dissulve “ome-
diately. Rebics of the pellets could be scen on the
surlface for several Jayvs. The windows of the viewpuris
bevame coated with bluish-gray Jeposit after a few days
whih mak viewing of the melt impussible. The
blussh-gray deposit s believed 1o be tellurin v metal.
Thas is indicative that iellurium spevies added as Li; Te
are not stable i the mell.

2. Voltammaograms recorded atter additions of Li; Te
dud not reveal any waves that could be atiributed 1o
wiuble clectroactve tcllunnum species. Chemical analy-
sis mdicated <5 ppm Te in the meh.

3. AL an iridium electrode. a ieduction wavwe was
observed at - Q.45 V vs Ir QRE that was reasinably well
&tined at 2 scan rate of 0.02 Visee. This weve is due 1o
Cr** reduction, and the wave height increased upon
sdditiom of CrF; but did not change upon addition of
Li. Te. At our normal scan rate of 0.1 Visec. the wave
was not well defined: this explains m part why # was
nol positvely wdentified on backgroumd scans at this
wan ralc.

4. Volummetric waves irdicative of tclluride films
on a4 gold cectiode wore obserred. Thewe waves,
hwever. diappearcd alter adding CrF» 10 the melt.
The voltummograms recorded at gold Tollowmg the
Li;Te sdditions became very complex and ditficult 1o
anvah 7c ; the ciectrode reactions are not vel resolved.

Additional voltammetric measurements are planned
wherehy the supponedly mure soluble and stable LiTe,
specres will be added 10 the tfuel mele. (D. L. Mann g,
A.S. Meyer)

SPECTROPHOTOMETRIC RESEARCH

Spectrgd techmiques continue o be applied o0 the
woeral arca of actinede element research 10 provide

mlvmaten (o the ikeatiiivatnn amd characterization
o varmms axklatin slates aml compoumls of thew
nms. As these echanes are delimcated. they are
wiitined in folhowing chemical eactinias of the tans-
uraniue clements, both 1o aveess the purity of acwly
symthesizcd compoumls amd to characierize the uselul-
ness of various syathetic nmies. During this perned
thex studics were applicd almust exchasively to udid-
siatle compuunds and w0 samples weighing several
microgtams or kess I the stwldy of the thermal
reductiom of CBr,.'* reporicd i the last annual. 2
refliating  micrsupespectrophotometer o hwal
design was mudified. by the addithm of 2 il o
platimum wire. (o provide a heatable sample hecation.
Funher mdilications have bren mals to the »yprip-
meni. by the inclusion of critical light stops. Cass oran-
n reflecting manscope objective lenses. and guanz
field lenses. With these changes. spectral studies. cither
abswptam o lumimescenve. can be carried out over the
wavckength ranpe of 300 (o 1200 om on samples of less
than 100 ng heated 10 temperatures as high as 700°C.
Anvther member of the Transuraniom Research Lab-
osatory group. ). R. Peterson. has equipment 10 obiain
heaied or freshly anmealed x-rav powder dilfraction
patierns’® of the same sample. With these two identifi-
cation techniques. we revamined the Hy reduction
of CMBr,.'7 We have identifed CfBry. COBr. and
CIBi, hy buth spectral and x-ray methenks. Based on
specteal results we have found that treatment of CMr,
with H. at a temperature Nelow 650°C causes no
discernable reduction of CRIND. At dighth  higher
temperatures. appoximately 675°C. the rate of re-
duction is increased and CIBr; is formed. However, at
the incrcased temperature. the rate of formation of
CIOBs is lik2wisc increased. The extent of reduction is
therelore a compromise of both temperature and ime
of heating. With 100 high 2 temperature or oo long a
time. CIOBr is the linal product. With the ahove

1S. 3. P Youne. K. 1. Vander Shae. GG K. Wermes. ). R
Petcrwmn. amd M. Now, “Hich-Temperatore Speciroscopic ml
X-Ray Diffracton Sumbies of Calilirmum Tribromide: Provef of
Thermal Reducton 10 Calilormium Ihbronwde.”” Jormsl oof
Inewganic amd Nurlegr (hemistry. mpecss$19785).

b6, £ N Stevenen and J. R Peicrwn, “Some New Micre-
chwmical Techngmes Uswed on the Proparaten and Sturiy of
Tranplutonium Fhements and Compounds.” Micrwchem. J. 20,
2361975

§17 3. P Young. R.&. Hare. R. B Jcilons, M. Now, ind J. R.
Peterwn, “Speviioswopic and X-Ray Diffracton Stdees of thye
Bromides of  Califorrmum-249 and Fmsiciniom-253."" in P
cevdings  of the dth Internationel Transplureoniem Blement
Svmposmm. W Muctler amd R Lidner. eds.. Notth Holtamwd,
Amsicrddam. i pross,
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competing reactins. it has sl been pussible for us 10
prepare purc CfBr,. althvugh the Jibromide has been s
mapn cumponeal of sume samples. It seems probable
that COBr is formed by 3 reaction of redwed Cf
species with Si0,. Whether it s 3 Jirect rexction of
CMBt, or a thermal Jdizpropontionation of ClBr; fol
lowed by a2 reaxction of CIf metal with Si0; is not
understond. Expurimental wak to clucidate the mech- -
nism is under way. and other container materials or
limers will be considered n an cffort 1o make pwic
Cibe.. It is interesting tv note that this micruspectral
technique is able 1o show individual differences in
mdividual crystalline masses that can only be vbserved
as an “averaged” sample by x-ray methods.

In our studies of the synthesis of ~timide compounds.
we have prepared and identified *** EsBr; for the first
time by buth speciral and x-ray diffraction patterns.'®
Prior to this study it was thought that perhaps the
extreme radivactivity of 3% Es (decay energy of 3660
keal mole ™' min~' ) might prevent the preparation of
ay stable trivalent bromide. Einst>inium compuunds
represent examples of the heavies! element that can be
obtained in directly observable amounts for the next
several years. This and the radinactive nature of
cimsteinium make study of its chemistry. solution and
solid state. of interest and importance. We have studied
the reaction of EsBr; with H; and water vapor and
have come to the tentative conclusion that we have
prepared EsOBr and other compounds which do not
appear 1o be divalent.’* 1t is also possible that reduced
einsteinium compounds are not compatible with Si0,.
Further wark will be carried out after the influence of
SiD, on C{ halide chemistry is understood. R. G. Haire.
Chemistry Division. R. L Fellows. a postdoctoral
Fellow. and J. R. Peterson. University of Tennessce, are
cooperating in the above studies.

Since therc is interest in the determination of
plutonium in the cnvironmeat. the possible fluoses-
cence of aquevus plutonium in its various oxidation
statss at room temperature has been investigated over
the wavelength range of 300 19 300 nm. No emissions
were vbserved for aqueous solutions of plutonium in
any of its oxidation states of (1), (IV). (V). (VD). or
(VII). Prior 10 this wark there had been no reported
systematic study of such possible fluorescence.

A reaction of thenoyltrifuoroacetone (TTA) with
Pu(VI) was found to yield a Muorescent. organic

I8. R. L. Fellows, ). R. Peterson. M. Nor. ). P. Young. and
R. G. Haire. " X-Ray Diffraction and Spectroscopic Studies of
Crystalline Finsteiniumi 1D Bromide, 255815, Inone. Nurl
Chem. Lear 11,737 ¢197%).
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product which might serve as a basis for a fluorumetric
determination of PulVI). In a shghtly basic solution. pH
7 1o 5. Pu(V]) will oxidize TTA within 2 matier of
secomds to yield a product that exhibits an emission
peak at 550 nm with a shoulder at 500 nm. At the same
pH in the absence of plutonmm. TTA s oxedized
sowly. in a matter of days. to yield the product. Since
the oxidation is rapid with Pu(VI). a2 Auorometric
determination of P V]) is pussible using a standard
calibration curve. It has also been demunstrated that
Pt V1) is reduced to PullV) in the reaction with TTA.
The method is therefore ideally suited to the fluoro-
metric determination of Pu( V1), even in the presence of
Pu(lV). and with the incorporation of photon counting
techniques. the determination could be quile sensitive.
Results of this work are in press.'® (J. P. Young)

RESONANCE IONIZATION SPECTROSCOPY

During this report period we have carried out couper-
ative studies with G. S. Hurst's group. Health Physics
Divisivn. that shuuld lead to the development of 2 new
and unique analytical spectrosconic tool. The research
effont of this project invalves a study of the interaction
of energy sources. protons generated by a Van de
Graaff unit and/or laser photons. with various inert
gases, ckmental vapors. and impurities therein. The
results of such interactions can be detected cither by
emission from the excited gases in the vacuum ultra-
vivlet spectral region. or by transfer of the excited-state
energy to impurity species. followed by lower-energy
cmissions from the impurities. A third possible method
of detection has been named resonance ionization
spectroscopy (RIS). In RIS, a2 vapor is allowed 10
interact with a high-energy source. proton beam or
laser. 10 create 3 metastable or resonant excited-state
specics. During the lifetime of this state. it is alowed to
interact with a laser beam of proper energy to further
cxcite the atom to an energy state more than half-way
1o its ionization potential. A second photon of the same
lascr beam will then photoionize the atom in question.
and the ion can be detected with excellent sensitivity
by standard techniques. With a knowledge of the
various cxcited-state energy levels of a particular vapor.
it is pussible to sclectively. even specifically. detect very
few atoms of the gas by means of this technique. The
principle of RIS has been cxperimentally demon-

19. M. A. Lyster. R. L Fellows, and J. P. Young. “"Scarch for
Plutoninm Fluerescence.” in Proveedings of the St Inierna-
tiona! Conference on Plutonium and Other Actinides. H. Blank
and R. Linder. cds.. North Holland, Amsterdam. i press.



strated’®2! by proton excitztmn of helium 1o the
Het 2'S) state and’ subscquent photvivaization of thes
cxited helium by absorption of light of 3 waveicagth
of 3015 nm. In this study it was shown that heliom
phutoims are created by 2 twa-photun abspinm ad
also by a2 one-photon absaeption followed by cullision-
mudued zsuniative wmizativn. We plan 10 study oot
only multipkoton single or mudiiple enerpy absarplivn
by clemental vapors o panduce photoions. but alse
multphoton absorplion Tollowed by vasious cullisional
of energy  transfer processes whch alwo vield a detect-
able photoion. In general. the energy sources For these

stwdics are tuned lasers. amd 2t peesent the deievivr s 3
propurtional counter. Within the limits of the range of
tunable lscrs. the spevificity and cxtrenw scastivity of
the RIS tevhniyue are wical atures to be explted
andvtically. {J.P. Young)

MG S Hara M. G Pave, M3 Nastch. ). P Jminh. and
F. B. Want. “Satwatnd Tuu-Flton Rewuancy lnmsatnm of
Ba2' ) Phes Ree Letr 35, 8211978).

.M G Pasne. G S Herst, M. . Noyich. ). P Jwdeds.
CH (wn F'B Warmer. amd J. P. Your:. “Kimcine of
b1 2' 51 Unimg: Resomam homizatinon Spovtnmops ™~ Phrs Ko
Letr. 35. 1153019750
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4. Energy Programs: Gas-Cooled Reactor Programs
D. A. Custanso. Head

The Gas-Covled Reacior Group was established in July 1974 to provide analytica!
chemistry suppurt 1o the Laburatorys GCR Programs. which inclede the Hign-
Temperature Gas-Covlkd Rextor and the Gas-Lovled Fast Reator. Our priman
vbjective is to provide analvtical chemistry capabilities for the chemical characternization
of HTGR fuel. To this end. we rely heavily upun vur experience in other reactor
technulogy programs and evaluate and adapt existing methods of analyses 1o this unique
rextur fuel. Where applicable ur adequate methods dv nut exist. new methods must be
develuped. A long-term vbpective of the analviical chemistry development program s to
adapt the inethuds. established tor the analyses ui Gepleted uranium ur *°* U.bearing
fuel. 10 gove-bux and hot<cll vperations in order that they may be used to quality
sommerwcial recycle fuel and meet specilications. During the past year. vur development
efforts have been directed to the determinations of the particle failure fraction (ie..
particles with defective cuatings). heavy metal contained in silicon carbide coated fuel
particles. and the nitrogen contained in fuel kernels.

A methud to determine the particle failure fraction was developed and adapted to
gdove-box and hotell measurement of irradiated fuel. In this method. exposed fuel is
remuved by gascous chlurine at clevated temperature. collected as the metal chloride:.
and measured. The Kjeldahl and inert-gas tusion methods were evaluated. and a vacuum
fusivon isotope dilution method is under development for the determination of nitrogen
in carbide fucl kernels. In addition. a rapid methud was demonstrated fur the dissolution
of silicon carbide pyrocarbon-coated particles.

A sccondary objective of vur rescarch and development program is to prowide
analytical assisiance to various GCR technology development programs. These support
activities iimlude a time-of-flight mass spectrometer to monitor the effluent strezm of an
HTGR particlevoating furnace. continuous monitoring of tritium in a2 GCFR capsule
irradiation experiment. surveillance of fission products in the Peach Bottom HTGR. and
provess control for loading of weak-acid resin with uranium.

METHODS EVALUATION AND DEVELOPMENT

Determination of parsticle faillure fraction. The
method for the determination of the number of broken
particles by a high-temperature (1500°C) chlorine
leach. as developed in 1974, was applied on a routine
baxis dusing the past vear with great success. All rvpes
of fuel clements. particles as well as rods. are now given
a standard 2-hr treatment. In addition. the system has
shown versatility in application to experiments which
were conducted in cooperation with members of the
fucl development program. One of these was the study
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of migration of uranium into the low-density pyro-
carbon bhuffer coat that contains the mixed oxide-
carbon fuel prepared from the weak-acid resin. We
heated samples of buffer<oated. carboniszed resin
particles. 15 and 75% converted. in argon alone at
1650°C. Migration by contact with the graphite con-
tainer was significant, but vapor phase transport ox-
curred to only a slight extent. Of interest also was

1 DA Costanra et b . “Determmation of Broken-Partick
Fraction.” Angl Chem. Div. Anmu. Prox. Rep Sept 30, 1974,
ORNL-$006. p 32
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whether the nugrativn of uraniom would contmee
bevond the butler vuet v the maer dense py rovarbon
LTI tivow-temperature sotrops’) cuat of 2 Irso-coate-!
ratinde. Chlvnmata of parixcks showme no visual
damage indiated that migration ws  cuatinuoss
through inner LTI coatings Jess than 30 u thuk. The
effect of lemperature was abso studied. At 1300°C.
migrativn icrened with tame (v apparent beeakdown
of the buier cuat. At 1250°C it was cuntinuous and
stabic with ume. and at 1000°C. small and decreasing
with time. The same matarial treated in a7 pun alone at
1500°C showed no significant migrativn.

A stativtical evaiuation was sho carned out on an
expenimental run of 16 samples representing afl types of
fuel entities relative to size and method of Fabrication.
The purpuse wa 1o ascertain the effect of vanows
parameters on the broken-particle fraction.

Anuther problem of interest comemed the triso-
cuated particle in which damage might exist only in the
vuter dene pyrocarbon layer. The SiC laver thus
exposed wuould be removed a3 SiCly which perhaps
could be absurbed and determined. An effective ab-
sortber was found in LiF at 230°. which viclds LiCl
equivalent o the SiCl, . Measurement of the chiorine in
the LiF absorber would be equated 10 the number of
particlks  with damaged outer pyroarbun coatings.
Bevause rigorous drying of the whole system is neces-
sary betore each run to prevent hydrolysis of the SiCl,.
routine use ol this method is precluded.

It became necessary dusing the vear to determine the
broken-particle fraction in irradiated fuel rods. The
level of activity of some samples required vperation in 2
hot cell: for others. operation in 2 gove bux was
suflicient. Accordingly. we designed a2 new chlorine
leach apparatus adaptable 10 buth sites. Since induction
heating could not be used. these systems were limited
10 evistance heating at  1000°C. where the slow
rextion rate requires prolonged chlurination fimes.
Since carbon is a necessary reactant in the production
of the volatile heavy-metal chlorides. we considered the
use of carbon munoxide to increase this rate of removal
ol expused tuel. Normally. carbon had been provided
by the fucl coating. but this solid-state contact is often
tenvous and uncertain. The experiments we performed
showed that using carbon monoxide in twice its
stoichiometric ratio 1o chlorine increased the rate of
removal so that previous overnight runs ¢ould be
completed in 7 hr. (D. E. LaValle)

Evaluation of an igmition-leach method for defter-
mining defective SiC contimgs. Ignition of triso fuel
particles i air at 200°C elfectively removes the outer
carbon coating and should. theoretically, remove the

macr cwbun coatms of parindes whach have 2 cracked
S cuatimg amd comvert the heans metal cuntamcd
the kemmel 1o the oxide. It the partiches ae then kacdwed
with an HNO,-HF solutam. the foed contamcd
portcles wath Jefective S coatmes should  dessolve.
Determnation of the thorm or uraniem in the leach
sulution shoukd then vaeld the number ol parixcke with
defective SiC cuatings.

A large mumber of amples of tiso el partade
contaming kemels of wianium were carried through this
wgeitivn-leach process. The uranium m the kach solu-
tions was determmed fluorcemetricaliv. Sonwe of the
samples were ignited and keached for a2 svond and even
2 third time. In 2 sumber of vccasions the uranmm
content of the sevcund and third keaches would be
greater than that of the first leach. One explanation for
this is that cracks n the SiC coatings could conceivably
be sealed during the ignition provess by the oxidation
of SIC w Si0, . On keaching. the cracks maght or might
nt be reupened. On additional ignitions the cracks
could cither be reopened or remain sealed. gving
ambiguous resulis. Because of the number of varned
conditions puossible. it was concluden that the ignition-
leach precedure was not an acceptabie method of
determining defective SiC coatings_ (F_ L. Layton)

Phase 1] HTGR interlaberatery comparison program.
In the summer of 1972 2 program was initsated by New
Brunswick Laboratory (NBL) for the purpuse of
determining the state of the art of thorium and uranium
measurements in carbon- and silicon carbide coated
uranium-thorium carbide fuel particles. This program
was designated as the HTGR Interlaboratory Com-
parison Program.-

At the completion of the program. theie were a
number uf quesTions keft enanswered. It was therefore
agreed that a second phase of the program should be
conducted. This second phase would ry to provide
more detinitive answers to the question of the state of
the art. In addition 1o reaffirming the accuracy and
precision of the thorium and uranium measurements af
each laboratory. it would examine varnations in per-
formance with time and with sample preparation.

As a participant in the program. ORNL rcceived ten
sample sets. Each set contained two samples of o
mixture of nronhomogeneous UO; and ThO; powder.
me sample of biso fuel particles. and one sample of
triso fuel particles. One sct of samples was prepared and
analyzed e¢ach month, so that the ertire prog.am
extended over a ten-month period (o September
1974 through June 1975 The mixed oxide samples

2 NBL-272. Appendix ta).pp 113 15¢1974).




woere divaved in oo HNOL-HE munture. the bso and
trivo sanples were enitad to remese the outer carbon
vating and then arnhed 18 2 moer-mill. The biso
samples were subreyuently dnwilved i an HNO-HE
munture. whie the o samphn were remgniied 1o
wemwne the carbon rum the maer coatmgs. The tnse
samples were then kached with an HNO, -HF mivture.
and the reudues were tused with N3 (O, Uranism was
Jetermmed in quadruplicate. usng 2 Ndight meddilicanon
of the NBL titinmetrc method. Thonum was deter-
mmed m duphicate by EDTA titration*

A otal o 232 determmations were made on the 30
samples The data were forwarded 1o NBL tor statistical
amalvwe and companson with dats received frum the
other pariscipating labuwiatones. A complete report on
the rev .. of the progam will be published m a
torthcoming NBL repurt (F_ L. Layton)

Effects of high-enesgy alpha activity and technetion
In the tawre. the determmation of uramum will be
required . HTGR recvele fuel provessing samples
which comtain fission product techeetum and ©*° U
Sinve the NBL titrimetric method® s used 10 determine
uranium. 1t will be necessary 1o know what effect
technetium and high-energs alrha radiation have on the
NBL privedure. §f the technetium interferes. it would
be devirable to tind some method of removing it pnor
1o ntration. For these reasoms. a study was undertaken
with L. Z. Bodnar of NBL 1o determine these effects

A series of standard solutions ot uranium conlaming
~100 mg of uranium and from | 1w 15 mg of
technetium was titrated using the NBL method. The
technetivm was found 10 be a serious interference.
Scveral attemy ts were made (o remove the technetiom
by volatilization from a2 mixture of suliuric and
perchlonic acids heated 10 fuming Low results for the
uranium determinations( 0.5 to  1.07) indicated that
small traces of technetivm remained. 31 after evapura-
tion of the iest sofutton 1o dryness. the walls of the
titration vessel are heated with the tlame of 2 Bunsen
burner. the fitration of uranium can be carried out with
no ditficults. Evidently the last trace of technetium is
remiwed only after the Haming provess.

For the purpumse of determining the eftect of high-
cnergy alpha radiation on the NBL titrimetric method
for uranivm. ***Cm was substituted for **3L. A
typical 100-mg uranium test sample will contain 100 ug
of 223, which 1s equivalent 1o approximately 2 mCi of
activity. Therefore. several test solutions containing

1 CRNL Masicr Analynical Manual. Method Nos 1218771
and ONMTIRTTE ¢ 1960
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~100 mg o uramem were Uirated after the addinron ot
2w ot 2 0m Inone cne. 3 Ul of 2 Cm wn
addad No mirericrence was obswerved. (F. L. Layton)

Detevmination of nitregen in uanivm-lended weak-
acid sesin kermels. Because nutrogen retained n provess
weak-aod reun (WAR) fuel kernels i transmuted to
P3¢, which mant be accommaodated @ tued reprovessing
to prevent ity refene to the environment. 3 measure of
the amaunt of RItTogen prexent b of great interest.

Twou methods have been evaluaied for the determe-
nanon of nitrogen m WAR kemels: 2 modified Kpeldzhl
distidlation provedure folowed by colorimetny. and an
mertgn fusion method followed by gas chromatoe-
raphy. A vacuum fusion technique followed by sotopic
dilunion mass spectrometn will be evaluated at a later
date.

The wreatment of WAR kemels during processing
preciudes the presence of ammonia. nitrite. or nitrate.
so that any nitrogen present is in the form of nitnde or
clemental nivogen. The inert-gas lusion method will
determine both of these forms of nitrogen. whereas the
Kpldah! method will not detect elemental nitrogen and
detects the nitride nitrogen only atiter its conversion to
the ammonium ion by digestion in concentrated sul-
func avid. The determination of nitrogen on a series of
WAR kernwl samples by the inertgas fusion method
gves values for nitrogen that are generally 3077 higher
than those obtained by the Kjeldahl method. This
indicates that nitrogen is present both as elemental
nitrogen and as nitride. Under these conditions. the
Kieldahi method is unsuitable for use for determining
total nitrogen in the WAR kemnels. but wotld be
aceptable for detenmining nitride nitrogen. On the
other hand. the ineri-gas fusion method can be em-
ployed 1o determine 1012l nitrogen (F. L. Layton)

Dismsolution of HTGR fuel posticles. wsing C1. and
S;C1;-8C1;. One of the difficult and time-consuming
problems in the analysis of HTGR fuel particles is the
complete dissolution of the fissile and fertile elements.
together with the fission products from biso- and
triso-voated microspheres. For burnup analyses. it is
advantageous to dissolve the particles in situ 10 elimi-
nate contamination or material loss. We have demon-
strated 2 method for the rapid dissolution of these
particles. The carbon coatings are burned in oxygen at
800°C. For tnso-coated particles. SiC is removed with a
stream of Cly at 1000°C. Thorium oxide and UC; or
UO; are easily chlorinated at 800 to 1000°C with a
stream of Cl; bubbled through S;Cl;-SCl;. The chio-
rination reaction was complete in only a few minuies.
a compared with houns for Cly and carbon. The
chlorination of VO, wius much more rapid than that of
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ThO.. The ublunad metal chionde were cndy o
wived i Jlute HOL. Other compuunds were mvasn-
aed » possible chlmmaimm agents o chlomatan
promoters. These were (Cl, . hevachlocopropene. (.
S. and NH, CL. but nuee a3 b ettecine 5,01, -SC1,.
0. A Leed

Helum stmespiiere gove bon. A o1t helum at-
munphere gove-box enchnure wa pul o operatam
Ths gove bon © bemg wsen for the preparation for
malvies nd storage of HTGR fuel materals reypinmg
m wmert »'musphere. The bux s cyuipped with 3
Kewaunee Screntif Equipment g5 puntier. The pun-
fier b desened to revarculate the heliom aimosphere at
a flow rate ol 30 cim in the dry -bux enciusure and 1o
control the atmusphere. by remawing munsture and
oxveen. (o 2 contammation kv of less than 5 ppm.

The oxygen level of the box atmasphere s medured
by Appled Electirochemisiry. Ine.. model S-3A oxygen
amalyser. The muisture kevel 5 meaured h 2 Para-
metrcs. Inw.. model 1000 hygrometer. (J. L. Botrs)

HTGR information exclamge meeting An HTGR
amalyviical chemitry  information  exchange  among
Allied Chemical Company tACC). General  Atomic
Company (GAC). New Brumswick Laboratony . and Oak
Ridge National Laburatory was held on Sepiember
260 27. 1974, a1 ACC. Idaho Falbs. This was the lintin
2 sweries of meetings 10 be held poriodially at the
partkipating laboraturies. The next meeimg wa held
on November 3 6. 1975, The purpuse of the meetmps
i» to establish liason. 1o develop and tacilitate the
xchange of techaial information. and 10 courdinate
the analy tkal chemistsy development cltorts beiween
ERDA agencies and contracton engaged m HTGR
technology  development. Presentations an § discussions
at these mectings mclude analy tical chemistry method-
vlogy. techaal requirements of related HTGR devel-
opment projects. and analytical problem arcas of
mutual interest. These mectings should help 10 mim-
mize the ctlective cost of HTGR analytical chemistry
development programs of the participating laboratones.
{D. A. Costanco)

PROCESS DEVELOPMENT STUDJES

In-line monitoring of the HTGR fuel purticle proces
effluent streams. wsing 2 time-of-flight mass specirom-
eter.®* A CVC Products. Inc. (Tormerly Bendix). type

*Conperative nwesigation with Mass and -mrvion Spec-
Itometry Group

MA-2. mme-oi-thght mas spevctnmctcr (TOEMS) ha
been imtalicd amd & m operaton m the Fued Putnke
Coatmg Facity 100 onmtor mde cthaents iom
HIGR fodd parinck preparaion rea i Thee tiuid-
ved bad reactnm malude cartwmzstiun of wiaaum-
loaded wn exchangy roamn. L0, convenam 10 (C, .
prrcarbon batler cootmg. hm-iempetature notiopw
cabom cotme S coatme. oo hegh-icmpaature
mncalimg Al of thewe reactnm have boen anmatoecd
exvept SiC cuatmy Mass spextial soamn have boen made
throughout the ruas. Seemticant mass peak herghts have
been megsured and plots made of peak hoyghts v e
of emperatuse tor cach partaular mass.

During resin casbuosizaton. spectral mans soam were
made repeatedly throughout the heatng and conding
penod (6 ho). From each wan. 23 10 34 maws wece
whkuted v concentrainm change determmateoms. Pro-
fies of plots of peak heghts vs lemperature mdwated
the wemperature a1 whach centan reactinon plwnonwena
ovcurred. These profiles are being uxd 10 postulate
reaction mechanisms for resm pyrolyss and lormation
v+ the carbonized uranum miceen-here kemel Some ot
the phenomena inclu X evolutnen ol surtace water and
water produced by combuston. the twostage devas-
boxviation of the anlic acwd copolvawr. and the
formatn and subrequent degradation of many akh-
phatic and aromatic hydrocarhons.

The integniy of thoe munnpheres 15 Lantamount 1o
3 safe and succentul reactor. Theretfore. metwulous
fabication of theswe paricles 1: evernial. The property
requirements of the partkley which are W stiingent
mwlude optimum partle demstiv. coating Thwkness.
strength. sphericaty. ability 1o retan the Tuel and tisson
products. and resintance 1o particle fallure and 10 the
“amuaeha” effect. The aum of these coating studices s 1o
mprove the undentanding of  the mechaniums
pyracarbon depesition (hutfer and LTI on fuel kernels
to asure the quality of the product demanded. Pre-
fiminary cxperments uung the TCFMS have been
made. The pyrodyss of cthyne and propene for the Two
carbon coating provesses has been monitored using both
the scanner and sequencer modes. The plotted data
pwrtgay 2 short induction peniod during which new
hydrocarbon compounds are formed at a peak concen-
tration (ollowed by a2 constant rate of hydrocarbon
produciion at 2 lower concentration. At the same ime
there is a constant rate of hydrogen evolution and
presumably carbon depuosition at a4 higher concentration
than during the initial in2uction penid. These resulis
are consistent with current hypuotheses both for in-
ducrion period and for pyrocarbon depanition mecha-
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anams m thusdzad beds 't After mone detasiad studes
ol the eftevt of pasametcr varotions upoa the phy swal
properives o the parincks a:e made. we may he betier
able 1o dwaic the reacings

o the few wam whch w- hanv: made oo the
CORVCTIIn preacess. the mant wgaticant obserainm hn
been the productnm of (0. One of the problenns mith
the loel porikbes b been the ovcnmmal crecp of
unnnmem wmio the butler coot. The mav be dwe 1
oxamans materal of mcomplete chemnal reactnns
occurring dunng conversion. If thes » tree the TOFMS
may be able 1 determme what reactns 21 causme the
defevt.

Nothmg of sreniticance has been noted durme anncal-
e thus 125, but this provess will be comtinued 1o e
mamitored.

These studics are il m the prefmman stages. but
further  development of the expenmentatiun would
produce interesting clucnlation of reaon mechansm~
for optimum teel parincle manutatinre D A tLee.
D C Canada H. S McKown W. T Ramey_Jr)

Pelymuciear aromatic hydrocatbons and related con-
stitwents im perchioreethyleme materinls ®  Method
which have previousis been applied 10 tobacco and
coal-rel wed marenals have been used fur resaolunon of
puolynuddear aromatie hy drawvarbons (PAHD in perchlo-
nxthylene (perclene) materials oblaied from  the
HTGR partsle coating faclity. OF particular interest
were the PAHs which have been repurted 1o be
badogically active: tumor promyoters. initiators. carcn-
ogens. cocarcinogens. and mutagens.

Perclene is used 10 remove soot and organic com-
pounds from the cftfluent gas siream of the paricle
coaling fumace. These pyrolysis products are produced
during the carbonization and conversion of uranium-
loaded weak-acid resin and 1he si:bsequent coating of
the particles with pytocartbon and sllicon carbide. The

*Covperative mvestggatnn with BroOrganie Anshiss Group.

4R O G, A C Pister. and W vonRaoodbroeck.
“Pyroly i Frdm Reustors Cathon and Boge i Bell Sver
Teeh 5 3027101980

5 R O Goudide. “The Formaton of Blak Caon.” J
Appl Phys 24,1082 1198 1)

6 J C Bokis. “The Structure of Pyviolyte Carbon De-
pouted i s Fludized Bed™ and Variation m the Cry stalimiy
of Carbons Depsited 10 Fludired Beds* Carbom :Oxford; 3.
17 and 201 (196%)

T K 1 Sykov and F 1. Jelikhovskava. “On the Formanion
and Compoution of Pyrolviic Carbon.”” Carbon (Oxford) 8. 201
11967

SR JBurd H R Baxman. ) P Berimr, und J A
O Rourke. “Pyrofytic Catbony Deposited in Fhudized Beds at
1200 (o 1400°C from  Vatious Hvdiocarbons ™ Cerbon
(Oxterd! 6,603 (1968)

praence of bolugneally active materals 1a the perciene
would reguise that dwe cuthn be taken m the
handhng revonery . aad doupanal of the perckene ma-
ternals.

A PAHontammg >ublia e of 2 priions RN
sample wan prepared by 2 moditivation of the Kubota
bgusd-lguid extiacten and culuma chromatugraphy
provadure Thn subfiatiun wae then subgexted 1o
GLC T revddetns of PAH > m the ramge of 1 10 7
mps. The resultmg protile contaned 7 magor and at
ket 3O mumx comstituents. A numbes of PAHS were
tentatively  adentified by cochromatography . meewr
PAHs naphthalene. aenaphthalene. plenanthrene.
tleoanthene. praene. chnsene (and or inpheny lene).
bewscfalprrene  (BaP):. miew PAHS  Cmethyl
naphthalene. |-methyinaphthalene. bipheny i acenaph-
thene. fluarene. mthracene. $-methvipseenc. 1-meths |-
prenc. benAakanthracene.  ta-pheny lbenzene. perny-
kene. pweene. and anthanthrene.

Numerous small peaks were obsened also in regons
where methiichnvsenes. methyl-bensanthracenes. and
av-rmg PAHs would be expected o clute. Mas
speciroscops would be required 1o contimm the abune
peak asignments. but their validity was suggesied by
the Wennilkcation of severa of these PAHS m provess
perlene samples by W T. Paney of the Mass Spec-
rometry Group.

Quanntative estimaies of ‘hese comsiiuents were
ahieved v incorporation o "*C travers and by
external calibranon of the GLC. The major PAHS of
mterest in this sample were BaP. 2 sirong carcinogen.
and livoranthene and pyrene  both coxarcinogenn
with BaP. The methyinaphthalenes. which are wumor
promoters. were present at mwh  jower  levels.
{W. M. Griest)

Demsity. pii. and conductivity meassrements of acid-
deficient wrany! nitrate solutions. Acid-deficient urany!
niirate solution is used in the fuel kernel preparation
development program 1o load weak-acid resins in the
preparation of HTGR fuel materials. The loading
eifwiency of urapum un tire resin depends o the
uranium concentraiion and aid deficiency of the
solutions. Therefore. the measurement of the aid
deficrency and the uranium content of these solutions is
important to the process control of the resin loading.

Conductivity. density. and pH measurements were
made on a seres of standard uranyl nitrate solutions to
establish a correlation between these measurements and
the uranium and acid content of the solutions.’

9 DA Covtanzo et ab. “Fnergy Programs: GasLooled
Reactor Programe.” Anel Chem. Div. Anma Prog. Rep Seprt
J0_ 1974 ORNL-SO06. pp 36 V7
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tapenmwntadhy dered nathematcal exprowons were
otablnhed that vickd the mirzie and uranum conkent
of uonyl mate mink ol solutioms. @ven the con-
dacinan . pH. o Jemary

An avaved urand mirate stock solutnon wan prepared
 desohvng UQ, in e sond under retlun at 93 O
Sax enpermmental solutnm having NOy U mnode ratiens ot
L3, 170 190, 200, 21 and 2.3 were prepared by
dlutme werzhed dquots of the stk soluten wath
werghed portons of standard 200 M mtow acud. The
cxpenmental data were obtaacd using 2 1otal of o
swlutisny. cach contanme difierent combmatoms o
uranum amd NI CORCSRITID.

The &emates of the expenmental solutnns were
determmed v praopometie mensurement. The con-
ductviies were meaured using 3 dip 0 pe of conduec-
usitny cell with a2 Radiometer conductivty meter. tvpe
(DM3. A Bakman Rewarch pH meter wis wed to
measure the pH of the solunions. Thew measurements
of Jemsits. pH. and conductran were made at 25, 30,
and 73°C on each of the expenmental solutions

The expermentd data were wsed 1o Krrse an
expression o compare the uranum and nitrate congeen-
fraten of uranv i mtrate solutions. given the densaty.
vonductvity . and temperature. Since mant of the work
s bemny dene with acid-defivient urany nitrate solu-
tons. the data were limited to the range ot 1 S0 10 2.0
nitrate Yo uranem mole s, These aala were fitled
o cquations for deavity and conductivity, and the
equations were ~olved for the uranium and mitrare
Concentrations.

The manual use of the resulting expressions would be
cumbersome and ime-consuming: therefore. a vhorg
program for use on the PDP-10 was writizn. This
progiam v usable over o temperature range of 25 10
75°C. for solution densities up 1o E4 g om?. and for
solution spectfic conducbviiies up to 160 millisiemens.

The crror between the calvulated and known values
for both uranium and mitraie 1s fess than 277 for most of
the 26 standard solutions. (J. L. Botts)

TRITIUM MONITORING SYSTEM FOR
A REACTOR EXPERIMENT*

Wirk has conunued on the tritisom monitoring swstem
tor the GB-10 capsule irradiation experiment.'® The
GB-10 capaule comtans 4 vented fuel rod and wan
designed to provide direct meaurements of lission
product release rates from an operating fast breeder
reactor fuel rod.' ! The capsule has exceeded 700 days
and 75 MWd kg of irradiation in the ORR

*Conpreralive mvestitation with the Reactor Diiaon

The doegn ot 2 svatem hor ansly sy Tnisem (gunt-
tatvedys i the helomn sweep 2 toum the GB-10 Lapeke
ha heen dewnibed ' © Fhe companents wete Liboraton
1ontad and caliboatad betore intadlatien m the ORR.
ad sttt intallaton. severd cypenmenis were make e
verihy the opcranng characterntnes of the totd syiem
ad the indnadosd components. When tertiuess in bechom
Matheson U HPY w s povcd through the HTO comveries
tmagnosium ganuks at 300 C whah consar BE o
HTO). usiium was retamwd quantiaiscls Wken hiv-
drogen wr. ined 3 g canwer the HTO convester pased
the mum quanitativedy. A, e clectiomcia
reached ~tendv state mrore readis when ivdiopen was
prewnt.

All axpennents uidizmg caphube g were chara-
tenized dy 3 sapid breakvhrough of actvity . Ow i Tiest
bigh-tlom cyperment. the aivin was odoted m the
wnization chamber tor devay menarcenis, wshich
mbcated 3 halt-life of 3.3 mm. A1 the end o the
evpenmeni. 3 decay study of resdual auvity an the
wnation chamber produced a halthic ol 1530 The
ICa T

e S

3.4 mn

S

23 5 .
Na " - My
130hr

explan thew activstios. Residual activity depoited on
the moleculsr sieve was Wentilied as 2¥Na by zama
spevtiometny. The “* Ne and * 2 Na sagniticanthy increaw
the electrometer baseline. but do not prevent el
INTHIM MCHUICIeniy

Several expeniments were completed on capule gas n
various Tlow modes. To date. all releae rates have been
considerably  fower  than the calculated  producnion
raten. Ay predicted. high-ttow experiment- show haghey
triom  refeane. Measurements have been made 1o
determme the HT HTO rano. Bowever. sufticient Jdaia
have net been obtamed 1o comnfirm this ratme. The
mntium monitonmg ssstem bor the GB-IO capsure
completely  operauonal. Expenments can now be

1N D A Costanrze et a0 A Continueus Tntium Moniteo,
for o Readtor Fspersmwent " $ngl Chem Diy Annie Proe Rep
Sept S0 1974 ORNL S0 p 37,

1V 1 A Conhin ¢l o), “(GCFR Brradiatien Fyxpeniments”
GCR Programs Anmu Pring Rep Ihe 31197 ORNI 4911
pp 22 )

1Y LB Yeatts Jr.oand D A Costarser, “Fvaluation of o
Contmuous Frtiam Monstonng Svstem for the GB-10 Capsuke
I apeoment of the GER Proveam.” (o be publinhed
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planncd 1o determme § 1) Intwen rebeane. §2) moleveln
specss of mtmm (HT aad or HTOL aad (5)1he
pathwsy of triimm keasmg the capsele.

In tuture expenments 11 will be pevesan to merure
the mumiure and hydrogen kevehs m the helum swoep
e~ buth upstream and dvwmsticxn. These measure:
ments are mguntant bocawie the irasspart of tritmeem
may e affected by these chomicaks® * and becaawe both
hvdrogen and water can mflecnce the fod and itsnx
reoduct chemestny '* Tnoam mav he 1ctaimed n the
capsule o ey by mechaarsms such 23 adsorptoon_ o
by ritede or Intoasde fomaten: intiem may be kst
from the caprule by diffesmm mto the sweep gas o
thiough the walh '*-'* The extent 10 whah tivese
mechanssms apphy s determmed. at least n past_ by the
chemnad form of the miom and by the vaypen
potential of the svstem. both of whch 21e atlecied by
the hvdrogen and munture present. Expermsents have
heen propsed i whach water vapar and normal
hydrogen and or tritrum will be ipected wmith the sweep
m»; 1]

The 30 of hydiogen 10 water vapor will be
meawred continuously m the sweep g8 by passing a2
sample through 2 Thermun oavgen analyzer. The
munture content will be mesured witk 2 Meevo
clecurolviic mansture analyzer n serwes  zfter  the
Thermox. One pair of these units will be used for the
upsticam and one pair Tor the downsiream gas. The
four units. two of each. which were supplied by GAC
are being tesied in the laboratory and will be calibrated
1o ensure reliable performance before being installed in
the GB-10 imadiation experiment. (M. E. Pruns,
A. ). Weinberger)

SURVEILLANCE OF FISSION PRODUCTS
IN THE PEACH DOTTOM HTGR

We have continued our assistance to the ORNL
HTGR fission product surveillance program.® In this
program the hehavior of fission products in the Peach

*Covperative program with the Chemnal Techaokgy Divi-
won

13 R ). Campana and B D Lpsiain, Recommendstions for
Tritium Messuresnents during Irvedistion of 12-Rod (CFR Fuel
Bundles in the BR.2. He loop. Mol. Brighm. (AR
740926076 1Seprember 1974).

14 B D Fpucin, 1 Review of the Literature Pertinen! to
Fissiom-Produc: Migration and Interactiom in Fuel Rods. GAC
Report GA-AII423 UC-77 (Junc 197$)

15 R. A Strehlow and G. C. Savage, “The Permeation of
Hydroxen Fwotopes through Structural Metals ot Low Pressures
and through Metats mith Oxele Film Bagriers.” Vi 1 Technol.
22.12741974)

Butiom HTGK ta 115-MW reactor vaned and vperated
by the Phaladeiphus Hectrw Company ) is being stwdied.
Frosoon produ ti 29¢ measured m fuel cdements. cunbaat
and punpe g3 hebum. un coolant crcmt surfaces. and m
dust from the remctor oycdume dust separatons. Thn
wrk 5 being dume to cumpore measured vs predcted
behavios of Tisae prodects m an operating HTGR.

On October 31, 1974 the Peach Bottom Reactor nxs
shut down fur devommessioming Al shutdown._ the
secomd core of the reactan had operated 599 equvakent
full-power days (EFPD).

Durmg this repurting pevivd. we cumpleted the
amalvsis of data oblaimed from covlant samplers oper-
ated m the spring of 1973 nd fmished two gamma
scams of the loop | cold duct of the priman coolant
vicutt after the Iast two reactor shutdowns. We also
completed ad repurted on the exammation of fuel
clement E0b-01. whivh was irradiated 10 384 EFPD.' ¢

We comunued e exammation of fuei elemen:
EI'07. wradiated 10 70! EFPD. and have begun
examunation of two fuel clements. E14-01 and FO3-01.
that were irradiated 10 reactor end-ofdite tIEOL). These
It two elements are part of a2 senies of tive EOL
clements whase examinations are planned.

Examination of Peach Botiom primary ciscwit. The
1973 comlant samplers operated from March 13 10 May
2% 1974 The design of the samplers was the same as
thaose described by deNosdwall et al.' ” and operated in
1973, Cesium-134 and -137 were tie major activities
found: minor activities were *°Ss. '2') "2%(Cs and a
few neutron capture products. Resclis obtained Srom
the 1974 samplers have been compared with those of
1973 by Malimauskas et al.'® We concluded that the
131} concentration in the coolant entering the steam
generator remained about the same (0.22 pCi-liter) as in
1973 The steam generator oppeared to conlinue 1o act
as 2 source of “organic” ' as found in 1973 and
discussed previoushy.' 7 The concentrations of ' **Cs
and '27Cs in coolant upstreant of the stean generaroy
were 123 and 7.6 pCi‘liter respectively. The corre-
sponding concentrations in 1973 were 0.23 and 0.59
pCiiter. implyving that their rate of release from the

16. ¥. ¥ Dyer. H ). deNordwall R P Wichner. W. ! Marun.
and L. L. Faircud. Postrradiarion Fxamingtion of Peach
Boriom Fuel Flemenr F0o.07. ORNL-TM-$189 i prepatation

17 H. 3} deNordwall et sl . GCR Programs Ammu_ Prox Rep
Dec 311673 i prepatation

18. A P Malmauskas ¢t ab. “Fison Product Behavn
During Operation o the Second Peach Bottom Core.” 1A A-
SM-200.80, presented at the IAEA-QECD INEA) Internation
Symposium on GasCooled Reactors in Munich. Germany . Ovt
I3 17,1978
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cuse mcrend By 2 e o 10 W SO dermag
peread. The awetape comorntativas of * **C> amd "G
=m e coviamt exivimg Trom the socam prwerator (3.2

ad 21 pCiliser respactinedy) shos das abost 757 o

buth sutupes was depusited | Hhe SICaR  PERCTaioNS.
Dusmg the foed oy m winch the sonplens werwe wed.
Jamuary 4 1w Man 23, 1973, the reacton uperaiad sbont
332 k. The covkant flow case i loup | was sowmeoliy
$.58x 10" seamdard lincrs per bowe. From these data we
cstamate that abuwt 1) G i PG amd 1T Cr ot ' 220G
depusited m thee lowp | s0cam pencraios.

The wop | pramary covlan” duct was gasmmns-yoanned
o fve occsions dutimg e lite of Peach Buttom cuse
2. Two scams m 1974, Moy 28 amd Ovrober 31, wese
made. (Ouly ome lvateon was mesured m Moy 1974)
The results. expressed 5 MATUCIIES PET AT CeNTS-
meter. obtaimed at exght lcatiuns alomg the duct. were
discussed chewhere '® Bectly. it was tound that the
levels of cosmum decresied thwosgh 1973 and then
significantly mcreased m 1974 The wase amonnicd
t0 2 factor of abuut 8 for ' **Cs and 3 fov ' *7Cs.

A prelmimany analysis of the gammascan and coul-
ant-sampler data of 1974 indicated that the amounts of
133¢Cs and '27Cs found on the duct could be chosels
avounted for by the amounts ol these solopes
measured in the coolmt leavimng the sieam peneraios.
(F.F.Oyen

Examimation of Peach Dottom fodd clements. A fuci
clement examination comsists of an appsaisal of the
overal condition of the clemint and its compunents
tdocumenied by  photographs). dimensional mexsure-
ments. estimation of fuel partide lalure fraction.
burmup and chemiczl anaysis of fuel. nd determma-
ton of fissson product mveniorics and distributions m
al major compoments of the clement. Gamma-cmitting
fission prodisct inventuries and axial distributions ate
meawred by gamm,2a-12y scanning.

Resudts from the examination of tuel clement E06-01
indicated that rather small amounts of lission products
were relexsed from the fuel. Sone 186 Ciof ' 7Cs was
measured in the fuel and 48 mCi. 0.027 of the stal. in
the graphite components of the elements. Inventories of
fission products cakulated by Tobias'? were, Tor most
fission products. in good agreement with meaured
values. An estimate based on diffusion models indicated
that insignificant selease of cesium fiom the element
mio the couvlant accurred. Estimates of fuel burnup.

19. Melvn Tobias. Fstimates uf Fission-Prosduct Inventories
in Fuel Element EOB-0] of the Peach Botiom Core - Resulss.
Comparivm. amd Semitivity Stadv. ORNL-TM 4708 «October
1974

fIMA tionm por wnal bens-mctd tomd. wore
cumpuied Civmn twer mdependent Jdata semssces (10 e
meruicd comm ERcahwy . § 00 de cmd-ol-bic mnmcn-
was of /aconamn. wonewm and thawaem. amd ¢ 39 the
westroans hestuny of the choment. Zucosunn_ wionmens.
md thomwm wore awnsred v J L Bedi~. e
spectiuphetometsn mcthod *® The seuttomos cahuls
s wewwr mak b G sang the conputes el
GALGE. FIMA valees bascd om the * ' (s myenions
were geweraliv dbust 20 beghet than thase computed
b GAC The spectruphotimctin FIMA valees were
abo Slighth haghet tham GALU valeey. Newer mctinnb
barscd vm sotopeJdiduton mas spoctromctn . whah will
wu be @sed W menwse wanwm ad thonum. e
expecied to mprowe the determmarnon of FIMA

Corrent work » devoted (0 the cammatem of e
thive clemwents E11-07. EI4-01. and FOSO1. panma
wars have been complcted on the tael. 20d wenk hae
bepun o gamma-scanmeng of the 11107 skeeve. Results
obamed thus far Tos E11-O7 mdate that perkaps
sbout 30 G of " 70 win ickeaed om the tud. The
amorats of P2 70 m the gaphiie compuaents haae ot
been mwaured. Gasmmasean rosults for FISOT tucd
show- that the (hshm products m this chement behaved
about the sacee 3 these m EO0-O1. thay n. hitk b
lrom the fuel. Preliminany resalts G FO3-01 indieate
that the tissiom product s ik the Tued was much
hoghes than e E11-07.

Because of the high Jevels of P aad TG m
the graphite of several of the fuel cemenis. 11 hae
bevome nevessany (o elfect sradial sectioning of graphiie
in 2 bt cell. Radsal sextiomng 1s done 10 meaure the
rahal disviibution of fisin producthy m spe and
skeeve pieces. A lathe has been aquired i the
purpsme. and 1t and other necessary equi ment are
heing installed in the vell. (L. C. Bate, F_F. Dya)

Burnwp 2nd fivion product amlyses of Pesch Bottom
foel. Chemucal analvves of fued puctickes frae Peach
Bottom luel clements include the determinatiog ot 71
L. and Th for burnup cakculation and the meanirment
o the clemental tission produects Te. Ba. x. the
jsotopes P 2T %Sy, 'Hoand t4C.

Zircoptum. uranium  and thosum have been ever-
mined by the GAC method for burnop analyas.*© The
disssdution step of the method havy been mdified ‘o
eliminate the high zirconium blank psixiated with rhe

20 D. A Costamso et Wb, "Faesgy Programn: Garlovk 3
Reactor Programes.” Ansl Chem. Div. Amwme. Prm. Rep Seps
30, 1974, ORNL-S6_pp 35 36

21 F ¥ . Dyer. H. ). deNondwall. R. P. Wichner. W J. Manim,
ad L L. Fawrmid, Postirredigtion Examimstion of Prech
Bottom Fuel Element Eon.01. ORNL-TM-S189.in prepatatun

-~
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wooand Jieenitiods o b particics i pes b

& usny o fegh-pressare tagh-tonipers-

'
o Betho tined Gomtaner This Loniane o dewgned

wrhoand proares ud B SO oy and temperatunes

nies were anaivsed e HL
U8 oand T Fhe partiies wete enadired 3750 U o
2 begm ot montonnden: for 2 hr The "Hwas (oilcited

leess Aoaated e

a3 e scetone cold trap This codd trap was
Telomcd B twe wriabher towerns Lontatnine hvanune
bvdrencde to retan the 20 At Gompicte oadation:
o the oarticies The codus rematning n the platinan
Pt was rested with comentzated HNO, o7 reilany
tempetatires e disedve the "% whih was then
Jetcrmimed by santifiation hets counting

Samales hane siwr Been dnaolied in the Tetlon-ined
steed comtaimer and the resutung sodutions snalvsed by
potope-difution spark-source mass spec trometn tor Ba
and Te

AR attempt » she bemy made B derrmine the <l
concentzations m thew fueicloment sampies  Micmpts
to remane P01 rom siandand amiple Py opuoehye
drofvan rovulted mooniy gbout 35 cuinen A wndim
carbofiate Luston techaque T convert the pasticios to g
sduMe form without hins ot the " 71 1 bang oviiu-
ated (J L Botis W F Rogers:

GAMMA SPECTROSCOPY DEVELOPMENTS
FOR HTGR PROJECTS

The automat sample chaneer.  Jewrbed  prove
ol 77 now undesgong tinal Checkaout The change:
s nterfaced to a Nuckear Data madel 2310 compuier-
bacd pulse-height anabyvzet Sottware 0 operate the
changer was recenth finshed. Sanples are counted at
one of four stations focated wiween § and 130 cm
from 2 Galny Jdetector The operator speatnes the
number of samples i the changer. the me availabie tor
the run. the cnergy »f o Zamima ray of POmar intere.
the mastmum counting statisiica, ¢rres asuntated with
analvsis of that gamma ray s photopeax. and a devired
count rafe ior the entire spectium.

The computer uses this ntormation to opumally
count cach sample and to obtain nimmum counting
statistiical errors i the total ume dotied tor the
measurement. Because of the high versaliy of the
svstem, wis of samples (70 or Jess) whase members

11

have wide cangos T ATt

e i mrethe T

evne.ted To e comnnlved emern

The Tenncoam; TIPS ceimatzspecd s
Lorght analyzer satem provnousiv denithd® = f g Reot
dwrd ontemene’y tor gamema cneltr oot o HIGK

muteriais dunng s o0 ke L

siaiem wgs reeented smnaant Additons o Bgrdasre
and sottwors e Been made Hsdwere toman e
mitriener T PUTIND SETILTAnCes . sl anITL T ot LT
eothree pemme speltta and 5 MY TDaterca
msgnetic-tane amt The Dutaracer s Dreonnor: mag
et tane wartrrdges and well recerd and sotniose e
latee amounts of dats st spocds considerabiy Bighee
than mant other Caaparably priced magnetic-tarye
wetems The purpe « of this tape unit o to oot e
WPANHOD ¢! COMDULCT DIETAMY. e s TTa and
resuins Jderned rom ZZomuspedits Drcosany oot
dittorent magneth et Conweguentiv awed and
rebabiny o the Comnputer sic moteawd

Beoause the sotiware supplicd with the TP-Sorne
iscked soversl desizable festures. we have wntier
soltware toomect owr neces The programs nvlude
ANGEL. ISOHIT. EDIT. and EDITDATA ANGEL
aoiiios afid DIy gammimas vl lra and gencratss
tley comtaineng suck deea o gamyrna cnenges thetencak
count fatos. ~anipic PRoeton cmission rates, and ot
SWTMTIES MR TeNLIIes Dor uRt weghty tee denttivd
radonuchdes To swoguire ard provess o gamina sne.-
trum. ANGEL requirs arnur for ail Beokheeming
Information periinent fo the conditions of the analvas.
tor oumple. sample downption, seterence tme and
Jate. Jetector adentifivalion, counting geentetn . ot
The resultmy tile containmg the bbheeping intorma-
nom, spectium. and Jerved results aie recorded on
magneiic tapv. Any  Joesable pars ot thie tife war by
inted on thie Teienpe

The programs ISOFIT. EDIT. and EDITDAEA i
used v suppeit progiams for ANGEL. 1o prepare Siles
ot vounting efficicndies and ndienudlde devann data
nd 1o abalate the analvtival resulis generated
ANGEL. (F.F Dyent

D A Costanse et Ul Eaergy Pograms Liasooked
Reactor Programs . $ngl (hem Div §nne P Rop Sepe
S iV, ORNL-Swe pp N W0
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5. Mass and Emission Spectrometry

J N Cartcr Woad
R | Saker \sustant

T Ram i Frmven Specteenctn Group. Aamez dadaped 5 bach degree of
capeitent in Whwgpnn iwdoph aeab wn. om fimd 1l morcasagh medvad m programs
where sen senvtne. cludic anadhvinal menuremants are el Thn experine.
«oupied with 3 210 amg susrcmes anong mevingaton st mues snals i al problens cn
st e wlved By moss sl it Wl has rauliad mopeogam cypanweon and
Squnition of new cquipment The wa m ropodne muns anah 7or 1IMMA)D. Lo cyample.
mahos ponvble unue chemental Jopth prollme snd surface sudees pravpadh 1or
roncstiens i the Thermumuckesr and Metss amd Ceramcs Dnnsns §o heep pae with
the Fabnwatony s antcrest m ofgank Sudies sk o thone - the Coal Tedhtbnn
Progtam. 4 hrghaowdutnn high-senvtivite. MS-S0 atganty mass spoctnerater ks been
abicd The MS-30 will b o of thies mass spectrometers mtviiacd with 2 D850 dats
prxessng wstem and with o (uaEtitstne o mdet watem The mass spectreametcr amd
dats wtem i capable of ccalume pricewing o Ergheresdution. bow-rowduteon ol
CAMS data

The tasatgae. 1240 aditn wdnh mstrument cqupped with pathe countng for wm
detecten has nowcswed the capailinn o snergani v tope analv s The mpracd
WAt Tl Aanesgtam-uze amples and high-sbundane wauivns ste expecialiy uwe. !
m s ctinnle snalvses for humnup. reactor fuch. and sateguands spphnoatrins Sputk-waince
mps Hpetremctn 1SSMS). Cupled with stablcasotope Jlduten (e hanjucs  promides
haehts s urate ciementd desermmsthn. This method has heen appied to mvestizaizas
ot apch divertsw mgtcnal. 3 gavdime, wfsents coasl anad cooad promdin s tued sl gaviline
sl tuel o shhinves and sopetaten mples Rescarch 5 umder way 10 mwrcawe the
teprinducebinn gad schabeliny of SSMS by uane a wintdiatoraninon dete tis sustem for
w0 Jetegtion By replaong the photeplate sislem s use. e should be ghic 10
ohiam e me sesults 3y weii » trogbic oot sl tune the cquipment mesre cauly

During the pust veaz sorveral ratope Jidutn prinedutes were devebped tor the
thermal emian and spark-umitee iisraments 1o provide smote tetiable amd cffioent
vperations Development wouk comtinucs under bsth the NSFHIRANN) Foodony aml
Andvus ot Tracfl ontammants snd the EPA Waork toe Others program

Appliatens i notopn ansdv s o plitonses and urnmum hae ontwacd dong
wveral bines The tran head techmgue for wmalisncous detcrmunatern of these twe
clernents wan applicd 16 Biidigioad and covironmentd ampies. the axthad o being
edended 10 the defermmaten of siceomiom for bumup. The Intermatemal Atomn
Encrgy Agenoy has teached a0 axfeement with (RN whereby we will supply them with
(4 twesstage ipstiument e Minor Justopes Safeguands Technanpues snahwes The manss
(wpey trosnzt-e will be anstalicd i the 1AL A Satopuards §aboraton m Sesbwivdent. Auina
(o Eagane mMass pec oM wppett wan gen o cwesdigator. m the Budogy.

Chemuat Technedony . and Metads and Cotamuics Diviiens. Assivtame continues n pross!
col stacture of syathetn nitenamimes snd denvstives of naturally tscusrmg smnes.

a2
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Fmphann in e week teor the Chemsad Fahnabmy Deren b shitted somrwinat trom
the Beah | lasdhs Angivas Progran: G the Cor Tedhmdogy Presizm. icchasgecs tor both
Juaitatne and qumsnistee o o of indresczem mentura were devebped. Assotame
A omtmaes 0 ladustnal Hho acae pery-mnct 2t ol plant srcn m ther studies of porsble

a1 pedlulen ol cyproanre ot

workern 1o hazadows chemcals

Ine-rgane mao:

ety s snav e sere performed o IS ORNM dneans and progec s oser
RPN anady G roadts more ropericed dunme this pornad Mapr wers are the Chemsaal

Techaobowey sl Met gy and ( cramics Disbans

VASS SFECTROMETRY DEVELOPMENT
lon micrapraber maw amalsrer. The m musoprabe

mae angy ser bas completed s st vear of operaten
Durm: this pervad. Gnvderable cyperenee has heen
zancd m the wswe of the nce snay o techmgoe
Probierns bave bevn o imvestizated with the INMAL and
vioditn stieis hate heen md - omprace the fleuhihin
o7 the st atem

Ihe MM b 4 sartace techanpie and
theteton sensitne te adverthad :mpusities on the sarifae
bone snaivzed To reditee sdsorplion of ambaent
spees it the mstrument we have added an MHter o
rn pump to kelp e eutral beane gas betore of
reaches G ample chambnr Prossgte mo the ample
2 1 4 homer dunng on
this he resulted w some
wmprmement e mass resdutin Too tachizate rapnd
mass v nrne when amadl pazaches arc being malvzed. 2
mulupher recordime ascdbimersph was added. The 2-kHY
tesprare me ot this seconder afflows rapid qualitanve
mas datg to ke recorded  Fhe flensliny oot the XY
reconder was smproacd by addmye o leanthmae amph-
it that dlowms spmabs. vanme et tour orders of

Jhambes ;v mowm = tacion ool

mahan than prevesnhy

magnitde. fo beoreconked on tive-ovode o paper
withonst mantual ranec whcdtem

A Teletvpe prmtes paper punch was akded to sato-
muticalh read Jats trom the three mstmment walers
when gquantitaine dsta are bemng taken The data are
nped out aml amulianeonsds punched onto paper ape
whih can then b used o mput o our compirter Tor
guanantative cdoulations We have added a viewing pors
tr the hmer end of the «ample chamber When thin
transparent or tranducent specamens are being ana-
Iv7ed. they can now be viewed in fransmitied as well a<
icflecicd hight Tranvmited hghy makey viewing of
emheided murncopn parixles possble. Previously
these particles were nvisible or exteemehs difficult 10
wee wath rofley ted gt

We have completed 1h: investigation of the silwon-
telated embnttlement of an Rh-PI-W olin.' The wn
piobe war uwd 0 show conclusvely  that exlerna)
oy slscon had diffused mio the dlon dong yrain

boandarres The hich concentratnm of sdwan on the
wan boundaties reelicd mothee tatlure of the Jdlen . A
mauw rpt dosonbeng his study han been accepled 10
pubii atoon -

Small swotins of the fint widl from the Prmueton
Tehamak were mvolreated to avwertan where the
piasme beam lameters were bemng sputtcred. The IMMA
siodies sndicaie that the imiters (made -f fungsten or
molybdenur:) were beang spattered onto the first wall
o the reactess Depth povihing indicated alternate tayers
a1 Tungsten st molvbdenum. probably imbicative of
the chroneion of wihich tipe of hmier as used. No
farge patticdes €1 10 {0 Lme of cther ungsfen or
it wall. the
* thow imatenals probabhy accounts

molibdenum were obwened on the
et fory palare
tor this §arge tup o 19D gm) unevpected pariwies of
stamnkess sigel wete - bwrved o be sputtered into the
favcrs of nzgnien ane mois bdenum. This is believed 1o
have aniwn trom an aonkent whereby 2 measunng
prow uwd 6 the Teaanidk was iserted wmto the
ple-ma and thereby sputicred onto the first wall.

A continumyg area of mterest has been the stady of
radichalon 10 2 vanets of minerals. These are miron-
size mncheans ot radivactive matenal embedded 0 o
terd mmeral. Thewe halos ase of geologic and nuclear
interest hecauwe they gve some conthicting information
abut geobngear nme soakes and. I some instances.
sugpest the presence at one ume »f hitherto unknown
radivnuchides. The in imaging capabiitin of the IMMA
hay keen used e study  the dwinbution of various
cimnn 0 and adiacent 10 these halos. As a rule.
slemnis of the fitdt group of the perdic chart feg..
K. Kb, Cs) arc depleted m halos of all sizes. and
clements of the second group 1M Ca)d are ennched. as
are some third-group clements (such as vitnum). Cente
and vrinum rare carths as well as lcad nd urantum are

P8 & Carter ot 8. "Maw Spectrometny Developrient.”
trnal Cheen. D Anme Proc Rep Sepr 90, J0°3 ORNL -
Soe p 42
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abo Tound ;v the central mciusion. Uranim; lead ratins
have heen quamtitasevely  csimated for  the central
inclusion. In sure casos. BOlopK mcasarements were
mad on these tae clements. The extensive results of
out mrestiations ¥ raliohalos n codified woud are
separicd i two publications. -

The o0 microprobe 1s 3 powerful wol for metal-
urgical studics. We have fonked at 2 vanety of materials
tor the Metals and Ceramns Division. In one set of
amples. the question w2 whether baron had Jiftused
st the bulk of a Cr-Fe-Ni allow from the surmounding
NaBF elt. lavestgatom of rectampular reions in a
raster moke showed no cracks o grain boundanes along
whrh prcicrential diffus.  avuld be expected Con-
centrateon peofiles taken across che alhn surface re-
vealed no discermuble mterstitial pemetration of boron
wie the dlny matnx. athough a considerable conven-
tratun was foumd on the surtace.

In 3 second et of two samples. surface distribution or
buon. particularly the presence o absence of hacalived
boron concentrations. was of interest. In eah e,
subvtanuzl boon was found 10 be distributed evenly
wer 3 rectangular area Y00 X 180 pm. Most of this
1apully sputtered awas . In one case {Hnconel 00V). small
pattckns §d = 20 gm) rch im boron persisied through-
vut the Juration of the analysis ¢~ hy). indicating
spnficant boron hadvation. In the other by
Hasicdhn N no licalvatnm was observed greates than
the resolutron of the IMMA . ~3 um).

We have leniked at some depth profides of by drogen in
stamiess steel samples. Hhdropen was cathodically
depoguted m the samples for varving perids of nme.
The samples weee then cleancd and immediatcly stosed
n hqued mitrogen 1o immobilize the hydrogen. which
temds 1o diffuse out of the samples with time. After
tiansprrting samples 10 the IMMA ste. they were
immediateh loaded mto the mstrument. Preliminary
dudics were made i posnt made 10 asceriam 1if IMMA
technpgues would Wave suilablc hydrogen sensitivity .
thdiop'n was indeed obsenced. and 2 maximum n the
profile was ubserved at approximately | pm in depth. A
conired ample extsbired no maximum. but gave an
approximately exponennial decreae m hydrogen wgnal
a2 fusction of depth. Reexammation of these amples

PRV twentiy, WOH Chante. DO Smeth. R 1 Wolker.
and S 0y Oty "Radivhabn in Codited Wond  NSew i
Lamits Baperad o Coglifscstion Time amd Coobogical Age.” Fors
$H. 37010785

RN Gentn . DM Smh W B Chintwe. und $ 8 Urpiy
“Radiohates v Cogditied Wend New Dats on U Drequibb-
soum, " sabatted S Secones

24 b later imdicated that the hydrogen bad diftused out
of the mplated sample. which now exhibited a depth
profile similzr o that of the ~oatrol. More experiments
swolving deuterium implantation xe plansed 10 eval-
uate the semsitivity of the techaigee for hydrogen in
metals.

The IMMA does have its limitations. We were asked 10
wwestigate the distribution of tcllunum in Hastellon N,
2 problem of serious concern in the Molien-Salt Reactor
Progiam. Telluriom s difcult 10 onixe using the
conventivnal IMMA echriques and consequently has a
relatively bow seasitivity v this metr . We were
unable 1o help with the Hastelkw N tellunum embritile-
ment problem. Some literature vk indicates that the
sensitivity of the IMMA for telluriom cas be enbhanced
significantly by Juing the primany bombardment with
Cs® wons: this will lower the work fusction of the
surface beimg bombarded. Thus # should be pussible 10
take advantage of the relatively large electron aftinity
of ieflursum and produce betier vields of negative ons.
We plan to build a cesimm source for the IMMA o
verify these results. It Jhis approach works. it should
spnificantly ‘mprowe our sensitivity (s clements with
high I>ctron allinitics. (W. H. Owistie, D. H. Smith,
H.S. McKown)

High-seselution MS-50 erganic mass spectrowwetey. An
Assoxiated Electncal Indusines MS-50 high-resoiuton
and high-sensitivity mass speztrometer was sntalied and
its performance evaluated. The mstrument is kicated in
Budding Y735, This mass spectsometer is commitied
part lime 10 2 special research and development testing
pagram for the Y-§2 Plant. 20d for the remaining time
the capabilities of this unigue mstrument will be used
 study organic-related problems within the Nuclear
Division. Sudies assxiated with coal conversim tech-
nulogies. plant production provesses. and air quality are
prime candidates for research with the MS-50.

The mstrument. equipped with 3 solids probe.
liquids probe. 3 gas chromatogsaph  separator iaterface.
and reference compuound miet. has met or exceeded the
basic performance specifications. The basic perform-
ance tests for the MS-50 2 summarized in Table §.1.
The mass meawurmg accurxy was excesded by an onler
of magnitude. and the sensitivity test for 2 fined gas and
tor cholestesol was exceeded by 307%.

The measurement of accusalc masses was done on 2
sample of hexachhwobutadiene. using heptacosalleoro-
iributylamine as 2 reference compound. The accuray
of mass measurement is in the range of 0.1 millimass
unit, s that an unequivecal determination of the
empitical formula of 3 compound is feasible. The
measuremen! of cxact masses in Table 5.2 is repre-



Tabie S.1. S-S0 pesSormance

Tent Specification Obtined

Stati resmiution 150.000 165.000

19% vailey)
Scananiag resalutive 40.000 45000

(107 valicy)
Cholestevol sensivvity 35 107°%C/p 42 x107%Cp
Nitrogen sensitivity Ix 2 Aver 13% 107 Alwer
Mos mexmsrement Spom 0.5 ppm

NTWICY
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Tahie 5.2. Accusrate s SEemurem.nt

in hexachismbutodvne

fon Mesured moss Actual s Amme
o, 222.3442784 222848268 002
a2 ’a 224.34130 224341316  0O0IS
o ’a, b3, %3 7T 2283836 008
c2*a’’a, 228835334 b3 T3 ITITRNN Y
<020 259810849 39310169 038
%0 oy, 21905474 261507219 028

sentative of the type of mass identification possible
from the MS-50.

Additiomally, the MS-50 will be one of three mass
spectrometers intedaved with a DS-50 data system and
with 2 quamtitative gas inler sysiem. The DS-50 data
system is being factory tested and is scheduled for
defivery this year. The data svstem will acquire. proess.
and output mass spectra. It is aso capable of real-time
processing  of  high-resolution.  low-resolution.  and
GCMS data.

The mass spectrometer and associated data system
provides a urique capability fos high-resolution GCMS
studics. The ability 10 collect GCMS data at a resolving
power greater than 10.000 is 3 significant addition to
ot ongamic mass  spectrometry  capabilities. {J. C.
Franklin, W. 7. Rainey, D. C. Conede, J. R. Wahton)

Netionsl waniom resowces ovshmtion pregram
activities. Members of the Group have participaied in
the carly plannimg and development program for the
selection of the analytical methodology 10 be used in
the National Uranium Resources Evaluation Program.
This hydrogeochemical survey requires  analytical
methods for urar’um and trace elements at the low (0
sub-ppm level.

Methods have been established for uranium by
thermal emission mass spectromelry. using Botope
dilution. and for trace elements by spark-source mass
spectrometry. The development work for spark-source

mass spectrometry Was dome in cooperation with the
special samples s specirumetry laboratory i the
Y-12 Prodwt Centification Division. The ORNL
thermal ewission method using two-stage. 12-im.-radius
rstroments eyuipped with pulse counting for iun
detection has provided sensitivity for uranium in the
10" *.g/mi lewsl without preconcentration and valushle
sotope data fur assessment of possible cuntamination
from labosatory air ané sample preparation. Spark-
sousce mass spectrometry has been used for survey of
the trace dlements i watet at the 107'%-10 107" ' g'ml
level.

One of the first exploratory experiments fur the
program imvulved the amalysis of some Clmch River
water samples by different laburaturies. These samples
were analyzed in this hboratory for uranium and trace
clements for evaluation aad comparson with other
methods. Alw. sume water samples from New Mexico
were analyzed for uranium and thorium by the thermal
emission method. using spikes of 723U and 2°°Th.

Recently. synthetic water samples { four controls with
tive replicates cach) spilied with knvwn amounts of
uranium and trace or pathfmder clements were pre-
pared in our clean laboratory. usimg siringent precau-
tions to excluje laboratiory contamination. These were
distributed to several UCND laboratories 1o evaluate
and compare the acuray and precision of uranium
analysis by fluwescence. thermal emission mass spec-
trometry. delayed neutron counting. and spark-source
mass spectronietsry. Trace-element analyses were to be
dme m these comtrols m the bboratories having
multielement capability. Results obiained for uranivm
in our laboratory. using the shest chemical preparation
method and thermal emisskm mass spectrometry.
checked within 1 10 27 of the theuretical amounts.

Additionally. we hav provided analytical assistance
tv the program in the area of possible labotaton site
selection. In this effort we analyzed air and smear
samples fron  several laboratosies for  background
uranium leve's by thermal emission mass spectrometry
and fission track counting. using the Lexan methed.
{R. L. Wolkker. H. C. Smith, E. G. Milter)

A wovel ion detection system for SEMS. Other
workers® have described iom detection systems involv-
g the use of scintillalors to convert the energy of
mass-analyzed ions into light which is detecied by a
vidicon tube camera. These in systems have bren
adapted 10 Mattauch-Herzoz geometry focal-plane mass

5. 0. H Beynm. D. O. Jones. and R. G. Couvks, “Imaning
Drtectet for Maw Spectrometty.” Anel. Chem. 47, (734
t197%).




spectiometers smiar o e ARl MS-7 npe spark-
KWICE mass spey trometers used i our boratony.

We e testimg 2 sintillatoevidicom  detector of
smpler aml less expensive design which. bupefully. will
have preat applatnm m our wwrk with Botop:
angyvsis amd sotope dibtiem metienls. The basic comn-
saleritnms i this devign are that it reyuire mo elaborate
and costhy madificainms (o the AED imstrement. that o
ol micricre with the muore commonly used photuplate
detection methend. aml that it be anaiytically wscful in
wcrms of sensitivity . procisom. resolution. 20 Jceray.
The potential alsantapes of sinh 2 system are an
macand reprnducibitity amd retiability over the phote-
phk at 2 hwer cosl in the hmyg run. 1t would aso
parwide real-lime rcsolts amd (acilitate instrumental
troubleshouting and tuning pricedures.

Preiiminary work has shown that for mes snpinging
on 3 ZnS phospluw. there oxsts 2 dranalic mass
Jiscrimnatan against ins sbove me = 20 aml 2
theeshold in semsitivily  which prevents detectam of
species hmier than 2 few percent m concentration. A
sysiem which avoils such mass Jdiscrammation iwolves
impmping (he wms on an dumimam plate. prxdocing
secomlary clectrvns accclerated by 2 high vultage vwvio 2
phesphor plate. The mass spectrad resalution of such 2
syskem has heen measured a1 500 (compared with the
basic resolutionr: of the mstrument of 1500). The
seasitivity of the seccondary aectron sysiem is 2 factar
of 10 greater than for direct wm-phosphor bombard-
menl.

Future wawk will invulve the procusement and lesting
of 2 vidicon TV camera system and datawollecton
instrumeniation. Al of micrest will be the testing of
varmus phosphors with 2 wide range of persistence.
{D. L. Donchue, J. A. Carter)

Work contmuces on the development of the smplified
method® for simultancvusly assaying plulonum and
uranium in spent reactor fuels. Important applicatons
are in safeguards analyses and burnup studics. The
sensitivily and accurxy of isodope diduten make W
possible 1o ship smail samples without heavy shiclding
to pasticipating safeguards laborttories: this reduces
radiation hazards snd high shipping costs. Dunng the
pat vear. we have incd the method on round-rmbin
samples from JAEA. and also determined thal loaded
bheads wiil run and give reliahle resulis iver a span of a1

6 R U Vaiker. R.F Ibyv. € A Pritchasd. and J A Carter,
“Simultancous Plutonum snd Usanium Jurdopie Anadyss from
4 Sk Rewn Bead A Simphfnd Chemicad Technigwe for
Avd 16y Spent Reactor Facls,” el Terr 7. 56301978

kast six munths. Vakency adpstaent of plutonam =
it mecessary im lucks, simce they are dinsalved amd
diluted m an oxidizing condition.

Applicatams of the methal 1o envinmmental aml
bidogical rescarch have beem imvestigated. A compari-
wn of isnope Jilutinn mass spectrometry. using 22 *Pu
a traver. amd alpha spectrumetry (Table 5.3) imlcates
that mass spectrometry is probably 100 times omwe
sensitive for *>*Pu.

We cstmiate that the wnsitivity of the methad &5
107'% g of **"Pu A dissdvantage of mass spectn-
metric anadyvsis of low-devel plutonsm samples is that
2Py weasitvity is wnpaired bevause of imterference
trom 2" U in the sampic and filament.

Aunin and other resin bead systems are being studicd
as 2 meams of enhancing Soe signals frem Ziscuniem. one
of the clemenis which may be used 10 mwmitor bumup
in gasvouled reactors. Promising resolts were obtamed
wing  henmlinfheroacctone pasticles prepared by
dropping mclied TTA m water amd amitacting them
with 2 6 N HNO; soluthm contaming | 9% gg of
nommal Ziconiwm plus 053 pg of "*Zr. Reasmable
signaly were still oblamed when the Zilciwum was
reduced 10 0.2 e Work contmucs on this propct.
(R. L. Walker, E. G. Milier, H. C. Smith)

Usaniom in vegetation near Duilding 3M9. We have
been momioring the 10ial uraninam and the amount of
330 vepctation ncar the 3019 pracess buikding a1
ORNL. since 1972, Large amemnts of 2**U are prox-
cssed m this building. and because ORNL is the
designated ERDA repository fie > 22U i was feli that
pnsible  environmental comtamiaaten  should be
ascssed. Three points in different directnms armund the
huilding arc sampled every thrae mimths. The uanim
is separated and motopically analyred after drying and
ashing the samples. A spike of **'U n abded 0 one
fraction for isotope dilution measutement of the tolal
uranium. W 2 sccond fraction is analyzed for sotope:
distributiom of 233, 234 235 236, and 238, Results
uhtanad 1o datc dev not mdicate sermws knses of 2 U

Tabie 5.3. Lowdevel plotoniom snalyss -

mas vs dghe specimmeivy
v/ men
Sampke N Fovial Pu sy’ S e e
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10 the environment. The *'* U comtent over this petiod
averages approximately 2 w0 3 x 107 ppb m a
dry-weight basis. or about S X 10  dismim ™ g7 The
ttal waniem over this same perind averages about SO
prb um the same basis. This surveiliance will cuntinue at
least umtil the production rems are complete. (R. L.
Walkes. E- G. Miller, H. C. Smith)

betope dilution methed for nesdymiam in Bi. LK1
and Li;Bef,. Experiments wsing normal neudyminm
traces. aned at fissiom product removal from molien
salis. arc camied owt m the Chemical Techaolopy
Divisiva._ In support of this effust. we develup -J sotupe
dilstion methods for malyzing the amount of mev-
dymism in bismuth metad or LiCl withust chemical
scparation and in fesed salits aliter a chemical extraction
o TTA. Mass spectrometric tecknigmes were siab-
lshed wsimg synthetic solwtions. Fos  meodymem in
bismuth or LiICL 2 gram of sample is dissolved and
spiked with emsached *2Nd: after equilibration with
spike. an aiguat () p) s haded omto 2 deniom
filament for measuring the 142143 ratio. The change
from the mrmal ratio (0 that mexsaved perwits a
caculation of the amount of neodyminm from 2 single
determimation.  Excellemt scodymmm e ewissions
were obtamed alter 2 short perid of “bummg off”
excess bismwth or LiCl. Usimg uptimem  spiles of
14INg. 0.1-ppm levels are casiiy measwred with +107
precision. ppm levels arc meaxsured with 1 10 2%
precision. (R. L Walker, J. A Corwre. E. G. Miller, H.C.
Somith)

Computes-epesated demitometes. The computes i
gvams used m prixessing daa read from photographic
plates produced by spark-sovrce mass speviromelers
have been improved. Photaplate miommation s read
through the demsitometer under contsol of 2 PDP.SE
compurer” and punched on paper tape for iransfer 10
the IBM ) 130 computer. The disk siorage m the 1130
computer contaims 2 file of clements. relative sbun-
dances of sotopes. and the sensitivity factors of the
spork-soufe. mass spectrometers. A subroutime was
writien 1o adlow the 1130 1o read real data  well as
micger and liseral mformation from the paper ape. The
1130 program wa. adso changed 1o acceps data from six
o Jess expusires of one sample and 10 give an averape
resuit for cach element analyzed. Individual results arc
flagged when the originating data fall outside the 5 10
95% transmission band. The clements being measured
may be read by the densitometer m random order. but

T 3 A Canev e1 2. "Maw Spectrometry Development.”
Anel (em. Div. Awwn. Prg. Rep Sept ID. 1974 ORNI -
5008, p. 46.

the vutput sheet st the calculated results by de-
creasimg Z vabwe. (H. S. McKown, W. H. Christie, J. C.
Frankiin, 0. H. Smith)

Pelecomting tandemn mass specrometers. In an
attempt 10 improve the accwrxy of ume of the tandem
mass spectrometers. several modifications were made o
the pulse amplifying and counting systems. First. the
fous vacuam-tube amplifiers were replaced by two
uamsistorized A.RL model 104450 pulse amplifiers.
The ORNL-constructed discrimi~ ator was replaced by
an ORTEC mndet 436. In the multichannel analy rer.
the high-speed scaler buasd was modified by uang
Schottky TTL imteprated circuits. The msirument now
has 2 dead time of I8 nsec as oppused 1o 90 with the
old system. More refable operation is expected by the
chimmation of the vasumdube circutn. (K. S
McKown, R. L. Welker)

Lowirvel lithinn messusements by isstope dilution.
A method for the aalvsss of low-level (ppb) quantstics
of lithium in graphste has been developed. The lithium
cmient of e paphite used m gas-covled reacton
should be a5 low as pussible. since the resulting intius:
amd heliom from me *Lifnall reactnm would cause
serioms peublemns from the buildup of gas and tritem
activity. This study was begun (0 evaluate the contn-
bution of hithem a3 20 Impurity (0 the possible buildup
of tritiam activiey for HTGR-type graphites. Previous
Mempts 10 cvaluwaic the mpact of lithiom. cemplosimg
measuremnents by both atanic absorption and emission
technigpacs. wese swamclusive.

The method of analysis mvolves ashing of the graphite
» a low-temperatowe asher followed by sotope dilution
mass spectrometry. usimg 2 spike of *Li enniched 10
P97 Fe grams of graphite reguises about 12 hr 1o
ssh. wpending o the physical dharacter of the
gaphne. Aficr ashing. the ressdue & dissolved m the
spike solution. tramsferred to 2 small ceotrifuge cone.
and craporated 10 drvmess. The fimal sesidi s diszolved
ad is loaded on prebaked. precertified .thrm-free
flaments am! analvzed i a o-in.-~adius. 60° silids mass
wpeciometes equipped with an clectron muluplier for
mn detection for imcreased sensitivity. Ten nanogrann
of lithium gives sufficient signals for analysis.

Graphite standatds have heen amahv7ad b Botope
dilution mass specrrometty and crosschocied by flame
emision. using the standard additiom methd. Satis-
factory agreement (2107) with the stated values was
oblained . cerlified values fiw the standards are not
expecied 10 be betier than £57.

Using highly enriched *Li (99.99%) as 3 spike. the
Wit of detectability has been found 1o be m the
sub-ppb level fir S-g samples. However. even with this




st . we have chsen 3 reports e limit of <3 ppb.
hecause the chamoes fiw sanable leweis of contaminaton
sl pewssible bosses m the how-temperature sber exst.
Thewe patameters wewe chaked with ppm-devel staml-
ads. but camaot be stwlicd fully m the hw ppb
concentraten. bevause standards m this e ue

After analvzimg sux samples of HTGR graphite for
General Atomi in which the sanple resalts were <3
prb Li the anpact of lithwm s 3 comtributor to the
possible (ntium actwin s sow considered negligible
. R. Walton, C. A. Pricherd)

Teace cewents in cosl and cosl praduces by SSMS.
The cval amd vl pronduct amd waste stream samples
tom e COED pnness were sarveyed for trawe
cremenls by spork-source mass specirometny. uting an
Alded mitcrnal standard. The data were cullectad on
Mond QN photographae plaics: the sarus clements
were determimned by comparison of the demsity of the
hoes of orbrm. the internal stamdard clement. The
densitn of the lins wan measwied with 2 micro-
photometer eyuipped with 2 dta ssstem for Jata
willectin ol emulsion calibration. Because of the
complexity of the samples. die broad range of conoen-
trations 29d clements invilved. the unknown bohavior
of the clements m ihis matrry. amd the use of vnly o
micraal stwdard. the data obtam] were seminuanti-

The samples were guite varied m nature: the sisite
mboded powdered cval. uils. aguevus waste. a2l
semislid 1o, The pewders wern: spiked with an
miernal standard In e organke sevveal. divd. and
pned. the solutuns and oils were lirst spiked and
analysed directly . these sldutnms weve then dried and
ignited tor resehue analy s

Covcentrations o5 detectnom Inmits were estamated Jor
37 clements w the vanous matenials. Detection limits
weve @ the 0! wi ppm range. amd comenirations oy
the chemenits detected ranged from | ppm up o everad
pereent.

The data vbiamed minate that spark-source mass
spectiometny can be used m the analvses of coal and
wdl products. Tire natuce of e samples requires
fusthes study of the methends of preparation To obiain
precne and acunte data for coal product samples.
methods must be develnped which remewe the organs
amponents and cnsure  equilibraimin beiween the
sample and added miernal andards or rvstope spekes.

%G M Sooer. W Lpncks. o B | Ramwy. Jr "Maw
Spectirometss of g Toluenesalfonasmides Uwtol Amme Rienn-
Tatiens Demaines,” (vg Wass Specirom 10,478 K1 (976

(L C Frankkin, O. L. Dosvobwe. L. Landu R.C
Bryant)

ORGANIK NASE SPECTROMETRY

Mapw suppurt hos been preen ko mwestigatons i the
Badugy. Chemical Todwmobney. amd  Melah  and
Covamics Dwisams.  Assisiagmce cvmtinecs @ proot of
structusre of synthetic pitsosamines amd Jerivatives of
natutally oocumrimg amines being studicd by L gensky
aml Smper® Assistamce (o the Chomical Techaohey
Dvision has shulicd in emphases fom the Sody Flunks
Anahsis Progom to the Coadl Todnmokyy Program.
leading 10 the Jdevelopment of wechnigucs for itk
quaiiative amd quamtitative malysis of hydrawarbon
mixtwres. Couperatnn has contimucd with Ymdusinal
Hygene persomnel 21 ) plamt aes im0 stadics of
possible @t wlluthmn amd exposure of woarkers o
hazasdens chemicals i compliamoe with OSHA eeula-
hons.

Intcadivisional development activitees have comtmuad.
espevially m the Tobacce Sawke Research Program amd
the GasCovled Reactor Programs. The Perkin-Elmes
model 3920 gz hromatograph is being miesiaced (o
the simgde-stape spectiomeicr o give improvad GO
capability . buoth capillary amd packed column: this will
be partavlarly vauwable w qualitative amalysis of smoke
g phase and comdensate componceats. A silicone
wembrane scparater is being mstalled Tor mteriacing
the capillany column. nd 3 dass w1 swpasatw s the
packed columm. Nevessany valving aed splitiers will
permil either column 1o be used with flame kmization
detector and'or the mass specinmeles. We have se-
placed oae of dhe nm pumps on the aaly 7e7 section of
the specirnmeter with a2 2-m. diffusem pump o0
inrease the Jiffcrential  pumping of heliom. This
mpnrvement alows ws to operate 3 GOMS for long
perinds without excessively high analy 7er presure ot
»wn pump heating.

We arc anding m the wse of the time-of-flight mass
spectrometer (TOFMS) m the Gl ovked Rextor
Programs for anafysis of efffucat products from the
Pastide Coating Facllity of the »%1als and Ceramwcs
Dwision. The TOFNIS has been nstai~d o the Facility
and s operating vutinely m carbonizatinon amld coatng
runs. Thes winrk is discussed n detail v the section on
GaaConled Reactov Programs. In additon. we are
working with Metals and Ceramics Division personnel ‘n
qualitative identification of products from the perclene
recovery prcess wsed m conjunction with the Particle
Coating Facility. This miormation s of value, both i
assossing persomel exporure and  studying the rea-



s mvoived i the privcesses. Mose detasied imlonma-
tnm s piven on this wark Later m this woinm.

We have 2 contract with Cyphernets Coiporatam i
use ol 1ve Mass Spectral Scarch Sy.tem develupad by
NIH and EPA persimncl and formerty handied by the
General Edxtric Company. The data base has heen
expandid 10 mclude 30000 spectra. amd all modes of
search are aperable. nluding 2 Bicmamn search optn.
the McLafterty STIRS nwime. and a2 plotting oplam
which cnables the user to ubtam 2 pht of a8y spectrom
B the bibrary. The system s avvessed throwgh 2
Teletspe amd avvustnc coupler 1o commencial phone
lnes. We will attempt 10 access through the Tektronix
visual display wmit of the DS-50 when it is installed. The
Jdata base of this system is being contimually enlarged by
contributims  from mass spectrometry  laboratories
wirkdwide (imcluding ORNL) amd is expected 1o be the
witimate sowsce of orgamic mass spectral data. (W. T.
Rainey. D. C. Caneda, C. A Priccherd)

Gos amlyss programming. A penetal-purpise com-
puicr program has beew writien fie the IBM 1130
computer system o fxilitate calculatom of relative
compusitions of organic mintures fram the amipusite
minfurr mas specbra. A series of limear simultancous
eyuaiimns. mvolving relative component intensilies. i
siived 10 vield instrumental respomses for the sdivadual
compments. Previvudy  determmed  semsitiviny  factons
are then used o oblain relative compositnnal data.
Comverscly. the pngram mayv be wsed W obiam
sensitivity  fxctors  for  imdividual  components  from
speciea of mixtures of known composition. This matrix
calculation levhnigue weights accuray of compunent
cumposition i favae of Mmapr components. ad com-
ponents <17 (mules/mode %) are difficult 10 quantify
by this techniyue. Therefore. 2 sevond program was
devebned 10 be used for mimture quantification that
uses a2 residual calcvlatiom. In this chnigue. mor-
malized standard mass spectra are subtracied frm the
sample spectrum until the residual approaches zero.
Sensitivity factors are then used 1o calculate compo-
sitional data. This techmique does ot favor mapr
components and = beimg wsed roulinely fir ool
pyrolysis gas analyses. Further mformation on these
analyses is given in the Spectrometry Services Section
of this report. (D. C. Conar's, R. E. Eby, W. T. Rsiney)

Hemted gloss infet system for high-beiling ongawic
mintores. A portable heated glass inlet sysiem has been
built for mtroduction of organic mintures nlo the mass
specisometer. and we expect (o use it with il organic
spectrometers. Thie imlet system is necessary for quanii-
1alive analysis of organic high-boiling mintures. Four
pgas vaxuum valves have been ground. polished. and

mualicd for use m solatima of the sample from the
diffusion pump. the expansan volume. and the mass
spectiometers. These valves are uperated by manual
magmetic hifts. Presenthy. an optally flat gass Namype
scals the sample contaimer to the indet sysiem. A 6-mil
staimless sacel capillary viscous kak will sample the
wmterts of the imlet system. A sample size of | to 10
me s reguired and vields an mlet pressure of | to 5 tone
at ~350°C.

Sensitrvity factors have been determined for 2 vanietry
of aroneata: compound types (ic.. naphthalene. phenan-
theene. iTuorene. pyrene. fluvranthene cluyseme. etc.)
at 70 ¢V amization porental. Thes= sensitivity valves
arc cssential fos compoment quantification. The cakou-
Lainm of quantitative data for 2 complex mixture can
be camied owt with the programs described fiw gas
analvss. However. qualitative compnund identificatnms
<an be mferred from mass measurements alome.

Coal yuid samples were analyzed by ths technigue
(o sensitivity factors had been determined for com-
pwments n these mixiures). Maws spectroinetry resalls
vlicated waleculr weights of components and the
degree of szturation of compunents. The later informa-
tam was coafirmed by complementxy ow-voltape
mmization (~10 cV). usimg the heated imlet sysiem.
(C. A Prischard, W. 7. Rainey, D. C. Coneds)

identification of products from pesticle costing
scrobbey. We have camied oul rather extensive GCMS
anglyses of samples supplied by M. S. Judd of the
Mctals and Ceramics Divisaws. These samples are dis-
tillates and residues resulting from studies on methods
to recover perchene used in the cffluent gas scrabber of
the Particle Coating Facility. This perclene has been
expused 10 the sont formed in the coating operations as
well a3 all gaseous products from carbonization and
coatimg processes. As a resull. the compounds formed
during the processes are concentrated in the perciene.
and this sodution fosms 3 povd source of product data
for the effluent gas sireams. Unfortumately. only one
has been restricied 1o scrubbing m 2 single provess. so
most of the data refer 1o combined processes. Chromat.
ograms of these samples vary widsly in complexity
from the very complex pot residues 1o the rather simple
low-builimg  distillate fractions. As mamy as 35 com-
pounds have been identificd in single chromatograms.
Table 5.4 lists the compounds found i perclene which
had been used n scrubbing efffuent from 2 casboniza.
ton run. No attempt has been made 10 identify the
someric configurations of these products. so there i
some ambiguity pmsible m many cases. These products
are nl uncxpected. smce the carbonization  priwess
mvolves pynidysis of an xrnvlate divinyl bensenc




Tabie $.4. Componnls in single chonmatograns

nacer

C ysubstwuicd sty fencs C -subsitutcd sty scnes

Tubuene Naphthokcwe €y substitutod bapheayh®
Cxhemes Dwwxl sabuewes C 4 sabatatuted saphibok ws
Stysene Meshuyl saphthalicnes C y-mubstituted bipheayis®
€ 3-substiteted bensenc Dwwny| xylenes C 4 substitutcd bapheoyls®
eyl sty remes Bipheny* Pheaanthacnc®
C s subnstatuscd benrene Acenaphthy lene Fhaanthen:
Dumncthy i sty renes € y-subsnteicd saphthalcucs Pysenc
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“Ox mcmaphthenes.

S0r sntheacenc.

“Ov isvmers.

wpolymer, and the cuating runs mvolve pyrolysis of
propene. The chrumatograms oblained with a packed
wwicme sugpest that many of the peaks are snvesoived
mltiplets. Therefose. the wse of capillary or support.
coated. open tubulr columns m the newly instalied
Swromatograph should improve these analyses.

The Organic Mass Spectrometry Laboratory has ama-
As i the past. the singe-stage msiroment was wsed for
mast of the samples. A majpw portion of the sanples
wly with the single-stage imstrument. Complex mix-
tures of hydrocarbons have been hamdied in this
fashion. with identification of = mamy a3 35 com-
ponents in 2 single ample. (W. 7. Rainey, D. C. Cansda,
C. A Princherd)

Ome new sixable contract has been added 1o owr Work
for Otheers Propects: the constrection of an ORNL-type
pulse coumting two-siage s speciromeser for the
intermational Atewnic Emergy Apency. This mass spec-
rometer when complcted will be used ». the inter-
ational safeguards assessment program. We we com-
tmwing development of mass specirometric method-
ology for NSFIRANN) within the Ecolugy and Analysis
of Trace Contaminants Prgram. and dso develop-
mental work and fuel analyses for EPA.

Comtvaction of twostage waws spectromety for
JIAEA. The Intemationa Atemic Energy Agency.
Seibersdodd Laboratory. Vienna, Austria, mquiess a
ms Jpectromeler with dbumdance  sensitivity and
sample sire and capacity specificatioms Wt mn com-
mercial vendor was able to meet. Because of the unigue
capabilities of our mass specirometry grup. we were
asked 10 huild for them 2 two-stage pulse counting mass
specirometer similar fo those i operatem here fiw

sume years. A descripton of the ORNL-type man
spectrometer is given elsewhere® The principal differ-
cwges betwoen he aew instroment and e ones in wse
will b¢ wp-dated clectronic compunents. including 2
fasser comating system and an omdine Digital Equip-
ment Corporation PDP-11 computer.

The magnets and the track wpon which shey rest have
been shipped and are now in Vienna. Various yawem
components have been sssemblicd and tesicd fow leaks.
including sowrce and it cans. flaght tubes. amd sumdry
peripheral devices. swh 2 2 nlary-motiom  feed-
though. The necewsary clectrmic eyuipwient has been
ordered. 2l mach of it has arrived. Theee iom suweces
have been suewmbled and diagand. A substantial fraction
of an imstrection mamsdl s i rough-dealt form. and 2
docomentation package is being prepared. Scveral parts
for the job are uder way i the local shops. inwlving
fabrication of mechanixal and clectrical compunents.
Completion date of the project is projecied for mid-
197, lnstaliation and sesting of e instrement will be
curied oot m Vienna by ORNL Mass Spectrmetry
Department persmnel som afier ths date. (M. S.
McKown, W. H. Owistie, D. H. Smith, L. K. Bertvam,
4 A Corvr)

Development and spplication of malticlement svtope
dution ypash-seuvce mass spectrosenry and ion wicre-
probe mus spectremetvic Sochuigues - NSFEATC.
The twn maim objectives of this stwly are: () to
cmver! the scmiguantitative multiclemental capabilities
of spark-source mass sprcimmetry iin 2 yuantitative
technigue by cstablishing multiclement isntnpe dilwtion
methodoingy. and (2) In imvatigate isotope dilulion
2 means for quantifying am microprobe mass analysis.
For convewience of data output when mesuring sevenal
clements. we are planning 10 use the PDPR sysiem to

9. A E. Cameron ct o.. Analviirel e Spretrmmrctry ot Ok
Radee Novivwnsl | ohnratre. TRNL. 4645 ( Jamuary 1971).



collect data and the 1BM-1130 10 cakulate
satope Jidutnm data

The most fumiamental requirement -f isotope dilu-
ey 5 that chemal oquilibrium - the spike amd
samnk sotopes be ubtamed. 7 the materils 1o be
amaly 7ed are noswgane. swch 23 water or aloys. this
cyuilibrivw: s amost mvarably oblsined in the provess
of dissolution amd extraction of the sample. The
analysis o organ: materials axh  gsoline. solvents,
cal. focl odls. amd tissue samples presemt difficelt
problems of cquilibration. The metalln impuritics in
organc malerials are present > unknown  orgame-
metallic compuunds. The solatew and identification of
these ivgamumetallc compuounds 5 not practical at the
submicrogram level. This problem s compounded by
the fat that the carivhed siable isatopes ase avaiPble as
pure clements ot vxides and e best peepared as aid
solulinms.

For osgamic base materials. for example. gasuline.
various methods of equilibsation were mvestigated.
Initiad wiwk included onidatam with bromine. wet acid
oxidating under reflux. and various means of equilibra-
tion Jusing extractom.

For gasoline we now 3dd the sample (o comcentras . J
HC1 th21 contains the multiclement spike and reflux the
two-phase system for 4 106 hr. Aflterward. the agqueves
phae. which is about one-tenth of the organic phase. is
removed and dried on paphite clectrodes for SSMS
analysis. To confirm this provedure. synthetc samples
were made from alkyv] metal sulfonates obiained from
Contimental Ol Company and from NBS organometallic
standand reference materials. The reciwery rate fin most
metllic cdlements in the synthetic samples is greater
than %07 by the rcflux methnxd. The precision at the
05 1w I X 107 giml bevel is about 10%. The gasoline
samples are analyzed for 26 clements at concentration
levels between 1 X 107" and 1 X 10 g'mi. Mono-
oulidic clements such a3 bisnwih are determined using
tstopes of other elements a3 mternal standands.

Andysis of fuel vil and gasoline and ol additives is
axomplished by wet ashing the sample in HCIO, HNO,
followed by addition of the spike mixture. The spiked
solution is dried on graphite electrodes and sparked s
for the gasolines.

fsotope dilution fechnigues have been emploved for
the analysis of distifled water. 1ap water. and stream
waters. A spike solution for use with water samples
convisting of 11 enriched isoiopes ‘1..n "."k.
1w, feCd, P Mo, 77Se. *7Zn. **Ca. *'Ni. *"Fe.
$3Cr) and isofopically normal erbium has been pre-
pared. Mononuclidic elements such as As and Co are

amd vutput
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compared with the canriched isulope Rearest M Maas.
that is. " As is compared with 7" Se. Deticinm lamats
are bmited only by the volume that has beem prevon-
centrated. The sample volumes in must of this work
have been sufficient 10 provide detextom bimits fur
must clemients im the ramge of 5 X 107" g ml. Waters
with high mmeral cuntent leave a complex residue on
the clectrodes and may raise the detection lismit by 2
factur of 10. The isvtope dilation studies have aso
aided in the determiration of relative sensitivity factors
useful im routine survey analysis.

Spark-suurce mass spectrometry. using solope dile-
tion techanues. has been shown to be am accurate
method of analysis for trace-level impurities in 2 wide
varicty of sample types. The method has also bren
sncessfully cmployed im the analysis of dust. 22°UO;.
animal tissues. cigarette lars. and vavious dloys. Multi-
clement isotupe dilution analysis adds new dimensions
of precision and acuracy to the high sensitivity and
broad clemental range of SSMS.

The siated objective for IMMA as applied to isolupe
dilution methods will require that sexsitivity daia for
many of the clements be abtaimed. This report sum-
masizes the status of the analytical capability of IMMA.
using relalive semsitivity factors as well a5 isotope
dilution methaods.

Work has been done this past vear investigating the
quantficaton of data from IMMA. Sensitivity factorns
for the elements vary over 2 range of at Jeast six oraers
of magnitude and are complex functions of ionization
potentiad. chemical state. primary bombarding wn.
pressure in the mstrument. <tc. IMMA is extremely
sensitive for akali elements and relatively msensitive for
the Group VI elements.

Twn approaches have beem wed to attack the
quantification problem: both necessitate the use of 3
computer to process the data. The first method.
developed by Andersen.'® involves the assumption of
local thermal equilibrium (LTE) and the use of the
Saha-Eggert equation. The program tests an amay of
temperatures and electron density values for the mini
mum in the error function of one ur (wo intemal
standards. Even though the underlying assumptions are
questionable. the model has had some success. The
CARISMA'® program has been set wp on the IBM 360
a ORGDP. im addition. an altered version of 3
simplified LTE moded has been stored on our IBM 1130

10. C. A Andersen ond ). R. Hmthorne. “Thermody namic
Approach o the Quantifative Inkcrprlation of Spwitered fon
Maws Spectra.” Anel. Chem. 45, 1421 (197D



cputer.'' In this program.  currectioms fos the
formation of acgaiive s aml doubh' chanpad pusitive
was are neghevtad

The NBS 660 serics of steel stamlands were analy 7l
amd the data obtained from CARISMA and the muldi-
tind program wore compared with regand 1o ciemental
compusitam.  The Jdifferemes between the two pro-
gams were mit great. comsidenmg the overall accuracy
of the LTE approach In gemeral. cither propam
cahulated metals 10 a0 accwracy of within 3 facto of 2
tmoly bdenum was an exorplion) fur cuncentrations less
tham 7. and completely lailed o nonmetaliic aml
amphoteric clements uch as arsenic.

The semsitivity factor approach o yuantificaton &
smilar 10 the technique wsed sovesstully in spark-
sowrce mass spectrometry fus somve vears.' 2! P4 The
map complivating factur in applying 1his dechaingue e
the IMMA is that the data are sensitive functioms of the
sample matrix. Thercivee. the compuosition of  the
stamdard must be very simiar (o the sample. and probe
stamdards are Bt yet cvmmon. However. 2 simple
determmation of sewsitivity factors from the NBS-660
suite of inm stamlards imdicates that the approwch
wurth further mvestigation.

Some wurk has been done on NBS glass standands.
and the results show that reasomable data are obtain-
able. One of the problems involved in the analysis of
macondinting samplcs is the buildup of surface charpe
during bombardment with positive isms. Unicss pre-
vented. the resulling instsbilitics in the ion optis of the
sysiem preciude reliable collection of data. A negatwe
primary ion beam s usally suoessful in comtrolling
instability. but results in 2 significant lms of sensitivily
fir chectropmitive clements. Charge builldup can be
prevented by applicatiom of 2 thin film of carbon, but
this technique is not completely successful. To improve
wur sumple-handling flexibility. we installed an clectron
gun in the sample chambrer of the IMMA. The ahdition
of the checiron gun required mddifications 1o the
prmary lens picces. The eleciron beam successfully
neuiralized excess pusitive charge amd dlowed ws fo

1. David Simems.  prvalc communicatrns, Unmerary of
1o, 1975,

12 R . Hon. Adveres o Mass Specimeirs, g. 101, wel.
MW 1 Moad. od.. Inshitnie of Petrmicum. §.ombng. 1966,

13 W L. Havwcion, R K. Shoecrbw. and €. B Mrrrren,
“Oumtilative Spark Sounce Maw Specirmometry Uvag Urvmorp-
tron Pumpmx.” Aned. (Nem. 3120, 1450 1 1988).

4. ) A Carter. A . Comcron. ond ). A Dean. “Spack
Swrce Maw Spectrope iphie Techamgues for the Analyus of
Lanthunde and Actmsde Flements i Microgram sod Sub-
Mnrograin Tramer nrom Samples.” Aned. Lerr 4, 381 S8
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study samples that would hae caused problens. o
example. thw kral’ descnbed bl An smprosad e
ol the cection un 5 m the Josan stape and will be
mstalied Laser.

A kaf fen the vicmiy of 2 kad alicr v
amabhvred amd the surtace destributon of K. Ca. T Mn.
Fe. Ni. Cu. Zn. Cd. and P dctermmed. fon nucrographn
showad the presence oF kead in 2l particies: e wiher
clements were mot present i all partcies. Sparic-source
mass spevtrometrc malysis by isetope Jilutnm gave the
fullowing concentrations: Cd. 0.37. Cu. 3.5. Zn 9.5
™. 73 m s'lll:.

Thz qucstnm of the chemival state of kad on snch
samples 5 mportant. becawse the dhemical state will
Jdewermime the casc with which de kad ewiers the
evvsystem. Although the IMMA gives s disect intomas-
tiom oot hemival form. it is possible o make micrences
fromn the prosemce i abicaoe of ceriain masses in the
spectrum. Sime kel was showm (o be present on the
kal. a2 Jifferentiatom between PBS o PUSO, was
desired. A primarny on beam of Ar' was ued e dam
mvestipatinm of oxyeen anl sulfur Jdistributen. and
negative mws were manibhred (o cohance e seastiviiy
for clectroncgative malecular spevics. A scries of am
micrographs. ol showing the samwe spatal dsuibuton.
was made 21 the fulhwing masses: WIS, ). J0MPH ).
22U4PR07): 2HMPHO.". PBS ). 2SMPYO,. PSSO )
27%P00,". SO ). ZXMPBSO, ) S0UPRSO,). The
preseae of the higher masses ( 23% gl 304) is sinmg
evidenve for the presemce of PhSO,. Since both leald
sullide md 2 scries of bed oxide ams would be
cxpected o form from PhSO,. nothing can be s
converning the presence o anence of PhS and PHO om
the keaf.

A number of studics were dwne oo mvestigate the
appixability of the mwltickement spikc 1o BMMA
analyses. A suitablc subbstirate for sdutioms was found 10
be pyrlyti: graphite. which did mut shsirb the sample.
as copner ad pressed graphit: did. Unkwionately. die
to the differing solubilitics of the varius clements. i1
was et possible 10 obiain 2 uniform distribution of
them o the surface. The sodutnon: were haded s |
drops om the pymilytic graphite surface. As the drop
cvapaicd amd coniracied. the keast soluble spevics
precipitated out of the sdulion finst and the most
soluble last. Thus. while it was easy to obiain a sipra
for cach clement. the compmsite of any ome arca was no
lomyer representative of the solutivn 2 2 whole.

The quantity of a ziven clement i the sodutinon couhl
st bz obtaincd by mcastirmg the ratin of one of iis
natural sotopes (o the spike isolope. We are abic I
measure bt 0.0 ng of sicconium o pyrolytic



eraphite with a preciseon of about 105 relative stamlard
devinten. (L A Corwr. D. L. Donohwe. D. H. Smith,
W.H. Chwistie. JC. Franklin, R.W. Seimer, E_ H.
Watess)

Fueh amalysis by IDSSMS for EPA. Dur 10 the
W Icasang mictest im trace-metal comstituents of energy-
related samples. we hrove bepum 2 siudy of the sub-ppin
fevel of mwrganic specics in gaedine by sotope dilution
spark-sne maws spectrometry (IDSSMS). This wark
capttalires wn experience with multiclenent  sotope
Jilutin technigues.

The National Fucls Surveillame Netwark. through i
wn sepnal ofiies. collects gasoline and Tuel additive
samples as an Envirommental Protectam Agency memi-
twwing femctam. Truc-metal. physial. and ceemical
analvses are performed on these collected samples o
detect constiteents which way be present as harmiul
pellutants. Owr  multickement  detectam  method.
TOSSMS. s being wsed fr manitonng the trace con-
stitwenis: EPA employs ASTM methods m the physical
amd chemical mvmttoring effort.

The Fucls Network Program enables EPA 1o detext
constituents in fucks that could potson catalvtic exhaust
comind sysioms; (o detect toxk beavy-nctal constit-
wents in fucls that may be mizoduced dunag transport
o storap=: I develop and 1o assess emissam control
factors for additives and/ o trace mctals: to desipn othey
studirs necded to mhentify emissiom problems: and
enlorce foderally repulated trave-metal limits such o
Wnse cstablished fir kead ad phosphorus i gasoline.

Trave-metal analyses were made by IDSSMS on sovme
250 gawlines amd bt 70 fuel additives. For this
tracc-clement mumituoring ciort. 2 multiclement spike
solution wa prepared. contaimng 14 scparated stable
sofapes. aong with 2 normal isopic internal standard
wsed 1o detemivne those clements mot amenablc 1o the
snfope diluthm technigec.

The combisation of multiclement sotope  dilutior.
with the broad clewaenial rampe and pod sensitwvity of
spark-smrce mass specirometry provided EPA with 2
new capability m trave amalyses. Technigues and fests
for achicving cquilibeiem of the multiclemens spilies are
described m the Mass Specirometry Development Seq-
wm. (D. L. Donohue, B. C. Bryent, J. C. Frankiin, J. A.
Cortey)

SPECTROMETRY SERVKES

Man spectromeny sevvice labovwstory. This laboratory
perfome mas speciromeiric measurements «n a wide
variety of clcovents amd gases. During the past year.
more than 17,000 results were repotied. an marerse of

about 337 ower the previos year. A lasge pant of the
mmrease wa Jue o samples generated m the Coal
Gasifcatom Program. Batopie: resalts were reprsted on
a wtal ot 47 datferent ckments. Abut one-third of the
work was performed for the Chemical Technology
Division.  anther third tor the lsnapes Division. and
the remaming third diversified between ten oty
ORNL dovisims and ux “work for athers™ programs.

Actimides. Samples of actmides. thorium through
caifomium. are analy zed routinely. In addition. o
sona requests for isotopr: analyses of other dlements
are perfarmed m thes laboratony. J. K. Poggenburg ol
the Operatwns Divissm requested that we amalyv7e a
224 b sample befose and after irradiation. He used the
results 10 calculate the cross section of the ***Pb.
Otber unusual samples inciwde lead from India con-
taming 87.67 2**Pb_ for . Raman. Physas Division: a
sample of 24> CH of 99.X7% purity: and 2 $5.97 °*°Cm
sampke trom J. Knauer of the Chemical Techmlogy
Divisen.

Isotope dilution analvses on Sm. Th. U. and Pu were
performed. and several aaniom and platonum dosim-
cters and U-Al ard Pu-Al alhnvs were analvzed so-
topically amd quantitatively for H. L. Adair of the Solid
State Division.

Work comtinued on the isotope dilution mass spec-
trometry  technique. using 2 double spike containing
*Th and *?*U for use m evaluating bumnup in the
HTGR program. Less than 0.3 mi of 2 solution from the
dissolution of 1w Peach Bottom fuei paniles was
received: cach diquot usually contained less than = and
10 pg of aranwm and thorium respectively. From cach
sample solution. 100 pl was spiked with our double-
spike selution. Isotopic uranium results were also
obtsned on the onignal solution. The total uranium
and thorium content in the fuel particles could then be
determined.

We partnipated in the PAFEX-2 expeniment i1 the
IAEA Safepuards Program. and in the SALE Program.
The obsectives of these experiments ate to evaluate on a
test-tun basis the aperational problems m carn ng out
the safeguards anabytical work on input solutions tor
fuel repricessing plants in 2 network of laboratones and
to Jelermine plutnum and uranium comtent and
notopic compusition of dissolved low-enridwd uranium
fucl. Samples were analyvred for other ERDA labora.
wnes. wmcloding hitonium  samples sor LASL and
uranium samples for the Ames Labmatory.

Stabic Isotopes. lsutop: analyses were performed on
31 different clemenis in the past vear, primarily for the
Cautron  Separations Program (row i the Chemnal
Technokogy Division?. Dunng the past vear the em-
phasis has been on Te.Sn.Se. Ni.and Yh



Guses. Unnl March 1975, wark on gnes was alimest
cnurely norgann. About halt of the work wa wsualhy
cernficatnon of anpon aond belium oy linder gxses. with
swme potopse anavses of H. O, K1 and Ne bome
pertormed. In March the finst regquest for analyvses on
amples rom the Coal Techaohyy Prigran was se-
ceved. Singe that ume. appronamately 250 smaplos
from three different mvestigators have been analy 2ed.

Because of fragmeniation. ofganic Mmass speciyometn .
cven of the relatively sumple lnght hydrovarbons. s
mawch mure complicated than for nenganic gases. Faudy
_!\Id results on H:. CH,. “:0. .\': +CO. 0: and “;s.
ad va Ar and CO; arc possible if they a: large
compared with the C, fragmenis. We abso eport- d Cs .
Ci. C,. et tragments observed by summirz the thiee
Targest peaks from cach group. bven wath this sough
caculaton. detimite warthwhile trends were observed.
To aprove the analvses. a computer program was
wniten to cakulate the results. using a resedual tech-
myue. With this program. <uurated and unsaturated
hvdnxarbons can be ser rated and adentilxed. At
present. standard spectra and sensitivity tactors from
the APY tablcs are used. As many standard gases av are
aalable are bring obtaned tor establishing sensitivity
Ixctors Tor g analvas. Additionally. an wnpronved
pressure gage was iastdied on the manitold wheh
should further improve reliabthis. {R.E. Eby, M. M.
Honaker. L. Guinn, R. L. Sherman, L. 1. Whaley)

Elemental spectrometry. Emission spectrochemical
ad spark-source mass speciromelny  analyses were
prewided 1o 16 ORNL dwisions and refated projects. A
total of 72.756 anays.s were reporied durng the past
vear. z 277 increaie sinve the last report period. Metals
and Ceramics. Chemical Technology . and  Tsotopes
Drisions were the largest users of our ciemental
specliome sy ervices.

The Pachen emesion spectimcter has been wed ax
the anahisn of vanous arkel alons, duminsm and
steels of several tvpes. and fur determunation of added
Nb. Ti and St neckel-base slfons. To mprove the
yuahty of data tfrom the Paschen. we have ostabinbaed
an wmhove qualiny contral program for ackel-hase
alos s, stankess stechs. and alummum alloy s Samples of
an NBS swel. four different Hastelloa N heats. amd o
ool aluminum are beme retal wid swd run with cach
new batwch of samples. Sufticent dara hase boeen
avamulated o show that the precismn of an analyss s
less than 57 selaine stamlard deviation.

Spark-source mass spectramelne analvses have been
prowided tos the T 0.3° W oallovs amd tur the e 0.5
W iy duped with several trace chements at the 20t
100-ppm kevel. Thes anals tical program has icluded
analysb of the powders that are used in preparation of
the allovs o5 weli o the product alloy.

Reyuests for senvice analveis off radioactive mateesals
have been heasy this year. Analywes hawe been per-
Tormed on 2*4Cm. 2% Am. 2" Pu. and **Cl. Samples
ot ** Es have been analy zed by solution methinds.

The fuel anavsis for the LWFBR program has
continued. A continuous control program  based on
repeated analvsey of 3 New Brunswick  Laboraton
wianiwm standard has been ostablished. We have re-
qudified on an. vmous contred samphkes for 11 im-
purity clemenis. Regualitication fir Th. Pu. and Hg in
UO; is under way. The precisins e Fe, P, and Al n
the *'*U program arc 6. 35, and 155 a1 the 100- 1o
200-ppm Ievel. {J.C. Franklin, S. A Macinyre, W. R.
Musick, L. Landau, G. 1. Gant, R.C. Bryant, E.H.
Waters)



6. Bio-Organic Analysis

M. R. Guern. Hrad
3. R. Stokely. Assistant

We continue to be imvolved m programmau researck and services. with approu-
mately 857 of current funding provided by the National Cancer Institute Smoking and
thealth Program ¢NCH SHIP) and the Council fur Tobacco Research-USA. Inc (CTR-USA.
Inc.). The remainder of ovur studies deals with the chemical chaactenaton of
fussil-fuel-derived materials. Research and services in both tobaccw and energy-related
wiencey emphasize Jefining the environnental and wr health hazad associated with
advanced technologies.

The Ba-Organic Analysis Group is organized into two mapr sections. with each
consasting of two progects. “Chemical Characterization”™ is subdivided iato “tobacco
smoke” and “energy technologies.” “Bivassay and Bivanalyses™ is subdivided into
“imhalation bivassay instrumentation” and “bivassay development xd monitoning.™
Although considerable overlap exists. the first section is primanly concemed with
characterizing the insult and the second with defining the impact on experimental models
of exposures to the insult. Mouse skin painting and inhalation exposure are the bioassay
nwdels of principal concem.

The topics discussed in this repur: were selected as being among ousr primary
accompiishments in this perind and best representing studies of the group as a2 whole.
Significant progress has also been rmade in areas not discussed m detail below. Our study’
of the multialiquot and multicompunent clwomatographic analysis of the tutai particulate
matter (TPM) of cigaretie snwkes is complete. The nuitialiquot appyoach has been found
best and is in roatine use following an extensive practical evaluation. We find that Fourier
trausform infrared spectroscopy (FTS/IR) is applicable to the determination of gas phase
cuntiituents in the presence of smcke particulates. Analyses of contained aerosols now
under way will determine whether the antificial production of gas phase using Cambridge
filters is 2 legtimaie approach to the analytical chemistry of inhalation bivassays. No
other techniyue. to our knowledge. is capable of the nondestructive analyses of whole
smwkes for individual gas phase constituents. Our study of chemical measurements of
contained smokes a3 a superior method for determining dose accepted by experimental
animals is nov: complete. Bv using the procedure we can accurately predict the quantities
of indinidual constituents normmally determined in the animals by laborious analyses of
body fluids and tissue samples. A convenient method for the noninvasive detesmination
of doses of individual constituents of smokes is now in hand. Instrumentation
devclopment in the past year has included the desigh and construction of 3 contimuous
smoke generator uptimiced 1o expose traches. grafts.

Scientific progress, changing funding agency priorities. and an increasing interest in
bic-organic analytical services in-house are leading to new areas of responsibility. While

I. M. R. Guerin et al.. "Maltisliguot Determination of Protocol Componenss.” Anel (hem Dy
Annu Prog. Rep. Sept. 30. 1974, ORNL-5006, p. $9.

55



we muapate that mwst zeutine senees sl e requared iy the M in the commg vear.
40 increasmg pumber of sampics will be subnutted 2 SFtrawe sounoes. A onc-rean-eeath
study o tempratese gradionts sk bummg carctioo B 2 tumktion of AT Poresat
23 camed out Tor the M danng this report paes Such speaial studies are bane
requested mure frequently . A prei sz of TP whde sewke has el e discnsons
with buth the NCUand CTRUSA hiv . whach oy proaduce mw proserunmatn reveatch
tor the Dnsmn. A siewm contract was minpated on Septembaer 1 19735t ostablen thee
Group o the Quabitn: Monitonng Facilin tor all SCESEP mbalaten byeassay conlsactorn
Thes 1 expected o be a hagtenn actnate. including 2. cpperiumty b incteaw sur
mohement i exiaby twal research. Finally . evpereness of the past year m chem ad
studies of coal-ktved samples 21d new mtagactnms with rocarcherns i the P maon-
mental Soenvesy niseon and th: Bedogs Dvsson have prepared us for o ezmtoant

suntrabution to fossi fuels techn. wo@es i the commung vcar.

CHEMICAL CHARAMTERIZATION

Advanced orgmic amabhtical soyvices. The controd
analvses” swvtivn of the tvbacce smoke charatensatsm
mopct 1 bewmg considered the “core” of 2 seneral
service ity The experiise nadable n ths sectrn o
well suited 1o respond efficently o requeests lor specad
studiey 2nd special malyswes. Gas tlver pads. extracts =4
industrial site filters. and 2 Perchene sample asscited
with nuckar jwel technodogies are tapical of the
guwing number of samples submetied by m-bouse
groups. % twember of special studies tnot included m the
vontract commiiment of the contr-d mahsis sectam)
are being requested by the NCU SEHP. Specral requests
have moluded analyses of Phullipine and Japanese
vommeraal cigarettes. the characterizatnm of manpana
smwkes. and the characterizatam of evperzmental aga-
rettes scheduled for inhalation bioassay . Pilot studies of
1OMy delivenes of selecied cigareties and determina-
tawns of the uranum content ol fertilizers have been
completed with the coupenatam of the Mass and
toussror Spectrometny Group. The standard character-
watam «f pumary cvperimental cigarettes for the (1
SHP cuntimics to represent 30 to 90 of the sample
wad. Approumately 30 such anahses. many m
paadiuglicate. are cammied out 0 o typal 12-awnth
petiod.

Tablz 6.1 summarizes constituents and anshyses which
presently comstitute vur service cagability. Althugh
ms: wre optimzed for analyses of smokes and sroke
sonde ates. we find the procedures to be applicable 1o
her samples with bitke or no mwdificaten. The
“mote” methods are gencrally used to auquire rapid
megates of cheacal comolenity and 2¢ an carly step

XM R Guam ot b, Comtrad (hemnad Aaalyeen”
Vndi iwm D Ve Prg Rep Sepr 30 J978
ORNL-Y 6. p S

temard structurad whentitatam. kKonnticd coailinnis
of the protides can b uantitated wher secoswan

A e consiitunts e Jetormamsd bt s Ctienooge .
utrateen. ¢ gomein. The mnt wideh wwed ok
anpe 1y @viicund o gassobid deomatogaphy Conr
bming u-sold  chomatezraphy wath  chemedd
preseparaten ad potope Slutea prevsdes our mnt
adhanwed mecthonds. thehepertonmance fgaid Jhaomo-
togaphn s Tarding mcreased use @ rewearch studies. but
1 rof vl widkely tsed m rouime sers .

Baanahinal wriwes have boer lomted 1o 2 sonll
nomber of chseh collabvratne studies with indwruse
ad out-i-bouse goups. Snwes molude mbalaten
heoassay dosimetrs and chimnad dhemistry redated to the
impact of evposure. We antnipate an increasing kved of
beonaly Ixal sernwes m the met year. (W H. Griest,
H_Kubota, R. 8. Ouinc ;)

Pobsnackcas arematic Ivdvecarbems. Polynuckan
aomix I dioncarboas (PAH s? and the PAN-eninind
fratems of compleyn wipnk mintures are classw
carcmopens. Methods are hemg devehsped and applicd
to smwke- and energyselated samples 1o dbhw
nreased characienwvatsm of bealth hazards msowisted
with these matenials. Our cvisting method 0 deterimne
sclected constitucnts s hemg improsed by morcasmg
the cfficiency of the provedure and the reliahality of
resuils. Smuultancves melicomponent analy inal  pro-
cedvres and provedures optimized to detcrmune newly
selected constituents are wnder developmaent.

Impriweraents (0 the kemgihy  sample pseparainm
privedure nacssary W Jdetermune bensjo] anthracene
1BaA) wd bensoje|pyrene (Bl have fixvwscd wpon
the fma chromatogiaphe: isolaten step. The BaA
subfractom from the Juming c'omn sikp » e
routincly submitied to final purificatsm «m an avety-
lated cellubuse column. usimg 2 solvent of cthanol-
tolwene-v ster (17-4-1). Quantitatom of BaA 1 achweved

by saothenmil @s-hquid chromsalography (GLC) on 2
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o1 X "..m OD columm packed with OV-25. This GLC
pahmg Boas 3 very pood resolwiam of Bod from
hwryseme. Collecting acetviawed ceflulose colunm efflu-
ol it separate Iractions 13 mot 23 Titcal a3 when we
ned 3 mmsedectine GLC phase. The BaP sabiracton
from the dumina sicp is also purified o an acenvisted
cellwlose columm with the same solvents m the ratio
17:7°1. amd fleonmetry 15 wsed for fmal quantiztion.
Fratims from the colunm scparalion are muwe ;epro-
ducible and of beticr purity thon from the previously
wsed paper scpavataon. A manw additimal advantage s
that the columms v be used wp 10 100 times withost
replacewment.

A numbey of ool liquetfaction products im addition 10
the rwrme cigetic smoke condemsates have been
camimed “w BaP and BaA by this procedwie. In
peweral. we lave found IaA and BaP concentratons of
20 and 90 ppr. respectively. W some Bgueiaction
prvducts. The comcemtrations of these PA'S i con-
dewsed smokes are wslly less than 2 ppm. In additam.
approximaicly 10 ppb of Mol was found m one ol
liquefaction prodoct agueces process sample which
conld be dischavged mio the envic mmeert.

The high levels of BaA and BaP = the coal-derived
somplcs sugprsied that 2 mure complete character-

iration of the PAH content was necessary . A muln-PAN
amay has been devedoped and appled 1o several
hpeeiaction products. This method depr:ts from our
radtional provedare m that the emtire PAH-enriched
fraction rather than separate subfractions is colle-ted m
the dwmina columm effloent. Alter concentration. this
fraction is diecth amalyzed by GLC on a 221t X "4 -m.
ghs columm of 37 Dexsd 400 om 30100 WP
Chromersord G. A column lemperature program from
110 w 320 C 2t I' min allows the resolution -»f PAH's
m the oage | to 7 rmg. A compansm of the PAH
fractions from a2 smuoke condensate and 3 coae-derived
oil s shvwn n Fig. 0.1. with peak slentifications in
Table 6.2. A viscal companson of the profiles reveals
that the oil contams about ten times the PAH contemt
of ondensate avoss the entine cange of PAH's viswa)-
aed. In addition. the ol comiains 3 greater cMcentna-
tion of higher rmg asiems than does smoke oon-
demsate. which itsedl is conteved nwimly Fbout the
twr-rivg PAN's and theis alky! derivatives.

Quantitative estimaies weve achicved by imcorpora-
tion of 3 '*C-BaP tracer im the samples. The assump-
thons were made that the recovery of the emiwe PAH
fraction is equal 1o that of the BaP tracer. that each
peak tewtatively idemitfied by cochwomatogaphy s
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Tabie 6.2- PAH poutile peak ideatifications saud quentitics of selecoed

constituents in » cosl-desived liguid
Peak No PAR
1 o 13- and mess-Devaiey drovaphtialenc
2 1 4 Diley dsonaphtholenr
3 Naphthalene (3477
4 2 Nctir maphtiokae ¢1325)
3 1-Methy inaph kalkene ¢ 383)
[ Azalewe
7 Bapheuy | 182}
L3 <& Dimcthy naphthalene 1328)
9 1.3-Dimecthy inaphtialenc ¢ 1510
I Butybsted hydsony tolaene
1] Acemaphtialenc ¢ 20
i2 Acemapithenr (61)
13 Fleotewe ¢205)
4 S.10-Diley droonthracene
15 9-Methy Huorene
117 9.10-Diby dvophcranthrene
17 Octanthrene
11 ] §-Methy Mworene 11528
15 Pieranthrenc + 1.3.0-trimcthy inaphthalene (Phen. 413)
pJ) Anthracene
n 1-Phewy maphtiolene
22 2-Micthy banthracene
3 1-Methylply manthrene 116G,
3 2-Mheny naphthalen:
25 9-Mcthy hntiwacene (42)
26 Fluoranthene
27 Pytene
28 1.2-Benzotluorene
29 *_3-BenzofTworene
30 4-Mechy Ipy renc
30 §-Methylpy rene
32 5.12-Diky Jsoletravene
3 1.2-Benzintimacere (A, 18)
M Chrywene - inphenylene (Chry . 98%)
3s 2.3-Benzanthwacene
3 7.12-Dinethy ibenz|e | anthanene
»n Trnhenylbenzene
8 1.2- * ). 4-Benzopyrrae (BaP.4Y)
39 Perylene
4 Impursty + 3Imcthylcholaathrene
41 1.1.5.6- » 1.2,34-Dibrn7anthracene
42 o-Pheny lewepyrene
43 Piene
“ 1.12-Benzoperykene
45 Anthanthrerne
46 3.4.9.10-Dibenzopyreme + cotonene

‘Conceniration in ppm Tound in one coal-derved biquid produ.t.

om0 s
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Fig &.0. Gas chmmatagraphic penfiles of PAN ssandards and PAN enviched isndstrs foom smoke and » cosl-devived guid.

rcaswomably pure. and that the detectin responses of
somenc PAH are appsovimatehy equal. We will refer to
“estimates” sather than ““Jeterminations™ unti! these
FWUTPLEMTS A(C Proven.

A separate procedure is necessary for determining the
mcthyichry senes. because meths Ibenzanthracenes imer-
fere m the gs chwonatogram. The benzanthracenes
selectively react with maleic anhydnde” and can be
separated from the cluysencs by passing the reaction
mixtuse through Florisd. The umscacted methnl-
choysenes are selectively euted. concentrued. and
determined by isothermal GLC, using a2 vodnnn packed
with OV-22.

Typical results are included in Table 6.2. The must
striking features of these data  zside from the 41 ppm
of BaP. a stiong carcinogen  arc the relatively high
levels of the methyl naphthalenes. particulxly 2-
methy Inaphthalene imure than 1000 ppm). This finding
may be quite significant m vicw of the known tumos-
promoting activity of the methylnaphthalenes. again.
particularly of 2-methyinaphthalene Although we were
unable to measure the cocacimogens pyrene and
Nuoranthene n this particular oil sample because of
cheomatogsaphic interferences. we found 73 ppm of

1S S et et sl "Clwveence and Siethylohry wnes
Peweme m Tobacoe Smwke and Catcmopeninny " S Neord
Concer Inst 83, 1121 ¢1974).

psrenc and 19 ppm of fluoranthene in 2 process sticam
leading 1o this particular oil. 3-Metkylchrysene. 2 weak
Cacmogen. is present to the exient of 106 ppm. but we
were unable (o detect any S-methylchrysene, 2 very
puient carcinogen. An asscssment of these data showing
the presece of cascinogens. fumor promoiors. ad
coarcinogens would lead us 1o predict that these
miaterials would pussess comsiderable  carcmugenic
outential. 23 has bevn observed for at least one coal
product in the past * (W. H. Griest, H. Kubota)

Tobucco smoke terpemes. Several stulies have sug-
ecried that terpencs may be related (o the caramoge-
nkity of tobacco smwkes. Thiis work s (o determine the
relationship of tobaccy smoke terpenes o biolugical
ativity.

Mcthods have been developed 1o isolate a terpene-
enviched fraction of tobacco smwke. A series of sulvent
extixtion and precipitatn sieps are used 10 give a
terpenc-enriched fraction suitable for gas chwomato-
graphic profiling. The blind amay technique’ was
applied to the chromatographic data from GLC profiles

4 0. ) Svon et . The Hazards 1o Health o the
Hydiogematam o Coal- . 15V Iech Fraveem Heglth |,
121 (19,

5 M R Guerin et ol "Mulixomponent Profilmg and the
Wil Awas.” Angl Chem I dnnu Prox Rep Sept 30,
1974 ORNL-S00%, p $%




of the terpene fractivas of TPM from cight Na | sevies |
experimental cigarettes. Gas chrumatugrames were ob-
wmed on each of the fraciems. using 3 ghass coluwen
packed with 2 Dexsd400 coated solid swpport aad
temperature  programming.  Approximately 50 peaks
were obtained im cach profile.

Correlation ol the entiee terpeme iictm peak area
and 16 individeal peaks with data from theee differemt
terpeme Jrction 25 3 whole and 2t lkeast 12 of s
cunsiitucnts correlase well with bivlogical activity. Sex
of these cvastituents were entatively idewtifind a3
phytol. and squalene (neophytadiene aad squalene were
cunfumed by mas spectrometry ). Comrelations aso
were made beiween the TPM cumoentsations of these
cunstituents and the (otal terpene fractive in search of
the best “Lerpene mdicator.” Agaim. high condatioms
were observed. OF the imdividual serpene constineents.
dhimonewe would xt as the best mdicator of the
tobacco smuke Miological activity related to this terpeme
fraction. d-Limonene m the gas plarse also was found (o
correlate highly with bivlogical activity. A disext
correlation of d-limonene measwred i the gas phase by
an independent method with the comcentrations of
dEmonene in the tespenc-enrched fractnm from the
TR of cight cigarettes prodisced 2 simple correlation
coeilicient of 0.99. d-Limonenc m the gas phase
therefore would be 2 very good indicatos for total
smoke terpenes. and the pasphase Jlimonene znalysis
might be able 1o replace the TPM terpene profile fos an
assessment of terpene biological activity . (C. H. Ho)

Selfur-contsining compesads. Suliur-cuni «dning cow-
stituents of fossl fucls are knvwn 1o be Enporiant 1o
engineermg considerations. The role of sulfur coastity-
ents in environmental and health cffects of smwking
and:or advanced fomil fuels techmologies is less well
knuwn. This wark has inciuded the develupment of new
amalytical methods. quantitative determinations of
sulfur compoumis in smwkes and coal-reddaed gas
samples. and identifications of higher-molecular-weight
sulfur-containing constituents in smwke condensate and
cual conversion products.

Sulfur constituents have been determined in the gas
phase of smokes and in coal-derived gaseous samples by
direct gas chromatography with sul{ur-selective photo-
metr detection. An 13-t gass column of ““free ragty
aud phase”™ (FF AP) was temperature progranumed from
35 theld isothesmally tor 6 min) 10 180 € a1 4” /min.
Consider:ng live diflerent cigarettes made of synthetic
smokirg materials we found concentrations (per puff)

rangug from 23 t0 35 22 (05.0.7 w 7.8 g H-S. amd
<002 w 0.097 pg thivphene. It scems tat the lugh
cvscentrations of selfur compucads in sume of these
wmthetic products e seftickenwt to rase the guestion o
pussdble health importance. Considermg the concenta-
taums of suller-contaiming cmaitcats in prrolyss 2wl
aak s somples from 2 ool lgeetaction provess.”
we fuend H.S. COS ¢CH,S):. and thinphewe 10 ¢
presemt. The stak @s comtamed spmrovesatdy 10
ngiml of H:S and COS. while the prrolyss g
coniained 68 ag/ml of COS. The pyrolysis gas abso
contained 16 wg/ml of thioghewe and | ngmd of
methyldisulfide. These samples were shipped in gas
sampling bags. and imurgnic selfer comsiteems can
rext with orpeics @ the samples. We therefure
estimate that reselts fos ;S e antifuilly ow and
that orgaeics sch as thicphene arc present a ower
comcentration in the materials acrwally dischasged mio
the cuvisunment im this provess.

Cigaretic smuke condensate. an aqucvus sample 1rom
o cud couversion provess. aad two cual liquetaction
prodicts have dso been cxamined. A sulfur-enriched
frctivn of sawke comdensate can be prepored by
exrating the neutral portion  with  nifromethane.
Ntromethane concentrates subjecsed to sulfs welective
profiling kave been found 10 contam 23 mawy 35 50
sulfur-beasmg  comstituents.  Dibensothioplene  and
benzothiasole hane been ientatively dentified in oom-
demsed smwoke by canhwomatogaphy. The mumber of
high-moleculs-weight suliur-bearmg vrganics olsersed
m vaious coal-derived samples has ranged from 8 1o
12047 A prodwt separatur ligmew (aqueous sample)
from wne provess contamed 15 destimpuisiable sulfur-
COBIARINE VIGIAKS.

Positive identitication of these compounds is difficult.
simce diwect GLCMS is only useful afier momsulfor
constituents e chemically removed. Mercury salt
solutivn: are found to offer 2 means to schectively trap
sulfar constituents for GLC-MS and form ihe basis for
further isolation provedures. Efforts e mow beimg
directed at the isolaiion of individual constituents from
maxro samples to oblain wfficient aaterial for positive
structural identification. (C. H. Ho, A. D. Horton)

& W 1. Shults. od.. “Pchmanwy Rewlts. (hemnal amd
Budorcd Erammaten of Coal-Derived Materioh.”” m prega-
rainm.

7 M R Guorm, W ). Griewt. €. . Ho. and ®.D.
Shults, “Chemics) Chasatcrvaion of Coal Converson Pt
Pant Maternis,” Thad FRDA  Envwonmental  Protection
Confereme. Scptember 25, 19758,



Fractiomation of ssmthetic coude oils from cesl for
bislegical arvting. A separatioa provedere®” wsed to
Tractivmaie cigarette smwke (vadensate imto reprodac-
ible cham fractions for bisdugical testing baas been
applicd to cal-derived liquids. This claaic provedmre
ch-mﬂwdlhu-rdm-
stitwemts. Much imformmation is availali: abowt the
biclogical activity and chemical composition of the
fractions. Chemacal-badopical relatinnships 20e alwo weli
known fur the fiactions.

Ome sampie of saoke comdensate has been fractaom-
ated 10 establish owr 2bilty w reproduce the origisal
work. The results of this test agreed reasomably well
for 1l wewtrals. despite a lugr differonce im smple
size and the wse of diffevent startimg materials.

This scporation procedure was also applied to
products from swo coal ligeefaction processes. Fomr
samples of COED mocen Syncrude and one sample of
wncentrifuged Symihodl process woduct ol have been
fractionated. Distribution into the sjor fractions of
these two products a5 well as cigaretic smoke con-
demsate ave shown m Table 6.3. Reproducibidity for the
COED sompics was generally of the same order 2s found
fur the condemsate fractionation.® These three products
represest very differemt types of mmterials which cam be
ww-&m.mmms;maa

wncentrifeged Symthwil product oil contaims 2
Mamﬂwﬁthlk form of fimely
divided char and catdlyst and s Tmch mwre difficuds to
handic than condemsed smoke. Some vasiations in the
origimal chemical extiaction procedures were necessary.
bet no major changes were mrade except 1o extract the
COED oil by a comtimuous procedere rather than
batchwise.

Further sepasation of the mojor fractions has not yet
been attepted beyond collec’img each of the gross
clwates from the Flonsil cwomatography in three equal
plied 10 each of the nevtral subfractions of the COED
oil. With this procedure. very few peaks were detected
in the benzcne-cther and methanol phases. A rumber of

B. AP Swam. ). k. Coopey, and R. L. Stedman, "Langr
Scale Fractomatoon of Cigastetic Smcke Condemsate for
Chemical and  Binlogic Imvevigiions.” Ceower Res 29,
579 83 (199

9. 1 0 B S lrcknd. and A.W. Spears, “Mdentification
of Aromatic Ketomes m Cigaretse Smoke (omdensate ™ Ane/
Chem 43,310 1301969).
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Tabie 6.3. Damidution of clus fenctions
ke condinsste

Quantit found ¢ -)

Frxtoa -

amp Symshuwel (&}
1 NgOM el o9 141 19
2 Weak s mwl 62 20 by
3 Wk aads $1: 0wl re [ B 97
4. Stromg xoads_ mal. 02 0.3 3%
3 Suvay awh Fr;0wd it 19 3e
& Strumg avds_ H:O =l te 17 »2
7. By ol 2 02 3e U2 ]
8 Bacr mwl b 02 03 t2
? e 0wl 22 16 10eé
10, B, H;0 ol 73 (1Y 3 3e

b

1. Hexame 142 py X 16
12 Hevame bemeone 49 74 14
I3, Bemzeme-cther 47 n? 130
18, Nethanol 24 111 10.2
Total revosery 101.7 100.2 s

comsttuents i the hexae and hexane-benzeae 11.
toms have been ta.iatively identified by cochrusua-
tography. The polyaromatic hy drocarbons apparently
are chute! in the Btler iwo-thivds of the hexane fraction
md the first thitd of the hexane-benzene fraction. Gas
shwomatographic profiles were also obtaimed from the
three cosresponding Synthod fractions. Comparison of
the two sets of profiles shows some substantial qualita-
tive and quantitative differences

Sowmples of the mapyw  fractions of the COED
Syncrude have been examined for mutagenic activity at
the Bology Division.'® Relatively strong mutagenic
ativity has been found in the hexane. hexane-benzene.
ad benzene-ether fractions of the weutral portion. as
well 23 in the ether-soluble base fraction. These tesis are
being extended 1o sublractions of the neutral samples,
ad where activity is d=tected. these fractions will be
furthes subdivided. Gas chromatopraphic profiling of an
underivatized postion of the ether-sluble base fraction
reveals the presence of vver 100 constituents. Several of
these have been tentatively identitied by cochwoms-
tography. This fraction will be furiher subdivided by
column chromatogsaphy for mwre detailed mutagenic
testing and chemical characterization.

10. ). L. Fpker, Biokgy Division. unpublished data.
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There s some comcern Ut the aod and base
reatuest i this scpasations grovedure cuuld kead »»
dongss m U cuompusition of the et merials.
Consequently . other separations schewes are  beimg
mvestipated which reputedly do mut creaee artifacts and
which may be faster and mwee switable for mechani-
tion amd scakc-up. These methods mvolve am ex-
cang ad adsorption cwosntogapin'' and g
pamcation chevnatogaphy ' © Stedies on the distri-
butive i speciic constituents of cual-related mterials
by standard bquid-liquid extractivn procedures are also
i progress. (1. B. Rubeni

Fimsd chesaceesication of ¢ sysama sswekies. The last
of the NChmpplied mw.quama Cgetics were con-
sumsed 1o prodwce samph s for 2 turther analysis of the
smwke. This wawk is sunmsasized here 23 an example of
ow present capabilities im charwcierizing 3 given com-
plex sample. Analyses camied out @ this study are: (1)
BeA and Bl (2) irdule and skatule. §3) carbarole. (4)
gs-phase sulfur compounds. (5) gasphase mitrogen
compwads. (6) gas-phase vrganics. (7) PAH profile. (8)
TPM profile. ¢9) terpene profile. (10) metals. and (i 1)
physical characieristics of the cigarettes. All analyses
have been completed except for (6). (9). and (101
Metals are being deternined by the Mass and Emission
Spectiometry  Geoup, while the other analyses are
carvied out in this Growp.

A batch of 21 85-mm nonfilier marijuana cigarettes
visually selected for complcteness of packing exhibited
3 mean weight of 1.175 £ 0.157 g and 2 resistance-to-
doow of 15983 mm H:0. The lage variation in
tesistance-to-draw is the resull of monhumogeneous
paxcking - large pieves of stems and seeds are present in
every cigarette. Loss of filler on handling requived w to
select cigarettes only upon the basis of completeness of
packing. These wer2 randomly grouped for TPM gen-
eration at 15 cigareties/pad. In spite of these variations.
these groups probably represented a more uniform
product than one would find “on the street.”

The lower PAH's such as napthalene and its alkyl
derivatives (possible tumur promofers) were found to
be present at lower levels than thuse in cigarette smoke
condensate. but this trend does not hold for the other
ring systems. We found elevated levels of BaA (19 ppm)

15 D M. Jewell. J. 1. Weber. J. B. Bunger. H. Plancher.
and D. R Latham. “lon-Exchange, Coondinaten, and Ad-
sorption  Chromatograph: Separation of Heavy-knd Petro-
leum Distiflates.” Anel. Chem. 44, 1391 95 4197D).

12. H.-5. Klimisch, “Anrecherungs-und Tremnaverfahren zur
Amalyse polycychwher  armmativher  Kohlenwassersinfie.”
/. Anel Chem. 204, 275 18 (197D

and Bl 16 ppa). The baves s 2 stromg cacimugen. and
buth ase presewt m comdensed smoke 2t 3dvet | pem.
The fuorenss. particulaly the methylfloverncs. appear
m axounts sumewhat greater thom i condensed smvke.
amd In-vanthene s dlsw i somewhat greater amommts.
Buth indule (1198 ppm) and skatobe (1061 ppm) are i
comshleraldy hights amuLnts on B condemsed smoke
(zbvwt 600 and 350 ppm sespectivcly ). 2nd the amuownt
of cabazvle festmmated 21 2bowt 55 ppm) 8 dw
clesated. The cumcentrations of imdole and skatule i
mauans we wmore nexly eqgal 3 compared with
cundensed smoke. but the carbazuvle/mdole rativ of
abowt 1/20 b muipma is approintidy tha ob-
served for tobacow smwlke.

Examimation of the gas phase of maripom smoke
with clemeniselective gas-whd chrommtography re-
vealed cssemtinlly wo differemoes frum the Kewtwoky
reference cigasette (IR1) for the gas-phase sulfer
profile. The following cunstituents were identificd and
measured: COS (33 pg/puti). H;S (3.0 pgipwil). :nd
thivphcne (0.2 pg/pufl). thowever. the mitrupen-
compound gas-phase profiles of the marijuana cgarette
and IR] were quite differem. with the 1R] exhibiting
higher levels. Acctomitrile was mcaswed in marijsana
smoke ot 099 ug/pull and n-butylyamine a 038
s puil. The comesponding bevels in IR1 smoke are
3.76 ad 1.1 ug/pufl respectively. The TPM profiles.
which represent a2 broad scas of the TPM comstituents.
sl sevealed some significant similaitees and differ
ences between the mosipana and 1R) cigareties.
Phenol. the cresols. catechol. hydroguinone. and
ncophytadiene are present i the marijpana-TPM at
about the same levels as in IRI-TPM. However, the
marijuana apparently cumtais 3 considerably larger
amuunt of glycerol and the free (atty acids. This print
may require mass spectivscopic conflirmation. In place
of nicotine m JR1-TPM. the marijuana-TPM contains
large amounts of cannabinol, A -tetrahydrocanaabinn!.
and cannabidivl. These are the last three major peaks of
the marijuana profile. In addition. several other majur
differences in unidentified TPM profile peaks can be
casily seen.

The significance of these differences and their relation
to the bivlogical activity of marijuana smoke is not yet
clear. The disparity of results among the various
reported tests of the biolugical ativity of nwrijuana
smoke prevents us from drawing any conclusions in this
aea. bul the data do show that significant compo-
sitional differences do exist between marijuana and
tobacco smoke. and these could result in different
biological activities.
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Complicating (actors nclede (1) the need to amalyze
the smokes in the presence of miwels wader normal
vpersting conditions. (2) the need o contimveusly
monitor the exposwes. and (3) methods applicable to
amlyzing 3 standing aerosol often imspplicable to
amalyses of flowing streams_ A fimal complication s et
itdle puidance is availeble 10 2id in selecting sppropriste
constituents or perameters to mez.wre. This selection s
heavily dependent on the ressits desived (eg.. effect of
mimnls on the acvosol. cumceniration monitoring.
dntribution of constituents in the chawber. eic )

Previowsly described’ > methods have wadergone finel
development and/or fimal evaluation through rowtine
use. The following constituents of pesticulate mmtter
can now be determined on grab samples from exposwre
Amospheres: nicotine, woter. ncophytadiene, phewol.
fatty acids. and catechol. Taken togethes, the relative
concentrations of these comstitwemts can provide 3
measere of TPM composition. Nicotime 2
neophytadiene are promising 25 measwres of swoke
concentration. Gas phew comcentrations of carbon
pitric oxide can alsc wow be determined routinely.
Except for hydrogen, thess constituents are pasticular.v
isnportant a3 messures of animel effects on the aeroscm
and animal respination. Hydrogen promises to be 2
useful indicator of gas phase concentration snd can be
monitored continuously by thermal conductivity. TPM
and organic gas phase constituents cap now be profiled
routinely as measures of smoke composition.

A mw sampling device has been developed for studies
of flowing aerosols. Smoke is withdrewn through a
micro-Cambridge filter at a constant rate (3.8 mi/min)
by a syringe pump. The particulates accuruiated on the

13. M. R. Guerin o1 3., "Smoke Exposwre System Char-
acterization,” Anel. Chem. Div. Annu. Prog Rep. 3ept. 30.
1974. ORNL-S008. p. 67.

Glver and the gus phase materiak retained in the syringe
ase analyzed hoey o provide 3 time-avevaged concentrs-
tion. The Sevice bus performed excellontly for analyses
of nicutine, curbeon menexide. and crben denide. but
we feel & s imapylicable o amalyses of resctie gos
phase constituents sach 35 nitvic onide md hydvogen
sulfide.

Methodolagies to determine porticle siae (discessed
detad below) and w msniter particulese and gos phase
cencestnation heve also received stimntion. An eptical
appears W respond quantitatively o particulates. The
device allows continwews mewnitering, bet &t & net yot
cleas whethey the respense can be converted to absclute
values for concentration. We sl find vhat methane and
hentriscontane (#-C, ;) are pasticulwly promising iadi-
cators of gus phase and purticolste matiey concentr>-
tions revpectively. A method hes bern developed for the
coliection and ges chromatographic analyses of smoke
s cuily Atamined, o anticipate lictle resention of
methane by mimmls. 20d 2 separaic study wing FTS/IR
shows tUmt cigarette to cigasetie aad pufl o puff
vasistion i methane Zelivery is relatively small
Hentriscontane cam mow be determined on micro-
samples of TPM by heating the filer pd 10 320°C
while sweeping the off-gases into 3 gas chromstograph.
Hemtriacomtane is completely dissolved in the partics-
kates and. like wethane, is uareactive. muking it an
excellent indicator of particulate matter concentration.
. R. Seokaety)

Clnmicsl compusition of tobacce smoke in inhulotion
expossse systems. The chemical composition of smoke
offered to smimals in exposwre systems is of com-
ship of animal studies to the human experience requires
thet amimals receive smoke thet duplicates human
smoke 33 clostly 33 posible. We are investigating the
chemical composition of smoke in the exposure systems
and the effect of expossre variables on the compo-
sition.

One study addressed the question of compositional
changes in organic gas phass constituenis for smoke
offered by the Walton horizontal exposure system. A
high-resolution gas chromatographic profiling meth-
0d'® was uwwed to amalyze smoke in the exposure
chamber of the sysiem. This method visuslizes spproxi-
mately 125 organic components of the gs phase of

1. M R. Guerin and P. Nett:sheim, ORVL Tobeco
Smoke Resrorch Proyrem Sum mry Report. ORNL-$008
March 1979).



sk and Wwws rdioble qrantitativn of prak wess b
approximately 75. Changes in compusitiva Juc bo Jpug
of the smeke in the cxpusese Jomber weoe stodind by
smpling the chamber carly i Jwe cxpusmse ptvind (3
sex afver pulY) and baite in the pevind (25 s0c). A avraml
xpusnre with Ui srem stquines up W dhust 30 s
m which smwhe stands in the >spussre chamber. Vianal
cumpmisvs of the duventeg.aus sgprstad ol aupse
<hanges in compusition de nt wocwe. Detailed amalysa
ol chwomtogsaphic peak-aoes data e 77 of thee peaks
i the vowntogram amfiem the dbeoace ¥ sxaper
compusitional <lamges. Owly five peak ves wewe
affecsed by agmg. and Gee thive peaks. hamges weve
hove cencleded that compestional camprs = the
wiganic gas-phase conmitwents due W smeke agng ave
mimbmel.

Seadics with mice sndevgeing exposure on the Walen
horizontal syvem revealed that the minnls came 3
peneral decvease i the comornination of Il wgmic
g-plase constiteewts in the cxposwe clumber and
produce signifiam compusitiomal changes i the
smolie. With 20 mice wndergring exposwre. al peaks in
the high-resslutivn chreanivgram decvease m e
during 2 morwnl 3050 expusure. Detailed analysis of
the peak aveas of 77 peaks in the chronsatogrom showed
that the average avea of Al praks decreases by 2 factax
of 1.8 during 2 20-3ec exposure. Compunemts with high
boiling points (peaks with lupe retemtion times im ter
chromstograms) were affecied more thun bow-boiling
compunents. These effects are believed to result from
the optake and selective retention of componeats by
the animals.

Evidence that other smuke components im the Walion
hurizontal exposere chamber e affected by mimol
mteraction has aso been oblaimed. Nitrik oxide s 3
physinlugically impurtant smoke component present a8
3 level of 0.277 in the s phase. Owr mitial concern was
that nitric oxide could reac? with oxygem to form
nilrogze dioxide during cxpusures. producing a smokc
depleted m nitric onide. Analysis of the chamber
contents by 3 new g3 chromatograghic method®
showed that the pitric oxide conceniralion was m
significantly reduced in time ~eriods of up o J0 sec.
Further studies with aninals. e wever. showed 3 steady
and rapid decrease in I milric oxide concentration
during the exposure. In 2 35-sec expnsure of 2 mice,
The concentration decreases from an initial value of 72

1S. A. D. Horten, 1. R, Stokely, and M. R. Gacrm. “Cas
Cwomatopraphn  Determination of Nitric (vale INO)
Cigaretie Smrke.” Imel Letr 7. 177 (1974,

5

ppm e 3% gpm 2 the cnd of the cxpsure. Anwal
uptake and sctentivn wi the matr vuade 1 theaght tw
be the privory Camee fur the reduction i the ot
tum @ Wt exponee homber.

These amd other studics va aninl depictiug of smdke
compuacwls sagprst 3 scvives  Liontateen of senall-
wlome. 53t cxpusure e sch 3 the Walhe
burizvntal. Sasce the wivene ol the cxpumme chambes
ol sheae sysiews s wall sebatioe o the cowmbateee
vespixabury vulswe wi the animnls wndcrgsing cxpusare.
the mimmls bocathe and pomibly schocathe 2 mopsy
thevclunr. expuscd ww 2 smslic of contmunesly cuanpng
Compritien.
boem wsed W coaluaie protutype Cxpumee Bstews and
compenrnts. Fur example. the gas-phase poviiling tech-
wigue was waed o cahote wbing moscrials waed b
tamsley smoke i 2 system which provides 2 siscam ol
frcsh smelic For expusere. R was fewnd tisat the tobing
(Tygun) ward mitially i the v stew hsuries appreciable
amwunts of high-builing constiteents of she grs plase 25
ton of lnghbuiling compeaents vidded 2 smohe
aheved i chewical compusiton. A sysiewatic sindy
wn made of vthery twhings W fmd 3 wterial with
minimal Jbsurption durcieristics. Tefhm. polyetind-
<ne. and et tubing were found to produce negligible
Fevrption ol gas phase compunents. Future models of
s exposwre sysiem will mcorporste awe of these
wmteridls for smubke tansler lmes. (C. E. Higpns,
3. . Swkely)

Posticle sive chavacterintics of Sobacce ymubie. Cigo-
retie tobacco smwke is am acrssel of plverical lagsid
paticies smpended m 2 g3 phase. Mt of the known
bivlogicaily axtive constitwents =rc on. imed in these
particies. Gn mbalation ticy depusit in vanaes regions
of the respiratary system i 2 size-dependent wanner.
Thus ome of the important variables of twlacor smoke
damimctry is the distribution of siees of the porticles. A
standard pull of smoke contaims about 10°" portides
must 3 of which are less thon | gm m diometer. Both
the number of postiches and theis size distribution
clonge rapidly. primarily by coagelation. but other
processes such 33 cvapuration. size-selective impaction
on walls. gxs turbulence. and siiring nuy also amiri-
buie.

Nome of the standard imstrunental techniqirs feg..
light scattering. gas centrifigation. cascade impaction,
electrostatic analysis) for measuring size ave without
objeciion when applied to the tobaccn smoke problem.
Most require extensive dilntm prive 1o measurement:



whecreation of the particies has al. > proved wascvess-

. The lguid droplers spread when cullected and
purait i the highvacuum cavivvasent of n clex-
Trus microscUpe.

The compeund methyl Jcyamoacrylate (MCA.
tatenn 10 adhesive) polymenives napidly on the
sorfaoe of catalytically actise swbstamces. Bt was first
wsed in the gos phase W replicate e crystals for
micruaccei  swesligativa as they Il thesgh s
vapes'® ecemly. Canter and Howgawa'” reporied
the fixation and stsbilication of sobscco smoke porti-
<les for clectron microacepic obeervation by contacting
them with MCA vapors. We have saderiaken 2 poralicl
imvestigation of this technigee with the 2im of de-
veloping 2 method whereby the pastides moy be easily
reproducibly and qumtitatively detcrmined with aa
<lectron microscope.

With this 2im in mind we have chusen o collect the
particles by hation. OF 2 sember of commercially
available filiers. we kave found Nucleopore filters to be
wwst satisfaciory. They love well-defimed. suflicient’y
swall pores. and theic sseface appears smooth 2t high
wragnification. allowing casy olservation of the MCA-
fized pasticles m 2 scanming clectron microscope (SEML
Rostine expeviments e sow done with filiers of 0.1-
or 0.05-um pore Swmeter.

I» 2 typical experiment. MCA vapors ave filtered imto
2 heated vemel. The smoke sampie is thew dsawn in and
mixed with the MUA vapors. After a few seconds the
fined particles are filiered omto the Nucleopore mem
branes. These are cut and mownted on SEM stubs. Priny
to observative they are custed with a thin layer of
conductive material. Both crbon and gold lave been
used: the gold gives somewhat betver emission. Typial
resuits are shown im the clectron photomicrograph of
Fig. 6.2. The magpification of this figare. about 10.000
times. s typical of that used 10 adequately display the
sowllest porticles for measurement. The particle diame-
ters have been measured from the SEM photographs or
enlorgerments, wsing an Elograph Graphic Digiticer
coupled. via punched tape. to 3 miniccmputer. Typi-
cally, 500 10 1000 purticles are measurcd. The mini-

16. R. I Swith-Johannsen, “Resm Vapor  Replication
Technigue for Smow Crystals amd  Bindogical  Specimens,”
Novwrr 205, 1204 (1989).

17.W. L. Cuter and 1. Hawepw. "Fination of Tobacer
Swinke Acroanks (o Sive Distribution Stwdies.” Absiracts of
20k Totacen (hemisis Research Co.fevence. Raleigh. N.C.
Oxtnber IR, 1974,

cumpuity & programmed tv caculate and classify the
diameters and vetput the statistics necessary to defime
the size distribution.

We have foun) that the panicle diameters do mot
continee W gow on prolonged comtxct with MCA
vagurs. nor do they change when the reaction tempera-
reve is ixcveased from SO° w 70°. As these tempera-
twres Uhe pacticies e complesedly fixed in the few
secomds mecessary 0 mix and filver the mictwre. At
room temperature an unduly long comtact of abowt |
min 5 secesswy to fix the pasticles. These results
mdicste et once 2 bayer of polymerized MCA s
formed on the smoke purticles. further deposition of
polymty Joes mot oocwr.

m amiugy to the work om icr crystals’® it was
origeally assemed tha the smoke perticies were on-
capsulated in 2 thim film of MCA polymer and shot. like
waser. the tar of the cigaretic smoke would largely
dtTuse through this (lm and evaporaie m the high
vacwom of the clectron microscope. leaving 2 thin
Subblc of MCA pulymer. A mcassrement of the
thickness of this shell would establish the bias of the
wmethod: the relation between observed and true smoke
pasticde diametes. We have evoded MCA fined smoke
particies with 2 beasu of argon ions and have examined
them im the SEM. The thin shell comjectuved was ot
confimed. The swwaller particles. those less than about
0.5 pm. appeared solid. Larger particles were sometiones
hollow. but with 2 thick diffuse shell (about 0.3 jmm).
Apparently the MCA diffuses into the liguid smoke
watrin a3 it polymerizes.

We lave simce resorted 1o 2 less-divect test of the bias
of the method. The particle size distribution of very
dilute smoke was mwasured and compared with well-
repried gas  cemirifugtion (comifuge) results.’®
Accepling the conifuge results 35 2 standard. then, if the
addition of MCA to 2 smoke pasticle significamly
mcreases its diameter. the size discribution curve from
ows MCA-SEM method should he shifted 10 larger sizes.
In fact. both methods gave similar size distributions.
peaking 21 0.2 ym. with 90% of the perticles in the
range 0.1 10 0.7 um. We have found no evidence. from
this te31. of a significant diameter bizs. It thus appears
that the MCA-SEM method is at least as relisbie as
other methods for measuring (he size distribution of
volatile liquid aerosols such as tobacco smoke and. in
addition, s fully capabk of quickly sampling the
concentialed smokes of interest to the Smoking and

I8. C. 0. Kieth amd ) C. Derrick. “"Measurerment of the
Particle Size Distribwiion and Concentration of Cigaretie
Smoke by the “Conifupe’.” J. Colinid Sci. 15, 340D 1196Mm.

P



Fig 6.2. MCA-fined cigavette nbucco smeake purticies on Nudespers Alver.



Halth Program. The samplimg tochmigee has been
retmed o tht reportive samples com be len A
dmely spaced time mterals. The changrs i partace
sire duwibeten can be monitored = 2 smgie poff of
saoke 2prs m a0 miolstan chasber. the wacertamtins
aming from Cigareiie ™ cigaretie iveproducibility are
lupely chainated.

We Tose bepan to momitor smoke pasticle sice
Jsnbutivws aad they Jange throughoet = el
cxpgmee cycie i wew of the soking sxadbines of
wicrest o s progect. The aim is 1o monitor e
dtributans im cxating mochimes 23 they e »omally
oprsated and to wae particle size amlvss a5 2 ool e
improving their operation. The changes in sive distri-
bution with tame i the cxpusare chamber of 2 Walwe
Inwizontal smoking machine asc shown o Fig. 6.3. The
rudpull of 2 IR1 cigwevie was mieceed v the
Jomber. and 5w smulkie samples were 1ken 21 1. ;5.
and 30 sex afser the pufY. Patiche dewsities. novsalized
w0 the same maximmme. are ploticd vs the koganthm of
their diameter. All curwes are grte sywametric and
within experimental evvor fit 2 logarichenic normsl
dmtribmtion. {Nowe of the disinbutions measwred show
the skewness to rgh diomcters tat las bees previowsly
reported’” fur tobacco smoke.) The geometric mean
dameters are 0.30. 0.47. and 0.68 um. respectively. 2t
the theee times. The distribetions of Fig 6.3 e for 3
stired expuswre chamber without animals. Preliminary
data suggest (hai there i3 2 lavge perturbation with mice
present and that the particle size increases significantly

I"' v

NORMALIZED PARTICLE OENSITY
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Fig 6.). Pastich size distribution of using cigesetic smoke in
Walinn expomre chomber. o, | we: 3. 1S wec: 0, 30 sev.

mosc capeds wth stwrimg dum withost (R.W.
Holmbory)

Ousisewry. A stwly =33 desipaed (o determine the
effect of smoke concemtration and of swwoke ex-
poswre time on the amowst of smoke particslate
depositam  following mbalation cxposwe ® the
Soddox ecxposme syviems. wsing lomsters. The
selecied smemds were comditioned for ome week.
They weee then exposed %0 the smwke from code 9
cigareties cwmtaiming ' *C-dotriscoxtane o Face the
faee of the posticulate postion of the acrosol

We found tha the amoumt of particulate matter
retamed by the aniwmal after exposwre increased lm-
cxly with smoke comcentration and increased ex-
mmml— Distribution through-
out the body changed somewhat with exposure time
bt groevally amged around 657% im the hamgs. 7% i
the lxynx. 12% im the upper airways. and 125 in
the siomach. Negligible amcunts were present m

‘mdyismyﬁnm

lkla'lm the respiratory tract of expen-
mental amimals during 2 lifetime exposwre. The
between aerosol comcentration. exposwve
time. and deposition can be used to establish
exposure conditions that will vield maximal
j ing 3 minimal tonic effect on the
Comak but much more extensive studies
in collaboration with Microbiological
Associates om maximum dose conditions for
mice exposed usimg the Walton horizontal system.
The use of smoke tracers has the advantage that
localized distribution can be determined. Major dis-
advantagrs are that most constituents cannot be
traced in this manrer and that the animals nust be
sacrificed. An important finding is that by measuring
the decrease in quantities of smoke constituents in
the chamber during the exposure stand period, we
can make an accurate prediction of animal dosime-
try. We find that the depletion of '*C in chambers
containing '*C-dotriacontane and ' *C-BaP-kbeled
smokes is quantitatively recovered in the exposed




ammals. Carboxyhemuglobim levels m the blovd of
savbiccrpused amimals ca be awawraaeh prodived
Trom: meaisrements of carbon swsuside depleton is
the chamber. Ahbough this method. “dosimetes by
depletion.” does sot permit  determimation of the
sme ol deposition. it docs low dusirtry  meawes
o be vbtaimed for vy individual cvestitiomt I the
dunbe. Brass € s madestractive # also alluws
o W oz the commlatme dose (v given amexls.
(3. E. Cooon)

lmgect wmeswwrments. Mezssremsnts of “mmpact™
ded with the ovalmation of conges camsed by =
malt. Owr mterests e gewevally comfmeed 1) chemi-
<2l Juasges oocwrrmg cishier W mvading chewneals or
w molecules aative w the living -wpmisn. One sach
clonge thoegt W be mdicative of the mpact of
some immlys s 1he level of and by drocardon I drox-
viase (AHED mdcoed by the msult. Owe approach w
the mvestagation of AHH actwity has beem 1o study
it ow the molecslar kevel Thas. prepasztions of in-
duced rat lwer microsomes have beem sindlied by

strength amd Jecscasing pH The method separates
the crede preparation imfo seven fractioms. Electro-
phuretic analysis mdicates that exh fraction cumtains
seversl nomserum  protcims. At keast owme frction
appears (o contaim enbanced AHH activity coenpared
with *he ovigmal pregaration. These efforts to care-
fally olate AHH activity are 2imed 3t development
ol 2 more sensitive and more specific AHH assay.
Sech an improved asay wight imvolve guanititation
on dectrophuretic separation media or the develop-
ment of 3 specific immunochemical reagent.
Other work om monitosing the impact of experi-
mental smoke exposures imvolves the perrodic screen-
ng of urme sampls. usimg high-presswre liquid
phy. and applying 2 buttery of clinical
analyses, using the GeMSAEC. A unique sample
bank of blond specimens from aminals scheduled to
ndergo long-term smoke exposure at several labora-
tories throughout the country will soon be estab-
lished. These samples will provide the first opporiv-
nity to examine biochemical chamges. in 2 given
animal. resulting from clwonic exposures. Animals
exhibiting pathological changes can be compared
with thuse which do not. {J. E. Caton)

peliet i

|

Chewical evaluation of beoywax
plantation. A tracheal paf: procedure has been de-
veloped at the Biology Division as 3 means of test-

g aous NPes of CHCIURIRS VR TESPR2tury Lt
cpithelimm withuat cndmgering the whule amnul '~
This coscept mnludes the mivme of the carcimvpen
with 20 et canzs and msciting the resaltimg peiict
mtv the trabwal g2t The result sivuhl be 2 ey
term. badevel msult > the s, 32 sstatem
pwerally mavpus W the effect of sawkamg on
humons. The tacheal gratt stadics have beew en-
ended wsimg pure st compuwnds sach =
7.1 2Bt Tocws [ ] amtiwaccne (DMBA) = bevswan
peliet implants *® Am damuge o e insar should
be rchated o the amuvent of the smgle compownd
released o the mawmi sstem. On the othe: and. it
a2 cusaples mntwee sk 33 cigetie smoke cum-
demsate $CSCY were W be wsed. 1t wowhd seem s
o that some consticsents weald Jffuse wwom the
peler ixster than others. amalyses for amy givem com-
pounds wusld be very difluull. aad asscssment of
tiswe dasagr a3 rckated 1o the paremt matenial
would be complicated. Veadl and Duyle™' haw de-
vdoped m I vitro mudel 1o study release rates.
This muodel Jas boem wodificd and abptad 10 the
stedy of .raoc gEaRtitics of anEs GmsTucRis @ 2
CSC-beeswax. matriv.

Reproducible  pefiets wore obtamed by  heating
equal parts by weight of CSC and beeswax. agitating
the mixture vigoroush. and imsmediately Sreczimg it
m Nguid eitropen. The :od dapd pelicts were
formed by extrudimg the mixiwe from a2 syTmpe.
The CSC contemt of cxh peliet was equivalent
approvmately W that from ome cigasctte. Because
almost B of the components wuld be presemt in
quatities tov small 10 measure. each mixiure was
made up with 3 '*C tracer commpound. These travers
repreenied different classes of comstiteents. Control
peliets from each batch were amalyzed fov CSC con-
tent by Muosimetry amd for '*C comient. average
relative standard deviations per baich were 37+ and
Yi respectively. Th test pellets were imserted in
small lengths of glass tubmg. and isotonic salime was

19.) Kendrikk. P. Neticsheim. amd A S. Hamwmons.
“Tumor Induction m Trachea! Grafts: A New Faperimental
Medel for  Respmatsy Carcmopewess  Stodies.”™ 7. Neodl.
Concer Ings. 82, 1317 28 11974).

20.R. Gricsewmer, J. Kewdbick. and P.  Neteoshom,
“Studics with Tracheal Tramsplamis.” Intermatimal Sympn-
s on Faperimental Leng Cancer. Scatile. Jwme 23 26.
1974,

21. 5. 7. Veal and (5. E. Doyle. Battefie Northwes! Institnte,
“Evalwation of Becswax-Traprylin Vebicle for Pelmwonary
Carcinogenesin Studies.” submitted to Toxicrioxy el A pphied
Phormecology.



pomped thecugh 2t abuwt 250 miiday. The '°C
comtent ol the efthoent was masered at regular tame
mtervals. amd o the end of the soecified test
perds. the residual '‘C im the test pellets was
mcasured.

We found sebstantis ditferemces in the rates o
which the vareus constitwents were relcased from
the pellets. The smaller and mewre suluble cumpounds
were reicaed quae rapidly . Suome compuments. Bico-
e amd plemol. for example. are completely de-
pleted by the end ol the third day. while others &t
that awe tme Jppex 10 reach 2 bow (v with
very show (urther release. The less suleble com-
puvads wese released only sowly. of 2% all. There
asc obviows Jifferemces im release rates. depending on
wmuleculs structwee of size within 2 family of cow-
pounds. The tweeting phenanthrem is more thas
90 reicased after 28 days. while te 4- and 5-ring
comprunds remam csocntinlly m the pellet. In the
Tty aid and acoll groups. release rare appears to
morease with decreasing size and with ncreasing
vesaturation. Relcase rawe s dso inflwenced by flow
rase (o 3 geater or lessey exiewt. dependimg on the
nature «: the molecule. I the flow s dowble. the
movease & the release of phenol i 2 1240 perivd &
21 abowt the hmit of experimental evvor (~1077). bwt
the reiease of phenanthrene after nime days increases
by a relative 257

Cabom-14 tracer cunpounds were wsed. mot only
for case of amalysis. bt also to prevent atificid
comcentration  effects. Griesemer e al°° Mave
sswiied release rates of DMBA from beeswax pellets
in 2 number of im vivw tests.?? A large number of
pefiets contaming varying quantities of this com-

pownd lose beer amalvzed after they had beem re-
mowved from test amimals 2t specified timee mtervals.
The release of DMBA appears 0 be cumcentration
dependent m the ramge of about 05 w0 25
mg/peliet. Jut A lower comcentrations. the data ate
mcuschusive. Simce . may of the compuends studied
m the n vitro Wsls 7e m concest-ations that meght
amge from 3 0 5 orders of eegritude less dun
thue: low milligam + "wes per pelle. the role of
comentnat:w m the comparisoe of these release
faies IS opER (v question.

The = witro release rate model B 2 useful one for
amessing the directioms that m vso studies could
take. The resalts of the above tests demomstrate that
beeswax will not permit equal rates of rebexse for 2
large vasiety of compoumd types sach a8 exisis m
cigasette smokis condemsat: or Lguid fucls. and con-
sequently is ot 2 suitable carmier for such mixtures.
On the other hand. since whole-smoke condensate or
other complex mixtures may be fairly toux. and the
montozic. biologically ative compounds may  be
presemt % low concemtritions. the parent muaterials
may mot be appropriate sabjpects for imvestigation.
Fractiomation of the mixteres into postions which
contaim similer composnd types im higher concentra-
vons may resull i more msitable test maerias for
which 2 poptt iment cammier cam be found.
1. 8. Rubin, J. E. Caton)

22 R. A Gricsewcy. P. Nettesheim. D. H. Mattm. and
J.E. Cawn. Iz "Quantitative Fxpomwe of Rewpisatory An-
wy Eguhiism w0 1.12-Diwethyijojontisacene.” submimeod
1w Cawcer Reseorch
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Part B. Service Analyscs

The suppurt atmane of the wrone labwiatones solbs choacs B ameme
Labutators programs. As mew powgcts are vomereed sl waplomontcod m other dey s
e rubhithd s s e eguned. In respmse to e aoeds of the gromaeg oy’
Techaolugy Program. Vor example. 3 coal Liwaton was establesved 1o prosade anah tal

oviame to these avestigate-n. Todwigues nd cquipeeent wsed m thes lalbovatons mark
2 break with mamt of wur past cxperemces. whach pave ieom promanks B g
Jeemesiny . Sk propcts 5 the HTGR. doe MSR_ amd the TRU prograss do. bvwewer.
sull seppls e Lulk of samples revened. aad clemental and radunhenscd b o
cimtimer to be m demand.

As sen m Table 9.1, “Secmany of Asalki -2l Wk ™ clemenial mase 20d cosam
spectrometty accouals fog 2 large fracthm of these determamatums and 1 i atee of the
hagdy suphistiated. mzoated methondulogy that b rcplacmg irsdinnal wparatens and
widrvdual anah tcal Libocatovy methods. Thin, for the Eaviunmrntal Laboraton we
have aquired Two Todhanin AswAna. et ad 2 new Perkm-Limer mded 505 stomn
absorption spectrophotomeny. The gammo-ra spectrum sosoletnm program MONSTR
was adipted for use m the radunchemucal labvratony | bere hand phtim, and “cveball™
nulide identiiication was replaced by compaker computatem and zssapament.

Such chanpes from hd 201 ¢ wperalnm 0 AutoARav7eT. Nass PECIIRICT.
computer«onindicd wucidde dentificatns. o ther machme-tvpe analvees obveah
requre close statistcal contrals 1o zsewre that reselts repiwied ane vald Comsequently . an
expanded and more detasled quality comirol program was begun. Wokme dosely wth e
Quality Assmrame Commitice. we have set up quality aomind prwedures fin cvery
Laboratory m the Division. Owe mwnediate resutt hs been 2 232 sncvease m the sumber
of control detcrmmatams.

The service Isboratones are 2 vital nd nevessany part of mamy of the Laboraton s
largest projects. In additum. they perfirm cmical determunatoms fir 2 nember of
mdividual investigators. To meet the chalknge of providmg quantity witheut sacnifican
quality requires viplance and adaptabelity . These puals will comimne 1o be pursued m the
COming year.
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7. General Anzlyses Laboratory
W_R. Laimg. Head

Retlecting additional activily i sewcral programs and
the startup of 2 new progran. the numb2r of results
repurted this year increased from 11500 10 27.000.

HTIGR work imcluded all phases of fuel prepatation
from uranium hading of s cxchange resin beads 10
cracked partick testing of carburized  fued  sticks.
Luaded 0 vxchanee beads were ciwcked for loss on
drying ond percent uraaium. Cardburized twads were
analveel for U.C. 0. and N Alter ihe additom of Si€
and pyolytic -aibon coatings. the samples were
cheeard Tor hroken partickes. coating density. mercury
density, uramum. and nitrogen. The carburized fuwd
sticks wers clecked for broken particles.

The Eaviconmenial Scierzes Division began 3 program
to measure the suliur halance in an evological est area.
Over 00 samples of iwigs. leaves, bark. stems. and soil
were submiticd for zulfur analvses The Leco sulfur
analyzer. standardized with NB3 orchard keaves was
used for all determinations. U was found that the
addition of 250 mg of MgO was an aid in the
combustion of the seil sampics.

In other Environmentai Sciences work. 1200 samples
wete analy2ed for C, H; and €. H, by gas chromatogra.
ohy. The conversion oi acetylene 10 ethylene by
oacleria was ued 1 measure the bacterial population
of sl plots

Munitcring of Labaraingy effluents ty detesmine if
they meei EPA requirements increased from 9 samiples/
week to 21 samples/week. with another B samples t+en
on a monthly basis. Twelve tests were made on these
samples. using methods approved by EPA Tor this
purpose. Additionally. special sampres Tor dissolved
oxygen were taker over a perid oi three wecks to
check the performance of a rew acrator.

Samples (or the MSR Program included Li; Te at-d
LiTes for punty measurements, neodvmium and tel-
lunnm in Tuel salt, and uranimn valence studies in
Monde salts. Six samnles of salt containing 2 U were

vals 7ed for uxygen. A new micthod for F in NaBF, .
which the salt is decomposed by CaCly in th. presence
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of ammenium vanadale o the Cal: separated aned
weighad. was plaved i operaten.

As in past vears 3 number of materias preparations
were perfomwd. st of them for ihe Sold State
Division. For the Neutron Ditiention Geoup o mapr
progect was the preparation of the mined compound
154 Smy. 51 Y. 175 for neutron sqattening studies. loter-
est Jdeiimes from the behavior of SmS. whinh is black
nommal pressure but cotlapses 1 2 gold phase of smalles
Bince comstant umber 6.5 kilobars The minnduction of
v allows this iransithon 10 cocur al atmespheric
pressure. The collapse s associated with a change n
valemce of samarium which ikay vary from 20 10 2.7,
The compound ' **SmN was dso made for thes group.
Another mapyr xchirity was the preparation ol NoBrO,
from 300 mg of Nalir prior 10 making isolopic
N2*7BO,. The normal material was -we cessfully pre-
parcd. but due (o differences i purity. indicated
hetwern x-ray and laser examination. the study was n:
cmtinued a¢ this time. For ihe bsotope Target Prepara-
tom Group the isotopic Muosides * 75 Luk ;. ' " GdF .
ad *°CcF, were made. Finally. for the Neutron
Spectrometry Group a number of alloys were provided
and treated in variobs ways such s by anncaling:
The.1Cco.n. Tho 266C0.734. Tho 14Cey 75. CeAly.
Nip.7Rhg_3. and Nig 4 <Rhg ;4.

For the Hyperfine Interactions Group of the Physics
Division the three dioys AuAi. Au; Al and Auz Al and
the three isotopic ferrites Nig g''®Cdg 2**Fe:0,.
Nip «'""Cdg.s**Fec;05. and ''"Cd*"Fe,0, were
made. For the Electrochemistry Group of the Chem's-
iry Division. 3 kg of the low-meliin,. cotectic KCI-LiCl
was prepared by fusion-fiftration technigues. The re-
awery ol several valuable isotopes from completed
rescarch  studies was also accomplished  for various
RIOUPS.

New work for this vear was in the arca of coal
conversion techne? gy, A coal laboratory was cstab-
lished. Initiully. provedures for the proximate and
vimate analyses of coal and char were set up. Later



these provedures were adapted 10 tar and Inuids. Gas
dromatogiaphic: methend: have been used for the
mcasutement of hyvdrocarbons ad permanent gases n
oft-gas streaims. A Perkn Elwer elemental malyser was
wsed 1o measere C. H. and N on 1- 10 5-ng samples. A
Parr adiabatic calnmeter bas beer anstalied 1o measure
the heat comitent of salids and lguads. Additnmal tests
which hate boen pronded are viscosity . density . formm
ol ~ultur, solids. benzene. cyclobexane. mitrometham:.

73

cresol and acetone slubles. ash anahysis. and methy kene
londe extiactnm. Two cdhemims voiad the Pits
burgh kncrgy Reseatch Center durmg the yvear 1o
ubserve procedutes and wechmguees used there tor thewe
0 pes of samples.

Seven technians attended 2 62 hr-traming class. and
ime Jeemist and e technicians attended 4 i6he
clectionis clans.



8. Radioactive Materials Analytical Laboratories
LH CIl\w. Head

More than two-thirds of the results repusted by the
Radwsctive Matenials Analy tical Laboratories were for
the Chemial Technulogy Divisaw in support of the
LWBR Assistanve and the Transurasium Production
Programs.

The wransum dioxide powdes from the LWBR pro-
2am must meet cortam requiremerts with respect to
surface area before it is accepiable tor blending with
thena. Our ladoratony has purchised 2 rapid surface
atea analyrer from the Mcromerins Corporaton. This
mstrument wurks un the prisciple of argon adsorption
a1 hiquad-nitrogen temperatuse. Ininally. a sample ah-
quot is degassed at clevated temperature and allowed 10
adsorb argon 21 0°C in a0 ice bath at preset pressure.
The sample tube 13 immersed in a liquid-nitrogen bath.
and more agon s adsorbed. The volume of argon
changes (0 keep the preset pressure. and the change 1n
wdume is 2 measure of the surface arca of the powdes.
The instrument s calibrated so that digral readout of
the volume change is in square meters of surface area. A
sample adiquot and a3 known siandard 2’iquot ¢an be
»adysed on this mstrument in abos:t L 5ir The Trovious
methad required more than 4 he for the same analysis.

The T asuranium Analyses Laboratory assisted
Chemwa Technology Division persimnel in studying
the ettects of zirconium on she volubility of plutonium
and the effecrs of ruthenium on the oxidation states of
plutonium. Plutonium  and  Arconium  concentrations
were  uctermmed by radiometric  and  spectro-
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photometric methods respectively. The vancus onida-
tion states of buth plutonium amd rutheniom were
followed with time by scanming the absorbance of the
samples on 2 Cary model 14 spectrophotometer.

The Operattons Divison submritted samples of sludge
frum dhe radmxtive wasic tanks for 2 vanety of
analyses. Density amd percent solids were determined in
the hot cells. Smad aliguots (10 10 50 mg) were
removed from the celis and prepared for analyses by the
Nuclcar and Physics Methods Grocp. The samples were
dispersed by ultrasonic treatment and separated by
ronal centrifugation. Portions were then examined by
x-ray diffraction. x-1sy fluorescence. and transmission
microscopy. The sampies were also amlyzed for wra-
nium. thorium. and fission products.

To test various meials for compatibility with molien
sats. the Reactor Division iradiated simall metal cap-
sules filed with sati. Portions of these capsules (with
salt) were submitted 05 analysis. The salt was melted
oul under an argon amuosphere. dissolved in mitric-boric
aid, and analyzed for swon. chromium. and nickel. The
remaining salt (adhering to the meta) was leached off
in 2 mixture of sodium wersenate. boric aid, and
sodmum ciirate. The bare metal specimens were partially
dissolved {approximately | mil of the surface removed)
n aqua regia. and the resulting solutions were analy zed
to measure the migration of fission prducts into the
metal.



9. Environmental and Radiochemical Analyses Laboratorics
R R. Rickard. Head

Since a substantial mutuality of interest exists in the
progects served. the Radnwhemical Analy ses Laburatory
and the Environmental Analyses Labuoratory were com-
bimed during the past vear. In both of these labora-
tories. new instrumentation was acquired (o extend or
improve analvincal capahility .

Visitors from Spam. the Philippines. the University of
Wisconsin. the University of Kentucky. and EPA Las
Vegas watked one o mare days in the labmratones to
g3in practical cxperience i envitonmental analyses.
Both trace clement and radinchemical methodologics
wuere reviewed.

Radinchemical amalyses. During .he pasi vear. ohsr
kte counting cquipment was either upgraded or re-
placed. Solid-state clectronic systems were sibstituted
for iube-cperated wmits on the low-Jevel beta counters.
and new gas-low propostional alpha counters were
acquired. In addition  two new 6- by 6-in. well-type Nal
gamma-ray  detectors were obtained o expand the
capbility for low-level gamma-ray measurements.

In conperation with members of the Nuckear and
Physivs Methods Group and with assistance from the
Computer Sciences Division. a2 gamma-ra;  spectrum
resolutions program used in neutron activation (pro-
gram MONSTR) was adapied for gencral use. Both 7-
and track magnetic tape systems and 2 plotting
routine were fested in conjunction with the resolution
of Ge(Li) detector-derived gamma-ray specira. Adop-
tien of program MONSTR obviates the need for
tme-consuming calculation: thus a significant reduction
in time for spectral analy sis was realized.

Most of the gamma-1ay analyses were performed in
support of fuel recycle progiams. wasic management
studies. and transplutonium  clement  reprovessing.
Special analyses included '?°L °°Te. HTO. and pro-
tective coating decontamination studies. There has also
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been 2 continuing need to measure low concentratwns
of >°Sr. '), and *°° Pu in environmental samples.

Envisenmentsl amalyses. Trace clement and macro-
outrient anahyses of envitonmental samples have con-
tinued. but as 3 result of a change m program emphasis.
are fewer n number than in the preceding vear.
Generally. service wa rendered toward a variety of
specific projects of rather limited scope.

New mstrumentation was acquired 10 upgrade or
expand the capability in the area of trace constituent
analyses. Two Technion AutoAnayzers with pre-
plumbed cartridges were acquiced 1o facilitate  the
analyses of nitrate-nitrite. phosphate.  sulfate.  and
anmonia. AutoAndytical provedures have been ex-
tended (0 the deiermination of nickel. chlorine. and
chromium.

During the past year. continued use was made of
group extractions of trace metals (Pb. Cd. Cu. Zn) with
ammonium pyrolidine dithiocarbamate in methyl iso-
butyl ketoae cyclohexane for atomic adsorption spec-
trophotometric measutements. General improvements
in atomic absorption spectrophotometry have been
realizved with the acquisitiom of a Perkin-Elmer model
503 instrument with clectrodeless discharge lamps and a
madel 2100 graphite furrace. The graphite fumace has
been used 10 measure low concentrations of zinc.
copper. chromium. manganese. cadmium. and lead in
walter and in dissolved tissue of small mammals.

Analyses for trace gquantities of mercury in environ-
mental samples continued 1o require the use of the
“clean” laboratory. In addition 1o the Cherokee Lake
and Holston River survey programs for the distribution
of both organic and inorganic mercury in fish, sedi-
ment. and water. environmental samples from around
the Almaden mercrary mine in Spain were analyzed.
Bird feathers. bird tissue. fish. and a variety of plant
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and tree foliage were analyzed 1o determine the degree
of wansport of mercury to the near and far regions
smownding the mine site.

A geweral paper describing the preparatiom  and
amalysis of aquatic-related samples was writien.! The
paper was presented orally at 2 Natiomal Burean of
Standards Symposium.

LN M bFegpwn. ). R Lund. R R Rukond amd L. T.
Cotdbim. “Prcponation and Amalnss of Aguain Related Sam-
phes.” preseated 2t Sympotiem on Acvwracy m Teace Analysec
Nativaal Burcan of Standands. Gaithershure. Mary bad. October
7- 11, 1974,



10. Industrial and Radiation Safety
G. R. Wikson

The Analytical Chemistry Division had ten medical
eatment cases in the 1S months covered by this
report. Ome was a serivus accident caused by faiure of
the gear shift om a2 three-speed bicycle. One of the
medical treatment cases was listed a3 recordable. and as
21 23 can De determined was an allergic reaction caused
by fumes from orgamic compounds. When the employee
v : tramsferred 10 another laboratory. the rash disop-
piared. The rest of the cases were mimor bums. cuts.

a sprams.

Three pew members have bren appointed to the
mfety and housekeeping inspection team. Five safety
and housekeeping inspections were held in the past IS
months, aad exh group within the Division holds
quarterly safety meetings.

Two members of the Division are 1aking the National
Safety Council Defensive Driving course and pian 10
mstruct other divisional employees who wish 10 take
the course.




11. Quahty Control Program
G. R. Wilson

During the five quarters cowered by this report. the
number of control programs has rerzined abuut the
same. Th= Eavinmmental Analyses Group drupped the
atomic adsorptiom methad tor determining iron. chro-
min. nickel. and cubalt: 3 copper control program wae
added 10 those of cadmium. lead. and zinc. which were
arcady being amalyzed by the atomic adsorptinm
technique.

As more data became available. several fixed iimits of
crror were changed: the low-evel Leco sulfur was in-
creased to 3 limit of error of 1577, and the lowdevel co-
lorimetric thorium in the presence of low-level unum
was decreased to 4%, The thorium amd uranium control
used by the Radioactive Materials Analytical Labora-
tories contains high uranium and low thorium levels.
requining a scparation to analyze for thorium: therefore.
the fixed limit of crror was changed 10 57 for the

thrium and 10 0.5% for the uraniom. Al e >ame
time. it was devided that il less than six results were
obtained from a comtral program n 2 quarter. the
statistical dat1a would be reporied to supervisivn but
exduded from tize Quarterly Stavistical Control Report.

Following the recommendatinms of the Quality Assur-
ance Commitice. an additionr: to the Masicr Analyviical
Manual. contaiming provedures for the preparaton of
standards and comitrols. has been writien. An assistant s
being trained to hamdle the Quality Control Program in
the absence of the Quality Control Officesr.

Table 11.1 shows the quality level fur each laboratory
and compares the results with those from the previous
year. Lists of the dificrent conted programs and the
number of results repuricd fur cach program are given
inTable 11.2.

Table 11.5. Distributinn by laburatnry of contml tests
for July 1974 -Septembver 1975

Numbxr of contred nevalts

Ouslity kevel %4y

Laboratory Torg  Oviwk fiwed 1974 1978
fimine
Favitonmenial Analy s 1194 (73] 9392 94.52
Radioa tive Materssls Anat a7 127 96.69 LAY
(rencral Angly sos 1381 s 87.14 9] .49
Total 33 -30—2
Average 934 90.94

“Control resulis within 28 Jimits.
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Tabie 11.2. Diswibution by methed of conteal sesubes for
Suly 1974 -Septemier 1975

. . . Total
Type of methud Comstterat No. of pregramms No. of resules for method
Atomin 2bsorplivn Calkem ] [ ]
Cadunum 1 50
Cobalt ] 2
Coppes i 15
Lesd 1 42
Magwesiom 1 73
Potassiem 1 L
Sodiem ] 54
Ziox: 2 73 24
Colorimetric Deryiium ] [ ]
Chrowiem 2 32
from 2 109
Molybdenum 1 24
Nicket 2 83
Nitrogen 3 250
Phosphores 1 132
Sullate ¥ 176
Thoriem 2 212
Urtantum 1 209 1341
Coulometric Uraaium 3 53¢ 536
Flame pinrtometric Lithiuvm I 40
Sodium 10 50
Flworimetric Uramium 2 L'.f 1ié
Gravimetric Carbon 2 169 169
Polarographin: Uranium I 12 12
Infrared absorplion Carbon ] 161 161
Volumetric Flvonde | 59
Nitrate ) 7
Sulfw ] 67
Uranium 1 il
Thorium 2 149 473
Total M 3332




Part C. Activities Related to Education

The Divisior. continues 10 maintain liason with the academic community through the assistance of 115 Advisorny
Commitiee and consultanis and by making availuble facilitics and supervision fos student and faculty research aml
trining programs.

ADVISORY COMMITTEE
This vear the Division Advisory Committee was compused ot

E. C. Dunlop. Central Research Depariment. E. 1. duPont de Nemours and Co.. Wilmington. Evlaware.

V. A. Fauel. Deputy Director. Ames Laburatory. USERDA. and Professor of Chemusiry. lowa Siate University.
Ames.

L. B. Rogers. Professor of Chemistry. University of Georgia. Athens.

CONSULTANTS

A. E. Camevon advises the Mass and Emission Specirometry Group of the Division.

M. T. Xelley (Adjunct Rescarch Participant) advises the Advanved Methodology and Instrumentation Groap with
particular emphasis on computer applications.

G. Mamant~v, University of Tennessee. specializes in areas of electrochemistry and molten-salt research.
The Division continued its Seminar Program on a monthly schedule. The Tollowing speviaiists were brought to

ORNL on short-term consulting bases this past year f details of seminars are listed in Part E of this repori).

Dx. Thomas Aczel. Exxon Research and Engineering Company. Baytown. Texas.

Professor Robert S. Braman. Department of Chemisiry. Umiversity of South Florida. Tampa.

Professor Macrice M. Bursey. Department of Chemistry. University of North Carolina. Chapel Hill,

Professor Stanley Deming. Depariment of Chemistry. University of Houston. Houston. Texas.

Professor Chasles A. Evans. Depariment of Chemistry. Univensity of Hlinois. Urbana.

Professor Eli Grushka. Depariment of Chemistry . State University of New York at Buffalo.

Professor Gasy M. Hieftje, Depariment of Chemistry. Indiana University. Bloomington.

Professor Donald E. Leyden, Depariment of Chemistry. University of Georgia. Athens.

Professor Harvy B. Mark. Jr., Depaniment of Chemistry. University of Cincinnati. Cincinnati. Ohio.

Professor L. E. Smythe, Head. School of Chemistry, The University of New South Wales. Kensington, New South
Wales. Australia.

Professor Jobn P. Walters. Department of Chemistry, University of Wisconsin, Madison.

Professor Lauren R. Wilson. Department of Chemistry . Ohiv Wesleyan University. Delaware. Ohio.



GRADUATE TRESSS RESEARCH PROGRAM

R. V. Cresmen. Dr. Crosmun was awarded the Ph.D. degree from the Univensicy of Tennessee. His research was
on the applicativn ol the radio-frequency fumace 1o environmental trace analysis  applicability of Hadamard
transform spectroscupy (o the uv-visible regiun  under the direction of Y. Talmi and J. A Dean.

Sandra T. Cresmen. Sandra. a student at the University of Tennessee. continued wurk toward her doctorate
under the direction of T.R. Mueller and J. A. Dean. Her research i pubsed anodic stripping voltammetry with 2
wax-mpregnated graphite electrode and in the computer-assisted coulometric titration of uranium is essentially
complete.

SHORT COURSE ON “BASIC ANALYTICAL INSTRUMENTATION FOR CHEMISTS
AND CHEMICAL TECHNICIANS ™

H. H. Ross and T. R. Mueller of this Division organized and taught a short course covering the basic concepts of
chemical instrumentation. Sixteen persons attended the sessions. which consisted of two 1-hr lectures per week for
ten weeks. The primary objective of the counse was 1o improve understanding of modem analy tical instrumentation
among the participants. The first half of the course was oriented 1oward basic clectronics. while the second half
concentratel on practival analytical systems. Homewuork assignments ( problem sets) were given after each lecture.
alonz with writien supplementary material of general interest.

COOPERATIVE TRAINING PROGRAM WITH ORAU

A three-day laburatory and lecture series at ORNL for participants in an ORAU summer training program.
“Trace Analysis for Environmental Pollutants.” wa< held during August. W. S. Lyon arranged the ORNL program in
couperation with G. §. Gleason of ORAU. Lectures and lab demonstrations were presented by J. F. Emery. L. D.
Huleti. J. M. Dale. J.S. Eldridge. and Y. Talmi of the Analytical Chemisiry Division. and by N. E. Bolton of the
Health Division. Subjects covered were activation analysis. scanning electron microscopy. low-evel radioactivity
measurements. gas chromatography. microwave emission spectroscopy. and industrial hygiene. The 12 ORAU
student pastivipants were chemisiry and physics teachers at various colleges and universities in all sevtions of the
Us.

GREAT LAKES COLLEGES ASSOCIATION EDUCATION PROGRAM

This vouperative program is now in its sixth year. Three GLCA students were assigned 10 the Division during the
fall 1974 semester: R. V. Buhl of Albion College. Albion. Michigan. 10 work with D. L. Manning on voltammetric
studies in fluoroborate media. primarily: M. A. Freeman from Wabash College. Crawfordsville. Indiana. 10 H. H.
Ross, assisting in constructing 3 nitrogen laser and testing its characteristivs and exploring its analvtical applications.
R.H. Morse. Kalamazoo College. Kalamazoo. Michigan. to H. Kubota on analysis of polynuclear aromatic
compounds. Two students were on assignment in the Division during the fall 1975 semester: L. A. Adler of Kenyon
College. Gambier. Ohiv. 10 wark with J. F. Emery on activation analysis. J. B. Summers of Denison University,
Lima. Ohio. to work with J. E Caton on liquid chromatography.

JAEA FELLOWSHIP PROGRAM

D. A. Batistoni. JAEA Fellow. University of Buenos Aires. Argentina. was assigned fo the Division in August
1975 for a onc-year period to work with C. Feldman on evaluation of emission spectroscopy sources.

G. G. Thern. iAEA Fcllow. CNEA. Buenos Aires. Argentina. was given a six-month extension of assignment v
the Division in October 1974 to c~ntinue work on burnup analysis and postir: adiation examination of nuclear fuel
under the direction of W.S. Lyon. He eft April 18, 197§,




P.S. Murty. IAEA Fellow, Bhabha Atumic Research Center. Bombay. India. was rexssipned to the Division from
the Physics Division in June 1975 for a one-year perivd. He is stadying clectron spectroscopy for chemical nalysis
under the directivn of L. D. Hulerr.

Durintg the summer. the Division was hust 10 representatives of several programs that have been developed (o otfer
laburatory experieme to collepe students and faculty members as well 3 to promisng high schoul graduates. G.
Goldstein served as “Dean™ for these gacsts durimg their visit.

ORAU Summer Reseavch Pasticipamt

Dr. N. A, Goeckner. Western Hlicois University. Macomb. spent tne sunwner working with W. H. Griest on the
entification of polynuclear aromatic compounds in tobacvo smoke condensate.

ORAU Semmer Undergradunte Rescasch Trainees

Mary S. Buren. Angelo State University. San Angeio. Texas. worked with J. E. Catun un identification and
isolation of aryl-hydrovarbon hydroxylase enzyme from fissue extracts.

T. L Croxton. Cumberland College. Willianmsburg. Kentucky. wourked with H. H. Russ on electrochemical
correlation of heterugenevus electron transfer rates.

E. K. Chess. Cullege of ldzho. Caldwell, worked with H. Kubota on estimation of benzola] pyrene in coal-related
products.

J. L. Hibbard. Gustavus Adviphus College. S1. Peter. Minnesota. worked with L. D. Hulett on x-ray fluorescence
methods for the determination of sulfur in coal.

W.D. Reents. Monmouth Coliege. West Long Branch. NJ.. worked with J. F. Einery on determnation of
uranium by 1eutron aclivation analysis.

ORNL Semmer Employees

V.E. Norvell. graduate student at the University of Tennessee. Kronville, worked with H. H. Ross on
organometallic analysis. using the gas chromatographic microwave emission spectrumeter. and on subsystem
development in solid-state array detectors.
ORNL Sebbutical Employees )

T. W. Gilbert. Professor of Chemistry. University of Cincinnati. Cincinnati. Ghiv. spent a nine-month sabbatical
period working in the area of liquid chromatography.

L. A. Knecht, Professor cf Chemistry. Marietta College. Marietta, Ohio. spent a nine-month sabbatical perind
working on trace-metal studies of environmental and biological materials.
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Part D. Supplemeniary Professional Activities

Memben of the Division cuntinue To serve on professional, civic, and educational buards and comneitiees. These
ativities are listed below a5 part of the Division’s overall outreach.

4. A. Corsr
Sevretan: Subcommittes C5:05. Test Methiods. Analytical Task Group, Committee C-26. ASTM
Nuommating East Tennessee Section. ACS
Commitice:
J. E. Coton
Consuliant: Smoking and Health Program. National Caicer Institute
L. 7. Corkin
1974 Revipient: ASTM Aw ird of Mezit
Fellow: Araerican Suviety tor Testing and Materials
Member. Committee E-10. Nuclear Applications and Measurement of Radiation Effects. ASTM
Subcommittee E10-01. Fuel Burmup
Subcommi® ee E10:02. Radiation-Induced Changes in Metallic Materials
Vice-Chairman: Commitice C-26. Fuel. Control. and Modesator Materials for Nucless Reator
Applications. ASTM
Chairman: Subcommittee C5:05, Test Methods. Analytical Task Group. Commitiee C-26. ASTM
D. A. Cestonze
Member: Commitiees C-26. Fuel. Control and Moderator Materials for Nuclear Reactor
Applications: and C-26.05. Methods of Test. ASTM
Ones Feldmen
Member: Commitree E-2. Fmission Spectrochemical Analysis. ASTM

Subcommittee. Arsenic
Committee. Medival and Biologic Effects of Environmental Pollutants. NAS-NRC

Fellow: ASTM
Member: Publications Committee, Society for Applied Speciroscopy
Scientific Editos: Oprics and Spectroscopy (English vraneiation of Russian journal Oprika i Spektroskopiys)

G. Geldberg

Member: Commitiee D-1. Paint. Vamnish, Lacquer. and Related Products
Subcommitiee DO1.43, Coatings for Power Generation Facilities. ASTM
Advisory Board of Utilities Nuclear Coating Work Committee
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M R. Guesria
Consulant:
Chauman:

A. D. Hortan
Member:

L. D. Hulett
Member:

H. Kubota
Consultant:

W. R. Laing
Sexretary:

Chairman:
Secretary:

Chairman:

W.$. Lyon
Mecmber:

Regivnal Editor:

Asswiate Editor:

M. S. McKown
Secretary:

W. T. Roiney, Jv.
Member:

84

Committer vn Specitications and Criteria for Binchemical Cormpoumls. NAS-NRC

Subcumautice o Nuckeotides and Related Compoumds IUPAC-IUB Ad How Commitiee
va Radivactive and Isotopic Specilications of Labeled Compuainds

Tennessee Institute of Chemists. AIC

Smoking and Health Progiam. Natiuaal Cascer Instituie
Chemistiy Subgroup. Tobavcw Warking Group. National Cancer Institute

Committee E-19. Chromatography. ASTM
Scbheummitice E-19.07. Indexing of Chsomatographic Methods, ASTM

Editurial Buard. Zournel of Electron Spectrscopy:
Smuking amil Health Program. National Cancer Institute

Committee C-26, Fuel. Control. and Muderaton Materials fur Nuckear Rexctor
Applicativns. ASTM

ASTM Subcucamittee €26.01

ASTM Subcommittee C26.03
Subcununitice C5:05. Test Methods. Analytical Task Group. Commuttee C-26. ASTM

Subvommitiee C5-01, Nomenclature. Committee C-26. ASTM

Committee D-5. Coal and Coke. Subcommitiee un Methode’ogy . Task Group on Trace
Elements. ASTM

Commiitice E-10. Nuclear Applications :nd Measurement of Radiation Effects. ASTM

Sabcommittee E10:01. Fuel Bumup
Subcommittee E10:03. Tracer Applications an-l Activation Anulysis

Subcommittee 10:05. Dosimetry !

Organizing C~mmittee. 5th h:terna.ivnal Conferencc on Modern Trends in Mm:unn
Analysis

Committee N43-3. Equipment for Nonmedical Radiation Applications. United Slaln of
America Standards Institute ‘

Jemrmal oof Radieamalvtical Chemistry
Radinche:nicol emd Radioanelvticel | “t1ers

Instrument Soviety of America. Ozt Ridge Section

ASMS Commitiee V1. Biological Applications |

ASMS Commitice on Computers and Data Processing ‘

ASTM Commitice D-2. Task Group on Hydrocarbon Components of Synthetic Fuels
from Coal ‘



$. A Reymids
Member: Cuommittee D-19. Warer. ASTM
Cummitice £-10. Nuclear Applaations 2nd Menurement of Radiaton Effecrs. ASTA
Eaviromncatal Sciences Divisiva, ANS
Committee va Envicomnental Analyvical Methedoalugy ACS
Sevretan: Ssboummitice 2. Methods of Radiochemiva Anmysa
E. Ricsi
Chazrman: Commitice un Anslytical Applicatives of Radiativas and isvtopes. IRD. Anwerican
Nuclear Sucicty
Member: Executim: Commitice. IRD. American Nuclear Society

Technical Chanman: International Nuclear and Ao Activativa Aaalysis Conference znd 19th Anrual
Mecting on Analy tical Chemistry im Naclear Technology. Gatlinburg. Tewmn. .
Oct. 14 16,1978

H. H. Rem
Member: ORNL Graduate Student Selection Panel
DRNL Indusirial Covperation Committee
Scientilic Advisory Commitice. Internationat Conference va Liguid Sciatidfation
Scienwe and Technology. Alberta. Canuda. 1975 76
Consuliant: Spexial Trainimg Division. Oak Ridpe Asswciated Universities
W. D. Shuits
Cowrdinatos: ORNL NSFIRANN) Ecolugy and Analysis of Trace Contaminants Program
Secretary: Fellowship Commitice. Analy tical Division. ACS
Member: Coal Technology Program Committce
Panel on Chlorine and Vapur Phase Hydrogen Chlonide. NASNRC
Panci on Environmental Quality Indicators, NAS-NRC
Environmental Quality Advisory Board. City of Oak Ridge
Commitiee on Environmental Analy tical Methodclogy. ACS
J. R. Swekely
Member: Commitiee D-22. Methods of Sampling and Analysis of Atmuspheres. ASTM
Subcommitice vn Characterization of Smoking Produt Aimospheres. ASTM
J. C. White
Representative Project Ni1. Basic Materials and Materials Testing for Nuclear Applications.
from ACS to: Nuclear Standards Board
United States of America Standards Institute {sponsored by ASTM)
FACSS Goveming Board
Member: tditorial Board. Awiivticel Lerrers
Analytical Chemistry Division Executive Commitice. ACS
Federation of Analytical Chemistry and Spectror opy Sucieties Gove aing
Board
Analytical Specialists Group. Union Carbide Corporation Technology
Subcommiiiee
Secretary: IUPAC Division cf Analytical Chemistry
Represeniative American Chemical Sociely
from Soc. for

Appl. Spec. tu:



Part E. Presentation of Research Results

As in past years. the Divisivn has actively resporded to the changing privrities of the Leburatory research effunt
by changing the cmphasis of sume of its vwn programs or instituting new stadiey. The imcreming cumern with

eV

muclear 3 well 33 nonnuddear s retlecied in the rescarch results listed below. The multidisciplinany

approach required in many sich problems is indicated by the number of papers amd talks cucathored by members of
uther Laburaiory divisiuns. Such persoms are designated by an asterisk.

AUTHOR®)

Bl N. E_.*
). A. Carter.

Andren A W_°
D. H. Kewmn.*
Y. Talmi

Apple. R_F..
H. G Davis.

A S Meyer
Beednk . D. T.

Bowlng. J L...*
J.A. Dean.*
G. Goddstein,
J. M. Dale

Catter. ) A,

PUBLICATIONS
Contributions to Dosks
Lk

“Trace Flemrar Mass Balasce Arwrrzad 2 Coal-Fieed Steam Plant " pp. 175 87
n Trovr Elements i Fuel: Adcomces in Chemisiry Sevies 141, . by
S. P Rabu

“Frave lmy arities in Fueh by Batope Dilution Mass Spectiometey.” pp. 7.
T4 33 m Trocr Elements in Facl: Advances in Chemistry Sevies 141,
cd. by S. P.Babu

“Mracurement Sy stem for Total Nitnwrew and ' N/"*N i, Plant Tivcur. Soit.
and Warer (IAFASM-191/25)." 1p. 429 3% i Iuwopr Relirs o
Poltutant Sowrce amd Behavior Indivitws. od_ by R. A Beck

Articles

“Sekemium i Coal-fived Sicam Plant Emivions™

Ay, s of Methyl lodide. Methy! Nitrate, and Methyl Akohol in 20 M
Nitric Acid by Gas Chromatography ™

1S¢ce Talmi. Y )

*Raprd Determimatinon of Chromium in Natural Water by Chemiluminescence
Using 2 Contrifugal I avt Analy rer”

1$¢e Xken. D.
1Sce Thompun. (. M) |
1Scc Waltker. R. L) !

PUBLISHER

ACS. Washimpten. DA,
1978

MTI. Wahmston. DO,
i978

JIAEA. Vienna, 1978

Fnviron. Sci. Teckmd.
9.3561197%)

Aned Lerr. 7,671 74

119718

Amel Chim. Acta T .
47 5311975
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AUTHORIw

Corm_ 3. 5.

D W theltuboy *
N. G. Andrroan®

(v ~"WHS

Chnue X K.,
D. ¥ Seueh

Crosmun. $. 7..°
3. A.Dem.*
5. . Sweleely

Crosann 3. 7.°
T. R. Merliex

Dale. ). M.

Daugiutoey E. M. 250 *
D. L. Denwhewr.
P. ). Skvim *
W.W. Harrinan®
Duavis, B.G.
Diomend. L..*
G. K. Adomes )3.°
W. 0. Richmend .*
L. Nevtdkantan *
W. L. Maddny

Donchee. D. L.
W. % Hacrinon®

Dunn. . W.

Dyer.N.C.*
A B Bl *
W.S Lyon

Fby R E.

Eichler E..*
G.D.OKeliey *
1. S Eddridgr,
J. 0. Balt*

Fidridge, § 5.

Fiiridge.). 8.,
G. D.0'Kelley *
K. J. Northewte

TTLE
“Snmumvenbtvactior Lirctrophwonsis on Gadivat Poiyscrytemile Gots™

1Sev Netorsheon. P)

“Son Mixreprade Asulysn of Gesin Bouniinty impurity Sepwgatinn m 28
Alloy Failuse™

1Sew Gomry R V.,

“Puleed Anvdix Stripping Veltsmmetry of Zinc, Codwmivm and L 22d with »
Mervwry Looted Wax-dmprepmred Goaphioe Elecreade™

“Thee Detscrmination of Cheumiumi V1) in Natural Watess by Diffcsrntaat
Pube Pabarography™

1Sex Mubewr L. D)

1Sew Dowling. ). L)

“Suslar Sputter Efccts i a Hollow Cathvede Dischasge™

1Sex Apgle . R_F)
“Oral Inhalation Sysiem for Exposing Rab:bits to Cigarctoe Smoke™

“Radinlrequency Cavity lon Seuwrce in Solids Maws Spectrometry”™

(See Dagghiney . E. H)
See Wuless. L. D)
“Biomedical $tudies Lsing Nucleas Activatinn Techniques™

1See Walker. R. L)
“Search fotr the Decay of "4 24

“Activities and Newds Refated 10 Radivactivity Standards for Environmental
Measarements™

“Primoniie! Radicelements and Cosmogrnic Radionwclides m Roche amd
Soils frem Descartes and Towrws-Litirow™

“Primordiel Redivelement Concentrations in Rocks and Seils from Trwes-
Littrow™

FUBLISHER

Angl Lerr 7.483 %
(L 1

Towws. Am. Nl Soc
2843, 1301975

Anel Chim. Acts 73.
421 304197TH

Angl Chim. Acia 75,
199 2054197%

Al Chem. 47,683
1975

Arch. Environ. Nedith
30,.472-78¢197%)

Anel. Chem. 47,
1528-31 (1979

Trams. Am. Nwel. Soc.
21,95 (19T

Mys. Rer. 10,1572 .73
(1974)

Eavison. Monit. Ser..
EPA$70/4-75-008.
USEPA. 56 pp. (1979)

Lwmar Science VI,
Lenar $ci. Imsiit.,
Howston, Tex.
pp. 242-44 11975)

Proc. Fifth Lenar $ci.
Conf., Suppl. §,
Geochim,
Cosmochim. Acte 3,
1028 3)(1974)
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Ehdvoage. 5. S . “Solar and Gabacon o Say Actication «f Lunar Ssmples™ Fomm. 4m Sexi Sm
G D ONrliey * i W ie?s
. Schniend*
1See Exchiee k)
150w ORalley G 3
kamcoy. 3 F. 15ew Kiem_ D N
tSev Lywn W _ S
Febdmn. C. “Detcrmumation f Uas Posr L iguid Phosr (908 Oshired Dintribusien Collguoem Sprvioe-
Cuetlicants by Amalyui wif Oue Phaee Only ™ wupnum ot
winanle XVH,
Hiwerwe, ealy .
Sepr.io 22 1973
wi. Y p. M98,
Avantarrnr ftabans
o Mctallargsas 0 fiahon
Mectalurgsnad Asants-
). }ieormr 119 8)
15¢ec Tabms. V)
1See Kiem. D M)
Franklin, ). C. 15e¢ Hotrison W W) . -
Gentry.R.V..* “Spevtacs Ay of 2O Halo Radasentnrs m Bartite: A Nevhear Narwre 152,504 66
L. D. Hubetr, Coeopley sival Fuiems t19h
$.8 Crinty "
J. F. McLaughlin *
3. A, McHugh *
M. Bayand®
Gemiry. R V..* “Radmhabes i Covitford Wensd: New Time Limits Suggesiod lor Coolification Fos 56, 473A 1 1975)
D H Sminth, and Intreduction of Liramiem™
W. H. Christic,
$.8. Criny*
Goldsiem, G. 1Sec Bowling, 3. L)
13ec May. K1)
Guerin, M_R. 1Sce Nertodherm. Py
“Tobacor Smoke inkalstinn Fxprurc: Convepts and Devines™ Prow. Tobaour Smke
Inhal. Werkshep on
Exp. Meth. in Sonk-
mg omd Health Res.
Wetheada, Md.. June
19 21,1974 p. 30
Hatrion W W_* “Workshop on Man Spectrmmetnn Anaslyvis of Solids™ Anel. Chem. 47, 1089A -
J.C. Frankiin, SDA 1001, 1975)
J. A. McHugh*
tHubett L.D.. Analysis of Solids  Approaching (e Whvle Problem™ Trams. Am. Noxl, S
H.W. Dwnn, 200, 1241979
J. M. Dale
Jenks, o H.° “Reaxtion Products and Stored bncrgy Releaved from Heradiated Sndinm 1. Phys. Chem. 79,871
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Chewm A Conmegracre ™

~Analy o v Cagaorte Tulion o Smlkes sl
Comdrasates™

“Bwnn Meanlicoien of Catcagpens,
Toment Prumuicrs. a0l { st0eprom &=
Tolbave Smplir™

Tl Samelir 25 20 Foswvnmratal Pellntaet™

“Thewmical Charxtenzaivn ! Cosl Converann
Pileet Piams Sosevials™

Ch- ol (haracterszainm «of Cosl Comenonn
Pilet Plant Matersabs™

“Chemical Fraxtmmaton sad Multhnmpraent Ga
Cheomatographn: Analysin of Cou).Dervd
Loquids™

“Multisigust Determimation of Phenol. Cresnls,
Gly carod, Catheched, Nicortime . and Feee Fatty
Achs™

Worksdhrp on Masw Specironwtric Analysis of
Sodds

“Applivaiem of ‘Blind Avay ' Methodobegy 1o
Orgame CGas Phiaree Consittuenis in Tobaven
Smoke™

MESENIED A}

2 jed Ammaal Cemtvocanc <0 W = Spr. tovanrry and
Allod Togacs. le-mbea_ Trx _Was 10 101978

10 4 ~atrornur wn Susiptoad Chemoury ® e ey
T ndegs  Lutlomeey_ Team ChY 23 N
™s

Amras Graghs acd Uame Aamel Yccnws.
Wandumgsn. BC _June 16 191973

Undnes Nanieas Costungs 8 erh Cormmttor sl NUW
Anamead Weetmy. Sun | onomes Ut | Buis .
13 15197 Scmns Yoy Libwssiowsrs
ASTH Sobcmmmttcr Wecnmg

NCT Senvhmeg 200l Wie Do Poongramn Coaptupntngs”
Wecamg Athnt; Cs . N 5. Puly 16 1S 1973

Conlash TS_§owad § i Chrwwetry and §orrgs
Lasomme Wy July 22 2 1978

Sewamye_ | veod Rewcssoh Conver_ Bastomn. fon
Scpt 5o 1973

ORAL Trowrimng Lovtuwse. Cornegea State Unmveraty
Atamts M 221978

Jod Weskd Contcrrm ¢ - Smwkunyg 20d Mirdth. New
Yeek Jume >l $_1978

ORALU Dudegnal Conmudrsan s «f § nveronmentsd
Pollutonts. Ok Rudpe. Temn . Aug 18 22,
1973

Thoed FRDA Fsvwvnmnrntal Protectvm Contferemy .
Chxcape IR _Scps 25 28, 1978

Thwd F RDA b svorcnomental Confereme. Chaage.
M. Sept 23 28 1978

Genernment. iwdusiry . and Acaders Technwal
Cont.on Founl § wrl Chemesiry and Fneryy .
Latamic. Byo. Juls 21 25. 1978

29th Annual Tolacor Chemists’ Restarch Conferemcr.
Rabewh.NC..Oct. 28 J0. 1978

Howston, Tex.. May 1978

281N Tobaver Chermar's Rescarch Conferemr.
Rabeh. N.C. . Oxr. 23 30, 1974



Hotion A D..
Ch. Ho.
M R Guerin

Hulett L. D

Nulett L. D..

5. A.Carter,
K. D.Couck.
J.F. Emery,
D. H. KNkin.*
W.S. Lyomn.
G. A Nywen.*
W. Fulkerson.®
N. E. Boltun®

Hulett L. D..
J M. Dale

flulett L. D..
J M._Dakc,
T. A Carlwn®

Hulitt. L.D .
H.W.Duny,
1. M. Dake

Hulett. L.D..
M. T. Kcltey*

Hulkett. L. D.
. A. Nyswen*

Hurst. ;. S..*
M. G Payne*
M. H. Nayezh.*
5 P Sudish.-
C.H.Chen.*
1. B. Wagner *
J P Young

TITLE

“Oegamic Gas Phase Compusitive of Contained
Smuke Acresuls Used lor Indalativn Testing™

“Studics on & Terpeme-Rich Fraction of
Cigaretie Smuke™

“Ehxtion Microscope Mcasurement of Methyl
Cyamuucylate Fixed Tobacco Smoke
Parvinhes™

“A Smwy of Analytical Methodulogy Smtable
For Appiication 10 Ceal Converion Provesans™

"Organoseliur and Sullur Gawes in Cigacette
Smoke and Coal-Derived Sampies Studics
Using the Flame Photometric Detector™

“Photoeiectron Spectroscopy Applied o
Cataly sis and Corrosion Problems™

“Ekectron Spectroscopy for Chemical Analyss™
“Scanning Electron Microscopy ™

Trace Element Mexsuremer * at the Coal-Fired
Allenr Steam Plamt - Perricle Chatacterization™

“Progress Report on the Development of
Position Sensitive Detectors ot ORNL™

“Progress Repost and Future Plans for Electron
Spectrometer Position Senvitive Detector
Deveclopment™

~Analysis of Solids - Approaching the Whole
Problem”

“Hadamard Transform S pectroscopy: A Study
of {ts Limitations and Capabilities by
Monte Carlo Calculations™

“Catalyst and Corrosivn Studies by Photo-
elzctron Spectroscopy ™

“Resonance lonization § pectroscopy nn Het2'$H)

FRESENTED AT

29tk Tobanw Chemins” Restarch Conterence.
University of Masyland, Collepe Pask, Oxt.
8-10.197S

2b Tobacrw Chemints” Resea. b Confierence,
University of Marytand, College Park, Ot
$-10.197¢

29tk Tebucio Chemints” Resear-h Conference,

University of Maryland, College Pask, Oct
8-10. 1975

Engineering Sectivn Assigned to Cosl Conversion
Projexct, Chemical Techuolegy Cond. Roun.
Oxt. 18,1974

91h Conference vn Trace Substances m Esvironmental
Health. University of Missouri. Columbe . Juae
10-12. 1978

First Amawal Mectmg of Federation of Analytival
Chemistry and Spevtroscopy Societins. Athatin
Cuy.N.J..Nov. 18-22.1974

ORAU Traiming Lecture. ORNL . Awg. 20, , )73
ORAU Traiming Lectwee. ORNL . Awg_ 20. (375

Conterence on Coal and 112 Environment,
Lowisville. Ky . Oct. 2224, 1974

Edectron S peciroscopy Workshop. Pimawa, Masitoba,
Canadas, July 10--11. 1975

Warkshop on Photoeleciron S pecitoscopy ., Pinawa,
Canada_ July 10-. 11,1975

International Nuckear and Atomix Activation
Analysis Conference and 191h Annual Meeting on
Analytical Chemixtry in Nuckear Technology .
Gatlinburg, Tenn., Oxt. 14 16, 1975

Chemical Instrumezntation Award Symposium.
169th National Mexting of the American
Chemical Society, Philadelphia, Pa. Apr. 6 11,
1978

Fiest Annual Meering of Federation of Anaiylival
Chemistry and Specisoscopy Sncietics, Atlantic
City.N.J..Nov. 1822 1974

28th Annual Gascous Electronics Conference. Rolla,
Mo..Oct. 21 241975



AUTHOR)
Keley M. T°

Khatr. 2. N

Kbt LN
W H. Chrivtar

Kbt LN
" RSemn*
P W.Canr*

Kkm. D .M.
A W Amden *
3. A Carter.
ctal

Kubertz. H.

Kubota. H.
W H. Gy,
M. R.Gucrin

Lawicey. W ) *

3. A. Costanzo,

M. W Waddelt*

Lackey. W ).*
1. D Seaw *

D. A. Costanzo,

D.F. LaValkk
Laing. W_R.

Lindberg. S.F.,
A.W. Andren *
L.C. Baic

Lyon W.§.

Lyster M A *
R L. Fellows *
J.P. Young

I
"Ansly il Instruments and How They Grew™

“Appicaton of Lictivasalyiiva Technigees to
the Sty oF Reac.won Mechanrams™

“Voltarwitry of Pyraome™

“Oversicw of the Analytival Chemintry Division
at ORNL™

“Appination of Enzymes to the Doterminativn
of Contopimants m Water™

“Dvicrmin tion « © Nitrate at the Pasts Per
Biltiva Le < Vi an Fazyme Cataly 2cd
Reaction™

“Trave Element Measarements at the Cul Fired
Alkcn Sicam Plaat  Mass Babaner 2od
Conurntzatimns i Fly Ash™

“Analysis of Tobacow Smoke™

Analysis of Cogarette Tobavore Smoekes and
Condensated”™”

“Dererminatinmg of Carcinegens m Tobacco Smoke
and Cual-Dernvd Samples  Trace Polynwcear
Aromatic Hydrovarbons™

“Understandmg Dele tive Coatingy on HTGR
Fuel Pastiches™

“Improved Coating Provess for High-Tempesature
GasCovbked Reaxvior Fuel™

“Analyt cal Scwic;" for Coal Conversion
Teo wmology™

“Review of Anaty tical Chemintry Programs at
Oak Ridge National Laboratory

“Heavy Met:d Transport Throuph a Forested
Waterhed™

“Neulron Activation Analyss Applied 10 Energy
and Envirenment™

Panct Member: “Environmental Activation
Analysis. - Are We Asking the Right
Questions?”

*Scarch for Putonium Fluorescence™

PRESENTED AT

Cla i~nal Instinmeatatiua Award Sympouem. 16Mh
Natwaa! Meetmy of the Amenican Cheminal
Socviey . Phubadelphia. Po.  Apr. 6- 111978

Umiversity of Ternessee. Knovvilie, beb. 11, 197¢

Sympusium ona Recent Advances in Analy tioat
Yoltammetry at the 1691h National Meet. of the
A Croem. Sov .. Phitadeiphia P2, Aps. 6 1.
19's

Chemintry Depuriment. Lanrens - Livermore Lab ..
Livermuose Calif _Sepe. 11,1978

Fifth Asnual Sympnuum on Recent Advaaces in the
Analytical Chemistry of Poltatants. Jekyll Island.
Ga.. May 1921, 1978

Sevond Annwai Moctmg of Federatom of Anaiytial
Chemustry and Spectroscopy Societies.
Indiamapotis. Ind. . Oxt ¢ 10,1975

Amerivan Chemival Society . Phibadeiphia. P2 . Apr.
6-11.1978

ORAU Trav-limg Lecture. {evorgia State Umversity .
Atianta_May 22 1978

ORAU Traveling Lecture Tennessee State University.
Nashwlle. Jan_ 17,1978

91k Annual Conference on Trace Substances in
Evvironmental Health. Usniversity of Missouri,
Columbia, June 11, 1978

Amcian Ceramiv Sovicly 77th Anneal Mecting and
Exposition,. Wadungion, DC. Mav 3 8. 197¢

Americin Nuclear Socicty Meeting. San Francise,
Cr 1. Now. 17211978

Cout Convervion Program,. ORNL. Apr. 11, 197§

Whiteshell Nuckear Station Seminar. Pinawa,
Manitoba, Canada, Mar. 14, 1975

Intemational Conference nn Heavy Metals in the
Environment. Toronto Canada, Oct. 27 31,
1975

Conference on Nudear Power and Applications in
Latin Ameriva, Mexicn City. Mexico, Scpt. 28
Ovi. 11978,

Intemational Nuvkear and Atomic Activation Analy sis
Conlerence and 1 91h Anaual Mecting on
Analytical Cheinistry in Nuckear Technology .
Gathinburg. Tenn., Out. 14 16, 1978

Fifth International Coul. on Plutonium and Other
Actinides, Baden-Baden, West Germaay, Sept.
i 13,1978
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AUTHOR<»

Matauskas A P °

de¢ Noalwall *

HJ.

F_F. Dyer.
R’ P Wahaer.*
W.J. Martim *
3. 0. Kolb*

Manning D L.

Mowee. F. L.
W.S. Groenicr®

Mucller. T_R.

Muclier. T.R..
S. T.Crnmes

Shueller. T R..
H. B Ross,
3 E.Stran

Netiesheim P *
M. R Gucria,
5. Kemdrnk *
J. Caton,
W. Dalbey .*

R. Gricwemer*

Rsiney W. T Jr.

Reents W D7
J. F. Emery,
K. J. Northeutt

Reynolds, S AL

Rier, i,

Rows, H. H.

niLe

“Fisswa Produmt Bl During Operitmn of
the Secvmd Peach Bottom Core™

“Ehctrochemival Measurcusent of BF 3CH
Flyorvburate Melts™

“Pollutivn Abstcmwnt b) Sulvent Exiraton:
Remural snd Recowery of Zine . Codmiam,
and Cyamade Trom Indws:rial Metal-Fimishing
Fifhwents™

“Consaderativns ia the Appliaton of LS
Calculatur Cirowits 1o Analy tacal
Iwstrusmentation”™

“Computcr-Assisted Controlind Putentiol
Coulumctey in the Determination of Uranmm™

“The Fluvrometrn: Determination of Uraniam
Develupment of the Procedure and R-ven:
Improvement in the Mctind and Insdrwmenta-
tion™

~Avuie and Chroan Inhoiatn e Rats™

“Advanurs in Organic Mass Spectivmetry ™

“Orpanin Mass Spectrometry ax Applicd o Cond
Probkems™

“Sampling. Preparauion, and Analyiwat Problem«
Assniated with the Determination of Low
Levelks of Uranium in Water and Scdiment™

“Progress in Enviconmental Actimivde Amalysis at
Oak Ridge National Laboratorny™

“Parik Rellection”™

“Methodology Tor High-FTux Absolute Multi-
chement NAA™

Modcerator: “Enviconmental Activation Analysis
Are We Asking the & ght Questions?”

“Liqud Scmtillation Spectrescopy ™

“Principhes of Liqued Scintiflation {ounting”

PRESENTED AT

AT ADECD INEA) Intermational St mpnrrum on
Gund'ouviod Reavtuss, Julh . Germany  Out.
13 171978

MSRP Revew Mevime. ORNL Do $_ 1974

AWRE Mectimg. Chivage, 1. May < 3. 1973

Amcrnan (hemicsd Socaety Mectimg, Chicape (1B,
Awg 24 28 1975

Scoumd Ansual Mreetng. Fodkraln'n of Analy twal
Chemesty amd Spovtroswupy Savwtns.
Jodiznapvles. Il Ot o 102 1978

16%th Natwaal Mectmg of e Amenican Chemial
Sovacty . Phaladciphia, Pa. ADr & 11,1978

3rd Werrld Conforeme von Sandkmg amd Healih, Noew
York. Jume 2 51978

Chemical Techardogy Diviseon Bashemeal
Technohpy Seminar, ORNL . Mar. IR, 197§

ORNL Anaistical Uhensis'ry Diviveon Anaual
Intormation Meetimg. Oak Rindge, Tenn . Feb. §,
1975

Chemintry Department Seminac. Monmouth Colleg:.
West Long Branch. N.J. Fall 1975

18th Confererrcr on Analytical Chemnstry in Nuckear
Technobogy, Gatlinburg. Tean., Oxt. 22 24,
1974

Thermonuckear Disision Program Resiew Mecting.
ORNI.. May 14,1978

1975 Annuad Merting of the Amxrican Nuckar
Sovrely, New Orleans, Lo, Junc 3 13,1978

Intermational Nuckear and Atomic Actvalion
Analysis Conference and 191h Aanual Mecting on
Analytical Chemistry in Nuckear Technology |
Gatlinburg. Tenn.. Oct. 14 16,1978

ORAU Mecting on Fundamentah of Nuchar
Medicine, Oak Ridge, Tenn. Sepi. 8 26. 1978

ORALU Mecting on Fundamentals of Nuckea:
Mudivine, Oak Ridee, Tenn. Ot 20, 1978
Nov. 7. 1978
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AUTHOR )

Scon. D R.*
L N Kbt

Shalts. W.D.

Smith. D H.,
R Faller.*
A Mmhi®

Seith. D H.

Smith. D K.
W. H Chnu

Sinif.L.R.."
R.B. Walton*
T.D. Reilly .*
L.W. Fichds*
R. L. Walker,
%. T. Mulitns._*
11 Thoms®

Sicirmer. K. W,
H.S. MKvwn,
J. R. Sites

Stnkely. J. R.

Stokely. ). R ..

J. H. Moneyhun.

M. R. Guern

Talmi, Y.

Walker. R L.

Walker R. L.,
R.E. Eby.
C. A, Privchard,
J. A.Carter

TITLE

“Preparativn of Sampies jos Liqued Scmtillative
(‘u..l*»

“The Effect of the Resctmn B+ C XA+ D upon
the Controlied Porrntal Flectrmbvas of the
ECE M hanicm™

Scvsmn Chainnan ., “General Spevirophotomctry ™

Program Chastan: M. T. Kelkey Awand
SY mpovum i rstrumeatation Award)

“Rewarch and Devclopment Activites™

“Collevting 20 Provesing lstopic Maw
Spertrometrn: Data with 2 Sma't. Noa-
Drdacated Computer™

Panc! Member, ASMS Sevvadary lon Mave
Spectroneetry Wotkshop

“Quantifivation Studiey Uveg IMMA: Results
Trom the NBS lron Standards™

Nowiron Moavarements of S48 fusopic

Abundame m LT g Samphes™

“Computcrired Spark Source Mass Spectrometer
Denitometry™

“Tahalation Chamber Chemistry i Support of
Bivassay Studies™”

“Chemical Indicaton and Methods lor Determina-

natiom of Tobacce Smoke Concentration n
Inhalation Fxpovure Systems™

“The Applicability of a Gas Chivmatograph with

2 Microwave Fminsion Specirometric Detector
1GC - MES) 1o Trace Amalysn™

“The Application of Solid State Array Imagers (o
UV.Vivble Spectrometry ™

“Microchanne! Plate Intensifier  Solid State
Imager Spectirum Scanning Sy stems™

*Pu and U Analysis Empleving Rovin Bead
Tecknique™

*Use of Resin Peads as 2 Carricr for Namogram
Size Sampies of Diwolved Irradiated Reactor
Fuel™

PRESENTED AT

ORAL Mectng on Fundamentab of Nuckeas
Mednine, Ok Ridge. Tean . Ot 26 1975
Nov. 7. 1978

26th Sowtheastern Reponal Meetmg of the Ameran
Chermcal Socrety . Nowfolk, Va _Ovi. 1974

Scvord FACSS Meenng. Indionapolns. Ind_. Ot
1978

ACS Mevting, Phulodelphiz. Pa._ Apr. 197§

Analvinal Cheminiry Divrion [ntormainen Mocting,
ORNL.Feb_ 6. 1978

DECUS Users Yaectmg. Zarnk. Switzeriand. Sept.
1974

Huoudon_ Texas, May 197§

ASMS Sccondary lon Mass Spectrometny Workshop,
Houstun, Tex. May 1978

16tk Annual Mexting of Institute for Nwlear
Materials Management, New Orleans. L.
Junc 18 201578

16%1h Nativnal American Chemal Sovicty Mecting.
Philadeliphia. Pa. Apr. 6 11,1975

NC1 Smoking and Health Program Contracton’
Mectmg. Asbantic City. 5. July 16 18,1978

291h Tobavor Chemists’ Rescarch Conferen, ..
Univerty of Maryland, Collcge Park. Ov1. 8 10,
1978

Intemational Conlerence on Heavy Metals in the
Enviroament. Tosonto, Canada, Ovt. 27 31,
1975

22nd Speciroscopy Sympusium, Specirowopy
Soviety of Canada. Mi1. Royal, Quebec, Canada.
Ot 2629 19758

27th Pictsburgh Conference on Analy tical Cheristry
and Applied Speciroscopy . Cleveland, Ohie.
Mar. | 5.1979

ORNL Analytical Chemistry Division Annual
Information Meeting, Oak Ridge. Tenn_, beb, S,
1978

1AF A Headquarters Seminar, Vienna, Austsia. Nov. 14,
1974

i, i
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ALTHOR TITLE PRESENTEDAT
“A Sunpie Revm Beal Separatwns Mctiund tor the Analy Ical (hemedary Drvinoos Scmsmar. ORNXL, Sopt.
Snultzacow Fatopie Amslyus of P and U 231978
Walker R L. “Me nurcment System for Total N and ' N/ 2NX Sk mprium on bstope Ratnrs o Polluiant Seurce swd
J. R Walten, m Plont e, Sod, amd Water™ Sechavaet Imdnaters. Vicnna, Awsdria, Naoo 'R 22
J. A Caner. 1974
D.R. Matihew®
Wiate. ). C. “Anah twal Chemintry m Federal Laburatoncs Sy mpuuum oa "Aralviaal Cheaisiey m Foederal Labs™
Atom Factgy Comawsnn Prog ame”™ 16%th Mrevting o the Anwtiven Cheminat Siaacty .

Phidadelpkio Pa. Apr. & 111973

“Tix Anulytical Chemret and the Emeopy Cris™ East Temnewee Secton, Ameran Ciemnal Sty
Mectme. Ouk Radpe, Tenn.. Apr 4, 1973

“Manupement of Labuwratones: Bundpet Conzreds™ 1978 Amalytival Spevwalisis Movime. Unnm Carbide
Cuap.. Niagata Falks N.Y _ Ape. 21 22,1978

“Unwn Carbrie Manapement $;uem™ Ove=ntation Contercmor, Nen-Supenivry Statl,
ORNL. Aug. £ 1975
Young. J P “Spevtral Studacs of Actimide Halide< at Ouk Scminar st Deporiment of Iz smt Noxloar
Ridpe Natienal Laborstorny ™ Chemintey . Techarwhe Hiwhwhule, Darartadt,
Getmany . Scpr. 191973
Youne ) P, “Spevtrescopic amvd X-Ray (it thm SCodes Jth latermatomml Tramsplutenium Fieawnit
R._C. Haise .* ol The Bromedes of Californium-249 and Sympsium. Baden-Baden, Wesl Gormony .
R.L Fclhme* Ewmccmium-253" Scpt. 13 17,1975
M. Noe.*
1. R, Petcram*
SEMINARS

The Division continues to sponsor seminars covering a wide variety of fopics in ils commitment to keep current
with new developments in analysis and measurement and 1o keep informed in related fields of interest. Listed helow
arc Analytical Chemistry Division seminars for the current period.

SPEAKER(Y TITLE DATH

Avrel, Thomas. “Apphcations of Mass Specirometry to the Analysus of Coal Mar 13,1975
Exxon Rewarch Leguclaction Prdunis”
ard bngincening
Compuny.
Baytown. Tex.

Berkau. k. U, “The Purchasing and Recciving Funetions™ N 29, 1974
Purchavng
Division, UCND
Graver. W. 0.,
F nance and
Matciisls Divishn
ORNL

Burscy. Maunce. M. "Some Newer Methods of lomzation in Organie Mass Specitometny ™ June 26,1978
Department of
Cocmistey, Unis.
of North Carolina,
CRapel Hill

Das.H A “Aclivation Avalyss™ Nov. §. 1973
Reactor Centrum,
The Netherlands
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SPEAKERI

Demang. Stanley N.
Department of
Chewstry, Umes.
ol Huevton, Tex.

Evams. (oot A,
Depastmxcnt of
Chemistry . Unee.
of Ilhaus.,
Usbama

ORNL

Gieshika E..
Department of
Chemistry . State
University of
New York at
Bulfalo

Holmers, Jobn M.
ORNL Chem.
Texh. Dyv.

Hiefte G M..
Depariment of
Chemesiry .
Indiana Unn .,
Blovmington

Levden. D E..
Depasiment of
Chemustry,

Univ. of Georpia.
Athens

Mack. Harey B )1,
Chemistry Depart-
ment, University
of Cimcmnats

Reynolds. S A,
ORNL

Shaliz, Hyman,
Analytica Research
and Services Sect.
PERC. Piitsburgh

Smythe L C..
Umiversity of
New South Wales,
Awniralia

Walker. R. L..
ORNL

Walters, John P.
University of
Wisconun, Madison

103

TITLE

“Simplex Optimuzation and the Astomated I .clopment of Analytnal
Chwemical Methods™

“Comparnon of Different Techmgeres for Surface Aaalyses™

“Teutmg of Coatings fur the Nuddear Industry ™

~“Mechanistic Studics of Scveral Liquid Crystabs as Stationary Phases in
Ga> Chromatography™

“Coal Ligwefaction™

“Computer Control of Expernnents™

“Preconcentiation of Catins and Sclected Anions Using Reagents
Immobibized Vig Sily lation: A pplications to X-Ray Fluorescence

“Some Probiems n the Chemical Analysis of the Environment™

~Alpha Emitiers in Environmental Materiab™

“"The Role of ihe Analytizal Research and Services Section at the
Piuisburgh Emergy Research Center™

“Some Improved Methods for the Determination of Metals at the
Ulira-Trace Level™

A Simple Resim Bead Separations Method for the Simultancows
Isotopic Asalysis of Puand U™ [

“Rescatch Genera:ed Development of Spectrochemical Methods™

DATE
kb 18,1975

Nos. 3_ 197§

Oct. 301975

Oxt. 31,1974

Now. 12,1978

Dec. 16. 1975

Nos. 21,1978

May 20, 1975

Ovt. 28,1978

Dec. 10, 1974

Jume 18.1975

Sepr 23,1974

Jan. 9. 1975




SPFAKERt0

Wehrs K L.
Departumxent of
Chemesiry . Umin
ol Temn.. Knweaville

Wikon_ Laurcn R ..

104

TNLE

“New Methods n fnttarcd amd Flaoswoeme Spectroscopy - Prgected
Apphcatogs e Asaly s of Partnwlate Py oy odic Orgams Motter™

“Incncame Chemisiny Aspects of Noteopen | iatnm™

DATE

N 191973

Judy 2%_ 1973

Obm Wedkyan
Uenveraty,
Detamane. Ohne
Young ) P “Revent Spoctral Stadees of Avtmale Halide Cryvab Tovhangurs sad Apr. 291973
ORNL Results™
IN-HOUSE SEMINAR FROGRAM
To increse communication between stall’ members and Division management. 3 dual progiam of im-house

seminars was begun. The Division Direvtor met bimonthly with the stat? 1o discuss pevtinent items of interest and 1o
amwer questions. In-house seminars. presented on 2 group basis and intended primarily to inform monagement. weie
wheduled about three times 2 month. The following prexentations were made under this wevond phase oe the

vmmunication exchange program.

April 11, 1975: Biv-Organic Analysis
M. R. Guerin: “Cual-Derived Samples.™
1. B. Rubin: "Chemical Sublractionation.™
A. D. Horton: “Mulixumponent Gas Chromatographic Protiling. ™

April 18. 1975: Advanced Methodology and Instrumentation
H. H. Rss: “The Architecinre and Application of Large-Scale Integrated Ciscuits to General Instrumentation

Probl-ms. ™

May 9. 1975: Gav- ouled Reactor Programs
D. A. Costanzo: “Status of the HTGR and GCFR Programs.”

May 16. 1975 Nudlear and Physics Methods
W.S. Lyon: “R&D Assixiated with Energy Program. ™
W.S. Lyun: “Prospects: NURE. Cual.™
J. F_Emery: “Fission: Fission Heat.”
L. D. Huletr: “Fossil: Studies with ESCA and SEM.”
E. Ricci: “Fusion: Six Months in CTR.”
May 23, 1975: Molien-Sali Bieeder Reactor Program
A. S Mever: “Siatns and Projextions ol the MSBR Program.™
D. L. Mapning: “Voltammetry of Oxide in MSBR Fuel Solvent.”
J.P. Young: “Resonance lonization Spectroscopy.”
May 30. 1975: Quality Contsol
L. T. Corbin. G. R. Wilson. “Quality Comtrod Program.™




105

Jume 27, 1978: Mass aad Emission Spectrumetry
D. €. Canad2: “Organic Mass Spectrometry ™
D. L. Dunchue: “Multiciement Isotope Didution and New SSMS Sources.”
D. H. Smith: ~fon Microprobe Measurements.™
J A.Carter: “NURE Program - Uranium and Trace Metals Results.™
W_H. Christie: ~1AEA Mass Spectrometer Status.™

July 11.1975: General Analyses Laboratory
L. ). Brady: “Coal Conversion Program.™
W_R. Laing: “Reactor and Associated Programs.”

July 18, 1978: Radivactive Materials Analytical Laboratories
J. H. Couper: “The Westinghouse Program.™
J. M. Peele: ~The TRU Program.™
J. H. Couper: ~Testing of Coatings for Nuclear Applications.”™

July 25. 1978: Environmental and Radiochemical Analyses Laboratories
R.R. Rickard: ~Introduction.™
N. M. Ferguson: ~Selected Environmental Progects.™
J. M. Shabuskie: “Program MONSTR.™
R. R Rickard: Summary.”

Augnst 8, 1978 Advanced Methodology and Instrumentation
J. E. Swramn: “In-Line Monitoring. the Development of New Monitoring Systems for In-Line. Real-Time
Applications. Projected Applications Are Varied.™
Deburah Bostick: “Sulfate Analysis: Research on New Methods for the Analysis of Sulfates in Pariiculate
Materials. A Unique Enzvme Approach May Have General Appeal.™

Avgsst 1S, 1978: Gas-Cooled Reactor Programs
D. A. Costanzo: “Status of the HTGR Program.”
D. A. Costanso: A Continuous Monitoring System for Tritium in the GB-10 Capsule Irradiation Experiment.”™
D. A. Lee: “In-Line Monitosing o: the HTGR Fuel Particle Process Effluent Streams Using a Time-of-Flight
Mass Spectrometer.”™

Augnst 22, 197S: Bio-Organic Analysis
M. R. Guerin: "Chemical Characterization  Introduction and Background.”™
C.-h. Ho: “Terpenmds in Cigarette Smokes. ™
W. H. Griest: “Polynuclear Aromatic Hydrocarbons in Smoke and Coal-Derived Materials.™

August 29, 1978: Bio-Organic Analysis
M. R. Guerin: “Bioassay Systems  Introduction and Background.™
R. W. Holmberg: “Particle Size Methodology and Significance.”
J. E. Caton: "Inhalation Dosimetry from Chemical Analysis of Expusure Environment.™

September 26. 197S: Nuclear and Physics Methods
L. D. Hulett. J. M. Dale: “ESCA Laboratory.”
F. L. Moore: “"Mini-Plamt.”
J. F. Emery: “ORR Laboratory.™



Octeber 3. 1975: Patiern Revognition Studics (juint with Computer Sciences Division)
Nancy Larsen: “Technique and Results Obtained. ™
R. W.Stelmer. J. R Stokely: “Chemical and Bivlogical Measurements lavolved ™

Octeber 24. 1978: Mass and Emission Spectrometry
R L Walker: tntroduction.”
J. C. Franklm: lastallation and Perforaance of the High-Resolution MS-50 Mass Spectrometer.”
W_T. Rainey: “GC-MS Modificativns. TOF Mass Spectrometry . and Data Evauation.™
R. E.Eby: ~Gas Analysis fuor the Coal Program.™

Octeber 31. 1975: Mass and Emis_on Specirometry
J. A Carnter. “Introduction.”
R L Walker: "NUREP Activities and Nd for MSRE ™
W. H. Chnstie: ~Ton Microprobe Mass Analy zer R/D for MEC Programs ™
H S. McKown: ~Consiruction of the Two-Stage Mass Spectromerer for JAEA  Status Repore.™

November 14, 1975: General Analyses Laboraiory
W.R. Lamng: “Activitics ot the General Analyses Laboratory.™

Nevember 21. 1978: Radioactive Materials Analy tical Labosaturies
J. H. Couper: "Programs ot the Radioactive Materials Analytical Laburatories.”

PATENTS
AUTHOR/5) TITLE PATENT NO. DATE ISSUED

Dictsch. W . C . “Uramum-Scnutive Flevtrode Membrawe™ Ines 233 kb 41975
D. L. M.nang
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