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INTRODUCTION AND SUHHARY 

V. D. 

The Analytical Chemistry Division of Oak 
Ridge Rational Laboratory (ORHL) i s a large and 
d ivers i f i ed analytical cheaistry organization. 
As such, i t serves a Multitude of functions for 
a c l i e n t e l e thst e x i s t s both in and outside 
ORNL. These functions fal l into the following 
general categor ies . 

1. Analytical Research, Development, and Im-
plememtation. The d iv i s ion maintains a 
program to conceptual ize , inves t iga te , 
develop, a s se s s , improve, and implement 
advanced technology for chemical and physico-
chemical measurements. Emphasis i s on prob
lems and needs identif ied with ORNL and 
Department of Energy (DOE) program*, but 
a t tent ion i* also given t? needs in the 
analyt ica l sciences ' ' loaselves . This program 
i« composed of mediui- to long-term projects 
and i s supported p - i - j >ly by the DOE. The 
program consrituted approximately 261 of the 
FY 1982 budget. 

2. Programmatic Reseatch, Development, sad 
Ot i l i za t iom. V-.e d iv is ion carries out a 
wide variety n( cheiiical work that t y p i ' a l l y 
involves analyt .cal research and/or develop
ment plus (he u t i l i z a t i o n of analytical 
r e s u l t s or special analytical c a p a b i l i t i e s to 
expedite programmatic in teres t s . The effor 
in t h i s category comes fr as OftNl and DO 
programs and from "Work-for •Others' 
agreements. Baphasis hei* i s o- "applied" 
chemistry. This type of a c t i v i t y accounted 
for approximately 231 of the d i v i s i o n ' s 
budget in PY i982. 

t s , Director 

3 . Ttcfrmical Support. The div is ion performs 
chemical and physicochemical analyse* of 
v ir tua l ly a l l types. Development of method
ology is ax inherent pert of this ac t iv i ty 
because of the variety of analytical problems 
that arise in a multiprogram ins t i tu t ion l ike 
ORHL. Consultation, col laborat ion, and 
special projects ar-> involved. Hich of th i s 
work is short-term i. nature and comes from 
other div is ions and programs within ORNL, but 
a s igni f icant fract ion originates outside of 
Or.ML and involves the use c-t talent tad/or 
f a c i l i t i e s in which the divis ion i s particu
lar ly strong or unique. This type of work 
accounted fr. approximately JiX of the budget 
during FY 1982. 

Tha Analytical Chemistry Division i s orga
nized into five major sec t ions , eacn of which 
may carry out any type of work fa l l ing in the 
three categories mentioned above. Chapters 1 
through 5 of this report highlight progress 
within the five sect ions during the period 
January I , 1982 to December 31, 1982. A short 
suomary introduces each chapter to indicate work 
scope. Information about quality assurance and 
safery programs is presented in Chap. 6, along 
with a tabulation of analyses rendered. Publi
cat ions , oral presentations, professional ac t iv 
i t i e s , educational programs, and seminars are 
cited in Chaps. 7 and 8 . Approximately 61 a r t i 
c l e s , 32 proceedings publication* and 37 reports 
have been published, and 107 or*', presentations 
were given during this reporting ptriod. 

v / / / 



SORE TECHNICAL HIGHLIGHTS 

Ue ins t i tu ted MI informal "exchange" program with the Ctr.nr for Analyt ical Chemistry of the 
Rational Bureau of Standards in CT 1982. In the f i r s t col laborat ive study, an OUL researcher 
spent two weeks at the Bureau, where be used the CAKECA MS-3C secondary ion mass spectrometer 
to examine the d i s tr ibut ion of uranium around a "resin bead" source aa a function of tempera
ture . These studies indicated that the oead does not act as a point source as previously 
thought, but that i t provides dif fusion-control led re lease of neutral uranium atoms. The 
released uranium then moves with high mobility on the filament surface. 

Several col laborative programs with the Consolidated Fuel Reprocessing Program (CFRF) have 
resulted in s igni f icant accomplishments. A prototype of our multi-wavelength photometric in
l i n e monitor, developed with Instruments and Controls Div i s ion s ta f f for the CFtP, was i n s t a l l e d 
at T-12. This appl icat icn c a l l s for mot'Coring 1-30 g/L o f uranium in an aqueous stream. The 
photometer ha* performed beaut i ful ly for several months and other units are to be constructed 
an! ins ta l l ed in the plant . This photometric monitor i s applicable to 0 , P u d I I ) , and Pu(IV) in 
aqueous and organic so lut ions . 

In another project supported by CFRP, a prototype microcomputer-based remote t i t r a t i o n 
system was designed, bu i l t and i s now under t e s t in our mock-up hot c e l l . T i trat ions can be a* 
precise as <0.05I under favorable conditions and typical ly require about 5 minutes. This s t a t e -
o f - t h e - a r t t i t r a t o r const i tutes the second step in our program for modernizing remote analyt ica l 
instrumentation. The f i r s t step was development of our microcomputer-baaed p ipet tor , and was 
rep>rted in previous annual reports. 

A j o i n t venture between ACD, CFtP, and the Hetals and Ceramics Div i s ion involves development 
of an x-ray fluorescence system for measuring uranium and plutonium in a highly gamma-active 
background. The system has been conceptualised and carried through proof-of-principle experi 
ments. Preliminary data show resolution t be 10-20 eV anJ s e n s i t i v i t y to be about 0.25 cps/ppa 
uranium. The system has been successful ly tested in the presence of high radiat ion f i e l d s with 
a 1.9 x 1 0 ' 2 8q Ir-192 i sotopic source and by focusing a s i l v e r t srget x-ray tube on the 
entrance s l i t of the spectrometer. 

We continued to team with members of the Physics Divis ion to develop appl icat ion* of heavy 
ions . The importance of various parameters — p r o j e c t i l e , x-ray r h e l l , target makeup — i s 
being studied. This ef fort ha* shown that fine structure in the x-ray spectra produced by bom
bardment with energetic ions i s indicat ive of Che valence e lec tron density of the target materi
a l , hence may provide useful information abtut the composition of compounds aid a l l o y s . Loc* 
range ordered (LRO) a l loys exhibit physical properties that are dependent on small changes in 
composition. He in i t ia ted a collaborative effort with members of the Metals and Ceramics 
Div i s ion , to study heavy ion induced x-ray chemical ahi f t s of LROs. 

Development of an extrusion-combustion generstor for producing H3PO4 aeroso ls from a red 
phosphorua/butyl rubber formulation was completed. The generator produces serosol continuously 
and at uniform concentration for several hours, a* i s required for inhalat ion toxicology 
s t u d i e s . He constructed five of these generators plus serosol monitoring equipment and in
s t a l l e d them st the I l l i n o i s I n s t i t u t e of Technology Research I n s t i t u t e . This a c t i v i t y i s part 
of s m u l t i - i n s t i t u t i o n program in inhalation toxicology, sponsored J»~ the Department of 
Defense. 

Working with the Laboratory Protection s taf f , we established an analyt ica l system for non
des truct ive asssy of special nuclear materials , to be used primarily for inventory audi t s . It 
i s j mobile gamma spectrometer with 100 mm diameter in tr ins ic germanium detec tor . The system 
can be used for inventory ver i f i ca t ion of precious met s i s via red ionucUde-exc iced x-ray f luor
escence , and ha* been used for asssy and/or identity v e r i f i c a t i o n of s i l v e r , go ld , platinum, ard 
uranium in various forms. It also can be used in response to unusual occurrences within ORML, 
hence const i tutes s triple-purpose aobi l s analyt ical device. 

Collaborative work between ACD and Environmental Sciences Divis ion has shown that an impuri
ty in commercisl scridina resu l t s in cricket teratogenic i ty . This compound haa now been ident i 
fied as benso(g)isoquinol ine-S,10-dione; i t const i tutes only 20 ppm of the commercial product. 
Unambiguous ident i f i cat ion required the synthesis of model compounds, preparative scale i so la
t i on , high r 'so lut ion chromatographic purif icat ion, high resolution mess spectrometry, d i f fuse 
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re f ie stance, Fourier transform infrared spectroaetry, and multiple chromatographic retent ion 
measurements. The diooe baa been aade avai lable for t e s t ing in other b io log ica l ayateaa and i s 
being sought in coal-derived o i l s . 

A new concept, Fourier transform microwave spectrometry, was proved. An e l e c t r o n i c method 
had to be devised to introduce a temporal delay into the system thereby accessing the tracsform. 
Spatial displacement i s used ordinari ly to get a temporal delay, but this ia impractical in the 
case of microwaves. F e a s i b i l i t y was demonstrated with carbonyl s u l f i d e . Ihfs work was support
ed in part by the OUL Exploratory Studies Program. 

He developed Laser-based resonance ionizat ion muss spectrometry (RIMS) as a means for 
markedly improving the s e l e c t i v i t y of isotope rat io measurements. F e a s i b i l i t y waa demonstrated 
with mixtures of seodvmium and samarium, which are d i f f i c u l t to analyse by thermal ionizat ion MS 
because of i sobai ic in ter ferences . SIMS has proved to be a f e r t i l e research area in analyt ical 
MS. We have now used the HMS technique for other elements, including cerium, praseodymium, 
europium, and plutonium. 

A "mixed spike" technique for uranium analysis has been developed. Mixtures of uranium 
isotopea (2^-Hj A 236g) were synthesized and characterized for uae aa "spikes" in isotope 
d i l u t i o n mass spectrometric a n a l y s i s . A mlxti spike of plutonium isotopes ("*Pu A 
2**Pu) has also been synthesized. Use of su.L. spikes provides aa improvement in precis ion 
of a'-out f i v e , i . e . , standard deviat ions of ^J 1SZ for uranium st the nanogram l e v e l . Much 
larger (yg) quant i t ies are necessary to obtain t h i s l eve l of performance by conventional spiking 
methodology. 

Studiea of the mass spectrometry of non-volat i le organic coupounda have continued. The MS 
source that we deaigned for research in organic secondary ion maas spectrometry (SIMS) has been 
combined v i t h our threx-sector MS/MS instrument. Ib i s union provides unparalleled s e n s i t i v i t y . 
I n i t i s l experiments into thermal desorption/tbermal ionizat ion of organic materials of low vo la 
t i l i t y were also success fu l . This technique was combined with our MS/MS ayatea; i t promises to 
be of great analyt ical u t i l i t y . 

Research into the use of labe l led reagents in chemical ionizat ion mass spectrometry cont in
ued. We ar* able to d i s t inguish , by t h i s technique, isomers of jeveral d i f ferent types of 
compounds. Methanol and methanol-D4 can now be uaed to d i f f erent ia te a phenol, aromatic echer 
or aromatic substituted alcohol of the same formula. Similarly, th i s approach has now been 
extended to Che characterisat ion of isomeric sulfur-contsining compounds. 

Studies of open tubular l iquid chromatography (OTLC) were in i t ia ted th i s year. These 
included invest igat ions into techniques for column preparation, aaaple i n j e c t i o n , and OV absorp
t ion and laser-exc i ted fluorescence detect ion . The uae of e lectrokinet ic phenomena in OTLC i a 
a lso under atudy. We have in i t i a t ed development of an o r i f i c e for OTbC/HS. The OTIC technique 
offers s i gn i f i c sn t advantages as s complement to ex i s t ing chromatographic methodology. 

F ina l ly , Che d iv is ion performed some 266,000 determinations during CY 1982, primarily in 
support of experimental programs at Che Laboratory. Approximately 1550 control analyaes were 
processed as part of the qual i ty control program in the service/support groups, with an overal l 
qual i ty level of 91 .31 . 

V.fli 



1 . ANALYTICAL METHODOLOGY 

W. S. Lyon 

Analytical Methodology i s composed of two group*: Analyt ical Instrumentation and 
Analytical Phyaica. Each performs research and development that is primarily funded by the 
Office of Basic Energy Sciences of the Department of Energy. Some applied work i a alao done. 

In the Analytical Inatruaentation Croup emphasis i s primarily on the u» of laaers or la ser 
based systems for ana ly t i ca l purposes. Reaearch ia carried through the proof of principal and 
development atage a f t er which, in col laborat ion with other sec t ions within the d iv i s ion or other 
d iv i s ions within OMR., instrumentation i s applied to proceaaea or problem*. Particular auccess 
has been achieved in applying systems to uranium fuel monitoring. 

The Analytical Phy. ics Croup haa a small but innovative program that col laborates with other 
physics oriented d i v i s i o n s at ORRL. At present the emphasis i s on fundamental s tudies d irected 
toward understanding low energy positron scat ter ing and heavy ion induced f luorescence. The 
ultimate object ive i s t o use these techniques for materials character izat ion . 

1 
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UULTTICAL I B I I M I U n o i 

H. H. Roa* 

Spcctio<cwmi leaearem 

The apectroacopy research carried oat in 
the Instrumentation Croap follows along lines 
similar to those described last year. The com
mon thread in such of this work is the laser, 
used as either a light source or as an intense 
thermal source. Several projects were coapleted 
this year and a few new taaka were initiated. 
Our general approach reaaina unchanged: develop 
the idea and/or theory, teat the ayatea experi
mentally, demonstrate the practical analytical 
potential, and define those analytical problems 
or application areas where the work cor*1 have a 
aignificant impact. We are particula. itten-
tive to maintaining a broad spectruai (pun 
intended) of expertise in the area of atonic and 
molecular apectroacopy; the following descrip
tion of accomplishments for the year atteata 
that we are meeting well thia objective. 

A program initiated laat year (with the help 
of an ORRL aeed money grant) concerned the 
development of a new analytical concept 
Fourier transform microwave apectroacopy. The 
measurement apparatua ia essentially a microwave 
Michelaon interferometer making the experiment 
aimilar to that performed in Fourier transform 
infra-red apectroacopy. However, a aubtle dif
ference exiata in our ayatea. In a conventional 
interferometer, a needed time delay ia imple
mented by means of a path length change in one 
arm. In the microwave region, adequate resolu
tion would require a 3 km path length differen
tial! To circumvent this awkward apatial 
requirement, we have devised an electronic way 
to implement a temporal delay that simulates a 
path length change. To prove that such an 
approach ia feaaible, we have constructed a 
demonstration measurement system and obaerved 
the J-0 to 1 transition of carbonyl sulfide. 
Work this year will be directed toward improving 
the signal-to-noise ratio; we will also test 
Stsrk modulation of the saaple to reduce non-
stationary noise cources. 

Many of the probleaa in our prograa to de
velop matrix-isolation cptoacouatic apectroacopy 
have been aolved, and we '.-.jve now acquired spec
tra for several N-heterocycle polynuclear aro
matic compounds. Sub-aicrograa detection limits 
have been measured for several member* of the 
quinoline family in rare gas matrices at 10-20*. 

For these compounda, the spectral reaolution ia 
enhanced by a factor of 3 to 5 over that 
obtained at room temperature. Thia improvement 
allows identification and quantitation of mix-
tares iaposeible with conventional room tempera
ture techniques. Solid xenon ban been used aa 
the host matrix for these experiaents rather 
than the aore usual areon. We feel that Che 
xenon host serves aa an external heavy atoa 
catalyat and enhances oar lower detection liait. 
A new acooatic detector has been designed and is 
presently under construction. It should lead to 
a 100-fold improvement in our detection limit, 
that ia, to levels below about tec nanograms. 

Another aignificant advance thia year has 
been the use of the resonance ionization tech
nique to generate ione for aaaa spectrometry. 
The technique of resonance ion mass spectroacopy 
(KIMS) is described in detail in Che Mass 
Spectrometry section of tbia report. Other 
resonance ionization apectroacopy (IIS) methods 
were alao explored. To apply BIS to certain 
ultra-low level radioactive counting determina
tions, the daughter apeciea Z-rom the decay pro
cess must therms lire to a neutral atoa to be 
detected by an RIS process. We recently com-

218 222 
pleted a atody of the Po daughter of Rn» 
v found that several gaa mixtures of organic 
vapors in helium effectively neutralize the 
polonium recoila; theae include helium plua 1-31 
iaobutane, 0.5Z triethylaaine, 1-SZ cyclohexane, 
or 1-5X echylene. Ocher gaaea and gaa mixtures 
Chat were found to be ineffective include air, 
argon, argon-(lOZ) methane, argon-iaobutane, and 
helium-HO. We have made some progress in our 
cooperative project with EC4C Corporation to 
detect single stoma of plutoniua coaing froa the 
decay of Cm. A laser teac syscea and sample 
chamber have been buile and are now ready to uae 
at the EGfcC site. Detection will be attempted 
in an atmosphere of helium-iaobutane, which haa 
already been shown to allow the neutralisation 
of recoil apeciea. 

We continue to study time-of-flight optical 
spectrometry and have made initial test* to 
evaluate thia technique for application in the 
ultra-violet spectral region. The abort optical 
fibers, required by Che high UV attenuation, 
atill have uaeful dispersion because of the 
rapid change of refractive index with wavelength 
in this region. We have measured the attenua
tion of three different fibers froa 900 to Iesa 
than 300 na, and al.-o measured the dispersion 
and pulse broadening in the near UV. The moat 
significant result is that for some step index 



fiber*, the pulae broadening in the UV ia only 
half that observed in the risible region, 
presumably becaoae of enhanced attenuation of 
raya which make a large angle with the fiber 
axis. This increased bandwidth nay permit the 
nae of atep index fiber* with high parity fased 
• Hies cores for CV time-of-flight spectrometry. 

He bare started a new project to investigate 
the flane optogalvanic determination of cesium 
in brines. Determination of the cesium content 
of brine solutions is of interest for leaching 
stodies related to t .clear waate isolation. The 
high salt level of these *aCl/sXl/MgCl2'6B20 

brines (ca. 20 g/L each) interferes with moat 
atomic apectroa.opy techniques, including those 
that esploy flane or graphite furnace atom res
ervoirs, yet direct analysis of these brines is 
desirable. * flame optogalvsnic apectroacopy 
apparatus was assembled using a modified atomic 
absorption slot burner and our pulsed dye laaer. 
In the sample-seeded flame gaaes, cnere exists a 
dynamic equilibrium between neu'ral cesium stoma 
and cesium ions, when laaer light resonant with 
cesium atoms illuminates the flames, this ioni
zation equilibrium ia disturbed toward addi
tional ionization; the resulting pulse of 
current is detected. 

For distilled water solutions our cesium 
detection limit is 60 ppB. Cesium has the low
est ionization potential of any element and 
spontaneous cesium ionization at our flame tem
perature is almost coaplete. Because this 
method can only detect neutral atomic apecies, 
we actually only measure • small percentage of 
the total cesium aapirated into the flame. The 
effects of the Ba/K/Mg brine matrix on the 
cesium detection limit and response linearity 
have been studied. For various brine concentra
tions, the cesium sensitivity factor is approxi
mately constant. For a 5 g/L concentration of 
each of the three brine components (the highest 
tolerable concentration for reproducible ncbuli-
zation), the cesium detection limit is approxi
mately 7 ppa. Our approach has been to handle 
brine sample* by diluting them to a reasonable 
working salt level and accepting the consequent 
dilution factor for the cesium content. Because 
the cesius) detection limit for distilled water 
aaaplcs has been extended as far as possible, 
this brine tempi: dilution doss nor degrade our 
overall detection limit to an unacceptable 
level. Thus, the brine matrix problem is severe 
for these solutions, but at salt levels 
approachinc 300 g/L RaCl, we can still detect 
cesium concentration* aa low a* 3 ppm. 

He have continued to explore, both experi
mentally and theoretically, the use of 'die time 
delay in the emission of a laser pulse for 
determining the abaorbance of a sample within 
the laser cavity. Tbe delay can be interpreted 
in terms of gain and cavity build-up times. 
There is a fundamental uncertainty or jitter in 
the cavity build-up time due to the atatistical 
properties of light. Detection limits and 
accuracy should be improved if the gain build-up 
time ia made much larger than the cavity build
up time. For practical applications, it would 
be extremely deairable for the gain medium to be 
tunable in wavelength. He have been experiment
ing with an optical cavity in which one mirror 
is a phase-conjugate reflector with gain. This 
mirror uses nonresonant degenerate four-wave 
mixing in a aingle domain crystal of barium 
titanate. A volume hologram ia formed at the 
wavelength of the pump beams, furnished by a CW 
dye laaer. The gain of the mirror builds up 
with a time constant which depends on the inten
sity of the three incident light beams. He have 
set up such an oscillator and ahovn that the 
gain build-up time is a function of cavity 
losses. 

The reflected wave from a phane-conjugate 
mirror ia a "time-reversed" replica of the 
incoming wave. This implies that if a uniform 
beam propagates though a distorter into the 
mirror, the reflected beam will have the origi
nal uniformity after paasing back through the 
distorter. He have demonstrated that such dis
tortion correction can be obtained by directing 
a aingle pump beam into a baritsa titanate crys
tal with no other mirror*. Other applications 
of real-time volume holography are being 
investigated. 

He are presently exploring s new method for 
the generation of molecular beams: laaer abla
tion of solids into s high vacuum. The isola
tion of large molecules in ultracold molecular 
beams can be accomplished by expanding a high 
pressure gas (such as helium) seeded with an 
enalyta gas through a nozzle into a high vacuum 
chamber. The spectra of aolecules so isolated 
sre very sharp and simple doc to greatly reduo.d 
colliaional and Doppler broadening. Thane sharp 
spectra are very uaeful analytically for iden
tification of individual compounds in complex 
•ixtures. He sre attempting to generate similar 
beam* uaing a pulsed laaer to flash evaporate 
the surface layer from a eolid sample located in 
* vacuum chamber. The focal spot of C M laser 
baam will »issilat* the orifice of a conventional 
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aolecular beam machine. A vacuus chamber for 
these experiments has been assemble*, and has 
been included in an opt ica l arrangement whereby 
three laser beans can be impinged on a s ing le 
sample spot . The laaers are - Hd:TAC pulsed 
laser ( for a b l a t i o n ) , a frequency-doubled f laah-
laap dye l a s e r ( for exc i ta t ion of f luorescence) , 
and a He-He laaer ( for v i sua l i za t ion of t' " t a r 
get spot and alignment purposes). I n i t i a l ex
periments indicate that our 1 a j ablat ion laser 
i s aot intense enough to evaporate suf f ic ient 
material from a tetracene film for spectral 
observation. Further experiments with di f ferent 
t a r g e t s , e x c i t a t i o n geometries, and more power
ful ablat ing pulses are currently in progress . 

Further t e s t s have been conducted on the 
phase fluorimeter that uses a self-modulated 
argon-ion l a s e r as the exc i tat ion source. As we 
reported l a s t year, th i s argon-ion laser can be 
operated such that the output in tens i ty i s 
nearly 1001 modulated at any of f ive frequencies 
between 408 and 737 MHz. This i s an a t trac t ive 
source for making high temporal resolution meas
urements by the phase-shift method because of 
the very high modulation frequencies. The 
phase-shi f t measurements can be made in an ana
log fashion using a double-balanced mixer to 
compare the phase of the fluorescence s ignal and 
the e x c i t i n g l i g h t . Original ly , an opt ica l 
delay l i n e was used to adjust the phase of the 
s igna l s a t the mixer to obtain zero output s i g 
nal ( s i gna l s 90* out of phase). From the r e l a 
t i v e p o s i t i o n s of the delay l ine element for a 
s ca t t er ing so lut ion (zero l i f e t ime) and the 
f luorescing sample, the l i fe t ime of the sanple 
can be ca lcu la ted . ilie precis ion <"i th is 
approach proved to be poor. To improve the pre
c i s i o n , the optical delay l ine was scanned 
through one f u l l period of th.< modulation fre
quency and the output of the mixer recorded. 
The response function ct a scat ter ing solut ion 
snd s fluorophor can now be compared to y i e l d a 
phase s h i f t o f higher prec is ion . An improvement 
wss the replacement of the high-gain photomulti-
p l i e r tuba (PMT) by a moderate gain tube; the 
high-gain PMT dees not allow suf f i c i ent '.mapling 
of the nodulated fluorescence s igna l . 

An exce l l en t t e s t for s fluorescence l i fe t ime 
measuring apparatus i s a bimolecular quenching 
study. A Stern-Volmcr plot should y ie ld a l ine 
whose s lope g ives the quenching rs te constant. 
We used a s e r i e s of 1 u mol/L RoC/^O solutions 
quenched by KI. The fluorescence l i f e t imes for 
these so lu t ions rsnge teem 3 ns to 30 ps. Li fe 
time msssurements below ^ 300 ps could be made 

r e l i a b l y . Lifetimes longer than 300 ps have 
phase s h i f t s which decrease with imcreaaed 
photomultiplier current. Similar re su l t s have 
been observed when t h i s experiment i s performed 
with a t ime-correlated single-photon counting 
apparatus. Plana are being made to incorporate 
bi fh speed counting equipment into the lacter 
exr riment t o help understand these problems. 

In a cooperative project with the University 
of Tennessee, o p t i c a l l y transparent th in layer 
electrochemical (OTTLE) c e l l s have been found to 
have wide ana ly t i ca l appl i ca t ion . This i s 
because they can simultaneously acquire spectro
scopic and electrochemical data. However, 
because of the small opt ical path length, the 
a. i l i t y t o observe, spectroscopica l ly , species 
possessing small molar absorption c o e f f i c i e n t s 
i s severely l imi ted . He are developing a 
multipass capab i l i t y that can be used in aqueous 
as wel l as molten a a l t media and can be coupled 
to a multichannel opt i ca l detect ion system. The 
technique has been success fu l ly demonstrated 
with an aqueous system using a tungsten filament 
radiant energy source. Deviations between 
theoret ica l and experimental gains are l e s s than 
0.5Z. Work i s in progress t o demonstrate the 
technique with * molten s a l t OTTLE in s high 
temperature furnace. 

F ina l ly , we note that study of the se lec ted 
laser exc i ted fluorescence determination of 
Tb(III) coprecipitated with LaF3 has been 
completed and a paper describing t h i s study i s 
in press in Analytical Chsmiitry. Using 
Er(III ) as an internal standard, Tb(I l I ) csn be 
determined in LSF3 with a precis ion of better 
than * 41. The detect ion l imit i s 1 x 
mole Z Tb(III) in LaFj; th i s mole ra t io cor
responds t o a Tb concentration of 3 x 
M in the sample so lut ion before prec ip i ta t ion . 
The procedure i s in sens i t i ve to anionic i n t e r -
feicnce lrom n i tra te or chloride and i s l e s s 
s e n s i t i v e t o common cat ion ic interferences than 
i s a s i a i l a r laser f luorescence technique which 
u t i l i z e * coprecipi tat ion of lanthanidcs in 
CaF2> Attempts t o spply t h i s technique to 
t r iv s l en t act in ides hss only been marginally 
successful . Expected sample fluorescence does 
not always occur, and i t i s presently f e l t that 
the problem may l i e in crys t s l symmetry e f f ec t s 
which are not properly control led. 

(C. Ftldman, f). Harvard,* H. HCKMII,* I. H. 
Kltlt, a. Kanantov,' J. M. Bam»*y, R. V. Shot, 
V. n. Vhittm, J, P. Young). 

•University of Tennessee, Knoxville 



Applied l u t w u i f i f m 

For the p*at four yeara, we hare been 
heavily committed to a cooperative program with 
the Inetrameutation £ Control* Diviaion t o 
develop i o - l i a e c h a n c e l iaatrmmentatioa for a 
demonstration foe l reprocessing plant . Major 
e f f o r t s were directed toward the continuous 
aeesurement of uranium, plutoninm, cer ta in 
orgaafc reagents , and free ac id concentration. 
Process condit ions included both organic and 
aqueous streaaa and concentrations that ranged 
front trace t o major coapoaeat. I b i s year a pro
totype maltiw.'veleugth photometer, incorporating 
a multiplexing nechanisa, aaa fabricated and 
i n s t a l l e d in a V '? .ir^nium recovery process . 
The instrument w i l l u l t imate ly be capable of 
aonitoriag three process points s ianltaaeoualy 
and report r e a l - t i a e uraciu-v concentration in 
both aqueous and organic s t i^aas for process 
control . To da te , a three-wavelengtu c a l i b r a 
t ion aigori tbn has been developed for wonitoring 
1-30 g / t uraniua in an aqueous raff inate s treaa 
having a variable opt ica l background. The 
photoaeter w i l l a l t o be cal ibrated for oraniua 
measurement in an aqueous feed and an organic 
s t r i p coloan. 

A descr ipt ion of the pbotouetric ana lys i s of 
Pu(IV) in organic Fares so lut ions war a l s o com
ple ted . Optiana wavelengths for plutoniua 
determination have now been se l ec ted and o p t i c a l 
f iber purchased so that the prototype photoa
eter can a l s o be applied to the. deterainat ion of 
0, P u ( l l l ) , Pu(IV) in both aqueous and organic 
s o l u t i o n s . 

I n - l i n e e lectrocheaical reduction of J(VI) 
was assessed in an e f for t to extend the photom
e t r i c analys i s down t o 0 .2 g/L in highly colored 
aqueous process s o l u t i o n s . J(TV) absorb* l i g h t 
at several wave lengths that arc not influence'' 
by the presence of the usual impurities found in 
reprocessing s treaaa. This s l i g h t opt ica l back
ground can be accurately measured prior t o 0(VI) 
reduction. The U(IV) a o U r absorpt iv i ty i s a l s o 
a factor of 23 t i n e s higher than that of U(VI); 
0(1V) measurement would therefore provide a more 
c e n s i t i v e indicat ion of aqueous uranium concen
t ra t ion . Prepared 0(VI) standards can be re 
duced in <5 a in using a platinum cathode and a 
re t i cu la ted v i treous carbon anode. If the sam
ple so lu t ion i s highly contaminated, a chemical 
reduceant, such as hydrazine n i t r a t e , most be 
added <-.o the so lu t ion to prevent reoxldetion of 
U(IV). A report i s being prepared that further 
describe* the • lectrochemical procedure. 

He alao have a s i g n i f i c a n t effort to develop 
advanced instrumentation for -iae in h o t - c e l l 
eariroameats. A prototype of a remote t i t r a t i o n 
system su i tab le for such use was designed and 
constructed. The i n - c e l l components cons i s t of 
the t i t rant de l ivery u n i t , which features i n t e r 
changeable buret.*, and Che preamplifier c i r c u i t 
for the traaaducer e l ec trodes . The buret i s 
driven by a stepping motor. The o u t - o f - c e l l 
compoaeete include 'he microcomputer c o n t r o l l e r , 
p l o t t e r , and terminal. Laboratory evaluation of 
the system i s complete. With the 25 mL buret , 
t.te precis ion of volume delivery i s 0 v L and 
i s independent of the a l iquot l i r e . Based upon 
acid-base t i t r a t i o n data, a prec i s ion and 
accuracy be t t er than 0.05X can be achieved i f 
the equilibrium const rat for the t i t r a t i o n reac
t i o n i s MO*. The end-point ia obtained from 
the zero-croesing point of the second der iva
t i v e . A d i g i t a l f i l t e r ca lculates the second 
der ivat ive while the incremental aJdit iuu of 
t i t r a n t ia control led automatically by the 
microcomputer (calculated via a predic t ive 
least -squares algorithm). A typical t i t r a t i o n 
requirea MOO data points and ia completed in 
approximately five minutes. Testing of the 
system in a mock-up h o t - c e l l i s underway. 

An interface to an Apple II computer for a 
two-dimensional pos i t ion sens i t ive detector was 
designed. The outputs froa the detector are two 
analog vol tages which correspond to the coordi 
nate where a p a r t i c l e ispacted upon the de tec 
t o r . These coordinate data may represent energy 
or pos i t ional information depending upon the 
part icular experimental s i tua t ion . The coordi 
nate data are ti$it.it*4 into two 6-bi t addresses 
which represent elements of a 64 x 64 matrix 
whose magnitude correspond* to the number of 
events that occurred at that part icular 
coordinate. The interface cons i s t* of the 
a n a l o g - t o - d i g i t a l converter, the d i g i t a l memory 
and I t s control l o g i c , and the log ic necessary 
t o operate the unit under computer contro l . 
Construction and t e s t i n g of the system are 
underway. Plana for the system include i t * use 
se a positron detector for ongoing work in the 
Analytical Physic* group. 

work on the glow discharge detector for 
oxygen detect ion haa omen completed. A najor 
problem was the roouction of the oxy*en back* 
ground in the helium carr ier gas. With the use 
of a trap containing BASF 13-11 c a t a l y s t , the 
oxygen s ignal emitted by a glow discharge in 
laboratory-grade helium via kept below 0.1X o / 
i t a or ig inal inctne i ty for 2 hour*, and below 
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1.0* for f> hours. Passage of peaks of oxygen-
I ari 'g compounds through the glow discharge was 
simulated by injecting such compounds into the 
gas stress through an injection loop placed 
upstresa frost the capillary column. The height 
(and si«n) cf the peak produced depended on the 
composition cf the compound. To convert all 
oxygen to a single chemical form (CO), a quartz 
tube containing carbon at 900*C was inserted 
between the GC column and the glow detector. 
All oxygen-be*ring compounds then gave positive 
peaks. 

(1. A. Zoeti~k, C. Feldnan, I. V. Hulett, L. H. 
Klatt, S. Pendyali,* J. E. Strain) 

AsULYTICAL PoYSICS 

L. D. Hulett, Jr. 

Problem Solving with Electron end I-vt/ Methods 

Solid specimens can be characterized by their 
composition, crystal structure, -.irphclogy and 
the chemical state of the constituents. 'now-
ledge oT .everal or all of these properties is 
often required to solve real msterials problos. 
When <<sed in a matrix approach, electron and 
x-ray methods can solve complex problems by pro
viding the critical information about the pro
perties of a material. elemental composirion 
from major to trace levels can be determined by 
x-ray fluorescence (XRF). Scanning electron 
micrfscopy (SEK) and trsnsmission electron 
microscopy (TEM) yield information on surface 
morphology and the shape and »ize of submicron 
particles. With an energy dispersive x-ray 
fluorescence detector (EDX), the SEM can scan 
across s sanple to provide sr. elemental map. 
Diffraction patterns produced by x-rays or tj.ec-
trnns are used to determine crystal structures 
of bulk materials or particles as small as 1 :< M. 
Examples of how these techniques have been 
applied to problems from various laboratory 
programs are described in this section. 

The Chemistry Division has an ongoing program 
for developing methods of tritium containment by 
producing oxide films on container materials. 
Tritium rapidly diffuses through clean metals 
and alleys and its containment is a major prob
lem in developing controlled thermonuclear 
...•.•.urt. We J-ive recently characterized tilva 
producd on 310 stsinlcss steel which have good 

tritium barrier characteristics. Baaed on SEM, 
TEN, and XKD results, it was concluded that the 
material was possibly a spinel compound having 
properties similar to MftCrO^ which is a 
superior containment material. Another problem 
involved the characterization of a composite 
sample containing leas than IX uranium. This 
was related to a program for characterizing 
uranium-bearing refractory aolid residues to 
enable development of improved technique* for 
complete uranium recovery from such residues. 

We were recently requested to make on-site 
sampling of residues which had collected on some 
automobiles in the O W L West Parking Lot. A. few 
automobiles in this location bad developed rust 
spots and it was necessary to determine the 
presence or absence of fossil fuel plant fly ash 
particles. Using SEM anJ SEM-EDX it was deter
mined that the particles removed had composi
tions which resembled soil; there was no 
evidence that fly ash particle* caused the 
corrosion. 

The correlation of air-borne asbestos fibers 
witn lung cancer has resulted in requirements 
imposed by the Environmental Protection A*ency 
(EPn) to limit human exposure. Bee-use com
pliance «tth these health standards requires a 
method for accurate asbestos analysis, we have 
been working „ith EPA to develop a sensitive 
x-ray diffiiction (XRO) technique for the quan
titative determination of asbestos in building 
materials. As previously reported, the ORIIL 
approach uses an internal standard to determine 
concentrations from 0.5Z to 60Z. Initial test
ing on EPA samples indicated that the XKD method 
was more sensitive to aabestos than either 
polarized light microacopy (PLM) or thermo-
grsvimetric snalysis (TCA). Further evaluation 
has shown, how»/er, that the internal standard, 
aspirin, 0*7 decompose in some materials. Work 
is in progress to find a stable substitute for 
aspirin. 

Work is also progressing on modifications to 
thr computer controlled diffractometer and 
eight-position sample changer ahich, when com
pleted, will allow overnight and weekend opera
tion. Continuous opeiation will be required for 
the anticipated high sample load from state 
agencies and local governments attempting to 
evaluate public health h-zards. In conjunction 
with a more efficient diffractometer, a number 
of techniques are being evaluated as pre-
acreening methods to help process samples more 
rapidly. 

*8tste University of New York, Fredonis. (F. 1. Hall, H. W. Dunn, J. H. Steuart) 

http://tj.ec-
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Cbearical An.ilysi» *v Poeitrom* and Heavy loaa 

Investigations of the characteristics of low 
energy positrors for revealing various proper
ties of wetter has shown a draws.ic increase ir. 
the last few years. It w»s wade e-ideni. C.ist 
the field is growing at a rapid pace by the num
ber of papers presented on the subject this year 
at the Sixth International Positron Annihilation 
Conference in Fort Worth, Texas. The growth of 
this science has been wade possible by the rela
tively recent breakthroughs in the development 
of two high efficiency positron Moderators, 
copper an- tungsten. The copper Moderator was 
developed by workers at Bell Laboratories and 
the tungsten aoderator by our group here at Oak 
Ridge. Tiese Moderators have chr. necessary pro
perties for thermslixiag high energy positions 
which are then accelerated to low velocities for 
controlled low energy positron interactions with 
aaterials under study. Our work on the develop
ment of the tungsten aoderator and its use for 
positron energy loss experiwents at metal «jr-
faces were reported at this conference. Further 
attempts at moderator improvements have been 
made. Tungsten with an increased surface area 
was tested an4 specific alloys were also tried 
for theoretical reasons. The efficiencies of 
these moderators approached but. did not exceed 
that of the high temperature treated c-'ngle 
crystal and polycrystalline tungaten. 

Our positron program has induced other work
ers in the ORNL Physics Division to become 
interested in monoenergetic positrons. They 
have carried out initial experiments for creat
ing high energy positrons by proton bombardment 
of '*8 to produce **C which is a posi
tron emitter. Although the yields were low in 
these first attempts to produce positrons by 
this technique, due to moderator contamination, 
we still expect to achieve a factor of ten 
greater intensity over that from the 2 2Ha 
source presently being jsed. He will use this 
fscility to do high energy positron diffraction 
experiments at energies normally used in the 
transmission electron microscope. A simplified 
dynamic diffraction theory has baen formulated 
to compare positron and electron diffraction. 
The theory predicts that positrons will travel 
between rows of atoms in crystals and Chat meas
urements in intensity loss of the diffracted 
beam* will provide information about electron 
densities between atomic sices. Positron 
diffraction data are there'ore expected to be 
richer in chemical bond information than 
or'inary electron diffraction data. 

Positron and electron scattering speclra from 
a polished annealed polycrystalline molybdenum 
surface r.re currently being measured with a low 
paaj/higt pass differential retarding field 
spectrometer. This spectrometer was designed to 
provide the high throughput necessary for 
>o*itron scattering experiments combined with 
the direct measurement of differential energy 
loss and diffraction spectra. A report of 
possible invention for this spectrometer has 
been filed with the O M L patent department. A 
position sensitive detector with a reaistive 
strip readout has been purchased for rec rding 
positron diffraction patterns. An interfice has 
been designed and is being constructed for 
sto.-ing these data in a microcomputer. 

in invited paper, reviewing the applications 
of monoenergetic positrons for the characterisa
tion of solids has been completed and submitted 
to Applied Spectroccopy Rgviwe. A combined 
symposium-workshop on the iapleme.it at ion of 
mnnoenergetic positrons in fundamental and 
applied science vas been organized and will be 
held at riie annual meeting of AAAS in Detroit, 
May 26--,l, 1983. 

The evaluation of heavy ion induced x-ray 
fluorescence (HIIXRF) as s technique for the 
direct determination of Xhe bulk chemical 
environment of an element in a solid has 
branched successfully in seversl directions. In 
Che pasc year, we have explored methods to 
increase the sensitivity, expanded the range of 
elements which can be analyzed and initiated 
collaborative efforts to evsluate material 
science applications. 

To increase the sensitivity of HIIXHF, we 
examined the effects of using a heavier projec
tile for the excitation of target la x-ray 
satellite* at ORIC. The results indicated that 
the average L-shell vacancy fraction, i.e. the 
degree of multiple ionizstion in the L-shell, 
increaced with increasing projectile atomic 
number. The relative change in the L-shell 
vacancy fraction, i.e. the chemical shift, 
remained constant with atomic number. Mors 
encouraging waa Che discovery Chat Cha cro«* 
section for x-ray emission incrsaacd by a facCor 
greaCer than Z?. This awans chat in the 
absence of any loss of chemical sensitivity or 
significant decrease in projectile currant 
density, the heaviesc projectile available for a 
given velocity should b* used for excitscion. 

Because the sensitivicy of Che d satellite 
lines t, the chemical environment dacrsaaes as 
the numbrr of sh*»ls be C we en cha K and valance 
shall increase, »/* focused our effort Co expand 

http://iapleme.it
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the range of elements which can be analyzed by 
evaluating the chemical shift* of other x-ray 
transitions. For example, the molybdenum L 
x-ray satellites produced by the bombardment of 
compounds and alloys with energetic chlorine 
ions from the EN-tandea displayed intensity 
variations indicative of the valence electron 
density of the material. Using molybdenum foil 
data as a subtrahend, amplification of those 
variations indicative of the valence electron 
density of the material, being molybdenum foil 
data as a subtrahend, amplification of those 
variations was obtained by calculating 
difference spectrs. Analysis of the spectra 
produced two significant observations. First, 
the larger the difference in the valence 
electron density of the compounds or alloys, the 
greater the variation in the difference spectra. 
Secrad, the difference spectra displayed an 
oscillatory fine structure. These oscillations 
appear to occur at energies corresponding to the 
L'X" satellite transition energies of 
molybdenum. Oirac-Fock calculations of the 
binding energies of multiply ionized molybdenum 
are being used to ascertain the transition 
energies and to aid the study of the os-illatory 
effect. 

Based on the molybdenum results which demon
strated our ability to observe chemical shifts 
in alloys, we have begun a collaborative effort 
with the Metals and Ceramics Division to study 
x-ray chemical shifts in long range ordered 
(LRO) alloys. These alloys, of composition 
V(Co xFe_Ni z)j, exhibit different physi
cal properties such as crystal structure and 
ductility with small changes in composition. In 
addition to the LRO alloys we have begun to 
evaluate the Kn and KB satellite transitions of 
vsnadium and titanium v ->mpounds snd alloys. 
Preliminary results indicate that the KB satel
lite lines are ouch more sensitive to the chemi
cal environment of these ^lebents than Ka lines. 
Future experiments wit; continue to evaluate 
transitions which may increase the sensitivity 
snd range of HltXRF and to explore potential 
materials applicationa. 

(J. 1. Dale, P. F. Mttntr,* H. U. Dunn, L. D. 
Hul«tt, .?. Kahane, H. J. Kim,* L. It. Klatt, 
H. ?. *wwa*,* P. D. MilUr,* W. 7. Milncr,* 
S. Raman,* T. M. Rotetel. C. ft. Vane,* J. P. 
Young) 

•Physics Division 
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2. BASS AND EH I SSI OK SPECTROMETRY 

J. A. Carter 

Research, development, and support analyses are carried out in three topical areas -
Inorganic Haas Spectrometry, Organic Mass Spectrometry, and Elemental and Secondary loo Mass 
Spectrometry. Each area has many opportunities to develop techniques that support laboratory 
programs more effectively and to pursue research aimed at extending mass spectrometry into new 
areas. The section's work is quite varied and involves the study of techniques for: surface 
characterization, both inorganic and organic; multi-element trace metal analysis in a variety of 
alloys and ceramics; analysis of special nuclear materials fot various safeguarding 
applications, domestic and international; organic MS/MS and GC/MS analysis; icotopic abundance 
measurements of actinidea and burnup analyais; and stable isoti'tes maas spectrometry. 

Some 301 of our U D support is received from r'.ie Division of Chemiral Sciences of the 
Office of Basic Energy Sciences. This effort, which is generic in nature, provides the tech
nical base for addressing current and future analytical mass sp*ctrometric needs as related to 
DOE program*. Another 10Z of our U D support comes through the Office of Safeguards and 
Security for domestic and interr.ational activities. The remaining support comes from several 
orher laboratory programs and from various Hork-for-Others programs, as, for example, the 
analytical efforts for HRC, waate iaolation work at Hanford and Sandia, and support for the 
Three-Mile Island reactor cleanup. 
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R. L. Walker and D. B. Smith 

Resonance ionization mass spectrometry (RIMS) 
is being developed for potential use in isotope 
ratio aeasureaents where isobaric (same mass) 
overlap between elements has been .1 problem for 
conventional thermal ionization. RIMS use* a 
finely tuned, high intensity laser to ionize 
atoas of a chc»en element with high selectivity 
and without interference fro- other elements 
present in the sample. Proof of the selectivity 
of RIMS was obtained with the elements neodymium 
snd samarium in an equimolar mixture. Using 
laser excitation at two different wavelengths, 
either neodymium or samarium could be measured 
with essentially no interference, whereas 
thermal ionization gave unacceptably large 
errors for certain isotope ratios. The RIMS 
technique has been used with other elements of 
interest, including cerium, praseodymium, 
europium, and plutonium. 

To improve precision and accuracy of isotopic 
ratio measurements, two internal standarda of 
uranium have been synthesized, characterized, 
and evaluated. One of the standarda is used for 
isotope dilution measurements for uranium con
centration; the other is used to refine 
235„/238D 

measurements. Analysis of a 
number of isotopic standards and other samples 
whose content is well known led to improvements 
in precision of factors ranging from 3 to 7. In 
the 235g/238jj measurements we are 
limited by the purity of enriched 2 ^ U 
materials available :o make the spike; they are 
all high in 2 3 5 U content. Relative 
precisions of about 0.1Z are obtained with these 
new standards, An internal standard for 
Plutonium is presently being developed. 

Software programs have been written and 
tested for burn-up calculations. The "Cud 
(ASTM C-321) method was chosen for this work, 
but any neodymium iaotops may be substituted for 
148 if desired. The programs are written to 
correct for cerium at m/z 142 and for normal 
neodyniur contamination in fission-produced 
neodymium. 

The quadrupole maas spectrometer in its 
mobile laboratory nude a number of field trips 
in the last yrar in support of the Oak Ridge 
Operations Office of DOE. Environmental losses 
ware monitored at several DOE facilities. The 
Savannah River Plant was visited in support of 
Che Office of Safeguards and Securit", where 

both cranium and plutonium in inplant atreams 
were monitored for accountability. 

A new ion source for the quadrupole was de
signed and installed, resulting in an improve
ment in sensitivity by about a factor of 10. 
Tnt instrument *•-1 remounted to redone shock-
induced problems d.-ring travel. 

(D. L. Donahue, H. S. HeXaun, I. AT. Bertram, 
C. A. Pritehard, ft. 1. Sremazn, J. R. Sit99, 
J. P. Toung) . 

OBCAMIC MASS SPECTBOMETRT 

C. L. Glish and P. J. Todd 

Research has been initiated into thermal 
deaorption/ioni.tarion of involatile and/or 
thermally labile organic compounds. Good suc
cess has been achieved with quaternary ammonium 
and phosphonium salts. It has been demonstrated 
that at low filament teaperaturea (<700*C) 
direct desorptioo of the intact cation occurs 
with no fragmentation. A;. *..ig*- filament temper
atures <>2000*C), thermal ionization occurs, 
again giving the intact cation with little or no 
fragmentation. Both processes can give very 
intense ion beams, suitable for application of 
the MS/MS technique. However, the higher tem
perature signal ia usually more stable and is 
more reproducible. 

The joint research project with Exxon involv
ing pyrolysis/GC/HS of specially treated coals 
is essentially complete. Using a statistical 
model for hydrogen/deuterium scrambling it has 
been determined that on the average there are 
two radical sites per phenyl ring in a compound 
and an additional site for each methyl group. 
Also, several compounds were observed to be 
formed by complete aethy] group tranafer while 
other aimilar compound* existed in the coal 
structure. 

A project studying the fragmentation of 
chalcogen-containing fatty icids ami methyl 
esters (in conjunction with F. F. Knapp of 
Health and Safety Research Division) haa been 
completed. High resolution measurements and 
several different metaatable scanning techniques 
were performed with the MS50 to elucidate vari
ous decomposition pathway*. In the course of 
this study B/E linked scan capabilities ware 
added to the MS50. 

Because Secondary Ion Haas Spectrometry 
(SIMS) involves the ioniiat'jn of both analyte 
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and matrix, analysis i« always 4 mixture prob
lem. The key advantage to possessing a substan-
tial secondary ion signal is that it permits use 
of MS/MS—a powerful mixture analysis technique. 
Thus, the structure of organic apecies can be 
determined in the preaence of vastly sore 
concentrated matrix. Species investigated to 
date include alkyl smnijiiium salts, arginit<e, 
'phosphate esters and psychoactive substances, in 
addition to aetal-organic ion complexes. 

The organic secondary ion source is opera
tional a ad being used with the MS/MS spectrom
eter to study the chemistry of secondary ion 
emission. He developed this source originally 
to generate secondary ions fro* involatile or
ganic analytee. It has been quite successful, 
yielding ion currents of the order of ^600 x 
10* ions/sec at the detector after transmis
sion through the three sectors of the MS/MS 
spectrometer. 

Of particular significance is the observation 
that, in addition to a generally intense, intact 
cation, the- dominant fragment ions formed from 
the analyte samples are ions which are formed by 
gas phase decompositions of the initially formed 
secondary ions. Sucn evidence indicates ainimal 
surface damage to the organic snalyte. A fur
ther observation concerns the matrix containing 
the analyte species. Solid matrices such as 
aluminum are substantially less productive than 
liquids such as glycerol. Surface concentration 
enhancement has long been studied by colloid 
scientists, and the effect ia to be expected. 
Further enhancement by the matrix, e.g., by 
sulfuric or polyphosphoric scid, is being 
investigated. The interest here is in generat
ing secondary ions from weak bases such as 
hydrocarbons. 

(?.. H. MeBay, L. K. Bertram, H. S. McKotin, V. H. 
Oiristie, D. 1. !>mith.) 

lUMBaTAL AID SICOmMKT 10" MASS frTCTHMRIT 

W H. Christie 

STMS was used to help evaluate XeCl excimer 
laser annealing »§ a processing step in tha man
ufacture of photovoltaic device*. Pulsed ruby 
and Nd:YAC lasers used for the removal of ion 
implantation damage in solid state device* have 
numerous disadvantages that have limited their 
commercial application. Among these disad
vantage* are: 1) spatial beam nonuniformity 

resulting in local "hot" or "cold" spots; 2) low 
repetition ratea f"r high energy pulses; 3) high 
spatial coherences, which cause interference 
effects ("speckle") extending over the entire 
illuminated area. 

In contrast, workers in the Solid State 
Division (SSD) have found pulsed excimer lasera 
to provide relatively large rectangular anneal
ing areas' •ithin these areas the pulsed energy 
density is highly uniform ar high repetition 
ratea. The purpose of the SIMS study was to 
examine dopxat redistribution in terms of the 
required laaer threahoM energy density. These 
studies would help establiah the optimum energy 
density for annealing of ion implantation lat
tice damage, and allow ua to examine the effect 
on dopant distribution resulting from the use of 
multiple overlapping pulses at high repetition 
rate in a acanning mode. 

3orcn was implanted at 5 and 20 kef and ar
senic at 20 and 110 keV in single crystal sili
con corresponding to piojected implantation 
ranges of 16 and 65 nm. Dose levels for both 
dopants were 2 and 6 x ions csr-4. 
SDfS measurements of redistribution following 
pulsed excimer laser annealing showed a first 
observed departure from the as-implanted dopant 
profile at 1.13 J csT 2 for boron and at 0.98 
J cm -* for arsenic. Model calculations by 
SSD personnel predict 1.03 J cm - 2 for melt
ing to a depth of 50 nm in crystalline silicon. 
This result is in good agreement with the SIMS 
measured boron redistribution to a depth of 50 
nm at 1.15 J cm - 2. 

The smoothness of the silicon surface after 
excimer laaer annealing allowed unusually high 
depth profiling resolution to be preserved down 
through fhe back aide of the profile. This 
improved resolution made it possible to observe 
a alope change in the profile that corresponds 
directly to the melting depth during laser 
annealing. 

In a collaborative program with Che Rational 
Buresu of Standards, some aspects of resin bead-
enhanced thermal ionization of uranium ware 
studied. Thi* project involved a truly national 
collaboration a* the secondary ion ma** spec
trometer (CAMZCA D1S-3f) waa located ac che 
Bureau, Che therms 1 iooisation stage for chis 
instrument waa borrowed from Ch« Solar Cne-.gy 
Research Instituts in Coldan, 00, and an OUTL 
worker traveled to tha Bureau Co participate in 
the research. 

Inicial experiments attempted Co visualise in 
real time tha thermal amission of 0* ions 



directly from reain beada loaded oa a rhenium 
filament, using the CAHECA iuatrumtnt'e position 
sensitive electro-optical detector. However, 
the iou currents produced fro* the 150 urn diam
eter field of view were too low to produce aoch 
iwagea. Photographic integration waa required. 
The moat interesting experiment utilized the 
combined thermal/SMS mode of operation. The 
distribution of uranium around a reain herd waa 
studied aa a function of temperature. At low 
teaperatorea the uranium signal waa localised to 
the reain bead and the area iaamdiately around 
it. As the temperature waa increased, it waa 
observed that the uraniua covered a wider and 
wider area around the bead and waa diffusing 
away in a nonuniform wanner. In this atudy two 
dynaaic processes were occurring aianltaneoualy: 
the diffusion of uranium away from the reain 
bead and apucteriug of the surface. 

These experiments are extremely provocative. 
They suggest that the re^in bead ioes noc pro
vide a point tource of uranium ions for a maas 
spectrometer aa previously envisioned'. The bead 
does appear to provide a temperature dependent, 
diffusion controlled releaae of neutral uraniua 
atoms, which have high mobility on the surface 
of the rhenium filament. Many future experi-
««...* can be envisioned to utilize the unique 
capabilities of the CAMECA ion nicroaco?e to 
investigate fundamental processes of thermal and 
secondary ionization. 

In collaboration with researchers at the 
Dniveraity of Tennessee Chemistry Department, we 
have uaed SIMS to atudy the concentration vs 
depth distribution of anions and cations 
electrolytically deposited into thin-organic-
film modified electrodes. Tetrecysnoquinodi-
methene (TCNQ) modified platinum or gold 
electrodea were prepared using a mixture of 
oligomers in which the TCRQ electron exchange 
sites are incorporated into the polymer's molec
ular backbone. In TCMQ thia resulta in electron 
rich sites throughout the depth of the polymer 
film that can act aa cation acceptor sites. 
Early experiment* used sodium and potassium 
perchloiite solutions from which cither cation 
waa electrolytically deposited into the film. 
Early SIMS work demonstrsted the unacceptjbility 
of the ubiquitous Ma* and K* cations from a 
contamination atandpoint and leas common cations 
(Li* and lb*) ware uaad in aubsequent work. 
Depth profiling of theae materials demonstrated 
a difference in the Kb* concentration gradient 
for a film reduced at -0.3 V and for the same 
film which waa then oxidized. Although we arc 

currently analysing "raw" S M S data, it appears 
that tne (TCaQ-tV)* film has bees oxidized 
in aa outside-inside faahion; i.e., the surface 
of the film in contact with the el-ectrolyl* 
solution has been depleted in lb* upon beicg 
cycled back to the initial potential {oxidixed). 
Thia ia consistent with rapid electron hopping 
and s»ow ion migration in the charge transport 
process. The meutral "virgin film" gave Xb* 
aigaeia approximately 100 times lower than the 
exposed: film. 

Theae early experiments are interesting and 
have tmrned np a number of phenomena that will 
be investigated in future work. One exciting 
poaaibility is that the polymer film electro
chemistry technique may also prove to be of 
"aloe to the surface scientist aince it o.»ut 
provide a means of fabricating standards useful 
in quantitative biological "tistue" atomic*. 

Or. E. tty, L. landau, p. J. Vodd). 
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3. RADIOACTIVE MATERIALS ANALYSIS 

V. R. Laing 

The Radioactive Materials Analysis Section is coaposed of three groups: Radioactive 
Material Analytical Laboratories, Transuranium Analytical Laboratory and Special Projects. A 
satellite laboratory is also operated within the Consolidated Fuel Reprocessing Facility. Theae 
groups provide support for aany Laboratory progress, primarily those in the Chemical Technology, 
Fuel Recycle, Metals and Ceratios, and Operatiooa Divisions. They also perform work for other 
government and non-governmental agenciea. 

Development is tu inherent activity and includes work on x-ray fluorescence, porosity and 
surface Area measurements, teating of coatings for the nuclear industry, and the division's 
computer-based Data Management and Sample Transaction Systems. 
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Thermal Analyses 

D. A. Coataruo 

High-Teaperatmre Caa-Cooled Reactor Program 
Particle Tecamology Stadia* 

A method has been developed to measure micro-
and aeso-pore volumes end surface area distribu
tions in solids, especially in reactor grade 
core graphite samples. nitrogen adsorption-
desorption isotherms showed hysteresis loops 
characteristic of porous materials. From these 
isotherms and applications and the theories of a 
number cf specialists writing in the literature, 
we have been able to write compute' programs to 
calculate iad plot pore surface aiea and volume 
distributions in the range of I to 100 nm for 
t'.e hydra'Aic po.-e radii. Above 100 nm the pore 
distributions were determined by mercury 
porosimetry. 

A continuing program of determining BET sur
face areas and helium densities of solid samples 
has been pursued. This has included the im
provement of the apparatus and th- computer 
software to make hardropy of the data in tabular 
and graphical form. The samples analyzed have 
been both solid cylinders and powders. 

Creat Lakes-grade graphite for the high-
temperature gas-cooled reactor (HTGR) has been 
submitted to oxidation testing to simulate the 
effect of an inleakage of moisture in the sec
ondary helium coolant flowing in the HTGR. The 
analytical techniques used to characterize oxi
dation effects upon the pore structure of the 
graphite include BET surface area analyse:* by 
nitrogen adsorption at 77*K, helium pyenometry, 
and mercury porosimetry. Chsnges in accessible 
and inaccessible void volumes with oxidation of 
the graphite by water vapor in helium at 900-
lOOd'C were demonstrated. Significant changes 
in BET surface areas were also noted as the oxi
dation increased. Changes in pore-size distri
butions were determined from gas adsorption and 
mercury porosimetry isotherms. Evidence of 
catalytic oxidation was noted. Tha surface area 
and helium pyenomerer apparatus is a fully auto
mated system controlled hy sn HP9835A micro
computer. The computer also processes the data, 
stores it on tape, calculates the surface areas 
and helium densities with appropriate statis
tic*, prints hardcopy, and plots isotherms using 
an HP9872A plotter. Mercury porosimetry data 
are also pre :essed by tiie computer, and pore 
distribution curves ar« charted by the plotter. 

fp. A. Lee and J. M. Keller) 

Miscellaneous samples have been analyzed by 
thermogravimetric analysis (TCA) and differen
tial scanning calorimetry (DSC) analysis. These 
included uranyl nitrate so}ids from uranium pro
cessing lines, cesium chloride and nitrate and 
technetium oxalate. Durez resin samples were 
snalyxed by evolved gas analysis using MS. 

(D. A. Lee and .% H. Keller) 

Software Development for ICP 

Numerous new features were added to the 
inductively coupled plasma (ICP) spectrometer 
software, these included utility programs for 
monitoring system performance and tabulation of 
data, automatic update of calibration curvea, 
enhancement of cechniques employei for 
interference corrections, and improvements in 
data formatting for cuscomer's print-outs. 
Programs were developed for the direct transfer 
Of data from the ICP computer to the Laboratory 
DEC-10 System for ;'tegration into the Data 
Management System (DMS). TSX-Flus, * multi-user 
operating system, was fully implemented in the 
ICP computer. 

Preliminary investigation into simultaneous 
multispectrometer opera*ion of the 0RRL ICP were 
completed. A.satellite microcomputer (AIM-65) 
was used to control and take data from the ICP 
•canning monochromstor. The microcomputer com
municated directly with the main ICP computer 
(LSI-ll/23) which wot.d allow combining data 
from both the polychroaator and monochromator. 
Continued work on this project will require 
development of software to integrate the multi-
spectrometer functions into a fully operational 
package. 

(J. ». Heller) 

TJtf Development 

Working with C. J. Spark*. Jr. (ORKL Metals 
and Ceramics Division), we have designed an 
x-ray fluorescence (XRF) system car"1-1'- of 
quantitatively detecting less than 0.4 mg/mL of 
uranium, plutonium, or other elements in a high 
gamma radiation active backg.-o.ind. A basic 
feature incorporated into the XRF spectrometer 
is simplicity. This design employs p>rolytic 
graphite for the x-ray opt.es; this haa the 
advantages of being highly resistant to 

http://backg.-o.ind
http://opt.es
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radiation and having high diffraction effi
ciency. Because of 'he nearly ideal aoaaic 
•truetare of highly oriented pyrolytic graphite, 
the entire energy region fron PuL̂ , to UL ia 
diffracted simultaneously with good efficiency 
and sufficient wavelength dispersion to permit 
the use of fixed optica in the spectrometer. 
The excitation source for the XRF system aaea a 
graphite barrel aonochroaator to provide suffi
cient intensity with .a standard diffraction 
x-ray tube to achieve the quantitative detection 
limits of <0.4 mc/aL for uranina and plutoniua. 

For proof-of-principle tenting, a laboratory 
version of the XKF design haa been assembled 
with borrowed components. Preliainary investi
gations with this laboratory veraion indicate 
that it will have an energy resolution of 10-20 
eV and will exceed the original sensitivity cri
teria of 0.05 cps/ppa i-anioa or plotonina by a 
factor of five or aore. Current work on this 
project ia directed toward the development of a 
prototype aystea to he located in a hot-cell at 
building 2026. Once the prototype ia located in 
a hot-cell, the ayaten performance will be eval
uated with uranium and plutoniua determinations 
on spent nuclear fuel processing samples. 

U. H. telle*) 

Mlticlememt Analyses by ICP-AKS 

The inductively coupled plaaaa atoaic emis
sion spectrometer (ICF-AES) continues to provide 
support for a variety of Environmental Sciences 
Division programs concerning trace metals in the 
eivironment. toutine monitoring of local ponds, 
streams, and laboratory effluents for trace and 
toxic aetals haa bee., very auccesaful. 

An inveatigation of the uptake and distribu
tion of trace aetals in different types of trees 
is another project that relied heavily on the 
cost effective, multielement capability of this 
technique. The concentration of various aetals 
in tree rings provides a chronological record of 
the abundance of these elements in the environ
ment. One goal of this study is the determina
tion of the effecta of coal-fired eteaa plants 
on trace metal uptake in surrounding vegetation 
such as treea. The tree ring core samples are 
prepared by low temperature ashing prior to 
analysis by ICP-AES; approximately 30 elements 
are determined at concentration level* below one 
part-per-aillion. 

Ths teachability of toxic substances froa 
municipal waste site* into found water supplies 
is an EPA-funded project that also depends upon 

the coat-effective, multielement capabilities of 
the ICP-AES. Simulated matrices prepared from a 
number of organic acids were used to leach mate
rials froa various waate sites. The leechates 
were analyzed directly by ICP-AES to determine a 
number if trace aetala. 

Several other research projecta were sup
ported by the ICP multielement analyses tech
nique. Two of the aore difficult samples, in 
terms of both sample preparation and analysis, 
•re the mineral and shale under study by geolo
gists interested in the geochemistry of organic-
containing rocks, especially Chattanooga shale. 
The very large concentration of organic com
pounds along with inorganic complexes, which are 
difficult to dissolve, required « multistep 
dictation procedure. Wet »shiag in concentrated 
BHO3-HCIO4 followed by digestion it. concen
trated HF-HHO3 was used tc prepare solution 
samples for analyses. 

IT). R. Heine and J. C. Price) 

lADIOmCTITK KATBXIALS AJULTTICAI. U U 0 U T 0 U E S 

D. A, Costanz> 

X-ray fluorescence analysis continued to be 
applied to many types of samples. During this 
reporting period, 2000 XRF determinations were 
made compared with 1000 during the previous 
period. The majority of sample types were aque
ous and organic solutions containing uraniua and 
plutoniun; other samples were analyzed for 
thorium, zirconiua, technetium, molybdenum, and 
rheniua. Additional applications included anal
ysis of plating bath solutions, orgaoophosphorus 
extractanta, neutron poisons (cadmium and gado
linium) in 0-233 solutions, and qualitative 
scans of deposits, residues, and alloys. 

ninety-six solutions containing statistically 
varying amounts of uraniua, plutoniua, and acid 
were prepared for uaa in a aatrix study on the 
x-ray fluorescence analyzer. All components 
were messured by both volume and wight, an in
ternal standard waa added, and the x-ray fluo-
resence waa measured. Statistical evaluation of 
the data ia in process. 

A software program for XRF aatrix correction 
haa been obtained froa the manufacturer for u.e 
with our instrument. Initially, the program 
could not be loaded because of insufficient 
aeaory capacity. After some hardware changes 
were made to provide additional memory, the 
program waa successfully loaded. Mow problem* 
within the program will not allow proper 
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execution, the Manufacturer is assisting ia 
finding the source of this error. 

To provide uranium determination* with a 
precision of O.St, we routinely use the Davie* 
and Cray volumetric procedure, tecently, a need 
has arisen for aore precise measurements with a 
relative standard deviation of 0.05Z. The 
procedure has been change* to a gravimetric 
basis by weighing sample aliquot* and the 
dichromate solution used in the titration. 
Careful preparation of reagents and calibration 
with ITBS standard reference aaterials sere 
necessary to ensure freedom from bias. 

Ac Che Three Mile Island reactor site, clean
up continued with the processing of water frost 
the containment building. Fission products were 
removed by passage through xeolite and ion ex
change columns. Chemical, radiochemical, and 
•ass spectromecric assays were performed before 
and after treatment to determine the efficiency 
of the removal process. 

The design basis accident (DM) apparaCus is 
used for the testing of nuclear coatings 
(paints) under simulated reactor accident condi
tions. Early this year it became increasingly 
difficult to duplicate the standard temperature 
curve (75 to I70*C in 10 s) in the initial phase 
of the tesc. Replacement of several steaa 
valves produced no improvement. Insulation was 
removed from the autoclave, and the resistance 
heaters were checked. As a result, additional 
heaters were added, and replacement insula.ian 
was increased from 8 to IS en. To permit eaaier 
removal of condensate, an improvement in valving 
to the condensate leg of the steav lines was 
cade. These improvements were successful, and 
Che standard 170*C DBA curve was obtained. 

Several new piecea of equipment have been 
installed: a remote pipet for hot-cell use, two 
electronic balances, s glove-box fume scrubber, 
a programmable hot plate-stirrer, and an envi
ronmental cabinet to house the X1F electronics. 

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

Other work in the Radioactive Materials Anal
ytical Laboratories has bean of a general nature 
and has included tests of solvent extraction 
equipment, dissolution of 3.7 x 1 0 , J Bo, of 

Zn for radiochemical analysis, and prepara
tion of 2 4 0 f u , 241ruf and 2* 2Pu 
solutions for analysis. Samples from the 
gunnite tanks in the old tank farn have been 

processed for density, total solids, acid, 
anions, and radiochemical scans. 

IS- F. Jlppl; J. L. Battm, R. D. Brookibank, 
Jr. E. Jan**) 

CFxP Fmamoct laboratory 

Approximately 4000 analyses were performed by 
the satellite service laboratory in building 
7401 in support of Consolidated F a d Icproceas-
ing Program (CFtP) process and engineering 
studies. The samples mere generated in fmel 
diaeolver, iodine trapping, nitric acid recycle, 
and NOg off-gas studies. Analyses included 
free acid by potestiometrie and the t mow trie 
titrimetry, alcohol by refracComeCry, iodine by 
volumecry and spectrophotometry, oxides of ni
trogen by acidimetry and spectrophotometry, and 
solids by gravimetry. Ia addition, a laboratory 
study was completed in the density of the 
Hg(K>3)2-min3-H20 system over the raage 
30 to 70 wt Z Hc(K> 3) 2. 0-15 wt Z HsW) and 
st SC to ISO'C. The HgdWj,^ system is 
being considered for the recycle and production 
of high-concentration (>90Z) nitric acid. 

(F. L. Layton and J. I. fbrlty) 

TUkBgmtABlOn ABUTS IS UAXMATOCT 

J, H. Cooper 

The Transuranium Analysis Laboratory (TED) 
provided support orimarily f«.r the production of 
transplutonium elements. This year the sample 
load decreased 71 while the staff decreased 9Z. 
The major effort waa directed toward trans
uranium processing campaigns in which about one 
gram of Cf va* produced. More than one 
third of chc analyses were for the Operations 
Division in support of waste monitoring. 

This year many specisl short-term projects 
were undertaken. For asasuring uranium concen
trations in power reactor processing solutions, 
we sought a method whereby smaller amounts of 
rsdioactive saaple could be used but which would 
still provide the accuracy needed, A method 
reported by I. T. Chitnis et al was investigated 
and modified for use. To determine 'utoniua in 
solutions containing greater than 5 g-E~*, an 
aaperomttric titration sathod using a recording 
titratoi- fitted with a polariser was adopted. 
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Samples of wastes for injection into the 
Shale Hydrofracture Facility were submitted for 
determination, of heavy elements. The saaples 
were highly contaainatei' with long-lived fissioa 
products and had to be diluted before they could 
be analysed. The levels of alpha activity from 
platoniua, smericium. and carina were of the 
order of 5-100 •u.-mL-1 in these dilations, 
anion resin exchange, accompanied with solvent 
extraction, was used to separate the various 
one1ides of interest. All aliooocs were spiked 
with tracers to determine the recovery yields. 

In TED processing, fission product zirconium 
i» removed from process streams by scrubbing 
with oxalic acid. If. order to use this radio
active zirconium in tracer studies, the oxalate 
complex most be destroyed. In the tested method 
a solution of 4 It B H ] , saturated with oxalic 
acid, was heated to 8v-90*C. hydrogen peroxide 
(301) was added at a rate of 50-40 m U T " 1 . 
Samples were tek»n hourly and analyzed for 
nitric and oxalic acids. These analyses showed 
that the oxalic acid was destroyed after 5 b. 

DATA MaJUCMEH SYSTEM 

This year work began on the analysis of spe
cial samples under an RtC contract. In order to 
facilitate the preparation of reports required 
by n c , a separate area (lab 2), within the Data 
Management System data bank, isolated from O U l 
work, waa assigned to this project. The report
ing system has now been evaluated and is in fill 
operation. An additional report format, devel
oped for compiling WtC results, allows the 
inclusion of additional material such as results 
on standards, relative standard deviations, and 
comments on saaples. 

we have written and tested a new program to 
transfer sample resulta from the IMS to customer 
files. It is more general and more easily 
adapted to customer format than the previous 
one. 

teccntly, current work order listings became 
available on the TOP-IO. These files are now 
included in the timekeeping program along with 
current charge accounts. All customer charges 
entered through the timekeeping system are 
cheeked for valid accounts against this list, 
which is updated weekly. 

Computer Sciences Division personnel have 
completed their part of t*»e programming for data 
transfer from the ICP system to the DNS. In 
this approach, samples are process*J by the ICf, 

and the results are calculated. A chemist then 
reviews the results on a video screea and 
authorizes their transfer ro the CMS. 

The Analytical Chemistry Divisic^ Analysis 
Catalog is now available to all PDP-10 users. 
This feature will be useful to ACD customers for 
the determination of availability and cost of 
analytical measurements. 

A new format has been developed to allow the 
inclusion of text (comments) with a customer 
report. An existing text-editing program, SOS. 
was used to collect, edit, and store the written 
information. When the customer report is 
completed, the text information is printed along 
with Che individual results and will also appear 
on the weekly microfiche cards. 

(U. ft. Lzing, J. *. tiller, ?. A. TiUon*) 

•Computer Sciences Division. 
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4 . BI0/0K6AN1C ANALYSIS SE'.TION 

M. a. Cuerin 

This s e : t i ) n i s responsible for organic analytical chea is try . Cheaic i l and physical act hods 
are developed and ufed to i so la t e organic constituents of coaplex a i x t u r e s . Spectroscopic and 
rnroxatograrnic aetnods are developed and used t o identify and quantitate the c o n s t i t u e n t s . 
Compounds are synthesized to provide cal ibrat ion standards and to tes t hypothesized i d e n t i f i c a 
t i o n s . Aerosol generation, saapling. and aonitoring are carried out in support of inhalation 
toxicology prograas. Analytical research eapnc.-zes spectroscopic approaches to dist inguish 
Between isomers ind iiigii resolution chromatographic aethods of a n a l y s i s . Applied prograas 
e'sp^asize environ7"*ntal and health issues associated with nuaan exposure to saokes, with 
• ync.Ttic f o s s i l fuels technologies , and witn environmental po l lut ion . Approxiaately 30 people, 
including Z;J profess ionals , are e.igaged in work supported by the Environmental Protection 
Agency, Electric power Research I n s t i t u t e , National Cancer I n s t i t u t e . Kpartaent of the Aray, 
ir.d t~-» -epartaent of Energy. 
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AkULTTICaX CaOUTOOUmR 

H. H. Criest 

Gas and liquid chromatog'aphic aethods 
development and appli. ations Co environmental 
and synfuels material* are "-ne main activities 
underway in this group. Smalle- efforts address 
fundamental analycical research in liquid chro
matography, and advanced organic analycical 
services for in-house clients. The main pro
jects in this group are f'.nded by Che U.S. 
Deparcmenr of Energy, Che U.S. Environmental 
Protection *gency, and the Electric Power 
Research Inscicuce. The Rational Cancer Insti
tute and Che Department of Defense also have 
supported work. 

Fundamental analytical research included 
studies of open tubular liquid chromatography 
(OTLC). An efficient capillary column was drawn 
and coated, and techniques for sample injection 
and UV absorbance dececcion of separated compon
ents were developed. On-column laser fluores
cence detection also was devised and was shown 
Co provide femtogram sensitivity for certain 
classes of compounds. The columns in current 
use are complementary to those employed in open 
tubular CC, providing increased separation power 
at the expense of analysis time. For example, 
all chree ethyl phenol isomers can be separated 
wich near baseline resolution in a six hour run. 
Development of an orifice for OTLC/MS has begun. 
Studies have been iniciaced co Cake advancage of 
eleccrokinetic phenomena (electroosmosis and 
electrophoresis) as applied to OTLC. Electro-
osmosis, rather than hydrostatic force, has been 
used to aigrate mobile phases in open tubes. 
Electroosmonis provi-les a flat flow profile in 
contrast to Che parabolic profile of hydrostatic 
flow. This can lead to substantially higher 
efficiencies and can greatly reduce instrumental 
constraints. Electroosmotic flow has been used 
with mechanically fragile stationary phases 
(e.g., Sephadex LH-20) co achieve three to four 
tines higher linear velocities than chac by 
gravicy flow. 

Studies of the interaction of organic com
pounds with highly sorptive particulate samples 
are being conducted to determine the cause of 
low analytical extraction recoveries of some 
PAHs. Benzo(a)pyrene spiked onco coal fly ash 
is found to be incompletely extracted and to 
partly degrade into more polar spe.ies. How
ever, by use of radiotracers we are able to 
quantitatively correct for the decomposition. 

The firptivity of fly ash for PAHs appears to be 
assoc ate-1 with carbonaceous particles, but -..-e 
•ineral portion of fly ash also may be activt is 
PAH sorptivity and decomposition. Serious dis
crepancies between scatic sorptivity measure
ments and analycical extraction recoveries 
suggesc ChaC how Che PAHs are concacted wich the 
fly ash surface may critically control the 
surface inceraccion. 

Acids have received particular actention in 
HPLC methodology development and applications. 
C[-Cg carboxylic acids, benzoic acid, and 
phenols are decermined by reversed phase liquid 
chromatographic procedures utilizing conducti-
metric, ultraviolet absorbance, and fluorescence 
deteccors, respectively. The methodology 
includes efficient solvent partitioning mechods 
for extraction of the analytes from aqueous and 
organic liquid matrices. 

The normal phase semiprepar'tive scale HPL; 
method described in last year's report has been 
automated and incorporated into a sequential 
HPLC/HPLC or HPLC/CC method for the fractiona
tion and analysis of complex mixture*. The 
fractionation pi - cedure has been extended to 
include nitro-PAH, buC was found Co suffer from 
co-elucion of oxygenaced-PAH. Chemical deriva-
Cizacion of the oxygenated-PAH was only par
tially successful ' facilitating the resolution 
of these two PAH classes. 

A high performance size exclusion chromatog
raphy capability v*s set up, m d found Co offer 
a very useful adjunct to partition chromatog
raphy. We are the first group to use this tech
nique to examine solvent extracts of air par
ticulate matter and coal fly ash for "gas chro
matographic intractable matter". Constituents 
with molecular weights up to approximately 500 
JfU were found in the former, and up to HO0 AM'J 
in the latter. 

Developmental activities in CC included 
sampling and thermal desorption CC aethodology 
for the collection and analysis of semi volatile 
or volatile organic species in a wide range of 
matrices, from cigarecte whole smoke Co coal 
liquid headspace vapors and coal fly ash. A 
dual Tenax/charcoal adsorbent crap was found to 
provide improved collection efficiency for vola
tile organic compounds in workplace eCmospheree, 
and yet allow the sensitive determination of 
compounds wich boiling point* up to appro. -
lately 300'C. 

A CC service laboratory was set up chis ye/r 
to consolidate CC activicies and more effi
ciently handle Che increased commitment to 
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components of coal liquids. Carcinogenicity is 
known to be associated with the polyaromatic 
components of the neutral fraction. Mutagen
icity is found to be concentrated in the moder
ately polar component of th» neutral fraction. 
This neutral fraction has been further separated 
by high performance preparative liquid chroma
tography cc yield a highly mutagenic subfraction 
that is enriched in polyaromatic carbonyl 
compounds. Although this subfraction accounts 
for only 0.14Z of the riginal synfuel product, 
it was so enriched in carbonyl content that the 
presence of bcnz(de)anthracenone, Cj-benz(de)-
anthracenone, C2~benz(de)anthracenone, benzo-
(cd)pyrenone, and C}-benzo(cd)pyrenone was 
established. 

Carbonyl compounds also appear to be 
important teratogens as indicated by results 
generated in the ongoing study to isolate the 
teratogenic components in selected lots of 
commercially-available acridine. In thi.* case, 
the combined use of both normal phase and 
reversed phase hi;h performance preparative 
liquid chromatography effected the isolation of 
a single component from the acridine impurity 
fraction. This single component [benz(g):»i-
quinoline,5,10-dionel appeared to account for 
much of "".he teratogenic activity even though it 
was present at the 20 ppm level in the original 
product. Although this compound caused gross 
teratogenesis in crickets, its isomers such as 
benzo(g)quinolir,e,5,10-dione and benzo(h)quino-
line,5,6-dione show significantly lover and no 
teratogenic activity in crickets. Such results 
confirm that subtle differen.es in molecular 
structure may give rise to significant differ
ences in bioactiviLy. 

During this yea', a project to characterize 
potential synfuel process streams wan initiated. 
The beginning approach was to "scope" a maximum 
number of treatments in order to ascertain any 
process which might improve the quality of the 
final product. To this end, a wide rcnge of 
treatments was surveyed. Preliminary r^s^lts 
have indicated chat processes such as extraction 
with certain solvents, AICI3 chemical altera
tion, acid washing, and high boiling point com
pound removal may oe quite promising approach'.s 
to improving quality of the fuels while at the 
same time reducing potential bio/environmental 
hazards. Future efforts on this st"dy will be 
directed toward the detailed characterization of 
refinery process streams with the objective of 

defining procedures that can minimize the envi
ronmental risk associated with the utilization 
of these products. 

Applications of diffuse reflectance infrared 
fourier transform (DRIFT)• spectrometry were 
continued. A catalog of the DRI r. spectra of 
pure compounds vas assembled. Similarly, the 
spectra of a series of synfuel products repre
sentative of different processes and treatments 
have been collected. Using unbiased computa
tional techniques, the relative intensity of 
several spectral regions (1600 to 1900 cm - 1, 
750 to 900 cm - 1, and 1525 to 1600 c m - 1 ) 
appeared to be highly associated with observeo 
mutagenic activity. DRIFT spectra were also 
utilized to easily distinguish several different 
fets of isomers including o-, m-, and p_-
phthalace esters, six different acridine 
(C13H9N) isomers, and three different 
acridine dione isomers (C13H7O2N). 

Nuclear magnetic resonance (NHR) has been 
used extensively this year. Carbon and proton 
NHR has been used routinely to confirm the 
structures of synthesii-i compounds, and also in 
the identification of trace components isolated 
frr>a biological matricie*. For example, a com
pound isolated from the retina of droaophila 
(fruit fly) was unambiguously identified using 
sub-milligram quantities of the compound. Phos
phorus NHS was used extensively in the qualita
tive and quantitative studies of phosphate 
species trapped on glass filter pads from phos
phorus combusti'.n xtudies. Fluorine NHR ha' 
been used for the quantitative analysis of 
primary, secondary heterocyclic and secondary 
N-aikyl substituted amines in complex mixtures. 

A number of special projects were completed 
this year. Included are the synthesis and char
acterization of six different phthalate com
pounds for a toxicity rtudy carried out else
where; the isolation and detection of amines 
from water samples associated witn synfuel pro
cesses which aided in the explanation of a 
corrosion mechanism by the metallurgists; and 
the cli«:ra "erizacion of tvo colored smokes used 
in military obscurants to complete a study 
supported by the Department of Defense. 

Spectroscopic services in support of Labora
tory-wide programs has continued with some small 
growth. Data and in some cases interpretation 
have been provided to several divisions, inclu
ding Health and SafrCy Research, Biology, 
Industrial Safety and Applied Health Physics, 
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organic analytical services. GC methods for 
determining volatile organic solvents were used 
extensively to monitor stream and well water 
samples for ;he Laboratory t£"ironmental Coordi
nator's Oftice, and to determine selected con
stituents in solid waste leachaus. Routine 
methods employing CC also have been »;r up for 
determining phthalates in aqueous toxicity expo
sure systems, and decachlorobiphenyl ii tissue 
samples. Requested determinations of volatile 
indoor air pollutants were facilitated by 
methodology developed earlier for the sorbent 
resin collection and thermal-desorption CC 
analysis of vapor phase atmospheric pollutants. 

Research sample management also has been tn 
important continuing activity of this group, 
supporting several projects and programs. The 
direction of the Synfuels Repository has now 
changed to the careful archival and stability 
characterization of bulk drum q-entities of 
several synfuels. Included are coal liquids 
from the H-Coal, EDS, and SRC-I1 processes, a 
shale oil, a petroleum crude oil, *r.d diesel 
fuels refined from petroleum and also shale oil. 
Selected samples are being analyzed for bio-
active constituents, including PAH, phenols, and 
nitrogen-containing aromatics. 

(J. F. Attrill*, B. D. Barkenbua, S. H. Harmon, 
R. V. Harvey, C. E. Higgine, D. L. Manning, 
M. P. Maekarinec, R. R. Reagan, H. S. Roth", 
B. A. Tonkine, J. D. Vargo*, and L. B. Yeatte) 

SEPAIATIOMS A D SPECTROSCOPY 

J. E. Caton 

Research and technical support functions are 
carried out in the areas of gas chromatography/ 
mass spectrometry, nuclear magnetic resonance 
spectrometry, and infrared spectrometry. Prepa
rative scale separation procedures are developed 
and app'ied to complex organic mixtures in order 
to identify bioactive constituents and to sup
port biological/environmental testing in collab
orating Laboratory divisions. O.'ganic compounds 
are synthesized to produce stand*"1" -nd com
pounds for biological testing. 

The research on chemical onization tech
niques to distinguish isomeri . :oapounds by mas* 

*General and Environmental Analysis Section 
**ORAU Summer Participant 
^University of Tennessee Graduate Student 

spectrometry was continued. Methanol m d 
methanol-d^ have been shown to be useful in 
distinguishing isomeric oxygen-containing 
compounds. When the methanol spectrum of a 
compound is compared with its methanol-d^ 
spectrum, a change of two, one, or zero mass 
units unequivocally identifies the coopo-ind as a 
phenol, aromatic ether, or aromatic substituted 
alcohol. Methanol cheaical ionization has been 
extended to the differentiation of isomeric 
sulfur containing compounds as well, and iso
meric thiophenols, aromatic thioechers, and 
aromatic substituted thiols can be distinguished 
by changes in mass r • two, one, or zero mass 
units, respectively. Additional studies have 
been conducted to address questions on the 
effects of pressure and concentration or. chem
ical ionization as veil as to test tne selectiv
ity of the chemical ionization reagent in the 
analysis of complex mixtures. 

The it.thanol chemical ionization technique 
used in conjunction with the previously devel
oped ammonia chemical ionization was systemat
ically applied to two subtractions from a series 
of four coal oils. The crude oil and low, 
medium, and high severity hydrotreated produces 
of the oils *ere studied to determine whether 
'.lydrocreatcent resulted in a selective reduction 
of a few components or a general reduction of 
all components. For all compounds identified 
and monitored including primary aromatic amines, 
aromatic ethers, azaarenes, and phenols, there 
was a general and uniform decrease in concentra
tion with increasing hydrotreatment; but no 
selective reduction was observed. 

Past studies have shown that nitrogen-
containi'ig aromatic compounds contribute signif
icantly to the biological activity of fossil 
derived fuels. In addition, the activity of a 
compound often has been found to be dependent 
not only on the type of nitrogen substitution 
within the compound, but also on the overall 
geometry of the molecule and the position of 
substituents. For example, &-naphthylamine is 
more active than o-naphthylemine. in order to 
get more definitive identifications of these 
isomeric compounds, a mass spectral library of 
nearly two hundred nitrogen-containing compounds 
is being compiled. The electron impact spectra 
as well as the gas chromatographic retention 
indices will be compiled as an aid in the 
identification of isomeric nitrogen containing 
compounds. 

Research to identify mutagens, carcinogens, 
and teratogens has focused on the reutrr.l 
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(H. V. Buchanan, C.-'n. Ho, G. B. Hurst*, A. R. 
Janes, G. i . Kao, C. Y. Ha., R. B. t&inau, I. 8 . 
Rubin, and >. Ole-rich) 

SPECIAL PtOJECTS 

R. W. Kolmberg 

The efforts of this group have centered on 
studies of the chemical and physical properties 
of dense aerosols and on techniques to generate 
them for toxicologic*! studies. Principal pro
ject, include continued studies of cigarette 
snoice sponsored by the National Cancer Institute 
and a Department of Defense (DOD) sponsored 
study on the toxicology of military .ibscurants. 
Activit-es include routine analyses of cigarette 
smoke for selected organic constituents, methods 

. and instrumental ion envelopment* to sore- ade
quately generate and characterize the aerosols, 
inorganic and organic chemical studies on Che 
nature of the smoke produced from burning phos
phorus formulations, and chemical analyses to 
characterize a broad range of starting materials 
used in these projects. 

Development work on the extrusion-combustion 
generator for producing phosphoric acid aerosols 
from a military red (.hosphorus-butyl rubber 
(RPBR) formulation have been completed. This 
generator produces the aerosol contmuou 'y and 
at uniform concentration for several hours suc^ 
as i> required for inhalat'on r ecology stud
ies. Five of these generators plus aerosol 
monitoring equipment developed here have been 
constructed and installed at the Illinois Insti
tute of Technology Research Institute for their 
use in a OOD sponsored inhalation coxicology 
program. 

Both the phosphorus aeroso' and the starting 
RPBR are being characterized chemically to iden
tify constituents which may have toxicolo^ical 
significance in the exposure studies, Co iden
tify those parameters which are most useful for 
monitoring the exposure environment, and to 
define Che starting material. Both the particu
late phase and the vapor phase ot the aerosol 
have been examined. Various polyphosphate 
species up to the P[j polyme. have been 
determined in the particilace phase by HPLC 

*Co-op Student, University of Tennessee 

using a flow injection analysis (FIA) as a 
specific post-column detector. The FIA system 
is also used directly for the rapid batch analy
sis of total phosphate. Methods of handling and 
storing particulate sample» that preserve the 
integrity of the linear polyphosphates have also 
been determined. The composition as a function 
of aerosol concentration was found to remain 
constart. Gas chromatographic analysis of the 
vapor phase provides some evidence of the pres
ence of organic phosphates. The major organic 
components present in Che vapor phase are found 
to be Cg hydrocarbons. The concentration of 
these hexane isomers is well below permissible 
exposure limits. 

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

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

Physical and chemical studies of the diesel 
fuel smoke were virtually completed this year. 
It was found that, as smoke concentration 
increased, the average smoke particle size 
increased and the proportion of fuel remaining 
in the vapor phase decreased. We could find no 
compounds present in the smoke generated under 
laboratory conditions tnat were not present in 
the original fuel. However, smoke generated 
with oxygen containing carrier gas (so as to 
more closely mimic diesel exhaust gases) con
tained 100 ppm of carbon monoxide and 5 ppm of 
N0 X. These levels were not considered to be 
toxicologically significant, in light of the 
cont.i ution of normal exhausC gases Co Che 
concentrations of CO and N0 X. 

High resolution gas chromatography employing 
direct, on-colunn injection of tri-methyl 
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tilylated cigarette smoke particulate Batter 
appears to be very promising for the reproduc
ible, semiquantitative profiling of "tar". An 
initial survey of commercial cigarette brands 
uncovered few significant differences in the 
relative proportions of several of the major tar 
constituents. We have recently acquire*4 a 20-
port analytical smoking machine, designed to 
increase sample throughput and improve quality 
control in smoke room operations. Verification 
of its accurate smoking performance has been a 
more lengthy procedure than originally 
envisioned. 

Projects addressing human smoking issues 
have centered around development of hardware to 
generate or characterize cigarette smoke under 
nonstandard puffing conditions. A variable puff 
smoking machine, which will smoke cigarettes at 
any desired puff profile and set of parameters, 
has been designed and constructed. Initial pro
gramming and validation studies are now under
way. In addition, an instrumental cigareCe 
smoke aoaitur, which simultaneously* measmres 
smoke flow rate and concentration immediately 
downstream of a cigarette butt, has been devel
oped. The device quantitatively determines the 
amount of smoke that an individual actually 
generates on puffing a cigarette. An extensive 
effort to determine smoke retention in labora
tory animals culminated with the analysis of 
blood samples from over it.) smoke exposed 
beagles for nicotine and its major metabolite, 
eotinine. Although animal-to-animal variation 
was large, blood nicotine levels increased with 
increasing exposure to cigarette smoke. This 
increase, however, was not directly proportional 
to either the amount of nicotine in the smoke or 
the number of cigarettes smoked. 

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

Studies initiated last year to make greater 
use of computer-based data acquisition and 
manipulation have continued. A prototype of our 
portable <*ata logger for peak producing instru
ments has been completed and is being laboratory 
tested. It is based on an AIH-63 single board 
microcomputer acquiring data through a 12 bit 
analog to digital converter and uses a Phillips 
type minicassette for temporary data storage, 
cacii aiaicsssette tape will hold about 2OK data 
points, sufficient for example, for acquiring 
approximately 6 hours of data from a gas chro
matography Interfacing and programs have been 
developed to transfer this to a larger computer 
for archiving, plotting and analysis. Programs 
have been developed on the LSI 11/23, RIU/TSX+ 
sectional computer system to rapidly and inter
actively prepare viewgraphs and data plots using 
a HP 7221C plotter. A virtual terminal program 
has been developed so that any of the four term
inals of the system can communicate with the DEC 
System 10 and other compatible Laboratory compu
ter*. -ASCII data files* may be automatically 
transferred to and from these computers. 

C?. S. Braze.ll, T. H. Gayle*, D. E. Goeringer, 
R. A. Jenkins, J. H. Moneyhun, G. H. Henderson, 
D. D. Pair, and S. K. White) 

'Instrumentation and Controls Division 
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5. GEKERAL AND ENVIRONMENTAL ANALYSIS 
J. R. Stokely 

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

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

J . H. Stewart 

The Chestical and Physical Analysis group 
provides a d i v e r s i f i e d base of technical support 
for both the Laboratory and other approved agen
c i e s . During th i s year; approximately 70,000 
analyses were completed with fewer s ta f f members 
than the previous year. 

The data management and sample transaction 
systeal permitted control of the large numbers of 
specimens and accurate data transmittal . The 
very large data banks produced by the induc
t i v e l y coupled plasma spectrometer (ICP) are now 
transferred d i rec t ly from the ICP computer into 
the ORNL DEC-10 computer. Th's s i gn i f i cant ly 
reduces transcription errors , reduces the cost 
per ana lys i s , and increases the speed of report
ing the data. 

The ICP has revolutionized the ORKL trace 
metals analysis program. I t made possible mul
t i p l e metal analyses for the ORNL surface water 
characterization program, which required some 
10,000 individual determinations. The same in
strument provided multielement analysis of iron-
cement aerosol par t i c l e s co l l ec ted during a 
nuclear safety evaluation t e s t . The ICP i s new 
the major instrument for multielement trace 
metal routine analys is of both surface waters 
and well waters from tes t wel l s that monitor 
ORNL burial grounds. 

In the area of physical ana lys i s , x- iay 
d i f fract ion measurements provided insight into 
the mechanisms of T1B2 formation in studies of 
synthes is of ultra-hard materials as replace
ments of industrial diamonds in d r i l l i n g materi
a l s . Photovoltaic c e l l s were examined by scan
ning electron microscopy x-ray fluorescence 
(SEM-XRF) to determine fai lure modes. A large 
tungsten valve waa studied by XRP, using special 
masking techniques, to determine the cause of 
f a i l u r e . 

The staff a lso devised an on-s i t e instru
mental capabi l i ty for measuring LiBr in heat ex
changer fluid using an Abbe refractometer, de
veloped a successful sealed-tube method for d i s 
solving iridium prior to mass spectrome t r i e 
study, measured low concentrations of ferrous-
ferric iron to estimate i t s influence on uranium 
extract ion c o e f f i c i e n t s ; and provided both con
su l ta t ion and analysis of materials leading to a 
successful method for removing s i l v e r from 
photoreproduction wastes. 

A vas t ly improved method for dissolving 
sha le , mineral, and refractory materials for ICP 
and atomic absorption analysis was completed and 
p!aced in operation. 

The MIT School of Engineering Pract ice 
requested support for student experiments in 
low-temperature pyrolysis of coal and in measur
ing charac ter i s t i c s of d i e se l - synfue l blends as 
poss ib le fuel for d iese l engines . 

An environmental specimen coordinator was 
appointed to receive and transmit specimens to 
the proper area and to evaluate data prior to 
reporting. Also , the ACD emergency response 
teams for non-nuclear s i tuat ions have responded 
to a variety of unplanned events involving o i l , 
PCB, f luoroscein dye and glycol r e l e a s e s . 

IC. S. Alley. J. S. AttH.ll, P. i. Ball, H. n. 
Davie, H. V. Durm, J. H. HacKney, D. H. Heine, 
3. Philpot, J. C. Price, fc". P. Rogers, K. I. 
Webb) 

EHVIKOnCaTAL ANALYSIS LABORATORY 

N. H. Ferguson 

The Environmental Analysis Laboracory (EAL) 
provides technical support for the Environmental 
Sciences Divis ion (ESD), other ORNL d i v i s i o n s , 
and outs ide organizat ions . The EAL has be*-n 
extremely busy during t h i s report period. 
Approximately 40,000 analyt ica l r e su l t s were 
reported. Two persons were lost by retirement, 
one was added to the s ta f f , and whenever pos
s i b l e , personnel trained in environmental type 
of analyses were borrowed to provide added sup
port to the s t a f f . Some of the analyt ical proj 
ec t s undertaken are reported here. 

A large port ion of EAL work for the report 
period came from the Terrestrial Ecology Section 
of ESD. Projects associated with Walker Branch 
Watershed, elemental leaching from forest s o i l , 
and whole tree harvesting generated a large num
ber of samples. Water, s o i l , and plant t i s sue 
samples were received from these programs. 
Water samples were routinely analyzed for c a l c i 
um, sodium, potassium, magnesium, ammonia, phos
phorus, n i t r a t e , ch lor ide , s u H a t e , and Kjeldahl 
nitrogen. Soil and plant t i s s u e s were analyzed 
for sodium, potassium, calcium, magnesium, phos
phorus, and Kjeldahl nitrogen. 

The determination of mercury continues to 
be a constant chal lenge . The EAL analyzed 
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approximately one hundred eff luent sample* from 
an industrial s i c e . The e f f luents ranged in 
concentration from O.t-4 ppb. Organic Mercury 
was determined in sediment samples from the saae 
s i t e . The Virginia Water Control Board contin
ued to submit water samples from the Abingdon 
and Bridgewater areas for mercury analyses . 
Streaas near industrial s i ce s were monitored for 
mercury. 

Technical support has continued during the 
report period for the Industrial Hygiene Depart
ment. Lead was determined in urine and blood. 
Air f i l t e r s were analyzed for several metals . 
Two factors are important for this work: fast 
turnaround c .me and a high level of qui l .cy 
assurance. 

An ambitious sampling program was in i t i a t ed 
by the ESP in August to examine the tox i c i ty of 
leachates . This project required the analysis 
of large numbers of samples. Municipal and 
industrial waste leachates were analyzed for 
arsen ic , selenium, lead, cadmium, chromium, 
n icke l , and barium. Matrices varied c6«.%iderS-
bly t-^d concentrations ranged from sub ppb to 
ppo. .~-.>mples were screened, and elements deter
mined by tiaras atomic absorption when presenc in 
appropriate concentrations. Trace elements were 
determined by f tameless atonic absor^cion 
(graphite furnace), and the arsine accumulation 
helium glow detector method. 

A s izeable effort was expended to determine 
s u l f a t e , n i t ra te , ammonia, calcium, and potass i -
um in dry deposi t ion, rain , and through fa l l sam
ples for the forest canopy acid deposition pro
gram. The determination of sulfate by the 
methyl thymoi blue colorimetric method made up a 
large portion of the work. Quality assurance 
for this work reqi-ired comparison of results by 
an alternate method, ion chromatography, and an 
outside laboratory, I l l i n o i s State Hater 
Laboratory. 

Development work was required in several 
ar>.as. Dry ashing and wet ashing methods were 
evaluated for the d i s so lut ion of plant cissues 
for the determination of major, minor, and trace 
element*. A d i s so lu t ion method for s o i l s and 
sediments was also developed. The Kjeldahl 
nitrogen determination was expanded to include 
s o i l s , sediments, and vegetat ion. Tie Terhnicon 
block digestor was used for the wet digest ion of 
the samples to convert organic compounds to 
ammonia. Ammonia was lietermined b̂  a rolorimet-
ric ammonia-salirylate method. There had been 
no interest in methyl mercury analysis for 

approximately two years. Last year the instru
ment i t ion for th i s analysis was dismantled. Hew 
in teres t in organic mercury in sediments during 
chis report period required seme development 
work. 

A Perkin Elmer hydride system (MBS-20) i s 
being evaluated for arsenic and se leniua analy
s i s . This technique may iatprove our present 
c a p a b i l i t i e s . It should have fewer in ter fer 
ences , require i e s s analysis time, and be better 
suited for routine analyses . 

il. S. Barringer, S. J. Mtrrton, V. R. Hisick, 
•1. W. Wide, C. L. Vateon) 

ftCmUlQa UH.TSIS 

J . F. Emery 

This group provides general neutron act iva
t ion -'.nalys's for a number of Laboratory d i v i 
sions and programs. Multielement neutron a c t i -
v i t i on analysis was used to es tabl i sh the e l e 
mental content of samples from the H-Coal Pro
gram. Vie have also determined uranium by the 
delayed neutron counting method in almost 2,000 
samples from the FUSKAP program. We continue to 
provide radiochemical analysis for the Laborato
ry ' s decontamination and decommissioning of old 
nuclear f a c i l i t i e s . In the area of fuel reproc
e s s i n g , v provided gamma-ray spectrometric and 
neutron act ivat ion analysis of fuel dis olver 
res idues . We have continued routine assays of 
radioisotope products produced by '.he Operation 
Di- '.sion. 

Work for other government agencies and pri
vate organizations was performed. Work with Che 
L'.S. O o l o g i c a l Survey carried over into the 
f i r s t quarter. This work involved multielement 
analysis of soi l samples. We have continued to 
perform radiochemical analysis for General Pub
l ic U t i l i t i e s (TMt-2) and Florida Power and 
Light Co. to ass i s t them in monitoring radio
nuclides at their nuclear reaccor f a c i l i t i e s . 
We have provided irradiation f a c i l i t i e s for 
Bat te l l e Northwest Laboratory personnel for the 
determination of »?'[ while their f a c i l i t i e s 
are shut down. We are continuing our develop
ment a c t i v i t i e s in determining uranium and 
tho. ium in semiconductor material by analyzing 
device-encapsulating materials for Texas Instru
ments, Inc. Technical support and 'H analys is 
for a fusion blanket experiment have also been 
provided. This is a col laborative effort 
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between Argonne National Laboratory and the 
Engineering Technology Division of ORNL. 

Several data acquis i t ion systems Here moved 
to better u t i l i z e their c a p a b i l i t i e s . The 8 K 
POP-15 at the High Flux Isotope Reactor (HFIR) 
was replaced with a 32 K POP-15. This reduced 
the processing time for a gamma-ray spectrum by 
a factor of approximately 3 . Our Nuclear Data 
(ND-6620) acqu i s i t i on system was moved to the 
ORR neutron ac t ivat ion analysis laboratory. We 
now have two 20Z Ce(Li) detectors for low-level 
analys i s and two 10Z Ge(Li) detectors for high 
count rate gamaa-ray spectrometry at the Oak 
Ridge Research Reactor (ORR). We also have an 
in tr ins i c Ce x-ray detector . All of these 
detectors may be operated simultaneously on the 
ND-6620. Several new programs were written for 
the ND-6620. These programs were for determin
ing the neutron flux in the pneumatic tube at 
the ORR and for monitoring the quality of data 
from Ge(Li) detector systems. 

We have also provided technical guidance to 
two trainees this year. F. P. Verceluz, an IAEA 
Fellow from the Phi l ippines , performed mult i 
element analysis o f ' commercial f e r t i l i z e r s . 
Approximately 33 elements were determined. 
J . R. Parrish, an ORAU participant from the Uni
vers i ty of Alabama, studied trace element pro
f i l e * in Peregrine falcon feathers. This s'.udy 
wi l l be u t i l i z ed in predicting origins of mi
grant falcons sampled enroute to South American 
wintering grounds. 

(L. C. Bate. P. P. Dyer, J. V. Uade, K. J. 
Hort'ncutt) 

LOW-LEVEL RADIOCHEMICAL ANALYSIS 

T. C. Scott 

The Low-Level Radiochemical Analysis group 
provides support for members of UCC-ND and out
side customers who require radioanalysis for 
natural and man-made radionuclides at background 
or s l i g h t l y elevated l e v e l s . The portion of our 
support e f forts a l l o t t e d for environmental moni
toring programs increased from 40 to SOX th i s 
year due primarily to the monitoring of burial 
grounds. The level of support given to surve i l 
lance program* decreased s l i g h t l y from 30 to 
25X; research and development support e f forts 
decreased from 25 to 15X; and work for others 
increased from 5 to 10X. 

The materials commonly analyzed for envi 
ronmental monitoring were charcoal and paper 
f i l t e r s , wzter from various sources , s o i l and 
vegetat ion from selected monitoring s i t e s , s e d i 
ments from local streams, f i sh from local 
streams and streams near another Nuclear D i v i 
s ion f a c i l i t y , vegetables and small animals fror 
areas in the Nuclear Divis ion f a c i l i t y , and 
insec t s trapped at ORNL. The frequency of sam
ple c o l l e c t i o n s for these materials varied from 
d a i l y ( e . g . , charcoal and paper f i l t e r s c o l 
lected -uring campaigns at the TRU f a c i l i t i e s ) 
to annually ( e . g . , f ish co l l ec ted at the era. of 
the calendar year from the Clinch River) . 

The volume of materials received from the 
Formerly Used S i t e s , Remedial Action Program 
(FCSRAP) declined s t ead i ly throughout the year 
t o about s ix samples pev month. Salt Lake City 
and S t . Louis were the only s i t e s represented in 
t h i s year's work for FUSRAP. Samples of water 
and sediment from the Salt Lake City s i t e were 
received at random. S t . Loui s - s i t e samples, 
submitted monthly, consisted of water and r e l a t 
ed part iculates from s ix wel ls located at the 
S t . Louis a irport . Five of the tix we l l s were 
acc identa l ly destroyed about mid-year and have 
only recently been r e d r i l l e d . All samples from 
FUSRAP were analyzed routinely for 2 2 6 R a , 2 1 0 P b , 
2 " u , and occasional ly for " ^ l a . 

This year we made a total of approximately 
1800 determinations on water, f i sh , and sedimen" 
samples for plutonium, americium, curium, ura
nium, and neptunium isotopes in support of i 
program conducted by Environmental Science*. 
D iv i s ion . This program, designed to study the 
ecology of the aquatic system in Pond 3513 over 
the past few years, was concluded at the end of 
f i s c a l year 1982. 

A* a special project for the Department of 
Environmental Management of the Industrial Safe
ty and Applied Health Physics D i v i s i o n , we con
ducted a study to evaluate the performance of 
ion-exchange resin columns in concentrating 
radionuclides from very large ( 5 0 - l i t e r ) volumes 
of natural (lake and r iver) water. The objec
t i v e of the study was to furnish information for 
a qualif ied procedure to be used in monitoring 
large bodies of water for radionucl ides . During 
our study, we experienced a problem with the 
quanti tat ive recovery of cobal t , which i s appar
ent ly chemically bound in a manner that makes i t 
in tractable . Further work is planned to reso lve 
t h i s problem. 
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The increase in work for others this year 
was mainly due to work fro* Florida Power and 
Light Co., the Tennessee Department of Public 
Health, and a special project for the Nuclear 
Regulatory Commission. Work for Florida Power 
and Light Co. involved radioanalyses of water 
concentrates, smears, cri-d, and ion-exchange 
resins from two power reactors. Radioanalyses 
for fission products and activation products 
were required on these materials. Fish samples 
collected by the Department of Public Health 
from the Little Limestone Creek in upper East 
Tennessee were analyzed for uranium and thorium 
isotopes. The results of these analyses will 
determine if there are any significant levels of 
uranium aid thorium in the fish. The intent of 
the SRC project is to identify and evaluate 
promising methods for determining cranium, 
plutonium, and thorium at the parts-pe*-trillion 
level in urine and feces. Our involvement in 
this project is to check procedure* for "load
ing" the mentioned elements onto a few (3-10) 
resin beads which are subsequently analyzed by 
isotope dilution mass spectrometry. 

!L. 0. Bible, 0. I. Gleaeon, P. S. Gouge, 
". ?. granger, V. C. Hassey, ft. P. Hay, S. H. 
?re£fjooi, I. H. Roeeberry, A. J. Weinberger} 

SPECIAL PROJECTS 

J. S. Eldridne 

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

We have worked mainly this year on radioac
tivity determinations in a variety of sample 
matrices in support of environmental sur-'uil-
lance projects of the Df.M. Final sample collec
tions and analyses were made in a radionuclide 
transfer study (via aquatic insects) at the old 
hydrofracture disposal site. Results from those 
studies yielded almost "textbook" pathways: 
collector-gacherer organisms such t* mayfly 

nymphs contained the highest concentrations of 
radionuclides followed by predator engulf ers 
(dragonfly nymphs) and then by piercer-
predators. Emergent adult dragonflies and dam
sel flies contained the highest concentrations of 
radionuclides (4 kBq,-g~* Cs) in organisms 
leaving the pond. Second phase investigations 
are underway to determine the total biomass 
leaving the aquatic habitat. 

A facility was constructed in the field for 
the study of biological half-lives of 137 C, 
in those emergent species. A number of dragon-
flies and damsel flies were captured -.iortly 
after emerging from the pond. The live rnsects 
were immediately transported to a liboratory 
spectrometer designed for whole-body counting. 
After the initial radioactivity measutement, the 
individual insects were marked with fc code for 
future identification and released in the enclo
sure at the study site. The capture, radioacti
vity measurement, and release procedures were 
repeated at 1-2 day intervals ma long as any 
study insects survived. By this technique we 
determined che biological half-life of '^ 7C« 
to be 19 days and 7.5 days in dragonflies and 
damsel flies, respectively. 

Honeybee hives placed near former radio
active waste disposal sites were sampled during 
times of major nectar flows to determine whether 
bees or honey would accumulate radioactivity. 
Small but measurable quantities of H, 
°0co and '^C» were determined in those 
hives closest to contaminated sites. Control 
samples showed '^7cs levels attributable to 
global fallout. It was concluded that heney 
produced by honeybees at the most contaminated 
site was still below the applicable concentra
tion guides for tl.ase three nuclides. 

A new measurement system was instituted for 
performing nondestructive assay procedures (NDA) 
in conjunction with inventory audits for special 
nuclear materials. In addition, the system 
functions as an NDA system for precious metal 
inventory verifications with the simple addition 
of a radionuclide source exciter for character
istic x-rays. The detector in the new system 
contains an intrinsic germanium planar crystal 
with 100 mm cross-section and 10 mm depletion 
depth. The detector has good efficiency and 
excellent resolution for the 185-keV y-rays from 
H'U sources ae well as excellent response 
from the K-series x-rays from precious metals. 
Recent applications of the precious metal system 
have involved the quantitative determination of 



s i l v e r in various photographic wastes as well as 
the qua l i ta t ive v e r i f i c a t i o n of gold in a mas
s i v e col l imator. Identity v e r i f i c a t i o n was 
accomplished on a s er i e s of 3-4 m lengt 1- thermo
couple probes thought to be platinum. 

A new portable spectrometer system has bee.-
acquired for use in a variety of programs where 
in s i t u «u»!•»*«» are required. The analyzer 
portion of the spectrometer contains 2048 chan
n e l s of memory, d i sp lay , amplif ier , battery 
pack, and casse t te tape storage in a sing>e 8 kg 
package. The detector portion of the spectrome
t e r cons i s t s of a portable cryostat containing a 
30Z ( r e l a t i v e e f f ic iency) in tr ins i c germanium 
de tec tor . This combined assembly i s e a s i l y 
transported to any number of f ie ld locat ions for 
immediate in s i t u determinations. Projected use 
of the assembly involves rapid emergency 
response, qual i ta t ive ident i f i ca t ion of radioac
t i v e contaminants in decontamination and decom
missioning a c t i v i t i e s , and f ie ld spectroscopy 
for more e f f i c i en t sample c o l l e c t i o n . 

(S. A. TeosleyJ 
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6- QUALITY ASSURANCE, SAFETY, AND TABULATION OF ANALYSES 

W. K. Uing 
F. L- Layton 
A. L. Harrod 

Q0ALITT ASSUtAJKX A Laboratory quality assurance audit of the 
division was aade on July 19, 1982. Other 
audits included one by the UCCRD Environments! 
Programs Review Cosssittee on September 19. 1982, 
and an exte.-nal audit of the Bio/Organic 
Analyses Section ^» the Environmental Protection 
Agency on February 3,1982. 

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

Number of 
control results 

Fixed 
Laboratory Total limits 1981 1982 

Res^onsibi Ifty for the quality of work done 
within t^e five sections of the Analytical 
Chemistry Division falls to the respective 
supervisors. because of the diversity in types 
and scopes if work done in these sections, var
ious seans are used to assure quality. The 
annual duality assurance report comprises a 
•"•>'. lection of statements from each group and/or 
laboratory, encompassing (1) scope of work, (2) 
q-ia'ity assurance program and procedures, (1) 
quality assurance compliance information and 
data, and (4) standard reference materials and 
their sources. Included is a statement summa
rising control samples prepared aid -l'Stributed 
during the reporting period and the nullity 
level obtained with these internal conrrol 
(reference) standards. Table 6.1 shows the 
quality level f >r each of the participating 
laboratories within the division an<i compares 
the results with those from the previous year. 
Lists of the different control programs and the 
number of results reported for e.acV are given in 
Table 6.2. During the past year there has been 
a IT increase in the number of control deter
mination* reported and a 59T increase in the 
number of control programs. 

During this reporting period three internal 
quality assurance audits of AC* sections 
on ..̂ ril 21, 1982; and the Nuclear and 
Radiochemical Analysis Secrion on June 11, 1982. 

Chemical & Physical 
Analysis 428 37 96.82 91.36 

Environmental 

Analysis 542 70 90.30 87.08 
Radioactive Matls 

Analytical 451 13 95.99 97.12 
Transuranium 123 15 93.00 87.80 

Total 1544 135 92.98 91.26 

Quality level (X) • [(No. determination* in 
side fixed 1 i m i t s ) / ( t o t a l No. determinations)! x 
100. 



Table 6.2 Distribution of control resale* (by method) 
for October 1981 throve* September 1982 

Burnt er of number of 
Method Constitnent programs results Total 

Atonic absorption Aluminum I IS 
s pec t rone try Cadmium 1 5 

Calciaa I 65 
Chromium I 7 
Copper I 6 
Iron 1 32 
Lead 1 A 
Lithium I 3 
Itagnesiaa 2 *7 
Birkel I 6 
Potassium I 44 
Sodivn I 36 
Zinc I 8 281 

Coloriaetry Chemical Oxygen 
Demand (COD) I 9 

Chloride I 42 
Molybdenum 1 2 
nitrogen 2 64 
Phosphorus 1 48 
Sulfate I 58 
Cranium 2 78 301 

Coulometry Uranium I 18 18 

Count, Crops Alpha Plutonium I 8 8 

Fluorimeery Uranium 2 I*7 187 

Cr a viae try Carbon 1 21 
Hydrogen I 21 42 

Infrared absorption Carbon I 53 53 
spect rophotonet ry 

Inductively coupled Aluminum I 6 
pljsma spectrometry Antimony 1 3 

Arsenic I 2 
Beryllium 1 6 
Boron 1 4 
Ca<inium I 6 
Chroniun I 6 
Cobs it I 6 
Copper I 6 
Iron I 6 
lead I 6 
Manganese 1 W 
Molybdenum I 4 
Nickel I 6 
Selenium 1 6 
Tin 1 1 
Titanium 1 4 
Vans<fiu« 1 6 
Zinc 1 6 96 

(cont'd) 
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Table 6.2 Distribution of control results (by method) 
for October 1981 through September 1982 (Cont'd) 

•uaber of •matter of 
Method Constituent prograaa results Total 

Ion chromatography 

ililii 

6 
6 
6 
6 
6 
6 

Sulfate 6 42 

Leco Carbon 33 
Futfur 48 81 

Volumetric Acid 126 
titriaetry Chloride 

Magnesium 
Ritrate 
Silver 

I 
10 
35 
6 

Cranium 223 401 

I-ray fluorescence Plutonium 
Thorium 

13 
6 

Uraniua 15 34 

Total 70 1544 

sArerr 
Eap! oyees of the division have accuaulated 

2,305,4^7 workday hours since the last lost-tine 
accident in 1972. This record is possible 
because of the excellent support of the safety 
prograa within the division. Approximately 
ninety percent of employees attended a safety 
meeting each quarter. 

Quarterly safety audits were made by the 
division safety conmictee snd division safety 
officer. Over eightv five percent of the 
coroittee findings were corrected and the needed 
action wa» taken. 

All members of the division's local emer
gency organization (squad) are trained in 
firstaid and CPU. We conducted one in-house CPR 
recertification training class and held one in-
house workshop on laboratory eaergency 
procedures. Housekeeping and aafety awareness 
within the division continue to improve. 

SOHHAtY OF AJULTSIS U S D U E D 

Table 6.3 contains a tabulation of support 
analyses performed by the various laboratories 
and/or groups within the division during this 
reporting period. 



T t b l * 6 . ) Sumary ot analyt ical work 

Organ l i f t Inn 

Matt and 
E a l i i t l o n 

Spoctroaatry 

Chaalcal , Phy i lca l , and 
Envlronaantal Ana ly t I t 

Labor* tor l a * 

Muabar ot r a t u l t i raportad by 

Tranturanlua 
Laboratory 

Radloactlva Mat* 
(lal< Analytical 

I tborator,-

Analyt ical 
Pnyalct 

Anal y t l t 

Qanaral and 
Eftvlronaantal 

Anal y» I t Total 

ORM. unit 
Analytical Chaalstry 
Biology 
Cantral < a i i | n m 
Chaalcal Tachnology 
Chaalatry 
Enargy 
Englaaarlng Phyalct 
Eaj lnaarlng Tachnology 
Envlronaantal Sclancat 
Hnanoa an* Mata r la l t 
Fual Racycla 
Futlon Enargy 
Hoalth 
Haaltn an* Salary Rataarch 
industr ial Salaty and Appl'vd 

Haalth Phyt lct 
Int t ruaantat lon and Control* 
Matalt and Caraalct 
Nautron Phytlct 
Opa'atlont 
PnytI CI 
Plant and Cqulpaant 
Quality Aaturanc* anr* Intpactlon 
Vol Id Stata 

Othart 
fVotaet lva Coating Tat t ing 
NURC« 
K-25 and t -12 
Ml teallanaout 
Savannah Rlvar Laboratory 
aork tor Othart 

TOTAL 

1 , 0 H 
}«a 

3,132 
542 

171 
239 

477 
656 

924 
16.466 

9.271 

] l ) 
163 

2,447 

4.336 
6.166 
1.291 

7,994 
22 

591 
1,822 

251 
JO 

3.875 
2,157 

202 
46,$90 

26 
753 
270 

l."'70 
1} 

1.524 

638 

52,409 

149 

404 

245 

69.621. 

563 
• 

36 4,975 14,623 
420 

292 663 
17,676 6,066 275 1,342 30,515 

66 46 399 

2 

654 1,979 
30 

174 
123 213 4,460 
121 
40 

6,625 6,903 
242 

6 4,045 126 223 61,292 
503 

1,609 
1 7 254 2,695 3,427 

2 64 6,274 10,100 
2 544 22 160 1,665 

376 269 20,675 

9,396 1,242 36 6,412 26,995 
34 17 

26 
51 

392 
163 

16 

J47 

123 1,6/4 

16,706 

4 , 6 6 B 

347 
16,706 

15 ;-9 164 4,744 
299 911 56,533 

1,291 
44 42,3 467 

27,417 13,205 2,060 54.2V7 265,906 

National Jranlua Ratourca Evaluat ion, 
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7 . SUPPLEMENTARY A C T I V I T I E S 

The d iv i s ion o n t i n u e s to maintain l i a i s o n with the academic community through the 
a s s i s t ance of i t s A-ivisory Committee and consu l t an t s . We a l so make f a c i l i t i e s available for 
s tudent and faculty research and t ra in ing programs. 

ADVIS0P7 COMMITTEE 

This year the d iv i s ion Advisory Committee was conposed of: 
H. V. Bbvotny, Chemistry Department, Indiana U n i v e r s i t y , Bloomington, IN. 
B. B. Mark, J r . , Chemistry Department, University of C inc inna t i , C inc inna t i , OH. 
J . • - Taylor, Chemistry Department, Universi ty of Wisconsin, HaJison, WI. 
J . C. Crasae l l i , Standard Oi. Company, Molecular Spectroscopy Sect ion , 4440 Warrensvil le 

Center Road, Cleveland, OH. 

CONSULTANTS 

The following s p e c i a l i s t s were brought to ORNL on short- term consul t ing bas i s t h i s past 
year as part of our Seminar Program. Details of seminars are l i s t ed in Chapter 8 . 
L. A. Carre ira, Universi ty of Georgia, Athens, CA. 
B. Preiser,Purdue U n i v . r s i t y , West Lafayet te iN. 
A. loeencvaig. Therrajwave, I n c . , Freemont, CA. 
J . C. Travis, National Bureau of Standards, Washington, DC. 
H. Nightman, Indiana Univers i ty , Blocroington, IN. 

C. Maraantov and M. J . Sepaniak of the Univ. r s i t y of Tennessee conti-.'^ed working ir the 
d i v i s i o n as Adjunct Research P a r t i c i p a n t s t h i s year . 

S. Pendyala worked with L. 0. Hulett on research in posi t ron spectroscopy throigh t e ORAU 
t rave l contract program 
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PAHICIPATIM IB" OKIL I>-H0OlS PROGUH 

The following d i v i s i o n a l people completed courses duriug the 1982 winter Cera of the 
Continuing Education Program for S c i e n t i f i c and Technical Personnel : 

H-630C. Coapatcr Methods for Mathematical Conpatatioas: T. C. S c o t t . 
The to I l i v i n g courses were completed during the spring 1982 t e r n : 
I n t r o d u c t i o n t o System 1022 Data - Base Haaageaeat System: H. P. May. 
Courses completed during the fall 1982 term were: 
H-310H. Introduction t o DEC Systen-10: D. M. Watson 
H-COOB. Practical Solution o f •oalimear Par t ia l D i f f e r e n t i a l .quations: L. K. 

Bertram. 
S-205. Cramnar for the Technical w r i t e r : D. H. Watson. 
H-nQOF. Intioductioa to Pract ical S t a t i s t i c s : S. K. i fc i te . 

CDEST ASSierJOWTS 

Two predoccoral scudents froa the Univers i ty of Tennessee worked in Che Analyt ical 
Methodology Section t h i s yea r . Brisco L. Harvard worked with L. K. Kla t t on rapid scan 
spectrometry and Huston E. Howell worked with R. W. Shaw OP. op to-acous t ic spec t rometry . Howell 
holds an ORAU fe l lowship for t h i s work. 

The d i v i s i o n maintains a subcont .ac t with the Univers i ty of Tennessee Co enable advanced 
gradua te s tuden t s to p a r t i c . , - i t e in '.nvironmental a n a l y s i s programs. Donna Taylor Dixon worked 
i n the Bio/Organic Analysis Sac. lor and in the Mass Spectrometry Section at Y-12 under t h i s 
c o n t r a c t . 

Arler.e Garr i son came to work in the Bio/Organic Analysis Section for a ine-oonth period on 
a DOE c o n t r a c t . 

John Vargo was granted an ORA" fellowship and i s assigned to Che Bio/Organic Analysis 
Seccion. 

The Nuclear and Radiochemical Analysis Section was host to four research s c i e n t i s t s funded 
by B a t t e l l e Northwest L a b o r a t o r i e s . They worked for two weeks conducting experiments which 
involved i r r a d i a t i o n s at HFIR. 

SCUD PROGRAM 

D. R. Ross, Centre Col lege , was se lec ted for the 1982 SCUU Science Semester p rcgraa . Her 
assignment involved working with M. P . Haskarinec in the Bio/Organic Analysis Sect on on the 
a n a l y s i s of wascewaters and sludge* using gas and h igh-pressure l iquid chromatography. 
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ABALTTICAL CTEMISTH DITISia SEKUARS AT OWL 

Speaker 
Carre Ira, L. A. 

Univ. of Georgia 
Athens, CA 

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

Rosencwaig, A. 
Theroawave, Inc. 
Freeaont, CA 

Travis, J . C. 
N'BS 
Washington, DC 

Wightman, R. M. 
Indiana Univ. 
Bloomlngton, IN' 

T i t l e 
"Analytical Applications of Coherent Raaan 
Spectroscopy" 

"Atomic Metal Ion Chealcal Ionization Using 
Fourier Transform Mass Spectrometry" 

"Recent Developments in Fhotoacoustlct'* 

"The Characterization and Application of Laser 
Enhanced Ionization In Flames" 

"Electroanalysls with Microvoltammecrlc 
Electrodes" 

Date 
Feb. 1 , 1982 

April 20, 1982 

April 30, 1982 

Hay 3 , 1982 

Nov. 8 . 1982 

ACD SUMSR LECTURE SERIES 

The dlvls loa in i t i a t ed a summer lerture s e r i e s this year to present In-depth lectures on 
current analytical techniques. 

Speaker 
Hulfctt, L. D. 

Chr i s t i e , W. H. 

Qonohu*, D. L. 

Lyon, W. S. 

Heine, D. R. 

Eldridge, J. S. 

Maskarlnec, M. P. 

T i t l e 
"Electron Microscopy and X-Ray Methods" 

"Surface Analysis and Other Aspects of 
Secondary Ion Mass Spectrometry" 

"Spark Source Mass Spectrometry" 

"Neutron Activation Analysis" 

"Trace Elemental Analysis by Inductively 
Coupled Plasma and Atomic Absorption" 

"Radiochemical Analysis" 

"Preparative and Analytical Organic 
Separations" 

Date 
June 18, 1982 

June 25, 1982 

July 9 , 1982 

July 16, 1982 

July 2 3 , 1982 

July 30 , 1982 

Aug. 6 , 1982 

Buchanan, M. V. "Spectroscopic Organic Analysis" Aug. 13 , 1982 
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SUMER PROGRAM 

During the summer, the d iv i s ion was host to representatives of th* ORAL' Undergraduate 
Research Program, which has been developed to offer lajoratory experience to co l l ege students 
as wel l as to proaislng high school graduates. B. A. Tookins served as "Dean" for these guests 
during their v i s i t s . 

M. E. Roth, Renyoa College, worked In the Bio/Organic Analysis Section on the separation 
of nltro-PAHs. 

L. VI1 H a a s , Colgate Univers i ty , was assigned to work on the development of a multlcoa-
poaent analyt ica l procedure for c igare t te smoke part iculate natter using fused s i l i c a capi l lary 
coluan gas chromatography in the Blo/Organlc Analysis Sect ion. 

ORNL CO-OP PROGRAM 

Vrnessa H. Ostru and Gregory B. Hurst, both fron the University of Tennessee, alternated 
working In the Bio/Organic Analysis Section with the f o s s i l fuels program. 

SPECIAL MAIDS 

W. R. Lalng received the ASTM Award of Merit at the Knoxvilie meeting in August. Mr. 
Lai rig received the award for his leadership in the development of t e s t methods for nuclear fuel 
c y c l e and his contributions to standards for f u e l s , absorbers, and moderators. 

L. T. Corbln also received an ASTM award, the Charles B. Dudle • Medal, at the August meet
ing in ^noxvi l l e . This award i s made for an outstanding contribution which has widely recog
nized lapact on a particular f i e l d of ASTM i n t e r e s t , and which has been documented in the ASTM 
l i t e r a t u r e . 

J . H. Stewart, Jr . and Ronald T. Rosebcrry, Sr. received the IR-1U0 award for the 
ORNL-Inductively Coupled Plasma (ICP) Spectrometer (Model JY-85CP). 

The d iv is ion has received the Laboratory's Environmental Protection Award for the past two 
years . In 1981 the following people received the award for outstanding achievement in 
environmental protection for 1980: 

H. C. Davis For the development of a procedure for the ana lys i s of PCB in 
R. R. Rickard o i l s 

J . H. Stewart, J r . For l i a i s o n and coordination of spec i f ic environmental analys is 
problems 

B. R. Clark For t'.ie development of the ORNL o i l characterizat ion program 
W. F. Rogers 

H. W. Dunn For the development of a system for quant i tat ive determinations 
J . H. Stewart, J r . of asbestos In construction materials 
R. L. Sherman 

J . S. Eldrldge For developments In the detection of radioact iv i ty In envlron-
T. C. Scott mental samples 
J . R. Stokely 

In 1982 the following people were awarded for 1981: 

J . E. A t t r i l l For emergency analyt ical response system to o i l s p i l l Incident 
H. C. Davis 
K. I . Webb 
W. F. Rogers 
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N. N. Ferguson 
D. R. Heine 
J. H. Stewart, Jr. 

For the inductively coupled plasaa and improved atonic 
absorption apectroaeter capabilities to provide rapid low coat 
determination of metallic contaminants in surface water. 

K. P. Haskarinec 
H. V. Buchanan 
B. A. Tomkins 
G. Olerich 
R. V. Harvey 
S. H. Harmon 

For the qualitative and quantitative determination of ultra-
trace concentratesns of multiple organic conatituenta in aurface 
waters. 

ADDITIOUL FtOPBSSiaUL ACTITtTIES 

ATTtILL, J. E. 
Member: 

Advisory Coonittee: 
Sample Coordinator: 

Division Representative: 

ASTM Committee E-38 on Resource Recovery 
OKNL Emergency Oil Spill Response Team 
Subcommittee E-38.01 on Energy, ASTM 
Analytical Chemistry Division/Department of Environmental 
Management 

Environmental Protection Officer 

BALL, F. L. 
Secretary: Electron Microscopy Society of America 

Analytical Chemistry Division Safety Committee 

BRAZELL, R. S. 
Lecturer: ORAU Traveling Lecture Frogram 

BROOCSBAiX, R. D. 
Member: 

Chairman: 

ASTM Committee D-33, Protective Coating and Lining Work 
for Power Generation F a c i l i t i e s 

Task Croup on Methods of Coatinga Analysis , ASTM D-33 

BDCHAMI, M, V. 
Member: 
Treasurer: 

Analytical Chemistry Division Seminar Committee 
East Tennessee Sect ion, American Chemical Society 

CAIT3R, J. A. 
Secretary: 

Member: 

Symposium Organizer. 

Advisor-, Board: 
Laboratory Coordinator: 
Advisory Panel Member: 

Subcommittee C-5:05, Analytical Task Croup (Reactor Grade 
Graphite), Committee C-5, Manufacturer of Carbon and 
Craphite Products, ASTM 

Committee C-26, nuclear Fuel Cycle, and C-26:05, 
Teat Methods, Tssk Croup Leader, Micro Analytical 
Techniques, ASTM 

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

Analytical Chemistry 
1SP0 Programs 
DOE/ISA Laboratory Advisory Croup for Sample Analysis (LAGSA) 

CATC*, J. E. 
Co-Chairmon: 

Member: 

Vibrational Spectroscopy Subgroup of UCC Anslytical 
Specialists Croup 

Analytical Chemistry Division Long Range Planning Committee 
Analytical Chemistry Division Computer Utilisation Committee 
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CBKISTIE, w. H. 
Meaber: ACD Long Range Planning Coaalttee 

ASTM Coaalttee E-42, Surface Analysis 

coons, J. H. 
Meaber: OML Management Information Coaalttee 

COUIR, L. T. 
Fellow: 
Meaber: 

Chairman: 

Coordinator: 

Division Representative: 

Aaertcan Society for Testing and MaCerlals 
Coaalttee E-10, Ruclear Applications and Measureaent of 
Radiation Effects, ASTM 

Subcoaalttee E-10:0I, Fuel Burnup 
Subcoaalttee E-10:02, Radiation-Induced Changes In Metallic 
Materials 

Coasdttee C-26, Fuel, Control, and Moderator Materials for 
Nuclear Reactor Applications, ASTH 

Analytical Chealstry Division Quality Assurance Prograa 
Analytical Chealstry Division Energy Conservation Prograa 
ORHL Job Opportunity Systea 
ORNL Labor Relations 

COSTAJBO, D. A. 
Meaber: ACD Quality Assurance Prograa 

Coaalttee C-26, Fuel, Control, and Moderator Materials for 
Njclear Reactor Applications, and Subcoaalttee C-26:05, 
Methods of Test, ASTM 

DOfJOHJE, D. L. 
Lecturer: 
Meaber: 

ORAU Traveling Lecture Prograa 
Analytical Chealstry Division Ad Roc Coaalttee on 
Coaputertzatlon 

DTER, F. P. 
Meaber: 
Session Ctizlrasn: 

Analytical Chealstry Division Sealnar Coaalttee 
'New Directions in Nuclear and Radlochealstry," at Winter 
Meeting of Aaertcan Nuclear Society held In Washington, DC, 
November 13-18, 1982. 

ELDRIDCE, J. S. 
Meaber: Analytical Chealstry Division Long Range Planning Coaalttee 

, J. F. 
Consultant: Tennessee Valley Authority 

FELDMAJI, C. 
Fellow: 
Scientific Editor: 

Mtaber: 

Aaerlcan Society for Testing and Material* 
Optic* and Sp«atro*eopy (English translation of Russian 

journal, Optika i 9p*ktro»kopiti) 
Coaalttee E-2 on Ealsslon Spectroscopy, ASTM, Subcommittees 

on Fundamental Methods, Editorial practices, and 
Nomenclature 

Atomic Absorption and Ealsslon Spectroscopy Subgroup, Union 
Carbide Corporation. 
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CXIEST. 9. I . 
Consultant: 

Meaner: 

EPRI: Research Agenda Planning for Potent ia l 
Effect* of Inhalablc Fly Aah 

national Cancer InstiCnte 
DOE Oil Shale Working Croup 

•n Health 

. n. R. 
Consultant: 

Advisor: 

Rational Ins t i tu te of Drag Abase 
Synthesis of Drugs of Abuse ( tTl ) 
Synthesis of Caunnbinoids (ADL) 

Rational Cancer I n a t i ' u t e 
2 1 0 P o in Cigarette Snake 

Departnent of Energy (ORES) 
Cheaical Separation* for Bio log ica l Testing (Argonnc) 
Bio log ica l Test t u t r i x for Coaplex Mixture* (Johns 

Hopkins) 
Analytical Cheats t ry of Airborne Organics (Cettysburg) 
Coal Casi f icat ion Research Progress (DOE) 
Environmental and Health Research in Synfoels ( A i r l i e 

House) 
Shale Oil Chemistry (LBL) 

Federal Trade Conaission 
Low Tar Cigarettes 

HAS panel 

BOU0ERC, t . V. 
Coordinator: Analytical Cheaistry Divis ion Metric Coordinator 

ROUTT, t . D, 
Coordinator: Sol ids and Surface Analysis Tean 

JEHKIRS, * . A, 
Coordinator: ORNL World's Fair Exhibit 

KLATT, L. H. 
Associate Editor: 
Meaber: 

fJhemiaal Ri<med£&il,' and Envi-romental Instrumentation 
Fellowship Coanittee of Analytical Cheaistry Division of 
Aaerican Cheaical Society 
Coaaittee C-26, Fuel, Control and Moderator Materials for 

Nuclear Reactor Appl icat ions , ASTM 

LAIRC, V. R. 
Vice-chairnan: 
Heaber: 

Chaiman: 
Division representative: 

ASTM Coanittee C26, Nuclear Fuel Cycle 
ASTM Coanittee on Technical Coanittee Operations 
ISO Technical Coaaittee 85 , Subcosfaittee 5 
UCCND Analytical Coaaittee 
ORNL Pregrievance Committee 
ACD Long Range Planning Coanittee 
Subcoaaittee C26:05, Test Ksthods, Nuclear Fuel Cycle, ASTM 
UCCND Environmental Analysis Coanittce 
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urn, «. s. 
er: 

Regional Editor: 
Associate Editor: 
Advisory Board: 
Vice-chairman: 
Chairaao: 

Coaaittee E-10, Nuclear Technology and Applicat ions, ASTM 
Subcommittee E-10:OI, Fuel Burnup 
Subcoaaictee E-10.05, Dosimetry 
Organising Coaait tee , 6th International Conference on Modern 

Trends in Activation Analysis 
Executive Coaaittee, Isotopes and Radiation Div i s ion , AMS 
S c i e n t i f i c Coaaittee 25 on Radiation Protect ion in the Use of 

Saal l Neutron Generators, BCSP 
Journal of Hidioanalytical Chemistry 
Radiochemical and ^adioanalytieal Letter 
Analyst 
Isotopes and Radiation Div is ion , AKS 
Honors and Award' Cu—ictee 

, B. r. 
Member: ASTM E-19 Coaaittee oo Chromatography 

UCCHD Liquid Chroaatography Specialists' Group 
UCCRD Gas Chroaatography Specialists' Group 
ASTM D-34 on Haste Disposal 
ORNL Hazardous Haste Task Force 

, T. t. 
Coordinator: ACD Awards Coordinator 

, J . If. 
Chairman: Analytical Chemistry Divis ion Seminar Commitcee 

•OSS, R. H. 
Chairman: 

Member: 

ORNL Craduate Student Select ion Panel 
Nominating Committee, ORIfL Credit Union 
ORHL Technology U t i l i z a t i o n Committee 
ACD Long Range Planning Coaaittee 
Editorial Advisory Board, Journal of Ra lioanalytiaal 

Chemistry 
ORHL Proposal Reviev Coaaittee 
S c i e n t i f i c Advisory Committee, International Conference on 

S c i n t i l l a t i o n Spectroscopy, Canada, 1982-1983 

SCOTT, T. G. 
Member: i t t e e D-19, Hater, ASTM, and Subcommittee 4 , Mechods of 

Radiocheaical Analysis 

SHILTS, (T. D. 
Chairman: 
Past Chairman: 

Vice-President 
Member: 

Consultant 

ORNL United Hay Campaign Coaaittee, 1982 
Divis ion of Analytical Chemistry, ACS 
Analytical Spec ia l i s t Croup, UCC 
Sigaa Xi RES A 
ORHL In-House Continuing Education Committee 
Technical Service* Coaaittee, UCCND 
Editorial Board, Analytiaa Chimiaa Acta 
Advisory Coaaittee, "Analytical Approach," Analytical 

CHsmist rjj 
Coaaittee on the S c i e n t i f i c Aspects of Regulatory 

Measurements 
Canvassing Coaaittee for the ACS Award for Creative Advancaa 

in Environmental and Technology 
UCC Career Planning Program 
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sans. D. i. 

Coordinator: Analytical Cheaistry Division PhD Recruiting 

, 3. H., ir. 
Member: ASTM C-26 Nuclear Fuel Cycle Taak: Croup Leader for X-tay 

Fluorescence Method* 
International Dorking Croup "Analytical Standard* of 
Minerals, Ores and Bock*" 

Analytical Cheaistry Division Technical Oabodsman 

STOKELY, J. I. 
Coordinator: Analytical Cheaistry Division MS/BS Recruiting 

, P. J. 
Meaber: 
Coordinator: 

Analytical Cheaistry Division Seminar Committee 
Analytical Cheaistry Division Awards 

TOHKMS, B. A. 
Coordinator: Analytical Cheaistry Division University Relations 

HALEEK, R. L. 
Meaber: DOE/ISA Laboratory Advisory Croup for Effluent Research 

WmlTTO, W. B. 
Lecturer: ORAD Traveling Lecture Prograa 

TDvWC, J. P. 
Fellow: 
Meaber: 

Aaerican Association for Advancement of Science 
Site Review Coaaittee - DOE-OHES Review of the Environmental 

Research Program at Aerospace Corporation, El Segundo, CA 
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8. PRESENTATION OF RESEARCH RESULTS 

As in past years, the d i v i s i o n has ac t ive ly responded to the changing p r i o r i t i e s 
of the ORNL research e f for t by changing the emphasis of soae of i t s own programs or 
i n s t i t u t i n g new s t u d i e s . The increasing concern with energy - nuclear as well as non-
nuclear - ia ref lected in the research resul ts l i s t e d below. The mult idibcipl inary 
approach required in many such problens i s indicated by the nuaber of papers and talk* 
coauthored by members of other OUR. d i v i s i o n s . Such persons are designated by an 
as ter i sk . 

PUBLICATIONS 

AUTHOR 

Bostick, D. T. 

Contributions t o Books, Proceedings, and Reports 

AuTHOR(S) AH) TITLE PUBLISHED III 

Strain , J . E. ; Bost ick, D. T.; McCue, D. 0 .* ; 
Harper, R. E .* "In-Line Instrumentation for 
Control of Nuclear Fuel Reprocessing - \: 
In-Line Neutron Poison and Free Acid Monitor" 

Trans, of Amer. fuel. 
Soc., Washington, DC, 
Nov. 14-IB, 1982, 
Vol . 43 , p . 275 

Buchanan, M. V. Walton, B. T.*; Buchanan, H. V.; Bo, C.-h. 
"Comparative Embryotoxicity and Teratogenicity 

of Petroleum and Petroleum Subst i tutes to 
Insec ts Developing in Contaminated Substrates" 

Energy and Enoironaentaal 
Chemistry, Vol. 1, Fos
sil Fuels, t . H. Keith, 
Ed., Ann Arbor S c i . , 
1982. pp. 249-257 

Ho, C . - h . ; Buchanan, N. V.; Clark, B. R.; Cuerin, Coal Conversion and the 
M. R. "Chemical Characterization of Synfuel Environment, D. Hahlua, 
Neutral Fractions" R. H. Cray, and W. D. 

F e l i x , Eds. , Tech, Inf. 
Cent. , USDOE, 1981, 
p. 34 

Carter, J. A. Carter, J . A.; Smith, D. H.; Walker, R. 
"Has* Spectrometric Measurements for 
Nuclear Safeguards" 

L. Proe., 30th Amu. Ccmf. 
on Maes Speetrom. and 
Allied Topics, Honolulu, 
HI, June 6-11 , 1982, 
pp. 432-433 

Warmack, R. J .* ; Landau, L. ; Chr i s t i e , W. H.; 
Carter, J . A. "A New Mass Spectrometric 
F a c i l i t y for the Analysis of Highly Radioactive 
Samples" 

Analytical Chemistry in 
Huclear Technology, 
W. S. Lyon, Ed., 
Ann Arbor S c i . , 1982 
pp. 195-202 

Smith, D. H.; Walker, R. L. 
"The Modified Resin Bead: 
to Safeguards" 

Carter, J. A. 
Its Application 

Analytical Chenistrj in 
tuclear Technology, 
W. 8. Lyon, Ed., 
Ann Arbor S c i . , 1982 
pp. 139-143 

Caton, J. E. Cr ic s t , W. H.; Higgins, C. E.; Holmberg, R. W.; 
Honeyhun, J . H.; Cat on, J . E.; Wike, J . S.*; 
Rtagan, R. I . "Characterisation of Vapor-
and Particulate Phase Organic* from Ambient 
Air Sampling at the Kosovo Caaifier" 

Energy and Environmental 
Chemistry, Vol. 1, Toe-
siX fuels, L. H. Keith, 
Ed., Ann Arbor S c i . , 
1982, pp. 395-410 
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AUTHOR «OTBM(S) AID TITLE 

Cacon, J. E. Tomkias, B. A.; Griest, W. H.; Caton, J. E. 
Reagan, R. R. "Multicomponent Isolation and 
Analysis of Polyouclear Aromatic*" 

PUBLISHED U 

Proc., 6th Int. Symp. 
Polynuclear Aromatic 
Hydrocarbons, M. Cooke, 
A. J . Dennis, and C. L. 
Fisher, Eds . , B a t t e l l e 
Press , Columbus, OB, 
1982, pp. 813-824 

Chr i s t i e , W. H. C h r i s t i e , U. H.; Ebj, R. E. "Quantitative SIMS Proc., 30th Aram. Conf. 
Analysis of Trit iua Permeation Barrier Oxide on tout* Spectrum, and 
Films Crown on Laser Modified Incoloy Surfaces'* Allied Topics, Honolulu, 

HI, June 6 - 1 1 , 1982, 
pp. 399-400 

Anderson, R. L.*; Lyons, J. D.*; C o l l i e , T. G.,* 
C h r i s t i e , W. H.; Eby, R. E. "Decalibration 
of Sheathed Thermocouples" 

Warmack, R. J .* ; Landau, L.; Chr i s t i e , H. H.; 
Carter, J . A. "A tew Mass Spectrometric 
F a c i l i t y for the Analysis of Highly Radioactive 
Samples" 

Proc., 6th Symp. on Temp
erature, Washington, DC, 
March 14-18, 1982, 
pp. 977-1007 

Analytical Chemistry in 
Suclear Technology, 
V. S. Lyon, Ed., 
Ann Arbor S c i . , 1982, 
pp. 195-202 

Chr i s t i e , W. H.; Eby, R. E . ; Uarmack, R. J . * 
Landau, L. "Secondary Ion Mass Spectrometry: 
Some Applications in Che Analysis of Nuclear 
Materials" 

Analytical Chemistry in 
Huclear Technology, 
U. S. Lyon, Ed. , 
Ann Arbor S c i . , 1982, 
pp. 161-168 

Clark, B. R. 

Dale, J. M. 

Ho, C.-h.; Buchanan, M. V.; Clark, B. R.; Cuerin, 
M. R. "Chemical Characterization of Synfuel 
Neutral Fractions" 

Hulett, L. D.; Dale, J. M. "Some E» riments 
in the Ceneracion, Detection *...• Scattering 
of Monoergetie Positrons" 

Coal Conversion and the 
Environment, 0. Mahlum, 
R. H. Cray, -nd W. D. 
Felix, Eds., Tech. Inf. 
Cent., USDOE, 1981, 
p. 34 

Proc. of Sixth Int. 
Conf. on Poeitrcn 
Annihilation, The Univ. 
of Texas at Arlington, 
Arlington, TX, Apr. 3-
7, 1982, p. 857 

Dyer, P. F. Lyon, W. S.; Dyer, F. P.; Gary, D. 
rhythm: Imitation of Science" 

C * "Bio- More Random ValVs in 
Science, R. L. Weber, 
Ed., Heyden, London, 
ENGLAND, 1982, p. 186 

Eby, R. E. Chr i s t i e , W. H.; Eby, R. E. "Quantitative SIMS 
Analysis of Tritium Permeation Barrier Oxide 
Films Grown on Laser Modified I n o l o y Surfaces" 

Proa., iOth Annu. Conf. 
on Hose Spectrom. and 
Allied Topics, Honolulu, 
HI, June 6 -11 , 1982, 
pp. 399-400 



47 

AUTHOR 

Bby, R. E. 

C l i s h . C. L. 

f -eringer, D. E. 

Cr ie s t , W. H. 

ADTBOF.(S) AID TITLE 

C h r i s t i e , H. H.; Eby, R. E . ; Varmack, R. J . * 
Landau, L. "Secondary loo Haas Spectrometry: 
Some Applications in the Analysis o f nuclear 
Materials" 

Anderson, R. L.*; Lyons, J . D.*; K o l l i e , T. C. 
Chr i s t i e , V. H.; Eby, R. E. "Decalibratioo 
of Sheathed Thermocouples" 

C l i s h , C. L . ; NcBay, E. H.; Raioey, H. T.*; 
L i o t t a , R.* "Pyrolysis CC/KS of S p e c i f i c a l l y 
Treated Coals" 

Coeringer, D, E . ; Kla t t , L. • - "Design and 
Evaluation of a Microcomputer Controlled 
Remote P ipet ter System" 

Tonkins, B. A.; Cries t , W. H.; Caton, J . E. 
Reagan, R. R. "Multicomponent I so la t ion and 
Analysis of Polynuclear Aromatic*" 

C r i e s t , W. H.; Higgias, C. E.; Holmberg, R. V.; 
Moneyhun, J . H.; Caton, J . E.; Wike, J. S.*; 
Reagan, R. R. "Characterization of Vepor-
and Part icu late Phase Organic* from Aabient 
Air Sampling at the Kosovo Gasif ier" 

PUBLISHED IK 

Analytical Chemietry in 
nuclear Technology, 
W. S. Lyon, Ed. . 
Ann Arbor S c i . , 1982, 
pp. 161-168 

Proc., 6th Symp. on Temp
erature, Wash i net on, DC, 
March 14-18, 1982, 
pp. 977-1007 

Proc., 30th Aram. Conf. 
on Hats Spectron. and 
killed Topic; Honolulu, 
HI, June 6-11, 1982, 
pp. 691-692 

Analytical Chemistry in 
nuclear Technology, 
W. S. Lyon, Ed. , 
Ann Arbor S c i . , 1982, 
pp. 213-224 

Proc., 6th Int. Symp. 
Polynuclear Aromatic 
Hydrocarbon*, H. Cooke, 
A. J . Dennis, and C. L. 
Fisher, Eds. , B a t t e l l e 
Press , Columbus, OH, 
1982, pp. 313-824 

Energy and Environmental 
Chemietry, Vol. I, Poe-
eil Fuel*, L . H. Keith, 
Ed., Ann Arbor Sc i . , 
1982, pp. 395-410 

M. R. "Chemical Characterisation of Synfuel 
Neutral Fractions" 

Guerin, M. R. Ho, C. -h . ; Buchanan, H. V. ; Clark, B. R.; Guerin, Coal Convertion and the 
Enoiroment, D. Mahlum, 
R. H. Gray, and W. D. 
F e l i x , Eds. , Tech. Inf. 
Cent . , USDOe, 1981, 
p . 34 

n iggins , C. E. 

Covser, K. E.*; Epler, J. V.*; Cehrs, C. W.*; 
Guerin, M. R.; Klein, J . A.* "Health and 
Environmental S i d i e s of H-Coal Process" 

Griast , W. H.; Higgins, C. E.; Holmberg, x. W. 
Moneyhun, J . H.; Caton, J . I.; Wike, J . S .*; 
Reagan, R. R. "Characterisation of Vapor-
and Part icu late Phase Organic* from Ambient 
Air Sampling at the Kosovo Gasifier" 

Proc., Symp. on Environ. 
Aspects of fuel Con-
v"eion Teehnol. VI, 
Oct. 26-30, 1981, 
Denver, CO, 1982, 
pp. 124-147 

Energy and Environmental 
Chemietry, Vol. J, roe-
til Fuels, i. H. Keith, 
Ed., Ann Arbor Sc i . , 
1982, pp. 395-410 

Ho, C.-h. Walton, B. T.*; Buchanan, M. V.; Ho, C.-h. Energy and Environmental 
"Comparative Embryotoxicity and Teratogenicity Chemistry, Vol. 1, Tot-
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AUTHOR ADTHOk(S) AMD TITLE PUBLISHED IH 

Ho, C.-h. 
(cont'd) 

of Petroleum and Petroleum Subst i tutes r.o 
Insect* Developing in Contaminated Substrates" 

mil Fuel; L. H. Keith, 
Ed. , Ann Arbor S c i . , 
1982, pp. 249-257 

Ho, C. -h . ; Buchanan, M. V.; Clark, B. R.; Cuerin, Coal Conversion and. tits 
H. R. "Chemical Characterization of Synfuel Environment, D. Kahlua, 
Neura l Fractions" R. H. Cray, and W. 0. 

F e l i x , Eds . , Tech. Inf. 
Cent . , OSDOe, 1981, 
p . 34 

Hotmberg, R. W. Cr ie s t , V. »»., Higgins, C. E . ; Holmberg, R. W.; 
Moneyhun, J . H.; Cat on, J . E. ; Hike, J . S.*; 
Reagan, S. R. "Characterization of Vapor-
and Particulate Phase Organics fro* Ajsbient 
Air S u p ling at the Kosovo Casif ier" 

Energy and Environmental 
Chemisry, Vol. 1, toe-
til Fuels, L. H. Keith, 
Ed., Ann Arbor S c i . , 
1982, pp. 395-410 

Hulett , L. D. Hulett , L. D.; Dale, J . M. "Son* Experiments 
in the Generation, Detection a&d Scattering 
of Monoetgetic Positrons" 

Proe. of Sixth Int. 
Conf. on Positron 
Annihilation, The Dniv. 
of Texas xt Arlington, 
Arl ington, IX, Apr. 3 -
7, 1982, p . 857 

Hulett , L. D.; Lauf, R.* "Hineralogical 
Properties of Coal Ash" 

e"roc. of DOE Workshop on 
Resources from Coal, 
Coal Wastes, and A eh, 
P. Marnell, Ed., 
Reston, VA, June 10-11, 
1982 

Lapicki, G.*; Auble, R. L.*; Hulett , L. D.; 
O'Kelley, C. D.*; Kim, H. J.*; Milner, 
W. T.*; Raman, S.*; Shahal, 0 . * ; Vane, 
C. R.*; Young, J . P. "Extraction of X-Ray 
Froduction Cross Sections by 36-103 MeV Ar 
Ions in Thick Targets of V, Cu, Ni, Ta, and 
Pt" 

Bull. Am. Phya. Soe. 
27, 418, 1982 

Jenkins, R. A. Jenkins, R. A.; Cayle, T. H.*; Hike, J . S.*; 
Manning, D, L. "Sampling and Chemical 
Characterization of Concentrated Smokes" 

Toxic Hater, in tile 
Atmosphere, ASTM STP 
786, Am. Soc. for 
Testing and Hater . , 
1982, pp. 153-166 

Kel ler , J. M. Kel ler , J. M.; Heine, D. R.; Rogers, C. W.* 
"Simultaneous Operation of a Polychromator 
and Monochrosator on a Single-Source 
Inductively Coupled Plasma Emission System" 

Proe. of the Spring 1982 
DBT-.J Meet., Vol. 9 , 
No. 2 , Atlanta, CA, 
May 10-14, 1982, 
pp. 1153-1157 

Klatt , L. H. Klatt , L. N. "Analytical Instruments in the 
Coal Preparation Industry-Current Status 
and Development Needs" 

Coal and Coal Products; 
Analytical Characteri
sation Techniques, E. L. 
Ful ler , J r . , Ed., Am. 
Chem. Soc. , Washington, 
DC, 1982, pp. 259-279 
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AUTHOR ACTHOR(S) AUD TITLE PUBLISHED IM 

Klatt, L. 
(cont'd) 

Maaantov, C ; Sorrel I, V. E.*; Klatt, L. 
"Soectroelectrochemistcy in Melts: Applications 
to Molten Chloroaluminates" 

Proc., 2nd Int. Symp. 
Molten Salt*. J. 
Braunsceia and J. K. 
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R. L.; Pritchard, C. A.; Carter, J. A. Progress 
Report for the Office of Safeguards and Security 
for FY 1982 

Pritchard, C. A. Sai:"i, D. H.; McKovn, H. S . ; Walker, R. L.; Sherman, 
R. L.; Pritchard, C. A.; Carter, J. A. Progrese 
Report for the Office of Safeguards and Security 
for PY 1982 

REPORT HO. AMD DATE 

OML/CF-82/2S9 
(Sept . 1, 1982) 

ORm./TM-8257 
(Apr. 1982) 

OUL/TM-8097 
(Rov. 1981) 

ORJO./TH-8027 
(Dec. 1981) 

ORHL/TM-8557 
(Dec. 1982) 

ORML/TM-8557 
(Dec. 1982) 

Quinby, T. C * Quinby, T. C.*; Adair, H. L.*; Kobiak, E. H.*; ORNL-5858 
Ramey, D. W.*; Setaro, J . A.*; B o t e , J . L.; (Hay 1982) 
Cooper, J. H.; Walker, R. L.; Bigelow, J. E.*; 
Gibson, J . R.*; Martin, W. T.*; Pope, R. C.*; 
• • • M i S.* Preparation of Actiniae Specimens 
for tH« US/UK Joint Experiment in the Dounreay 
Prototype Past Reactor 

Scot t , T. C. Oakea, T. W.*; Ohneaorge, W. P.*; Eldridge, J . S. ORNL-5878 
Scott , T. C ; Paraona, D. W.*; Hubbard, H. M.*; (Nov. 1982) 
Sealand, 0 . M.*; Shank, K. E.*; Eyaan, L. D.* 
Technical Background Information for the Environ
mental and Safety Report, Vol. S: The 1977 Clinch 
River Sediment Survey—Data Presentation 

S h u l t a , W. D. Shult i , W. D. Analytical Chemistry Division ORW.-5873 
Annual Progrese Rsport for Period Ending (April 1982) 
December 31, 1981 

Saith , D. H. Saith, D. H.; H^Kown, H. S . ; Walker, R. I.; Sherman, ORM./TM-85S7 
R. L.; Pritchard, C. A.; Carter, J. A. Progress (Dec. 1982) 
Report for the Office of Safeguards and Security 
for PY 1982 

S a i t h , D. H . ; W a l t o n , J . R . ; McKown, H. S . ; W a l k e r , ORNL/TM-8097 
R. L.; Carter, J . A. Progress Report for the ( H o v . 1 9 8 1 ) 
Office of Safeguards and Security for PY-1981 
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AUTHOR AUTHOR(S) AMD TITLE 

S a i t h , D. H. Wal ton , J . R-; S a i t h , D. I t . ; McKWn, H. S . ; Walker, 
t . t . ; Carter, J . A . Acquisition end Performance 
Evaluation of a Quacrupols A I M Spectrometer in a 
Mobil* Laboratory 

Smith, D. H. feu Fortran Program* to Acquire and 
Process 1to topic Hat* Spectrometric Data 

Stokely, J . R. Stokely , J . R. Analytical Chemistry Division 
Summary Report: Wuelear and Radiochemical 
Analysis Section 

Scokely, J . R. Analytical Chemistry Division 
Summary Report: Wuelear and Radiochemical 
Analysis Section 

Stokely , J. R. Analytical Chemistry Division 
Summary Report: nuclear and Radiochemical 
Analysis Section 

Wade, J . W. Wade, J . W.; E a e r y , J . F . Computer Programs for 
Absolute Beutron Activation Analysis on the 
Muclear Dat% 8620 Data Acquisition System 

Walker , R. L . Quinby, T. C . * ; A d a i r , H. L . * ; Kobiak, E. H.*; Ramey, 
D. W.*; S e t a r o , J . A . * ; B r c t a , J . L . ; Cooper , J . H. 
Walker , R. L . ; B i g e l o w , J . E . * ; C ibaon , J . R.*; 
M a r t i n , W. T . * ; Pope , R. G.*; Raaan, S . Prepara
tion of Actinide Specimens for the US/UK Joint 
Experiment in the Dounreay Prototype Past Reactor 

S m i t h , D. H . ; W a l t o n , J . R.; McKovn, H. S . ; Walker, 
R. L.; Carter, J . A. Progress Report for the 
Office of Safeguards and Security fyr PT-1981 

C i l a i , D . * : W i l l i a a a , M. L . * ; C o o p e r , J . H.; U i n g , 
W. R.; Walker , R. L . ; Raman, S . * ; S t e l a o n , p . H.* 
Experimental and Caleulational Analyses of 
Actinide Samples Irradiated in BBR-II 

Walton , J . R.; S a i t h , D. H. ; HcKown, H. S . ; Walker, 
R. L.; Carter, J . A. Acquisition and Performance 
Evaluation of a Quadrupole Mass Spectrometer in a 
Mobile laboratory 

S a i t h , D. H . ; McKovn, H. S . ; Walker , R. L . ; Sherman, 
R. L . ; P r i t c h a r d , C. A . ; C a r t e r , J . A. progress 
Report for the Office of Safeguard* and Security 
for n 1982 

Walton , J . R. S a i t h , D. H. ; Wal ton , J . R . ; McKown, H. 8 . ; Walker , 
R, L.; Carter, J. A. Progress Report for the 
Office of Safeguards ind Security for n-1981 

REPORT HO. AHD DATE 

ORIfL/TM-8027 
(Dec. 1981) 

ORML/rt-8356 
(Aug. 1982) 

ORHL/CF-82/3 
(Jan. 1, 1982) 

ORNL/CF-82/61 
(Apr. I , 1982) 

ORHL/CF-82/240 
(Aug. 1, 1982) 

ORNL/TM-8208 
(March 1982) 

ORKL-5858 
(May 1982) 

ORia/TM-8097 
(Nov. 1981) 

ORNL/5791 
(Oct. 1982) 

ORNL/TM-8027 
(Dec. 1981) 

ORKL/TK-8557 
(Dec. 1982) 

ORJIL/TM-8097 
(Nov. 1981) 
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AUTHOR ADTBOR(S) AMD TITLE REPORT MO. AMD DATE 

Walton, J . R. W a l t o n , J . R.; S a i c h , D. R . ; McCovn, H. S . ; W a l k e r , ORNL/Ttf-8027 
R. L . ; Carter, J . A. Acquisition and Performance (Dec. 1981) 
Evaluation of a Quadrupole Mat* Spectrometer in a 
Mobile Laboratory 
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ORAL PVESEVTATIORS 

As in previous years , s t a f f members have aade presentations at l o c a l , nat ional , 
and, in a few instances , international Meetings. The papers covered a wide var ie ty of 
subjects, reflecting the division's broad spectrua of act iv i t ies . 

AC Meetings of Professional Societies, Conferences, Che Like 

SPEAKER ADTHOR(S) ADD TITLE PRESENTED AT 

A n d e r s o n , R. L . * Anderson , R. L . * ; K o l l i e , T. G.*; C h r i s t i e , 
U. H. ; Eby, R.; L y o n s , J . D .* " D e c a l i b r a t i o n 
of Sheathed Thermocouples'* 

6 t h S y a p . on T e a p e r a t u r e , 
W a s h i n g t o n , DC, Har . 1 4 -
18, 1982 

A t t r i l l , J. E. A t t r i l l , J . E . ; Clark, B. R.; Davit, H. C ; 
Eisenhower, B. M.*; Stewart, J . H., Jr . 
"Inr* -atr ia l Oil S p i l l Ident i f i ca t ion Procedure 
at ORHL" 

183rd As. Chea. Soc. 
Meet., Las Vegas, RV, 
Har. 2 8 - A p r . 2 , 1982 

Beene, J . R-* Beene, J . R.*; Beais , C. E . , Jr .*; Kraai 
S. D.*; Young, J . P. "Laser-Optical 
Studiea of the Spontaneous-Fission Is< 
Am-240m" 

« • , 
Conf. on Lasers in Duel. 

Phys . , Oak Ridge, TM, 
Apr. 21-23 , IS82 

Bnstick, D. T. Bostick, D. T.; Strain , J . E.; HcCue, D. D.* ; 

Harper, R. E.*; Bauer, M. L.* "In-Line 
Instrumentation for Control of Nuclear 
Fuel Reprocessing I I . In-Line Heavy Metals 
and Oxidant-Reductant Monitors" 

Invi ted , 1982 Winter 
Meet., Aa. Sucl . Soc. 
Washington, DC, 
Nov. 14-19, 1982 

Brazel l , R. S. Brazel l , R. S . ; Bayne, C. K.* "Analysis of 
Vo la t i l e Constituents in Physiological Fluids 
froa Tobacco Saoke Exposed Animals" 

In t . Syap. on Advances 
in Chroaatogr., Las 
Vegas, RV, Apr. 7, 1982 

Brown, D. K.* Brown, D. K.*; Maskarinec, M. ? . ; Francis, C. V.* Aa. Chea. Soc. Meet., 
"An Evaluation of Extraction Techniques to Las Vegas, RV, Mar. 28-
Deteraine Extractable Organics in Solid Wastes" Apr. 2 , 1982 

Buchanan, M. V. Buchanan, M. V.; Kao, C. L. "Mass Spectral 
Characterisation of Isometric Oxygen-Containing 
Aromatic Compounds Using Methanol Chemical 
Ionization" 

Aa. Chea. Soc. Meet. , 
Kansas City , MO, Sept. 
12-17, 1982 

Buchanan, M. V. ; J . Flanagan*; Rubin, I . B . ; 
Cuerin, M. R. "Effects of Hrdrjtreatmant on 
the Composition of Mutagenic Fractions of a 
Coal-Derived Petroleum Substitute" 

7th I n t . Syap. on Poly-
nuclear Aroaatic Hydro
carbons, B a t t e l l a ' s 
Coluabus Laboratories, 
Coluabus, OR, Oct. 2 6 ' 
28, 1982 

Buchanan, M. V. "Chemical Ionization Mass 
Spectrometry" 

UCND Anal. Coam. Meet. , 
Oak Ridge, TR, June 23, 
1982 
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SPEAKER 

Buchanan, M. V. Buchanan, M. V. 
Analyst*" 

AUTROt(S) AMD TITLE 

"Spectroscopic Organic 

PRESEaTED AT 

Div. 
Lecture Ser i e s , 
Oak Ridge Rat. Lab 
Oak Ridge, TK, Aug 
1982 

13. 

Buchanan, M. V.; Kao, C. L. "Characterization 
of Isomeric Oxygen- and Ritrogen Containing 
Compounds Using Cheaical Ionization Mass 
Spectrometry" 

Anal. Chen. Div. Infor. 
Meet., Oak Ridge Rat. 
Lab., Oak Ridge, T». 
July 13, 1982 

Carter, J. A. Carter, J. A.; Smith, D. 8.; Walker, R. L. 
"Mass Spectroactric Heasureaents for 
Nuclear Safeguards" 

Invited, 30th Anna. Couf. 
on Mass Spectroa. and 
Allied Tories, Honolulu, 
HI, June 6-11, 1982 

Donohue, D. L.; Young, J. P.; Carter, J. A. 
"Ultra-Trace Analysis by Resonance Ionization 
Mass Spectrometry" 

ISA Tech. Rev. Meet., 
Washington, DC, Rov. 17-
18, 1982 

Carter, J. A. 
Technique" 

"Measurements Using Resin Read MC4A Representatives 
Meet., DOE/0R0, Oak 
Ridge, T>, Dec. .4-
13, 1982 

Cacon, J. E. Cacon, J. E.; Hurst, C. B.*; Olerich, C ; 
Buchanan, H. V. "Analysis of Water Associated 
with Coal Liquefaction Systeas for Alkaline 
Organic Components" 

Caton, J. E. "Predictions of Potential Bio-
activity froa Diffuse Reflectance Spectra of 
Fossil Fuel Derived Liquids" 

FACSS IX Syap., Phila
delphia, PA, Sept. 19-
24, 1982 

Digilab Users Croup, 
Southeast Reg. Meet., 
Knoxville, TH, Oct. 14, 
1982 

Christie, W. H. 

Caton, J. E. "Correlstion of Cheaical Spec
troscopic Measurements with Bioassay Test 
Results" 

Christie, W. H.; Eby, R. t . "Quantitarive SIMS 
Analysis of Tritiua Pernest ion Barrier Ctide 
Filas Crown on Laser Modified Incoloy Surfaces" 

Anal. Chen. Div. Infor. 
Meet., Oak Ridge Hat. 
Lab., 0.-* Ridge, TN, 
July 13, 1982 

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

Christie, W. H. "Surface Analysis and Other 
Aspects of Secondary Ion Mass Spectrometry" 

Anal. Chen. Div. Su 
Lecture Series, 
Oak Ridge Nat. Lab., 
Oak Ridge, TM, June 2S, 
1982 

Costanzo, D. A. Costanzo, D. A. "CPU? Analytical Chemistry 
Development" 

Semiannual Tech. Rev. of 
CFRP Process and Eng. 
R6D Activities, O W L , 
March 18, 1982 
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SPEAKEt AUTHORS) AMD TITLE 

Costaazo, D. A. Costanzo, D. A. "Analytical Cheaistry Develop-
aent in Support of the Consolidated Fuel 
Reprocessing Program" 

PRESENTED AT 

UCHD Anal. Coaa. Meet. , 
Oak Ridge, Tit, June 2 3 , 
1982 

Costanzo, D. A. "Analytical Cheaistry Develop-
aent for CFRP" 

CFRP Tech. Rev. Meet., 
Oak Ridge Nat. Lab., 
Oak Ridge, TO, Aug. 24 , 
1982 

Dalbey, « . * Dalbey, W.*; Lock, S.*; Carfinkel, S .*; Soc. Tox ico i . , Boston, 
Jenkins, R.; Holaberg, R.; Ouerin, M. "Effects MA, Feb. 22-26, 1982 
of Repeated Exposures to Aerosolized Diesel 
Fuel" 

Dalbey, W.*; Lock, S.*; Carfinkel, S.*; Jenkins, Syap. Toxicol , of Pet . 
R.; Holaberg, R.; Cuerin, M. "Inhalation Hydrocarbons, Waahing-
Exposures of Rats to Aerosolized Diese l Fuels" ton, DC, May 11-13, 

1982 

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

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

Donohue, D. L. Donohue, D. L. "Resonance Ionization Mass 
Spectroaetry" 

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

Duaonc, J. «.* Duaont, J. H.*; Schultz, T. W.*; Buchanan, M. V.; Syap. Application of 
Rao, C. L. "Frog Eabryo Teratogenesis Assay: 
Xenopus (FETAX) - A Short Tera Assay Applicable 
to Coaplex Environmental Mixtures" 

Short-Tens 3ioassays in 
Che Analysis of Coaplex 
Environ. Mixtures, 
Chapel Hill, NC, 
Jan. 25-27, 1982 

Dyer, F. F. Dyer, F. P.; Eaery, J. P.; Norchcutt, K. J.; 
Scott, R. M-* "High Fluence Neutron 
Activation Analysis of Subnanograa Levels of 
D and Th in High Purity Aluainua and Silicon" 

Eidridge, J. S. Eidridge, J. S.; Oak**, T. W.*; Hubbard, H. M.* 
"Off-Site Response for R* H o Log ice I 
Emergencies" 

Anal. Chea. Div. Annu. 
Info. Meet., Oak Ridge 
Nat. Lab., Oak Ridge, 
TN, July 12-13, 1982 

1982 UCC-ND and CAT 
Environ. ProC. S^ain., 
Catlinburg, TN, Apr. 5-
7, 1982 

Eidridge, J. S,; Oakes, T. W.*; Parsons, D. W.*; 
Pell, R. D,* "Radionuclide Concentrations in 
Honey and Baas Near Radioaccive Waste 
Disposal Sices" 

Eidridge, J, S. "Modern Equipment for Combina
tion Use: Precious Metsis Inventory Verifi
cation, Safeguards Audit*, and Emergency 
Response" 

Annu. Meet. Health Phys. 
Soc., Las Vegas, MV, 
June 27-July 1, 1982 

UCND Anal. Cow*. Msec., 
Oak Ridge, TN, June 23, 
1982 
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SPEAKER AOTHOR(S) AH> TITLE 

Eldridge, J. S. Eldridge, J. S. "Radiochemical Analysis" 

PRESENTED AT 

Anal. Chea. Div. Summer 
Lecture Series, Oak 
Ridge Rational Lab., 
Oak Ridge, TM, July 30, 
1982 

Eldridge, J. S. "Nondestructive Assay Measure 
ments" 

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

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

Industrial Safety and 
Appl. Health Phys. Div. 
Staff Meet., Nov. II, 
1982 

Cleason, C. I. Cleaton, C. I. "Mai Ca 
I and II" 

Spectrum Analysis Oak Ridge Assoc. Univ. 
Training Lecture, 
Oak Ridge, TN, Feb. 9-
10, 1982 

Cleaaon, C. I. "Osama Counting Efficiency 
and Absolute Assay" 

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

Cleason, C. I. "Advanced Ca 
Using Ce(Li) Detectors" 

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

Clish, C. L. Glish, C. L.; HeBay, E. H.; Rainey, W. T.*; 
Liotta, R.* "Pyrolysis CC/MS of Specifically 
Treaced Coals" 

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

Criest, W. H. Griesc, V. H.; Tomkins, 8. A.; Maskarinec, M. P. 
Caton, J. E.; Higgins, C. E.; Rao, T. K.* 
"Analytical Methodology for Coal Fly Ash 
Organics and Comparison of Mutagenic and 
Nonautagenic Fly Ashes" 

Cuerin, M. R. Cuerin, M. R.; Rubin, I. B.; Caton, J. E.; 
Bayne, C. K.*; Tomkins, B. A.; Ha, C. Y.; 
Buchanan, M. V.; Criest, W. H.; Ho, C.-h. 
"Spectroscopic snd Chromatographic Screening 
of Fossil-Derived Oils for Bacterial 
Mutagenicity" 

Cuerin, M. R. "Role of Analytical Cheaistry in 
Toxicology" 

Thir<? Syap. on Environ. 
Anal. Chem., Brighaa 
Young Univ., Provo, 
UT, June 16-18, 1982 

FACSS IX Syap., Phila
delphia, PA, Sept. 19-
24, 1982 

University of Ceorgia, 
Athens, CA, Feb. 18, 
1982 
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SPEAKER 

Heine, D. R. 

Atm»R(S) AMD TITLE 

Heine, D. R. "Developments and Applications 
of Inductively Coupled Plaaaa Emission 
Spectrometry" 

Heine, D. R. "Trace Elemental Analysis by 
Inductively Coupled Plaaaa and Acoaic 
Absorption Spectrometry" 

^SEHTED AT 

Anal. tea. Div. Annu. 
Info Meet., Oak Ridge 
Hat. Lab., Oak Ridge, 
TM, July 13, 1982 

Anal. Chea. Div. Summer 
Lecture Seriea, 
Oak Ridge Wat. Lab., 
Oak Ridge, IN, July 23, 
1982 

Biggins, C. E. Higgias, C. E.; Griest, U. H.; Cuerin, M. R 
"Sampling and Analysis of Cigarette 
Smoke Using Solid Adsorbents" 

Ho, C-h. Ma, C. Y.; Ho, C.-h.; Cuerin, M. R.; Rao, T 
Epler, J. L.* "Evaluation of Procedures 
Eaployed for Preparing Samples for Mutageni 
city Teating" 

Aat. Chea. Soc. Meet., 
Kansas City, HO, Sept. 
13-17, 1982 

K.*; Poster Session, Syap. 
on Application of 
Short-Tera Bioassays in 
the Analysis of Coaplex 
Environ. Mixtures, 
sponsored by US EPA, 
Research Triangle Park, 
»C, Jan. 25-27, 1982 

Holaberg, R. V. 

Howell, H. E.* 

Jones, A. R.; Cuerin, M. 3 . ; Ho, C.-h; 
Maskarinec, M. P.; Rao, T. K.* "Removal 
of Solutes froa DHSO Extracts for Chemical 
Charac ter i cat ion" 

Holaberg, R. W.; Moneyhun, J . H. "A Systea 
tor the Continuous Ceneration of Phosphorus 
Aerosols from Red Phosphorus-Butyl Rubber" 

Howell, H. E .* ; Maaantov, C ; Vehry, E. L.*; 
Shaw, R. W. "Photoacouatic Spectroscopy of 
Matrix-Isolated Polycycl ic Aromatic Compounds" 

Poater Sess ion , Syap. 
on Application of 
Short-Tera Bioaasaya in 
the Analysis of Coaplex 
Environ. Mixtures, 
sponsored by US EPA, 
Research Triangle Park, 
HC, Jan. 25-27, 1982 

Smokes/Obscurants Syap. 
VI, Harry Diamond 
Laboratories, Adelphi, 
MD, Apr. 27-29 , 1982 

Southeastern Regional 
Aa. Chea. Soc. Meet., 
Birainghaa, AL, Nov. 4 , 
1982 

Hulett , L. D. Hulett, L. D. "Scanning Electron Microscopy" Oak Ridge Assoc. Univ. 
Training Lecture, 
Oak Ridge, TH, Jan. 14, 
1982 

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

Anal. Chea, Div. Summer 
Lecture S e r i e s , 
Oak Ridge Nat. Lab., 
Oak Ridge, TM, June 18, 
1982 

Hulett, L. D.; Dale, J. M; Pendyals, 8 . 
"The Generation and Detection of 

6th Int . Conf. on Posi 
tron Annihi lat ion, The 
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SPEAKER AuTHOR(S) AMD TITLE PRESENTED AT 

Hulett, L. D. 
(cont'd) 

Mono-energetic Positrons" Univ. of Texas at 
Arlington, TX, Apr. 3-7 
1982 

Hulett, L. D. "The Generation of Monoenergetic Che*. Phys. Senin.. Oak 
Positrons and Their Energy Loss and Diffraction Ridge Nat. Lab., Oak 
Processes in Solids" Ridge, TN, May 24, 1982 

Jenkins, R. A. Jenkins, R. A.-, Cayle, T. «.* "Instrumental 
Measurement of the Total Particulate Matter 
of Cigarette Saoke" 

Tobacco Chemists' 
Res. Conf., Raleigh, 
"C, Oct. 25-27, 1982 

Kao, C. L. Rao, C. L. ; Buchacan, M. V.; Guerin. M. R. 
"Determination of Oxygen-Coataiuing Compounds 
by Gas Chromatogrrphy/Cheaieal Ionization 
Mass Spectrometry" 

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

Kel ler , J . N. Kel ler , J . M.; Heine, D. R.; Riegel , C * 
"Effects of Inorganic Acids on ICP Analysis" 

fta. Chem. Soc. Meet., 
Las Vegas, NV, Mar.28-
Apr. 2 , 1982 

Kel ler , J. M.; Heine, D. R.; Rogers, C. W. 
"Simultaneous Operation of a Polychroaacor 
and Monochromator on a Single Sourre In
duct ive ly Coupled Plasma Emission 
Spectrometer" 

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

Kel ler , J . M. "Determination of U and Pu in 
Nuclear Fuel Reprocessing Solution*" 

Tech. Rev. of CFRP 
Process and Eng. R4D 
A c t i v i t i e s , Oak Ridge 
Nat. Lab., Oak Ridge, 
TN, December, 1982 

Lapicki, C * Lapicki, G.*; Auble, R. L.*; Hulett , L. D.; 
O'Kelly, G. D.*; Kim, H. J .* ; Hilner, W. T.*; 
Raman, S.*; Shahal, 0 .*; Vsne, C. R.*; 
Young, J. P. "Extraction of X-Ray Production 
Cross Sections by 36-103 HeV Ar Ions in Thick 
Targets of V, Cu, Ni, Ta, and Pt" 

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

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

24th Rocky Mountain 
Conf., Denver, CO, 
Aug. 1-5, 1982 

Lowndes, D. H.* Lowndes, D. H.*; Cleland, J. W.*; Chr i s t i e , 
W. H.; Eby, R. E.; Narayan, J.*; Wood, R. D.*; 
Nilson, J. A.*; Dass, S.* "Pulsed Excimer 
Laser (308 nm) Annealing of Ion Implanted 
S i l i con" 

Mater. Res. Soc. Meet. 
Boston, MA, Nov. 1-4, 
1982 
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SPEAKER AUTHOR(S) AMD TITLE 

Lyon, W. S. Hulett , L. D.; Dale , J. M.; Pendyala, S.*; Chang, 
T. K..*; Lyon, H. S. "Positron Spectroscopy 
Applied to Che Analysis of Surface" 

PRESENTED AT 

Int . Symp. on Applica-
t ions and Technol. of 
Ioniz ing Radiations, 
Univ. of Riyadh Caapus, 
Malax, Riyadh, Saudi 
Arabia, Mar. U - W , 
1982 

Lyon, U. S . "Pract ical Applications of Aitiva 
t ion Analysis and Other Nuclear Technique*" 

Inv i ted , I n t . Syap. on 
Applicat ions and 
Technol. of Ionizing 
Radiation*, Univ. of 
Riyadh Caapus, Halaz, 
Riyadh, Saudi Arabia, 
Mar. 12-17. 1982 

Lyon, W. S. ''A Review of Energy Related Research Invi ted , Aa. Rucl. S o c . , 
in Activat ion Analysis and X-Ray Fluorescence" 1982 Annu. Meet., Los 

Angeles, CA, June 6 - 1 1 , 
1982 

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

Invi ted, Aa. Hucl. Soc . , 
1987. Winter Meet., 
Washington, DC, Nov. 14-
18, 1982 

Lyon, W. S. "Activation Analysis" Anal. Chea. Div. Sumner 
Lecture Ser i e s , 
Oak Ridge Nat. Lab., 
Oak Ridge, TN, July 16, 
1982 

Ma, C. Y. Ma, C. Y,; Ho, C. - h . ; McBay E. H.; Buchanan, 
M. V. "Ident i f i ca t ion of CarbonyI Coapounds 
in a Mutagenic Neutral Coal Oil Fraction" 

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

Manning, D. L. Manning, D. L. ; Maskarinec, M. P. "The Analysis 
of Low Molecular Weight Carboxylic Acids by 
HPLC with Conductivity Detect ion," 

Aa. Chea. Soc. Meet., 
Las Vegas, NV, Mar. 29-
Apr. 2 , 1982 

Maskarinec, H. P. Maskarinec, M. P.; Braze l l , R. S.; Brown, D. K.* 
'Analytical Cheaistry of Solid Wastes: From 

Methods Developaent to Quality Assurance" 

Maskarinec, M. P.; Lariaer, F. W.*; Francis, 
C. W.* "Preparation of Solid Waaces and 
Associated Leachatea for Ch.aical and 

Invi ted , Soc. of Anal. 
Chea is t» of Pittsburgh, 
PA, Jan. 4 , 1982 

Syap. on App'.. of Short-
Tera Bioassays in the 
Analysis of Coaplex 
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SPEAKER 

Maskarinec, M. P.. 
(cont'd) 

ADTHOR(S) AMD TITLE 

Biological Analysis" 

PRESENTED AT 

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

Maskarinec, M. P.; Brown, D. K.* "Batch and 
Coluan Extraction Procedures for Organic* 
in Solid Hastes" 

1982 A H . SOC. Test Mater. 
D-34 Meet., Orlando, FL, 
Jan. 28-29, 1982 

Maskarinec, M. P.; Si own, D. K.*; Harvey, R. W. 
"Comparison of Extraction Procedures cor Solid 
Wastes: Organic Materials" 

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

McKotm, H. S. HcKovn, H. S. "Applications of Thermal 
Ionization Mass Spectrometry at ORNL" 

ISth Annu. Carbide Nucl. 
Div. Anal. Meet., 
Lexington, KT, Dec. I, 
1982 

Moneyhun, J. H. Hoaeyhun, J. H. "Army Smoke Obscurant Progtim" UCMD Anal. Coat. Meet., 
Oak Ridge, TN, June 23, 
1982 

Peterson, J. ft.* 

Ramsey, J. M. 

Young, J. P.; Haire, R. C.*; Peterson, J. R.* 
Ensor, D. D.* "Effects of Heredity and 
Environment on the Chemical Consequences of 
the Decay of ^"Es Ions in Solid State 

Ramsey, .1. M.; Whitten, W. B. "Recent Advances 
in Delayed Lasing Measurements" 

12 ernes Journees des 
Actinides, Orsay, 
FRANUE, May 24-25, 
1582 

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

Rao, T. K. 

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

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

Ramsey, .1. M.; Whicten, W. B. "Fourier Trans
form Microwave Spectroscopy" 

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

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

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

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

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

Invited, 1982 Cordon 
Res. Conf. on Anal. 
Chem., New Hampton, MH, 
Aug. 16-20, 1982 

13th Annu. Meet, of the 
Environ. Mutagen Soc., 
Boston, HA, Feb. 26-
Mar. 2, 1982 



SPEAKER AUTHOR(S) AMD TITLE 

R o g e r s , C. W.* R o g e r s , C. W.*; K e l l e r , J . M.; Uaraack , R. J . 
"Selection of a Multi-User Operacing System 
for the Laboratory" 

Ross, H. H. Ross, H. H. "Liquid S c i n t i l l a t i o n Counting: 
Recent Trends in the Assay of Nuclides 
of Biological Interest" 

PRESENTED AT 

1982 Spring Decus U.S. 
Symp., Atlanta, CA, 
May 10-14, 1982 

AM. duel. Soc. Winter 
Meet. , San Francisco, 
CA, Nov. 29-Dec. 4 , 
1982 

Rosseel , T. M. Rosseel , T. M.; Auble, R. L.*; Hulett , L. D.; 
Kahane, S.*; Kiis, H. J .* ; Milner, W. T.*; 
O'Kelley, G. D.*; Suir . , S.*; Slaughter, 
C. G.*; Vane, C. R.*: Young, J . P. "Ana
l y t i c a l Applications of Heavy Ion Induced 
X-Ray Fluorescence and Auger Electrons" 

24th Rocky Ht. Conf.. 
Denver, CO, Aug. 1-5, 
1982 

Rosseel , T. M.; Dale, J. M.; Dunn, H. W.; 
Hulett , L. D.; Kisa. H. J . * ; Milner, W. T.*; 
Raman, S.*; Slaughter, G. C.*; Vane, R.*; 
Young, J . P. "Analytical Implications of 
Heavy-Ion Induced X-ray Fluorescence" 

Anal. Chen. Div. Infor. 
Meet., Oak Ridge Nat. 
Lab., Oak Ridge, TN, 
July 13, 1982 

Sepaniak, M.* Sepaniak, M.*; Maskarinec, M. P. "Open Tubular 
Capil lary Liquid Chromatography With 
Rectangular and Concentric Columns" 

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

Scott , T. C. Scot t , T. G. "The Determination of Ra-226 
by the Rn-222 Emanation Technique" 

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

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

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

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

Invited, Seminar at 
Transuranium Res. Lab., 
Oak Ridge Nat. Lab., 
Oak Ridge, TN, Feb. 26, 
1982 

Shu U s , W. D. 

Smith, D. H. 

Shults, W. D.; Vogt, J. J.* "Career Paths for 
Technicians at a National Laboratory" 

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

Smith, I). H. "Applications of Mass Spectrometry 
to Waste Solution" 

Invited, Am. Chem. Soc. 
Meet., Las Vegas, NV, 
Mar. 28-April 1, 1982 

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

UCND Anal. Comm. Meet., 
Oak Ridge, TN, June 23, 
1932 
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SPEAKER AUTHOR(S) AND TITLE 

S t r a i n , J . E. Stra- 'n , J . E . ; Bos t i c k . D. T . ; McCue, D. D . * 
Harper, R. E . * "In-LIne I n s t r u m e n t a t i o n for 
Control o f Nuc lear F u e l R e p r o c e s s i n g Part I . 
In -Line Neutron P o i s o n and F r s e Acid Monitor" 

PRESEKTEO AT 

Invi ted, 1982 Winter 
Meet., Aa. Hucl. Soc. 
Washington, DC, 
Hov. 14-19, 1982 

Stewart, J. H. Stewart, J. H., J r . ; D>mn, H. W. "The 
Quantitative Determination of Chrysotile 
Asbestos by X-Ray Diffractometry" 

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

Tonkins, B. A. Tonkins, B. A.; koagan, R. R.; Masktrinec, 
M. P.; Harmon, S. H.; Criest , W. H.; Caton, 
J. E. "Analytical Chemistry of Polycycl ic 
Aromatic Hydrocarbons Present in Coal-Fired 
Power Plant Fly Ash" 

7th Int . Symp. on Poly-
nuclear Aromatic Hydro
carbons, Columbus, OH, 
Oct. 20-28, 19S2 

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

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

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

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

Vane, R.* Vane, R.*; AuHle, R. L.*; Huljrt, L. D., Jr.; 
Kahane, S.*; Kim, H. J.*; McDaniel, F. D.*; 
Milner, W. T.*; O'Kelley, C. D.*; Raman, S.*; 
Rosseel, T. M.; Slaughter, G. G.*: Varghese, 
S. L.»; Young, J. P. "Chemical Sensitivity 
of Heavy-^on Induced X-Ray Spectra" 

Am. Phys. Soc. Meet., 
Washington, DC, Apr. 26-
29, 1982 

Van Hoesen, S. D.* Van Ho-sen, S. D.*; Cowser, K. F..*; Cushman, 
R. M.*; Drfibelbis, W. &.*; Griest, W. H.; 
Klein, J. A.*; Larimer, F. W.*; Miyer, 
H. R.*; Strand, R. H.* "Health and F.nviron-
mental Assessment of Low BTU dr if icat ion" 

5th Miami Int. Conf. 
Alternative Energy 
Sources, Miami beach, 
FL, Dec. 13-15, 1982 

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

Health Phys. Soc. Annu. 
M.-et., Las Vegas, MV, 
June 27-July 1, 1982 

Whitten, W. B. Whitt<>n, H. B.; O'Lear, J. R.* "Time-of-Flight 
Optical Spectrometry With Optical Fibers in 
the Near UV" 

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

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

Invited, Piedmont Sec
tion, Appl. Spectrosc. 
Soc., Oak Ridge, TN, 
Dec. 9, 1982 
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SPEAKER 

Vhitten, W. B. 

Young, J. P. 

AlTTHOR(*) AND TII'-E 

Whitten, W. B. "Time Domain Optical Spectro
metry with Fiber Optic Waveguides" 

Young, J. P.; Hurst, G. S.*; Kramer, S. D.* 
"Analytic.il Applications of Resource 
Ionization Spectroscopy" 

Young, J. P. "Resonance Ionization Mass 
Spectrometry" 

PRESENTED Al 

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

Invited, Fed. of Ar rl. 
Chea. and Spectrosc. 
So c , Philadelphia, PA 
Sept. 19-24, 19« 

Health and Safety Res. 
Div. Semin., Ju.ie ',, 
1982 

Young, R. T.* Young, R. T.*; Harayan, J.*; Christie, W. H. 
"Effect of Pulse Duration on the Annealing 
of Ion Implanted Silicon With a XeCl Exciner 
Laser" 

Hater. Res. Soc, Boston, 
MA, Nov. '-4, 1982 

http://Analytic.il
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DIVISIONAL MAN-POWER AND nNANCIAL SUMMARY 
FY 1982 

Source Funding ( in thousands) Man-years 

DOB progra 
Health and Environmental Research 1,131 11.6 
Basic Energy Sciences 1,101 10.7 
Consolidated Fuel Reprocessing Program 200 2.0 
Fos s i l Energy 234 2.5 
Nuclear Mater ials Security and Safeguards 140 1.4 
Reactor Research aad Development 70 0.8 

Total DOE programs 2,876 29.0 

Work for others - federal agencies 
Department of Defense (U.S. Army) 870 7.1 
National Cancer I n s t i t u t e 450 3.7 
Environmental Pro tec t ion Agency 395 3.8 
S ta te Department ( I . S . P . 0 . ) 66 0.7 
National Regulatory Commission 88 0.6 
Miscellaneous 10 0.1 

Total work for others - federal agencies 1,879 16.0 

Work for others - nonfederal agencies 
E l e c t r i c Power Research I n s t i t u t e 145 1.6 
B a t t e l l e Pacif ic NW Laboratory 36 0.4 
Pro tec t ive Coating Companies 112 1.2 
E. I . DuPont, Savannah River Laboratory 55 0.5 
Sandia National Laboratory 40 0.4 
General Public U t i l i t i e s 225 2.3 
Bendix Corporation 25 0.2 
Miscellaneous 35 0.4 

Total work for others - nonfederal agencies 673 7.0 

ORNL div is ions - support 5,860* 81.0 

Division administration 14.0 
Total f inancial plans 11,288 147.0 

•Ref lect* Laboratory general and administrat ion expenses and general plant 
s e r v i c e s . 
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