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EXECUTIVE SUflHARY 

H. D. ShultS 

The Analytical Chemistry Division of Oak 
Ridge National Laboratory (ORNL) is a 
diversified analytical cnealstry organization 
which performs research, development, and 
service work In chealcal aeasureaents for a 
clientele that exists bot'i in and outside of the 
'.aboratory. 

Basic Research and Development- The 
division salntaihs a prograa to conceptualize, 
investigate, develop, assess, laprove, and 
Implement advanced technology for chemical and 
physicocheaical measurements. Eaphasis is on 
problems and needs Identified with ORNL and 
Department of Energy (DOE) programs, but atten­
tion is also given to needs In the analytical 
sciences themselves. This program is composed 
of medium- to long-term projects and Is 
supported primarily by the DOE- Fundamental R&D 
constitutes ca_. 2SZ of our effort-

Several new projects were Initiated this year 
in our basic research program. The spectra of 
actlnide compounds are being studied as a func­
tion of pressure. To our knowledge, this Is the 
first study of pressure-Induced phase changes in 
the actlnide halldes. A supersonic expansion 
apparatus was set up and used for several inter­
esting spectral experiments, one of which was a 
comparison of our self-scanning CW dye laser 
technique (I.e., phase conjugate reflection) 
with a conventional mechanically scanned later. 
We found a 20-fold greater resolution with the 
self-scanning technique. This approach provides 
very precise (0.12 cm - 1) and resolute 

(0.2 cm - 1 llnewldth) performance as well. 
Research into our self-scanning laser system has 
led into work with a degenerative four wave 
mixing technique which offers even more 
resolution. This approach may provide an 
optical means for measuring lsotopic ratios. A 
laser-based system has been designed and is 
being set up to Interrogate, via flourescence or 
optogalvanlc means, chemical vapor deposition 
processes. Preliminary experiments into the 
measurement of surface area via positron 
annihilation have been conducted. Exploration 
of hollow cathodes as mass spectroscopic sources 
for Intractable elements like Hg, Te, and 0s has 
begun. A thorough investigation of the MS/MS 
behavior of several nltro-aromatlc compounds was 
initiated this year. Many spectra have been 
taken using both electron impact and collision-
activated dissociation (including positive and 
negative modes of operation). These spectra 
will provide the basis for application of the 
MS/MS technique to Important technical problems. 
We have completed arrangements to acquire a new 
Fourier Transform Mass Spectrometer and will 
enter this new R4D a ret. in 1985. 

Significant progress also has been made in 
several on-going projects this year. Research 
Into the secondary ion mass spectrometry (SIMS) 
of organic compounds has established that the 
fragmentation patterns of molecular ions from 
SIMS are similar to those deriving from 
conventional 70 eV electron Impact Ionization. 
These (and other) results suggest that we may be 
able to develop the theory of organic secondary 

vl! 



ion ealssion ar part of this project. Work on 
laser-iooizatloa in SUB—ear XIHS/JIMS 
project—has included a study of nraoium and 
samarium. As part of the parallel research 
project in resonance ionization aass spectrom­
etry (RIMS), we have coapleted a study of tks 
seres isotopes of neoiiymium. Ratios can be-
deterained in 40 ng staples with ill accuracy, 
but we cannot go to the desired 10 ng level with 
existing equipaent. An evaluation of the CM 
node in RIMS was carried out also. Heavy-ion-
indoced X-ray satellite emission (HIXSE) studies 
have expanded into an exaainatlen of N X-rays 
froa Pb and An, using 1.0 HeV/u . • loos: the H 
spectra vary with the coaposltion of the target 
which p -rallels previous work with K and L 
X-rays. Incorporation of a alcro-cbannel plate 
detector into our positron spectroaeter provided 
a lO^-lO-* gain in the rate of data 
collection and enabled us to complete studies of 
W, Ho and Cu. A brighter source of positrons 
(using °*Ge) was designed, constructed and 
tested. We acquired a tine-of-flight aass 
spectroaeter to augaent on-going studies Into 
theraal ionization MS; it will allow us to study 
in real tiae the evolution of various species 
during thermal ionization experiments. work on 
the thin layer spectroelectrochealstry of sulfur 
and HbClj in nolten salt aedia Is virtually 
coaplete. 

Programmatic Research and Developaent. 
The division carries out a wide variety of 
cheaical work that typically involves analytical 
research and/or developaent plus the utilize ion 
of analytical results or special analytical 
capabilities to expedite programmatic Interests. 
The effort in this category cones from ORNL and 
DOE prograas and froa "Work-for-0ther»" agree­
ments- Eaphasl* here Is on 'applied" chealstry. 
Prograaaatlc R&D constitutes ca_. 25Z of our 
work. 

Progress in this category this year included 
two ORNL Exploratory Studies ("Seed Honey*) 
projects. Under one of the £ we developed a 
mean* for determining the active cells in 
affixed bioaass saaples, based upon ultrason-
lcation and then cell counting with optical and 
electrical coincidence. The second "seed money" 
project involved developaent of a helium ioniza­
tion detector Cor gas chromatography, utilizing 
a pulsed node of operation. This latter work is 
being developed as a candidate for technology 
transfer as is some of the reaote 

lostrumectatloa that we have developed for 
radiochemical operations. Another fnstru-
nentatlon developaent, a dosimeter for measuring 
tobacco smoke exposure in humans, is a candidate 
fir an TJt-100 award. In an on-going study of 
aetbods for decreasing the toxicological 
characteristics of fuel refinery products, we 
confirmed that catalytic hydrogenatiou is an 
effective means for destroying mutagens and 
tumorigenf in refinery products and found that 
the cleanup can be enhanced considerably by a 
pre-wash with acid. I«s another study related to 
environmental issues, the electrochemistry of 
(trace) munlt'ons components in water hog been 
studied by both. voltaaaetry and pulse polarog-
raphy. This technique has such potential for 
screening and monitoring, and for detection of 
components in liquid chromatography experiments. 
Considerable effort was devoted to analytical 
aspects of Indoor air pollutants this year, to 
support work in the Health and Safety Research 
Division (HASRD) at ORNL. We developed new 
trapping, thermal desorptloa and MS monitoring 
methodologies specifically for ' the HASRD 
prograa. We also carried out an extensive 
chemical characterization of marijuana tobacco 
smoke, the first under well defined conditlcos. 
A study of ion implanted 3 0 S i in natural Si 
was performed using SIMS-

Technical Service. The division performs 
a wide variety of technical service work. Much 
of It is short-tern ir. nature and comes froa 
other divisions and programs within ORNL. A 
significant amount originates outside of ORNL, 
however, and it usually draws upon special 
talents or capabilities of the division. 
Technical service work includes cheaical and 
physico-cheaical'measurements, special projects 
and/or studies that Involve chemistry and 
cheaical measurements, consultation, collabo­
ration, quality assurance related to chemical 
measurements, and various types of cheaical 
support for the Laboratory in tines of urgency. 
Technlcsl service constitutes ca. 50% of our 
activities. 

Several activities in the technical services 
category warrant mention here. A new Internal 
standard, KjFeCCN)^, was Implemented for 
diffuse reflectance Fourier transform Infrared 
spectroscopy. It is applicable to saaples that 
art solid or liquid or both. Upon recommen­
dation of DOE's New Brunswick Laboratory, the 
division wss requested to becor-> a referee 
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laboratory for high-precis ion analysts of 
aramima ore ccncentrate , and we did s o . 
On-goisf work oa remote instrumentation has 
revolted in development of c a p a b i l i t i e s to do 
•mperometrlc t i t r a t i o n s remotely, which i s 
iaportaat for measuring plutooium. We have 
I n i t i a t e d work with a f iber opt i c , nodular 
reaote spectrophotometer as part of t h i s 
pro jec t . Developaent of an X-ray fluorescence 
system for determining uranium and plutoulo* in 
highly radioact ive materials has been delayed, 
pending construction of a su i table aonochro-
mator. We have determined 0 and Th in many 
seal-conductors and related na ter la l s during 
t h i s report period, for severa l industrial 
concerns. During t h i s period a l s o , tits d iv i s ion 
has responded t o and part ic ipated in aauy 
unusual and sometimes very demanding a c t i v i t i e s 
that were both stimulating and challenging. 
Such a c t i v i t i e s have ranged from part ic ipat loo 
in a major acid rain program plan with 
Environmental Sciences Divis ion to character­
i z i n g ef f luent streams prior to the design of a 
oew OfctL wast, treatment f a c i l i t y to locating 
the source of radioactive re l eases to studying 
the iodine l e v e l s in the thyroids of deer k i l l ed 
on the roads within the reservat ion. The 

d i v e r s i t y of analyt ica l work in a multi-prograa 
i n s t i t u t i o n l ike ORNL i s tremendous. 

The Analytical Chemistry Division i s 
organised into f ive major s ec t i ons , each of 
which may carry out any type of work fa l l ing In 
the three categorie* mentioned above. Chapters 
1 through 5 of th i s report highlight progress 
within the f ive sect ions during Che period 
January I , 1984, to Deceaber 31 , 1984. A short 
summary introduces each chapter to Indicate work 
scope- Information about qual i ty assurance aid 
safety programs Is presented In Chap. 6 , along 
with a tabulation of analyses rendered. Publi­
c a t i o n s , oral presentat ions , professional 
a c t i v i t i e s , educational programs, and sealnars 
are c i ted In Chaps. 7 and 8 . A^roxiu^'e ly 55 
a r t i c l e s , 24 proceedings publications ano 40 
reports have been published, and 95 oral 
presentations were given during th i s reporting 
period. Some 274,194 determinations were 

perforoed on approximately 152,330 samples In 
1984. The overal l qual i ty factor was 951. 
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1. ANALYTICAL HETH0D0L06Y 

V. S. Lyon 

Analytical Methodology ia coapoeed of two groope: Analytical Initrumenta-ion and 
Analytical Physics. Major funding for both (roups cornea froa DOC Office of Basic Energy 
Sciences; aajor objectives are to develop new instruments and techniques for analytical 
measurements. In addition the groups perform sane development each aa reaote instranentatioo 
for hot cells or special asteriale characterisation. 

leaearch in Analytical Instrumentation is primarily concerted with laaera and their 
application. An example of the latter ia oar cooperative effort with the Haas Spectroaetry 
Section in resonance ionization aaas spectrometry (EMS). Work in Analytical Physics has 
concentrated on positron spectroscopy, positron source improvement, surface area determination 
through measurement of positroaium form-.ion, and heavy ion induced satellite X-ray emission. 
The latter is a cooperative program with a number of other O U L divisions. 
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H. H. t o s s 

This year, as ia the p a s t , oar work in 
ana ly t i ca l instrumentation has been centered in 
three aajor areas: ana ly t i ca l spectroscopy, 
advanced instrumentation, and spec ia l s erv ices . 
In each o f these areas , we go through a cyc le of 
project i n i t i a t i o n , cont inuat ion , and comple­
t i o n . Thus, a t any given t i n e , several projects 
are a c t i v e in each work phase. Occasionally, a 
part icular research e f f o r t w i l l be put on 
"temporary hold" in ordir t o explore an e x c i t ­
ing , new research finding that deaa^d* immediate 
i n v e s t i g a t i o n . This i s frequently the way that 
we def ine new program d irec t ions and develop 
fresh research ideas . We are part icularly 
proud of the innovative appro* .«* that we have 
-afcen in our work and the success we have had in 
bringing this c r e a t i v i t y t o fru i t ion . Much of 
what fol lows w i l l support t h i s contention. 

Spectroscopy Research 

A new research e f f o r t has been in i t i a t ed that 
i s directed towsrd laser spectroscopic studies 
of the fundamental chemical and physical pro­
cesses that occur i n a chemical vapor deposition 
(CVD) plasms. Although CVD i s used extens ive ly 
for manufacturing a icroe lect . -onics , e l e c t r o -
opt ics snd wear-resistant cos t ings , l i t t l e i s 
understood about the fundamental processes of 
the depos i t ion . The goal of th i s project i s to 
understand these processes so that CVD experi ­
mental peraaeters may be aanipulsted to achieve 
optimum r e s u l t s . Our i n i t i s l e f fort hss been 
directed t.war* "•• design snd construction of 
low-pressure CVD c e l l s with b u i l t - i n features 
necessary for the detect ion of laser-induced 
opt i ca l s i g n a l s . He are presently evaluating 
two detect ion schemes: laser-induced f luores ­
cence and optogalvanic de tec t ion . Different 
schemes may be used for di f ferent CVD c e l t 
des igns , plasma types, »-.i chemical reactions to 
obtain the optimum r e s u . t s . A c e l l employing a 
low-pressure radio frequently (HP) plasma has 
been constructed using s smsll bench-top RF 
generator. Different configurations of a RF 
induction c o i l were designed and tested to 
obtain the most e f f i c i e n t snd stable plasma. 
Evaluation of RF optogalvanic detect ion hardware 
i s underway. A dc plasms c e l l , to be used for 

dc optogalvanic de tec t ion , i s a l so under 
construct ion . 

A low-cost microcomputer-based data 
acquis i t ion and control system, employing « IBM 
personal computer and other necessary peripheral 
hardware, has been planned and i s being pur­
chased. This system i s intended for r e l i a b l e 
data acqu i s i t i on and control of the pulsed dye 
laser system. 

Our continuing e f f o r t in resonance ion izat ion 
• a s s spectrometry (KIMS) i s carried out in 
cooperation with the Mass Spectrometry Sect ion , 
lie are present ly inves t igat ing the ac t in ides and 
l a a t ' u a i d e s . He e x c i t e snd Linixe the vaporised 
stoma of these elements with laser l ight of a 
s i n g l e en«.-»y band in the region of 580 t o 60S 
nm. In t h i s wavelength region most, i f not a l l , 
RMS trans i t ions involve absorpti . . of 3 photons 
through two intermediate s t a t e s to generate the 
ion . Our laser band width ia 3 cm - *, and i t 
i s i n t e r e s t i n g that we have found many 3-photon 
t rans i t i ons for the f - t r a n s i t i o n elements. In 
such processes , the second trans i t ion often 
cannot be a l i g n e d because the upper l eve l in 
the trans i t ion has not been i d e n t i f i e d . RIMS 
spectral s tudies can be used to ident i fy these 
l e v e l s . In other work we have c s l u a t e d the use 
of CH l a s e r s for the RIMS ursniun determination 
and found that r e l a t i v e l y large samples ( ) lug) 
were needed. It wss hoped that CH lasers would 
improve the s e n s i t i v i t y of RIMS because of the 
obvious improvement of duty cycle over that of 
our pulsed l a s e r . He s l s o noted that the s t a t i c 
mode structure of the laser caused some severe 
b i s s errors in isotope r s t i o meesurements; 
however, t h i s could be corrected by using s 
vibrating quartz refract ion plate to scramble 
the modes. He have applied RIMS to a determina­
t ion of neodynium. The technique i s , at 
present, poorer in s e n s i t i v i t y and accuracy than 
ex i s t ing thermal ionizat ion methods, but does 
not require the d i f f i c u l t chemical separation of 
other lanthanide i sobsrs . Further description 
of our r e s u l t s appear in the Haas and Emission 
Spectrometry Section of th i s report. 

We hsve begun an invest igat ion of the use of 
degenerate four-wave mixing (dfwm) in atomic 
vapors as s method of elemental analyais . In 
these experiments, three opt i c s l beams of 
ident ical frequency are crossed in the medium to 
be analyzed. Two of the beams sre counter-
propagating with the third at any angle. For 
paral i tI po lar iza t ions , two of the beams form an 
interference pattern and when l ight is resonant 
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with an optical transition of the aediasi a 
concentration grating of ground and excited 
states i s produced. For the case where two 
crossing bean* are orthogonally polarised, a 
grating i s forned in the resonant medium with 
degenerate levels bmt now i t i s a grating of 
coherently aligned etons. 

The third been) can Bragg reflect fron these 
gratings to torn a fourth bean. The intensity 
of this bean wil l depend on the concentration of 
the optically »eaonaut species. Aa attractive 
feature of this neasoreaent ia that i t ia 
Soppier free. Tuna, in low-pressure gases (1 
torr), a hundred-fold resolution enhancenent is 
possible. Such resolution would allow the 
optical measurement of isotope ratios at unch 
higher abundance ratioa than i s now possible. 

Experiments were carried oat using our M-Tsg 
punped dye laser syetea and a lieat pipe oven 
containing sodium atons. fie observe 1 dfau 
signals with various coabinstions of pwap and 
probe polarisations. Each combination gave 
specific end different responses. This 
investigation will continue with a study of 
two-photon type transitions, and we also plan to 
set up a high-resolution CH dye laser for 
Doppler free studies of one-photon transitions. 

We previously reported thst radiation fron sn 
untuned CM dye laser could be spectrally 
narrowed and passively scanned by feedback fron 
a BaTiOj paasive phase coojugate reflector. 
This laser has been used as s spectroscopic 
source and i t s performance compared with a 
mechanically fined CW laser in two experiments. 
The sodium D lines were measured for the first 
demonstration. The transitions were monitored 
through Che optogalvanic effect in a hollow 
cathode discharge lamp. 

Also, fluorescence excitation spectra of 
molecular iodine in a supersonic expansion have 
been measured to further demonstrate the poten­
t ial of this new laser system. It is well known 
thst the selectivity of molecular fluorescence 
measurements can be considerably enhanced by 
cooling the sample in an expansion from s super­
sonic toxzle into s vacuum. These high resolu­
tion fluorescence excitation spectra place major 
deaands on the linevidth and r. ning range of the 
excitation source. The self-scanning CW dye 
laser that wa reported previously has exactly 
these attributes. Thus, spectra with more Chan 
5000 resolution elements can be eaaily measured. 
These experiments also show for the first time 
thee the scsnning chsrscceristics of t'lij laser 
sre sufficiently continuous snd monotonic over 

the entire scanaiag range for high reeolatioa 
spectroscopic measurenente. 

Excitation apectra, using the self-scanning 
Of dye laser and a conventional mechanically 
tuned dye laaer, were compared for both the 
ewpersomic beam and room temperature samples of 
iodine. A 20-fold greater resolution of the 
eelf-scanning dye laaer over the mechanically 
tuned laaer ia observed in the excitatit.-
apectra. The precision of the eelf-acanmiag dye 
laaer ia demonstrated further by the accuracy 
with which the transition freqweaciee can be 
determined. Frequencies of 13 prominent hand 
origins were measured relative to the 11-0 and 
11-2 origins. The standard deviation for the 11 
frequencies not used in the calibration was 0.12 
cm -1. The maiinun deviation was 0.2 cm -1, 
about the seme as oar laser linewidth. 

Spectral studies at the Transuranium 
Research Laboratory have been expanded this 
year. He have initiated a program to 
investigate the apectra of actinide compounds ea 
a function of preaaure (up to 13 GPa). A 
diamond anvil cel l that would be compatible with 
our microscope-spectrophotometer was fabricated 
and tested s t the European Inatitote for 
Transuranium Elements at Karlsruhe. First 
results with the cell heve been significant anJ 
have demonstrated that hexagonal Ami) ia 
converted to orthorhonbic Ami3 at a pressure 
of 2 CPs snd monoclinic Cfbr3 is converted to 
orthorhonbic CfSr3 at a preasure of 3 CPa. 
Both conversions sre irreveraible; the 
orthorhonbic phase remains on releaae of the 
preaaure. In the latter caee, thia i s the 
second synthetic route to orthorhonbic Cl lrj . 
This struecare cannot be made directly. 
Previously we had shown that i t could be 
prepared by the $ trr.oeformation of orthorhonbic 
BkBr3. These sre Che first studies of 
pressure induced phase transformations of 
actinide halidea by any technique. Pressure 
induced phase transformations of actinide metals 
snd lsnthsnide hclides have been studied by 
X-ray diffraction techniques, however. 

(fork continues on spectral atudies of Cf(III) 
doped into Isnthanide halides. He have denon-
atratad that the spacers of Cf(III) doped into 
lanthanide bromides conforms to the >tructure of 
Che host and not that of normal OfBrj. This 
adds proof to the hypothesis wa previously sat 
forth that the structure (coordination) of 
progeny ions growing into solid ststa uetetiais 
by radioactive decay is controlled by the host 
mstsrisl. In cooperation with workers at the 



University of Earlarume, who have prepared the 
aaaplea, we have undertake* spectral stodiea of 
mixtures of E a C ^ amd Kaa.3, including the 
cad members of this series ia order to 
aaderstaad the basis for the blue color that is 
observed in vernier coap quads of the type 
Ea^Clo aad EDJC1II> The spectra of 
these stractares exhibit s broad absorption band 
centered at 620 aa and a sharp cut-off at 420 an 
attributable to Ea(II). we presently believe 
that the blue absorption is an electron transfer 
band fron Eu(ll) to Eu(IIl) that is possible 
because of the venier structure. 

(J. M. Tkammy, R. V. Shai, B. G. Tang, W. B. 
Written, 4. P. Toung) 

Early this year, we requested end received 
SEED money support to test a new concept for the 
neasureaent of active bionsss in attached-growth 
sanples. We had determined that aeasureneat of 
active bioaass in attached aulti-species saaples 
night be accomplished by either directly count­
ing active individuals in the cell population, 
or indirectly by extrecting a biochemical marker 
from the entire sample whose concentration is 
indicative of only the active cell count. The 
direct approach represent* a digital count of 
specifically stsined cells in s sample, whereat 
the letter case represents sn averaged result 
dependent upon the types of cellular species 
present and their given growth ttsges. If tech-
nicslly feasible, the direct count of active 
biomas* would represent the more accurst* analy­
sis procedure. To accomplish this gosl, s free 
suspension of cells must be obtained froa the 
sffixed-growth samples. The ability to detach 
cells froa their solid matrix if critical to the 
development of a direct measurement technique. 
SeversI detachment procedures were investigsted 
under this proposal. Cell detachment efficien­
cies were determined by selectively staining the 
attached cell sample, performing the detachment 
vr*c*dor«, collecting the freed cells and, 
iixsllf determining the rslstive concentrstion 
j<* »** stain in the freed end remaining 
w: «***>*-tell population*. Submersion of a 
tmml* •? en ultrasonic wster bsth for 10 
•IniitMn >cvnvced the grescsst number of freed 
• * \ \ A . ffi«**t studies showed that cellular 
tfAnlmmnr tn-v'.i v,'. ie «n obitscle that would 

prevent the direct measurement of active cell 
biomass in affixed growth samples. 

The efforts of the investigation were them 
directed towards) developing automated instru­
ment etioa to provide this analysis. Me devel­
oped a new instrameatation concept that is an 
adaptation of the Coulter principle, ia which 
cells are suspended in an electrolyte aad 
counted aad sixed on the baa is of electrical 
current interruption aa eella pass through a 
reatrictive orifice. Fin* optical fibers are 
positioned oa either side of the Coulter cell 
aperture to detect light absorbeace or emission 
from preferentially stained active cells. a, 
coincidence ia both the electrical and optical 
signal triggers data accumulation of the Coulter 
signal. The resultant data will provide cell 
size discrimination and count of only the 
stained active cell population in a given 
sample. This instrumentation can automatically 
and rapidly count statistically large cell popu­
lations repeatedly in a given sample. The 
optical signal discriminates against unstained, 
opaque detritus and can be used in a number of 
optical alignments to permit turbidometric, 
nephelometric, ab» -bance and fluorescent 
measurement techniques. It was the goal of this 
initisl investigstion to provide a proof of 
principle demonstration of the instrument snd 
then to seek funding for its further develop­
ment. This goal has been net, and we are 
looking into funding for further work. 

The development of remote analytical 
instruaentscion continues to m»he excellent 
progress. The remote titrstor vaa instslled in 
the Trsnsursnium Analytical Laboratory (TRO) in 
February 1984. Prior to the instsllstion, an 
operati.ig manual for the system was prepared and 
training sessions were held with the analytical 
technician. Since February the system has 
performed several thousand titrations in support 
of TRO operations. In genersl, the system has 
proved to be quite reliable; the only signifi­
cant mechanical or electrical problem was 
ultimately trsced to s failure in an in-cell 
bulk head electrical connector. Routine use of 
the instrument uncovered sn occasional fatsl 
softwsre error associsted with the volume 
predictor slgorithm. This slgorithm ussd s 
quadratic function as the predictor equation, 
and due to noiss on the siqnsl sn attempted 
division by xero would ocrssionally occur. A 
revised predictor algorithm ba**d upon s second 
order Taylor aerie* was developed to sliainste 



this problem aa4 as unexpected benefit was a 
each smoother exit fro* the endpoint region of 
the Citration curve. 

Work on a linear titration system ia Bearing 
coapletioa. Thia system differ* from the 
potentioaatric titrator only ia the control 
progrea and the ia-c*l l transducer electronica. 
Thia system will be used for the deteraiaatioa 
of plutomiem ia dissolver solutions. Algorithms 
to automatically aeaaa and calcalate the 
eadpoiat acre developed. 

Testing with theoretically calculated 
titration car*** baa beea completed. The 
preciaion of the projected analysis improve* aa 
the ratio of t itreet to snelyte concentration 
increaaea; at a ratio of tea, and ia the abeeace 
of any noise, the precision i s 0.1X. Addition 
of my noiae rapidly decreasea the preciaion. A 
negative biaa of 0.1Z ia projects for a l l 
titration cooditioa*. The coaplete system i s 
undergoing laboratory evaluation with iron 
serving as a aurrogate for the plutoniua. 

Con* tract ion of the reaate hardware for two 
additional titration c**tca* was coordinated; 
one of these units will serve as the backup 
system for the unit installed at TIP, and the 
other will be installed in the High Radiation 
Level Analytical Laboratory. Calibration and 
final check-out of a remote pipettor purchased 
by the Canadian Atomic Energy Commission was 
completed. 

The hot-cell spectrophotometry project has 
been modified significantly because a commercial 
system, which uses fiber optic cable* to permit 
remote location of the (ample mtaaursment c e l l , 
became available during the year. A unit hae 
been procured and will be evaluated {or possible 
use in s hot-cel l . 

A cooperative program with the Energy 
Division has been undertaken to develop an 
in-line analytical sensor to Measure the concen­
tration of absorber and refrigerant in experi­
mental commtrcUl heat pump*. The prototype 
instrument make* use of the relationship between 
differential refractive lodes and the loss of 
transmitted light from an optical fiber. A 
single compartment, operating heat pump has been 
constructed and titted with fiber optic sensor* 
to develop tine mathematical relationships and 
neceeaary software. When development is 
complete, i t should be possible to measure 
dynamically the concentration of H^O'LiB, 
fluorocoapounds, or HjO-fnj in an operating 
heat pump. This capability will ask* i t 

possible to deaiga oatiawm ay ate— te raiara 
coat and •pace reemiraaamta. 

A atady of the spectral behavior of the 
•rami— -carbitol-aitrie acid complex has beea 
completed and a report written (C**L/cr-e*/2»3). 

The neutron poison aomiter mas barm aodif iad 
to deteraiee gedoliaima in nitric acid in the 
range of 0.5 g/L to lb g/L far installation i a 
the integrated eeqi saint teat ( I K ) of the 
Consolidated tool atproceaeiag Project (CIV). 
The device ma* also evaluated for stabi l i ty , 
precision and electronic interference rejection. 
A coaplete teat report is now ia prepexstiom. 

we coatiame oar cooperative program with the 
Department of Chemistry, the Oniveraity of 
Teaneesee, for development aad application of 
thin layer spectroelectrochemical techaieues to 
aolten s a l t s . The application of aa optical 
mnltipeaa technique Co enhance the optreal 
signal in theae experiments ass successfully 
completed. The optical system consists of two 
mirrors, placed external to the thin layer 
electrochemical cel l but inside the furnace, 
which redirect the optical bean aeveral times 
through the ee l ! . The moat significant 
advantage of the use of external optica i e the 
ease with which one can vary the optical gain of 
the experiment. In the study of redox ays teas 
with multiple ateps, especially thoae involving 
apecies with greatly different absorptivitiea, 
this technique silow* the stady of more than one 
electrochemical step without s change in solute 
concentration. With aolten ealt aystsas the 
availability of thia capability wi l l save a 
significant amount of tiaa required for a*It 
preparation. 

Studies of the first oxidation wave of sulfur 
in AlClj-IUCl (63:37 moleZ) and of the second 
reduction wave of MbClj in AICI3-IUCI (65:35 
male X) were coapleted to deaonatrate the capa­
bi l i t i es of the technique with aolten aalt 
systems. Because of the iaproved optical signal 
with the aultipsss *y*tea, the nscbsnisn for the 
oxidation of sulfur %imt reinterpreted in terns 
of S 8 \ 84*. snd S,j2» only. 
Tha product of th* KU ««Jti«fci«a w*» rtup«»«l to 
be Mb3*+; the visible spectrua of thi* aetal 
cluster wa* observed. The** reaulta ware 
presented at ths 188th Rational ACS Meeting, 
August, 1984, and received national prase 
coverage in Chtmiaai * Engineering ffsw* 
Septeaber 10, 1984). Thi* work hss been 
submitted (or publication ia Analytieal 
Oirnnittry. 



A Zymark laboratory robot system is being 
evaluated Cor use in the service operations of 
the division. Several neb-components including 
the robot arm, control console, dispensing 
station, and balance have been installed and 
tested for proper operation. As pert of the 
installation process, ve have made a study of 
the robot programming language and have 
developed diagnostic programs to test the 
various system components for proper operation. 

A periodic "crash" of the system was traced 
to a defective processor chip in the console 
CPU. A new unit was installed along with a 
completely new operating system (in RDM). This 
new firmware activates several new features in 
the robot and extends programming flexibility. 

Oar first experimental effort was to 
determine tha accuracy and precision of the 
robot response to program conmtnds. We found 
that the positional accuracy of the arm is well 
within the programming resolution. Balance 
accuracy and precision are essentially those of 
the balance itself while pipetting and liquid 
deliyery operations are more complicated 
functions that will probably require calibre'ion 
under operating conditions. 

The General and Environmental Analysis 
Section requested that we investigate the 
applicability of the robot to several sample 
preparation procedures that are in routine us<». 
For the initisl demonstration, we selected a 
liquid scintillation sample preparation 
procedure. For this work, several pieces of 
hardware were designed and fabricated to meet 
special demands of the procedure. The test 
set-up was run end and a few minor problems were 
corrected in the program. The robot is now 
available to prepare these samples on a routine 
basis. 

He have started a second project to develop s 
procedure to prepare fluorometric uranium 
samples. 

(D. A. Soetiak, I. .V. Klatt, H. H. Hoae, J. E. 
Strain, C. S. Alley) 

Special Projects 

Members of the group are frequently asked to 
lend their expertise to specisl tssks in other 
groups or sections. The prsviously noted 
robotics work is sn instrumentation example. 
However, we also provide assistance on the 

solution of "chemical problems". For example in 
the production of high-purity acids by distilla­
tion, the greateat limitation to product 
purity—aside from contamination by veaael 
walls—is the carryover of the aerosol reaulting 
from the breaking of bubbles in the distillation 
pot. It would be highly desirable to eliminate 
this carry-over while maintaining a high 
throughput. An aerosol trap hea been devised to 
be placed in the distillation column directly 
over the distillation pot. The trep operatea by 
constricting the stream of vapor and aevoaol and 
causing the stream to impinge on a liquid 
aurface; the aeroaol particles are captured by 
the liquid surface and the vapor continues 
through the still. In tests, 500 ml of a 
aolution containing 1 mg Li/ml was placed in the 
pot, and the still (without the aerosol trap) 
operated at its maximum rate—360 ml/hr. The 
distillate showed 2.6 ppm Li; i.e., the 
distillate was 2.6 x 100/1000 - 0.26% aeroaol. 
With the aeroaoi -r«p in place, and the stiil 
operated § 90 cc/hr, the distillate contained 
<0.02 ppm Li; i.e., its aerosol content was 
(0.002Z. 

For environmental samples the arsenic and 
seleniun values obtained by hydride evolution— 
atomic absorption began to ahow poor sensitivity 
and reproducibility on solutions which had been 
fumed with HCIO4 and K^OTJO-J. Investi­
gation showed that the poor reproducibility was 
caused by internal gas leaks in the Perkin-Elmer 
503-MUS 20 instrument, causing the purging gss 
pressure to oppose the pressure transferring 
reagent into the reaction flask. The two pres­
sures were adjusted to eliminate this effect, 
improving both the reproducibility and the 
accuracy of the arsenic analysis. This adjust­
ment also improved the reproducibility of the 
selenium determinations, but not their accuracy; 
the selenium results ranged from 0 to 18OZ of 
the proper values. Selenium is present as 
Se*6 in the processed ssaple solutions. The 
S e + 6 must be reduced to Se** before 
hydride evolution is possible. The reduction 
procedure 1*ed previously we* found to be 
ineffective on samples received recently. A new 
procedure was devised which was quite effective 
end required almost no attention by the 
operator. The simple (1-10 ml in a 100 ml 
volumetric flask) was treated with 35 ml of 
concentrated HC1. This solution was allowed to 
stsnd overnight and then diluted to the mark. 
Reduction of the selenium to St*1* WAS 



c o l l e t * ; value* obtained with EM standards 
were accurate and precise to within 31 relative. 

A request to detend.ee aluminum in l ijAl 
alloy by a precipitation eeparation led to the 
discovery that there waa only oae procedure in 
the literature that clained to be able to do 
thia—the honogeaeoaa precipitation of baaie 
aluminum succinate. Although a clean and 
quentitar-,e aluminum precipitate was obtained 
when only aluminum and nickel were pre* ent, eoae 
of the Metallic impurities actually preaent in 
the alloy were also precipitated. To obtain a 
correct aluminum figure, the oxide was ignited 
at 1200*C, weighed, fused with LiB02 and the 
nelt dissolved. Impurities in this solution 
were determined by optical emie»i-m spectroscopy 
(ICP) and the appropriate correction* made to 
the weight of the precipitate. 

(C. teldman) 

AmALTTICaL PITSICS 

L. D. Hulett, Jr. 

Poaitron Spectroscopy 

The measurement of aurface areas of powdered 
•olid* i» probably the nost practical 
ippplication of positron spectroscopy that has 
been nade recently, Venkateawaran* et al. have 
fhown that when positrons are injected in solid 
powder* the degree of positroniun formation i* 
proportional to their surface area*. They 
prepared • universal curve on which a common 
plot oc point* could be made for several 
different materials, e.g., zeolites, carbon, 
•ilica gel. We have applied this method to the 
measurement of surface areas of fun* silicss 
("csbosil*"). We found that • plot of the 
degree of poeitronium formation v* *urface jre* 
generated a curve parallel to the universal 
curve of Venkateswarsn et al., but tne point* 
did not fall on it. Our aeaaurementa are 
preliminary and any have systematic errors; at 
this point we do not consider the notion of a 
universal curve Lo be disqualified. Whether or 
not a universal curve exiata, the poaitron 
annihilation method of determining aurface areaa 

*K. Venkateetmran, Y. C. Jean, K, L. Cheng, 
J. l*ys. Cham. 88, 2465 (1984) 

has some distinct attraction*. We will nam the 
method to study other powdered solids. 

All who work with low energy positrons are 
handicapped by the low intensities of 
moooenergetie positron beams, for purposes of 
scattering from solid surfacea we have managed 
to partially overcome thia problem by improving 
spectrometer efficiency. We have returned to 
the use of the spherical •.•ctor spectrometer, 
with the installation of a adcrochaamel plats 
detector in the focal plane. Inateed of 
neasuring the spectrum by increments of oae 
channel at a time, we now record the entire 
spectrum over energy spans of 50 - 75 eV. Data 
collection races have been improved by factors 
of »Q0 - 1000. The poaitron source and 
scattering specimen ere placed inside a large 
bell jer coupled to the spherical sector 
spectrometer et the entrance alit. This 
eliminates the need to transport the scattered 
positroaa through lenses, for which tranomieaion 
efficiency i* very poor. The large volume of 
the bell jar allows the source and apecimen to 
be rotated for scattering at different angles, 
up to about 30°. 

Positron and electron energy loss 
measurements have been made on aurfacea of 
annealed tungsten, molybdenum and copper with 
the new aystem. The tungsten energy loss 
spectra for both positrons and electron* appear 
the aame aa our firet published results for this 
material. Similar spectra are also obtained for 
molybdenum which would not be surprising because 
it has 4p electrons in the aame energy range as 
the 4f and 5p electrons of tungsten. However, 
copper which has no electron* in this energy 
range also shows similar energy loss spectra. 
This cast* doubt on the postulate that the 
positron energy loss ia due to core electron 
excitation. It ia planned to look at a silicon 
surface which according to our earlier published 
results gives entirely different energy loss 
spectrs. A freshly deposited gold surface will 
also be investigated. Thia mors inert surface 
may shad some light on the possibility that some 
surface interaction t/ich the atmosphere has 
occurred on the tungsten, molybdenum and copper 
aurfacea. 

Attempte are being made Co fabricate a mora 
intense source for th* generation of slow 
positrons. About 80 nCi of 6 8 C * has been 
eleccrodeposited inside a platinum annulua, 4 mm 
ineid* diameter, 2 am high, Electrodeposicion 

http://detend.ee


was dome aeiag a mixed eolation of coppar, 
gennaiom >md cyanide. Depoaitioa time was 
approximately 40 hra. A Oa-Ga alloy was formed. 
Over 90 percent of the Mce wee recovered 
from the solution. We fowad, however, chat tha 
dapeait wee not completely coherent. Hicro-
acopic particles, having act ivi t ies aa such a* 
100 er/hr at contact became dialodged. Thia 
problem prevented oar testing of the source for 
i ts efficiency in the generation of alow 
positrons. We hare transported the source hack 
into the hot call and overplated i t with 6 |im of 
pure copper. We have hopes that thia wil l 
contain the loose activity eo that the source 
wil l not he hazardous for use. 

(J. M. OnU, L. D. Bkttact, r. H. floeeaalj 

aeavy-Ioa Indocad X-ray Satel l i te 
mnissiaa 

Aa part of our effort to confirm the 
sensitivity of heavy-ion induced X-ray sate l l i t e 
emission (HIXSE) to intermediate Z elements and 
to expand this method to new regions of the 
periodic table, we liave examined the effect of 
the chemical environment on the Zr L and the Au 
and Pb M X-ray sate l l i te l ines. 

High resolution L X-ray sate l l i te spectra 
produced by 0.7 HeV/u and 1.0 KeV/u CI ion 
bombardment of a series of Zr alloys and 
compounds were obtained at the EN-tandem 
accelerator (EHTA). Aa expected, the normalized 
eaiasion ,oectrs diaplay variations in tha 
intensity profiles of the La11** end 
Lp™"" sate l l i tes for different targets. 
Dirac-Tock calculations revealed that tha 
observed fluorescence corresponds mainly to the 
K»C2p 3 / 2 * 3 - 3 / 2 , 5 / , ) «»<» ^ ( 2 p l / 2 * 3 d , / 2 ) 

hyparsatellita lines (I.2** transitions). 
Examination of the 1.0 MeV/u difference spectra 
generated using tha pure element as a subtrahend 
corroborate the trends observed in the 2 molybdenum data. *or example, tha l£ region of 
difference spectra of Zr compounds becomes more 
negative as the bulk valence electron density 
(Dv) increesee. The Zr-Ti alloy spectra, like 
Che Ha-Ti spectra, exhibit a different trend for 
the L« region. The smaller effect observed for 
tha Zr-Ti alloys was predicted by the smaller 
relative change in Dv. These results provide 
additional evidence that HIXSE can distinguish 

between different types of chemical bonding. It 
also confirms the aemaitivity of the *. ."-ray 
sate l l i tes to the chemical cavirommeat of 
intermediate Z clementa. 

Examination of the difference spectra at a 
projectile energy of 0.7 MeT/m produced 
emexpected reeelte. Although a l l of the alloys 
ami some of the compouoda exhibited l i t t l e 
change (with energy) in their difference 
spectra, aeveral of the compounds displayed 
sharp differences. This suggests that certain 
refi l l ing routes may have been altered due to 
the change in the degree of the M-abell 
ionization. latere studies of nb alloys and 
compounds at 1.0 HeV/n and 0.7 NeV/o CI ion 
excitation and Mb alloys and compounds at 0.7 
MeV/u may provide insight into thia effect . 

The Pb and Au M X-ray sate l l i t e spectre were 
also examined at 1.0 MeV/u. The spectra, like 
those of Zr and Ho, exhibit variations in the 
sate l l i te intensity profile <Hie to differences 
in the chemical environment of the target ion. 
Like the L apectra, the firat two bands in the M 
spectra arc composed of overlapping hyper-
satel l i tes of the M and M transitions. 
Attempts to extract chemical information from 
theae spectra are being pursued. 

(T. H. Roeaeel, J. H. Dale, C- D. Hulett, J. P. 
Toung, H. F. Krauee,1 p. I. Pepmiller,! S. 
town,1 C- S. Vane1) 

I. Physics Division 
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2. HASS AND EHISSI OH SPECTROMETRY 

J. A. Carter 

The Mass and Eaission Spectrometry Section ia engaged in research and development in four 
broad areas: inorganic asaa spectr'-^etry, organic ansa apectroaetry, inorganic secondary ion 
saa* apectroaetry, and organic secondary ioa aaaa spectrometry. Bach area provides effective 
support for various laboratory programs, both by developing seeded new analytical procedures and 
by providing support analyses. The long-range goal of the section is to develop cost-affective 
techniques to allow extension of aass apectroaetric analysis to new areas; this requires 
research aiaed at understanding the fundaaental physical processes involved and using the infor­
mation thoe obtained in developaent of new analytical procedures and instrumentation. To cite 
examples in organic secondary ion aaaa spectrometry, two important breakthroughs occurred: 
1) Secondary emission of protonated molecular ions (MB*) can be enhanced by the boat matrix; 
and 2) enhanced emission of molecular ions (If*) and fragment ions by Lewis acid matrices. 
This information, previously lacking, ia invaluable in establishing mechanisms of organic sec­
ondary ion emission. Another development with considerable importance to DOE facilities ia the 
detection and identification of organic explosives with few falae alarms by MS/MS methodologies. 
Also, research efforts are under way to improve detection limits by secondary ion mass spectroa-
etry coupled with the resonance ionization technique, possibly to a level where one atoa for 
every 10 atoms available for analysis can be detected. Improvements in the renin bead 
methodology were realised that allow more DOC laboratories to employ the technique. 

About 30Z of our research and development support ia provided by the Division of Chemical 
Sciences of the Office of Basic Energy Sciences, Department of Energy. This effort, which is 
very broad in scope, provides the technicel baae from which curreat and future aaaa spectro­
metry needs of DOE are addreased. Special projects of diverse origin froa the International 
Safeguards Project Office (ISPO) and froa the Office of International Security Affaire (OISA) 
provide substsntial support; the rest of our funding comas through several laboratory program* 
and various Work-for-Others contracts. 
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». H. Christie 

In a farther expansion of the atody of 
resonance ionization anas spectrometry, we have 
included spattering as a technique for getting 
neutral atoms into the gas phase for subsequent 
laser ionization. Ion beam sputtering is an 
attractive process for coupling with pulsed 
laser ionization because the process of atom 
formation can be highly controlled. Knowledge 
of the energy and angular distribution of the 
spattered atoms allows one to calculate the 
geometrical overlap between a sputter "plane" 
and a laser beam of given cross-section. In 
addition, when pulsed sputtering ir utilised, 
the teapo-al overlap between the atomization and 
ionization can approach 1001. 

A surplused AKX ion nicroprobe wai acquired 
and wade operational. An optical port and mir­
ror assembly was added to the sputtering chamber 
to facilitate introduction of the laser oeaa 
into the spattering region. This instrument, 
interfaced with a tunable pulsed dye laser, has 
•any advantages for this work. These advantages 
include a micro-focused primary ion bean of 
selectable mass, complete sample manipulation 
and viewing capability and a double-focusing 
•ass spectrometer for separation and detection 
of the secondary or laser-generated ions. 

Significant redesign of the ion extraction 
optics was required to allow extraction of laser 
generated ions which are formed at some distance 
above the sample surface. This redesign work 
wss facilitated by use of the SIMON computer 
program. Equipotential surfaces and ion trajec­
tories were modeled with this program to produce 
a lens system that was highly efficient in 
steering laser generated ions into the secondary 
ion mass spectrometer. 

In our study, targets of uranium and samarium 
were used as sources of neutral atoms. Primary 
ions were generated by using a mixed gas of 2 
atom Z Ar, 34 atom Z I»2 •«<• ** »tom Z 0 2 in 
the microprobe ion source. Thi* allowed the 
sputter target* to be bombarded with operator-
selected mass analyzed ion bean* of Ar*, 
%2*. ox 0 2*. As expected, it w*» found 
that high current density (micro-focused) Ar + 

•puttering beams are more effective than 
reactive beams such a* 0 2

+ and «2* * n 

producing a large spattered neutral population 
from reactive targets such as aa.:sllic uranium 
mod samarium. 

He found that the ion bundle produced in a 
•ingle laser poise (nominally 1 us) long) was 3 
i l n i wide at the detector following a delay of 
23 us (for samarium) or 30 s (for uranium) doe 
to time-of-fligbt through the secondary moss 
spectrometer. The number of resonance ions in 
each bundle could be counted using a fast oscil­
loscope to monitor the output of the ion multi­
plier preamplifier. The largest signals 
obtained for 2 3 * 0 had over 100 ions per 
pulse while those for 1' 2Sm were found to 
have 40 ions per pulse. In the absence of 
information about sputter yields for uranium and 
samarium under Ar* bombardment, it is not pos­
sible to obtain a reliable measure of the number 
of resonance ions collected per sputtered atom. 
However, under the conditions which gave ) 100 
0* ions per pulse, with a primary Ar* car-
rent of 21 nA, the number of 0* ions detected 
per incident Ar* was 1 in 1300. This reveals 
that a factor of 10? improvement is necessary 
before reaching the goal of 1 ion per 10 sput­
tered atoms. We feel that improvements in the 
laser system and ion extraction optics should 
increase the overall efficiency. 

taring the past year, we have continued our 
collaborative work with several researchers in 
the Solid State Division. Two of these joint 
studies will be described. In the first study, 
secondary ion mass spectrometry (SIMS) has been 
used to determine the concomitant B and F 
redistribution in annealed single crystal 
silicon. BP 2 implants were used because they 
are more economical in that the BF 2 ion i* 
directly available from the ion source snd does 
not require expensive ma** *epsration in the 
accelerator, using molecular ions such as 
BF 2* for ion implantation, more damage 
energy i* deposited by the F* ions over the 
same range as the B* ions and, therefore, 
allow* complete amorphization of the near 
•urface region to be achieved. The molecular 
ions split, in the near surface region, into 
atomic species hsving the ssme velocity a* the 
molecule. Thi* reault* in low energy ions that 
create shallow implants in s thin amorphous iiear 
surface region. For example, a 50 fceV BF 2* 
ion breaks into an 11.2 keV B + and two 19.4 
keV F* ions. Thu* s SO keV B* ion ha* 
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approximately five times the projected raage 
coapared to a SO keV BT2* ion. the object 
of the study was to produce thia aaorphous 
layers bavins; good electrical properties and 
minimum dopant profile broadening, daring, 
annealing in order to form shallow junction*. 

SIMS depth profiling was preformed before and 
after rapid thermal annealing. The as-implanted 
specimens shooed a Gaussian profile wit* 8 
peaked at around 40 na. After thermal annealing 
the B profile spread toward the surface and into 
deeper regions of the crystal. Aa the time or 
temperature of annealing increased, the amount 
of spreading increased. The average profile 
broadening was less than 50 nm even after a 6 a, 
1100*C thermal annealing poise. The amount of 
boron integrated over depth remained constant 
(+101) after various annealing treatments. 

The as-implanted fluorine distribution was 
also Gaussian, peaked at 40 nm. After rapid 
thermal annealing the fluorine peak was observed 
at a depth of about 60 nm, which corresponds to 
a known band of dislocation loops. SDfS and 
transmission electron microscope (TEH) results 
show that fluorine is gettered by dislocation*. 

In laser annealed specimens, boron was shown 
to move deeper into the crystal, while in sharp 
contrast the fluorine profile does not spread 
but moves toward the surface. 

In the second study SIMS is being used to 
measure the broadening of ion implanted '°Si 
in natural Si due to thermal diffusion. Exist­
ing measurements of the seli-diffusirivity for 
intrinsic si l icon show Arrheniu* behavior from 
U00*t down to 1100*C with a prefactor of 10,000 
sq cn/s. Workers in the Solid State Division 
feel that this large prefactor i s inconsistent 
with s vscancy diffusion mechanism. They feel 
that it suggests the involvement of an inter­
s t i t ia l or more complex defect in the diffusion 
process st these temperatures. A vacancy mecha­
nise would have a such smaller prefaccor and a 
smaller activation energy and would, therefore, 
be expected to dominate the diffusion process at 
some lower temperature. To atudy this effect, 
Solid State Division personnel have extended the 
diffusion neasuraaent* to substantially lower 
temperature using silicon specimen* prepared by 
ion implantation with 3 0 S i . 

High dose implants wars apitsxislly recrys-
'"•llized »t low tsmpersturcs. SIMS was invoked 
a* the analytical technique to measure these 
redistribution profiles because no other 

sensitive analytical technics* cam measure ioa 
implanted 3 0 S i ia s i l icon. By using SUB as 
the analytical technique, much longer annealing 
tinea axe possible aa compared to radio tracer 
amassr earn ata with 3 l $ i . which ware limited 
by the short hal f - l i fe of 5 l S i . \he data 
are currently being evaluated. 

(D. L. VonOmm, D. S. Gotringmr, B. S. HoMoun, 
ft- E. Ebg) 

l . L. italker and D. B. Suit* 

Resonance ionization mass spectrometry (EDfS) 
has been further developed and investigated. A 
narrow bandwidth laser was used to probe the 
fine structure underlying the uranium EDfS tran­
sition i t 591.54 na. This study extended our 
underatanding of the sources of bias in isotope 
ratio measurements using RIMS. A continuous 
wave, argon pumped dye laser was evaluated for 
RIMS application with the help of J. M. Ramsey. 
It was found that, with suitable modification, 
ic held promise with regard co precision, but 
that i t s sensit ivity was too low for practical 
use. 

Isotopic analysis of neodymiun was undertaken 
•rich RIMS. We found that we could obtain a l l 
six isotopic ratios at precision of about *1X 
from 40 ng samples. Unfortunately, our efforts 
to extend the technique to 10 ng samples were 
not successful. We must be able to analyse 
samples of this size to apply the technique to 
reactor burn-up studies. We are currently 
laser-linited: we need a higher repetition rate 
and more power to reach the desired analytical 
level . 

A new isotope ratio mass spectrometer, a VG 
354E, i s on order and scheduled for delivery by 
the end of 1984. A state-of-the-art instrument, 
i t features five independently locatsbla co l lec­
tors; i t also has a pulse-counting detection 
system for snslysis of smell samplee. It wil l 
be equipped with an electron impact ionization 
source for analysis of alenents of high vo la t i l ­
ity and/or high ionization potential. 

Because our present techniques for many of 
these intrsctable elements (e .g . , Bg, Te, 0s) 
are time-consuming and tedious, an investigation 
of the applicability of a hollow cathode ion 



aanrce has been initiated. Ike Boat attractive 
features of each a aoarce are vastly reduced 
eaaple preparation (only • solatioa of the ele— 
u a t ia eaeatioa ia required) and potential sen­
sitivity. He bare on hand oo ansa apecttotter 
capable of providing both the necessary high 
poaping (peed (the diacharge ia supported by a 
flow of argon) and the data reduction software 
to perforai iaotope ratio calculatioas. Prelim­
inary experiments were carried out on the ion 
optical bench; further studies were done using 
the MS-25. This latter instrwaent seeae ideal 
for the intended purpose. He will be developing 
software for data acquisition in the near 
future; data reduction will be accomplished 
using the extensive isotope ratio computer 
progress already developed. 

A, time-of-flight aass spectrometer has been 
acquired to allow investigation of the temporal 
behavior of various sanple systems. In particu­
lar, we hope to study the variation in the evo­
lution of various species (especially oxides) 
froa thermal ionization filaments as functions 
of tine, filament pretreatment conditions, etc. 
He plan Co acquire a PC as a daca system for 
this instrument. He also plan to use the 
instrument to further our understanding of t.ie 
physical phenomena involved in the RIMS process; 
we will be able co probe Che populations of 
various scaces and how chey vary wich tine. 

Modifications have been made Co the original 
resin-bead method which extend ics usefulness to 
breeder spent fuels wich U/Pu racios of 2.5 to 
4.0. The oiiginal method was dssigned primarily 
for spent fuels chac had U/Pu racios of about 
100, This approach is made especially attrac­
tive because Che amount of pluconium on Che bead 
is incressed and is high enough Co allow Che 
Plutonium isotopic analysis to be made at a 
lower filament temperature thus achieving nea.-
complece separation of MSpu-Mon 
isobars during pluconiun daca taking. A racio 
of 10:1 2 3 9 P u / 2 3 8 0 during uranium daca 
taking now seems acceptable for chis Cype 
sample, ac lease an order of magnitude more 
Plutonium than allowed by Che old method. 

<0. I. Domchw, M. P. May, S. H. MeBay, C. A. 
PHtefwd, ?. 4. Millet', H. C. Smith, M. M. 
low&jf, U Ouirm) 

6. L. Clish 

work in organic mesa spectrometry has 
continued to enphaaiie research in the area of 
ansa spectrometry/mass spectrometry (MS/MS). A 
major effort has began in developing at MB/MS 
systea for the detection of explosive vapors. 
Initial feasibility stadias using the ZAB aass 
spectrometer have been done. Prior to acquiring 
MS/MS spectra on the ZAB instrument, it was 
necessary to modify it for organic MS/MS 
research. This involved installing a ccubina-
tion chemical ionixation/electron ionization 
source, and a collision region in the second 
field-free region of the instrument. The 
collision region was modeled after the one 
developed and installed oo the OtML triple 
sector instrument several years ago. Over one 
hundred MS/MS spectra have been acquired of 
various explosive coapounds under electron 
ionization, positive cheaicel ionization and 
negative chemical ionization. Design of a 
dedicated MS/MS system Co decect these coapounds 
is no* under way with the recently developed 
tandea quadrupole/tiae-of-flight inatruaent 
being uaed as the basis for the instrument. 

In addition tc development of the tandem 
quadrupole/time-of-flight (QT) instrument as an 
explosive detector, work haa been done using it 
to investigate Che effecc of internal energy on 
collision activated dissociation (CAD) MS/MS 
spectra at low collision energies. Thermal de-
sorption has been used Co create ions wich dif­
ferent amounts of internal energy by varying the 
ionization teaperature. It has been found Chat 
there is s definite effect on the jppearance of 
the CAD MS/MS spectrs wich ion internsl energy. 
Further work is planned co see if this experi­
mental procedure can be used to determine inter­
nal energy variations in ions foraed by 
different methods. 

A project has been started co interface a 
quadrupole to Che front end of the MS50 co allow 
a variety of differsne MS/MS experiments. Ini­
tial experiments havt been done using the quad­
rupole and lens system froa Che QT inatruaent 
with Che the rail desorpcion probe. Work has 
slso been started on the ion cyclotron resonance 
(ICR) instrument obtained froa T-12. Work co 
dace has involved improvement of che eleccronic 
circuitry in order co gsc suitsble perforaance 
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froa the iastruaeat. Cell aodificatioaa arc 
carreatly under way ao that experiments using 
low energy poaicrone can be performed. 

(G. L. Ctiefc, D. g. Goringtr, S. a. McLuektg, 
K. H. HsBctgl 

P. J. Todd 

law breakchrougba have occurred io oar 
reaearch iaCo thU area. Firat we have 
atraced that aaCricea caa be eaployed Co 
secondary aoiaaion of protoaated molecalar ioaa 
CMH*) froa volatile orgaaic compounds adsorbed 
onto or into a aatrix. This peraits a study of 
Che relationship between organic secondary ion 
current aad analyte concentration, aince Che 
laCCer follows either a Lengmuir iaothera or 
taoult'e Law. Second, we have been able to 
deaonsCrate enhanced eaisaion of secondary ao— 
lecular ions (M*) and their fragment ion* by 
employing Lewis acid amtricea. Soch molecular 
ions can also be geaeraced by electron impact 
ionization for which extensive data and theory 
exist on the energetics of foraacioa and frag­
mentation. Application of this information to 
molecular secondary ionization yields insight 
into the characteristic internal energy distri­
bution of secondary molecular ions. This infor­
mation, which has been lacking to date, is 
invaluable in discerning the aechanisa(s) of 
organic secondary ion eaiseioa. 

Classically, the study of cheaical reactions 
has involved the correlation of reectant proper­
ties with product properties. Iaagine trying to 
elucidate a reaction Mechanise in which no cor­
relation could be aade between the concentration 
of reactance and the concentration of products. 
This situation summarizes SIMS in general and 
organic SIMS in particular, where reactance are 
the condensed phase, analyte aatrix, and priaery 
ion and the products are secondary ions (and 
undetected neutrals). In organic SIMS, liquid 
aatrices are eaployed to enhance secondary 
emission of proconaced aolecular ions froa soaa 
invulatile analyte dissolved in the matrix. 
Since che aatrix evaporates and is sputtered 
away, the concentrations of both analyte and 
aatrix are tiae dependent. He developed a 
method to introduce volatile analyces on the 

matrix amrface ao chat amder Che 
the experiment, the ayataa appears a 
•amilibriaa with a limuid. ao 
rapidly the aatrix evaporatce, ia the abasmee of 
any introduced aaalyte, the etaadard state of 
malt aole fractioa is aaiataiaed. latredaction 
of aa amalyte gas at am effective preeeure, », 
of about i O - 7 torr iapliee a mole fraetiaa 
of the aaalvte ia the aatrix of lft-7 at 
eeuilibrioa if the vapor pressure of the pore 
eaalyte » 0 ia 1 torr. Thia ia a coae soma aca 
of Baoalt'a Lam. Oar data iadicate that each 
eeailibriaa is obtaiaed about oae miamte after 
aaalyte iatrodoctioa ia coameaced: for a aerie* 
of tea volatile aaiaaa haviag vapor treasures of 
0.01 to 30 torr at room temperature, a plot of 
sscoadary ioa iateasicy vs_ the ratio of P/*0 

ahows that all poiata fall am a siagle carve, 
indepeadeat of Che aaiae's identity. Thia carve 
yields che feaccioaal dependence of secondary 
protoneted molecular ioa intensity on aaalyte 
aole fraction. Thia, of course, ia what me 
wished to fiad ia order to study the chemistry 
of molecalar secondary ioa emisaion. 

To investigate che energetics of orgaaic 
secondary emission, it ia necessary Co generate 
ioaa whose energy of formation aad fragmentation 
are well-known. Molecular ioaa Of*) are such 
species, aad have been characterised by electron 
impact (EI) ionization studies. Enhanced 
secondary ion emission of such species was 
unknown, but it waa known that secondary emis­
sion of protonsted molecalar ioaa (MB*) froa 
protic matrices was dependent upon Che exiscence 
of che solvaced ion in che condenaed phase 
aatrix. By analogy, we felt that M* secondary 
ions could be generated from aprocic aatricea ia 
which aolvated radical catioaa were known to 
exist. Certain arene/Lewia acids systems aeet 
this criterion and have the added advantage that 
Che chemistry of such systems ia well-defined. 
Lewis acida each as SbCl3 and AICI3 were 
eaployad thus as matrices aad, ia fact, we were 
able to deaonatrate for che firat tiae 
aatrix enhanced secondary aolecular ioa 
emission. We then compared Che relacive 
abundance of fragment ions froa SIMS and 70 a? 
CI spectra and found they ware, surprisingly, 
identical. Because II involves a vertical 
(i.e., Ftanck-Condon) ionization, these results 
iaplied that the origin of che secondary 
fragment iona was from vertical ionization of 
analyte molecules. The only sensible 
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explanation invokee a charge-transfer oechanisa 
W t a w i a n t r i x ioaa ( e . g . , *1C1 3*) and 
• a s t r a l aaalyte aoleoalea which jwat hspptn t o 
be spattered i a the earn* event, aa the Matrix 
i o a . Thia process i a independent of the 
rhiaiatry o f the a e t r i x and eaa ly te , aad indeed 
aaalyte fragment ioaa acre detected even when 
the a s a l j t e ao leca lar ioa waa aot detected aad 
fcaowa aot t o e x i s t a* aa ioa in the Lewis ac id , 
however, coaaider th* e f f e c t of aa aaalyte 
nolecular ioa being ejected ia the coopany of 
matrix acvtra ls or i oaa . ho charge exchange 
occur> because the ion izat ion energy o f the 
areeea i s soae 4 e? leaa than the a a t r i x 
neutra l . Eject ioa of secondary molecular ioao 
would reasonably he enhanced i f the molecular 
ioa ex i s t ed on the aa tr ix surface as an ion 
rather than as a neutral prior t o the spattering 
event . Sach H* e a i s s i o n would thus be 

strongly dependent upon the areae-Lewis acid 
chemistry, which i s , in fac t , what i s observed, 
the a b i l i t y of the technique to d i s t ingui sh 
between the two ionizat ion processes i s 
astonishing and unprecedented. 

Sputtering phenoaena have been known for soae 
one hundred years or s o , and there i s s t i l l no 
unif ied theory concerning the phenoaena. Hew-
ever, our approach to the study contributes 
information which has h i therto been lacking, and 
at present unavailable froa any other source, 
l e s o l t s froa these experiments provide a unique 
opportunity to develop at l eas t the theory of 
organic secondary ion e a i s s i o n . 

(P. J. Todd, C. P. Laibmn, If. R. Chrittie) 
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3. RADIOACTIVE MATERIALS ANALYSIS 

V. R. Lain* 

The Radioactive Materials Analysis Section Is coaposed of three groups: Radioactive 
Materials Analytical Laboratory, Transaraaloa Analytical laboratory and Prograas aad Projects. 
A satellite laboratory la also operated within the Consolidated Foci Reprocessing Facility. 
These groups provide sapport for aany laboratory prograas, prlaarlly those In the Chemical 
Technology, Fuel Recycle, Metals and Ceraalcs, and Operations Divisions. They also perfora work 
for other federal and nonfederal agencies. 

Developaent la an Inherent activity and includes work on X-ray fluorescence, porosity and 
surface area aeaaureaenta, aercury purification, testing of costings for the nuclear Industry, 
and the division's cooputer-baaed Data Management and Saaple Transaction Systea. 
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D. a.. Coatamto 

Quantitative X-ray fluorescence (XBF) 
analysis for uranium aad plutoalaa la highly 
radioactive solution* presents several unique 
problems. These problems laclude excitation of 
the uranium aad plutomlum by passive radiation 
In the aaaple (gaaae, X-ray, alpha, aad beta 
activity), the spontaneous caissloa of X-rays 
which results froa Internal conversion following 
the decay of radioactive l>jtopes (e.g., uranium 
L X-rays following the alpha decay of plotonlna 
isotopes) and cuplng with the high degree of 
scattered radiation froa the aaaple. The 
passive excitation aad Interference froa 
internal conversion can be handled by 
appropriate analytical techniques; however, 
conventional XtF spectroaeter designs cannot 
tolerate a very high degree of passive radiation 
froa the saaple. Therefore, the goal of this 
project Is to provide an XRF systea to aonltor 
uranium and plutonlun In highly radioactive feed 
solutions to a nuclear fuel reprocesslag plant. 

Investigations by C. J. Sparks, Jr. (OftNL 
Metals and Ceraalcs Division) led to the design 
of a wavelength dispersive XRF systea which can 
be applied to the deteralnatlon of ursnlua and 
plutonlua (or aost other eleaents) In highly 
gaaaa-actlve backgrounds. Due to the required 
operation of the systea In a remote and 
Inaccessible environment, • basic feature 
incorporated into the ORNL XRF spectrometer 
design Is mechanical simplicity. The XRF systea 
eaploys pyrolytlc graphite for the X-ray optics 
which has the advantage of excellent radiation 
resistance and high diffraction efficiency (40t 
of Incident power). In addition, the graphite 
diffraction crystsl provides simultaneous 
diffractloo of the entire energy region froa 
PuLa to 01.« with sufficient resolution (10 eV 
FWHM at U keV) to permit the use of a 
flred-slngle crystal spectrometer. Therefore, s 
final operational system would have no moving 
parts sfter the initial alignment which 
simplifies instrument maintenance and enhances 
reliability; the constant geometry should also 
result in improved accuracy and precision. 

The performance of the hlgh-gaaaa XRF systea 
la strongly dependent upon the focal spot 
dimensions (primarily the vertical dimension) 
obtained with the barrel aonochromator which la 

need to feces exciting radiation oa the saaple. 
The original barrel dealga with slagly-beat 
graphite (Joaaaa optica) Is Halted to a alatasa 
vertical dlaeasloa of apprmrlaately 2.5 am, aad 
coald be laproved significantly by ealag 
doably-beet graphite. However, the expense of 
doubly-bent graphite would result in the barrel 
momochroaator coating in exceaa of $30 K, 
therefore, llthloa fluoride was considered aa an 
alternative for barrel fabrication. Doubly-bent 
aad ground (Johaaaaoa optica) lithlua flsorlde, 
L1F(200), would theoretically provide a vertical 
dlaeaslon of approxlaately 0.4 aa. This 
redaction In the focal area would yield at least 
a 10-20 fold increase la sensitivity with a 30 
eV FHBf resolution. 

Although the coot for a LiF(200) barrel 
aonochroaator is significantly less than for a 
graphite barrel, the lithlua fluoride Is 
degraded by extended exposure to high radiation 
and would require replacement periodically. (He 
predict annual replacement, bat this depends 
upon accumulated exposure.) Craphlte ahould 
laat indefinitely In the high radiation 
environment and would be a one time expense. 

Initial attempts to band lithlua fluoride to 
a aaall radius (less than 2.5 cm) were 
unsuccessful. However, with practice and 
refinement of technique, we have produced a 72 
degree sector of an elllptlc-il surface of 
rotation with central radii of »22.6 an (12.7 
In.) and 9.1 am (0.36 In.) for the major and 
minor axes, respectively. The doubly-bent and 
ground LIP(200) crystal Is approximately 2.5 cm 
in length. The goal la to bend a 72 degree 
sector that la 10 cm in length. 

The cost for s lithium fluoride barrel turned 
out to be more than we initially expected 
because of design and fabrication of equipment 
to bend the crystal. Therefore, the performance 
factors for the barrel were re-evaluated with 
cloaar detail on absolute differences between 
doubly-bent and ground L1F(200) (Johannson 
optica) and doubly-bent graphite (Johann 
optics). This re-evalustlon Indicated that the 
lithlua fluoride barrel would only perfora 8 
times better (translatee to shorter analysis 
time) than the graphite barrel. The Importance 
to this 8-fold difference in performance 
(sensitivity) is based upon the rstlo of 
plutonlum/uranlum In the dlseolv-r solutions for 
which the XRF systea was designed. For rstlos 
in excess of 0.1 (I.e., FBR fuel Fu/U 
approximately 0.25) the 8 X difference is not 
thst critical; however, for ratios much lets 
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tkM 0.1 OM. feel Twftt i s l e w A n 0.01) the 
dlffereaca to wwlysla tlwt (IS a l e we. 120 ala 
far UK aelatloae) mmf f i w i i l y w t l w la a 
r»>ni f i i i lH pleat. At this Uw* bach U t k t e 
t laoride awl graphite ere viable eetloae far tba 
fcarcal aoaochroaetor. 

Special i i n n w a i ara beleg diseases* with 
the Carhoa Froeacts Bivleloa of uaioa Carbide 
for e w t w Bade awwchnaater grade (ZIA) 
graphite l a aa etteapt to reduce the coat of a 
graphite harral aoaochroaator. Oar proposal la 
that •* provide the earviag tools , ahlch arc 
graphite foraa, to ha aawl for the high 
teaperature awl high pressure areas techaleee 
esatloyed to produce the ZYA graphite. The 
graphite fora wt supply aoal4 include 4-5 
aactora of aa ell ipsoidal aarfaca oa a alogla 
fora. Therefore, a l l sector* required far a 
barrel aoeochroaator eoald be produced la a 
• logla press. 

Daring this reportlag period capital feeds 
(approx. $115 K) for the purchase of equlpaent 
to fabricate a prototype XIF systea have been 
received. Equipwtat which has been purchased 
include* the coapater systea, anltlchanael 
analyzer, ead high resolatloo positloo sensitive 
proportional counter. Specifications for a 
constant-potential 3 VI X-ray generator have 
bean prepared and sent to vendor* for a bid. 

Moat software for the acquisition, peak 
processing, sad quantitation of ZKP data has 
bean coapleted. A special device handler 
prograa has bean written which provides a 
coaauolcatloa link with the TX-7200 MCA on a 
serial line at speeds np to 4800 baud. The 
device handler, along with an application 
prograa, support bl-dlrectlonal transfer of 
spectral data and transfer of control coswrads 
under either KT-11 or TSX-Flu* operating 
systeaa. Integration of the software Into a 
single eenu driven application package reaalns 
to be coapleted. 

Work through the coaptation of the current 
f iscal year wil l be directed towards the set-up, 
tasting, aad Integration of this equlpwmt and 
Mterial into the prototype Xtr eystea. Once 
the aaw X-ray generator i s received, systea 
perforeaace wi l l be re-evaluated. At that tlaa 
the choice between llthlue fluoride and graphite 
for s barrel aonochroaator wil l be aade. 

(J. H. UlUv) 

Peesal—Uy ef Farrirlwt 

Particle eaalyjaa of aTGC graahlta, aal gala, 
awl f ly aeh have keea aase aaiag the JaXT gaa 

etxe dlatrlbatlaas were detaralaad by •Atrogea 
aaaorpcloa at 77"K. Coaalete silsscp tlaai • 
deeorptloa laotheras ware plotted. Froat thaae 
data other plota ware acaaatwT far the 
deacrietloa of the aazfacea aad pore stractataa 
of the particles. The plote ierleded baT 
dlagraaa. ""-elate*, sarfaca araa dietrlbutloas 
awl pore volawt dlatrlbatioaa froai the 
adsorptloa awl deaorptloa braac* . of their 
byateresla loops. Cslialatloea ware aada by the 
•lcroprocesaor to deteralae the "C* caaataat la 
the CR aaaatloc, the apeciflc enrfece araa of 
the particles, aad the volawt of gaa adsorbed. 
The aagnltude of "C" la a relative aeaeare of 
beat of adsorptloa as coapared to the heat of 
condensation of the gea oa the adsorbent. Th* 
profiles of the hysteresis loops in the 
adeorptloe-desorptlou isotberee aad "T-plots" 
have bean used to describe the types of pore 
structures la the particles. 

(D. A. Vf} 

Mercery rerificaxioa Facility 

Analytical Chealstry Division has contracts 
with others to purify aercury aatal for reuse. 
A new and iaproved facil ity has been t-ii lt to 
process aercury aore efficiently. The fac i l i ty 
Includes a closed systea with counter-current 
a d d extraction aad water washing coluana aad a 
continuous flow vacuus drying coluan. The 
fac i l i ty la isolated In s floor to cell ing hood 
to ainlalze exposure to aercury vapors. 
Iaaurltles in the aarcary are extracted with a 
IB RW>3 - IM HP - 0.05 M Hg(M>3)2 

soluticn. The product has less than 5 ppai total 
lapurlties. The traces of iapurltles reaalnlng 
In the product are noble aatals - principally 

A contract to supply Bendlx Corporation with 
4180 kg of purifi.d aercury was coapleted. A 
s l e l l ar contract has been aade for next year. 
Additional aarcury has been purified for T-12 
and other salvage operations. With the present 
fac i l i ty It Is possible to process 400 kg par 
day. 

(P. A. t4») 
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laparltiss ia net drofkit* 

Impurities la core aad structural graphite 
for IRK at* known to cause catalTtlc oxidation 
of graphite by steam. To facilitate a prograa 
for the aaaafaeture of structurally sound 
graphite for the HICK, several graphite coupons 
•elected fro* strategic positions fa a large 
graphite billet have been quietly ignited In air 
at *20*C oa platlnoa sheets. The patterns 
reanlolag la the ash residues have been 
photographed and selected areaa of the ash have 
been analysed by electron bean excited X-rays 
(SIM-EM) and Inductively coupled plasaa (ICP). 
These analyses were used to help determine the 
source and aechanisa of foraatloa of the 
Impurity inclusions so that a proposal a.>y be 
aade to prepare a superior grade of graphite for 
the HTGR. 

(D. A. Let) 

Kadiocheaical Analysis 

Radiochemical analysis in the Radioactive 
Materials Analysis Section is concentrated in 
two areas, each with a different support 
function. The TOO (Bldg- 7920) laboratory is 
stsffed 24 hours a day and provides data for 
process control of the Chealcal Technology 
Dlvlson's fuel dissolution studies and 
traneuranlun Isotopes production. In addition, 
Operations Division relies heavily on the 24 
hour service to aid in aonltorlng their waste 
processing facilities. Isotope product 
certification and general gaaaa-ray spectroaetry 
analysis round out the TRU activities. The 
radiochemical laboratory at Bldg. 3019 offers 
special services in low energy bets analysis 
(3H, U C , 3 5S, 3 2P) and wet 
chemistry. 

At TOO a concentrated effort has been aade to 
laprove the quality of the data being provided. 
With reepect to gaaaa-ray spectroaetry, the 
detector efficiencies were recalibrated; a new 
saaple holder was constructed to ellalnst. 
geometry variances; s new, docuaented operating 
softwsre wss purchssed for the HD6620; an 
extensive training prograa for analysts, shift 
supervisor*, snd control operators has increased 
confidence snd independence and reduced errors; 
the segnotic tape unit has been re-lnstalled for 
better data storage and documentation. All of 
the counting equip**,... st TRU was evaluated for 
accuracy, reliability and suitability. The 

reliability and raggedocss of the gross alpha 
counters were Improved by converting to end 
window gas-flow proportional counters for high 
activity work. Direct reference to primary O S 
atandarda was Initiated. Sew procedures for 
iastrmaentatloa check out aad prompt feedback 
on quality control results coabl'^d with the 
above actions has resulted la a measurable 
Improvement In the quality of work being 
performed at TRO. 

Also during t*e past year participation in 
the division's Quality Assurance prograa was 
begun, radiochemical standards were updated with 
n s materials, and a review of basic concepts 
and calculations was conducted. These 
activities resulted in Improved service to the 
Operations Division on a bio-engineering program 
for which we served as the certifying laboratory 
for the radioactive labeling material. 

(L. M. Roatberry) 

lADIOACTtfK MATERIALS AnALTTICAL LABORATORY 

D. A. Costanzo 

The Radioactive Materials Analytical 
Laboratories (RMAL) provide support to various 
related Laboratory programs. The Consolidated 
Edison Oranlua Solidification Prograa, 
Consolidated Fuel Reprocessing Progrsa, 
hydrofracture waate disposal, isotopes 
production, Three Mile Island clean up, 0/Pu gel 
aicrosphere production, snd environmental 
monitoring are representative act iv i t ies . Many 
Laboratory divisions are aupported, including: 
Chealcal Technology, Fuel Recycle, Physic*, 
Environmental and Occupational Safety, 
Operations, Quality Assursnce snd Inspection, 
Health, and Plant and Equipment. Analysis of 
intermediate and high level radioactive saaple* 
that require glove box and/or hot cel l 
operation* are the prlaary nsrvlcee provided by 
the group; in addition, X-ray fluorescence, 
testing of coatings for sppllcs'.lon in nuclear 
f a c i l i t i e s , and uranlua ore concentrate analysis 
sre also perforaed. 

During this reporting period, approximately 
2,000 samples were processed snd 7,000 
determination* were perforasd. A large nuabsr 
of highly radlosctlve ssaples were prepared for 
analyst* by other sections within the division 
for Isotoplc analysis, ass* spectroaetry, gamma 
spectrometry, neutron activation and jat and ion 
chromatography. A variety of analytical 
techniques were employed st RMAL including: 



19 

potentlometrlc titrlmetry, coulometry, X-ray 
flmoreeeeace, alpha pulse height analysis, beta 
liquid scintillation,, spectrophotometry, free 
•cM and laf ra-red(IR) analysis for carbon. 

Radiation tolerance, deeomtemlnatlom, sad 
design uesls accident (DBA) testing of coatings 
for application within nuclear facilities is 
provided to coating nanmfactwrers, utilities, 
architect-engineering fins and testing 
agencies. Tasting baa been performed far 12 
clients this year. Radiation tolerance testing 
Is performed st the High Flax Isotope Reactor 
using the Intense radiation emitted by the spent 
fuel element*. In the decoaf«lnatloa test, a 
mixture of gaana-eaittlng noclldes is applied to 
the surface of stainless steel panels or coated 
cement blocks and moved with various 
decontaminating eolations. In the DBA test, the 
coated specimens are exposed to sn emergency 
coolant spray solntlon at elevated temperature. 
These tests conform to ASTN specifications. 

For a number of years New Brunswick 
Laboratory has provided analytical chemistry 
services to the uranium mining and processing 
Industry In the form of measurements of the 
uranium content of ore concentrates. Curreat 
contracts between shipper and receiver require 
that a certain percentage of samples be analyzed 
Independently as well as those samples where 
shipper and receiver differ by more than 0.1 
wt. Z. The Department of Energy has determined 
that the Hew Brunswick Laboratory should not do 
this work since the work Is not safeguards 
related. Thus, in aid-1984 the Radioactive 
Materials Analytical Laboratory waa selected by 
two commercial uranium suppliers to provide the 
uranium referee analyses. The total number of 
samples expected to be analyzed Is about 230 per 
year. The Davlss-Crsy potent lomeiitrlc method Is 
being used. The relative standard deviation at 
the 9SZ confidence interv .1 has been 
demonstrated to be 0.05Z for samples containing 
63-80 wt. Z uranium. 

Construction of an addition to the west and 
of Building 2026 was started In aid-May 1983 and 
was completed in August 1984. Occupancy of the 
addition should occur In January 1985 after 
several design and construction faults have been 
corrected. The addition contains a radio-
chemtstry counting rooa ( 600 sq ft) on the 
first door snd three chemistry laboratories and 
sn office on the second floor ( 2000 sq ft). 
Initial plans were to use the laboratories for 
radioactive opsrstlons In support of severs1 
proposed reactor fuel fsbrlest ton and 

reprocessing programs and to relieve the era 
conditions that have existed for the pmwt 
several years im the ramlochemlstry and claim* 
box laboratories la amlldlag 202*. The 
radlocbemiatry operations la Bmlldlng 3019ft will 
he moved and consolidated with the operations I* 
Building 2026. we are cenelmertmg estebllahtms; 
• haxardoua materials analytical laboratory la 
Building 2026. 

(R. D. Brookabmk. and R. K. Jem**) 

Pmal Recycle Division 
Analytical Laboratory 

The satellite service laboratory located in 
Building 7603 performed 2,921 analyses In 
support of process and engineering studies 
carried out by the Fuel Recycle Division (FRO). 
This was a 15Z increase over the number of 
analyses performed the previous year. Types of 
chemical measurements included free acid, 
aliver, chloride and carbonate by volumctry; 
uranium by spectrophotometry and volunetry; and 
HO x by spectrophotometry. Physical neaaur--
menta included density, viscosity, fosa break 
time (FBT), conductivity, and disengaging tine. 
In addition, a number of special studies was 
carried out for six different groups within the 
FRD In support of the Integrated Equipment Test 
(IET). 

A study was conducted to determine the 
uranium and nitric acid distribution 
coefficients In the IET solvent extraction 
system. The organic phase was 30Z ixlbutyl 
phosphate (TBP) - 70Z normal paraffin 
hydrocarbons (1IPH). Aqueous phases contained 
uranium varying In concentration from 30 to 230 
ng/ml and nitric acid varying from 0.SR to 3.OR. 
Extractions were pertormsd using various organic 
to aqueous rstlos sod both phases were analysed 
for uranium and acid before and after 
extraction. Distribution coefficients to be 
used In the design of a reprocessing plant were 
calculated using th? resulting data. 

Another study consisted of measuring the 
temperature, density, snd conductivity of a 
series of IET samples and using a previously 
calculated model to predict the uranium and free 
acid concentrations. 

The formation of foam in the solvent 
extraction system of IET was a continuing 
problem and sevsrsl studies were undertaken to 
determine the effects of a number of variables 
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upon th« problem. Foam break time, defined an 
the tine required for the foae formed when a 
•aaple was vigorously agitated for 30 seconds to 
break up and disappear, was •ensured and used as 
a standard of comparison. Variables studied 
were: 1) The presence of 10-1000 ppm of 
moaobutyl phosphate and dlbutyl phosphate In the 
T»P used to prepare the IET solvent. 2) The 
addition of a onwber of commercial antl-foamlng 
agents to the IET solvent. 3} Sulfuric acid 
washes of various tine periods of the MPH used 
to prepare the IET solvent. 4) Carbonate washes 
of the IET solvent. It was found that the 
phosphates and the coaaerclal antlfoaaing agents 
decreased break tlaes. Carbonate Increased 
break tine and sulfuric acid had no effect. 

(F. L. Layton) 

TEUBDIAnOM ARALTTICAL LAB0IAX0KX 

J. L. Botts 

The Transuranlue Ynalytlca! Laboratory (TRD) 
continued to provide support to the Transuranlua 
Production Prograu and the Solvent Extraction 
Test Facility (SETF) within the Chemical 
Technology Division and to the Operations 
Division In aonltorlng radioactive waste 
effluents. In support of these Laboratory 
progress approximately 36,000 determinations 
were aade during this period. 

Much effort this year wss directed toward an 
orderly change of most of the personnel in the 
group and an update of the capabilities of the 
laboratory. Because of retlreaents and 
transfers, 70Z of the lab personnel have been 
replaced by younger, Inexperienced people. This 
change has proupted a large training-orientation 
prograa designed to fully acquaint and educate 
the personnsl In the laboratory techniques and 
practices on handling and analysis of highly 
radioactive mstarlals. 

Ths updating of the Instrumentation In TRU 
Is still In progress. A computer controlled 
rsmots plpattor and tltrator have been installed 
In the shielded hot cell. The plpattor was used 
to taka allquots of highly radioactive samples 
for dilutions and direct determinations. The 
tltrator was used for the ln-cell potentlometrlc 
determination of free acid In the TRU and SETF 
process solutions. The determination was made 

by titrating am aliquot of sample, containing 
sodium oxei.te added to camples: the hydrolysable 
loms present, with standard sodium hydroxide 
solution. A new analyser system for alpha 
spectrometry has been Installed. This system 
allows the simultaneous analysis of four 
different samples. A low energy X-ray detector 
system has been calibrated and put into service. 
This system has the capability of plntonium 
lsotoplc analysis on SETF process solutions. 

Radiometric meaauremente were made on 
actiniae samples taken from a fuel pin 
Irradiated la the Dounreey prototype Fast 
Reactor in Scotland. These measurements were 
part of the Joint QS-0K research program to 
study the behavior of selected higher actlnldes 
and to determine the cross sections of s number 
of higher actlnide Isotopes. These samples 
consisted of milligram quantities of oxides of 
curium, ssksrlcum, plutonlum, uranium and 
thorium. 

(J. M. Peele, R. A. Janet, C. C. Pouet, M. F. 
Vetera, R. f. Pack) 
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1. BIO/ORGANIC ABALYCiS SECTION 

M. R. Gaeria 

Each of the three groupa in this section, Analytical Chroaatography, Separations and 
Spectroscopy, and Special Project*, purauet fundamental and applied studies and supplies other 
Laboratory efforts with analytical services. During this past year analytical research has 
focused on separations, chromatographic detection, and cheaical ionization aass spectroaetry 
with a special eaphasis on the utility of negative ion cheaical ionisatioa for both quantitation 
and isoaeric discrimination. Applied research is related to the chemistry and toxicology of 
complex mixture* such a* fossil fuels, cigarette smoke, and hazardous wastes. Increasing 
attention ii being given to supplying organic analytical services in support of Laboratory 
program*. Technical support i* also provided for the compilation of data and the review of 
i**ue* related to synfuel technologies. The support for this section is provided priaarily by 
the Department of Energy, the Department of Defense (Army), and the Department of Health and 
Human Service*. 
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J. C. Catoo 

The Separation* and Spectroscopy Group 
combines organic cheeiistry with analytical 
spectroscopy to achieve its research and 
services goals, analytical research focuses on 
concepts and methods for the unambiguous 
isomeric identification of trace level organic 
chemicals in complex mixtures. Applied research 
addresses the identification and quantitation of 
biologically active constituents of mixtures. A 
special study being led by members of the group 
involves the detoxification of coal-derived 
crude oils by hydrotreatment and other methods. 
Increasing attention is being given to spectro­
scopic analytical services in support of 
Laboratory programs. Principal funding is 
provided by the Department of Energy and 
internal programs. 

Chemical ionization mass spectrometry 
continues to receive primary attention in 
research aimed at isomeric discrimination. In a 
study involving more than forty polycyclic 
aromatic hydrocarbons (PAH) it was found that 
many isomeric PAH may be distinguished by 
electron capture negative chemical ionization 
processes. Using methane as the reagent gas to 
produce thermal electrons some PAH were observed 
to undergo ionization via electron capture to 
form molecular anions. Other PAH did not ionize 
and thus were not observed. For example, the 
potent carcinogen benzo(a)pyrene forms an anion 
under these conditions, whereas its relatively 
non-carcinogenic isomer benzo(e)pyrene does not 
ionize. Mien the electron affinity (EA) values 
of the compounds studied were co-spared, a 
threshold of about 0.5 eV was determined to be 
necessary for the electron capture process to 
occur. Because understanding the basis for the 
0.3 eV threshold might allow it to be selec­
tively altered to accommodate discrimination of 
specific isomeric pairs, a number of studies 
have been initiated to help elucidate the mecha­
nise. Preliminary results of then- studies 
indicate that at higher source pressures 
compounds which normally do not ionize in 
mechsne buffer gas do yield anions at mass K-l, 
where H is the mass of molecular ion. When 
aamonia was used at the buffer gas, the H-l 
species were observed for the compounds with EA 
values '0.5 eV at all source pressures. A study 
using deufcrated buffer gases, CD4 or ND3, 
revealed thsr two possible mechanisms may be 

occuring. For compounds with EA values >0.5 eV, 
direct electron capture was occuring, (equation 
1, kj l^), with no interaction with the 
buffer gas. For compounds with lower EA values, 
the buffer gas was participating in the gaa 
phase reactions as indicated by complete deute­
rium substitution of the aromatic protons. This 
may suggest that after electron capture, the 
compounds with EA values <0.5 eV autodissociate 
to the neutral species unless the reagent can 
atabilize the species to form M-l aniona as 
shown in equation 2. 

M + e" -T_i H* > M- (1) 

M* — • " * > (M-l)- (2) 
These observations suggest approaches to improve 
isomeric discrimination and aid in interpreting 
previously observed electron capture 
characteristics of organic compounds. 

The relationship between negative chemical 
ionization mass spectrometry and electron 
capture detection for gas chromatographic analy­
sis is being investigated. Many compounds of 
environmental and biological concern are com­
monly determined by electron capture. Early 
results confirm that negative chemical ioniza­
tion mass spectrometry affords similar sensitiv­
ity with increased specificity. An observation 
of particular importance to aection programs is 
that higher molecular weight PAH's are preferen­
tially detected. It ia anticipated that gas 
chromatography/negative chemical ionization mass 
spectrometry will become an increaaingly 
important tool for analytical kervices and 
internal program support. 

Funding has been acquired to purchase a 
Fourier Transform Mass Spectrometry (FTMS). 
The instrument, anticipated to be operational 
in the summer of 1985, will allow the study 
of ion cyclotron resonance for isomeric 
discrimination. 

Capabilities for nuclear magnetic resonance 
(NMR) spectrometry have been upgraded this year. 
Our JEOL PX90Q NMR spectrometer has been modi­
fied to permit phase shifting and polarization 
transfer methods of pulsing. This involved some 
hardware modifications as well as the use of new 
software furnished by JEOL. The QUAT, INEPT and 
DEPT pulsing programa have been tested on a 
number of pure compounds. In the QUAT proce­
dure, protonated carbon resonances tre sup­
pressed and quaternary carbon resonances ere 
enhanced to permit visualization of only the 



23 

quaternary carbon l i n e s . With the coupled IMBPT 
program (Incent ive jfaclear Enhancement by 
Po lar i sa t ion Transfer) h a l f of each doublet of 
the proton-coupled carbons i s sh i f ted 180* out 
o f phase. Tais all<s?s coupling patterns t o be 
i d e n t i f i e d more e a s i l y , with the re su l t that 
coupling constants can be aeasured aore accu­
r a t e l y . In addit ion, the s i g n a l - t o - n o i s e r a t i o 
i s great ly enhanced, solvent peaks are s u p ­
pressed, and the spec trim can be obtained i n a t 
l e a s t o n e - f i f t h the time required for a conven­
t i o n a l coupled spectrum. The DEFT program 
( D i s t o r t i o n l e s s Enhancement by ftlarizatiou 
Transfer) i s a modification of the decoupled 
INEPT program which o f f ers even more s o p h i s t i ­
cated information t o be obtained froa a sample. 
Three separate spectra are obtained which 
contain only CH, only CH2, and only CH3 
carbon resonances. This allows the number o f 
hydrogens attached to a carbon to be determined 
r e a d i l y , without the use of proton-coupled 
experiments. This w i l l be part icular ly useful 
for the study of complex mixtures, e s p e c i a l l y 
where the r e l a t i v e quant i t i e s of the various 
types of carbons are t o be determined. In t h i s 
report period, a spin simulation program has 
been used to accurately determine the I 3 C -
NMK chemical s h i f t s and coupling constants for a 
s e r i e s of e ight azaarene isomers of 
benzoquinoline. 

An internal standard technique was developed 
for use with the d i f fuse ref lectance technique 
in fourier transform infrared spectrometry. 
This approach which u t i l i z e s a r e f l e c t i n g meditai 
(KBr) containing a constant amount of an i n t e r ­
nal standard (K^FeCCNg)) for a l l samples in 
a s e r i e s hss shown very proaising resu l t s for 
quant i ta t ion . Such an approach i s e s p e c i a l l y 
applicable to functional group analysis of 
complex organic samples because d i f fuse 
re f lec tance i s readily applied t o d i f f i c u l t 
samples including intrsc table l iqu ids , s o l i d s , 
and mixtures of l iquids and s o l i d s . 

Applied research on the cheaical propert ies 
of coal-derived synfuels has continued. Studies 
of the po lycyc l ic aromatic hydrocarbon (PAH) 
derai l tumorigens in coal o i l s have recently 
shown that two frequently reported tumorigens 
have been u i s i d e n t i f i e d . Multiple i s o l a t i o n 
s t t p s followed by high resolut ion gas chromatog­
raphy and by mass spectrometry show that 
3-methylcholanthrene (MCA) and 7,2-diaethyibenz-
anthracene (DKBA) are present ( i f at a l l ) at 2 
order* of magnitude lower concentrations than 
was previously reported. The i d e n t i t i e s of the 

in ter fer ing cons t i tuent s aad p o s i t i v e i d e n t i f i ­
cat ion of other major tumorig*ns are being 
sought. 

Be search oa ref ined syncrudes and on the 
t o x i c o l o g i c a l c h a r a c t e r i s t i c s of re f in ing 
technologies has a l s o continued. The vacuum gas 
o i l (VGO, bp >343*C) f rac t ion of crude coal 
l iquids rece ives primary a t t e n t i o n because both 
mutagenic and tumorigenic a c t i v i t y are concen­
trated in t h i s f rac t ion . Chemical treatments 
such as ac id washing and pentane/furfural p a r t i ­
t i on are found highly e f f e c t i v e for removing 
mutagens from the VGO but not e f f e c t i v e for 
removing tumorigens. Cata ly t i c hydrogenatiou 
continued t o be found the most e f f e c t i v e means 
o f e l iminating both mutagens and tuaor igeas . 
Preliminary s tudies show that c a t a l y s t type i s 
more important than react ion temperature and 
hydrogen par t ia l pressure froa removing benxo-
(a)pyrene. Three bydroaromctic d e r i v a t i v e s of 
benzo(a)pyrene and two hydroaromatic der ivat ives 
o f dibeuz(a,h)anthracene have been synthesized 
t o study the mechanism of tumorigen hydrogena-
t i o o . A most i n t e r e s t i n g finding i s that acid 
washing of the VGO before c a t a l y t i c hydrogena-
t i o n provides a much greater reduction in 
benzo(a)pyrene content than does hydrogenation 
of the untreated VGO. 

Technical support e f f o r t s continued during 
the yesr . Much support was provided to the 
Foss i l Energy Technology Environmental Program 
in the form of contr ibut ions to information data 
bases , reviewing environmental monitoring p lans , 
prepsring review documents, and aiding in 
program development p lans . Other technica l 
support was devoted t o the ongoing Office of 
Health and Environment Research Programs for 
which s dsta base was prepared Co aid in the 
s e l e c t i o n of aodel compounds. Using t h i s dsta 
base representat ives from several DOE f a c i l i t i e s 
(Pac i f i c Morthwest l a b o r a t o r i e s , Argonne 
National Laboratory, Los Alamos S c i e n t i f i c 
Laboratory, Oak Ridge National Laboratory, and 
DOE) nominated a s e r i e s of e leven compounds »» 
possible benchmark chemicals t o be used in 
fundamental chemical and b io log ica l s tudies 
relevsnt t o the t o x i c o l o g i c a l evaluation of 
energy-related processes . 

Cat chromatography/mass spectrometry, nuclear 
magnetic resonance spectrometry and infrared 
spectrometry serv ices in support of Laboratory-
wide programs increased s l i g h t l y during th i s 
year. Especial ly noteworthy in t h i s increase 
wss the development and adaption of approaches 
to use gas chromatography/aas* spectrometry to 
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ananti tate various cons t i tuents i a indoor a i r 
•amplea. 

(M. F. Buekaaun, L. C. Baylor*, B. R. CLwAc., 
C.-n. So, G. B. Buret*, .4. Jr. Jon**, C. 7 . Ml, 
G. Ol*rteh, B. 3. Quiney**, I. M. Ro**b*rry, 
I. B. Rubin, and. M. B. K**) 

* Summer employee, 1984 
** Retired 

AliLYTICsX CWJNATOGUFH 

U. H. Griest 

The main a c t i v i t i e s of Che Analytical 
Chromatography group are chromatographic method* 
development and appl icat ion* aaaociated with 
health and environmental iaauea. Funding i a 
provided by the U.S. Department of Energy, the 
National Cancer I n a t i t u t e , the Department of 
Defenae, the Environmental Protection Agency, 
and the E lec tr i c Power Research I n s t i t u t e . The 
ORHL Technology Transfer Program has funded the 
developaent of an improved chromatography d e t e c ­
tor . In-house organic analyt ica l servicea have 
increased considerably in importance t h i s year. 

Basic chromatography research continuea t o 
focus upon improving the high reaolution l iquid 
chromatographic separation of complex mixtures. 
The primer) emphasis has been on open tubular 
l iquid chromatography (OTLC) and packed micro-
capi l lary high performance l iquid chromatography 
(HPLC). Clogging problems encountered in the 
pretreatment of OTLC columns have been avoided 
by the use of an a l t ernat ive : dynaaically modi­
fied columns. In t h i s procedure, a surfactant 
(cetyltriaethylammonium bromide) i s added t o the 
mobile phaae for an untreated coluan. Dynamic 
adsorption/desorption of the surfactant by the 
g la s s re su l t s in a "stationary" phase which i s 
moving, but at a v e l o c i t y slower than that of 
the mobile phaae. This r e s u l t s in a separation 
based on par t i t i on . Closely related polar 
organic compounds such as the B group vitamins 
have been separated by is technique. 

Fused s i l i c a microcapillary column* (ca. 2a x 
250 pm ID) have been slurry packed success fu l ly 
with 3 pa bonded phase p a r t i c l e s . The coluans 
have yielded improved separationa of polycyc l ic 
aromatic hydrocarbons (PAH). While the analysis 
t i a e s are re la t ive ly l ing , separations are good 
and the coluan capacity ia not at United as in 
OTLC. A He/Cd laser with output at 325 n<n has 

been need with a lov-volome flow c e l l for d e t e c ­
t ion o f separated componenta. Procedures have 
been devised for the low dead-volimte connection 
of quarts flow c e l l s to the c o l o n o u t l e t . 
Detection l i m i t * o f <1 pg have been obtained for 
c e r t a i n dermal tumorigen PAH such aa 3-methyl 
cholanthrene. 

Developmental work in chromatography alao 
included deaign modifications for improved 
operation of the helium ionizat ion detector 
(HID). The HID has been coop led to a s p e c i a l l y 
designed high vol tage polaer and operating the 
detector has been operated in a fixed-frequency 
pulsed mode. Overall , a reduction in noise and 
background current leve la was observed aa 
compared t o DC operation. It haa alao been 
determined that the pulsed detector can be used 
at higher vo l tages before the c e l l current 
breaks down. Since the response increases 
exponential ly at higher voltage*, operation 
under these condit ions nay provide s ign i f i cant 
increaaea i n a e n a i t i v i t y . Detection l i a i t a for 
varioua gases are currently being determined ao 
that the exact e f f e c t a on a e n a i t i v i t y can be 
aacertained. 

At certa in frequency and duty cycle 
combinations, an iover*ion in s ignal polar i ty 
for the gaaes that normally provide a negative 
response has alao been noted. The inverted 
peaka have an improved upper detect ion l i m i t . 
Depending upon the analyt ica l requirement*, the 
response o f the detector may be eaa i ly adjusted 
to cover a broad range a imply by varying Che 
pulae parameter*. Additional e l e c t r o n i c modifi­
c a t i o n which allow the HID t o operate in a 
variable-frequency, conatant-current mode have 
alao been made. The response character iat ics 
w i l l be examined and the various modes of 
operation compared in the next year. 

Applied reaearch in the electrochemical 
determination of munition* componenta in water 
ha* been extended to l inear *can and derivat ive 
mode l inear *can voltemmetry and also d i f f eren­
t i a l pulse voltsmmetry. These methods were 
found to allow rapid (30-70 s e c ) , d irect (only 
degaaaing i s required) estimation of munitions 
components in only 10 ml of water. One mg/L of 
TNT* in water can be e a s i l y meaaured by the 
l inear scan der ivat ive or d i f f erent ia l pulse 
methods. Agreeaent of resul ts for highly con­
taminated samples veraua thoae determined by the 
resin sorption-HPLC method ha* been good ( e . g . , 
80 mg/L of THT» in pink water v* 80 mg/L by 
HPLC and 140 mg/L of NC* in process water vs 
130 mg/L by HPLC). The voltammetric method* 
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sppssr to have considerable potestial for rapid, 
oa-site or of f -s i te screening of saaplea aad for 
•early real-tiae aonitoriag of process atreaas 
or feaceline ground waters for aaaitioos. 

The sorbeat resia collectioa aad HHC/ 
electrochemical detection procedures for the 
detenaiaatioa of munitions coapoaeats ia groaad 
aad surface waters have been validated ia exces­
sive laboratory aad field etadies. A aubetaa-
t i a l iaprovaaeat was achieved in recoveries of 
aitroaliphatica over those reported iu previous 
studies. However, recovery of lftfUL* reaaiaa 
a problea. Preliaiaary stabil ity studies 
suggested that the asaitioaa are stable for 4-6 
weeks while stored on the resia, aad consider­
ably less stable ia aqueous solution (original 
water seaple) or in acetone (solvent eluate of 
res ia) . The HFIC separation of al l eight 
•unit ions conponeate ( B S , BOX, TETRTL, *C, THT, 
2,6-DIIT. 2,4-Oirr, and ren)« was achieved by 
adding a snail gradient to the HPLC elation 
procedure, A stsndsrd Operating Procedure was 
drafted and delivered to the U.S. Any Toxic and 
Hazardous Materials agency. 

Gss cbroaatographic aetbods developae.it has 
focused upon the deteraination of volati le 
organic coapounds in r^oacco saoke, indoor air, 
and aqueous saaples. Increasing need for the 
determination of highly volatile coapounds ia 
indoor air has led to toe development of an 
iaproved trap design for collecting organic 
coapounds as volatile as methylene chloride. 
Multi-sorbeat designs (Tenax followed by s i l i ca 
gel and charcoal, or Tenax backed up with 
Carbopack and Aabersorb XE-340) have allowed the 
collection of as auch as 60 L of indoor air 
without detectable breakthrough. The collected 
coapounds are analysed using thermal desorption 
gas chroastogrsphy (CC) with capillary column 
separation and selected ion monitoring msss 
spectroscopy for determining trace-level halo-
carbons, or flame ionization detection for 
aeasuring the aore prevalent alkanes sad aro­
matic hydrocarbons. Ataospheric moisture also 
collected in the traps has frozen out and caused 
plugging during cryogenic focusing in the CC. 
Further work is sddrsssing this problea. 

A micro-scale liquid-liquid extraction method 
has bean devised for the routine determination 
of volatile priority pollutants in water at the 
10 ug/L level. An aliquot ot the pentane 
extract is split between dual parallel capillary 
CC columns with .lane ionization and electron 
captur dcte**ors. The audi aore lengthy and 
difficult purge-and-trap procedure i s reserved 
for determination! st the 1 iaj/L level. 

A aethod for coataiaing aad collecting 
sidestreaa cigarette aaoke, the aajor contrib­
utor to eaviroaaaatal tobacco aaoke, has beea 
devised. This method re l ies apoa aa existing; 
—oking caaaber design to contain the amnkr, hat 
iaclodes a special valviag system for directing 
aay selected portioa of the aideatreaa aaoke to 
a f i l t e r aad Teaax trap without iaterruptiag the 
normal flow of the aaoke. Seaples of the aide­
atreaa aay be taken at any point daring the 
cigarette smoking protocol. Cas phase compounds 
collected oa Teaax are analysed using theraal-
desorptioa CC with anltieleaeat detection. 
Comparison of the organic gaa phase composition 
of sidestreaa just before, during, aad immedi­
ately after a aaiaetre.ie puff showed a l l three 
aaaplea to have s ia i lar coapoaition, but the 
eaaple taken just after the aainatreaa puff was 
2-4 tinea aore concentrated, large differences 
were aoted in the mainstream organic gas phase 
deliveries of different commercial smoking 
prodo* ;» ranging froa an ultra-low tar cigarette 
to a l i t t l e cigar. However, the differences 
among their sidestreaa deliveries were auch less 
pronounced. 

The sequential HPLC/BPLC aethod for the 
determination of benzo(a)pyrene (SaP) in ciga­
rette aaoke total particulate matter (TPM) has 
been validated and applied to seversl commercial 
cigarettea. normally, the TPM froa only seven 
to twelve cigarettes i s required, although for 
ultra-low tar brands, additional cigarettes anst 
be smoked to produce the c s . 125-150 ag of TPM 
needed. The overall recovery of BaP, determined 
uaing a radio-labeled tracer, was 87 *_ 7Z. 
Accuracy and precision ware demonstrated by 
standard addition experiments using the non-
filtered high tar 2R1 and the filtered low tar 
IRAP Kentucky Reference Cigarettes. Analysis of 
several dome*tic commercial brands of cigarettes 
showed nainstreaa BaP deliveries of 2.4 to 14.2 
ng per cigarette under standard analytical 
sacking conditions. An experimental marijuana 
cigarette was found to deliver 20.9 ng of BaP 
per cigarette, while a "marijuana placebo" 
(solvent-extracted marijuana) delivered 40.6 ng 
per cigarette. 

The demand for in-houte organic analytical 
services has increased considerably this year. 

aHMX - cyclotetraaathylanatatranitraaine, BOX 
" hexehydro-l,l,5-tri«iUro-l,3,5-tria*ine, 
TOTRYL • M-aer.hTl-N,2,4,6-retranitr»auiline, KG 
• nitroglycerine, TNT • 2,4,6-trinltrotoluene, 
2,6(or 2,4)-DftT - 2,6(or 2,4)-dinitrotoluene, 
PETM - pentaerythyryltetranitrate. 

http://developae.it
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The sample load ia FY 1984 coaaisted of 749 
samplea for volatile orgastics (9SU deteraina-
tioaa), 679 aamples for various extractable 
orgaaica (6942 determinations), and 295 
aiaccllaaeooa aamplea. In addition to theee 
routine deteraiaatioaa, numeroua non-routine 
measurements of volatile organic compounds in 
indoor air and of phosphate apeciea in lead-
phosphate glaaa leachates were conducted. 

The facilitiea and procedure* for aervice 
work are being, upgraded to provide a more 
efficient operation. A aaaple receiving and 
preparation laboratory for the aection m a 
eatablished to provide for the central accept­
ance, preparation, and archiving of samplee 
submitted to the aection for analyaia of organic 
coapounda. It haa been equipped with varioua 
types of sample extraction device*, refrigera­
tors and freezers, and a glove box for handling 
hacardona aateriala. Data .-t-im lition, reduc­
tion, reporting, and archiving have been 
improved by the installation of an IBM PC/XT 
baaed chromatography data aystea (Helton 
Analytical). This syateai collect* and atorea 
the entire chromatographic run, performs calcu­
lations, and report* data in the format used by 
the ACD data aanageaent syttem. Direct connec­
tion to the ACD data Management syaten is 
anticipated in early 1985. 

Synthetic fuel research sample aanageaent in 
support of health and environmental studies 
continue* a* a group responsibility. The sample 
handling laboratory in building 3001 ha* been 
equipped for handling, homogenizing, and 
aliquot ting drum quantitiea of sample*. 

(R. S. Brazell-Ramsey, S. H. Harmon, R. U. 
Harvey, C. B. Biggins, A. Kean*, C. N. Kettlert, 
D, L. Manning, W. P. Miskarinec, R. R. R&agan, 
M. J. Sepaniak**, and B. A. Tonkins) 

*HBCU Program, Spelaan College 
tCraduate School, University of Tennessee 

"Assistant Professor, University of Tennessee 

SPECIAL PROJECTS 

B. W. Holnberg 

3ein(c«* of the chemical and physical 
|W.»p#rt v*a at aerosol*, inhalation exposure 
sraciphare*, and the source material* for these 
4r*»*phffr*» arc emphasised in the Special 
Propter* Grwip. Sopport is provided primarily 

by the Rational Cancer Iaatitate for cigarette 
smoke studies, the national Institute of Drag 
Abase (BIDA) for marijuana atndiea, and the 
Department of Defense for obscurant and 
inhalation exposure studies. 

Field sampling has played an increasingly 
important role ia the group's activities. A 
collection of portable instruments for a wide 
variety of airborne sampling protocols has been 
assembled and teated in field use. These 
include high volume air untiling pumps with both 
directional and non-directional sampling heada, 
large aorptive resin cartridges for volatilea 
collection, cascade impactors for particle siz­
ing, low voluae pumps for email gas and particle 
aaaple collection, and instrumental temperature, 
air flow rate und smoke concentration monitors. 
Much of this equipment was used on t> field sam­
pling expedition to Ft. Caraon, Colorado. As 
part of a new project initiated with the Army, 
we are to collect and compare dieael exhauat 
sample* from large military vehicles such as 
battle tanks, ammunition haulera and bulldozers. 
This study will provide a data baae for a 
relative risk assessment of the health impact of 
conversion to shale-derived diesel fuel. Mili­
tary vehiclea at Ft. Caraon, presently operating 
on conventional fuela, are scheduled to be 
converted to a shale derived source in 1985. 
The sampling trip was conducted in late 
September to obtain baseline data from vehiclea 
operating on conventional fuels. Samples of 
exhaust from both dynamometer test facilitiea 
and field vehiclea were collected. In addition, 
sample* of aged exhauat present in vehicle 
repair bays were collected to provide a measure 
of the level of human expoaure via thia route. 

A sampling trip waa alao made to the National 
Center for Toxicological 8*search (MCTR) labora­
tories in Pine Bluff, Arkanaaa, to obtain 
measurements of marijuana smoke expoaure of 
rhesus monkeys aa part of a cooperative project 
aponaored by HIDA. These initial experiments 
suggested that the animal* retain about SOZ of 
the paychoactive cannabinoid in the amoke to 
which they were exposed. This finding was ir 
excellent agreement with blood carboxyhemoglobin 
levels in the animal*, which also indicated that 
the animals retained about 50Z of the carbon 
monoxide which they were offered for inhalation. 
A sampling trip was alao aade in support of red 
phosphorus/butyl rubber obscurant smoke expo­
sure* of rodents being conducted for the Army at 
the Illinois Institute of Technology Research 
Institute (IITRI). The result* obtained from 
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the samples collected indicated that the 
relative coacentratioaa of polyphosphate chaiaa 
aad reeidmal organic vapor level* ia the 
exposure atSMephere smokes aere very similar to 
those of aaokea generated aader aore carefully 
controlled coaditioaa at OttL. 

Projects aspported by the Rational Institutes 
of Health are comprised of tan coaaoaeats: The 
cheaical characterisation of tobacco aad aari-
jnaaa smoke, aad bioassay instrnaiatation 
developaeat. Ia stadies supported by IIDA, the 
first character!satioaa of the saoke deliveries 
Jroa aarijaaaa cigarettes under standard, well 
defined sacking conditions have been perforaed. 
These stadies indicated that the relative 
concentrations of caanabinoida in the aaoke do 
not change with increasing puffing frequency. 
Placebo aarijnaaa cigarettes, intended aa 
control* for inhalation studies, delivered 
substantially aore carbon aonoxide and benzo(a)-
pyrene than their aarijaaoa counterparts. In 
tobacco saoke studies supported by the national 
Cancer Institute, we have continued to shift our 
eaphasis toward characterization of cigarette 
saokes under aore huaanly relevant puffing 
conditions. He have begun studying the effect 
of puff volune and shape on the relative coapo-
sition of cigarette saoke. Changes in puff 
shape do not appear to affect the deliveries of 
bulk constituents such m» tar, nicotine, and 
carbon aoooxide. The relative coaposition of 
soae lesser constituents in the tar aay, 
however, be altered as puff voluae increases. 
As part of s joint project with the U.S. 
Departaent of Agriculture, a survey of saokes 
froa cigarettes manufactured froa Turkish 
tobacco* identified one tobacco type with an 
unusually high nicotine to tar ratio. This 
finding nay be of use in lowering the level of 
tar snokers aust take in to achieve a given 
level of nicotine exposure. 

Instrumentation developaent during the past 
year has included a hunaa saoke dosiaeter and a 
coaputer controlled variable puff saoking 
aachine. The saoke dosiaeter is based on the 
siaultaneous aeasureaent of flow and aerosol 
particle concentration through a saall cigarette 
holder. Froa this we derive a aeasure of Che 
total aaount of tobacco saoke being generated 
during puffing. Presently, the device uses 
analog electronics. Plans are being aade to 
convert to online digitsl aeasureaent and 
processing to iaprove calibration and read-out 
of data. The variable puff saoking nachine has 
now been extensively tested. The puff voluae 

sad increaental flow rate are operator con­
trolled ao that a large variety of different 
puffing condition*, sack aa those fonad ia haaaa 
sacking, can be investigated. 

in experimental obsearsmf aonrcc Material 
(KPM03), consisting of powders of red shoeshaens 
and aodiaa nitrate bonded together with an cposy 
reain, haa been exsniaad. analyses for the 
aajor coastitaeats of the natrix as well as far 
trace iaparities are being perfocaed. The 
obscurant aerosol foraed fron its tsahnation has 
been characterized and cuapnied to that produced 
froa red paniphorna-bntyl rubber (RFSK) aad 
unite phosphorua-felt foraulatioas studied 
earlier. He have found that the three phospho • 
rus foraalatioaa give aerosols sad atmospheres 
that are very sinilar when harmed aader siailar 
conditions. The aerosol particle phase esiats 
predominantly aa a concentrated water eolation 
of phosphoric acid. Anion exchange flaw 
injection analyses snow that this phosphoric 
acid is present aa a coaplex aixtare of 
condensed polyaeric forms with aonoaeric ortho 
phosphoric scid being only a ninor constituent. 
Chroaatograpbic analyses sad total organic 
carbon analyses indicate that organic naterial-
are not incorporated into the aaoke ia apprecia­
ble quantities. Presently, the Departaent of 
Defense is sponsoring an inhalation toxicology 
experiaent on the saoke froa the RPM formula­
tion. This cheaical study will aid then in 
deciding if toxicology studies need be carried 
out on the othera. 

Me have continued an aeroaol support program 
for a DOD aponsored inhalation toxicology inves­
tigation of the saoke froa RP1R being carried 
out at the Illinois Institute of Technology 
Research Institute in Chicago, IL. In addition 
to supplying technical support for the use of a 
battery of extruaion coabuatioo generators for 
the RPSR that were developed here, we have 
aanufactured and aupplied IITRI with the source 
aaterial, bexane softened RPBR, for the saoke 
generation. In all fourteen shipments totaling 
436 billets of RPsR have been ahipped ia the 
past year. Over the course of the toxicology 
experiaent, we have aupplied IITRI wit.; 997 
billets of RPM, six generators, seven eensol 
monitoring aysteas, and five flame-jut 
detectors. 

The Section's PDPH/23 coaputer has been 
moved lo a saall central room. Under an 
RTll/TSX* operating system it is interfaced to 
seven terminals (including an IBM-PC). It is 
used for general scientific computing, report 



•raftlag, aad particularly for graph iv baadliag 
of esaeriaeatal data obtained froa laboratory 
ivstneatatetioa. Ike docaaeatatioa of tobacco 
saoke analyses baa beea extensively coaaeter-
ised. enabling aa to better track, validate, acd 
analyze tbia extensive aad growing data baae. 

(S. H. BtndMrmjn, S. JC. Rolladag, ft. V. 
BoUimrg, R. A. JmtkinM, J. H. Ibmfrwi, D. D. 
Pair, and. T. « . GxgU*) 

*Iaatraaeatatioa aad Control* Division 
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5. 6ENERAL AND ENVIRONHENTAL ANALYSIS 

J. E. Stokely 

The General and Environmental Analysis Section provides a diversity of analytical chemical 
services in support of Laboratory and Energy Systems programs. Activities within the section 
are organised into five groove: Chemical and Physical Analysis, Environmental Analysis, Low-
Level Radiochemical Analysis, Activation Analysis, and Special Projects- The section performs 
routine analyses using established procedures and Is involved in developmental activities to 
upgrade capabilities, to devise new methods of analysis, or to sol-re applied problems requiring 
analytical expertise. About 200,000 analyses are performed annually for a large lumber of 
program* and research projects. 

Analytical chemistry support for environmental programs has continued to increase this year 
as Laboratory activities in environmental monitoring, acid rain research, and waste management 
have expanded. Radiological and nonradlologlcal analyses are provided for these programs. It 
Is anticipated that our support for these programs will expend, particularly for oonradlologlcal 
analyses. Accordingly, we continue to Improve capabilities by upgrading methodology and 
acquiring new Instrumentation. An automated low-level beta counting system was put into routine 
operation this year, and a new total organic carbon analyzer Is being procured to replace an old 
instrument. Experience is being obtained with a laboratory robotic system, and efforts are 
being made to utilize the system for routine laboratory operation*. Acquisition of a new 
automated, atomic absorption spectrometer Is planned. 
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"—"•" am nmaL KIMOK 

J . • . Stewart, J r . 

The success fu l appl icat ion of laboratory-
acale cheaietry to very large sca le environ­
mental radio log ica l aad tox ic aeta l wastes «as 
dcnonstrated at the sechte l national Formerly-
Oeed l i a g a r a Fa l l s Storage S i t e . Approximately 
2 m i l l i o n ga l loas of contaminated waste l iqu id 
were t rea ted , using the Oak Ridge Rational 
Laboratory (OtaX) procedure, aad wet hew York 
S ta te discharge c r i t e r i a . That basic technology 
i s sow beiag andif ied aad tested to permit 
t rea t sent of additional atorage s i t e s . 

A coaplete ana ly t i ca l character isat ion of 
uranium ad 11 t a i l i n g ponds in Wyoming ia now 
underway for the nuckear Regulatory Coaniasion 
( I K ) . The IRC w i l l use th i s study to ident i fy 
po ten t ia l contaminants in the large (100 acre or 
larger) poods that currently s tore ac id i f i ed 
process wsters fron the uraniun recovery opera­
t i o n s . Ve have completed a characterisat ion of 
seven ponds at one n i l I , and the date are being 
evaluated by the IRC to pernit planning for 
l arge - sca l e analyt ica l surveys in ear ly 193) . 

Environmental monitoring of both OML surface 
and well waters has increased. He acquired a 
Hach spectrophotometer and packaged reagents to 
increase water analys is productivity and to s i g ­
n i f i c a n t l y reduce cost of the chenical oxygen 
demand measurements. The Bach integral •aicro-
processor e s tab l i shes master ca l ibrat ion curves 
for some 60 parameters and computes f inal 
r e s u l t s in p a r t s - p e r - a i l l i o n . We obtained a 
Zeiss Ultraphot II opt ica l microscope from the 
Biology Divis ion and now have a r e l i a b l e service 
Support op t i c s l microscopy capabi l i ty . He also 
obtained components to e s t s b l i s h a photographic 
enlarging and printing capabi l i ty for rapid 
processing of our scsnning sod transmission 
e l ec t ron nicroscope negat ives . The PCT System 4 
X-ray Analyser became ful ly operational as a 
quant i ta t ive system end was immediately uaeful 
in ident i fy ing s t e e l components, measuring ther­
mocouple wires , analyzing thin films on ceramic 
subs tra te s , and measuring the composition of 
g l a s s . 

Measurement of polychlorinated biphenyl 
compounds (PCS) has become a major analyt ical 
support a c t i v i t y . He monitor PCs in surfsce and 
wall waters, in sediments, s o i l s , residues, 
waste o i l s and organic l iquids and in numerous 
types of t i s sue including frogs, t u r t l e s , and 
several special of f i sh . He have also surveyed 
PCS cleanup operations at (MM. for eaployaa 

sa fe ty , and ia materia ls from national Lead of 
Ohio and from a re t i red DOE machining a i t e . 

He provided the analyt ica l anpport necessary 
to character ise a l l aomradiological process 
waste mater streams at OEM.. The analyaes w i l l 
be meed ia the design of a pol lut ion abatement 
f a c i l i t y for O B I . Obtaining the necessary 
information required measurement of nearly 100 
water qual i ty parameters. He es tebl iehed a 
method for measuriag asbestos f ibers in water 
aaing transmission e lec tron microscopy to meet 
one of these required parameters. 

Evaluation and t e s t i n g of the Zynerk 
laboratory robotic System has involved develop­
ing hardware, software, and procedures for 
preparing l iquid s c i n t i l l a t i o n counting v i a l s . 
Presently we are developing methoda for perform­
ing color imetr ic analyses , for extract ing 
uranium from aqueous samp l e a , aad for preparing 
f luor ine tr i c p e l l e t s for measurement of ppb 
concentrations of uranium. 

Unusual ana ly t i ca l requests during th i s year 
became more frequent. He established a method 
for measuring iron ( I I I ) in iron ( I I ) Fricke 
radiation dosimeters by direct opt ical spectro­
photometry. The qual i ty of a b i l l i o n - t o n 
deposit of pure SU>2 was evaluated for poss i ­
ble commercial u s e . He establ ished why uraniua 
in ultra fine p a r t i c l e s of MgF2 *l*K could not 
be extracted in multiphase acid treatments. 
Referee methods for measuring iridium in 
precious aeta l scrap were provided. Perchlorate 
and dibutyl phosphate were measured in aqueous 
and in organic media. A method was developed 
for d i s so lut ion of B4C. A new CC method was 
devised for determining 2 -e thy l hexanol in LiBr 
heat transfer f l u i d s . Aqueous Ieachates from 
cement encapsul- :.on t e s t s were analyzed for 
toxic organic mater ia l s . 

He have s i g n i f i c a n t l y improved the method for 
quant i tat ive determination of asbestos in bui ld­
ing materials and have success fu l ly performed 
comparison analyses on Research Triangle 
I n s t i t u t e reference mater ia l s . The ORIIL-
designed spectrometer was interfaced to a 
conventional X-ray d i f f rac t ion analyzer "to test 
our concept for simultaneously measuring 
chrysot i l e and amosite aabestos at the one 
percent l e v e l . 

An in teres t ing technique was developed for 
preparing human blood for simultaneous ICP 
multielement a n a l y s i s , which may be uaeful in 
diagnosis of human health disorders . He then 
extended the method to human brain t i s s u e . This 
haa provided data which wi l l be uaed ir< an 
effort to re la te meta l l i c concentrations in 
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various lobes of the brain with observed 
neurological d i sorders . Daring the year the 
groan resorted a t o t a l of 13*,5*4 individual 
analyses ; ae ta la ana lys i s by simultaneous 
induct ive ly coupled plaaas (ICP) spectroscopy 
and anioa aeasareaeata by ion chromatography 
provided a large percentage of the analyse*. 

(J K. Attrill, B. Htilpot, t . I. WM>, B. G. 
Davis, c. S. *ll*g, J. H. Oacbttg, V. F. Roger*, 
5 . J. Bobromki, W. P. Buddin,* B. V. ftam, C. 
S. HocDougall, J. C. Vrie*) 

*On loan froa OBCDT 

M f l h f M U m asULTSIS UBOtAlOtT 

• . H. Ferguson 

The Environmental Analysis Laboratory (EAL) 
provides analyt ica l support pr ianri ly for the 
Environmental Sciences Divis ion (ESD) but i t 
does a s i gn i f i cant naount of work for other 
d iv i s i on* and outside organisat ions . Support 
for other d i v i s i o n s increased t h i s year and 
required analys is of a wide variety of 
m a t e r i a l s . 

We have been heav i ly involved with aercury 
a n a l y s i s , for both new and continuing pro jec t s . 
Many industr ia l and municipal waste leachatea, 
stre-ia and water aaaples , s ludges, charcoal 
f i l l e r s , s o i l s , f i s h , e t c . were analysed. An 
e laborate study of aercury l e v e l s in human hair 
was also conducted. 

The Department of Environaental Management 
(DEM) continues to be heav i ly involved with the 
monitoring of e f f luents froa ORRL at various 
discharge s t a t i o n s . During this report period 
severs l intensive saapling prograas were com­
pleted and new ones continue to be i n i t i s t e d . 
These progrsas generated numerous samples. Most 
saaples required spec ia l treatment ( f i l t r a t i o n , 
ac id d i g e s t i o n , e t c . ) before a n a l y s i s . All of 
the e f f luents were analysed for Sb, Aa, Be, Cd, 
Cr, Cu, Pe, Pb, Mi, Se, Ag, Tl , and Zn. Total 
organic carbon, Kjeldahl nitrogen, ammonia, and 
t o t a l phosphorus were determined in most e f f l u ­
e n t s . Many procedures war* modified to obtain 
the desired very low concentrstion l eve l s (ppt 
and ppb). Most of these projects were on very 
t i g h t schedules and required fast turnaround 
t ime. 

A very large portion of our work during this 
report period derived froa the acid rain prograa 
i n ESD, which is funded by The e l e c t r i c Power 

Research I n s t i t u t e (EPRI), and l a i s a a a s s i s aaay 
d i f f e r e a t p r o j e c t s . The atmospheric s tad ias 
geaerated aaasroms tareag*fa l l , ra in , aad dry 
r ipos i t ioa aaaples froa the walker Breach 
waTersbed for analyses Car various cat ions (Ca, 
Mg, Be, K) aad sninms (CI, a v j , IDs,, 8 0 * ) . 
Organic ac ids ( o x a l i c , c i t r i c , a a l i c , f o r a i c , 
aad a c e t i c ) sad organic carbon ware measured i a 
severa l aaaples . A a iseable e f fort ass espsaaVd 
t o provide suppott for the project inves t iga t ing 
the e f f e c t s of acid rain oa s o i l s . This study 
produced large vo loses of aaaples ( a o i l s , 
p l a n t s , waters , sad s o i l l eachates) at regular 
i n t e r v a l s for a variety of analyses (Al, Ca, Hg, 
• a , s « 3 - « , K, CI, mt)3-», PO4-P, SO*. 
Kjeldahl • , and to ta l F ) . The moat recent 
project monitors the e f f e c t s of acid rain on 
gradient streams ia the Shaky Mountains for 
various cat ions asd anions, with part i cu lar 
eaphaaia oa aluminum. Monoaeric aad t o t a l 
aluainua were determined i a asny samp l e e . 

The Elec tr ic Power Research I n s t i t u t e in 
August 198* approved a large environmental 
research project on the linkage between 
ataospheric deposit ion and nutrient cyc l ing in 
foresLs . This includes the acid rain work. Oak 
Ridge national Laboratory was designated the 
prime contractor for th i s four-year acid rain 
p r o j e c t . During this report period the EAL has 
been preparing for the influx of samples which 
w i l l begin early in 1985. 

Fluoride, chloride, phoaphate, n i t r a t e , and 
s u l f a t e were measured in thousande of samples 
without any aajor problems using ion chromatog­
raphy during the past year. Several improve­
ments were made in our ion chromatography pro­
cedures. A continuously regenerating ( f i b e r ) 
suppressor was procured for use with the organic 
acid columns. This suppressor e l iminates the 
need to monitor the packed bed for deplet ion and 
improves peak reso lu t ion . A "high n i t r a t a " 
column waa obtained, thus making i t possible to 
determine su l fa te in 1Z n i t r i c a c i d . This 
column si lows the e lat ion of n i trate anion a f t er 
s u l f a t e . 

A modification of the automatic aaapler on 
the graphite furnace aad* i t possible to analyse 
organic saaples and increase productivitv. Pro­
duct iv i ty was a lso increased by the acquis i t ion 
of a second block digastor . There wax ar. i n ­
creasing need to dsterv.ine Kjeldahl nitrogen and 
to ta l phosphorus in s variety of saaples ( s o i l , 
vegetat ion , watere) for new and continuing pro-
grass . This second block digastor increased 
from 20 to 40 the number of saaplea that could 
be processed at a tiaa for th**u analys**. 
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UJBMXHL Uftiocavacu. maxsa 
T. C. Scott 

The Lo»-l*vel Radiochemical Analysis Croup 
performed low-level radioonalyeee for asn-made 
and natural radionuclides in en ever-increaains, 
var ie ty of Materials to support programs and 
projects conducted at OtHL and by outside organ-
i z a t i o o s . During the past year, we supported 
various programs in the following proportions: 
eavirosnental monitoring, 501; environmental 
surve i l l ance , 20Z; research and development, 
20Z; and work for others , 10Z. 

The s l i g h t increase in the volume of work 
done for environmental monitoring was mainly due 
t o projects conducted by the Department of 
Environmental Management. One project (Bou-Rad 
Haste Water Treatment Project - MHWTP) involved 
the determinations of gross slpha, gross beta, 
strontium-90, and gaaaa-eai t t ing radionuclides 
in water sampled dai ly at nine discharge loca­
t ions over several weeks. Another project 
(National Pollutant Discharge Elimination 
Systems - KPDES) required several groups cf 
samples taken at se lected discharge locations 
to be analyzed for gross alpha, gross beta, 
radium-226, and tota l radium. 

Many organic waste materials were analysed 
for a hazardous waste control group to determine 
the concentrations of gross slpha, gross bets , 
gross gamma, trit ium, and carbon-14 a c t i v i t i e s . 
The purpose of this work was to determine if the 
waste materials met Environmental Protection 
Agency regulations for being shipped o f f - s i t e 
for disposal or should they be held for future 
a c t i o n . At best , most of Che *n*ly*et on thesrr 
materials were only cursory screening operations 
due to the nature of the samples, some of which 
had as many m» four separate phases. 

Researchers of the Environmental Sciences 
Divis ion submitted several su i te s of brine water 
samples co l lec ted from tes t wel ls st the shsle 
hydrofrscture wsste disposal s i t e for the deter­
minations of gross alpha, gross be t s , strontium-
90, technetium-99, trit ium, c«sium-137, cobs l t -
60, snd trsnsuranics . The rsdiocheaicsl separa­
t ions for strontium-90 snd t< ,chnetium-99 were 
complicated by the high concentrstions of s tsble 
elements in the brine solutions ( 6 s , Cs, K, Mg, 
and Ks ranged as high as 10 mg/mL snd Sr ss high 
s s 1 mg/mL), Modifications of normal procedures 
were required to scquirs dsta. Methods sre 
being developed to improve our capab i l i t i e s on 
samples of this nature. 

Members of the Health and Safety Research 
D iv i s i on submitted several hundred s o i l samples 
from c o m taken at a S t . Louis s i t e where waste 
from a former uranium processing operation had 
been doaped. The abject of t h i s project mas to 
provide engineers with the location of contami­
nated s o i l that was to be removed. Thorium-230 
was the se l ec ted radionuclide used to measure 
the l e v e l of contamination. Our determinations 
of thorium-230 were simplif ied by the nee of a 
new alpha/beta counting system. 

Several projects that we supported required 
the development of procedures and/or methods to 
comply with requests . One project involved 
analyzing f iah from local streams for 
technetium-99 content . The lack of a standard 
reference material s imilar to these aaaples made 
our work d i f f i c u l t , and the r e s u l t s were 
reported ss t e n t a t i v e . 

Another project dealt with the determination 
of the emanation rate of radon from concrete 
samples for the Charleston Naval Shipyard. A 
procedure was developed to process concrete 
disks and crushed concrete samples by coating 
some saaples with epoxy snd measuring a l l 
samples for radon exhalat ion. Each sample was 
sealed in a s p e c i a l l y designed p las t i c contain­
er , the container was flushed ith helium, and 
after an ingrowth period, the radon that 
emanated from ths concrete waa co l l ec ted on 
s i l i c a gel at l iquid nitrogen temperature. The 
"trapped" radon was subsequently measured by 
l iquid s c i n t i l l a t i o n countir.g. 

During the year we responded to several 
episodes of varying degrees of urgency for the 
determinations of a variety of radionucl ides . 
Sewage sludge from the Oak Ridge City sewage 
plant was found to be contaminated with radio­
a c t i v i t y after some of the sludge had been 
spread on f i e l d s as f e r t i l i z e r . We analyzed 
portions of the raw sludge and s o i l from the 
contaminated f i e l d s for strontium-90, ursnium 
i so topes , snd transursni'es. Urine samples from 
0RNL. personnel exposed to rsdiosct ive debris 
were analyzed on r rush basis for strontium-90 
and plutonium i so topes , snd vsrious f i l t e r 
materials and smears taken at a waste-storage-
tank s i t e were analyzed for several radionu­
c l i d e s . All of these incidents required rapid 
response, superseded normsl work, snd usual ly 
neceas i t s ted overtime in order to del iver thaely 
r e s u l t s . 



SPECIAL PROJECTS 

J. S. Eldridge 

The Special Frojecta Croup (SPC) provide* 
applied research and technical support in a 
variety of program* related to eaviroamemtsl 
surveillance, emergency response, aad for inven­
tories of precious aetals and apecial nuclear 
materials. 

Previous studies on the use of thyroids froa 
vehicle-killed dter sere extended to determine 
environmental pathways for radioiodiae species. 
Earlier work bad shown the presence of l " l 
(a 60-d. ha l f - l i f e , neutron-deficient radionu­
clide) in a l l deer thyroids collected on the Oak 
Ridge Reservation. Animals collected near the 
eastern boundary of Oak Ridge national 
Laboratory contained the highest concentrations 
of 1"I in their thyroid glands. Since the 
prevsiling winds are froa west to east, i t was 
speculated that ORNL wae evidently the origin of 
the environmental l ? ' l . A release of 
1 2 5 I near the end of 1983 resulted in 
elevsted levels of r«dioiodine in deer thyroids. 
Charcoal samples used to monitor gaseous iodine 
releases froa an ORITi atack were obtained for 
the period in late 1983 when the biological 
information indicated a gaseous release of 
iodine. In these charcoal samples, 
concentrations equivalent to a 300 mBq (8 mCi) 
discharge were found. The l 2 ' I is not 
detected by the usual analytical procedure for 
radioiodiae releases; therefore, the 1 2 5 I 
discharge was detected as a direct result of a 
bioindicator measurement. The documented 
pathway analysis showing an airborne release 
coupled with the high level* of in 
animal* near ORHL in a downwind direction of the 
prevailing winds clearly demonstrated the 
importance of meteorological conditions on the 
patterns of airborne contaminants in the 
environment. 

Iodine-129, an iodine isotope with a half-
l i f e of 16 million years ha* bean determined by 
a direct gamma-ray spectrometric measurement in 
eight of fifty deer thyroid gland* collected 
near OitHL. Usually, l 2 , I determinations in 
thyroids from animal* near nuclear fac i l i t ies 
require special method* involving chemical 
separation of the iodine followed by neutron 
activation enhancement via ''"I production. 
The eight thyroid glands contained 1 2 ' l in 
concentrations ranging from 1 to 9 Bq/g (30 to 
250 pCi/g) dry weight. By assuming sn svarage 

Til 
• - i • 

i 
stable iodime coateat of 2.3 mg iodime per sjrmm 
of dried thyroid aloes with the specific 
activity of l **I (m.4 becewerels per 
microgram), aa 1 W I to 1 2 7 I atom ratio 
of 6.* x 10"* was calculated for the aaimel 
with the highest 1 2 * I comcentratioa. Tfcie 
reamlt i s about two orders of magnitude higher 
them those found in male dter thyroida from rh* 
vicinity of the Idaho Rational Ragimeerimg 
Laboratory. 

Froa these preiiaiaary atudies, i t we* 
coaclmied that there is am emvirommemtal pool of 
l M I in the vicinity of Oarnl that is acces­
sible to gracing animals that comeume large 
quantities of grass. Further studies are 
plammed to determine whether 12*1 reaches 
the environment by aa airborne pathway. 

Assistance to the DOE Radiological assistance 
Program (DOB-RAP) continues to he provided by 
the TO in the form of emergency dr i l l s as well 
aa for actual emergencies. The State of 
Tennessee Division of Radiological Sealth 
requested assistance from DOE after i t received 
a report of a missing well-logging source from a 
Crossville, Tennessee, firm. The source was 
described as a 6-in. long by I 1/2-in. diameter 
stsinless steel cylinder containing 3 curies of 
2*1*. mixed with beryllium to produce 
neutrons for oil well-logging ac t iv i t i e s . The 
source wsa discovered missing when Che transport 
vehicle arrived in Williamsburg, Kentucky, after 
departure from Crossville. It was presumed lost 
somewhere between chose two c i t i e s . The vehicle 
psssed through Oak Ridge on ita tr ip. A search 
team directed by a SPC staff member waa 
diapatched to Crossvill* to start a search in 
the east-bound direction, while the DOE mobile 
laboratory directed by another SPC ataff member 
proceeded from Oak Ridge towards Williamsburg. 
Both teams used sodium iodide detectors with 
sudible output for the detection system. The 
detectors were mounted outside the vehicles in 
such s fsshion as to provide maximum sensitivity 
for the 60-keV gamma-ray* of 2*1 Am. The 
source was found lying about 3 feet from the 
pavement in the median strip of 1-75 about 10 
miles north of the Kentucky border. The source 
was found to be intact and waa returned to Oak 
Ridge nhere i t was returned to the owners. 

Assistance was also provided in the operation 
of the DOE mobile laboratory during the two-day 
annual emergency exercise at the Watta Bar 
nuclear power plant. Nock emergency radiologi­
cal mtifursmsnts ware provided at *a emergency 
center established in Athens, Tennessee. 



34 

•oodeetract ive assay (IDA) aeasureaents are 
performed in rapport of precioue metals and 
• p e c i a l nuclear materials (SUM) inventor i e s . A 
portable , cart-mounted i n t r i a e i c germaniua X-ray 
detector eyetea i s used for both IDA appl ica­
t i o n * . In the Ciret case , a 5 7 C o s o t t T c e 

e x c i t e r for X-ray fluorescence i e used to 
produce character i s t ic X-rays froa the precious 
a e t a l s , with the X-ray detector providing q u a l i ­
t a t i v e analys is information. In a typical 
appl icat ion for the sys tea , qua l i ta t ive analyses 
are performed at the t ine of precious natal 
inventory audits mt the respect ive storage 
v a u l t s . I t i s poss ib le to detect and sort 
precious ae ta l a l l oys froa l o t s of pure ae ta l to 
correct label ing mistake* (a spool of wire 
labeled as platinua was found to be s i l v e r ) , and 
t o detect base metal subst i tut ion (a large disc 
of ae ta l 4 - i n . diaaeter by 1 / 4 - i n . thickness was 
found to be a base aeta l when a lot of platinua 
scrap was inventoried) . The rapid and cost 
e f f e c t i v e technique of ae ta l i d e n t i f i c a t i o n via 
the source-excited X-ray ea i s s ion i s cow a 
routine technique for inventory v e r i f i c a t i o n in 
conjunction with audits by the Laboratory 
Protection and Finance and Materials D i v i s i o n s . 

The portable X-ray detector sys tea without 
the source exc i ter i« used for measurement of 
low-energy X- and gaoaa-radiation froa SUM at 
the t ine of annual or special aud i t s . The 
measurement of character i s t i c X- or gamsa-rays 
e a i t t e d froa jraniua, thoriun, and plutoni.ua 
nucl ides serves as the bas is for HDA procedures. 
The portabi l i ty of the HDA systea has proven to 
be a great asset in providing needed information 
to the Laboratory Protection Divis ion for SHM 
inventory v e r i f i c a t i o n s . The systea wss taken 
recent ly to Building 7019 (where there i s no 
e l e c t r i c a l service) and operated with power froa 
a portable e l e c t r i c a l generator. Measurements 
were necessary to segregate s large quantity of 
nuclear fuel rods into thoriua-bearicg, natural 
uraniua, and depleted uraniua l o t s . Detection 
of the character i s t i c 186 keV gears-ray froa 
235o W M u $ e < j f o r t h e MDA of uraniua rods, 
and the 239 keV gaaaa-ray froa the IO-h 
2 1 2 P b daughter of the 232th was used for 
rhe v e r i f i c a t i o n of the thoriua-besrikig rods. 
After the i n i t i a l aeasureaents and 
i d e n t i f i c a t i o n of thoriuarbearing rod* were 
aada, the thoriu* rods could be segregated froa 
the o thers , s ince they were only two feet in 
length and a l l uraniua rods were four feet it 
greater . 

(H. A. TtaaUy) 

ACTIvATIOa ABALTSIS 

J . F. emery 

The Act ivat ion Analysis Group provides 
general neutron act ivat ion analys is (MAA) 
s e r v i c e s for a number of Laboratory d iv i s ions 
and programs. 

This year we determined Ag, An, Ce, CI, Co, 
Cs, Cu, Fe, Hg, I , 1 » I , t , No, Re, O2, 
Sr, T i , 0 , V, and Zn in a l l o y s , ceraaica , 
a e t a l s , s ing le c r y s t a l s , and s o i l s for the Chem­
i s t r y , Chemical Technology, Environmental and 
Occupational Safety, Health and Safety Research, 
Operations, Physice, and Sol id State D i v i s i o n s . 

He have renewed e f for t s to obtain an addit ion 
t o our High Flux Isotope Reactor (HFIR) KAA 
laboratory. The project w i l l consol idate our 
ORR MAA f a c i l i t y with the RAA research f a c i l i t y 
a t the HFIR. The radiocheaistry laboratory at 
the HFIR w i l l be enlarged, a new counting rcoa 
w i l l be constructed, and an of f ice area w i l l 
replace the present counting rooa. The new 
counting rooa w i l l increaae our usable apace 
froa 320 sq f t to 600 sq f t . 

During a three aonth shutdown of the HFIR to 
replsce the b e r y l l i u a r e f l e c t o r , the incorc 
s ec t ion of the pneumatic tube was a lso replaced. 
Original ly the l i f e t i a e of th i s sect ion was to 
be 5 years , but mechanical t e s t s indicated the 
l i f e t i m e could be extended to 8-1/2 years which 
coincides with the bery l l iua re f l ec tor changes. 
We have acquired high purity graphite rabbits to 
be used for extended irradiat ion t i ae s in the 
HFIR pneumatic tube. There i s very l i t t l e 
induced radioact iv i ty in these rabbits after an 
hour i rrad ia t ion . Vsz rabbits are fabricated to 
our design by Poco Graphite, Inc . 

He provide technical support to the Chemical 
Technology Divis ion in a study, supported by the 
HRC, of the depositon of f i s s i o n products froa 
aeroso l s . Experiment* have beer, performed to 
study the interact ion of CsOH and Csl vspor with 
various a a t e r i a l s , such ss s i l v e r , aangacese 
oxide, chroaiua oxide , iron, iron oxide, t i n 
oxide, and zinc oxide, that Bight be produced in 
nuclear acc idents . 

Our work for ot'uers a c t i v i t i e s a o s t l y 
consisted of determining Uraniua and Thoriua in 
seaiconductor* and seaiconductor a a t e r i a l s as 
acre and aore aenufscturers sre increasing their 
e f for t s to reduce the Uraniua and Thoriua in 
their products. The iapetus for th i s i s the 
sof t error effect in computer aeaories caused 
by the ion i s ing alpha p a r t i c l e s emitted by 
Uraniua and Thoriua and their daughters. 

http://plutoni.ua
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6. QUALITY ASSURANCE, SAFETY, AND TABULATION OF ANALYSES 

W. R. Laing 
?. L. Howell 
C. S. NccDougall 
A. L. Harrod 
R. E. Jones 

QUALITY ASSORAHCE 

Responsibility for the quality of work done 
within the five sections of the Analytical 
Chealstry Division falls to the respective 
supervisors. Because of the diversity In types 
and scopes of. work done In these sections, 
several means are used to assure quality* The 
annual quality assurance report (ORNL/CF-84/374) 
comprises a collection of statements froa each 
group and/or laboratory, encompassing (1) scope 
of wurk, (2) quality assurance prograa and 
procedures, (3) quality assurance compliance 
Information and data, and (4) standard reference 
materials and their sources. Included Is a 
statement summarizing control samples prepared 
and distributed during the reporting period and 
the quality level obtained with these Internal 
control (reference) standards. Table 6.1 shows 
the quality level for each of the participating 
laboratories within the division and compares 
the results with those froa the previous year. 
Lists of the different control prograas and the 
number of results reported for each are given In 
Tables 6.2 and 6.3. During 1984 control 
determinations Increased by 16%; control 
prograas Increased 41. Analytical work Is 
suanarlzed In Table 6.4. 

During this year four Internal audits were 
conducted, and there were five external audits 

of ACD prograas. The division participated la 
Quality Assurance Week and conducted a customer 
survey. Six nonconformance reports were filed, 
and Quality Assursnce Plans and Assessaents were 
reviewed and revised. The quality control 
prograa was expanded, and quarterly reports 
prepared for distribution to aanageaent and 
customers. Special control solutions were 
prepared to aeet unusual customer requlreaents. 
Quality problems were addressed In the areas of 
Inductively coupled plasma spectroscopy, gaaaa 
spectroaetry, acid measurement and commercially 
prepared standards. An laproved mercury 
purification process was developed which 
exhibited better quality and perforaance. 
Backup was provided for certain critical tasks, 
and an alloy identification systea was 
established to assist Inspection Engineering. 

The Quality Assurance Coordinator (QAC) 
attended workshops on quality assurance 
assessments and on potential problea analysis. 
Assistance was given to the American Society for 
Testing and Materials (ASTM) and to the 
Institute for Nuclear Materials Management 
(IHMM) In the preparation of analytical 
ctiealstry QA standards. An orientation prograa 
on QA was presented to new employees, and a 
quality aasursnce meeting for the four Energy 
Systems plants waa held at ORNL. 
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Table 6-1 Distribution of control teata by service laboratory 
for October 1983 through September 1984 

Laboratory 

Hnaber of control reaulta 

Total 

1983 1984 
Outside 

find llalta 
Quality 
level 

Quality level 
(Z)« 

76 93Z 96Z 

20 93Z 97Z 

23 - 83Z 

22 98Z 97Z 

84 96Z 95Z 

225 95Z 96Z 

Chealcal and Physical 2119 
Analysis 

Eovlroaaental Analysis 785 
Laboratory 

''Low-Level Radio- 132 
chealcal Analysis 

Radioactive Materials 837 
Analytical Laboratory 

Transuranlua 1627 
Analytical Laboratory 
Total 5500 

Quality level, Z no- results In control x 100 t o t a l no. of resu l t s 

''Began part ic ipat ing in control prograa 1s t quarter 1984. 



Table 6.2 Control samples prepared for October 1983 
through September 1984 

Method 
Number of 

control elements 

Atoaic absorption 
spectrometry 

15 

Chemical separation/ 
liq. scintillation 
counting 

3 

Couloaetry 1 
Count, alpha 1 
Fluorometry 1 
Caama-Spectrometry 13 

Dumber of Concentration 
control solutions range (mg/ml) 

Gas Chromatography 1 

Cravlmetry 3 

Cravlmetry (Leco) 2 

Ion chromatography 7 

Ion selective electrode 2 

Inductively coupled 30 
plasma (TCP) 

Infrared absorption 2 
spectiDphotonetry 

Spectrophotometry 8 

Volumetric titrlaetry 13 

X-ray fluorescence 4 
spectrometry 

Total 106 

15 0.OO2-O.25O 

17 1.0E2 to E6 
Bq/ml 

i 8-12 

4 0.03-0.05 

4 0.001-0.010 

61 1.0 El to 
E7 Bq/ml 

3 0.001 to 999 
•8/1 

12 2-75X 

4 100-800 Mg/« 

4 0.001-0.060 

4 0.001-0.100 

7 0.001-0.1500 

2 0.004-0.100 

11 0.0001-5.0 

34 (acld)O.l -
7 Normal, 
2-120 

3 0.50-150 

188 
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Tabic 6.3 Distribution of control results by method for 
October 1983 through September 1984 

Method of analysis 
lumber of 

control alcmsnts 
Number of 

control results 

Atomic absorption IS 
spectrometry 

Chemical separation and 
liquid scintillation counting 

Couloaetry 

Count, alpha 

Fluorometry 

Gaeaa spectrometry 

Gas chromatography 

Gravlmetry 

Gravieetry (Leco) 

Ion chroaatography 

Ion selective electrode 

Inductively coupled 30 
plasma (ICP) 

Infrared absorption 2 
spectrophotometry 

Spectrophotometry 8 

Volumetric d t r l a e c r y 13 

X-ray fluorescence 4 

365 

91 

50 

368 

233 

1242 

1 

26 

62 

905 

4 

1172 

13 

165 

718 

85 
106 5500 
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The safety policy of the Analytical Chialltry 
Division la described la the following 
stateaents: 
1. Conduct all activities with the lowest 

reasonable risk of personal injury or 
property loss due to preventable accidents. 

2. Perfora all work and aaintaln the working 
environment In accordance with laboratory 
safety regulations and designated national 
codes and standards. 

3. Investigate all significant accidents, 
determine their causes, and take steps to 
prevent recurrence of similar accidents. 

4. To improve eaployee awareness of safety 
while off the job as well as on the Job. 
The Analytical Chemistry Division has had 

only one (1) first aid case this year, no 
recordable injuries/Illnesses, no lost workday 
cases, and to date, only three (3) off-the-job 
injuries. The employees have accumulated 
2,644,009 workday hours since the last lost time 
accident In 1972. This record Is possible 
because of the excellent safety awareness 
prograa within the division. 

All division employees are requested to 
attend a safety meeting each quarter. During 
this reporting period, over 90Z of the employees 
attended such a meeting. 

The division conducted the following safety 
training and orientation workshop this year: 
1. ACD local Emergency Organization, Fire 6 

CPR. 
2. Health Physics Orientation, New Employees. 
3. QA Orientation, New Eaployees. 
4. ACD Ceneral Orientation Workshop. This 

Included hazardous materials, radiation 
control, affirmative action and the 
division's open door prograa. 

Quarterly safety audits were made by the 
division's safety committee and the division 
safety officer. 

This division maintains a surveillance 
prograa that will reveal and correct conditions 
or deficiencies in the physical layout of 
equipment or activities which could result In 
injury to personnel or property damage. 

Daring the year, three analytical chemistry 
facilities, tulldings 2026, 3019-* and 2011, 
have been reviewed by the ladloective Operations 
Committee. 

The goal of the division la to reduce 
radiation exposure to aa low as reasonably 
achievable (ALAIA). Five mew laboratory 
employees were trained at Radioactive Materials 
Analytical Laboratory (mAL) la hot cell, glove 
box and radiochemical procedures and techniques. 
They also received health physics training. All 
personnel at Transuranium Laboratory (TOO) and 
UiAL mow wear personnel radlatloa monitors with 
audible Indicators. Sew lead-lined glove boxes 
have been installed and are mow la use at nil. 
All mew employees received a radlatloa safety 
orientation. 

Other radiation-related safety activities for 
KMAL Included Installation of emergency lights 
In the radiochemical laboratories, crash bars 
on laboratory doors and automatic controls and 
switching devices for venti-atIon systems. 

Radiation exposure averaged 580 alt/my at TOO 
and 160 aft/my at RMAL compared to the DOE 
maximum allowable exposure of 5000 ar/my. 

The division Is in compliance with the new 
Department of Transportation regulations 
regarding transfer of radioactive and hazardous 
materials between Oak Ridge installations. 



Table 6.4 Summary of analytical work 

Number of resu Its reported by 
Mass and Radioactive Mate- General and 
Emission Transuranium rials Analy tlcal Bio/Organic Environmental 

Organization Spectrometry Laboratory Laboratory Analysis Analysis Total 

ORNL Unit 
Analytical Chemistry 95 115 73 7,548 7,831 
Biology no 9 19 520 658 
Central Management 6,695 6,695 
Chemical Technology 4,199 19 ,554 3,597 60 11,637 39,047 
Chemistry 181 22 2,201 2,404 
Energy 912 912 
Engineering Physics 30 26 56 
Engineering Technology 1,347 171 8,034 9,552 
Environmental and Occupational 
Safety 105 590 15,601 16,296 

Environmental Sciences 148 55 1,156 124,703 126,062 
Finance and Materials 82 36 118 
Fuel Recycle 155 3,042 602 3,799 
Fusion Energy 334 149 483 
Health 10 8 568 586 
Health and Safety Research 147 73 4,022 4,242 
Instrumentation and Controls 15 1,134 1,149 
Laboratory Protection 12 12 
Metals and Ceramics 5,340 31 16 2,693 8,080 
Operations 14,028 11, ,726 1,087 3,298 30,139 
Physics 95 176 218 489 
Plant and Equipment 739 739 
Solid State 503 48 1,000 1,551 

Others 
Protective Coating Testing 501 501 
K-25 and t-\2 3,578 360 6,116 10,054 
Miscellaneous 942 4S 23 247 1,257 
Savannah River Laboratory 155 155 
Work for Others 779 484 12 52 1.327 

TOTAL 31,352 32,059 9,920 2,100 198,763 274,194 



7. SUPPLEHEMTMIY ACTIVITIES 

The division continues to sain tain liaison with tne academic to—unity through its 
Advisor; Committee, consultants, and various O W L and ORAU prograas. He also sake facilities 
available for student and faculty research and training prograas. 

ADVISOR COMdTTEK 

The cycle for the division's Information Meeting has been extended to 18 aonths; the next 
meeting will be in July 1985. The 1984 Advisory Cosmtlttee was cooposed of: 

J. V. Fraxer, 6767 Allsal Street, Pleasanton, CA. 
J. C. Crasselll, Standard Oil Coapany, 4440 Varrensville Center Road, Cleveland, OH. 
M. V. Hovotny, Chemistry Department, Indiana University, Bloomington, IN. 
J. H. Taylor, Chemistry Department, University of Wisconsin, Madison, WI. 
R. C. Wymer, Chemical Technology Division, Oak Ridge National Laboratory, P.O. Box X, 

Oak Ridge, TN. 

CONSULTA1RS 

The following specialists were brought to ORNL on a short-tera consulting basis this past 
year as part of our Seminar Program. Details of seminars are listed in Chapter 8. 

J. Harris, University of Utah, Sa't Lake City, UT. 
D. Johnson, Environmental Sciences Division, ORNL, Oak Ridge, TN. 
N. t. Armstrong, University of Arizona, Tucson, AZ. 
B. R. Kovslskl, University of Washington, Seattle, WA. 
R. J. Bassler, Sea Coast Scientific, Stanford, CT. 
D. Cere, Hewlett Packard Co., Avondale, PA. 
G- D. Owans, Proctor and Caable Co., Clnclnnattl, OH. 
J. C. Clddlngs, University of Utah, Salt Lake City, UT. 

C. Hamantov and H. J. Sepaniak of the University of Tennessee continued working in the 
division as adjunct research participants this year. 



It 

ntncmxioa a am. n-mjis PMCUM 

The following divisional people coapleted courses daring the 1984 winter term of the 
Cootlaalog Education Program for Scientific aad Technical Personnel: 

Partial Blffereatlal Eaaatioaa: L. D. Bnlett. 
Tachalcal Vrltlmg: M. P. May. 
NAPPCX: D. E- Coerlnger. 

The following courses were completed during the spring 1984 tens: 

Selected Topics of DECsystca-10: C. S. Alley. 
Iatrodactlom to POKTRAI: S. K. Bolladay. 
Interaediate P O H M I : S. K. Holladay. 
TEIA-A-OtAF: L. H. Eoseberry. 
Artificial Intelligence: H. D. Shults and H. H. Ross. 

STOIieaT A S S K M D R S 

B. A. Toakins served as 'Dean" for the division's student guests during 1984. 
Brisco Harward, a predoctoral student froa the University of Tennessee, continued his work In 
the Analytical Methodology Section as an ORAU graduate research participant. 

The division maintains a subcontract with the University of Tennessee to enable advanced 
graduate udcnts tc participate in environmental analysis program*. Chris P. Lelbaan worked 
with P. J. Todd on organic SIMS studies. Also under this contract, C. N. Kettler worked with 
Mike Maskarlnec to develop an electron capture detector for open tubular liquid chromatography. 

The division was host to three ORAU graduate research participants this year. 
J. R. Parrlsh worked with Juel Emery performing neutron activation analysis at the HFIR 
reactor. B. L. Harward continued his work In the Analytical Methodology Section. L. C. Baylor 
worked In the Bio/Organic Analysis Section with John Caton or. developing an Internal 
standardization technique for diffuse reflectance Infrared Fourier transform (DRIFT). 

SUMMER PROGRAM 

During the suamer, Alison R. Kean, a representative of the Historically Black College and 
University Program, worked with Mike Maskarlnec on high resolution chromatography development. 

Greg Hurst, who was previously a CO-OP In the division, worked as a summer research Intern 
with John Caton on the characterization of complex mixtures by chromatographic and 
spectroscopic methods -

ORAU POSTGRADUATE RESEARCH TRAINING PROGRAM 

G. S. Groenewold worked In the organic mass spectroaetry program at Y-12. 

W. G. Tong conducted postdoctoral research In laser analytical chemistry In the Analytical 
Methodology Section. 
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W. R. Lalng received aa ASTM award for Edi tor ia l Excellence In *nly for recognit ion of h i s 
outstanding contribution to the e d i t o r i a l exce l lence of the atan.'ards promulgated by h i s 
committee-

J . H. Stewart received an ORH. Envlrot 
Chemistry—Chemistry Div i s ion e f for t In 
recovery. 

mental Protect ion award for co l laborat ive Analytical 
developing a production s c a l e method for s i l v e r 

27th OUL/DOS HWHIRJUM. OB 
AiALTTiCAL canasro m 

This year's conference was held at the Knoxvllle Hilton, October 1-4. 1984. The then* of 
the conference was "Analysis at the Energy Environment Interface". Attendance was 169, with 
representatives from foreign countries, acadeala, Industrial institutions, and other government 
agencies. There were 18 exhibits (30 representatives) and 17 booths. Topic* eaphaslzed during 
the aeetlng Included lasers, ass* spectrometry, and nuclear and plasm* spectroscopy. 

A. L. Harrod was Arrangement* Chairman, W. S. Lyon was Technical Program Chairman, and 
J. M. Holladay was Treasurer. Shirley Cate* and Call Vineyard were Conference Secretaries. 
Other conference committee members Included B. R. Clark, W. R. Lalng, L. R. Klatt, 
U. D. Straits, J- H. Stewart, and P. J. Todd. 

AIALTTICAL CHEMISTRY DITISIO* SFKTMARS AT ORRl 

Speaker 

Harris, J. 
Univ. of Utah, 
Salt Lake City, 
UT 

T i t l e 

"Laser Based Thermo-optlcal Methods for 
Trace Chemical Detection" 

Date 

Jan. 19, 1984 

Johnson, D. 
Environmental 
Sciences Division, 
ORNL 

"Effects of Acid Rain Deposition of Forest 
Soils and Nutrient Cycling" 

Apr. 25, 1984 

Armstrong, N. R. 
Univ. of Arizona, 
Tucson, AZ 

"Hydrogen Uptake and Release In Tltsnlua Thin 
Pllns and LI/SO2 Surface Chenlstry Studies 
by Electron Spectroscopy, Rutherford Backs^atterlng 
Spectroscopy and Quartz Crystsl Hlcrogravlaetry" 

Kay 3, 1984 

Kowalskl, B. R. 
Univ. of 
Washington, 
Seattle, WA 

"Chenoaetrlcs and Process Analytical Chemistry" June 4, 1984 
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Heealer, R. J . 
Sea Coaat 
S c i e n t i f i c , 
Stanford, CT 

"A Laaer Ionization Maaa Analyzer" Aug. 3 . 1984 

Cere, 0 . 
Hewlett Fackard 
Co. , 
Avoodale, PA 

Ovens, G. D. 
Proctor and 
Gamble Co., 
Cincinnati, OH 

"Chromatography with Supercrit ical Carbon Dioxide" 

"Application* of lobotica in Analyt ical Chemistry 

Aug. 28, 1984 

Sep. 14, 1984 

Ciddings, J. C. 
OBIT, of Utah, 
Salt Lake City, OT 

"Separation and Characterization of Macromolecales 
and Part ic lea by Fie ld-now Fractionation" 

NOT. IS, 1984 

APBITIOaUL ROrCSSIOaUL ACTIvTTIIS 

AT»".IIL, J. t. 
Advisory Coaaittee: 
Member: 

Sample Coordinator: 

•mAZHXHtAMnT, t . S. 
Chairaan: 

t, 1 . D. 
Member: 

Division Assistant 
Representative: 

Co-organizer and 
Session Chairaan: 

Subcommittee E-38.01 on Energy, ASTM 
ASTM Coaaittee E-38 on Resource Recovery 
ORNI. Emergency Oil S p i l l Response Teaa 
ACD/Departaent of Environmental Management 

ACD Seminar Committee 

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

Material Balanre Area Representative for Nuclear Materials 
Management 

Seainar on Decontamination of Nuclear F a c i l i t i e a , ASTM D-33, 
May 1984 

BOOUmaJI, N. V. 
Member: ORAU Traveling Lecture Program 

CARTER, J . A, 
Advisory Board: 
Adviaory Panel Member: 

Laboratory Coordinator: 
Secretary: 

Analytical Chemistry 
DOE/ISA Laboratory Adviaory Croup for Effluent Research 

(LACeR) 
ISPO Programs 
Subcommittee C-5:05, Analytical Task Croup (Reaccor Crade 

Graphite), Committee C-5, Manufacturer of Carbon and 
Graphite Products, ASTM 

CATO*, J. E. 
Member: ACD Long Range Planning Committee 



cnitnx, «. B. 
Mnbcr: ACS Loot Range Planning Cuaaittcc 

0 0 R 1 B O , • . A . 
Headier: ASTM Coaadctee C-26, Boclear Fuel Cycle, and Sube 

C-2S:05, Teat Methods 
ACD Long Range Planning Coaaittee 

ctee 

MLB, J . M. 
Heaber: , ACD Seminar Coaaittee 

ACD Solids/Surface* Characterization Tea 

, » . L. 
Lecturer: OBAD Traveling Lecture Prograa 

, F. F. 
Member: ACD Seaioar Coaaictee 

EUMUDCE, J. S. 
Member: ACD Long Range Planning Coaaittee 

Lab Coaaittee 8 of the International Society Coaaittee for 
the Methods of Air Saapling and Analysis 

Steering Coaaittee, Environmental Radiation Section of 
Health Physics Society 

act, j . r. 
Divis ion Representative: Laboratory Eaergency Saaple Coordinator 

Divis ion Computer Systeas Security Officer 

FAUNAE, C. 
Fellow: 
Meaber: 

Scientific Editor: 

Aaerican Society for Testing and Materials 
Coaaittee E-2 on Eaission Spectroscopy, ASTM, Subcoaaittees 
on Fundamental Methods, Editorial Practices, and 
Nomenclature 

Optica ird Spectroscopy (English translation of Russian 
journal, Optika i Spektroekopita) 

mcusoB, B. M. 
Division Representative: Energy Syateas Environaental Analysis Cosnittee 

CLISB, C. L. 
Chairman: 
Lecturer: 

Aaerican Society for Mass Spectrometry History Coaaittee 
ORAU Traveling Lecture Program 

COBBIBCBB, D. B. 
Meaber: ACD Seminar Coaattee 

GBIBK, W. B. 
Consultant: Departaent of Energy - BES 

Electric Power Research Institute 
Environaental Protection Agency - IERL/TSO 



to 

, m. i. 
Consultant: Departaettt of Energy (OHER) 

Pacific Northwest Laboratory Program Review 
Complex Mixture* Program Chemistry Representative 
Analytical Methodology Program Panel 

Rational Institute* of Health 
MID*. Analytical Support of Drug Research Proposal Review 

Panel 
Department of Energy (PE) 

Pacific Northwest Laboratory Program Review 
International Research and Development Corporation 
Program Review 

Environmental Protection Agency 
Mutagenicity Saaple Preparation Protocol Development Panel 

Division Representative 
DOE Chemical Defense Waste Program 

siccus, c. E. 
ACD Ombudsman 

, I. V. 
Coordinator: ACD Metric Coordinator 

BOWELL, P. L. 
Coordinator: ACD Quality Control Program 

HDLETT, L. D. 
Coordinator : ACD Sol ids /Sur faces C h a r a c t e r i z a t i o n Team 

JENKINS, R. A. 
Consul tant : 

Member: 

National I n s t i t u t e of Drug Abuse - Exposure of Animals 
t o Concentrated Smokes 

ORNL S>> aker'* Bureau 

joins, R. R. 
Chairman: 
Divis ion Represen ta t ive : 

Member: 

Task . .up on Methods of Coatings Analysis D-33 
ACD Ra>.:ation Control Off icer 
Resp i r i t o r Tra iner 
ASTM Committee D-33, P r o t e c t i v e Coating and Lining Work for 

Generation F a c i l i t i e s 

, J. M. 
Member: ACD Seminar Committee 

Digital Equipment Company Users Society (DECUS) 

ELATT, L. •. 
Member: 

Secretary: 

Energy Systems, Ph. D. Recruiting Team 
ACD Long Range Planning Committee 
Planning Committee, 27th ORNL/DOE Conference on Analytical 
Chemistry in Energy Technology, Knoxville, TN, October 2-4, 
1984 

ACS Division of Analytical Chemistry 
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LAT*C, B . t . 
Chairman: 

Coordinator: 
Fellow: 
Member: 

Vice-chairaan: 

Subcoaadttee C26:0S, T»st Methods, fcclear Fael Cycle, ASTM 
ASTM Long Range Plaaaiag Coaaittee 
ACD Quality Assurance Program 
Aaerican Society for Testing and Materials 
ASTN Coaadtcee 0-33, Protective Coatings 
ASTM Coaaittee on Technical Coaaittee Operations 
ISO Technical Coaaittee 85, Subcoaaittee 5 
O M L Pregrievence Coaaittee 
Planning Coaaittee, 27th 0UIL/DOE Conference on Analytical 
Chemistry in Energy Technology, KAozville, TV, October 2-4, 
1984 

IRMM Group 5.1, Analytical Cneaiatry Laboratory Heascreaent 
Control 

Energy Systeas-CAT Analytical Coaaittee 
ASTM Coeaittee C26, Nuclear Fuel Cycle 

vam, ». s. 
Advisory Board: 
Chairman: 
Fellow: 
Honorary Heaber: 
Member: 

Regional Editor: 
Technical Prograa Chairman: 

Analyst 
Honors k Awards Coaaittee, Isotopes * Radiation Div i s ion , AHS 
Aaerican Nuclear Society 
Coaaittee E-10, Nuclear Technology and Appl icat ions , ASTM 
Organizing Coaaittee , 7th International Conference on Kodern 

Trends in Activation Analysis 
S c i e n t i f i c Committee 25 on Radiation Protection in the Use of 

Small Neutron Generators, RCRP 
Technical Prograa Coaaittefc, 5th International Conference on 

Nuclear Methods in Environmental and Energy Research, 
Mayaquez, Puerto Rico, April 2-7, 1984 

Journal of RauHoanalyticdl and Nuclear Chariot ry 
27th ORNL/D0E Conference on Analytical Chemistry in Energy 

Technology, Knoxvil le , TN, Oct. 2-4, 1984 

HaJXAUlEC, M. P. 
Member: ASTM E-19 Coaaittee on Chromatography 

ASTM D-34 on Waste Disposal 

McKOVI, H. S. 
Division Representative: Interplant Computer Communication* Committee 

RAMSKT, J . M. 
Member: ACD Seminar Coaaittee 

•OSS, 1 . H. 
Chairman: 

Member: 

ORNL Graduate Student Select ion Panel 
ORNL Post Doctorate Select ion Panel 
ACD Seminar Coaaittee 
Editorial Adviaory Board, Journal of Itadioanalytieal an) 

thteltar Chmtittry 
Fellowship Coaaittee, ACS, Division of Anslyt ical Chemistry 
0RJ4L Technology Ut i l i za t ion Coaaittee 
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T. H. 
Member: 

Chairman and 
Organizer: 

ACD Seminar Committee 
Program Committee, 11th Annual FACSS Meeting 
Scholarship Committee, Tennessee Valley Chapter, American 
Vacuum Society 

ACD Solids/Surfaces Characterization Team 
Session on "Analysis and Characterisation of Surfaces," 
4th Annual Tennessee Valley Chapter, AVS Symposium, 
KnoxviUe, TS, Msy 1-3, 1984 

Session on "New Directions in X-ray Analysis," 11th Annual 
FACSS Meeting, Philadelphia, PA, Sept. 16-21, 1984. 

SCOTT, T. 6. 
Member: Committee D-19, Water, ASTH, and Subcommittee 4, Methods of 

Radiochemical Analysis 
Health Physics Society 

SHULTS, W. D. 
Consul tant : 
Member: 

Past P r e s iden t : 

Energy Systems Career Planning Program 
Advisory Committee, "Ana ly t i ca l Approach," Analytical 

Chemistry 
Canvassing Committee for the ACS Award for Crea t ive Advances 

i n Environmental and Technology 
E d i t o r i a l Board, Analytiaa Chimica Aata 
ORNL In-House Continuing Education Committee 
Technical Services Committee, Energy Systems 
Sigma Xi RESA, Oak Ridge Chapter 

SMITH, D. H. 
Chairman 

Coordinator : 
Member: 
Symposium Organizer: 

American Society of Mass Spectrometry Isotopes Ratio 
Committee 

ACD PhD Recruiting 
ACD Long Range Planning Committee 
Symposium on Frontiers in Isotope Ratio Measurements, 33rd 
Annual Conference on Mass Spectrometry and Applied Topics, 
San Diego, CA, May 1935 

STEWART, J . H . , J r . 
Division Represen ta t ive : 
Member: 

Task Leader: 

ACD Environmental P ro tec t ion Officer 
ACD Sol ids /Surfaces C h a r a c t e r i z a t i o n Team 

Fluorescence Methods 
Manuscript Review Board for Analytiaal Chemistry 
Microbeam Analysis Society 
Planning Committee, 27th ORNL/DOE Conference on Analy t ica l 

Chemistry i n Energy Technology, Knoxvil le , TK, 
October 2-4, 1984 

ASTM C-26.02 Nuclear Fuel Cycle Task: C-26.05 X-Ray 
I n t e r n a t i o n a l Working Croup "Analy t ica l Standards of 

Minera ls , Ores and Rocks" 

sfomr, J. R. 
Coordinator : AO MS/BS Recrui t ing 
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, P. J . 
Member: 

Coordinator: 

Planning Coaaittee, 27th Annual DOE/ORAL Conference on 
Analytical Cheaiatry in Energy Technology, Knoxvi l le , Til, 
October 2 -4 , 1984 

ACD Awards 

, B. A. 
Coordinator: ACD University Relations 

ACD Family Day 1984 

HAUKR, R. L. 
Advisory Panel Member: JE/ISA Laboratory Advisory Group for Effluent Seaearch 

(LAGER) 

NHTTEI, V. B. 
Lecturer: ORAU Traveling Lecture Prograa 

Torac, J . p. 
Fellow: American Association for the Advanceaent of Science 



Materials analysed t h i s year have been Al, 
Si(>2, T i , W, and polyiao.de encapsulating 
coa t ings . Our outside customers were Texts 
Instruments, DuPoot, Cominco Electronic 
Materials , Harbison-Walker, IBM, and Variaa. 

Some other requests were for the 
determination of Oj in sodium metal by the Air 
Force and radon emanation from concrete by the 
Ravy. 

(F. P. Dyer, L. Bobinsan, and CD. Bible) 

http://polyiao.de
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8. PRESENTATION OF RESEARCH RESULTS 

As i n past years , the d iv i s ion has act ive ly responded t o the chanting p r i o r i t i e s 
of the OML research e f for t by changing the aaphasis 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 we l l as non-
nuclear - i s ref lected in the research resul ts l i s t e d below. The a u l t i d i s c i p l i n a r y 
approach required in many auch probleas i s indicated by the nuaber of papers and ta lks 
coauthored by aeabert of other ORRL d i v i s i o n s . Such persons are designated by an 
a s t e r i s k . 

rvSLICaXIOa* 

AUTHOR 

Contributions to l e e k s , Proceedings, ana Resorts 

AUTHOR(S) AHD TITLE PUBLISHED IB 

Brooksbank, * . D. Brooksbank, I . 0 . ; Laing, W. R. "Radiation 
Tolerance Testing of Organic Materials" 

Trans, of 1984 Annu. 
Meet., Am. Duel. Sot. 
Vol. 46 , p . 363, 1984 

Buchanan, M. V. Buchanan, M. V.; Olerich, C. "Different iat ion 
of Isoaeric Polycyc l ic Aroeatics Using Negative 
Cheaical Ionizat ion" 

Proe., 32nd Annu. Conf. 
on Mass Speatrom. and 
Allied Topics, San 
Antonio, 1984, p. 65 

Carter, J. A. Cl i sh , C. L. ; HcLuckey, S. A.; Carter, J. A. 
"Mass Spectroaetry/Mass Spectroaetry as a 
Screening Method for Detecting Explosives 
Vapors" 

R w « i 25th Annu. Conf., 
IMM, Coluabus, OH, 
July 15-18, 1984, 
p. 216 

Chri s t i e , W. H. Chris t ie , W. H. ; Tsylor, D. H. ;* Eby, R. E. 
"SIMS Study of Coapositional Changes Observed 
in P11O2 Heat Source Clsdding Alloy" 

Proe., 32nd Annu. Conf. 
on Hue Speatrom. and 
Allied Topics, Ssn 
Antonio, TX, Msy 27-
June 1, 1984, p. 614 

Chris t ie , M. H. ; Taylor, D. H. ;* Eby, R. I. 
Pavone, D.* "SIMS Study of Compositional 
Changes Observed in s PuOj Heat Source 
Cladding Alloy" 

Analytical Spectroscopy, 
W. S. Lyon, ed . , 
E lsev ier Science Pub­
l i s h e r s , Aasterdaa, 
1984, p . 167 

Dale, J. M. Hulett , L. D.; Dale, J. M. ; Mi l ler , P. D. ;* 
Moak, C. D.;* Pendyals, S.;* Trif tshauser, 
W.j* Howell, R. H.;* Alvarez, R. A.* "The 
Generation of Monoenergetic Positrons" 

Positron Scattering in 
Gases, John W. 
Huabsrston and M. R. C. 
McDowell, a d s . , Plenum 
Press, 1984, p. 195 

Hulett, L. D.; Dale, J. M. ; Pendyala, S.* 
"The Generation of Monoenergetic Positrons 
and Sons Potential Applicstions in Msterials 
Science" 

Materials Science Forum, 
Vol. 2, Trans. Tech. 
Publ. , Switzerland, 
1984, p . 133 
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AUTHOR AUTHOR(S) AND TITLE 

D a l e , J . M. R o s s e e l , T. M.; D a l e , J . M. ; B u l e t t , L. D. 
Krause , H. ¥.;* Raman, S . ; * V a o e , C. R . ; * 
Young, J . P. "Heavy- Ion- Induced X-ray 
S a t e l l i t e Emission as a Chemical Probe" 

PUBLISHED IN 

Analytical Spectroscopy, 
V. S. Lyon, e d . , 
E lsev ier Science Pub­
l i s h e r s , Amsterdam, 
1984, p. 249 

Donohue, D. L. 

Eby, R. E. 

Eld r idge , J . S. 

Cl ish, C. L. 

Donohue, D. L.; Smith, D. H. ; Young, J. P.; 
Ramsey, J. M. " I s o t o n i c Bias Effects in 
Resonance I o n i z a t i o n Mas* Spectrometry" 

Young, J. P.; Donohue, D. L. ; Smith, D. H. 
"Assessment of Resonance Ionization Mass 
Spectrometry for Analyt ical Chemistry and 
Spectroscopy" 

Young, J . P . ; Donohue, D. L. ; Smith, D. H. 
"Resonance I o n i z a t i o n Mass Spectrometry" 

Donohue, D. L. ; Young, J . P . ; Smith, D. H. 
" I so top i c Measurements of Uranium and 
Plutonium by Resonance I o n i z a t i o n " 

C h r i s t i e , tf. H.; Taylor , D. H. ;* Eby, R. E. 
"SIMS Study of Compositional Changes Observed 
in Pu0 2 Heat Source Cladding Alloy" 

C h r i s t i e , W. H.; Taylor , D. H . ;*Eby , R. E. 
Pavone, D.* "SIMS Study of Compositional 
Changes Observed in a PuOj Heat Source 
Cladding Alloy" 

Stegnar , P . ; * E ld r idge , J . S . ; Teasley, N. A, ; 
T. W. Oakes* "Environmental Appl ica t ions for 
an I n t r i n s i c Germanium Well Detector" 

Cl i sh , C. L. ; KcLuckey, S. A.; Car te r , J. A. 
"Mass Spectrometry/Mass Spectrometry as a 
Screening Method for Detect ing Explosive 
Vapors" 

Resonance Ionization 
Spectroscopy 1934, 
G. S. Hurst and M. G. 
Payne, e d s . , The 
I n s t i t u t e of Physics , 
Bolton, 1984, p . 83 

Resonance Ionization 
Spectroscopy 1984, 
G. S. Hurst and M. G. 
Payne, e d s . . The 
I n s t i t u t e of Physics , 
Boston, 1984, p . 127 

Proc, 35th Pittsburgh 
Conf. on Anal. Chem. 
and Appl. Sped rose, 
A t l a n t i c Ci ty , NJ, 
March 5-9, 1984, 
p . 294 

Analytical Spectroscopy, 
W. S. Lyon, e d . , 
E l s e v i e r Science Pub­
l i s h e r s , Amsterdam, 
1984, p . 143 

Proc., 32nd Annu. Conf. 
on ttass Spectron. and 
Allied Topics, San 
Antonio, TX, May 27 -
June 1, 1984, p . 614 

Analytical Spectroscopy, 
W. S. Lyon, e d . , 
E l sev i e r Science Pub­
l i s h e r s , Amsterdam, 
1984, p . 167 

Ana lyt ica I Spect roscopy , 
W. S. Lyon, ed. , 
E l sev i e r Sc i . Pub., 
Amsterdam, 1984, p . 313 

Proc., Zbth Annu. Conf., 
INMM, Columbus, OH, 
Ju ly 15-18, 1984, 
p . 216 



AUTHOR 

Gli»h, C. L. 

Goeringer, D. E. 

AuTHOR(S) AMD TITLE 

Gliah, G. I . ; Goeringer, D. E . ; Mc Lackey, 
S. A. "Internal Energy Effect* in Low 
Energy CID" 

Goeringer, D. E . ; Gliah, G. L. "Tandem 
Quadrupole/Time-of-Flight Inatruaent for 
MS/MS Studiea" 

Gliah, G. L. ; Goeringer, D. E . ; HcLuckey, 
S. A. "Internal Energy Effect* in Low 
Energy CID" 

Goeringer, D. E , ; Gliah, G. L. "Tandem 
Quadrupole/Time-of-Flight Instrument for 
MS/MS Studiea" 

PUBLISHED IH 

Proc., 32nd Annu. Conf. 
on ttimu Speetrom. and 
Allied Topic*, San 
Antocio, TZ, day 27-
Jone 1, 1984, p . 719 

Proc., 32nd Annu. Conf. 
on Ma** Spectram. and 
Allied Topic*, San 
June I , 1984, p. 521 

Proc., 3&td Aram. Conf. 
on ttu« Sped rem. and 
Allied Topic*, San 
Antonio, TX, Hay 27-
June 1, 1984, p . 719 

Proc., 32nd Annu. Conf. 
on Mi»8 Spectrom. and 
Allied Topic*. San 
Antonio, TX, May 27-
June 1, 1984, p . 521 

Grieat, W. H. Ho, C . -h . ; Ha, C. Y.; Grieat, W. H.; Guerin, ACS Preprint*, Pin . 
H. R- "Preparative Scale Organic Extraction and Environ. Chem. 
Chemical/Biological Analysis of Stack and ESP 24(2) , 1984, p. 68 
Hopper Ash" 

Guerin, M. R. Ho, C. -h . ; Ma, C. Y. ; Griest , W. H.; Guerin, ACS Preprints, Div. 
M. R. "Preparative Scale Organic Extraction and Environ. Chem. 
Chemical/Biological Analysis of Stack and ESP 24(2) , 1984, p. 68 
Hopper Ash" 

Ho, C.-h. Ho, C. -h . ; Ma, C. Y.; Griest , tf. H.; Guerin, ACS Preprints, Dio. 
M. R. "Preparative Scale Organic Extraction and Environ'. Chem. 
Chemical/Biological Analysis of Stack and ESP 24(2) , 1984, p. 68 
Hopper Ash" 

Hulett , L. D. flulett, L. D.; Dale, J. M.; Pendyala, S-* 
"The Generation of Monoenergecic Positrons 
and Some Potential Applicstions in Materials 
Science" 

Material* Science forum 
Vol. 2, Trana. Tech. 
Publ . , Switzerland, 
1984, p. 133 

HuleCt, L. 0 . ; Dale, J . M.; H i l l e r , P. 0 . ; * 
Moak, C. D . ;* Pendyala, S. ;* Triftshau»er, 
W.;* Howell, R. H.*; Alvarez, R. A.* "The 
Generation of Monoenergetic Positrons" 

Rosseel, T. M.; Dale, J. M.; Hulett, L. D.; 
Krause, H. P . ;* Raman, S . ;* Vane, C. R. ;* 
Young, J. P. "Heavy-Ion-Induced X-ray 
S a t e l l i t e Emission as a Chemical Probe" 

Posi t ion Scattering in 
Gatee, John W, 
Humberston and M. R. C. 
McDowell, ed» . , Plenum 
Press, 1984, p. 195 

Analytical Speatrotaopy, 
H. S. Lyon, ed. , 
Elsevier Science Pub­
l i s h e r s , Amsterdam, 
1984, p. 294 
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AUTHOR 

Laing, H. t. 

Lyon, V. S. 

AUTHOR(S) AKD TITLE 

Brookebank, R. D.; Laing, W. R. "Badiation 
Tolerance Teating of Organic Materials" 

Lyon, W. S. (ed.) Analytical Spectroscopy 

PUBLISHED IB 

Trans, of 1984 Amu. 
Hset., Am. fuel. Toe. 
Vol. 46, p. 363, 1984 

Elsevier Science 
Publisher*, Amsterdam, 
Betherlands, 1984 

Ma, C. T. Ho, C . - h . ; Ha, C. T . ; CriesC, H. H.; Cucrin, 
M. R. "Preparative Scale Organic Extraction and 
Chemical/Biological Analysis of Stack and ESP 
Hopper Ash" 

ACS Preprints, Div. 
Environ. Cheat. 
2 4 ( 2 ) , 1984, p . 68 

McLuckey, S. A. 

Olerich. G. 

Ramsey, J. M. 

Rosseel, T. H. 

Shaw, R. W. 

Glish, G. L.; McLuckey, S. A.; Carter, J . A. 
"Mass Spectrometry/Mass Spectrometry a s a 
Screening Method for Detecting Explosive 
Vapors" 

McLuckey, S. A,; van der Zande, W.;* de Bruijn, 
D. P . ; * Los, J . ; * Kisteaaker, P. C * 
"Scattering in Di s soc ia t ive Col l i s ions of 
Ionized Acetone with Helium" 

Cl i sh , C. L.; Coeringer, D. E, ; McLuckey, S. A. 
"Internal Energy Effects in Low Energy CID" 

Buchanan, M. V.; Olerich, G. "Different iat ion 
of Isomeric Polycyc l ic Aroaatics Using Negative 
Chemical Ionization" 

Donohue, D. L. ; Smith, D. H.; Young, J. P.; 
Ramsey, J . M. "Isotopic Bias Effects in 
Resonance Ionization Mass Spectrometry" 

Rosseel , T. M. ; Dale, J. M. Hulett, L. D. ; 
Krause, H. P . ; * Raman, S. ;* Vane, C. R.;* 
Young, J . P. "Heavy-Ion-Induced X-ray 
S a t e l l i t e Emission as a Chemical Probe" 

Shaw, R. W. ; Howell, H, E. ;* Kamantov, G;* 
Wehty, E. L.* "Matrix-Isolation 
Photoacoustic Spectroscopy" 

Proc., 25th Annu. Conf., 
HUM, Colwbus, OH, 
July 15-18, 1984, 
p . 216 

Proa., 32nd Annu. Conf. 
on ttxee Speetrom. and 
Allied Topics, San 
Antonio, TX, May 27-
June 1, 1984, p . 715 

Proc., 32nd Annu. Conf. 
on Maes Speetrom. and 
Allied Topics, San 
Antonio, TX, May 27-
June 1, 1984, p . 719 

Proc, 32nd Annu. Conf. 
on Mass Speetrom. and 
Allied Topics, San 
Antonio, TX, 1984, 
p. 65 

Resonance Ionization 
Spectroscopy 1984, 
G. S. Hurst and M. G. 
Payne, e d s . , The 
Ins t i tu te of Physics, 
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0RM./CP-84/351 
(Sept. 10, 1984) 

Y/00-480-FTIR 
(March 1984) 

0RM./TM-9141 
(Apr, 1984) 
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ummsis} m u 
J M I M , K. A.; BMntaa;. ». L.; Hukarinec, 

H. P.; • • • i j h f . •»• •-» • • " T . »-:* *-•**» S.* 
. Ctocieal Cfcamart eriaatiow «nj lbteieotagie: 

Btatmtiom of Mirbomm mature*: Kernel Fmtl 
Saakm Pertiaiate Vonimeirg t>t ^pragme-SaJLey 

flEPQCT NO. A 

omrm-9195 
C-fely 19BA) 

Naekeriacc, H. P. 9mwU,.r. A.;* Pellecfcia, P. J.;*Hea*ia«, S.-L.; 
Kaskarinec, H. P. Capillary Zone Eleetrophore-
&im: Bteti mint at ion and Oem vitk tomqmexm* 
SoUMbm " c 

ffcrgai.J. »-;* SMkariae'e, H. P.; S t p n i A . 
M. -I.;* BatwZopamta i* dpmc IktaZor Liquid 
Ckromnt4/jjwjfiy; 

Jfeafciaa. I . A.resuming, D. l „ ; Muk£na«c, 
H. P.; Hoaeyhu. J. • . ; BaUey, W.;* Lock, S.* 

Evaluation of Airborne Mixture*: Kernel Fuel 
Smoke Particulate Dosimetry in Sprague-Dauley 
Otto 

O U U D H U l 
(Apr. 19B4) 

0»L/tH-9043 
(Apr. 19M) 

0UL/ffi-9I9S 
UWy 1984) 

Criest, W. H., Kaskarinec. H. P.; Toakina, B. A.. 
Ckemioal/lhysical Characterisation and thnage-
ment of Sample* from the H-Coal Pilot Plant 
Site Specific Assessment 

Haskarinec. K. P,; Francis, C. W.;* Coyert, 
J. C.* nobility of Tbarfc Compound* from 
Hazardous Ubetee 

ORKL/TM-89II 
(Aug, 1984) 

0RIIL/TK-6044 
(Aug. 1984) 

May, H. ?. 

Honeyhun, J, H. 

Oyer, P. P.; Nay, K. P.; Walker, »- L.; Scott, 
T. C; Cacon, C. K.;* Scokely, J. R. 
Evaluation of Isotope Dilution Hue 
Spectrometry for Xoaeeay Measurement of 
Uranium, Plutonium, and Thorium in Urine 

Jenkins, R. A.; Manning, D, L.; Kaskarinec, 
M. P.; Honeyhun, J. H.; Dalbey, V,;* Lock, S.* 
Chemical Characterisation and Toxicologic 
Evaluation of Airborne Mixtures: Diesel Fuel 
Smoke Particulate Dosimetry in Sprague-OauHey 
has 

BJUtEC/Cr-3590 
OAHL/TH-9006 

(June l>3i 

ORM./TM-9I95 
(July 1984) 

Olerieh, C. 

Jenkins, R, A.; HoUeberg, R, W.; ffike, J, S.;* 
Honeyhun J. H,; Breiell-Ramsey, R, S, Chemical 
Characterisation and Toxicologic Evaluation of 
Airborne Mixtures: Chemical and Physical 
Characterization of Diesel fuel Smoke 

Buchanan, H. V.; Olerich, C. chemical 
Composition of Tmorigenic and Mutagenic 
cacti "w cf THo Coil lA^uide 

ORBL/TH-9196 
(July 1984) 

ORML/TK-8680 
(Jan. 1984) 



a'ey, C . S . 

n y , L.H. 

: " ^--.-^ Scott, 1 . 6 . 

A.U-" 

Smth. Bv B. 

Stately, J. R. 

75 

ainiftfsYaro-vmiL 

eimwsS&&^ml^A 

* * * * * * i 
-viae' -A %£-* Si^A - I T • • 4 T ' 3 J ^ ^ i - ^ ^ f e ^ ^ ^ ^ ^ S < ; ^ : ^ : > ^ ' » ~ ^ > c * ^ r f ^ 

OmtrM 

PUtonimn, ami ThorUM~in9rime: 

i.tk, D, B. Report on Torsion B w » l 

Dyer, r . F . ; Hay, H. P.; Welter, t . L.; Scott, 
T, 6 . ; Catoa, C. H.;* Stately, J. R. 
Evaluation of Isotope Dilution Mass 
Spectrometry for Bioassay Measurement of 
Ifranimt, Hutoniim, and Jhorim in Urine 

Stately, J, R, Analytical Chemistry Division 
Smutty Report: General and Environmental 
Analysis Section 

Stotely, J. R. Analytical Chemistry Division 
Sumary Report: General and Environmental 
Analysis Section 

rfm frgj^ap^: 

ORK/FIK-lKg, 
CR«r. 1984) 

•VREC'Cr-3590 
ORKL/n-9006 

(June 1984) 

ORn.^CF-84/29 
(Jan, I , 1984) 

08RL/CF-84/2I9 
(May 1, 1984) 

Stokely, J. R. Analytical Chemistry Division 
Sumary Report: General and environmental 
Analysis Section 

Strain, J. t. Boa tick, D. T.; Strai..., J. I.; HcCue, D, D,;* 
Harper, R. E.;* Seal*, R. D,* Remote Analyser 
for HuUieomponent Process Streams "RAMPS" 

BoatUk, D. T.; Stra' , J, E. J*»# j^«rt>w-
pfert«»«*»»<« Determination of Uranim in 
Dibutyl Carbitol 

Teaelay. N- A. Huang, S, F, ;* Ohneaorge, W, f . ; * OMtnby, 
R, It,;* Eldridge, J, S,; Taaalay, If. A,; 
Daniala, K. L. ;* Alexander, H, A,;*Vet*on, 
J, >.;* Oakaa, T, W,* PvatiMmtry Radiologic 
aal Characterisation of fifteen Vasts Tanks 
at Oak Ridge national laboratory 

ORRL/Cr-M/343 
(Sept. I, 1984) 

Y/BW-503 
(Kay 23, 1984) 

ORRL/CF-84/283 
(June 26, 1984) 

ORRl/Cr-84/203 
(Sept. 1984) 

.^...•#~>Mj!m£tilll 



ADtNOB. AOTKML(S) AID TITLE 

Taaalsy , B. A- B I O I , S. F . ; * Oavaby, B. K. ;* Ohaaaorg*. 
W. t . ; * D e n i a l s . B. L. ; • Nontfore , M. A . ; * 
Ooiaa, C. I . ; * Watson, J . B . ; * T a t t l e ? , I . A . ; 
B l d r U g a , J . *-! 0 » t a a , T. W.* A v i i w t m i ' y 
Btdioloaiaal Otarootartaation of t*# 0W Bydro-
fraotvrm tboility (OBP) at OA f&daa Watioml 
Laboratory 

Toafcias, B . A. G r i a s t , « . H. . N u k a r i a a c , M. F . ; Toafcias, B . A. 
Chamioal/Wiyioal Otara&frlmatim and Hanagt-
mtnt of Satplaa from th» B-Ceal Pilot Plant 
SUa Sottifie 4 * M M 

BEPOBT BO. ABC DATE 

OBBL/CF-84/202 
(S«pc. 1984) 

OBBl/Tlt-8911 
( A n S . 1984) 

C r i a s t , H. B . ; Toafcins, B . A . ; Caton. J . E. 0BBI./FP0-84/88 
Idantifioation and tyantitation of Fotynuelaar (May 1984) 
Organic ttatfr (KM) tit Enmrgy-Salafd Hxtarial; 
KPRI, Knot Baport 

Halkar, B . L. Dyer, F . F . ; May, M. F . ; Halksr, B. L . ; S c o t t , ROE£G/Cr-3S90 
T. C ; Catoo, C. M.;* Stokaly , J . B. OBBL/TM-9006 
evaluation of Itotops Dilution HIM iJuoa 1»» 
Spaatromttry for BiooMtay maavrmmnt of 
Uranim, Hvtonimi, and. Tkoriwn in ffriiw 
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As in previous years , s ta f f aeabere have aada presentations at l o c a l , a a t i o a a l , 
and, in a few ins tances , international aeetimga. The papers covered a wide var i e ty of 
•objec t* , r e f l e c t i n g tbe d i v i s i o n ' s broad apectraa of a c t i v i t i e s . 

of Professional l a c i t i — , Ceaft the U k a 

SPEAKER 

Andrews, H. C * 

AOTHOl(S) AID TITLE 

Andrews, M. C.;* He Daniel , F . D . ; * Duggan, 
J . L.;*Hefita, fc.;* Mil ler , P. D . ; * Krauee, H;* 
Pepai l l er , P. L . ; * l o s s e e l , T. H.; Rayburu, 
L. A . ; * Lapicki, e . * "L She l l X-ray Production 
Cross Sections in M , Cd, Ho, Tb, Aa and Pb 
for Incident 25 HeV Carbon and 32 MeV Oxygen 
Ions" 

FRESKmTED AT 

8th Conf. on the Appli­
cat ion o f Accelerators 
in t e a . and l a d . , 
Denton, TX. Sov . 12-14, 
1984 

Andrews, H. C * Andrews, M. C.;* H-Daniel, F. D . ; * Duggan, 8th Conf. on the Appli-
J . L . ;*Hehta , R.;* Mil ler , P. D . ; * Kranse, H.;* cat ion of Accelerators" 
Pepni l ler , P. L . ;* Rosseel , T. H.; Rayburn, in Res. and I n d . , 
L. A.* "H-Shell Electron Capture and Direct Denton, TX, Mo v . 12-14, 
Ionization of Gold by 25 HeV Carbon and 32 HeV 1984 
Oxygen Ions" 

A t t r i l l , J . E. Ac t r i l l , J. E.; Stewart, J . R.; Rogers, W. F . ; 
Webb, K. I . "Probleas and Reaedies i n the Mea­
surement of PCS in Environmental Materials" 

Axiz, M. J . * Aziz, H. J . ; * Lowndes, D. H.;* J e l l i s o n , G. E . ; * 
White, C. W. ;* Thoapson, H.O.;* Peercy, P, S. ;* 
Chris t ie , W. H. "A Search for Solute Drag" 

Aa. Chea. S~c. Reg. 
Meet., Raleigh, RC, 
Oct. 24-26, 1984 

Annu. Meet. Mater. Res. 
Soc . , Boston, HA, Nov. 
26-30, 1984 

Aziz, M. J .* Aziz, M. J . ; * Rygren, E . ; * Chr i s t i e , W. H.; 
White, C. W.* "Measureaent of Low-Teaperature 
Self-Diffusion, in In tr ins i c S i l i con" 

Annu. Meet. Mater. Res. 
Soc. , Syap. on 
Diffusion and Cetcering 
in Semiconductors, 
Boston, HA, Nov. 26-30, 
1984 

BrooksHank, » . D. Broofcsbank, R. D. "Radiation Tolerance 
Testing of Organic Materials" 

Aa. Mucl. Soc . , Mat. 
Meet., Haw Orleans, LA, 
June 6, 1984 

Buchanan, H. V. Buchanan, M. V.; Olerich, C. "Differentiat ion 
of Isomeric Polycycl ic Aroaatics Using Negative 
Chemical Ionizat ion" 

Anal. Chen. Div. Inf. 
Meat., Oak Ridge Mat. 
Lab., Oak Ridge, TM, 
Jan. 30-Feb. 1, 1984 
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SPEAKER ADTBOt(S) AMD TITLE 

Buchanan, M. V. Buchanan, M. V.; Gberia, M. B. "Development of 
Analytical Method* for the unambiguous Identi­
fication of Organic* at the Isoaeric Level" 

PRESENTED AT 

OHER Meaa. Sci. 
Workshop, Battel le 
Seattle Conf. Ctr., 
Seattle, WA, May 14-17 
19B4 

Buchanan, M. V.; Olerich, G. "Differentiation 
of Isoaeric Polyeyelie Aroaatics Using Negative 
Chemical Ionization" 

Aa. Soc. Maas 
Spectrosc., San 
Antonio, TX, May 27-
June 1, 1984 

Buchanan, M. V. "Negative Chemical Ionization 
for Isoaeric Differentiation of Polyeyelie 
Aroaatics" 

Buchanan, M. V. "Negative Ion Cheaical Ioniza­
tion Studies for the Differentiation of 
Isoaeric PAH" 

Aa. Chea. Soc., 
Philadelphia, PA, 
Aug. 26-30, 1984 

BBS/DOE Meet, on Anal. 
Charac, Seattle, HA, 
Nov. 8, 1984 

Buchanan, M. v.; Wise, M. B.; Guerin, M. R. 
"Isoaeric Characterization of Organic Coapounds 
by Cheaical Ionization Msss Spectrometry" 

D.S. Dept. of Energy, 
Washington, DC, 
Oec. 4, 1984 

Christie, 7. H. Christie, W, H,; Taylor, D. H. ;* Eby, R. E.; 
Pavone, D.* "SIMS Study of Compositional 
Changes Observed in a Pu02 Heat Source 
Cladding Alloy" 

32r>d Annu. Conf. on Mass 
Spectroa. and Allied 
Topics, San Antonio, 
TX, May 27-June 1, 
1984 

Christie, W. H.; Eby, k. E. ; Taylor, D. H.* 
"SIMS Study of Compositional Changes in a 
Pu0 2 Heat Source Cladding Alloy" 

Twelfth DOE Surface 
Studies Conf., Oak 
Ridge, TN, June 11-
14, 1984 

Christie, W. H. "SIMS Study of Compositional 
Changes Observed in a Pu02 Heat Source 
Cladding Alloy" 

Christie, W. H.; Tsylor, D. H.;*Eby, R. E. 
Psvone, D.* "SIMS Study of Compositional 
Changes Observed in a PuOj Heat Source 
Cladding Alloy" 

Christie, W. H. "SIMS Study of Compositional 
Changes Observed in a PuOj Heat Source 
Cladding Alloy" 

Invited, 26th Rocky 
Mountain Spectrosc., 
Conf., Denver, CO, Aug, 
5-9, 1984 

4th Annu. Tenn. Valley 
Chapt., Aa. Vac. Soc., 
Knoxvilie, TN, 
May 1-2, 1984 

Anal. Chen. Div. Inf. 
Meet., Oak Ridge Nat. 
Lab., Oak Sidge, TN, 
Jan. 30-Feb. 1, 1984 

Christie, W. H.; Donohue, D. L.; Goeringer, 
D. R.; McKown, H. S. "Resonance Ionization 
Mass Spectrometry for Ultra Trace Analysis" 

ISA-LAGER Committee, 
Washington, DC, 
Oct. 24, 1984 
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SPEAKER ABTROR<S) AID TTTLB 

Coetanso, D. A. Coetanso, D. A. "Analytical Chemistry 
Development for CPRP" 

m s o t u AT 
Cm Taak tar., Oak 

Ridge Rat. Lab.. Oak 
Ridge, Tl, March 13, 
1984 

Coetanxo, D. A. "Analytical Chaariatry 
Development for CFRP" 

OSDOE/DEAKA Inf. 
Exchange Heat., Oak 
Ridge, TK, March 26, 
1984 

Coetanso, D. A. "Analytical Assistance to 
the Bydrofracture Haete Disposal Program" 

Energy Syaterns, Goodyear' 
Att«ic Corp. Aaal. Ser­
vice* Meet., Oak Ridge, 
Tl, MOT. 13, 1984 

Donohoe, D. L. Donohoe, D. L.; Smith, 0. H.; Young, J. P.; 
Chriatie, W. H. "Iaotopic Biai Effects 
in Resonance Ionization Matt Spectrometry" 

2nd Int. Conf. on 
Resonance Ionisation 
Spectroa. (RIS), 
Rnoxville, TM, April 
20, 1984 

Donohue, D. L.; Sadtb, D. R.; Young, J. P. 
Chriatie, V. H.; Goeringer, 0. E. "Resonance 
Ionization Mass Spectrometry Dsing a 
Coaosercial Ion Microprobe Mass Analysers" 

Donohue, D. L.; Chriatie, W. R.; 
Goeringer, D. I . ; McKovn, H. S. "Ultra-
Sensitive Isotopic Analysis by Resonance 
Ionization Mass Spectroaetry" 

Donohue, 0. L.; Young, J. P.; Saith, D. ". 
"Currant Statu* of Inorganic Mass 
Spec t rone try Research" 

Donohue, 0. L. "Mew Directions in Resonance 
Ionization Mass Spectroaetry" 

Invited, 187th Rat. 
Aa. Chea. Soc. Meet., 
Philadelphia, PA, Aug. 
26-31, 1984 

Invited, Int. Conf. on 
Laser* '84, San 
franciaco, CA, Rov. 26-
30, 1984 

RES Chemical s tieacee 
Site Review, Oak Ridge, 
Hat. U b . , Oak Ridge, 
TN, Mar. 28, 1984 

Anal. Chea. Div. Inf. 
Meet., Oak Ridge Nat. 
Lab., Oak Ridge, TR, 
Jan. 30-feb. 1, 1984 

Eldridge, J. S. 

Donohue, 0. L.; Christie, W. H.; Coeringer, 
D. E. "Measureaant of Uranium and PluConiua 
Isotope Ratios by RIMS" 

Donohue, D. L.; Snith, D. H.; McKown, H. 8 . ; 
Carter, J. A. "A Proposed Vent Ca* Monitor 
for UP6" 

Eldridge, J. S. "The Use of Sioindicatar 
Organise* and Specialised Analysis Tech­
niques in a Prograa of Environmental 
Survci1 lance" 

ISA-LACER Coaaittee, 
Hsshington, DC, 
Apr. 11, 1984 

Portsaouth Caseous 
Diffusion Plant, 
Portsaouth, OH, 
Oct. 10, 1984 

29th Annu. Mtet. 
Health Physics Soc , 
New Orleans, LA, 
June 3-8, 1984 
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SPEAKER ADTHM(S) AID TITLE 

Ferguson, M. H. Ferguson, » . H. "automation i n t h t 
Determination of Anions" 

Ferguson, H. M. "Data Management and Quality 
Control" 

Francis, C. V.* Francis , C. W.;* Haskariuec, M. P . ; Coyert, 
J . C * "A Laboratory Extraction Hethod to 
Simulate Cc-Oisposal o f Solid Waste i n 
Landf i l l s" 

Gl i sh , G. L. Gl i sh , G. L. ; Goeringer, 0. E . "Internal 
Energy Effects in Low Energy CID" 

Glish, G, L . ; HcLuckey, S. A , ; Carter, 
J . A. "Mass Spectrometry/Ksss Spectrom­
etry a s a Screening Hethod for detecting 
Explosive Vapors" 

PRESENTED AT 

VJCOTO-GAT Anal. Com.. 
Meet, , Oak Ridge Est . 
Lab, Oak Ridge, TR, 
March 20, 1984 

EPRI Pre-Project Re*. , 
Oak Ridge 1 s t . Lab, , 
Oak Ridge, TH, 
April 10, 1984 

ASTM Symp. on Sol id and 
Hazardous Waste Test ­
i n g , Arlington, VA, 
Hay 2-4, 1984 

32nd Anno. Conf. on Mass 
Spectrom. and Al l ied 
Topics , San Antonio, 
TX, Hay 27-June 1, 1984 

25th Annu. Meet., INKH, 
Columbus, OB, July 15-
18, 1984 

Cl ish, C. L . ; Todd, P. J . "The Effect of 
Cationizing Species on MS/MS Spectra" 

Anal. Chem. Div. Inf. 
Meet., Oak Ridge Rat. 
Lab., Oak Ridge, TM, 
Ian. 30-Feb. 1, 1984 

Goeringer, D. E. 

C l i sh , C. L.; Goeringer, D. E . ; HcLuckey, 
S. A. "Current Ststus of Research in 
Organic Mass Spectrometry" 

Goeringer, D. E. ; C lUh, G. L. "Tandem 
Ouadrupole/Time-of-Flight Instrument for 
MS/MS Studies" 

BES Chemical Sciences 
S i t e Review, Oak Ridge 
Nat. Lab, , Oak Ridge, 
TN, Kerch 28, 1984 

35th Pittsburgh Conf. on 
Anal. Chen, and Applied 
S p e c t r o s c , Atlantic 
City , HJ, March 5-9, 
1984 

Coeringer, 0. E. ; Glish, G. L, "Tandem 
0A>adrupole/Time-of-Flight Inatrissent for 
MS/MS Studies" 

32nd Annu. Conf. on Mast 
Spectrom, and Al l ied 
Topics, San Antonio, 
TX, Kay 27-June 1, 
1984 

Coeringer, D, I.; Cl i sh , C. L. "A Tandem 
Qu*drupole/Time-of-Flight Instrument for 
MS/MS Studies" 

Anal. Chsm. Div. Inf. 
Meet,, Oak Ridge Nat. 
Lab., Oak Ridge, TN, 
Jan. 30-Feb. 1, 1984 
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SPEAKER 

Grieat, V. B. 

AOTEOI(S) AID TITLE 

Crieat, W. H.; Tomkina, B. A.; HacDoogall, 
C. S.; Harris, L. A.* "Characterisation of 
Carbonaceous Natter Emitted to the Atmosphere" 

Grieat, H. H. "Microscopic Characterisation of 
Stack Ash Particles froai Coal Combustion" 

PRESETTED AT 

Anal. Chaa. B I T . Inf. 
Meet. , Oak Ridge Hat. 
Lab. , Oak Ridge, TR, 
Jan. 31, 1984 

Voir, of Tenn. 
Enoxv i l l e , TR, Bay 11, 
1984 

Groeneuold, G. S .* Groenevold, G. S . ; * Todd, P. J . "Enhance­
ment of Secondary Radical Cation Emiaaion 
Molten SbCl 3" 

32nd Anno. Conf. on Masa 
Spectrom. and Al l ied 
Topica, San Antonio, 
TX, May 27-June 1, 
1984 

Groenewold, G S . ;*Todd, P. J. "Detection/ 
Ident i f i cat ion of V o l a t i l e Organic Phoepho-
natea by SIMS" 

32nd Anna. Conf. on Mass 
Spectron. and Al l ied 
Topica, San Antonio, 
TX, May 27-June 1, 
1984 

Guerin, M. R. Guerin, M. R. "Cheaical Implications of Model 
Compound Se lec t ion Exercises" 

OHER Meas. S c i . 
Workshop, B a t t e l l e 
Sea t t l e Conf. Ctr . , 
S e a t t l e , HA, May 14-17, 
1984 

Guerin, M. R.; Griest , V. H.; Ho, C . - h . ; Smith, 
L. H.;* Epler, J. L . ; * W i t s c h i , H. R.* "Com­
parative Toxicological and Chemical Properties 
of Puels Developed from Coal, Shale, or 
Petroleum" 

Spring Rat. Meet, of 
the Am. Inat . of Chen. 
Eng., Anaheim, CA, 
May 20-23, 1984 

Guerin, M. R.; Criest , W. H.; Ho, C . -h . ; Smith, 
L. H.;* Epler, J. L . ;* Hitachi , H. R.* "Com­
parative Toxicological and Chemical Properties 
of Fuels Developed fronCoal , Shale, or 
Petroleum: Coal Liquids Update" 

Haire, R. G.* Haire, R. G.;* Young, J. P . ; Peteraon, J. R.* 
"Absorption Spectrophotometry and X-ray 
Diffraction Studies of Ami3 and Cmlj 
as a Function of Temperature and Pressure" 

Higgins, C. E. Higgins, C. E.; Criest , W. H.; Cuerin, M. R. 
"Methodology for the Sampling and Analyaea of 
Sidestream and Mainstream Smokes" 

Ho, C.-h. Ho, C . -h . ; Ma, C. Y.; Crieat, W. H.; Cuerin, 
M, R. "Preparative Scale Organic Extraction 
and Chemical/Biological Analysis of Stack 
and ESP Hopper Ash" 

Dir. Lique. Prog. 
Contractor's Proj . Rev. 
Conf., Albuquerque, 
MM, Oct. 17-18, 1984 

PAC Chen. '84, Honolulu, 
HI, Dec. 16-21, 1984 

38th Tobacco Chemist's 
Res. Conf., Atlanta, 
CA, Nov, 5-8, 1984 

An. Cham. Soc . , 
Philadelphia, PA, 
Aug. 26-31, 1984 
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SHAKER 

Bolaberg, 1 . W. 

ADTOR(S) AJD TITLE 

Bolaberg, 1 . W.; Brasell-Reaaey, t . S . ; 
Mooeyhnn, J . I . "Cheadstry of Phosphorus 
Obscurant Saokas" 

PRESENTED AT 

2nd Bissau. Environ, 
and Baalth I f fac ta of 
Saokes and Obscurants 
Workshop, Paci f ic 
•or taves t Lab., 
Richland, HA, July 
18-19, 1984 

Hulett , L. D. Hulett , L. D. "Applications of Monoencrgetic 
Positrons in Chemistry and Physics" 

Invi ted , Chea. S e p t . , 
ttaiv. of I l l i n o i s , 
Urban*, IL, Mar. 29, 
1984 

Rulet t , L. D.; Dale, J . M.; Pendyala, S .* 
"Prospects for Positron Microprobe and 
Poritron Microscopy Techniques" 

Invi ted , 4th Anna. As. 
Vac. Soc. Syap., 
Knoxvil le , TM. May 1-3, 
1984 

Ba le t t , L. D. 
an Overview" 

"Positron Spectroacopy, Cordon Conf. on 
Elec . Spectroac. , 
Wolfeboro, SH, July 
16-21, 1984 

Janes, R. B.* Janes, R. B . ; * Harayan, J . ; * Chr i s t i e , W. H. 
Holland, 0 . W.;*Wood, R. ¥.* "Pulsed C0 2 

Laser Annealing of S i l i con" 

Annu. Meet. Mater. Res. 
S o c , Boston, MA, 
Nov. 26-30, 1984 

Jenkins, R. A. Jenkins, R. A.; Holaberg, R. W.; Gayle, T. M.;* 
Holladay, S. K.; A l l i n , C. V.* "A Variable 
Puff Parameter Saoking Machine for Smoke 
Cosq>osition Studies" 

Keller, J . M. Kel ler , J. M. "Application of Fundaaental 
Paraaeter Technique t o the Analysis of U 
and Pu in Dissolver Solutions" 

38th Tobacco Cheaist 's 
R.?s. Conf., Atlanta, 
CA, Nov. 5-8, 1984 

CFRP Tech. Sea . , Oak 
Ridge Rat. Lab., Oak 
Ridge, TO, Jan. 31, 
1984 

Kel ler , J. M. "An X-ray Fluorescence 
Spectroaeter for Determination of U and Pu 
in Dissolver Solutions" 

USDOE/UKAEA Inf. 
Exchange Meet., Oak 
Ridge Nat. Lab., Oak 
Ridge, TN, March 26, 
1984 

Klat t , L. N. 

Lairig, V. R. 

Kel ler , J. M. "X-ray Fluorescence for 
Highly Radioactive Saaples" 

Klatt , L. N.; Harvard, B. L. ;* Maaantov, C * 
"Multipass Spectroe leetrochemistry in 
Molten Sa l t s" 

Laing, V. R. "The ArD Quality Assurance 
Progran" 

0RML/8RL Inf. Exchange 
Meet., Oak Ridge Nat. 
Lab., Oak Ridge, TN, 
Aug. 5, 1984 

Aa. Chea. Soc . , 
Philadelphia, PA, Aug. 
27-31, 1984 

UCCND-CAT Anal. Coaa. 
Meet., Oak Ridge Nat. 
Lab., Oak Ridge, TN, 
March 20, 1984 
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SPEAEXB ADTHOKS) AND TITLE 

i , C. T. Ma, C. T. ; Bo. C . - h . ; Caton, J . 1 . ; Coeria, M. t . 
"Ident i f icat ion and Dctaraiaatioa of Beeao-
quiaol iaes i n Crude Synthetic Oil*" 

Haakarinec, M. P. Maskariaec, M. P . ; Sepeoiak, M. J . ; * l argo , 
J . D.* "Developaenta i c Open Tabular l i q u i d 
Chroaatograpny" 

PRESENTED AT 

36th Southeaster* 
l e g . Meet . , an 
S o c . , Raleigh, EC. 
Oct. 24-26 , 19M 

teal. Chan. Div. Inf. 
Haat . . Oak Ridge ka t . 
Lab. , Oak l i d g a , T». 
Jan. 31 , 1964 

Haskarinec, H. P . ; Targo, J . D . ; * Sepaaiak, 
M. J . * "Developeants i a Coloan Technology 
for Opaa Tubular Liquid Chroaatography" 

Masker-'nee, M. P . ; Sepaniak, M. J . ; * Balchunae, 
A. S . ; * Vargo, J . D.* "Liquid Chroaatography 
in Opan Tubea" 

Matkarioec, M. P . ; Manning, D. L . ; Harvey, t . W.; 
Cricat, V. H., Toakina, B. A. "Deteraiaatioe 
of Hunitioua Coaponenta by RPLC/Electrocheaical 
Oe tact ion" 

1984 Fittabargh Coaf., 
A t l a n t i c City , MJ, 
Mac. 5 - 9 . 1984 

Syap. oa Advanced; Aaal. 
Concept* for the Chea. 
Lab. , E a o c v i l l e , TV. 
Apr. 12-13 , 1984 

I n t . Syap. oa Advances 
oa Chroaatogr., New 
Tort, HT, Apr. 16-18, 
1984 

Maakarinec, M. P . ; rrancia, C. W.;* Coyert, 
J . C * "Mobility of Organic and Inorganic Con­
s t i t u e n t s froa Coal Coabuation and Conversion 
Wastes Under Co-Disposal Condition" 

HcLuckey, S. A. McLuckey, S. A.; van dar Zanda, V . ; * 
da Bruijn, D. P . ;* Los, J . ; * Kisteaaker, 
P. C * "Scattering in D i s s o c i a t i v e 
Col l i s ion* of Ionised Acetone with 
Heliua" 

1984 Annu. Meet. Mater. 
Ees . Soc. Syap. M: 
Coal Coabua. and 
Conversion Sol id 
Hastes: C h a r a c , 
U t i l i s . and Disposal , 
Boston, MA, 
Nov. 26-30 1984 

32nd Annu. Conf. on Mass 
Spectroa. and Al l i ed 
Topica, San Antonio, 
TX, May 27-June 1, 
1984 

Peterson, J, » .* 

Raaaey, J. M. 

Peterson, J. 8 . ; * Raire, 8 . C . ;* Young, J . p. 
Ensor, D. D.* "Invest igat ions of the Solid 
State Properties of Transcuriua Ms1idee: How 
Absorption Spectrophotoaetry Make* i t Possible" 

Raaaey, J . M. "Cheaical Analysis Using Phase 
Conjugate Optical Techniques" 

Raasey, J . M. "Spectroscopic Iostruaentation 
Davelopaenta at OtRL" 

Inv i ted , PAC Cheat. '84 , 
Honolulu, NI, Dec. 
16-21, 1984 

Inv i ted , Dapt. of 
Cheaiatry, Univ. of 
of North Carolina 
Chapel H i l l , NC, 
Apr. 17, 1984 

2nd Workshop on Reeote 
Monitoring and 
Dosiaetry, Kno*vil le, 
TN, Apr. 9 , 1984 
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SPEAKER 

tey, J. N. 

ADTHOaUS) AMD TILE 

«y, J. M.; Hhittcn, V. B. "Phase Conjugate 
Optica and Atomic Spectroscopy" 

PRESENTED AT 

Invited, 11th Anna. Fed. 
of Anal. Chen, and 
Spectroac. Soc. Meet., 
Philadelphia, PA, Sept. 
16-21, 1984 

Earsey, J. H. "Passively Controlled High-
•ejolution Dye Later*: A New Spectroacopic 
Source?" 

Invited, Univ. of 
Illinois, Dept. of 
Chemistry, Urbana, IL, 
Dec. 7, 1984 

Ramsey, J. M.; W. B. Whitten "High 
Resolution Spectroscopy with a Self-
Scanning CW Dye Laser" 

1984 Pittsburg Conf. and 
Expo, on Anal. Che*, 
and Applied Spectroac., 
Atlantic City, NJ, 
Mar. 5-9. 1984 

Raaaey, J. M. "Hew Laser Baaed Spectro-
Cheaical Measurements" 

Invited, The OpJohn 
Coapany» Kalamazoo, MI, 
June 18, 1984 

Raaaey, R. S. 

Ramsey, J. M.; Whitten, W. B. "A Harrow-
Bandwidth Sel'-Scanning CW Dye Laser: 
Analytical Applications" 

Braze 11-Ramsey, R. S . ; Holmberg, R. W.; Moneyhun, 
J. H. "The Chemical Characterization of 
Phosphorus Aerosols" 

Anal. Chen. Div. Inf. 
Meet., Oak Ridge Mat. 
Lab., Oak Ridge, TN, 
Jan. 30-Feb. 1, 1984 

Anal. Chem. Div. Inf. 
Meet., Oak Ridge Mat. 
Lab., Oak Ridge, TN, 
Jan. 31, 1984 

Braze11-Ramsey, R. S. "Flow Inject ion Analysis: 
Principles and Applications" 

UCCMD-CAT Anal. Meet. 
Oak Ridge Nat. Lab., 
Oak Ridge, TN, 
Mar. 20, 1984 

Braze 11-Rama ey, R. S. "Pulsed Helium Ionization 
Detect ion" 

Brezeil-Ramsey, R. S . ; Todd, R. A.* "A New 
Design tor Helium Ionization Detection" 

2nd DOE Workshop on 
Portable Inscrura, and 
Dosim,, Knoxville, TN, 
Apr. 9-11, 1984 

Int . Symp. on Advances 
in Chromatogr., New 
York, NY, Apr. 16-18, 
1984 

Braze11-Ramaey, R. S. "Pulsed Helium Ionization 
Detection for Trace Analysis" 

Energy System-CAT Anal. 
Meet., Portsmouth, OH, 
July 17, 1984 
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SPEAKER AUTBOR(S) AMD TITLE 

Roseberry, L. M. Roseberry, L. H.; B/er , F. F . "Instrimw nta l 
Neutron Act ivat ion Analysis i n the 
Measureaent of Trace Element Dis tr ibut ion 
at Two Coal Conversion Plants" 

PRESENTED AT 

Fi f th I n t . Conf. fccl. 
Methods i n Environ, and 
Energy Res . , Mayaguex, 
Puerto Rico, Apr. 1-6, 
1984 

Ross, H. H. 

Rosseel , T. M. 

Al l ey , C. S . ; Ross, H. H. "Accuracy and 
Precis ion Performance Parameters of a 
Laboratory Robot System" 

Rosseel , T. H.; Dale , J. H. ; Hulet t , L. D.; 
Krause, H. F. ; • Pepmiller, P. L. ;* Raaan, S . ;* 
Vane, C. R.;* Young, J. P. "Application of 
Heavy-Ion Induced X-ray S a t e l l i t e Emission 
(HIXSE) t o Transit ion Metal Alloys and 
Compounds" 

Rosseel , T. M.; Dale, J. M.; Hulett , L. D. ; 
Krause, H. P . ; * Pepmiller, P. L . ;* Raman, S . ;* 
Vane, C. R. ;* Young, J. P. "Chemical Analysis 
of Materials Using Heavy-Ion-Induced X-ray 
S a t e l l i t e Emission (HIXSE)" 

Rosseel , T. M.; Dale, J. M.; Hulett , L. D.; 
Krause, H. F. ;* Pepmiller, P. L. ;* Raaan, S . ;* 
Vane, C. R.;* Young, J. P. "Effect of Chemical 
Environment on Che L and M Heavy-Ion-Induced 
X-ray S a t e l l i t e Eaission (HIXSE) Spectra" 

27th Conf. on Anal. 
Chem. in Energy 
Technol. , Knoxvil le, 
TN, Oct. 2-4, 1984 

4th Annu. Aa. Vac. Soc. 
Symp., Knoxvil le, TH, 
May 1-3 , 1984 

t a v i t e d , 11th Annu. Fed. 
of Anal. Chem. and 
Spectrosc. Soc. Meet., 
Phi ladelphia, PA, 
Sept. 16-21, 1984 

8th Conf. on Che Appli­
cat ion of Accelerators 
in Res. and Ind. , 
Denton, TX. Nov. 12-14, 
1984 

Rosseel, T. M.; Dale, J. M.; Das Gupta, A. ;* 
Hulett , L. D. ; Krause, H. F . ; * Liu, C. T . ;* 
Raman, S . ; * Vane, C. R.;* Young, J. P. 
"Development of Heavy-Ion Induced X-ray 
S a t e l l i t e Eaission (HIXSE) as a Materials 
Probe" 

1984 Anal. Chea. Div. 
Inf. Meet. , Oak Ridge 
Nat. Lab., Oak Ridge, 
TN, Jan 30-Feb. 1, 
1984 

Rosseel , T. M. ; Dale, J. M.; Hulett , L. D. 
Young, J . t. "Heavy-Ion Induced X-ray 
S a t e l l i t e Emission" 

DOE Chemical Sciences 
Sice Review, Oak Ridge 
Nat. Lab., Oak Ridge, 
TN, Mar. 27, 1984 

Shulcs, W. D. 

Stewsrc, J. H. 

Shults , W. 0 . ; Roseberry, L. M. "The Matrix 
S c i e n t i s t in a Matrix Organization" 

Stewart, J . H. "Urgent Need for Nationally 
Cert i f ied Reference Standards for ICP Analyses" 

Am. Chea. Soc. Reg. 
Meet., Great Lakes 
Sect ion, Kalamazoo, MI, 
May 23, 1984 

ASTM C-26 Nucl, Fuel 
Cycle Coram. (ICP Task 
Group), San Diego, CA, 
Jan. 22-26, 1984 
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SPEAKER ADTBOt(S) AID TITLE 

Stewart, J. H. Stewart, J. H. "Statua of nationally 
Certified Staadarde for ICP Spectroscopy" 

PUSUREU AX 

ASTM C26.05 Inductively 
Coupled Plana* Working 
Coaaa., Colorado 
Springs, CO, Aug. 1, 
1984 

Stewart, J. H.; Dunn, H. W. "The Qnantitative 
Heaaureaent of Chryaotile Asbestoe in Environ-
aental Hateriala at the One-Percent Concentra­
t ion Level" 

Aa. Che*. Soc. Kef. 
Meet. , Raleigh, NC, 
Oct. 24-26, 1984 

Todd, P. J . Todd, P. J . ; Croenenold, 6 . S .* "Gas Phaae 
Molecular SIMS" 

32nd Anna. Conf. on Maes 
Spectroa. and Al l i ed 
Topica, San Antonio, 
TX, May 27-June 1, 
1984 

Todd, P. J . ; Croenew>ld, G, S. ;* Leibaan, 
C. P.* "Matrices and Molecular SIMS" 

27th Conf. on Anal. 
Chea. in Energy 
Technol. , Knoxvi1le, 
•*.«.. Oct. 2-4, 1984 

Todd, P. J. "Molecular Secondary Ion Mats 
Spectroaetry (SIMS): Matrix Effects" 

Anal. Chea. Div. Inf. 
Meet., Oak Ridge Nat. 
Lab., Oak Ridge, TN, 
Jan. 30-Feb. 1, 1984 

Tonkins, B. A. Tonkins, B. A.; Biggins, C. E . ; Manning, D. 
Cr ies t , W. H., Caton, J . E. "Methods for 
the Determination of Part iculate Organic 
Matter froa Coal Combustion" 

L. ; 187th An. Chea. Soc. 
Nat. Meet., S t . Louis, 
MO, Apr. 8-13, 1984 

Maskarinec, M. P . ; Francis, C. W.;*Goyert, 
J. C . ;* Tomkina, B. A. "Leaching of PAH froa 
Industrial Wastes with Municipal Waste 
Le achate" 

9th Int . Synp. on 
Polynuc. Aroa. 
Hydrocarbons, 
B a t t e l l e , Columbus, 
OH, Oct. 30-Nov. 1, 
1984 

Tonkins, B. A.; Reagan, R. R. ; Buchanan, M. V. 
Olerich, C.; Cr ies t , W. H.; Caton, J. E. "The 
I s o l a t i o n , Ident i f i ca t ion , and Quantitation 
of the Pour' and Five-Ring Dernal Tuaorigen PAH 
on Petroleum Crude Oils and D i s t i l l a t e Fractions 
Using Normal-Phase Iso lat ion KPLC and GC/MS in 
the Single-Ion Monitoring Mode" 

Vane, C. «.. * Vane, C. R . ; * H u l e t t , I. D., Jr . ; Kahane, S . ;* 
Kallne, E. ;* Kallne, J. ;* McDaniel, P . D.;* 
Milner, W. T . ;* Nakajima, T.;* Nestor, C. W.;* 
O'Kelley, C. D. ;* Raman, S . ;* Roaseel, T. M.; 
Slaughter, G. G. ;* Stelaon, P. H. ;* Varghese, 
S. L. ;* Walkiewici, T. A.;* Young, J. P. 
"Environmental Effects in High Resolution 
X-ray S a t e l l i t e Spectra Induced by Heavy Ions" 

9th In t . Synp. on 
Polynuc. Aroa. 
Hydrocarbons, 
Bat t e l l e , Columbus, 
OH, Oct. 30-Nov. 1, 
1984 

Invited, 11th Annu. Fed. 
of Anal. Chen, and 
Spectroac, Soc. , 
Philadelphia, PA, Sept. 
16-21, 1984 



87 1̂ 3 

SPEAKER 

Hiitccn, H. B. 

ADTHOt(S) AHD TITLE 

tfiitten, V. B.; Rsaaey, J. 
Tuning of CS Dye Lasers" 

"Holographic 

PRESENTED AT 

Inv i ted , BOB Borkehop, 
"Advanced Laser Tech. 
for Chea. Meaaoreante" 
Brookhavea Rational 
Laboratory, Opton, IT, 
Oct. 23-25, 1984 

flhitten, W. B . ; taaaey, J . M. "Phase 
Conjugate Feedback1' 

Hhitten, W. B . ; Raaeey, J. M. "Laser 
Spectrometry" 

Inv i ted , keaearch 
Coaadttee, Oak Ridge 
• a t . Lab., Oak Ridge, 
TR, Feb. 1 , 1984 

DOE Chemical Sciences 
S i t e Review, Oak Ridge 
Rat. Lab., Oak Ridge, 
TR, Mar. 27, 1984 

Yoi'Jg, J . P. Young, J. P . ; Donohue, D. L. ; Sai th , D. H. 
"Assessment of Resonance Ionizat ion Mats 
Spectrometry for Analyt ical Cheaiatry and 
Spectroscopy" 

Inv i ted , 2nd I n t . Syap. 
<ra Spectroac. and Ita 
Applicat ions, 
Knoxvi l le , TR, Apr. 
16-20, 1984 

Young, J. P.; Donohue, D. L . ; Sa i th , D. ft. 
"Factors Affecting the Analytical 
Usefulness of Resource Ionizat ion 
Mass Spectroaetry" 

Inv i ted , DOE Workshop, 
"Advanced Laser 
Technol. for Cheat. 
Meaaureaents", 
Brookharan Rat. Lab., 
Upton, KY, Oct. 23-2S, 
1984 

Young, J. P.; Donohue, D. L. ; Saith, D, H. 
"Assessment of RIMS for Analytical Cheaiatry 
and Spectroscopy" 

1984 Pit tsburg Conf. and 
Expo, on Anal. Chea. 
and Applied S p e c t r o s c , 
At lant ic City, RJ, Mar. 
5-9 , 1984 

< 
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MtTldES REVIOO OR REFEREED FOR KRIONCflLS 

S 3 o 
9 K X 
Q O & M 

8- I 8 I 

Bostick, D. A. 2 2 
Buchanan, M. V. 1 1 1 3 
Carter, J . A. 2 2 4 
Caton, J . E. 1 1 
Christie, W. H. 2 2 
Clark, B. R. 1 1 2 
Costanzo, 0. A. 2 2 
Dale, J . H. 1 1 
Donohue, 0. L. 2 2 
Eldiidge, J . S. 2 1 3 
Feldnan, C. 3 3 
Glish. G. L. 2 2 4 
Grlest, M. H. 2 1 2 5 
Guerin, M. R. 1 11 12 
Holnberg, R. W. 1 1 2 
Hulett, L. D. 3 3 
Jenkins, R. A. 2 1 3 
Klatt , L. H. 2 2 1 5 
Lee, 0. A. 2 2 
Lyon, W. S. 2 3 4 2 2 13 
Niskarlnec, M. P. 4 2 6 
Ramsey, J . H. 2 1 3 6 
Ramsey, R. S. 2 1 3 
Ross, H. H. 10 10 
Shaw, R. W. 2 2 4 
Shults, W. D. 2 2 4 
Tonkins, B. A. 8 2 1 11 
WMtten, W. 8. 3 3 6 
Young, J . P. 3 2 1 6 

I I 

§ 
6 
3 
5 I 

I 

5 

s 
4 

o 
a. 

Total 37 2 2 3 4 3 4 44 31 130 
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DIVISIONAL MAN-POWER AND FINANCIAL SUMMARY 
FY 1984 

Source $K PY 

DOE programs 
Health and Environmental Research 
Basic Energy Sciences 
Nuclear Energy 
Fossil Energy 
Safeguards and Security 

Total DOE programs 

779 6.1 
1,328 10.0 
301 2.2 
515 4.5 
152 1.1 

3,075 23.9 

Work for others - federal agencies 
Department of Defense (U.S. Army) 
National Cancer Ins t i tu te 
Department of State (IAEA) 
National Inst i tu te on Drug Abuse 
Miscellaneous 

Total work for others - federal 

Work for others - nonfederal agencies 
Electr ic Power Research Ins t i tu te 
Protective Coating Companies 
DuPont (SRL) 
Sandia 
Bechtel National, Inc. 
Miscellaneous 

549 5.8 
404 4.3 
55 0.6 
164 1.6 
17 0.2 

agencies 1,189 12.5 

38 0.3 
92 1.0 
86 0.9 
247 2.6 
64 0.7 
84 0.9 

Total work for others - nonfederal agencies 611 6.4 

Support/Services 
0RNL divisions 
Other c l ients 

Total f inancial plans 

4,173* 67.5 
951* 15.7 

5,124* 83.2 

9,999 126.0 

*Does not re f lec t Laboratory general and administration expense or general 
plant services. 
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