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HIGHLIGHTS 

He developed a totally new proof-of-prlnclple 
measurement system capable of providing real­
time In situ analysis of absorber concentration 
within an operating absorption heat puap. The 
•easureaent Is based on light loss from a 
stripped optical finer, when the refractive 
Index of the fluid In contact with the fiber 
core change*. Initially, experiments were 
conducted with a single optical fiber model of 
this "heat pump refTactometer." Later, a 
multiple optical fiber system was developed. 
The system was used to follow changes in LIBr 
concentration during operation of an absorption 
test vessel. This work Is continuing with the 
objective of Improving system performance and 
applying It to other heat exchange fluids. 

We have Investigated the use of laser 
optogalvanlc detection to observe Intermediate 
molecular species during the chemical vapor 
deposition (CVD) of amorphous silicon. An 
optogalvanlc signal Is generated by Illuminating 
a glow discharge plasma with a pulsed laser beam 
and then scanning the laser frequency. Silicon 
hydride was chosen as a 'est analyte species 
because it has been well characterized by 
conventional spectroaetrlc methods, and because 
It is Important In the growth of hydrogensted 
films. Optogalvanlc detection has several 
advantages over other spectroscopic techniques 
for CVD Interrogation: there lc direct electri­
cal signal generation, no optical background 
noise, and excellent sensitivity. Also, It can 
be used to analyze non-emlttlng species present 
l.i CVD plasmas. 

He have studied the gas-phase ion chemistry 
and structures of nltroaromatlc Ions this year. 
The mechanism for the loss of OH* from 
o-nltroaromatlc compounds by the so-called 
"ortho" effect has been elucidated. He also 
studied the energy loss and the mechanism of NO 
elimination. This work has led to the 
development of an KS/HS Instrument for detecting 
explosives. It Is an extension of the tandem 
quadrupole/tlme-of-flight mass spectrometer that 
we constructed earlier. Much work has gone into 
designing and testing an acmospherlc pressure 
ionization source for this system. 

A Fourier transform mass spectrometer 
(Nlcolet FTHS-2000) was installed In September. 
It Is a new generation mass spectrometer capable 
of extremely high resolution and mass range. It 
Is the first Instrument of its kind to be used 
within the DOE family of laboratories. 

Our research Into resonance ionization mass 
spectrometry (RIMS) has continued, with emphasis 
on obtaining a better understanding of the 
optical processes involved. An electron energy 
analyzer was Incorporated into the RIMS system 
to obtain the electron energy spectra of the 
photoelectron that Is generated In the resonant 
ionization process. The electron energy spectra 
we obtained were unexpectedly complex, but once 
the complexity was understood, various spectra 
could be calculated for alternate optical 
processes and compared with experimental 
spectra. We have done this for about ten 
transitions. 
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Our development of spatter atoalzatlon/ 
resonance Ionization Tr.es spectrometry has 
continued with caphasIs on reflneaents In the 
lustruaentatlon and software- Optical and B U S 
spectra of uranlua and saaarlua were studied In 
•oae detail, and we established that the RIMS 
optical spectra observed for sputter atoalzatlon 
agree well with those obtained by thermal 
atoalzatlon. The aass spectra Indicated aetal 
Ion peaks lc the expected isotoplc abundancles 
when the laser was fixed on a resonant 
wavelength. Metal oxide peaks were also 
observed at all wavelengths scanned by the 
laser, which suggests that residual oxygen Is 
Interacting with the aetal to produce oxide 
species that are Ionized in a nonresonant 
process. 

Studies Into the fundamentals of organic 
secondary Ion Bass spectrometry (SIMS) have 
continued. This year we developed a new 
reservoir systea and probe inlet that provides 
saaple to the target surfsce In a uniform manner 
by capillary action. This system permits 
generation of secondary ions of constant 
Intensity and relative abundance for up to 2 h. 
The reservoir probe systea has enabled us to 
study the relationships between secondary ion 
intensity characteristics of analytes dissolved 
in or adsorbed onto a liquid aatrix. Secondary 
ion emission has been found to depend on 
chemical kinetics. He are atteaptlng to develop 
a model that describes the behavior of organic 
secondary ion ealssion as observed experimen­
tally. A patent is pending on the reservoir 
probe. 

A new GC detector was conceived, designed, 
and constructed this year. It Is an electron 
capture detector that uses «N1 as the 
source and which allows the pretsure in the 
detector to be varied from atmospheric to lass 
than 1 torr. Conventional electron capture 
response is obtained at atmospheric pressure. 
At reduced pressure the device gives a unlfora 
response from all analytic, similar to that of a 
flame Ionization detector. At Intermediate 
pressures (about 100 torr) an lsomer-selective 
response Is observed. Thus, we have a aultlaode 
ionization detector that coablnes the features 
of three different detectors. We expect this 
systea to be useful not only for Identifying 
isomers in coaplex mixtures, but also for 
detecting classes of compounds. A patent o.i 
this device has been filed. 

He developed and demonstrated a hybrid 
instrument of the QEB geometry this year. This 
was done by Interfacing a quadrupole to the 
front end of an MSSO high-resolution aass 
spectroaeter. This new developaent enabled a 
variety of experiments to be done. An EI/CI Ion 
source has been constructed for the new systea, 
which was selected as one of the "Top 100 
Innovations" of the year by Science Digest 
magazine. 

He are developing a supersonic jet sampling 
technique for coabustlon diagnostics. The idea 
Is to rotatlonally cool combustion gases by 
supersonic expansion and then study them by 
high-resolution, laser-Induced fluorescence 
spectroscopy. The apparatus utilizes a 3-hp 
Brlggs and Stratton gasoline engine modified 
so that cos. tlon gases can be withdrawn while 
the engine is running; thus dynamic measurements 
can be aade. He have shown that this cooling 
technique Is sufficient for high-resolution 
spectroscopy under these operating conditions. 

He have continued to study the use of passive 
phase-conjugate reflectors In optical spectros­
copy. Our studies this year have been extended 
tc the use of ring dye lasers in conjunction 
with a BaT103 reflector. This systea exhibits 
iaproved resolution and passive wavelength 
scanning, as we earlier observed with linear 
laser systems. Llnewldths as narrow as 1.3 GHz 
are obtained. A scan rate of .0001 na/s Is 
obtainable, and faater scan rates can be 
obtained by displacing the reflector by a few 
centlaeters. 

Hork in developing a *8Ce source for 
aonoenergetlc positrons has been completed. 
Positron scattering studies of W, Mo, Cu, and Si 
surfaces indl »d that the positron spectra at 
low scattering angles show much higher cross 
sections than do electron spectra. He are 
continuing to study positron lifetime spectros­
copy, with emphasis on the examination and 
determination of internal and external surface 
areaa. He have tried to apply this technique to 
the determination of fuaed silicas (caboslls) 
and composites of carbon fibers and epoxy. 
These latter materials are widely used In 
aircraft structures. It Is important to know if 
voids develop or delealnatlon occurs In such 
structures, since those characteristics can 
decrease the strength of the aircraft. 
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A pulsed, helium Ionization detector was 
developed to operate In J constant-current, 
cloa«d-loop node. The cloaed-loop node was 
found to decrease noise and background current 
levels, thus Improving operating stability* The 
dynamic range was extended about two ordera of 
magnitude. This development was awarded an 
IR-100 award thla year by Industrial Research 
magazine. 

An Important milestone was reached this year 
when lsotoplc analyses were completed on a fuel 
pin that had been Irradiated 90 days at full 
power in the Dounreay prototype faat reactor in 
Scotland. Iaotoplc analyses were completed on 
21 actlnldea In this fuel pin. Two other fuel 
pins will be analyzed as part of this experi­
ment, which la a joint OS/UK actlnldea research 
program. The program Is Intended to measure and 
calculate the burnup and production of various 
actlnldes in milligram aamples of highly 
enriched actlnlde Isotopes, aa a check on cross 
sections, measurement techniques, and 
computational protocols. 

There has been public concern recently about 
the enhanced toxicity of smoke from so-called 
clove cigarettes Imported from Indonesia 
(kreteks). We vere asked by the National Cancer 
Inetltute to etudy the composition of those 
cigarettes and compare them with normal ciga­
rettes. Both CC and CC/MS were used to survey 
the vapor and particulate phases of the smoke. 
Ho major clove-derived constituents were found 
in the vapor phase, but five major clove-
specific constituents were identified in the 
particulate phase. Our data have been uaed to 
help direct pulmonary toxicity studies being 
conducted at another laboratory for the National 
Cancer Institute. 

We developed a system this year for probing 
the chemical composition of deep well waters. A 
commercially available sample probe was modified 
extensively for this purpose. The system 
consists of a sampling probe capable of 
collecting deep well waters at depths in excess 
of 1000 ft and a facility designed to measure, 
collect, and dissolve gases. This system Is 
portable enough to be uaed in the field. It has 
performed satisfactorily In preliminary tests In 
nonradioactive walls. This device makes it 
possible to make a couplets analysis of well 
waters (Including dissolved gases) to obtain a 
better understanding of the geochemistry of the 
surrounding formations. 

This year for the first time, OML, la 
conjunction with the Tennessee Wildlife 
Resources Agency, conducted a controlled deer 
hunt on the Oak Ridge reservation In an attempt 
to lensen the deer herd population and Improve 
safety In the area. Analytical Chemistry played 
a major role la this project, because it waa our 
job to monitor the harvested deer Individually 
for radioactivity to ensure public safety. One 
aspect of that program waa the development of a 
custom-made computer program to handle all the 
data in a user-friendly manner and in real time. 
During each hunt, information about the hunter, 
deer, radioactivity, etc., were entered into the 
data base. The Information could then be 
formatted In any number of waya to meet the 
needa of the hunter or ORHL and TWRA personnel. 
Dally information waa merged into a master file 
ao that reporta covering the entire bunt could 
be prepared, or subsets of information could be 
examined. Some 926 deer were hat ested during 
five weekend hunts In the months of October, 
November, and December. 

During 198S we Initiated separation studies 
based on the electroklnetlc migration of 
micelles In capillary tubes. In thla technique, 
an open tube la filled with a buffered solution 
of the surfactant. When a dc voltage la applied 
to the column, Ionic micelles migrate toward the 
electrode of opposite charge. Analyte molecules 
diffuse In and out of the migrating micelles and 
are partitioned there. An efficiency approach­
ing 60,000 theoretical plates was obtained by 
this approach for a aeries of derlvatlxed 
aliphatic amines. 

Studlea have continued on degenerate 
four-wave mixing spectroscopy for trace element 
analysis In flames. This technique offers 
Doppler free spectra. Theoretical detection 
Halts are 1 ppb for sodium using a pulse laser 
and 0.1 ppt ualng a CW laser. Experimentally, 
we are able to detect aodlum at the 200-ppb 
level. The experimental detection limit Is 
governed by scattered light. 

A new research effort In microwave 
spectroscopy was Initiated. Preliminary experi­
ments are aimed at measuring the relative 
abundancles of 1 6 0 and 1 8 0 In carbonyl 
sulfide by microwave absorption spectroscopy. 
The objective is to develop a simple and 
reliable technique for measuring stable Isotope 
abundance ratios. 



O-r collaborative research program with the 
University of Tennessee at the Transuranium 
Research Laboratory has continued. A new 
diamond-anvil cell iias been designed and built. 
It Is capable of exerting pressures exceeding 
30 CPa. With this cell, we are studying the 
effect of pressure on the spectra of actlnlde 
halldes. Several lanthanlde compounds have also 
been studied. In general, our results show that 
the bromides and Iodides transform Irreversibly 
to the most dense structure at less than 5 GPa. 

The division was granted approval to operate 
new laboratories In Building 2026 In August 
1985. The facility Is being equipped to handle 
Inorganic and organic "priority pollutants" 
analysis on radioactive materials. This new 
addition and the existing facilities In 
Building 2026 will provide the division with 
unique facilities for handling hazardous 
materials. 

Construction of a new neutron activation 
analysis laboratory at the High Flux Isotope 
Reactor is scheduled to begin In March 1986. As 
part of the project, a second pneumatic tube 
will be Installed, which Is expected to provide 
a well-thermallzed neutron flux. This facility 
will allow us to consolidate all NAA operations 
Into one atate-of-the-art facility. 



1 . ANALYTICAL SPECTROSCOPY 

J. A. Carter 

The Analytical Spectroacopy Section ia the rcault of the Merging of the Analytical 
Methodology and Maes and Emission Spectrometry Sectiona and ia now composed of four groups: 
Actinidea and Isotypic Mass Spectrometry, Inorganic and Secondary Ion Maaa Specttoaetry, 
Analytical Inatruaentatioa R6D, and Spectroacopic UD Programs, leaearch and development 
effort! in each group are directed toward enhancing analytical capabilities through new 
discoveries and developing a clearer understanding of fundamental physical processes that can be 
exploited into new ins truer its or analytical approaches for solving energy problems for DOE. 
Several projecta toward this goal are described in the following technical summaries; however, 
•one of the moat outstanding examples of achievements are noteworthy: (a) the QEB 
(quadrupole/electrostatic/magnetic) high-resolution three-stage BUSS spectrometer for gas-phase 
chemistry studies (tbia project won a "Top 100 Innovation Award" from Science Digest)', (b) the 
special design of the mass epectrometry/aats spectrometry (MS/MS) instrument for detecting 
nitrated compounds; (c) aputter atomixation/reaonance ionization instrumentation for low level 
actinide detection; (d) degenerate four wave laser mixing for trace eleaental analysis under 
Doppler-free conditions; (e) real-time ic aitu analysis of heat pump fluids by fiber optic 
techniques; and (f) surface area and defect measurements by positron spectroscopy. 

About 45X of the section a research and developaent support ia provided by the Division of 
Chemical Sciences of the Office of Basic Energy Research, U.S. Department of Energy. This 
effort, broad in nature, provides the Analytical Chemistry Diviaion the technical base from 
which current and future spectroscopic needs of DOE ere addressed. Another 25Z of the section's 
UD funding i s about equally distributed between DOE Offices of Safeguards and Security, 
International Security Affaira, and Health and Environmental Research. The projects for these 
funding sources are generally abort range and of an applied nature. The balance of our effort 
U funded by other laboratory programs (teed money), various interagency agreements (FAA, 
I8P0/State, and IAEA), and other work-for-othere contracta. 
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H. H. Ross 

One of the Boat sat i s fy ing aspects of 
research in analyt ica l chenistry i s seeing one 's 
experimental and theoret ica l work transformed 
into the pract ica l so lut ion of a "real-world" 
measurement problem. ORN. provides an almost 
perfect environment to r e a l i s e such an approach. 
As new analyt ica l techniques are brought fron 
the laboratory, there i s almost certa in ly an 
on- s i t e opportunity for t e s t i n g and refinement. 
In our group, the natural rhythm of the 
research/implementation cycle has substant ia l ly 
favored new research i n i t i a t i v e s during the past 
few years . This year, i n contrast , we have had 
s ign i f i cant success in bringing our work to the 
demonstration s tage . The resu l t i s that some 
c r i t i c a l analyt ica l aeasureaents can now be done 
fas ter , more accurately, or cheaper than before; 
in other caves, we can make measurements that 
previously were not even poss ib le ! 

He hsve not, however, neglected our 
commitment to innovative research; many new 
approaches are deacribed here. Also , we have 
highlighted interact ions between group members 
and other organizational un i t s s t the Labora­
tory. We f e e l that such interact ions help to 
maintain the v i t a l i t y of our overa l l e f f o r t . 

analyt ical Spectroscopy 

He have noted previously that feedback froti a 
BaTiOj pattive phase-„<s» jugate re f l ec tor 
(PPCR) can greatly affect an untuned continuous-
wave (CW) dye laser . The sa l i en t features of 
the feedbsck ef fect are dramatic l ine-width 
reduction ( to a few GHz) and r e p e t i t i v e , 
monotonic self -scanning of the wavelength over 
tens of nanometers. Earlier experiaents mt.de 
use of • l inesr standing-wave laser cav i ty . 
More recent ly , we have used s ring laser cavity 
for the phase conjugate feedback experiaents . 
Ring dye lasers operating in trsve l ing wave mode 
are known to have narrower bandwidtha than 
comparable l inear cavity designs. The reduced 
bandwidth i s the result of a mare unifora 
spat ia l interaction of the optical f ie lds with 
the gain medium. We have observed bandwidth* as 
small a* 1-3 CHz in experiments where the 
BaTi0 3 PPCR i s the sole tuning element for a 
CW ring dye laser . This bandwidth is a factor 

of 3 narrower than that observed with the 
BaTiC^-linear la ser . 

Die BaTi0 3 -ring l a s e r alao exh ib i t s the 
passive wavelength scanning e f f e c t . When the 
combined length of the external cavi ty formed by 
the PPCR ia equal to the ring circumference, the 
frequency i s r e l a t i v e l y s tab le with a scan rate 
of 0.0001 nm/s, and the l inewidth i s narrow, 1.3 
GHz. Displacement of the crys ta l or retroadrror 
by a few centimeters r e s u l t s i n a higher acan 
rate f/u 0.02 nm/a), and the output spectrum 
contains s node heat pattern with somewhat 
greater e f f e c t i v e l inewidth (jv 3—5 GHz). Tbe 
additional spectral structure i s expected from 
the interact ion of the l a s e r cavity with the 
additional c a v i t i e s formed by the PPCR. The 
output wavelength w i l l scan mare than 10 nm to 
the red of the s tar t ing wavelength, then repeat 
i n d e f i n i t e l y , as observed before . 

A new research e f for t has been i n i t i a t e d in 
the area of microwave apectroscopy. The 
object ive i s to develop a simple and r e l i a b l e 
technique for the measurement of s table isotope 
abundance r a t i o s . A preliminary experiment has 
been designed to measure the r e l a t i v e abundances 
of 1 6 0 and 1 8 0 in carbonyl aulf ide by 
microwave absorption spectroacopy. A Fabry-
Perot cavity w i l l be used as the absorption 
c e l l , thus providing a multipass advantage. The 
cavity length w i l l be adjusted so that both 
absorption frequencies are longitudinal modes of 
the resonator. The J • 1 * 0 t rans i t ions of 
1 60CS and 1 8 0CS w i l l be monitored. 
Trfse two t r a n s i t i o n s d i f fer in frequency by 753 
MHz, corresponding to a cavity spacing of 19.9 
cm. A super-heterodyne detect ion scheme w i l l be 
used to a l ternate ly monitor the two t r a n s i t i o n s . 

We have continued our evaluation of 
degenerate four-wave mixing (dfwa) spectroscopy 
for trace elemental analys i s in analyt ica l 
flames. The dfwm technique allows the measure­
ment of Doppler-free spectra , thus increasing 
spectral resolut ion and p o t e n t i a l l y enhancing 
the a b i l i t y to determine i so top ic abundances by 
opt ics l means. 

Theoretical ca lcu la t ions riw < fundamental 
limit of detect ion for t y p i c a l atomic t r a n s i ­
tions of about 10"^ absorbauce units for 10-ns 
laser pulses and a l-i time constant . The use 
of a CW laser lowers th i s value by a factor of 
10*. Using typ ica l conversion factors r e l a t ­
ing solution and flame atom d e n s i t i e s , a detec­
tion limit of 1 ppb i s ca lculated for sodium 
using a pulsed la ser . This detect ion l imit 
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compares favorably to Chat of flaae atoaic 
abaorptioa epectrometry. Calculated l ia i ta of 
detection uaing a CM laaer are 0.1 ppt, or 
better than thoae achieved with iaeer-excited 
flooreaceoce in a flame or with inductively 
coupled plaaaa eoectroaetry. 

experimental aeaaureaenta have been aade with 
an Hd-XIC puaped-pulaed dye laaer. Spatial 
filtering and polarisation aelection have been 
used in the detection system to reduce back­
ground signal*, aa previously reported. Our 
current neaaured detection l i a i t ia 200 ppb 
aodiua in water. the detection limit ia 
currently liaited by scattered light froa the 
backward puap bean into the detection aye ten. 
The scattering ia frra a nebulized solution that 
has not evaporated before passing into the laaer 
interaction region. This nonreaonant scattering 
can poaaibly be reduced by using a different 
polarisation scheae. A comparison of aeaaured 
detection l iaita with calculated values or thoae 
achieved by other techniques is difficult 
because of the uncertainty associated with 
transput of species in aolution to the flaae, 
A critical evaluation of dfwa for analytical 
flame apectroacopy can only be Bade by knowing 
the atoa density in the laaer interaction 
region. We will attempt to determine the atoa 
denaity by absorption aeaaureaents. 

A supersonic jet sampling technique for 
combustion diagnostics ia being developed. The 
technique uaes supersonic expansion to rota­
tional ly cool combustion gases ao that they can 
be studied with bijh-reeolution laser-induced 
fluorescence spectroscopy. The apparatus, 
consisting of a 3-hp Briggs and Stratton gaso­
line engine, codified cylinder head, optical 
vacuum manifold, and pumping system, has been 
completed. Initial experiments were made with 
the Quanta Ray pulsed dye laaer aa the excita­
tion source and H02 as the anelyte. The 
rotational cooling of NO2 by combustion gases 
(with the engine running) to about 16 K compares 
favorably with the cooling that can be obtained 
with the saae nozzle and pure "2 (18 K) or Ar 
(8 K) under stationary conditions. In the 
latter measurements, the «0j and carrier gas 
ware injected through the spark plug hole of the 
stationary engine. The dynamic measurements 
wsra made with HOj added to the intake air 
atrean. The experiments showed that cooling by 
expansion of combustion gaaes ia sufficient for 
high-resolution spectroscopy. 

Chemical vapor deposition (CVD) i s widely 
used to create coatings and t'.in films for many 

applications in the microelectronica, wear-
resistant coatings, electrooptica, and solar 
photovoltaic energy conversion indue tr i e s . 
However, incomplete understanding; of the 
fundamental processes occurring daring glow 
discharge depositions has caused diff icult ies in 
achieving reproducible electrical and optical 
properties of coatings. 

The deposition of hydrogenated amorphous 
silicon (a-5i:B) films by the glow diacharge 
decomposition of aiiane ia now a common method 
for solar ce l l production because economical, 
large-area depositions can be made on inexpen­
sive substrates at low temperature. He have 
investigated the use of laaer opcogelvanic 
detection to observe intermediate molecular 
apeciea during the glow discharge deposition cf 
e-Si:H. The uptognlvanic signal resulting froa 
the analyte apeciea waa generated by illuminat­
ing a diacharge plasma with a pulsed laser beam 
and scanning the laaer frequency across optical 
transitions. The two biased electrodea need to 
sustain the dc diacharge served aa signal sen­
sors in this detection scheae, and the cathode 
also served aa substrate for deposited f i l e s . 
Tae intermediate sil icon hydride was chosen aa a 
teat analyte species because ita A2A - I 2 * 
tranaition haa been well characterized by con­
ventional specttometric methods, and because of 
i ts probable role in the growth of hydrogenated 
films. 

A demountable, hollow cathode dc discharge 
cell was constructed and tested for plasma 
atability, efficiency, and eaae of operation. 
It was designed so that i t could be disassem­
bled, have i t s electrodea (substrates) replaced, 
and be reassembled vacuum-tight within seconds 
without using any tools . Controlled depositions 
of amorphous s i l icon films on the cathode sub-
trate were accomplished using eilsne, s i lane-He, 
and silane-H 2 mixtures. The spatial si l icon 
content of the f i la waa examined using energy-
diapers i / e X-r-./ fluorescence and found to be 
highest near the hollow cathode cavity at the 
base of the electrode. rreliainary Raman 
apactra of the films indicate noncrystalUnity. 
The intermediate speciea Sin resulting from the 
decomposition of Silty, waa moaitored by 
recording ita optogalvanic spectrum 
(A26 - X2„) at 400 to 425 nn. Such gas-
phase silicon hydrides are thought to have a 
bearing on the microscopic structure of the 
hydrogenated thin film product. 

Compared with other spectroscopic techniques, 
such as fluorescence spectroscopy, optogalvanic 



detection fenerally haa •any advantages, 
including direct electrical signal generation, 
no optical background noise, and excellent 
sensitivity. Host importantly, it can be used to 
analyze nonemitting species present in CTD 
plasaas. Additional atudies to deaonstrate 
interesting applications of this technique are 
currently under way for silane and other 
discharges. 

(J. H. Ra*sey, R. if. shcu, V. G. Tong, If. B. 
Vhitten) 

Laboratory Robotics 

Our robotics work ha* largely involved two 
aajor activities: progressing for nethod 
implementation and design of special hardware 
nodules. A second analytical procedure designed 
for the robot was a fluoroaetric aethod for 
determining uraniua. After soae preliminary 
testing, we determined that the conventional 
laboratory procedure could be used with the 
robot with only ainor changes. The resulting 
autoaated aethod is used to process original 
samples to the "aliquot-on-pellet" stage; the 
pellet ignition and fluorescence measurement 
remain for the technician. During the course of 
adapting the existing procedure to the robot, ws 
found it necessary to develop a hardware module 
to handle the necessary solvent extraction step. 
He designed a siaple mixing station to 
accomplish this task. 

A study of the robot procedure was carried 
out with both uranium control samples and real 
samples. The results show that Che robot system 
can perform at an acceptable level for the 
uranium concentrations usually encountered. 

We previously reported Chat a major 
application of robocics systems is in the 
automation of procedures that involve very large 
numbers of identical operations. This type of 
operation was tested on two occasion*. The 
division needed to prepare more than 1000 sealed 
glass ampoules containing standards to be used 
for gas chromatographic calibrations. A variety 
of materials were Co be encapsulated. We were 
able Co develop a procedure in which the robot 
quancicacively pipetted the desired compound(s) 
into che ampoule. The procedure was unusual in 
Chat it was written to work in concert and in 
real time with a technician who flame sealed the 
loaded ampoule. Random samples of che finished 
scandsrds ware analysed Co assess che robot'* 

performance. In all cases, the samples were 
found to be within the required control limits. 
Because soae of the samples prepared were aa 
small at 0.1 ul» the use of the robot for 
accurate work seems well established. 

During this period, a number of hardware 
improvements were incorporated into the system. 
A new ROM operating system was installed in the 
robot controller that enabled er>me new system 
functions and improved others. He also 
redesigned our shaker controller logic, replaced 
our disk drive, updated the capping station, and 
carried out general maintenance. 

(C. S. Alley, B. B- Boas) 

Special Iaatrmmentatioa 

Rinding was obtained through che ORNL Energy 
Divis ion under the DOE Energy Conservation 
Program to develop a proof-of -pr iuc iple measure­
ment system capable of providing real- t ime i n -
s i t u ana lys i s of absorber concentration within 
an operating absorption heat pump. The measure-
meet i s based on l i g h t loss from a stripped 
opt ica l f iber as the refract ive index of the 
f luid in contact with the f iber core changes. 

A s i n g l e o p t i c a l f iber model of the nest pump 
refractoaeter was assembled Co determine the 
response surface for LiBr as Che absorber f lu id . 
A multivariant experiment was then conducted to 
determine the optimum f iber d iaae ter , f iber 
exposure length, and the e f f e c t of solut ion 
temperature on the LiBr measurement. The 
opt ica l response was found to be second order 
with respect to both LiSr concent rac ion and 
ceaperaCure. An empirical ca l ibrac ion equacion 
was derived to describe chis behavior; a 
theoret ica l explanation for the observed 
response was a l so formulated. A 600-u opt i ca l 
f iber with at l east 2 ca of the fiber core 
exposed y ie lded the greatest s e n s i t i v i t y Co 
changes in LiBr concenCration and demonstrated 
Che aechanical charac ter i s t i c s required for 
i n s t a l l a t i o n in an absorption heac pump. 

Ht lc ip le opcical f ibers were insca l l ed in an 
absorption t e s t vessel Co demons trace real-t ime 
in - s i cu measurement of Che LiBr concentration 
along che heac exchange Cubes. A chopper wheel 
was used Co multiplex l ight from an incandescent 
source through the opt ica l f ibers Co a s ingle 
detector . The temperature of each tube in the 
heat exchanger, as well as the i n l e t and outlet 
cooling water, was monitored with thermocouples. 



Data acquis i t ion vas baaed on a HP-85 computer, 
a HP-3456A d i g i t a l multimeter, and a 3497A data 
acquis i t ion control u n i t . Each s ignal was i n t e ­
grated over several power l ine cyc le s t o mini­
mise the noise from t h i s source . The noise on 
the opt i ca l s ignal* (normalised with respect to 
the source) was approximately 0.14Z. Repeata­
b i l i t y of the o p t i c a l s ignals measured over a 
4-d period was l e s s than 0 . 5 1 . The system was 
used to success fu l ly fol low changes i n LiBr 
concentration over the 42 t o 55 ( • 0 .5) wt/wtZ 
LiBr range during operat ion of the absorption 
t e s t v e s s e l . 

Current work i s d irected toward evaluat ing 
a l t ernat ive l i g h t sources and multiplexing 
concepts to improve the concentration resolut ion 
and rsage of the neaaureeent. The system w i l l 
a l so be applied to the measurement of other hear 
exchange f lu ids being considered for use in 
advanced cyc le absorption machines. 

The development of remote ana ly t i ca l 
instrumentation has focused on the completion of 
work on the t i t r a t i o n s system. The p o t e n t i o -
metric t i t r a t o r has been in routine use for 
approximately 2 years in support of operation* 
at our Transuranium Analyt ical Laboratory. An 
e lec tronic noise problem was solved by replacing 
the i n - c e l l transducer preamplifier enclosure 
system with a unit having revised internal w i r ­
ing to e l iminate a ground loop. Software modi­
f icat ion* included the addit ion of a memory t e s t 
routine upon power-up and/or a hardware re se t , 
an improved format for thej t i t r a t i o n plot (with 
additional features in the replot opt ion) , and 
correction of a problem associated v i tb an occa­
sional fa i lure of the system to automatically 
terminate a t i t r a t i o n . The revised program has 
functioned without any reported problems. 

The assembly of the remote hardware and the 
e lec tronic system for the amperometric t i t r a t i o n 
system was completed. I n i t i a l attempts to use 
the i n - c e l l amperometric transducer e l ec t ron ic* , 
which employed a grounded load r e s i s t o r , 
resulted in t h i s c i r c u i t o s c i l l a t i n g at the 
frequency of the computer switching power 
supply. The c i r c u i t was redesigned to use a 
current-to-voltage converter , thereby e l i m i na t ­
ing a voltage feedback network required by the 
former des ign. The revised c i r c u i t performs 
s s t i s f a c t o r i l y . 

Laboratory evaluation of the amperonetric 
cysten was completed. Although a few software 
problems were uncovered, no major d i f f i c u l t i e s 
were encountered. The standardisation portion 
of the procedure "Plutonium by Amperometri; 

T i t r a t i o n with I r o n ( I l ) , " which i a defined in 
ASTH Standard Method C697, was used. Potassium 
dichromate served as the oxidant in t h i s 
eva luat ion . For a l iquot* of t 2

C r 2 ° 7 
ranging from 0.02702 to 0.2I6I acq, the standard 
error of the end point was 0.00022 meq. 
Expressed in terms of the mass of 2 3 ' P u 
required for an ana lya i s , these al iquot» 
correspond to an approximate sample range of 3 . 2 
to 26 mg, with a standard error of analys i s of 
0.026 mg. 

A t r i p was made to the United Kingdom Atomic 
Energy Authority Ruclear Power Development 
Establishment at Dounreay, Scotland, and t o 
Harwell Laboratory at Oxfordshire, England. The 
purpose of the t r i p was to develop the technical 
portion of a Spec i f i c Memorandum of Agreement 
(SMA) concerning an exchange program on i n - l i n e 
spectrophotometry for breeder fuel reprocessing 
p l a n t s , and to review the process contro l , 
process support, and process development 
a c t i v i t i e s related to breeder fuel reprocess ing. 
The SMA i s being implemented under the 
Department of Energy and United Kingdom Atomic 
Energy Authority Liquid-Metal Fast Breeder 
Reactore Agreement of September 20, 1976. 

The Prototype Fast Reactor reprocessing plant 
at Dounreay has a capacity of 30 kg/d of heavy 
metal . I t has approximately 100 sample p o i n t s , 
which y i e ld an average of 200 determinations per 
day. The chemical support for t h i s plant 
requires 44Z of the plant operating budget. 
Since 1980, some instrumentation has been added 
to the p lant , and i t i s estimated that annual 
savings of $740,000 are being r e a l i s e d . Further 
d e t a i l s on the analyt ica l chemistry support for 
the Dounreay reprocessing plant can be obtained 
from ORHL/FTR-2C43. 

(D. A. Bostiek, I. H. Klatt) 

SPECTIOSCOPIC U D P10GUMS 

D. H. Smith 

This group is comprised of inves t igators in a 
number of disparate d i s c i p l i n e s . A s ing le motif 
informs a l l the work, however; research i s 
directed at expanding knowledge chat w i l l 
u l t imate ly enhance analyt ica l c a p a b i l i t i e s . 
Four examples of th i s th ius t are c i ted here . 
The one that seems nearest to frui t ion i* in the 
ares of organic taass spectrometiy; fundamental 
gas-phase ion chemistry studies have led to a 



current project to develop an ezploaivea 
detector baaed on the p r i n c i p l e s of anas 
spectroaetry/aass spectrometry. A second e f f o r t 
of t h i s type i s in the area of resonance i o n i z a ­
t ion aaas spectrometry, where our goal i s t o 
develop a sophis t icated new instrument for one 
in i sotope r a t i o measurements. The third 
example has evolved from our positron research; 
ue have good evidence that poaitron annih i la t ion 
can be applied t o the measurement of surface 
areas and t o the detect ion of voids and other 
internal defecta in composite mater ia l s . The 
las t such area t o be c i t ed i s i n heavy-ion 
induced, X-ray s a t e l l i t e emission s t u d i e s , where 
important information concerning the chemical 
s ta te of spec ie s in a l l o y s and other s o l i d 
specimens can be obtained, a l l of these areaa 
are t echn ica l ly challenging and o f f er the poten­
t i a l of y i e l d i n g s i g n i f i c a n t advances in the 
s t a t e of a n a l y t i c a l a r t . 

Organic Hasa Spectrometry 

Mich of the e f fort in organic maas 
spectrometry has gone in to work related t o 
explosive compounds. This work can be divided 
into two major areas . One i s the study of the 
gas-phase chemistry and ion structures of n i t r o ­
ar oma t i c ions , and the other i s the development 
of an explos ives detector . In the f i r s t s rea , 
the mechanism behind the loss of OB* from 
ortho-nitroaroaatic compounds by the so -ca l l ed 
"ortho" e f f ec t has been e luc idated . In the 
radical cat ion s p e c i e s , transfer of a hydrogen 
atom to the n i t r o group occurs fro* hydrogen 
containing ortho subst i tuent , with the barrier 
for reaction being related t c the homolytic bond 
energy of the H bond being ruptured. In the 
case of the corresponding anion*, however, a 
proton i s transferred, with the barrier thus 
being related to the he tero ly t i c bond energy of 
the ruptured bond. Although homo l y t i c bond 
energies show l i t t l e variat ion between s u b s t i -
tuents , h e t e r o l y t i c bond energies can be quite 
d i f f erent . This sccounts for the f sc t that the 
loss of OR- froa the cations is un ivers s l , 
wherees th i s i s not true for the anions. 

Two other related s tudies of the gss-^hase 
ion chemistry and structure of ni troaroaat ic 
anions arc in progress. One involves deteraina-
t ion of the energy released during HO l o s s , with 
the atgnitude of th i s energy being correlated 
with properties of cubtt i tuentr . The other 
study involves e lucidat ing the aschanisa »t HO 

l o s s by determining the atructure of the ion 
that i s produced by th i s react ion. 

Hark on bui lding an explos ives detector has 
been ongoing s ince the laat report . A tandea 
quadrupol* / t iae -of - f l ight (QT) mass spectrometer 
( s imi lar to che one bu i l t previously at OUX) 
has been constructed for preliminary e x p e r i ­
ments. A newer s y s t e a i s planned for the near 
fnture that w i l l incorporate an e l e c t r i c sector 
in the t ime-o f - f l i gh t portion of the instrument. 
This w i l l afford improvement in daughter ion 
reso lut ion and reduction in background n o i s e . 
Much work has a l so gone into designing and 
t e s t i n g an atmospheric pressure ion izat ion (API) 
source. Two di f ferent designs have been t r i e d , 
with both g iv ing s imi lar r e s u l t s t o date , 
further tea t ing i s needed. A novel data 
acqu i s i t i on system has been designed for the new 
QT instrument. Baaed on CAHAC equipment and an 
IBM-XT personal computer, i t i s present ly being 
assembled in conjunction with development. 

The other aajor area of work in organic aa*s 
spectrometry th i s year has been the development 
and demonstration of a hybrid MS/MS/MS i n s t r u ­
ment of QEB (quadrupole-electric sectormsgnetic 
s ec tor ) geometry. This was done by inter fac ing 
a quadrupole to the front end of an KSSO h i g h -
reso lut ion aass spectrometer. A var ie ty of 
experiments have been conducted with the QEB 
sys tea , including h igh-reso lut ion daughter 
a n a l y s i s , ion/mclecule assoc ia t ion reac t ions , 
improved resolut ion of high-energy daughter ion 
s p e c t r i , c o l l i s i o n a l - a c t i v a t i o n followed by 
c o l l i s i o n - a c t i v a t e d or aetastable d i s s o c i a t i o n s , 
and variable-energy, c o l l i s i o n - a c t i v a t e d decom­
pos i t i on (CAD) mass spectrometry. An EI/CI ion 
source hss been constructed for the new 
s y s t e a . 

Energy s t s t e counting and rate ca lcu la t ion 
prograas have been developed that allow quas i -
equi l ibr iua theory (QET) ca lcu la t ions to be 
perforaed. Such calculat ions have been used in 
conjunction with low-energy CAD r e s u l t s to 
e luc idate the fragaentation mechanism of 
quaternary aaaoniua cat iona. 

Work has continued on the ion cyclotron 
resonance spectrometer in preparation for exper­
iaents with p o s i t i o n s . More a o d i f i c s t i o n s have 
been aed« to the e l e c t r o n i c s , and tungsten 
aoderator plates have been constructed for two 
c e l l w a l l s . Preliminary experiaents with 
unaodsratsd positrons havs been psrforasd to 
sake sure that these would not produce a 
"background" ion s ignal that would interfere 
with the interpretat ion of r e s u l t s using 



•oderated positrons. The resulta were positive 
in that no signal was observed. 

(J. L. Glimh, 5 . J. McLutAsy, B. S. KeKem, 
B. H. MeBag, D. B. Friar, D. B. 9*ith) 

•ssoaeaca Ionization Haas Spectrometry 

The atu<!y of lesonance Ionization Mass 
Spectrometry (KIMS) continues; further work haa 
been initiated to obtain a better understanding 
of the optical processes involved. As described 
in the 1984 annual report, a limit in precision 
and saaple size has been found that does not 
permit application of SIMS to the isotopic ratio 
analysis of lanthaaides in samples of 10 ng or 
lass. The probler appears to be inadequate 
counting s ta t i s t i cs laueed by the relatively low 
pulse rate of the ionizing laser (30 Hz). To 
improve the ion formation rate and counting 
s ta t i s t i c s , we have recently borrowed a copper 
vapor laser for evaluation and have ordered a 
dye laser that wil l be pumped by i t . The new 
system will operate at a considerably higher 
pulse rate (> 5 kHz) and will be tunable over 
the 580 to 700-nm range of the spectrum, which 
is used for exciting lanthanides and actiuides 
of analytical interest. A time-of-flight (TOF) 
mast analyser has also been acquired and has 
been coupled with a nitrogen-pumped dye laser to 
investigate RIMS processes that occur in the 
lanthanides. Previous spectral studies using 
RIMS have revealed that the optical processes 
leading to ionication are more complex than 
originally expected. We and others have also 
seen RIMS transitions that cannot be explained 
by present knowledge. With the TOF instrument, 
PIMS studies of a l l the IsnChanides (except 
proaethiua) were mads over the wavelength range 
of 430 to 454 na, and the transitions ware 
cataloged where possible to estsblish the 
various opticsl processes involved. Of r.he 300 
RIMS transitions obtervsd, spproximstely 6.51 
wars identifiabla by various routes, including 
(1) two-photon, single-color through one reso­
nant intaraadiata; (2) three-photon, s ingls-
color through two resonant (or nearly resonant) 
intermediates; (3) multiphoton excitation to an 
uppsr level followed by ionization with another 
photon; and (4) one case where ionization was 
caused by a multiphoton nonresonsnt routs. Many 
of the unidentified transitions wars observed 
with europium and holmiua. It i t believed that 
most of thsss transition* involve s multiphoton 

transition to an upper level , followed iy ioni­
zation by absorption of a fin photon. Pub­
lished energy levels for these two eleaeuta do 
not l i s t these high-lying leve ls . The location 
of such levels can be established by RIMS 
studies. Thus, not ojly can i t be shove that 
ions can be generated by a number of optical 
processes, but also that useful spectral 
information can be obtained by RIMS. 

another approach to understanding the optical 
processes involved in RIMS is to measure the 
excess energy of the photoelectron generated in 
the ionization process. Prom the maximum excess 
energy of this photoelectron and a knowledge of 
the energy of the photons involved, the init ial 
state c*a be determined, ani posaible excitation 
routes of th» ionization process can be evalu­
ated. An electron energy analyser has been 
incorporated into our RIMS setup to obtain such 
information about systems of interest . the 
electron energy spectra obtained were usezpect-
edly complex because s number of low-lying e lec­
tronic levels in thr ion are available to be 
populated from the photoelectrons generated. 
This complexity, however, yields no elect-on 
energy spectrum that ia usually unique for • 
given optical process. Once the reason for the 
complexity was understood, various spectre could 
be calculated for alternate optical processes 
and compared with the experimental spectrum. He 
have done this for about ten lanthanide RIMS 
transitions and have been able to verify an 
originally described mechanism or to demonstrate 
mechanisms which seem to involve excited atomic 
levels ti at have not been reported. This work 
continues. 

(D. L. Donahue, J. P. Young, D. H. Smith, I. K-
Bertram) 

Positroa Spectroscopy 

Severs 1 studies have been made this year of 
the lifetime apectra of positrons injected into 
solids. High-energy positrons entering solids 
penetrate to vsrying depths, depending on their 
energise, but they rspidly become thermaliced. 
Before annihilation occurs, tome of then asy 
diffuts into regions containing internal or 
external surfaces, or defects such as stoaic 
vacancies or voids. There they become trapped 
in an environment of relatively low electron 
density where lifetimes sre aeasurably longer. 
Positron lifetime spectroscopy is being ussd to 



study coapoairea of carbon f ibers and e oxy. 
These materials are widely used in a ircraf . aad 
other s t ruc tures . Strengths of composite* are 
decreased by voids resu l t ing front i n f e r i o r 
carbon f ibers or iaproper curing of the e f j x y . 
Delaadnatioe of the epoxy froa the carbon f ibers 
alao reduces strength. I t ia expected vhat 
thes-i internal surfaces w i l l increase the l i c e -
t i r e s of injected poaitrona; therefore , due 
positron l i f e t ime spectroscopy technique ai^ht 
be a v iable composite inspect ion t o o l . Spe-.i-
aene of carbon fiber-epoxy coapositea used i n 
a ircraft repair were obtained froa a Haval ir 
Rework F a c i l i t y (BARF). Soae of the coaposil »a 
were reported to coat*in vo ids , and aoae v»re 
subjected to damage by iapact with st«-»l 
spheres. Spectra of the specimen* containing 
voids and tbe iapacted specimens showed higher 
probabi l i t i e s for long positron l i f e t i a e a than 
those of the material free of voids and daaage. 
The MRF speciaens were poorly character ized, 
however, and we cannot be anre of the degree of 
void content and daasj«. Collaboration with the 
d i v e r s i t y of Tennessee Materials Science 
Department haa begun in an e f for t to fabricate 
bet ter characterised samples. 

Positron l i f e t imes are a l so increaaed by the 
presence of external surfaces; therefore , i t 
should be poss ib le to determine s p e c i f i c surface 
areas of f ine ly divided powdera froa l i f e t i a e 
apectra. There ia need for a l t ernat ives to the 
BET aethod of gaa absorption. The i n i t i a l work 
deacribed in the FY 84 report haa been 
continued. Fumed s i l i c a a ( cabos i l s ) have been 
used as model materials because the ir surfacea 
are a l l ex terna l ; spec i f i c surfsce areaa are 
inveraely proportional to par t i c l e diameters. 
Measurements for the cabos i l s have shown that 
the intens i ty of the long- l i fet ime coaponents of 
the apectra are proportional to aurface area. 
These resul ts hsve been compared with thoae for 
studiea of ion exchange reaina whose surfacea 
are moatly in terna l , which ar i ses froa high 
porosity . It appears that the two corre la t ion 
curves are approximately para l l e l but not 
coincident . 

Work with the davelopaant of a 6 8 C e 
source for aonoenergetic positrons haa been com­
pleted . A rather poor y ie ld of the isotope wa* 
achieved, but the a c t i v i t y was high enough to 
use the aource for positron energy loss work. 
Scattering studiea of aonoenergetic poaitrona 
have bean coaplatad for W, Mo, Cu, and Si 
surfaces . At low angle* of s ca t t er ing , the 
positron apactra show auch higher cross sec t ions 

for a u l t i p l e energy loaaea than e l ec t ron 
apectra. 

Efforta are continuing t o aet up a high 
in tens i ty source of aonoenergetic poaitrona at 
GKHL. A f e a a i b i l i t y atvdy haa ahown that the 
Oak Ridge Electron Linear Accelerator (ORELA) 
can be r e t r o f i t t e d with a tungsten moderator 
that w i l l convert excess gaaaa f lux into alow 
poe i t r tne . Conceptually, the alow poaitrona 
would be conducted through solenoids into a 
shielded rooo where the exoeriaenter would be 
able to work with fluxea aa high aa 5 x 10» 
aonoenergetic poaitrona per second i n e i ther a 
pulsed or dc aode. The f a c i l i t y would be uaed 
for atomic and molecular phyaica and s o l i d atate 
and a a t e r i a l a science s tud iea . Positron a i c r o -
probes and adcroecopea could be developed. 
U n i v e r s i t i e s , industr ia l l aborator ie s , and ORkTL 
div i s ions could sake use of the f a c i l i t y . 

(I. D. Hulatt, J. M. Dale, T. M. Rotgesl) 

Btavy-Ion Induced X-tay S a t e l l i t e Ea i s s ioa 

In the diverse f i e ld of material s c i e n c e , 
ana ly t i ca l aethods are needed not only to iden­
t i fy the e leuental composition of a eample, but 
alao to characterize the cheaical s t a t e of the 
const i tuents and to provide insight into their 
bonding. Heavy-ion induced. X-ray s a t e l l i t e 
emission (HIXSE), an X-ray fluoreacence 
technique that uaea heavy ions for e x c i t a t i o n , 
i s being evaluated for t h i s r o l e . 

High-resolution L HIXSE spectra were obtained 
for a seriea of Zr, Hb, and Ho a l i o y s and cost-
pounds at the EH-tandem acce lerator (EHTA). The 
Mo and Zr spectre were produced with 25-MeV CI 
ion boabardaent, whereas the Hb reaulta were 
obtained by 25- and 36-MeV CI ion e x c i t a t i o n . 
In agreement with previously obtained Zr and Mo 
data, the Hb apectra obtained with 36 MeV CI 
ions exhibited t a r g e t - s p e c i f i c variat ions in the 
in tens i ty prof i l e s of the LoR" and IBM" 
hyparaate l l i t e* . Also in agreeaent with Mo and 
Zr data, the Hb La region was more s e n s i t i v e to 
compounds, whereas tne LB region was mors s e n s i ­
t ive to a l l o y s . In addit ion, the s e n s i t i v i t y of 
HIXSE to changaa in the Hb-Ti a l loy system was 
found to be independent of pro jec t i l e energy 
(0.7—1.0 MaV/u). These resu l t* strongly suggest 
that HIXSE can dist inguish between di f ferent 
typaa of chemical bonding. 

Although apactral d i f ferences hsve bean 
qua l i ta t ive ly correlated to the chemical 



environment of both alloys and ccmpounda, a 
mature understanding of the ptysicel nature of 
these variation* is sot yet available. To 
develop the potential of HIXSE a* a probe of the 
balk cheaical environment of an eleaeat in a 
•olid and a* a coapleaeatary technique to e l ec ­
tron apectroecopiea for the study of cheaical 
bonding in materials, we are participating in 
the construction of a high-resolution, high-
efficiency X-ray apectroneter to identify and 
aeasore the sate l l i te transition* that regulate 
the rate of vacancy transfer and thus the 
fluorescence yield, lb* spectroaeter i s a Tan 
Btaos-type wavelength dispersive device contain­
ing a 10- by 10-ca analysing crystal with a 
curvature radius of 25.4 en. the estiaated 
resolution i s 0.04Z. A coaaercial position-
sensitive proportional counter, having aa active 
length of 10 ca, wil l detect the X rays. For 
soat experiaents, the bandwidth or the counter 
will be large enough to collect the entire 
spectrua without noving either the detector or 
crystal. The aajor advantage of this spectroae­
ter will be i ts high efficiency. Preliainary 
estimates indicate that the efficiency will be 
greater *han ten tines that of the Bragg crystal 
•pectroaeter currently uaed for HIXSE experi­
ments. We anticipate a coapletion date of 
Septenber 1986. 

(T. M. Roeteal, J. P. Young, J. M. Dale, L. D. 
Rulstt, C. R. Want,* P. I. PepmilUr,* H. F. 
Krause,* S. Raman*) 

•Physics Division 

Trsasorsniua lesearch Laboratory 

Our co ?er*tivo research venture with the 
University of Tennessee continues at the 
Traneuraoiua Research Laboratory (TRL). This 
work involves spectral studies of trsnsursniua 
compounds snd is conducted with R. G. Hairs of 
the ORNL Chemistry Division and J. R. Peterson 
and his students in the Chemistry Depsrtaent at 
the University of Tennessee, Knoxvilie. We have 
continued spectral studies of actinids compounds 
at high prsssuras. A new diamond-anvil cel l has 
been designed to our optical specificstions and 
fabricated by U. Benedict of the European 
InstiCut for Trsnsursniua Clcaents in Karlsruhe, 
PRC, The new call is capable of exerting 
pressures sxcesding 30 CPs; ws have opsratsd 
this cs l l at pressures of ebout 25 CPs for 

extended periods of tine (days). Preliainary 
results on Aalj and Cf»r3 were described in 
the 1984 report. These results have bean 
farther evaluated, and spectral studies of the 
effect of pressure on Pol 3, CfGlj, and 
several lanthanide compounds have been eon-
ducted. All of the actiside compounds are 
capable of existing in two or more crystallo-
graphic forms of differing unit ce l l volumes. 
In general, our results show that the bromides 
aid iodides transform irreversibly to the mast 
dense structure at lees than 5 GPa. The 
expected transformation of hexagonal CfCl3 to 
ortborhombic CfCl3 was not observed, even at 
pressures up to 25 GPa. Spectral changes were 
apparest, but they weve reversible and could be 
ascribed to the hexagonal structure. Several 
papers have been written concerning these 
studies, and further work is planned for the 
Cfcl3 aystea. 

An idea for using radioactive transmutation 
to generate chemical reagents i s being 
developed. A necessary prerequisite of the 
concept has already been demonstrated in our 
observation that! oxidation states of actinides 
are preserved in a and 0 decay. Therefore, we 
plan to prepare mixtures of ' I YBr 3"CfBr,. As 
the yttrium decays, ( 9 1 Y •+ Zr), Zr(Il l) 
should result and may reduce Cf(IIl) present in 
the sample. The process can be followed 
spectrophotoaetrically. A number of other such 
transmutstion-induced cheaical reactions can be 
envisioned, A patent disclosure has been 
prepared. 

Further studies of progeny species generated 
by radioactive decay have also been aade. We 
are reexaaining the spectra of very old ( > 5 
years) sample* of einsteiniua chlorides doped 
into other host chlorides. Absorption spectra 
of the actinide chlorides sre, in general, 
weak; therefore, it has taken years for Califor­
n i a granddaughter species to be observable. 
The study of the U1CI3 host syttea i s of 
psrticulsr interest; U1CI3 exists in n aono-
clinic structure. BSCI3 and CfClj do not 
normally exist in this structure. The spectrua 
of einsteiniua in the in i t ia l ly prepared 
E*Cl3'LuClj could be intreprsted as being 
that of aonoclinic ESCI3, possibly forced into 
that torn by che host U1CI3. The result of 
tho current spectral study indicstss that the 
Cfcij granddaughter i s also aonoclinic. This 
represents a new crystalline fora of CKI3 
prepared by transmutation. In another study of 
a EsClj'CdC^ sample, the spectrua of 
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C f ( l l ) vas observed. There was t l a o an ind£;a-
t ion of CfOCl (a t r i v a l e a t cal i fornium compound) 
u t h i s aaaple, which waa 5 years old or o lder . 
The formatioo of CfOCl was unexpected, but could 
wel l have occurred from the long-term reaction 
of the aaaple with i t s container ( S i 0 2 ) . 

(J. P. Ioung) 

SCOHMuU 101 HISS SnCTBfMETST 

H. H. Chris t ie 

lap id growth haa occurred in recent years in 
par t i c l e sputtering aa a aeana of producing 
• toes and ions for aass spec tra l a n a l y s i s . More 
recant ly , i t has been observed that secondary 
ion aass spectrometry (SIMS) o f f e r s a cuana for 
studying organic as wel l as inorganic a a t e r i a l s . 
A s ign i f i cant amount of our reaearch e f for t has 
shi f ted in t h i s d i r e c t i o n , and our approach to 
organic SIMS has been t o in ter face an in-house 
developed secondary ion source with a tandea 
three-sector aass spectroaeter . This combina­
t ion ia being uaed to i n v e s t i g a t e the chenistry 
and physics of secondary ion emiasion fram both 
v o l a t i l e and i n v o l a t i l e organic s p e c i e s . In 
inorganic SIMS, we are inveat igat ing l a s e r -
induced resonance ion izat ion of sputtered 
aeutrals using a recently acquired e icro-beaa 
instrument that has been modified for these 
s t u d i e s . The a b i l i t y to s e l e c t i v e l y laaer 
ionize nearly every atom emitted during the 
sputtering process of fers the p o s s i b i l i t y of 
doing u l t r s - t race level a n a l y s i s . Fundaaentsl 
information concerning the sputtering process i s 
being obtained, because resonance ionizat ion 
allows one to probe the excited e lec tronic 
s ta tes of neutral atoms ejected during a sput ­
tering event. Experiaents hsve been performed 
demonstrating the number and type of ions formed 
along with optical spectral information showing 
the wave-length at which resonance ionizat ion 
occurs. 

Organic SDfS 

Efforts in organic SIMS have been directed 
toward the goal of obtaining an understanding of 
organic secondary ion e a i s s i o n . The approach 
that has been taken i s to s e l e c t chemically 
well-characterized saaple syateas and es tab l i sh 
re lat ionships between the physical and cheaical 

properties of a saaple and i t s secondary ion 
e a i s s i o n . Correlations are ti»en e i ther uaed as 
a fraaework in conatructing a t h e o r e t i c a l aodel 
or applied d i r e c t l y toward improving the 
methodology. 

A good example of the pract i ca l appl icat ion 
of th i s work i s the development of a reaervoir 
probe t i p that corrects sample deplet ion during 
the courae of a SIMS experiment. Ve observed 
that the secondary ion apectrua of g l y c e r o l / 
analyte so lut ions was time dependent. This 
aspect l imi t s the a p p l i c a b i l i t y of any spectral 
technique; for example, i f repeated apectra of a 
saaple show changes during a n a l y s i s , one i s l e f t 
with the question of which spectrum i s correct . 
He were able to e s t a b l i s h that the cause of the 
changing spectrum waa saaple dep le t ion . Conse­
quently, a reaervoir aystea that provides 
capi l lary action to puap the aaaple to the 
target surface during a SIMS experiaent waa 
designed, constructed, and t e s t e d . A unique 
feature of th i s system i s that i t permits gener­
at ion of secondary ions of constant in tenai ty 
and r e l a t i v e abundance for up to 2 h, whereas 
previous systems l imited constant e a i s s i o n to a 
few a inutee . This feature i s part icular ly 
important for MS/MS work on secondary ions , 
l ince MS/MS spectra frequently require t iae 
averaging. A patent ia pending on the reaervoir 
probe. 

Using th i s reservoir probe system, we have 
been able to atudy relat ionship* between the 
secondary ion i n t e n s i t y character i s t i c s of 
analytes dissolved in or adsorbed onto a l iquid 
sa tr ix . After measuring the surface a c t i v i t y 
and Henry'a Law conatants for a aeries of aaine/ 
glycerol s o l u t i o n s , we can demonstrate that 
lecondary ion intenai ty doea not depend pr iaar i -
ly on the thermodynamic properties of the s o l u ­
t i o n s . Bather, the in tens i ty depends on the 
flux of the analyte reaching the sampling sur­
face and on the primary par t i c l e f lux; that i s , 
secondary ion emission depends on cheaical k i ­
n e t i c s . We are in the proceas of inves t i ga t ing 
Chess propert ies . 

Ongoing with these s tudies i s the devclopaent 
of a model which aandataa that cheaical proper­
t i e s deteraine the behavior of secondary ion 
ea ias ions , as observed experimentally. The 
aodel developed thus far invokes the axiatence 
of a c r i t i c a l l y heated volume to r a t i o n a l i z e the 
data. Two implic i t propertiea of the model 
include a aschaniaa by which the keV energy of 
the bombarding p a r t i c l e i s converted to therasl 
energy, and a mechanise by which a l l 



intermolecular bonds can be broken without 
breaking a (ingle intramolecular bond. These 
two feature* are important because they are 
consistent with experimental observation, and 
they do not require any of the known laws of 
physical chemistry to be violated when secondary 
organic ions are generated. 

Organic secondary ion emission i s important 
because i t extends the range of organic aaas 
spectroaetry to involatile compounds. Enhancing 
organic secondary ion emission has hitherto been 
empirical. Our studies on this process point to 
a future when emission enhancement may be 
effected by design. 

(P. J. Todd, C. P. le-Oman, V. H. Christie) 

Spatter Atoedxation/Reeomerco Ionization 
Mass Spectrometry 

Work has continued on the combination of ion 
be«m sputtering and resonance ionization mass 
spectrometry (RIMS) for ultrasensitive isotope 
ratio analysis. The use of a aicro-fo:uaed 
primary ion beam and knowledge of the energy and 
angular distribution of the sputtered atoms 
enables the geometrical overlap of the laser 
beam with the sputtered plume to be optimized. 
Additionally, the use of a pulsed primary ion 
beam enables the temporal overlap between atoni-
zation and ionization to be maximized. Satura­
tion of the resonance ionization process gives a 
predicted ssmpling efficiency (atomization and 
ionization) of about IOX (1 ion for each 10 
sample stoms removed). 

The init ial phase of the project involved 
miking a surplus ion aicroprobe mass analyzer 
(IKKA) operational and then adapting i t for use 
in SA (sputter atomization)/RIMS experiments; 
these efforts were described in the 1984 annual 
report. Our work this year has concentrated on 
modifying the system to obtain increased sensi­
tivity and ease of uss. The IMMA and flashlamp-
pumped dye laser were interfaced to an LSI-11/2 
microcomputer for data acquisition and control. 
A stepping motor wss attached tc the wavelength 
drive of the dye laser to permit reproducible 
spectral scsns to be made under computer control 
vis a parallel interface board located in the 
mf .tacomputer. A dijital-to-analog converter 
(DAC) was slso instsllad in the microcomputer to 
control the magnet for the secondsry mass spec­
trometer snd to allow mass scsns to be made. 

The ions formed by resonance ionization produce 
a signal that ia aaupled by an analog-to-digital 
converter (ADC) noised in the LSI-11/2. Soft­
ware waa written to integrate the operation of 
the analog and digital interfaces and to enable 
optical spectre at fixed mass or mess spectra at 
fixed wavelength to be obtained. Program* were 
also developed to display the spectra in reel 
time on a scope driven by a second DAC in the 
microcomputer and to (tore the spectra on disk. 
This system waa used to acquire optical and maaa 
spectre for uranium and armarium samp tea. The 
RIMS optical apectra observed for sputter atomi­
zation agreed well with those obtained from 
thermal atomization. The mess spectra showed 
metal ion (M*) peaks in the expected isotopic 
abundances when the laser waa fixed on a 
resonant wavelength; at higher mess the oxide 
(M0+) peaks appeared wirh almost equal iuten-
ait iea. However, the M* peaks disappeared, as 
expected, when the lsser waa detuned from the 
resonant wavelengtha, whereas the MO* peaks 
occurred at a l l wavelengtha scanned by the 
la>er. These result* suggested that residual 
oxygen (present in the primary ion source) waa 
interacting with the metal to produce metal 
oxide species that are sputtered and ionized by 
the laser in a nonresonant proceaa. 

A new cryosorption vacuum pump was installed 
on the IMMA; this enabled u* to use pure argon 
in the primary ion source, thereby eliminating 
problems associated with residusl oxygen in the 
system. Another experimentsl benefit resulting 
from this modification was the decrease in pump-
down time compered with the original ion pump 
found on the system. The new cryosorption pump 
enables the instrument to be pumped from atmos­
phere to 10-4 torr in less than 3 h compared 
with 7 to 8 h using the ion pump. 

Two sdditional instrument modifications were 
msde to alleviate problems with the setup of the 
DMA for SA/RIKS experiments. A new periscope 
assembly for lowering the laser beam to the 
level of the sample was designed and con­
structed. The new design uses two 1-in. bending 
prisms rather than the two 1/4 in . mirrors in 
the previous assembly. This modification 
simplified the laser alignment procedure. A new 
"pusher" electrode was also constructed snd 
attsched to the primary lens column. The new 
design permits the assembly to be more ess i ly 
adjusted and removed without disconnecting sny 
high voltsge lesds. 
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Future improvements include the addit ioe of a 
H:TAG-pumped dye l a s e r , a MicroPDP-ll computer 
system, and e l e c t r o n i c s for pulsed operation of 
the primary ion beam. The new laser eystem i s 
expected to improve overa?1 sampling e f f i c i ency 
by enabling saturat ion of ion izat ion over * 
larger volume. The acquis i t ion of the new 
computer w i l l speed software development and 
data a c q u i s i t i o n , as w e l l as provide improved 
data display c a p a b i l i t y . The pulsed primary ion 
beaa w i l l allow us t o match the duty cycle for 
i temizat ion with that of ionizat ion , thereby 
further improving sample u t i l i z a t i o n . 

(D. B. Goennger, D. L. Dcmohue, U. H. Chrittie, 
H. S. HcKcun, L. K. Bertram) 

•CtlaTMS AMD ISOIONC MASS SPKCnCcSm 

R. L. Walker 

A VG-354 isotope r a t i o msss spectrometer was 
del ivered, i n s t a l l e d , and t e s t ed . All perform­
ance t e s t s with regard to uranium were met; we 
have obtained external precis ions as low as 
_• 0.0051 using an internal standard. The 
instrument i s equipped with an e lectron impact 
ionizat ion source to allow analys is of elements 
that are d i f f i c u l t or impossible to ionize t h e r -
a e l l y . Performance t e s t i n g required analyses of 
aercury and te l lurium; the former was s u c c e s s ­
fu l ly analyzed, whereas the l a t t e r f a i l e d . 
(This i ssue s t i l l awaits r e s o l u t i o n . ) The 
instrument i s present ly in routine operation, 
primarily for uranium and aercury analyses . 

He continued to psr t i c ipate in various 
projects funded by the International Safeguards 
Projects Office (ISPO) to a s s i s t the 
Internetional Atomic Energy Agency (IAEA). 
Analyse* were performed on the ssaples taken for 
7.SPO Task A-126, a jo int experiment to evaluate 
internal standard* as spplied to reprocessing 
f a c i l i t i e s ; the par t i c ipants are ORNL, IAEA, the 
French nuclear laboratory at Saclay, and the 
French reprocessing plant at LsHague. All four 
laboratories hsve analyzed s l l sample*, snd a 
seating w i l l be held in Paris to evs lus te the 
r e s u l t s . 

A second ISPO project involved evaluating 
quadrupole ma** spectrometer* for on- s i t e s a f e ­
guard* analyte*. A custon-ai*embled ORNL 
instrument ws* i n s t a l l e d at the IAEA lsbois tory 
in Seibersdorf, Austria , Also i n s t s l l e d at 
Ssibersdorf v*$ s Finnigan-MAT THQ quadrupole 

mass spectrometer designed express ly to 
meaaure isotope r a t i o s . 8 . S. MeKown viaiited 
the laboratory to evaluate both instruments. 
Be concluded that neither spectrometer ( in i ta 
present form} i s su i table for i t s intended 
purpose; however, with proper modif icat ion, 
e i ther would be acceptable . 

He continued to provide ana ly t i ca l support 
for the transuranium production and s tab le 
isotopes sa l e s programs. In addi t ion , many 
low-level actinide analyses have been conducted 
in support of environmental control programs at 
ORHL and Y-12. Several research programs have 
required high-precis ion i s o t o p i c composition and 
isotope d i lut ion analyses for plutomiua, 
urauium, and neodymium in highly radioact ive 
spent reactor fuela , e . g . , for ORIGEK code 
v e r i f i c a t i o n of burnup. 

Isotopic analyses were completed on 21 
act inidea taken from a fuel pin i rradiated 90 
days at fu l l power (600 HW) in the Dounreay 
Prototype Fast Breeder Reactor in Scotland. 
This work wss in support of the j o i n t US/UK 
act in ides research program t o atudy the behavior 
of these nuclides in th i s type ot reac tor . This 
was the f i r s t of three pins prepared for thia 
experiment. One of the primary purposes of the 
experiment wss to measure and ca lcu la te the 
burnup and production of various ac t in ides ia 
milligram ssmpies of highly enriched act in ide 
iaotope* as a check on measurement techniques, 
nuclear cross s ec t i ons , and c a l c u l a t i o n a l 
methods, 

Another unique support a c t i v i t y of the group 
was the acquis i t ion and standardization of a 
beryllium solution containing 9 B e / l 0 B e 
(^75:1) as the s tart ing material for two 
projec t s . A portion of the so lut ion w i l l be 
used by the National Bureau of Standards as the 
s tar t ing material for preparing a tana'ia 
accelerator mass spectrometry standard; t'.ie 
expected 9 B e / l 0 B e rat io i s 1 0 1 0 to 
1 0 1 1 . Another portion w i l l be used j o i n t l y 
by S, Raman and others s t ORNL and by Professor 
Uo l f l i of the I n s t i t u t fur Mittelenergiephysik, 
ETH-Honggerbcrg, Zurich, Switzerland, to 
redetermine the h a l f - l i f e of 1 0 B « . 

(I. K. Bert nam, H. P. May, B. H. MoBay, C. A. 
Pritohard, G. I. Gault, I. Gulw, H. M. Honakev, 
H. S. MoKom, E. 0. MilUr, H. C. Smith, D. H. 
Smith) 



13 

2- RADIOACTIVE MATERIALS LABORATORIES 

W. R. Lalng 

The Radioactive Materials Laboratories Section Is coaposed of three groups: Radioactive 
Material Analytical Laboratories, Transuranium Analytical Laboratory, and Program and Projects. 
A satellite laboratory Is also operated within the Consolidated Fuel Reprocessing Facility. 
These groups provide support for aany Laboratory progress, prlaarlly those in the Chealcal 
Technology, Fuel Recycle, Metals and Ceraalcs, and Operations divisions. They also perform work 
for other federal and nonfederal agencies. 

Developaent Is an Inherent activity and Includes work on X-ray fluorescence, gas-cooled 
reactor fuels, reprocessing, aercury purification, testing of coatings for the nuclear Industry, 
and the division's coaputer-based Data Management and Saaple Transaction Systea. 



equipment includes an LS1-11/23 Plus-based 
computer system, a Tracor TH-7200 Multichannel 
analyzer, a TEC high-resolation position-
sensitive proportional counter with all control 
electronics, and a Philips constant-potential 
3-kW X-ray generator. All new equipaent, except 
the X-ray generator, has been incorporated into 
the prototype XRF systea. The X-ray generator 
was installed in Hoveaber, I98S and is currently 
being tested.. 

Most software developaent for the 
acquisition, peak processing, and quantitation 
of XKF data has been coapleted. A special 
device handler has been written to provide a 
ci.iisjnication link with the TN-7200 MCA on a 
serial line at speeds up to 4800 baud. The 
device handle.-, along with an application 
prograa, aupports bidirectional transfer of 
spectral data and transfer of control coasunds 
under either RT-11 or TSX-Plus operating 
systeas. Integration of the software into a 
single aenu driven application package reaains 
to be coapleted. 

Remaining work includes the setup, testing, 
and integration of new equipaent and aaterial 
into the prototype XRF systea. Following final 
testing of the new X-ray generator, systea 
performance will be reevaluated and optics will 
be optimized. 

PIOCIAMS tMD PROJECTS 

D. A. Costanzo 

X-Ray Fluorescence Development 

Quantitative X-ray fluorescence (XRF) 
analysis for uranium and plutoniua in highly 
radioactive aolutiona presents several unique 
problems. These problems include excitation of 
the uranium and plutoniua by paasive radiation 
in the sample (gaaaa. X-ray, alpha, and beta 
activity), the spontaneous emission of X rays 
resulting froa internal conversion following the 
decay of radioactive isotopes (e.g., uranium L 
X rays following the alpha decay of aaericiua 
and plutooiua isotopes), and coping with the 
high degree of scattered radiation froa the 
sample. Passive excitation and interference 
froa internal conversion can be managed by 
appropriate analytical techniques; however, 
conventional XRF spectrometer designs cannct 
tolerate a very high degree of passive radiation 
froa the sample. Therefore, the goal of this 
project is to circuavent these problems and 
provide a« XRF system to monitor uranium and 
plutoniua in highly radioactive feed solutions 
to a nuclear fuel reprocessing plant. 

Investigations by C. J. Sparks, Jr., of the 
ORNL Hetals snd Cerauics Division, led to the 
design of a wavelength dispersive XRF systea 
that can be used to determine concentrations cf 
uranium and plutonium (and many other elements) 
in highly gamma-active backgrounds. Mechanical 
simplicity, a basic feature incorporated into 
the design of the XRF spectroaeter, aakes the 
systea unique for use in remote snd inaccessible 
environments. Pyrolytic graphite, which is used 
for X-ray optics in the system, offers excellent 
radiation resistance snd high diffrsction 
efficiency (40% of incident power). The 
graphite diffrsction crystsl slso provides 
simultaneous diffrsction of the entire energy 
region, froa PuL a to UX a, with sufficient 
resolution (30 eV FWHM st 14 keV) to permit the 
use of a fixed single-cryttal spectroaeter. 
Therefore, an operational systea would have i-o 
aoving parts sfter initial alignment, thus 
simplifying ins criment maintenance and enhancing 
reliability. The constant optical geometry 
should also result in improved accuracy snd 
precision. 

Capital funds (̂  $115,000) have been obtained 
during the last two years to purchase equipaent 
for fabricating a prototype XRF system. New 

(J. H. Keller) 

RTCR Base Technology Prograa Support 

This project involves the upgrading and 
replacement of equipaent and instrumentation for 
the HTGR Coated-Particle Fuel-Performance 
Assessment. An ORML-designed Irradiated-
Microsphere Gamma Analyzer (IMCA) was upgrsded 
froa control by an obsolete TP-5000 gsaaa 
analysis systea to a Nuclear Data ND-6700 
systea. A coaplete new softwsre package was 
developed for the ND-6700 to control and acquire 
data with thj IMCA systea. 

A new automated fuel particle handler for the 
IMCA systea was successfully tested with new 
control software and then installed in the hoc 
cell during July. The status of the IMCA 
upgrade at that time was sufficient to satisfy 
an 0R0 milestone, which did not include the 
installation of a tuw particle handler. The new 
automated fuel particle handler has continued to 
undergo tasting with the new control software. 
The handler has successfully been used for 



numerous run* (with 2000 part idea), which 
conaiated of continuoua operacioa for severs1 
daya per run. The particle handler haa been 
inatalled in the hot cell and haa successfully 
undergone additional teating. All additional 
equipment required for operation of the IMGA 
system haa alao been inatalled and the hot cell 
waa cloaed at the end of Rovember. Remaining 
work on the IMGA upgrade includea development of 
data proceaaing toftware and documentation of 
the new ayetea. 

The upgrade of a ahielded electron microprobe 
(SEMP) ia in progreaa. An initial evaluation 
of the SEMP indicated a need to upgrade or 
replace aoat of the current electronic compo­
nent!. The SEMP ia baaed on out-of-date 
technology, and the vendor for the probe ia no 
longer in business. The existing vacuum tube 
technology uaed on the SEMP ia queationable 
regarding reliability and performance character­
istic! relative to present standards. The lack 
of vendor support haa created maintenance 
problems because of the inability to obtain 
replacement parta. 

The electronic components scheduled for 
replacement include both the high- and low-
voltage power supply modules, the beam-scanning 
electronics, and the wavelength dispersive spec­
trometers. The present SEMP single-channel 
analyzer should be replaced with a computer-
based multichannel analyzer that alao provides 
advanced image proceaaing capabilitiea. To meet 
projected requirements for the SEMP, a ahielded-
energy dispersive spectrometer will be added to 
the system. 

A consultant has been contacted to evaluate 
the SEMP and provide information and advice 
about the required electronics. When discus­
sions are complete, procurement of the necessary 
equipment required for a functional SEMP will be 
initiated; approximately $90,000 haa been 
approved for the upgrade. 

(J. M. Keller) 

Databaee Software for the Oak Ridge 
Managed Daer Runt 

To handle all of the information generated 
during the 1985 ORNL/Tenneasee Wildlife 
Resources Agency (TWRA) managed deer hunts on 
the 0SK Ridge Reservation, a custom package «a* 
developed using dBASE III for an IBM ?C. The 
package was compiled (with Wordtech Systems, 
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Inc.) to permit legal distribution of 
information and to simplify user interaction 
with the computer. 

The program ia completely menu driven and 
uaea formated input acreena to provide a **uaer 
friendly" environment. The customised package 
consists of three primary functions aelected 
from a master menu. The firat function ia uaed 
each hunt day to handle input of hunter infor­
mation (name, addreas, etc.), deer atatiatica 
(sex, age, number of points, weight, and kill 
location), and counting data (gross counts for 
total *°K and 1 3 7 C s ) . Baaed on counting 
data and sample weight, the program then calcu­
lates l3?Cs activity (pCi/g) and alerta the 
uaer if the activity haa exceeded a preaet 
limit. At the end of a hunt day the uaer can 
generate a report on all information obtained, 
for iuternal use and a special report form (for 
TWRA officiala) that providea additional blank 
fielda for other atatiatica of interest to the 
TWRA. 

The second function of the program ia to 
merge daily data into a master database for all 
hunta. The third function providea the user 
with the means to manipulate the master aummary 
database. From the mascer summary, the uaer can 
select numerous formats of information aorted by 
various criteria (by hunter, deer weight, kill 
location, '3'Cs activity, etc.). The uaer 
can alao select aubaeta of information baaed on 
relational combinations (such aa, sex * male 
and weight >. 100 lb) and generate reports of 
these subsets, 

(J. H. Keller) 

RADIOACTIVE MATERIALS AHALTTICAL LABORATORY 

D. A. Costanzo 

The Radioactive Materials Analytical 
Laboratory (RMAL) providea support to varioua 
nuclear-related 0RNL programs. Support (or the 
Consolidated Edison Uranium Solidification 
Program, Consolidated Fuel Reprocessing Program, 
hydrofracture waste disposal, isotopes produc­
tion, Environmental Restoration and Facilitiea 
Upgrade Program, and environmental monitoring 
are representative activities. Many ORNL 
divisions are supported, including Chemical 
Technology, Fuel Recycle, Physics, Environmental 
Sciences, Environmental and Occupational Safety, 
Operations, Quality Assurance and Inspection, 
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Health, and Plant and Equipment. Analysis of 
intermediate- and high-level radioactive samples 
that require glove-box and/or hot-cell 
operations are the primary services provided; in 
addition. X-ray fluorescence, testing of 
coatings for application in nuclear facilities, 
and referee analysis of uranium ore concentrates 
are also performed. 

During this report period, 1574 samples were 
processed, and 4967 determinations were 
performed. A large number of highly radioactive 
samples were prepared for analysis by other 
sections within the division for isotopic 
compositions, mass spectrometry, gamma 
spectrometry, neutron activation, and gas and 
ion chromatography. A variety of analytical 
techniques were used in RMAL, including potenti-
ometric titrimetry, coulometry, X-ray 
fluorescence, alpha pulse-height analysis, 
liquid scintillation counting, spectrophotom­
etry, BET surface area, particle size 
distribution, free acid, and infrared analysis 
for carbon. 

Radiation tolerance, decontamination, and 
design basis accident (DBA) testing of coatings 
for application within nuclear facilities is 
provided to coating manufacturers, utilities, 
architect-engineering firms, and testing 
agencies. Testing has been performed for ten 
clients this ytar. Radiation tolerance testing 
is performed at the High Flux Isotope Reactor 
using the intense radiation emitted by the spent 
fuel elements. Samples are examined visually 
for physical damage to Che r.oatii g. In the 
decontamination test, a mixture of gamma-
emitting nuclides is applied to tl,e surface of 
stainless steel panels or coated cement blocks 
and then removed with various decontamination 
solutions. This test is performed by Che 
Transuranium Analytical Laboratory. In Che DBA 
Cest, coaced specimens are exposed Co an 
emergency coolant spray soluCion aC an elevaced 
temperature and then examined for physical 
damage, chalking, and change in film thickness. 
These tescs conform Co ASTM specifications. 

We have continued to upgrade the DBA 
autoclave equipment; pneumatic temperature 
controllers have been replaced with solid state 
proportional temperature controllers. Also, a 
computer program, written by C. K. Bayne of 
Computing and Telecommunications Division, is 
being used to calculate the irradiation time 
necessary Co obtain a desired dose as a function 
of the elapsed time after the spent fuel element 
is removed from the reactor. During this report 

period, the quality assurance program for 
testing coatings was audited and approved by 
three different clients. 

For a number of years, the New Brunswick 
Laboratory provided analytical chemistry 
services to the uranium mining and processing 
industry in the form of measurements of the 
uranium content of ore concentrates. Current 
contracts between shipper and receiver require 
that a certain percentage of samples be analyzed 
independently, including those saicples where 
shipper and receiver differ by more than 0.1 
wt Z. In nid-1984, the Department of Energy 
determined that the New Brunswick Laboratory 
should not do this work since it is not 
safeguards related. Thus, the Radioactive 
Materials Analytical Laboratory wax. selected by 
commercial uranium suppliers to provide referee 
analyses. Since the program was initiated in 
late 1985, 310 ore concentrate samples have been 
analyzed. This service has also been provided 
to the Y-12 Product Certificatior Group to 
assist in resolving shipper/receiver differences 
between the Y-12 facility and the Savannah River 
Plant on Che uranium assay of process waste. A 
weightbased version of the Davies-Gray 
potentiometrie titration is being used. The 
relative sCandard deviation at the 95Z 
confidence interval has been demonstrated to be 
0.051 for samples containing 65 to 80 wt X 
uranium. 

Construction of an addition to the west end 
of Building 2026 was started in mid-May 1983 and 
terminated in August 1984, at which time the 
facility was accepted by the Engineering 
Division. Certain deficiencies have been 
corrected, and the facilities were reviewed and 
approved by the Radiation Operation Commiccee in 
August 1985. The addition contains a radio-
chemistry counting room (^600 ft 2) on the 
first flour and three chemistry laboratories and 
an office on the second floor (-v.2000 ft 2). 
The counting room was occupied in April 1985 
when che intermediate-level radiochemical 
operations in Building 3019B were moved and 
consolidated with the operations in Building 
2026. The second floor laboratories are being 
equipped to screen, handle, and prepare 
radioactive samples for prioricy inorganic and 
organic pollutant analysis by other groups 
within the division. The new addition and 
existing facilities in Building 2026 will 
provide the division wich a unique complex for 
Che analysis of radioactive, chemically 
hazardous materials. 
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Fuel Recycle Division 
Support Laboratory 

The service laboratory located in Building 
7603 performed 3430 analyses in support of 
process and engineering studies conducted by the 
Fuel Recycle Division (FRD). This was a 152 
increase over the previous year (1984). The 
types of analyses performed were uraniua by 
volumetry and spectrophotometry, free acid, 
silver, chloride, iodine, oxides of nitrogen, 
density, viscosity and conductivity, gadolin­
ium, foam break time, and disengaging time. 

During the year, additional work was done on 
uranium and nitric acid distribution coeffi­
cients in the Integrated Equipment Test (IET) 
solvent extraction system. Extractions were 
performed using various organic-to-aqueou* 
ratios, and both phases were analyzed for 
uranium and acid before and after extractions. 

Solutions of zinc bromide having densities of 
1.491 and 1.495 g/mL, respectively, were 
prepared for use in calibrating in-line density 
meters for the IET. Also, solutions of nitric 
acid were prepared for use as conductivity 
standards to calibrate in-line IET 
instrumentation. 

Special studies were conducted on a cerrobase 
alloy (Pb/BI), on dissolution at various 
temperatures and nitric acid concentrations, and 
on the oxides of nitrogen produced by the 
dissolution. 

A leaching study of a vespel-21 bushing was 
conducted during January, February, and March. 
Using a nitric acid and uranyl nitrate solution, 
we determined that this mixture is suitable 
for use in the United Kingdom centrifuge. The 
UK machine is to be used as s polishing clari-
fier for the Breeder Reactor Engineering Test 
(BRET). The bushing is made of a polyimide 
resin containing 15Z graphite. 

(P. W. Pair) 

TRAMSUIAWUM ANALYSIS LABOIATORT 

J. L. Sotts, Croup Leader 

The Transuranium Analytical Laboratory (TAL) 
continued to provide support to two main 
Laboratory programs: (1) the Transuranium 
Production Program and Solvent extraction Test 
Facility (SETF) within Che Chemical Technology 

Division and (2) che monitoring of radioactive 
waste effluents for che Operations Division. 
More than 45,000 analytical determinations were 
made daring the past year. 

The TAL provided analytical support to the 
SETF in the processing of a high burnup, short-
cooled Faat Flux Test Facility reactor fuel. 
Because of che radiation levels of Che samplea 
from this process, mosc of Che analysis required 
: v- use of a hot-cell facility. Tt.-> analyses 
included in-cell plutooium and uranium extrac­
tions, with subsequent alpha counting and 
spectrophotometry, to determine concentrations. 
Free-acid determinations were made using the 
in-cell ORHL model Q5895 automatic titrator. 
All in-cell dilutions were made using Che 
computer-controlled remote pipettor. 

The Transuranium Production Program was 
involved in two campaigns processing a totnl of 
25 3FIR targecs; t!.* transuranium isotopes 
244cm, 252cf, 2 4 9 B k > 253 E 8, «„ d 255^ ^ „ 
recovered. In aupport of these campaigns, we 
performed some 12,000 determinations. Measure­
ments included alpha and gamma spectrometry, 
in-cell free acid, and the separation of the 
transcurium actinides of Bk, Cf, Es, and Fm from 
dissolver solutions using a high-pressure ion 
exchange column. Actinides Es and Fm were 
subsequently determined by alpha counting, Bk by 
beta counting, and Cf by neutron counting. 

As a result of the interest generated by an 
article in che Kay 1984 issue of Nuclear News on 
the problems of shift work, personnel rotation 
at TAL has been changed. The rotation was 
changed, as suggested in the article, to a days, 
afternoon, and midnight sequence. The new 
sequence replaced the old schedule of days, 
midnight, and afternoon, and has been very bene­
ficial to shift workers in eliminating some of 
the inherent shift-work problems. The new 
schedule has been used at the 0RGDP facility for 
some time with 51eat success. 

An ACS course on rsdiochemistry wss made 
available to shift technicians working at TAL. 
A cassette recorder, capes, and manuals were 
aade available to be used at work as time 
permitted. The course has been beneficial in 
familiarizing the technicians with basic 
rsdiochemistry. 

Pocket meter readings for che first three 
quarters of this year shov a significanc 
decrease (68X) in the radiacion exposure 
received by TAL personnel. The CoCal exposure 
decreased from 1760 isR for che firsc quarter Co 
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SoO aR for the third quarter. This decrease In 
personnel exposure can be attributed to better 
waste handling, better Maple storage 
facilities, and laproved techniques for handling 
dilutions and samples taken froa the hot cells. 

Methods and techniques have been developed 
and Improved to characterize candidate materials 
by the hydrofracture injection technique. To 
satisfy the requirement that all materials be 
completely characterized, the TAL has analyzed a 
number of samples. The required analyses 
included gross alpha, beta, and gamma 
measurements, gamma spectral analysis, plus the 
determination of the actlnides (U, Pu, Am, and, 
Cm). 

(R. A. Jones, C. C. Fouat, J. M. Peele, M. E. 
Peters, R. T. Pack, R. Peralez, M. B. Garcia., 
S. C. Veils, J. D. Mayton) 

\ 
\ 
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3. IH0R6ANIC CHEMISTRY 

J. K. Stokely 

The Inorganic Chemistry Section performs inorganic and low-level radiochemical analyses for 
a large number of Laboratory program*. The section also does development work Co upgrade capa­
b i l i t i e s and Co solve applied probleas requiring inorganic analyCical chemistry or radiocheaical 
expertise. Approximately 200,000 analyses are performed by Che section each year. 

During Chis year, the seecion has become heavily involved with new Laboratory environmental 
monitoring and waste management programs and environmental acid rain projects. Hew staff, 
equipment, and procedures are being acquired to handle expanding sasn>le loads from these 
programs. In addition, the section continues Co provide general inorganic analyCical support 
for numerous basic research projects within Che Laboratory and Co assise outside private 
corporations and other government agencies with special analyCical expertise. 

• i 
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cmacaL AID raniCAL UULTSIS 

J . H. Stewart, J r . 

Analyt ica l support of the ORRL hyurofracture 
waste encapsulation programs required develop-
aent of a s er i e s of new techniques for measuring 
trace and ultratrace l e v e l s of both cations and 
anions. A unique vapor transport separation and 
subsequent measurement of sub-part -per-a i l l ion 
l e v e l s of f luoride in saturated HaCl brine was 
developed. A Diouex anion analyzer was modified 
to provide bromide aeaaureaents at low part-per-
a i l l i o n l e v e l s in the br ine . Crys ta l l i za t ion of 
HaCl froa the brine, using HC1 gas saturat ion, 
perai t ted s iaultaneous induct ively coupled 
plasaa (ICP) detect ion of approziaeLely 25 
e l eaent s at the 50-ppb concentration l e v e l . 
Cadaiua and lead were aeasured polarographi-
c a l l y . Further iaproveaents to achieve even 
lower detect ion l i a i t s are under way. 

Methods development for the removal of both 
tox ic metale and radionuclides froa the 4 
n i l l i o n gal lon Bechtel Niagara Fa l l s l iquid 
waste s i t e was completed. The aethods were 
success fu l and peraitted the re lease of water 
that aet a l l Mew York State discharge s p e c i f i c a ­
t i o n s . This technology should be applicable to 
other mixed waste l i q u i d s . As part of t h i s 
work, we developed a practical method for the 
reduction of hexavalent se leniua and the subse­
quent removal of a l l selenium (to l ess than 20 
ppb) in very large volumes of water. With 
addit ional development, we be l ieve the method 
could be extended to selenium contaminated 
Irr igat ion water. 

Characterization of uranium o i l I t a i l i n g 
ponds in Wyoming and Colorado was completed for 
the Nuclear Regulatory Commission (NRC). In a 
continuing survey program, several additional 
s i t e s were sampled and analyzed for toxic 
metals , anions, and radionucl ides . 

Environmental monitoring of ORNL surface jnd 
well waters continued to increase in both to ta l 
saaples and in the number of parameters being 
monitored. We have added c o l i f o r a , ammonia, 
biochemical oxygen demand, cyanide, t o ta l 
phenols, thallium, and sulf ide to the measure­
ments performed. We discovered that the four-
plant environmental method for determining the 
presence of polychlorinated biphenyls (PCB) in 
f i s h was not adequate; consequently, an improved 
methodology is being invest igated . The new 
SOXTEC rapid (1.5 h) extraction system is being 
aval" i t ad as a potent i s l replacement for the 

conventional Soxhlet (16 b ) method; i n i t i a l 
r e s u l t s of the evaluation are very encouraging. 
The SOXTEC system can be used for sediaent 
spec iaens . 

Zyaark robotic methods development has 
continued with the completion and successful 
t e s t i n g of the f luorimetric uranium extract ion 
procedure. Al l hardware and software i s now 
ava i lab le for c o l o r l a e t r i c ana lys i s ; only 
the in ter fac ing of the Zyaark to the Bach 
spectrophotometer remains to be completed. 

The PGT Systea 4 analyzer , interfaced to the 
scanning e l e c t r o n microscope, has been widely 
used in such diverse appl icat ions as measuring 
r a t i o s of s o l i d - s o l u t i o n crys ta l s of gadolinium-
terbium phosphates and tantalum niobates to 
determine the cause of fa i lure of a bioreactor 
for n i t r a t e des truct ion , ident i fy ing TVA slag 
from other types of s lag i n cinder blocks used 
i n construct ion , and a s s i s t i n g in the locat ion 
of the source of ductwork fa i lure in an ORHL a i r 
condit ioning fan room. A forensic- type examina­
t i o n of work g loves enabled ua to ident i fy the 
work area in which the gloves were used and the 
type of work done by the wearer of the g loves . 
We a l so examined a sect ion of plaater wall 
removed froa the Hiroshima area in 1945 to 
determine the iron content of the "black rain 
d r o p l e t s . " 

The X-ray d i f f r a c t i o n area has been heavi ly 
involved in the support of new compound synthe­
s e s (bisauth and samarium t i t a n a t e s , boron 
n i t r i d e s , and phosphates) and the i d e n t i f i c a t i o n 
of AI2O3 in the io ta , - 0 , -K, and corundum 
forms. We determined d i f f rac t ion index data for 
29 new rare earth t i tanate compounds and submit­
ted the data to the International Centre for 
Di f f rac t ion Data for publ i ca t ion . 

Inductively coupled plasaa spectrometry (TCP) 
was used to map the locat ion of metals in 13 
s p e c i f i c areas of the human brain. This work, 
which supports the University of Tennessee's 
research on poss ib le causes of Alzheimer's 
d i s e a s e , has contributed now information on 
concent ions of elements in both normal and 
Alzheimer' s p a t i e n t s . A paper on t h i s work was 
presented at the combined Southeast-Southwtttt 
Regional ACS Meeting in Memphis. 

By using aannitol to control the loss of 
v o l a t i l e a e t s l s , during s ten- fo ld concentration 
s t e p , we were able to a t t a i n low parts-per-
b i l l i o n detect ion l i a i t s for trace e l eaents in 
very pure process water via ICP. Our support 
for Savannah River, Bechtel , and NRC continued 
t o incre tae . 



Unusual ana ly t i ca l request* alao included 
high-accuracy measurements of nickel aluminide 
c r y s t a l s . This required the painstaking devel ­
opment of separation procedures prior to analy­
s i s . A s e t hod was a l so developed for the 
de tec t i on of part e-per-mil l ion l e v e l s of 
f luoride in tungsten metal . 

We were aaked to provide very rapid uranium 
analyses to the North Dakota Public Health 
Department, following a truck-train c o l l i s i o n 
that involved some re lease of uranium. Our 
r e s u l t s indicated that the uranium exposure to 
those on s i t e was n e g l i g i b l e which immediately 
reduced public concern. This i s an example of 
good interplant co l laborat ion between Martin 
Marietta Energy System* ana ly t i ca l laborator ies . 
The work resulted In a commendation from the 
Governor of North Dakota. 

(C. 5 . Alley, S. J. Bobrovski, C. Feldmsn, B. C. 
Grant, J. B. Baekney, R. L. Holmes, C. S. 
HacDougall, B. Biilpot, J. C. Price, If. f. 
Rogers, K. I. Webb) 

MMTuomawiu. AULTSIS LABORATORY 

N. M. Ferguson 

The Environmental Analysis Laboratory (EAL) 
provides analyt ica l support primarily for the 
Environmental Sciences Div is ion (ESD) but does a 
s i g n i f i c a n t amount of work for other ORHL 
d i v i s i o n s . Support for other d iv i s ions 
increased th i s year and required analys is of a 
wide variety of mater ia l s . 

A very large portion of our work during th i s 
report period derived from the acid rain program 
in ESD. Oak Ridge Rational Laboratory i s the 
prime contractor for th i s work. This program, 
funded by the E lec tr i c Power Research I n s t i t u t e 
(EPRI), produced chroughfall , rain, dry deposi­
t i o n , and s o i l samples. Three groups generated 
samples for th i s program - the University of 
Pennsylvania from Whiteface Mountain in Mew 
York; the Covetta Hydrological Laboratory in 
Cowetta, North Carolina; and ESD from the Smoky 
Mountains. Since there was a delay in EPRI 
funding for 1985, the sampling program was also 
delayed. There was a tremendous influx of water 
and so i l samples during the last 4 months of 
t h i s report period. All water samples were 
analyzed for Al, Ca, Mg, Na, K, NHj-N, CI, 
NO3-N, PO4-P, SO4, and Kjeldahl nitrogen. 
Th« so i l samples were analyzed for Na, Ca, K, 
Mg, P, and Kjeldehl nitrogen. 

We a l s o provided ana ly t i ca l support Cor many 
new ESD programs during the year . One group was 
involved with a program to character i se s o i l s 
from Pearl Harbor for the D. S. Navy. Numerous 
samples generated for the project were analysed 
for Cd, Pb, Hg, Zn, and organic carbon. Another 
project dealt with a round-robin evaluat ion of 
The s o i l samples were analyzed for Na, Ca, K, 
Mg, F, and Kjeldahl n i trogen . 

We a l s o provided ana ly t i ca l support for many 
new ESD programs during the year . One group was 
involved with a program to character ize s o i l s 
from Pearl Harbor for the D. S. Navy. Numerous 
samples generated for the project were analyzed 
f o ' Cd, Pb, Hg, Zn, and organic carbon. Another 
f a ject dealt with a round-robin evaluat ion of 
th» new Toxici ty Character is t ic Leaching 
Procedure (TCLP) proposed by EPA for u t i l i t y 
waste samples. This study evaluated TCLP 
performance in comparison with the e x i s t i n g 
ex trac t ion procedure. The three laborator ies 
involved with the evaluation were Battel l e , 
Richland, Washington; Radian Corporation, 
Aust in , Texas; and ORNL. This program produced 
approximately 200 ace t i c acid and aodius ace ta te 
leach a t e * of f l y ash. The ex trac t s were 
analyzed for As, Ba, Cd, Cr, Mn, Pb, Hg, Ag, Se, 
V, Zn, and SO4. The analyses were time 
consuming and very d i f f i c u l t to perform. 
Quality aasursnee requirements were very 
s t r i c t . 

We provided much technica l support for 
programs of the Department of Environmental 
Management. A project involving a Non-
Radiological Process Waste Water Abatement 
F a c i l i t y generated the larges t number of 
samples. Samples were a l so generated to obtain 
information for a National Po l lu t ion Discharge 
and Elimination System permit appl icat ion that 
would allow ORNL to discharge l iquid waste into 
s t a t e waterway*. Another ongoing project that 
monitors surface waters and groundwaters for 
compliance with the Resource Conservation and 
Recovery Act (RCRA) produced large numbers of 
samples, which were subsequently analyzed for 
Sb, As, Be, Ba, Cd, Cr, Cu, Fe, Hg, Pb, Hi, Se, 
Ag, Tl , and Zn. Total and dissolved metals were 
determined in many samples. Organic carbon, 
Kjeldahl nitrogen, ammonia, and total phosphorus 
were determined in most samples. Extreme care 
and attent ion was required to obtain the desired 
low concentration l e v e l s (ppt snd ppb). 
Numerous fish were analyzed for mercury. 

During t h i s report period, there was a 
considerable increase in the volume of work done 
for the Chemical Technology Div i s ion . One group 
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•tudying various method* to remove mercury froa 
liquid wastes at QUO. generated hundreds of 
water samples for mercury analysis. This work 
required faat turnaround tine and very low 
limits of detection (ppt). Another project 
dealt with the hydrofracture waste disposal 
technique. One group performed many experiments 
in an attempt to understand and predict what 
might be leached from the bydrofracture waste 
site by various solutions. Grout samples 
containing several concentrations of metals were 
prepared and leached with deionized water and 
brine for various periods of time and at various 
temperatures. The leachates were analysed for 
Hg, Cd, Cr, Cu, Hi, Pb, Co, Ba, As, and Sb. All 
metal concentrations were at the low perts-per-
billion level. 

tfe have been heavily involved with mercury 
analyses for the T-12 Plant. Several hundred 
soil samples from various locations at the 
plant were analysed. Concentrations ranged from 
1 Ug/g to 10 mg/g. Several techniques to remove 
mercury from various waste solutions were inves­
tigated. This project produced hundreds of 
samples for analysis. 

The EAL obtained a new, very versatile carbon 
analyser this year. The instrument determines 
organic carbon and inorganic carbon in aqueous 
samples, and organic carbon in solid samples. 
The cost of an analysis is approximately half 
that of the old system. A new atomic absorption 
instrument (acquired this year) has been put 
into operation; it has Zeemen-based background 
correction capability. This instrument is used 
for both flame and ftameless atomic absorption 
analyses. All of our graphite furnace 
procedures were modified for use with the new 
system. 

Several projects required the development of 
new procedures or the modification of existing 
ones. A procedure was developed to determine 
•ethylmercury in water. The method involves 
concentrating methylmercury on a resin column 
(Amberlite XAD-2), eluting the mercury with an 
HCl-methanol solution, and extracting the 
mercury with benzene. Cas chromatography was 
then used to determine the methyl mercury. 

(I. S. Barringer, S. A. Maelntyre, M. I. Moore, 
S. J. Morton, W. R. Mueusk, J. W. Wade, C. L. 
Vateon) 

uw-unx lADiocamcAL AJULTSI* 

T. C. Scott 

During the past year, our Low-Level 
Radiochemical Analysis Laboratory performed more 
than 20,000 determinations for both man-made and 
natural radionuclides In a multitude of 
mater ia l s . Support was provided for a l l of 
Martin Marietta Energy Systems f a c i l i t i e s , as 
v e i l a* a number of outs ide organizat ions such 
as DSCS, HRC, and DOE. Although our 
laboratory's primary function i s to provide 
s e r v i c e s for environmental radiochemical 
a n a l y s e s , a s izable portion of work involved 
a n a l y s i s of unusual matrices and e levated l e v e l s 
of r a d i o a c t i v i t y . 

Early t h i s year, a re l ease of rad ioac t iv i ty 
in to the sewage system created an emergency 
s i t u a t i o n that required rapid i d e n t i f i c a t i o n and 
quant i f i ca t ion of several radionucl ides in 
s ludge , sediments, core samples, and sewage 
water. Procedures were modified to provide a 
quick turnaround of data that led to locating 
the source of re lease and subsequent correct ive 
measures. A major portion of the analyses was 
for the determination of gross alpha, gross 
be ta , and ' °Sr ; the gamma emitters were 
measured to s l e sser extent . A screening 
process was established in which only materials 
exceeding 10* Bq/kg in gross beta were 
analyzed for 9 0 S r which was the major 
radionuclide found. 

Brine solut ions taken from deep wel ls at the 
shale hydrofracture s i t e and wel l s around waste 
ponds at Y-I2 contained stable elements such m» 
barium, calcium, magnesium, sodium, end stron­
tium in concentrations (several mg/mL) high 
enough to cause ser ious problems with normal 
ana lys i s procedures for ' ° S r , " T c , and 
" ' i . Procedures were developed in our 
laboratory to determine the concentrations of 
these radionuclides in brine so lut ions (see 
0RNL/CP-85/251). The problem with strontium was 
resolved by the development of a procedure for 
separating and purifying 90Y (daughter of 
9 0 S r ) , Both the technetium and iodine 

problems were a l l ev ia ted by the development 
and/or modification of anion exchange 
separat ions , 

We aloo participated In the study of Niagara 
Fa l l s waste water mentioned e a r l i e r in th i s 
chapter. Our pare in the e f fort was to perform 
gross alpha, gross beta, and 2 2 6 R » analyses . 
Our radioanalysis data were used in conjunction 



23 

with other data to develop procedure* for t r e a t ­
ing B i l l i o n * of ( a l i o s * of wastewater to reduce 
chewier1 and radio logical contaminants to 
permiss ib le leTela for discharge into public 
s t r e s s * . This work waa performed for the 
Bechtel Corporation unaer the sponsorship of 
DOC.. 

Oader aa agreement between CSHL (Energy 
D i v i s i o n ) and D C , aaaples frow uranium waate 
t i l l poods in Hyoaiug were sent to the 
Analyt ica l Chemistry Divis ion for the aeaaure-
• e a t of anionic spec i e s , tox ic u e t a l s , organica, 
and radionucl ides of the natural uraniua chain. 
Crosa alpha and gross beta aeasureaeots were 
aade without such d i f f i c u l t y ; however, d e t e r a l -
nat lon* of 2 3 0 T h , 2 2 6 R a , sad 2 l 0 P b were coap l l -
cated by the U g h s a l t content of aany aaaples . 
Aa a general ru l e , aqueous saaples were analysed 
for both disso lved and t o t a l radionucl ides . 
Soae nodi f i ca t ions to noraal procedures were 
required to circuavent the probleas. Levels of 
a c t i v i t y ranged froa detect ion l i a i t s to a few 
hundred becquerels per l i t e r . 

In addit ion to a routine s u i t e of annual 
saaples subaitted to us by Hatiocal Lead of Ohio 
(HLO), we received several spec ia l saaplea to 
e s t i a a t e poss ib le doses related to a re lease of 
contaainat ion by HLO. Routine aqueous saaples 

90 137 217 oo 
were analyzed for Sr, Ce, Up, Tc, and 
the i sotopes of plutoniua, tboriua and uraniaa. 
The spec ia l saaples were composed pr iaar i ly of 
stack dust a a t e r i a l s that included OP4, 
O3O8, IX>2, BO3, and MgPj and required 
9 0 S r and 1 0 o R u deterainat ions . 

He received aore than 300 saaplea froa 
projec t s involved in the Environmental 
Restorat ion and f a c i l i t i e s Upgrade Program. A 
aajor portion of these saaples 0»200) was 
coaposed of gravel , surface water, and ground­
water . P ieces of gravel of se lected s i z e and 
composition were fashioned into "bugs" and 
placed in several of the s t re s s* at 0RRL. We 
leached portions of the gravel used in the 
bug* with a prescribed leach so lut ion (2Z hydro­
xy U a i n * hydrochloride in 31 aaaoniua c i t r a t e ) 
and determined the ' °Sr concentration of the 
leach s o l u t i o n s . Gaaaa-eaitting radionuclides 
were deterained by nondestructive Ce(Li) gaaaa-
ray spectroaetry. A c t i v i t i e s ranged froa a few 
t o 10* becquerels per ki lograa. 

To comply with the Resource Conservation and 
Recovery Act, the Dcpartaent of Environmental 
Management co l l ec ted groundwater saaples s t 
several locat ion* at 0RML and submitted portion* 

of these saaples to our laboratory for determi­
nation of gross a lpha, gross beta aad Z 2 o R a . 
To be in compliance with die EPA safe dx inking 
water regulat ions , the gross alpha and 2 2 o R a 
a c t i v i t y l e v e l s muat be no greater than 0.SS 
Bq/L, and the groaa beta ( ind icator for 
9 0 S r ) muat be no greater than 0 .12 Bq/L. He 
were able to measure 2 2 o R a in these 
a a t e r i a l s by two orders of magnitude lower than 
the requirements; however, we were barely able 
t o meet the requirements for gross a c t i v i t i e s 
because of the l i m i t a t i o n on dissolved s o l i d s 
which should produce a weight no greater than 5 
a g / c a 2 on the counting planchet for gross 
alpha and groaa beta . 

(L. D. Bible, V. M. Oaldmll, P. S. Gouge, C. C. 
Granger, R. D. Johnson, L. L. Kckring, V. C. 
Mxssay, 5 . B. Preetuood, and T. L. Sucker) 

RADIOCBDaCAL ACnVATIM AIALTSIS 

J . P. Emery 

The Radiocheaistry and Act ivat ion Analysis 
Croup provides general neutron a c t i v a t i o n analy­
s i s (BAA) serv ices for s number of Laboratory 
d i v i s i o n s and programs, s s wel l ss radioisotope 
aasay and gamma-ray spectroaetry s e r v i c e s and 
technical aaaiatance. 

This year we deterained Al , Br, Ce, CI, Hf, 
I , 1 2 9 I , "a, 0 , Ta, Te, and U in a l l o y s , 
c e r a a i c s , a e t a l s and s o i l s for the Cheaistry, 
Cheaical Technology, Environments! and 
Occupational Safety , Health and Safety Research, 
Operations, Physics and Sol id State d i v i s i o n * . 
Multielement ana lys i s was a l so perforaed on 
a l l o y s , g l a s s e s , niobium, 

(13_ 2 4 i . 
p l a s t i c , and s o i l s . 

Isotope products ( " C - ' ^ C m V source) , 2 *Ha, 
5«T. 59 _ 60 _ 68 _ 75 ' 85 „ 93a 
IV ft' & C fb9 Se, 

Pa ware So, Ce, Cd, Tb, and 
aasayed by gaaaa-ray spectrometry. 

Our addition to the High f lux Isotope Reactor 
(HFIR) HAA laboratory was approved and funded. 
Architectural design i s near completion and 
construct ion i s scheduled to begin in March 
1986. This addition w i l l consol idate our 0RR 
HAA f a c i l i t y with the HAA raaeareh f s c i l i t y at 
the HPIR. The radiocheaiatry laboratory at the 
HPIR w i l l be enlarged, an o f f i c e area w i l l 
replace the present counting room, and a new 
counting rooa w i l l be con* true ted a* an addition 
t o the HPIR bui ld ing . A* part of the project , a 
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aecoad pneumatic tube w i l l be in s ta l l ed in the 
alant engineering f a c i l i t y Ho. 3 , Thia locat ion 
i a adjacent t o , bat part of, the beryll ium 
r e f l e c t o r and ia expected to provide a v e i l 
tbermalised neutron f l u x . 

Our work-for-othere a c t i v i t i e s consisted of 
determining uranium and thorium in semiconduc­
tors and semiconductor mater ia l s . We have added 
Alcoa, International Minerals and Chemical 
Corporation (INC), Jet Propulaion Laboratory, 
and lor ton Company to our present customers, 
Cominco Electronic Mater ia ls , DuPont, Harbison-
Walker, and Varian. We have analyzed more than 
100 samples. Some of the semiconductor materi­
a l s were refractory, thua required a method that 
involved lea* exposure to extremely radioact ive 
samples. A method was developed to determine 
uranium in refractory metals , including 
tungsten, tantalum, and o t h e r s . In thia method 
a high-purity polished quarts disk was contacted 
by the sample and irradiated in a graphite 
rabbit in the HFIR pneumatic tube. The disk waa 
remotely removed from the sample in the hot c e l l 
and etched in concentrated BF to cause f i s s i o n 
tracks formed in Che s i l i c a Co be v i s i b l e when 
magnified 100X. A s e r i e s of standards contain­
ing a range of uranium concentrationa waa 
treated in the aame manner, and photographs of 
the track patterns formed on the disks from the 
standarda and unknown were made. The imagea of 
the track patterns were then v i s u a l l y compared, 
and when the track density for the unknown waa 
judged to be aimilar to a part icular standard, 
the uranium concentration in the unknown could 
be estimated from that of the standard and the 
r e l a t i v e neutron fluencea to which the samp'es 
were expoaed. 

One project this year was the result of NJtc's 
dec i s ion to convert a l l reactors using highly 
enriched fuel to low enriched fue l . A aafe-
guarda program baaed at Argonne National 
Laboratory has the object ive of developing 
methods to determine fuel inventory in low 
enriched uranium (LEU) fuel elements that w i l l 
soon be uaad in the Oak Ridge Research Rrsctor. 
Reactor Oparationa with our aaaistance and that 
of the Instrumentation and Controls Div i s ion , ia 
des igning and building a gamma scanning system 
that w i l l be used to determine the f i s s i o n 
product d i s tr ibut ion in the elements at i n t er ­
v a l e in the ir power h i s tory , Fuel burnup w i l l 
be deduced from the f i s s ion product invtnto iy . 
Thr gamma acanning system w i l l make use of the 
KD 6620 computer-based gatsu apectroscopy system 
i n the Analyt ical Chemistry Div i s ion 's 1AA 

laboratory at the OBR. Our reaponaibi l i ty ia to 
aaaiat in the design of the system, to ensure 
that va l id gamma apectroacopy reaulta are 
obtained, and to ascer ta in i f the gamma 
apectroacopy system meets the experiment' a 
needa. 

Other projects and programs include the 
design and operation of the radio logical moni­
toring program for the Oak Ridge Reservation. 
We have provided radioact ive monitoring of deer 
taken on managed hunts from the Oak Ridge reser ­
v a t i o n . During the f i ra t two hunts of two daya 
duration each, 281 animals were surveyed for 
l 3 7 C s and '"Sr contamination. One animal waa 
found to contain Sr concentrationa in i t a 
bones at l eve l s exceeding our releaae l i m i t . 
Subsequent radiochemical analys is showed 140 
pCi/g in the bone sample. The maximum 1 3 ' C s 
concentration was found to be leaa than 4 pCi/g . 
A special database waa established to provide 
both rad ioact iv i ty and animal charac ter i s t i c 
information for future hunts in which these same 
hunters might p a r t i c i p a t e . A c o l l e c t i o n of 
l i v e r and bone samples from each animal waa kept 
for archival purposes. 

Bio log ica l s tudies have alao included the 
meaaurement of 1 3 7 C s and 6%o contamination in 
Canada geese residing near one of the ORML 
s e t t l i n g bas ins . Whole-body counts on a l i v e 
female, aa well aa measurements on the 
sacr i f i ced male, were performed. Several whole 
egga were measured, followed by subsequent 
determinations on the hatched g o s l i n g s . I t was 
found that most of the 1 3 7 C s and 6 0 C o from the 
whole egga waa transferred to the gos l ings or 
embryos. S igni f icant concentrations of ° ° S r 
were found in the emptied s h e l l s following the 
incubation period. 

Radioactivity concentrationa were determined 
in honey, hive bees, f lowers, and aource-water 
supplies from or in the v i c i n i t y of the f ive 
s ta t ions in the honeybee sampling network. 
Ceeium-137 continued to be the nuclide of great-
eat consequence in theae materials; however, 
7 Be , "°Co, and 7 5 S e concentrationa ware alao 
measured. The general l eve l s of radioact iv i ty 
in the 1985 c o l l e c t i o n are lower than those of 
1984. 

(L. D. Bible, V. F. Oyer, 3, S. Eldridge, 
I. Robineon, V. A. Teaeley) 
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4. 0R6ANIC CHEMISTRY SECTION 

H. R. Guerin 

Each of the three groups In this section, Organic Analysis, Separations and Synthesis, and 
Special Projects, carries out applied analytical research and provides specialty services to 
Laboratory programs. The Organic Analysis group Is also establishing a general organic analyt­
ical services operation. Applied research deals with the chemistry and toxicology of complex 
mixtures, with particular attention to fossil fuels, hazardous wastes, cigarette saoke, and 
military formulations. Analytical research currently emphasizes gas-phase ion chemistry In the 
form of chemical ionization techniques and Fourier Transform Mass Spectrometry for the identifi­
cation and quantification of organic chemicals. A major effort was initiated this year to 
establish an analytical services operation responsive to new Laboratory needs In environmental 
monitoring and characterization. Literature and data studies In support of environmental and 
health assessments and as Input to research Initiatives for others have continued. Support for 
this section Is provided primarily by the Department of Energy, Department of Defense, the 
Department of Health and Human Services, and Increasingly by other ORNL programs. 
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OtCWC AEALXSIS 

J . E. Cacoa 

The Organic AnalyslF group combines various 
areas of ana ly t i ca l spectroscopy and chromatog­
raphy to achieve I t s research and support goa l s . 
Analyt ical research emphasizes s tudies designed 
t o develop methods for unambiguously ident i fy ing 
organic compounds found a t trace l e v e l s in 
complex organic o ix tures . Studies are a l so 
d irected tovard the development of advanced 
techniques i s l iquid chromatography, with 
s p e c i a l emphasis on narrow—bore or open-tube 
l iqu id chromatography (OTLC). In addition to 
research, there i s a growing e f for t in a n a l y t i ­
c a l s erv ices to support internal programs; much 
of th i s e f for t i s directed coward environmental 
a n a l y s i s . The primary sources of funding are 
provided by the Department of Energy and by the 
support of other Laboratory programs. 

Negative ion processes in the gas phase have 
continued to receive primary at tent ion in ana­
l y t i c a l research designed to e lucidate concepts 
and methods for the unambiguous isomeric 
i d e n t i f i c a t i o n of organlcs in complex mixtures. 
Previously , i t was demonstrated that negative 
Ion chemical Ionizat ion (NICI) processes could 
be used to d i s t inguish various Isomeric 
po lycyc l l c aromatic hydrocarbons (PAHs) based on 
d i f ferences In e lectron a f f i n i t y (EA) values . 
PAHs with EA values greater then 0 .5 eV undergo 
Ionizat ion to produce molecular anions, whereas 
compounds with lower EA values do not Ionize . 
Based on t h i s observation, a number of Isomeric 
PAH* are readi ly d i f f e r e n t i a t e d . More recent ly , 
the NICI technique has been extended to the 
character izat ion of nitrogen-subst i tuted PAHs. 
As predicted, the addition of a nitrogen Into an 
aromatic ring system raised the EA value of the 
azaarene s l i g h t l y over that of the corresponding 
PAH. In addition to d i f f erent ia t ion of the 
s tructural Isomers of azaarenes, i t was observed 
that the pos i t ion of the nitrogen In the ring 
system can a f f e c t the r e l a t i v e Ionization 
response of pos i t ional Isomers, allowing them to 
be d i s t inguished by careful NICI s t u d i e s . 

Although the basis for the differences In 
Ion iza t ion of various Isomers appears to be 
re la ted to a threshold EA of 0.5 eV, the mecha­
nism responsible for such Ionization behavior Is 
not understood. Thus, work has been Ini t ia ted 
t o e l u c i d a t e t h i s nechanlsm. To th i s end, the 
observat ion of an M+14 anion for PAH, with a 
saturated flve-membered r ing, prompted studies 

which revealed that trace l e v e l s of oxygen 
present in the source can part ic ipate in g a s -
phase react ions . The part ic ipat ion of oxygen i n 
these NICI r e a c t i o n s , along with the fact that 
oxygen has an EA value of 0 .5 eV, has raised the 
p o s s i b i l i t y that oxygen could compete with 
compounds with lower EA values , thus preventing 
them from Ionizing via e lectron capture. 

During these NICI mechanism s t u d i e s , we 
observed that the preasure of the reagent gas i n 
the l o o source had a pronounced e f f e c t on the 
gait-phase reac t ions . This suggested that 
Isomeric discrimination s imilar to the NICI 
technique could be achieved in conventional gas 
chromatography by operating an e lec tron capture 
detector at reduced pressure. Consequently, a 
uew detector was designed and constructed by 
enclos ing an e lec tron capture c e l l with a 
63NI source in a vacuum chamber. The 
pressure in th i s detector can be varied from 
atmospheric to l e s s than 1 torr . A cap i l l ary GC 
column was connected d irec t ly t o the detec tor , 
and the reagent gas was mixed with the GC 
carrier gas prior to introduction to the 
d e t e c t o r . Studies with the d e t e c t o r , using a 
reagent gas of 10Z methane In argon at atmos­
pheric pressure, yielded conventional e lec tron 
capture response. When the pressure in the 
detector was reduced to about 5 t o r r , Inverted 
peaks were observed. The peaks resulted from 
direct Ionization of the analytes by the argon 
metaatables because of the increase In the 
e lectron population at low pressure. This 
reduced pressure ionizat ion mode yie lded a 
uniform response from a l l analytcs , s imi lar to 
that of a flame ionizat ion detector . However, 
when the pressure In the detector was raised t o 
about 100 t o r r , an Isomer s e l e c t i v e response was 
observed. At intermediate preasures, e lec tron 
emission competes with e lectron capture, and the 
extent of the competing react ions can be 
control led by the pressure In the de tec tor . 
Thus, a multlmode Ionization detec tor , combining 
the featurea of three di f ferent detectors (a 
conventional e lec tron capture response, a 
universal emission response, ana a s e l e c t i v e 
response) , can be attained by s l s p l y changing 
the pressure within the de tec tor . This detector 
wi.ll be useful not only for Identifying Isomers 
In complex mixtures but a lso for detect ing 
c la s se s of compounds. A patent on the device I s 
being f i l e d . 

A Fourier Transform Hass Spectrometer 
(Nlcolet PTHS-2000) was in s ta l l ed In September. 
This Instrument I s bassd on the pr inc ip les of 

http://wi.ll
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Ion cyclotron resonance (ICX) and represents a 
radical departure from toe design of conven­
tional aasa spectrometers. The design of the 
Instrument Is unique In that It can be operated 
In a number of Bodes simply by changing a few 
operating parameters through the computer 
keyboard. This versati l i ty allows the 
instrument to emulate a variety of different 
conventional configurations, such aa double 
focusing, quadrupole, and tandem mass spectrom­
etry. In the FTMS technique, the frequency of 
an ion'a circular path In the analyser ce l l i s 
measured and related to l ta maaa. Because this 
frequency can be so accurately measured, ultra­
high mass resolution can be obtained. He have 
obtained a mass resolution exceeding 1 million 
at mass 131. In addition to high resolution, 
the mass range of the instrument exceeds 3000 
amu. Thus, accurate mass measurement can be 
obtained on high molecular weight species such 
as polymers and biological molecules. 

Separation studies based on the 
electrokinetlc migration of micelles in 
capillary tubes are in progress. In this 
technique, an open tube (25-60 u" ID) i s f i l led 
with a buffered solution of surfactant. When a 
voltage (0-30 kV) la applied to the column, the 
ionic micelles migrate toward the electrode of 
opposite charge. Analyte molecules diffuse In 
and out of the migrating micelles, with the 
amount of time apent in the micelles being a 
function of the partition coefficient of the 
analyte between the buffer and the micelle. 
Those analytes that spend a greater proportion 
of time In the micelle migrate through the 
column at a faster rate. Cetyltrlmethylammonium 
chloride (CTAC) and sodium dodecylsulfate (SDS) 
have been used as micelles, with CTAC being 
preferred for molecules containing aromatic 
rings and SDS being cne surfactant of choice for 
molecules that were mainly alkyl In nature. 
Using this technique, an efficiency approaching 
60,000 theoretical plates wss obtained for a 
series of derlvatlzed aliphatic amines. Another 
success using this technique was the separation 
of Metabolites of Vitamin 86. 

A general organic analysis capability Is 
being established to support varloua Laboratory 
functions and programmatic efforts. The total 
scope of this capability Is being designed to 
include sample receiving (tracking, storage, and 
custody) sod sample preparation and analysis, 
including quality assurance and quality control 
procedure*. This was s development year 
for this effort; therefore, much tine has been 

devoted to assembling adequate staff and 
equipment co f u l f i l l this support function. 
Essential equipment needs Include duplicate 
GC/HS f ac i l i t i e s for boch volatile ocgaai.es and 
sent volati le organ! c s , sample preparation 
fac i l i t i e s capable of processing at least ten 
aasplea daily, a data management asd archival 
system, f a d l i t i e s to process hazardous aanplas, 
and miscellaneous analytical f a c i l i t i e s , includ­
ing gas chromatography, liquid chromatography, 
and routine spectrometry (fluorescence, 
infrared, and ultraviolet-vis ible) . At the 
close of FT-1985 501 to 602 of the needed 
fac i l i t i e s were In place. 

analytical procedures used in this act ivity 
wi l l generally be eatabliehed and documented 
methods, such as those prescribed by the EPA. 
To this end, several methods have been adapted, 
and personnel have been trained to carry them 
out. Sample preparation methods, such as EPA 
methods 3510 (separatory funnel liquid-liquid 
extraction* and 3540 (soxhlet extraction), are 
now being used by trained personnel. In addi­
tion, the following analysis methods h.ve been 
adapted: 
1. Method 8010 — Halogerated volatile organise 
2. Method 8015 — Nonhalogenated volat i le 

organlcs 
3. Method 8020 — Aromatic volatile organlcs 
4. Method 8080/608 — Organochlorlne pesticides 

and PCB's 
5. Method 8240/1624 — GC/HS method for 

volati le organic? 
6. Method 8250/1625 — GC/HS method for 

volati le organlcs using capillary column 
7. Method 8310/610 — Polynuclear aromatic 

hydrocarbons by HPLC 

(H. V. Buohanan, S. H. Harmon, R. V. Bar My, 
G. M. Hmderton, S. K. Holladay, D. L. Morning, 
M. P. Matkarinme, G. OUriah, S. K. Rxrkt,* 
M. B. Vi$e) 

'Summer employee, 1965. 

SDAEAT10NS AMD fTWIRgNS 

W. H. Crleat 

The chemistry of complex mixtures, especially 
In regard to toxicology, was the major focus of 
this group during 1985. Health effects Issues 

http://ocgaai.es
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Involving synthet ic and petroleum-derived fue l s 
and Beans of Mitigating the t o x i c i t y of crude 
coa l l iqu ids were s tudied for the U.S. 
Departments of Energy and Defense. Separations 
research and chromatographic methods development 
pro jec t s have recent ly been .combined under t h i s 
group t o consol idate analyt ica l and applied 
research, depending on separation technologies . 
Progress w i l l be reported next year. 

The comparative chemistry of crude and 
upgraded coal l iqu ids and of f inished fue l s 
ref ined from synthet ic and natural crude o i l s 
continues as a aain a c t i v i t y contributing to the 
understanding of the toxicology of complex 
mixtures . Lifetime mouse dermal tuaorigenlc i ty 
s t u d i e s recently completed by col laborators in 
the Biology Divis ion have demonstrated that 
c a t a l y t i c hydrogenation i s a very e f f e c t i v e 
means of reducing the t o x i c i t y of crude coal 
l i q u i d s . However, a small residual l e v e l of 
tumorigenlcity remains in f inished products 
ref ined from coal l i q u i d s . An important obser­
vat ion I s that a coal -derived reformed naphtha 
and a coal-derived home heating o i l contain 
s imi lar concentrations of certa in po lycyc l l c 
aromatic hydrocarbon (PAH) dermal tumorlgens. 
The coal-derived naphtha i s devoid of detectable 
tumorlgenlclty , whereas the heating o i l I s a 
weak tumorlgen. In contrast , a small l e v e l ot 
tumorigeniclty was found in a petroleum-derived 
l i g h t , c a t a l y t i c a l l y cracked naphtha that does 
not contain detectable PAK dermal tumorlgens. A 
de ta i l ed high resolut ion gas chromatographic and 
mass spectroscopic comparison of the fuel 
matrices revealed major differences that may 
Influence the expression of tuaorlgenlc l ty 
according to PAH content . The nontumorlgenic 
coal-dcrived naphtha c o n s i s t s of normal and 
branched-chaln C5 through C7 alkanes, 
benzene and i t s C t through C4 alkylated 
homologs, naphthalene, and Indane. The s l i g h t l y 
tumorlgenlc petroleum naphtha also contains more 
numerous branched-chain Cg and C7 alfcanes 
and Cj through C7 a lkenes . The coal-derived 
home heating o i l i s composed largely of 
c y c l o p s r a f f i n s , such as alkylated d e c a l l n s , 
cyclohexanes, and cyclopropanes. Radiolabeled 
PAH tracers synthesized in our laboratory are 
being used to study the influences of these 
sample matrices on the uptake, transport, and 
metabolism of tumorlgens. 

The chemical characterizat ion of complex 
d l e s e l f u e l - r e l a t e d mixtures i s a part of 
o v e r a l l s tud ies to determine the amounts and 
kinds of personnel exposure t o fuel and 

lubricant fumes and engine exhaust i n the 
mi l i tary workplace. Differences In the t o x i c o l ­
ogy of sha le - and petroleum-derived fue l s a l so 
are being s tudied. Dermal tumorigeniclty and 
Inhalation t o x i c i t y are the main b i o l o g i c a l end 
points of concern. A comparison of the nsjor 
organic compounds in s h a l e - and petroleum-
derived d l e s e l fue ls revealed group-spec i f ic 
compositional d i f f erences . Although both groups 
of fue ls are very s imilar in the ir content of 
Cg through C 25 u-alkanes , a lky l benzenes, 
and benzo(a)pyrene, the shale o i l - d e r i v e d d l e s e l 
fue l s are dist inguished by their lower l e v e l s of 
parent and alkylated two- and three-r ing 
aromatic hydrocarbons. The v o l a t i l e organic 
compound content of the Inhalable fuel vapors 
a l s o shows group-specif ic d i f f erences . The 
shale o i l -der ived fuel vapors appear to contain 
fewer branched-chaln and p a r t i a l l y unsaturated 
hydrocarbons. 

Another s i gn i f i cant observation I s that 
d l e s e l engine exhaust i s not an e n t i r e l y 
su i tab le material tor tox i co log i ca l s tud ie s of 
fue l -re la ted personnel exposure In the mi l i tary 
workplace. A comparison between a i r par t i cu la te 
matter co l l ec ted i n motor-pool garages and 
d i e s e l exhaust part icu la tes from mi l i tary 
veh ic les showed that the l a t t er I s composition-
a l l y d i f ferent from the former, although d l e s e l 
exhaust part icu la tes probably contribute 
s i g n i f i c a n t l y to a i r part icu late matter in 
garages. The concentration of the dermal 
tumorlgen benzo(a)pyrene found in workplace a i r 
was similar to that found in d i e s e l exhaust (16 
| ig/g vs 11 t o 17 i ig /g ) . However, the concen­
trat ion of the highly mutagenic 1-nltropyrene 
was somewhat higher In workplace a i r than in 
d i e s e l exhaust ( i . 5 vg/g vs 0.32 to 2.1 y g / g ) ; 
and the concentration of a bulk organic matrix 
Indicator s p e c i e s , e lcosane , was considerably 
lower in workplace a ir than in d l e s e l exhaust 
(74 ug/g vs 2500 to 7400 u g / g ) . A more de ta i l ed 
sampling and analys is study of workplace a ir 
and emission sources in mi l i tary garages i s 
planned to better characterize f u e l - r e l a t e d 
personnel exposure. 

The chemistry of complex synfuel mixtures Is 
being examined for DOE Oak Ridge Operations to 
aid In interpret ing bloassay resu l t* being 
generated by other contractors . In an inhala­
t ion bloassay using r a t s , a coal-derived so l id 
has been characterized for properties relevant 
to lung tumor Inducement. Part ic le structure 
and morphology, trace elemental composition, and 
the concentrations of se l ec ted PAH dermal 
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tuaorlgens have been determined. A study of the 
bioavailability of PAHs In particles demon­
strated that pmrta-pei-bllllon concentrations 
(each PAH) cap be leached by phospholipid 
vesicles , detergents, and serua solutions. Two 
coal-derived middle d i s t i l l a te s from mouse 
dermal toxicity studies mere compared for 
phenols content. One san-ple caused much more 
severe dermal Irritation than did the other; the 
phenols were suspected as the cause of the 
differential response. Surprisingly, the sample 
that caused the more severe dermal irritation 
contained much lover concentrations of phenol, 
cresols, and dimethyl phenols. This finding 
suggests that other compounds are responsible 
for the Irritation. 

An evaluation of the chemical and 
toxicologlcal characteristics of coal liquids 
refining technologies has been a major research 
act ivity . The focus of the evaluation i s now on 
Identifying optimum catalytic hydrogenatlon 
conditions and supplemental treatments that will 
Improve the efficiency of hyd rot reat merit for 
eliminating tumorlgens and tumorigenlclty in 
crude coal liquids. The sulfide form of 
alumina-based catalysts has been found much more 
efficient than the oxide form for reducing the 
content of benzo(a)pyrene in a vacuum gas oil 
fraction (>343*C/650*F) of a heavy coal o i l . 
Multiple hydrogenations with fresh catalyst [or 
prolonged (about 2 h) hydrogenatlon at 8370 kPa 
(1200 pslg) and 320*C (608'F)j are required to 
reduce the benzo(a)pyrene content to about 15Z 
of the original (322 ppm). Catalyst poisoning 
by high-boiling components appears to be the 
major factor limiting the effectiveness of 
tumorlgen hydrogenatlon in heavy coal liquids. 
Some Improvement In efficiency i s achieved by 
pretreatlng the sample with 10 N sodium 
hydroxide solution. Higher temperature and 
pressure hydrogenatlon conditions and other 
pretreatments are being evaluated. 

Toxicologlcal studies of crude coal liquids 
have often been conducted using petroleum crude 
o i l s aa "benchmarks' for comparison. Interpre­
tation of the results of these studies has been 
hindered by differences In the boiling range or 
the degree of processing between the two groups. 
To solve this problem, a set of hlgh-bolllng 
petroleum crude oi ls and crude oi l d i s t i l la tes 
(equivalent In boiling range to commonly studied 
coal liquids) has been prepared and c "pared 
chemically and physically wl '? coal liquids In 
terms of relevance to dermal tumorigenlclty. A 
major finding Is that concentrations of selected 

four-ring to six-ring PAH dermal tumorlgcus arm 
one or two orders of magnitude lower (even In 
the highest-boiling d i s t i l la tes ) than In crude 
coal liquids. The distribution of PAH Isomers 
also i s different in the petroleum samples, with 
the less tumorigenlc Isomers generally being 
present In higher concentrations Chan chose with 
greater rumorlgenlclty. The concentrations and 
Isomer distributions in the petroleum samples 
are more similar to chose in hydrogenated coal 
liquids. 

Synthesis and measurement of radiolabeled 
compounds Co support fundamental studies of the 
toxicology of complex mixtures i s a new activity 
initiated this year. Trltlated lO-azabenxo(a)-
pyrene and l*C-labeled 4,5-dihydrobenzo(a)-
pyrene samples have been prepared and are being 
purified. Samples of these model compound 
radiotracers and of synthetic fuels wil l be 
supplied Co investigators In the Biology 
Division by the DOE Synfuels Repository. A 
sample matrix oxidizer has been rebuilt, and 
optimum conditions have been established for the 
combustion, collection, and measurement of 
radioactivity in physiological tissue specimens. 
Separation and near-quantitative recovery of 
both I*C and tritium activity from as much 
as 200 mg of tissue homogenate can be readily 
achieved. 

Our work, this year represents tha completion 
or near completion of standing commitments to 
the DOE and DOD Program off ices . Work In the 
coming year will be to Increasingly emphasize 
separations methods and research while 
continuing to address the chemistry of complex 
mixtures. 

(A. R. Jonea, C. E. Higgins, C.-h« Ho, C. I. Afe, 
R. Ft. Reagan, I. B. Rubin, B. A. Tonkins, 
J. V. Rueaell*) 

*Summer student, 1983. 

SPECIAL PlOJICn 

R. W. Holaberg 

Although programmatic work for the National 
Institutes of Health (NIH) and the Department of 
Defense (DOD) on the chemical properties of 
concentrated smokes has continued t>» the main 
thrust in funding and efforts, work with other 
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ORNL divisions and groups has broadened. 
Substantive collaborative projects with the 
Information Resources Organization, 
Instrumentation and Controls Division, 
Environmental Sciences Division, and Solid State 
Division have been undertaken this year. 
Particularly noteworthy is the collaborative 
work of R. S. Ramsey with R. A. Todd of the 
Instrumentation and Controls Division on a 
pulsed Helium Ionization Detector that received 
an IR-100 award. We also note that the collabo­
rative work with Solid State Division on the 
composition of lead phosphate glasses used to 
contain nuclear wastes is a direct spin-olf of 
our DOD-sponsored phosphorus obscurants work. 
Department of Defense work related to the 
toxicology of military smokes has been essen­
tially concluded with the publication of results 
on the analysis of RPN03 smokes and the comple­
tion of aerosol support activities relating to 
the study of phosphorus smoke toxicology at the 
Illinois Institute of Technology Research. New 
initiatives for continued work with this branch 
of the military are being discussed. 

Projects supported by the NIH comprise two 
components: (1) the chemical characterization 
of tobacco and marijuana smoke and (2) the 
development of specialty instrumentation to 
determine both exposure to smoke and the 
magnitude of that exposure. At the request of 
the National Cancer Institute, we substantially 
redirected our research efforts on cigarette 
smoke to include studies of "kreteks", 
Indonesian cigarettes containing both tobacco 
and cloves. There has been public concern 
recently about the enhanced toxicity of smoke 
from these cigarettes. Our work was directed 
toward the analysis of major smoke constituents 
contributed by the cloves. Cigarettes, includ­
ing a specially prepared cigarette containing 
only clove, were smoked under standard condi­
tions. Both CC and CC/MS were r?ed to survey 
the. vapor and particulate phases of the smoke. 
No major clove-derived constituents were found 
In the vapor phase. Five major clove-specific 
constituents were identified in the particulate 
phase. They were eugenol, acetyl-eugenol, 
beta-caryophylene (BC), alpha-humulene (AH), and 
caryophylene epoxide. Deliveries of these 
constituents in the smokes of six brands of 
kreteks wore determined using gas/liquid 
chromatography. Eugenol deliveries ranged from 
9 to 17 mg pet cigarette, whereas acetyl-eugenol 
levels were a few percent of those of the 
eugenol. Beta-caryophylene deliveries were in 

the range of 1 mg per cigarette, and AH levels 
were 13Z of those of BC. Caryophylene epoxide 
deliveries were less than 100 yg per cigarette. 
These data have since beer: used to help direct 
pulmonary toxicity 3tudles being conducted at 
another laboratory. 

The emission ratet, of stdestream tobacco 
smoke constituents from smoldering cigarettes 
are related to their contribution to indoor air 
pollution. For this reason, we have initiated a 
project to determine those emission rates. An 
especially critical aspect of this project is 
the development of standardized generation and 
sampling conditions for sidestream smoke, 
because much of the methodology currently used 
radically alters the immediate combustion 
environment of the cigarette, which can change 
the composition of the material that is 
ultimately collected and analyzed. For example, 
measurements of temperature, humidity, and 
localized air velocity conducted in our labora­
tory on cne popular chamber indicated these 
parameters could affect the particle/vapor phase 
distribution of nicotine. A new chamber under 
development in our group promises to address 
many of these concerns. Air flow Into the 
chamber and around the smoldering cigarette is 
essentially laminar, and temperature mapping In 
and around the smoke plume suggests that 
laboratory-tested cigarettes smoulder under 
conditions which closely mimic those encountered 
in the real world. The effect of air sampling 
rates on smoke particulate collection 
efficiencies is currently under investigation. 

We have previously described an ORNL 
cigarette smoke dosimeter that uses analog elec­
tronics to process and manipulate signals from 
both a light-emitting dlode/phototransistor-
based particle sensor and an orifice flow meter 
built into a small cigarette holder to measure 
the mass of particles moving through the holder 
and Into the smoker's mouth. Software and 
hardware have been developed around an IBH-PC to 
replace the analog signal processing. The new 
system uses a Data Translation DT28C5 digitizer 
board to acquire data from both the flow and the 
particulate signals. A program, written in C, 
control* data acquisition and analyzes the 
information. Flow rate and particle concentra­
tion are displayed graphically in real time, 
slong with the del ved Integrated smoke 
delivery. The program also tabulates and stores 
(for later statistical analysis) various aspects 
of smoking topography that may be of Interest to 
behavioral!iti. The program operates completely 
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passive aode after startup; in particular, the 
smoker is not required to signal that he is 
lbout to puff. A working prototype program is 
currently being evaluated for reproducibility 
and accuracy* 

Cooperative work with the National Center for 
Toxtcologlcal Research on the subject of mari­
juana saoke has continued. Samples have been 
collected and analyzed to better understand the 
factors that Influence the amount of smoke 
generated by primate smoke exposure systems. 
Work has also been done to determine the amount 
of cocstituents retailed by animals as a result 
of exposure to the smoke of full strength [2.8Z 
delta-9 tetrahydrocannabinol (THC)J marijuana 
cigarettes. Exhaled breath samples analyzed for 
delta-9 THC at OBML confirmed the findings of 
previous experiments performed with half-
strength material; the animals retain half of 
the smoke particulates to which they are 
exposed. 

As a joint project with the Information 
Resources Organization, we are conducting a 
literature study to characterize and evaluate 
emissions frt - rifles and large caliber guns. 
This work is funded by th* Department of 
Defense, which is Interested In understanding 
the potential health effects of occupational 
exposure to gunsaoke, particularly as It occurs 
In armored vehicles and other confined areas. 
Host of the analytical literature deals with the 
primary gaseous combustion products of the 
propelIant and primer: oxygen, nitrogen, carbon 
dioxide, carbon monoxide, and water vapor. With 
the exception of carbon monoxide, little is 
known about compounds of potential toxicity. 
There Is a particular lack of information about 
trace constituents from partially oxidized 
propellent. It is known that in the explosion 
process, combustion is not complete, and organic 
compounds and particulate matter from the 
partially consumed charge exits the gun barrel. 
Metallic erosion products from gun barrels also 
find their way into the exposure atmosphere. 
From this perspective, there Is an obvious need 
for analytical studies of gunsaoke. Sampling 
and analytical techniques used to characterize 
combustion products froa other sources, such as 
cigarette saoke, dlesel, and gasoline exhaust, 
have been reviewed for their applicability to 
this problea. A second phase of the study will 
be concerned with the development of plans for a 
laboratory In which to perform inhalation 
toxicology experiments and conduct analytical 
investigations of the exhausts froa weapons 
systems. 

A pulsed helium ionization detector has bean 
configured to operate in a constant-current 
closed-loop mode. Electronic circuitry Includes 
a stable, low-noise current source; a high-speed 
electrometer; intermediate low-noise gain 
stages; end a voltage-to—frequency (V/F) conver­
ter circuit. A high voltage pulser capable of 
operating from 0 to 500 V from dc to 300 kHz at 
the highest voltage was also designed and 
Incorporated. Operation of the detector in a 
closed-loop aode has been found to decrease 
noise and background current levels, which 
improves operating stability, especially at 
conditions necessary for high sensitivity 
measurements (i.e., high voltages). The dynamic 
range, in comparison to dc operation, has been 
extended approxlaately two orders of aagnitude 
(froa 105 to 10?), thus permitting the 
analysis of both very high and low concentra­
tions (Z to ppb) of the permanent gases. 
Catastrophic breakdown of the detector under 
overload conditions is also prevented. Applica­
tions for this device Include the analysis of 
high-purity gases for semiconductor processing, 
environaental pollutants, workplace air for 
industrial hygiene monitoring, and (because of 
its universal response mechanism) volatile 
compounds that are difficult to measure with 
other detector systeas. Presently, efforts are 
being directed toward transferring this 
technology to the industrial sector. 

As part of a joint project with Environmental 
Sciences, we have developed a system for probing 
the chemical composition of deep well waters. 
While the prime purpose of this Investigation is 
to characterize radioactive and chemical ground 
water contaminants to very deep levels, It is 
planned to make a complete analysis of the 
waters, including dissolved gases, to obtain a 
better understanding of the geochemistry of the 
surrounding formations. The system consists of 
a sampling probe capable of collecting deep well 
waters to depths in excess of 1000 ft and a 
facility designed to measure and collect the 
dissolved gases. The gases will be Isolated 
from the liquid so that both can be analyzed by 
procedures we have developed. The transfer 
systea was designed and fabricated at 0RNL and 
is sufficiently portable to be used In the 
field. No commercial probe was available for 
sampling deep wells that retained the dissolved 
gases; accordingly, s commercial probe was 
extensively modified for this purposes. The 
system has performed satisfactorily in prelimi­
nary tests In non-radloactlve wells to a depth 
of 930 ft. Brine solutions (principally NaCl 
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and Ca&2) containing about 180 aL of 
dissolved gases per l i ter of solution Here 
obtained. Mass spectral analyses of the gases 
indicate that they are predominantly nitrogen 
(902) with n a i l , but significant, amounts of 
•ethane, helium, argon, carbon dioxide, and 
oxygen. The quantity of gas found indicates 
that the solution i s essentially saturated at 
the ambient pressure. 

He have collaborated with investigators froa 
Solid State to investigate the structure of 
mixed lead and Iron phosphate glasses that axe 
being considered as a medium for the long-term 
storage of nuclear wastes. The lead and iron 
form solid state polymeric phosphates that can 
be detected using ion exchange HPLC techniques 
developed for the elucidation of polymeric 
phosphoric acids in phosphorus combustion 
aerosols. The solid materials are crushed and 
then leached with water or salt solutions 
containing EDTA. The solution i s passed through 
the KPLC column to develop the polyphosphate 
chromatogram. It has been determined that the 
average phosphate chain length decreases as the 
iron content of the phosphate glass Increases. 
More than 50Z of the total phosphate In pure 
lead phosphate glass i s composed of unresolved 
long-chain polymers (greater than Pj3) 
whereas the glass with 92 added F«2°3 
contains only Pj to Pg. The solubility of 
a l l glasses studl<"' Is greater in NaCl/EOTA 
solution than In p..e water. 

(T. M. Gayle,* G. H. Henderson, S. K. HolUday, 
R. A. Jeritins, J. H. Honeyhur., D. D. Pair, 
R. S. Rtuwey) 

Instrumentation and Controls Division 
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5 . THE ORNL ENVIRONNENTAL RESTORATION AND FACIL IT IES UPGRADE PROGRAM 

B. R. Clark 

/ 

An e f f o r t waa i n i t i a t e d in 1985 t o remedy the 
accumulated environmental problem* of the ORRL 
portion o f the Oak Ridge reservat ion. Past 
waste disposal and control pract ices are inade­
quate by today's standards. The Laboratory i s 
required to ident i fy and remedy the present and 
potent ia l problem* of re lease of hazardous sub­
stances into the environment. Actions needed to 
r»medy and abate environmental po l lu t ion are 
being defined and executed by the Environmental 
Restoration And F a c i l i t i e s Upgrade Program 
(ERFU). The EEFU Program i s funded by DOE 
through "taxation" of the R&D program* that the 
DOE sponsors. 

Three major components make up the Program: 
(1) remedial ac t ion , (2) re s tora t ion , and C3) 
monitoring. Remedial act ions include i d e n t i f y ­
ing and rec t i fy ing pol lutant releasee from s o l i d 
vaste storage areas, surface holding bas ins , 
storage tanks, low-level waste l i n e s , and 
others . Also , unused f a c i l i t i e s are being 
decommissioned as part of Che remedial action 
a c t i v i t i e s . Restoration projects are the 
capita l intensive act ions needed to modernize 
the waste systems to minimize further r e l e a s e s . 
A major example i s the construction of a new 
low-level waste drainage, handling and storage 
system. Monitoring s c t i v i t i e s are broad; both 
remedial act ion s i t e s and routine waste handling 
operations w i l l require extensive monitoring. 

With t h i s brief descr ipt ion of the ERFU 
Program, the importance of chemical analyses 
should be evident . The Analytical Chemistry 
Division (ACD) has a huge re spons ib i l i t y to the 
Program; and because the Program i s l arge , com­
plex, and continuously evolving, an ACD Program 

Manager was named to eatabl iah and maintain the 
best pos s ib l e interface between ACD sec t ions and 
the numerous projects comprising the ERFU 
Program. The interface ia much more than the 
usual processing of samples through the 
d i v i s i o n . The program manager helps plan 
sampling and ana l y s i s campaigns "up front" with 
the ERFU project manager; schedules , sampling 
protocols , des ignat ion of ana lytes , and qual i ty 
control procedures can then be es tabl i shed early 
and order ly . This mode of operation givea ACD 
the opportunity to plan work loads, acquire 
specia l or addit ional equipment and arrange 
subcontracts as necessary. Furthermore, ACD 
people in s p e c i a l i z e d areas of ana lys i s can be 
e n l i s t e d in the planning stagea and contribute 
to making a bet ter program. 

In terms of f a c i l i t i e a , the ACD i s developing 
new, expanded c a p a b i l i t i e s to accommodate the 
ERFU and other related programs. In part icu lar , 
a hazardous materials laboratory (HML) was 
establiahed to receive and prepare samples for 
analyses of potent ia l ly toxic chemical, rad io ­
chemical, or mixed substances. A s o i l t e s t i n g 
laboratory i s to oe included in the HML to 
measure mechanical and other parameters needed 
for the Remedial Action Program. Additional 
radiosnalyt ica l and organic analyt ica l equipment 
i s being acquired to handle the rapidly 
expanding workloads in these areas . 

The ACD/ERFU i n t e r f i c e through a program 
imager helps the ACC in i t * re lat ionship with 
Che ERFU Program. Program a c t i v i t i e s are better 
coordinated because the ACD program manager 
interacts with many people at a l l l e v e l s . 



INTRODUCTION 

V. D. Shu 

The Analytical Chemistry Division of Oak 
Ridge National Laboratory (ORNL) la a large and 
divertifled analytical chemistry organization-
As aiich, It serves a multitude of functions for 
a clientele that exists both la and outside 
ORNL. These functions fall Into the following 
general categorlea. 

1. Analytical Research, Development, mad 
Implemantatlon. The division maintains a 
program to conceptualize, Investigate, develop, 
assess, laprove, and implement advanced 
technology for chemical and physlcochemlcal 
measurements. Emphasis Is on problems and needs 
Identified with OUTL and Department of Energy 
(DOE) programs, but attention ts 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 R4D constitutes approximately 20Z of 
our effort. 

2. Programmatic Research, Developaeat, mad 
Denization. The division carries out a wide 
variety of chemical work that typically Involves 
analytical research and/or development plus the 
utilization of analytical results or special 
analytical capabilities to expedite programmatic 
interests. The effort in this category comes 
from ORNL and DOE programs and from 
"Uork-for-Others" agreements. Emphasis here Is 
on "applied" chemistry. Programmatic RAD 
constitutes ca_. Ill of our work. 

3. Technical Support. The division performs 
chemical and physlcochealcal analyses of 

, Director 

virtually a l l types. Development of methodology 
Is an Inherent part of this activity because of 
the variety of analytical problems that arise in 
a multlprogram institution like ORNL. Consulta­
tion, collaboration, and special projects are 
involved. Much of this work i s short-tere in 
nature and comes from other divisions and 
programs within ORNL, but a significant fraction 
originates outside of ORNL and involves the use 
of talent and/or fac i l i t i e s in which the 
division is particularly strong or unique. This 
type of work accounted for approximately 69Z of 
the effort this year. 

The Analytical Chemistry Division la 
organized into four major sections, each of 
which may carry out any type of work fall ing in 
the three categories mentioned above. Chapters 
1 through 4 of this report highlight progress 
within the five sections during the period 
January 1, 1985 to December 31, 1985. A brief 
discussion of the division's role in the 
Laboratory's Environmental Restoration and 
Facilit ies Upgrade i s given In Chapter 5. 
Information about quality assurance and safety 
progress i* presented in Chapter 6, along with a 
tabulation of analyses rendered. * publications, 
oral presentations, professional ' .act ivit ies , 
educational programs, and seminars are cited In 
Chapters 7 and 8. Approximately 35 ar t ic les , 22 
proceedings publications, and 34 report* have 
been published; 113 oral presentations were 
given during this reporting period. Some 
310,000 determinations were performed with an 
overall quality factor of 96X. 

vil/V/// 



35 

QUALITY ASSURANCE, SAFETY, AND TABULATION OF ANALYSES 

V. R. Laing 
P. L. Howell 
H. C. Davia 
A. L. Harrod 
R. E. Jones 

QUALITY A8SDIAHCE RADIATION SAFETY 

The quality control program increaaed by 681 
to over 9000 -eaulta thia year (Table 6.1). The 
overall quality level vaa 961, the same aa 1984. 
There vaa an increaae of 10Z in the number of 
control element* and/or compound* covered by 
control* (Tablea 6,2 and 6.3). In cooperation 
with chi Department of Environmental Management 
ind the Energy Diviaion, sample* from aeven 
program* were spiked, and blind control* were 
prepared for submission to ACD lsboratoriea. 
Quality problem* were addreaaed in several 
areas, including inductively coupled plasma 
spectrometry; alpha, beta, and gamma counting; 
spectrophotometry; and ion chromatography. 

In other work, monthly and quarterly report* 
were prepared, and a customer aatis fact ion 
survey was conducted. Three programs were 
audited internally, and ACD was reviewed eight 
times by external audits. 

The diviaion supports the ALARA principle (aa 
low aa reasonably achievable) and haa demon­
strated thi* by continually reducing expcsure to 
personnel over the paat 5 yeara. Hew audible 
personnel radiation monitors, known as Bristol 
Beepers, are being worn by Transuranium Labora­
tory and Radioactive Material* Analytical 
Laboratory personnel. The use of daily pencil 
meter monitors haa been diacontinued, and visual 
dosimeter* have been assigned to appropriate 
personnel; individual readinga are recorded 
daily. 

During the year, a new analytical chemiatry 
facility, the Hazardous Materials Analytical 
Laboratory in Building 2026, haa been reviewed 
and approved by the Radioactive Operationa Com­
mittee. The neceeaary signs, radiation monitors 
and aafety equipment have been installed in 
room* 212 and 213 in the new facility. 
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SAFETY 

The safety policy of the Analytical Chemistry 
Division is described in the following 
statements: 
1. Conduct all activities with the lowest 

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

2. Perform all work and maintain the working 
environment in accordance with Laboratory 
safety regulations and designated national 
codes and stindards. 

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

4. To improve employee awareness of safety 
while off the job as well as on the job. 

The Analytical Chemistry Division had only 
four first aid cases this year, no recordable 
injuries/illnesses, no lost workday cases, and 
only one off-the-job injury. The employees have 
accumulated 2,843,221 workday hours since the 
last lost time accident in June 1972. This 
record is possible because of an excellent 
safety awareness program within the division and 
the high priority given to safety. All division 

employees are expected to attend a safety 
meeting each quarter. During this period, 95Z 
of the employees attended such a meeting. 

The division conducted the following safety 
training and orientation workshops this year: 
1. ACD Local Emergency Organization, Fire and 

CPE. 
2. QA Orientation, Mew Employees. 
3. ACD General Orientation Workshop. This 

included hazardous materials, radiation 
control, affirmative action, and the 
division's open door program. 

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

Division Appearance Inspection Program. This 
program was initiated this year to review 
facilities and equipment and to help ensure an 
orderly, safe working environment and good 
employee attitudes about their place of work. 
This program includes the following features: 
1. Semiannual inspect ions . 
2 . Division-wide walk-throughs. 
3 . D iv i s ion- l eve l management v i s i b i l i t y and 

par t i c ipat ion . 

Table 6.1 Distribution of control t e s t s by group 

Croup Total 
Ho. Outside 
fixed limits 

Quality level 
(Z)» 

Chemical and Physical 3333 
Analysis 

Environmental Analysis 738 

Low Level Radio­
chemical Analysis 

TRU 

TOTAL 

273 

Radioactive Materials 851 
Analysis 

4022 

9217 

166 

45 

14 

27 

27 

379 

95 

94 

95 

97 

97 

96 b 

Quality level, X Wo. results in control 
total No. of results 

x 100 

'Average 
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Table 6.2 Control samples prepared for October 1984 
through September 1985 

Method 
Ho. of 

control eli ts 
•o. of Concentration 

control aolationa range (mg/mL) 

Atomic abaorption/fla 
eaission/flaaeless 
spectrometry 

Couloaetry 

Counting methods 
alpha 
Beta and liquid 
scintillation 

Fluorine try 

Gaaaa spectrometry 

Gas chromatography 

Graviaetry 

Graviaetry (Leco) 

Ion chromatography 

Ion selective electrode 
Inductively coupled 
plasma (ICP) 

Infrared absorption 
spectrophotometry 

Solution measurements 
(pH and conductivity) 

Spectrophotometry 

Volumetric titrimetry 
In the laboratory 
In hot cells 

X-ray fluorescence 
spectrometry 

TOTAL 

IS 

1 

7 

I 

13 

3 

2 

7 

3 

30 

10 

14 

27 0.OO2-O.2SO 

8-12 

11 0.03-0.05 

26 10 1 to 10 6 

Bq/aL 

4 0.001-0.01 

52 10 1 to 10 7 

Bq/mL 

5 0.001 to 1000 
•8/L 

11 2-75Z 

4 100-800 ug/g 

4 0.001-0.06 

9 0.001-0.I 

20 0.001-0.15 

6 0.004-0.1 

117 

20 0.0001-5 

(acid) 
40 0.1-7 normal 
12 2-120 

6 0.50-150 

265 
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Table 6.3 Distribution of control reaulta by aethod for 
October 1984 through September 1985 

No. of No. of 
Method of analysis control eleaents control result! 
Atomic absorption/flame emission/ 15 458 

flaaeleas AA spectrometry 
Couloaetry 1 17 
Counting methods 

alpha 1 488 
beta and liquid 

scintillation 7 231 
Fluorlmetry 1 132 
Gassu spectrometry 13 3314 
Gas chromatography 1 11 
Graviaeery 3 95 
Graviaetry (Leco) 2 M 

Ion chromatography 7 1014 
Ion selective electrode 3 86 
Inductively coupled 30 1820 
plasms (ICP) 

Intrared absorption 1 35 
spectrophotometry 

Solution measurement! 2 32 
(pH and conductity) 

Spectrophotometry 10 269 
Volumetric titriaetry 

In the laboratory 14 947 
In the hot cells 2 103 

X-ray fluorescence 4 97 
TOTAL 117 9217 
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7 . SUPPLEMENTARY ACTIVIT IES 

The division continues to maintain liaison with the academic community through its 
Advisory Committee, consultants, and various ORNL and ORAB programs. We also make facilities 
available for student and faculty research and training programs. 

ADVISORY comrrna 

The Information Meeting was held July 22-24, 1985. The Interval betveen meetings has been 
extended to 18 months. The next meeting will be held in January 1987. The 1985 Advisory 
Committee was composed of: 

J. W. Fraser, 6767 Allsal Street, Pleasanton, CA. 
J. G. Crassclll, Standard Oil Company, 4440 Warrensvllle Center Road, Cleveland, OH. 
E. D. Pelllsxarl, Director for Analytical Scleoces, Research Triangle Institute, 

P. 0. Box 12194, Research Triangle Park, NC. 
J. H. Taylor, Chealstty Department, University of Wisconsin, Kadlson, WI. 
R. C. Wymer, Chemical Technology Division, Oak Ridge National Laboratory, P. 0. Box X, 

Oak Ridge, TN. 

CORSDLTAirrs 

The following special ists were brought to ORNL on a short-term consulting basis this past 
year as part of our Seminar Program. Details of he seminars are l isted below. 

K. D. Cook, University of Tennessee, Knoxvllle, TN 
C. S. Allay, Analytical Chemistry Division, ORNL, Oak Ridge, TN 
P. R. Griffiths, University of California, Riverside, CA 
D. C. Hoffman, Lawrence Berkeley Laboratory, Berkeley, CA 
K. A. Rabn, University of Rhode Island, Narragansett, RI 
A. G. Marshall, Ohio Stat- University, Coluabus, OH 
J. W. Russell, Humboldt Stste University, Areata, CA 
J. E. Riley, J r . , AT&T Ball T.eboratorlea, Murray Hil l , NJ 
M. Martial, EC4C ORTEC, Oak Ridge, TN 
D. L. Illmao, Infoaetrlx, Inc., Seattle, WA 
D. H. Lubmea, University of Michigan, Ann Arbor, HI 
P. "recti, Jarrell-Ash (Retired), Dover, MA 
B. Wilson and R. Boyd, ARL Division of Bausch & Loab, Sunland, CA 
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Michael L. Groaa, University of Kebraska, presented the plenary lecture at the 28th 
Conference on Analytical Cheaistry la Energy Technology. 

Willard Harrison, University of Virginia, *ad Larry Hrubesh, Lawrence Llveraore 
Laboratory, were consultantc for the Office of Basic Energy Sciences Site Review. 

C. Haaantov aad H. J. Sepanlak, of the University of Tennessee, continued working In the 
division as adjunct research participants. 

SToimrr Assicanrrs 

B. A. Toakins served as "Dean" for the division's student guests during 1985. 
Brljco Harvard, a predoctoral student from the University of Tennessee, coapleted his work in 
the Analytical Methodology Section aa an ORAU graduate research participant. 

The division maintains a subcontract with the University of Tennessee to enable advanced 
graduate students to participate In environmental analysis prograas. Chris P. Lelbaan 
continued his work with P. J. Todd on organic SIMS studies. Also under this contract, 
C. H. Kettler coapleted his work with Mike Hsskarlnec in developing an electron capture 
detector for open tubular liquid chromatography. D. E. Burton also worked with Hike Kaskarlnec 
to develop aucellar electroklnetlc separations. 

The division also hosted another ORAIT graduate research participant this year. 
J. R. Parrlsh worked with Juel Emery In performing neutron activation analysis at the HFIR. 

SUMMER PROGRAM 

During the summer the division was host to two representatives of the ORAU Undergraduate 
Research Program, which offers laboratory experience to exceptional college students. 
Sharon K. Park*, Wake Forest University, worked with Michelle Buchanan and Mark Wise In the 
Organic Analysis Section In developing a new type of chromatographic detector. Jay U, Russell, 
Humboldt State University, worked with C.-h. Ho and Wayne Crlest on synthesizing selective 
stationary phases for gas chromatography. 

CLCA PROGRAM 

During the fall semester, Jennifer L. Dyke, DePauw University, was assigned to the 
Organic Analysis Section and worked with Michelle Buchanan and Hark Wise In the developaent and 
evaluation of a new chromatographic detector. 

ORAO FACULTY RESEARCH PROCRAM 

S. Ballou Skinner worked in the Radiochemical and Activation Analysis Croup with 
Frank Dyer In evaluating fission track counting methodology for determining uranium in huaan 
urine. 
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ORAD POSKUBOaTS RESEARCH TKAMH6 PmOSEall 

V. C. Toog continued his postdoctoral research In laser analytical chemistry In the 
Analytical Methodology Section. 

SPECIAL AHAKDS 

W. B. Hhitten and J. M. Ramsey received a Publications Award from Martin Marietta Energy 
Systems, Inc., for 'Self-scanning of a Dye Laser Due to Feedback from a B*TU>3 
Phase-ConJugate Reflector.* 

M. V. Buchanan and G. Olerlch also received a Publications Award from Martin Marietta 
Energy Systems, Inc., for "Differentiation of Polycycllc Aromatic Hydrocarbons Using Electron 
Capture Negative Chemical Ionization." 

D. A. Bos tick received the DOE Weapons Complex Award of Excellence for the In-Line 
Photometric Dranlum Concentration Monitor being applied In the Enriched Uranium Recovery 
Improvement Program at T-12. 

R. S. Ramsey received an I-R 100 Award for development of a Hellum-Ionlzatlon Detector for 
CC ("PHIDELS"). 

C. L. Gllsh received a "Top 100 Innovator" award from Science Digest. 

28th ORML/DOE OOmTEREKE OR 
AttLYTICAL CHEMISTRT in EEERCY TECHNOLOGY 

This year's conference was held at the Knoxvllle Hilton, October 1-3, 1985. The theme of 
the conference was "Analytical Chemistry In Energy Technology." Attendance was 225, with 
representatives from foreign countries, acadeala. Industrial institutions, and other government 
agencies. There were 19 exhibits (31 representatives) and 17 booths. Topics emphasised during 
the meeting Included lasers, mas* spectrometry, and nuclear and plasma spectroscopy. 

A. L. Harrod was Arrangements Chairman, W. R. Lelng was Technical Program Chairman, and 
Z. H. Benson was Treasurer, terry* Dinner and Doris Smith were Conference Secretaries. Other 
conference committee members Included D. A. Costanzo, J. S. Eldrldge, M. P. Kaskarlnec, 
S. A. McLuckey, K. L. Parson* (LANL), V. D. Shults, and J. P. Young. 

AIALTTICAL CHEMISTRY DIVISION SKMUURS AT ORIL 

Speaker Title Data 

Cook, K. D. "Solution Mass Spectrometry: Better Results April 3, 1985 
Univ. of Through Chemistry" 
Tennessee, 
Knoxvllle, TN 

Alley, C. S. 
Anal. Cham. 
Dlv., ORNL 

"The Evaluation of a Zymark Robotics System for 
Multitasking Applications In a Complex Process 
Laboratory" 

May 30, 1985 
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Griffiths, P. R. 
Univ. of 
California, 
Riverside, CA 

"Hyphenated Techniques with FTIR" June 14, 198S 

Hoffaan, D. C 
Lawrence 
Berkeley 
Laboratory, 
Berkeley, CA 

"Production and Identification of tiew Heavy and 
Superheavy Eleaent Isotopes" 

June 18, 198J 

Rahn, K. A. 
Univ. of 
Rhode Island, 
Narragansett, 
RI 

'Sources and Transport of Pollution Aerosol in 
the Northeast as Seduced f *oa Regional Eleaental 
Tracers" 

June 25, 1985 

Marshall, A. C. 
Ohio State Univ., 
Columbus, OB 

"Fourier Transform Ion Cyclotron Resonance Mass 
Spectroscopy" 

Aug. 9, 1985 

Russell, J. U. 
Huaboldt State 
Univ., 
Areata, CA 

"Qualitative and Quantitative Determination of 
Derasl Tuaorigen Foiycyclic Aroaatlc Hydrocarbons 
in Coal Conversion Products' 

Aug. 21, 1985 

Riley, Jr., J. E. 
AT&T Bell 
Laboratories, 
Murray Hill, 
KJ 

"Monitoring Trace Levels of Radioactive 
Contaalnants in Sealconductor Materials" 

Sept. 18, 1985 

Martini, M. 
EGCG ORTEC, 
Oak Ridge, TN 

"Cooling Gaaaa-Ray Spectrometers to Liquid 
Nitrogen Teaperature without Liquid Nitrogen" 

Sept. 2 4 , 1985 

I l i a a n . D. L. 
Infoaetr lx , Inc. 
S e a t t l e , WA 

"Exploratory Data Analysis Using the ARTHUR and 
Eln*Sight Coaputer Program Packages" 

Oct. 4, 1985 

Lubaan, D. M. 
' Univ. of 
Michigan, 
Ann Arbor, MI 

"Analytical Applications of Laser Ionization In 
Mass Spectrometry" 

Oct. 15, 1985 

Brech, P. 
Jarrel l -Ash 
(Reeirad) , 
Dovmr, MA 

"Application of Science In Examination of Works 
of Art" 

Nov. 5, 1985 

and Wilson, B 
Boyd, R. 
ARL Division 
of Bausch 4 
loab, 
Sunland, CA 

"Clove Box Application of a Sequential 
Inductlvuly Coupled Plasna Spectroaeter 
Laboratory" 

Nov, 21, 1985 
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•MITIOKU. FMKSSIOBAL ACTIf R I I S 

ATTRILL, J . I . 
Advisory Coaai t te - ' 
Meaber: 

Saaple Coordinator: 

RI0OKS1AIK, R. D. 
Meaber: 

Divis ion Ass i s tant 
Representative: 

Sabcoaaittee E-38.01 on Energy, ASTM 
ASTM Coaaittee E-38 on Resource Recovery 
ORML Emergency Oil S p i l l Respor.se Teaa 
ACD/Dspartavent of Environmental Management 

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

Material Balance Area Representative for Buclear Materials 
Management 

, M. T. 
Meaber: ORAU Traveling Lecture Prograa 

, J . A. 
Advisory Board: 
Advisory Panel Meaber: 

Laboratory Coordinator: 
Secretary: 

Analytical Chemietry 
DOE/ISA Laboratory Advisory Group for Effluent Research 

(LAGER) 
ISPO Program* 
Subcoaaittee C-5:05, Analytical Task Group (Reactor Grade 

Graphite), Coaaittee C-S, Manufacturer of Carbon and 
Graphite Products, ASTM 

CATOsT, J. E. 
Meaber: ACD Long Range Planning Coaaittee 

CHRISTIE, «. U. 
Meaber: ACD Long Range Plauning Coaaittee 

ACD Solids/Surface Characterization Teaa 
Prograa Conaittee, SIMS V, Fifth International Conference on 
Secondary Ion Maas Spectrometry, Washington, DC, Sept. 29-
Oct. 4, 1985 

COSTAftZO, I. A. 
Meaber: 

Chairman and 
Organizer: 

ASTM Coaaittee C-26, Nuclear Fuel Cycle, and Subcoaaittee 
C-26:05, Test Methods 

ACD Long-Range Planning Coaaittee 
Planning Conaxttee, 28th OREL/DOE Conference on Analytical 
Chenistry in Energy Technology 

Poster Session: "Interactive Analytical Seminars," 28tn 
ORNL/DOE Conference on Analytical Cheaiatry in Energy 
Technology 

, J . M. 
Member: Ad Hoc Coaaittee for Physics Div i s ion Staff Meabcr 

Appointaent 

ELDRIDCE, i. I. 
Meaber: Lab Coaaittee 8 of the International Society Coiaaittee for 

the Methods of Air Saapling and Analysis 
Planning Coaaittee, 28th ORNL/DOE Conference on Analytical 
Chea.istry in Energy Technology 

http://Respor.se
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Organizer: 

Pre*ident-Elect: 

Session oa "Radioanalytical Methods: Environmental," 28th 
ORRL/DOE Coafereaee oa Analytical Chemistry in Energy 
Technology 

Environmental Radiation Section of the Health Physics 
Society 

, J . F. 
Divis ion Representative: Laboratory Emergency Sample Coordinator 

Div i s ion Computer Systems Security Off icer 

, C. 
Fellow: 
Member: 

Sc ient i f i c Editor: 

American Society for Test ing and Materials 
Committee E-2 on Emission Spectroscopy, ASTM, Subcommittees 

on Fundamental Methods, Edi tor ia l Prac t i ces , and 
Nomenclature 

Optica and Spectroscopy (English translat ion of Russian 
journal, Optika i Spektroekapita) 

FEROTSO", I . M. 
Division Representative: Energy Sy s t i e s Environmental Analysis Committee 

CLISH, C. L. 
Chairman: 
Lecturer: 

American Society for Mass Spectrometry History Committee 
ORAC Traveling Lecture Program 

GOOtlJKn, D. E. 
Chairman: ACD Seminar Committee 

GUEST, « . B. 
Consultant: Deparcmenc of Energy - BBS 

Elec tr i c Power Research I n s t i t u t e 
Environmental Protection Agency - IKRL/TSO 

6DRI>, M. R. 
Consultant: Department of Energy (ORER) 

Complex Mixtures Program Committee 
National Inatitutes of Health 
NCI Passive Smoking Grant Review 

nccim, c t. 
ACD Ombudsman 

HOLMBIRC, R. V. 
Coordinator: ACD Metric Coordinator 

BMELL, F. L. 
Coordinator. ACD Quality Control Progra-a 

BDLETT, L. D, 
Coordinator: ACD Solids/Surfaces Characterization Team 

JERKINS, R. A. 
Consultant: 

Member: 

Rational Canctr I n s t i t u t e : Prograa/Project Review of 
American Health Foundation 

ORNL Speaker's Bureau 
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JURIS, R. s. 
Chairman: 
Div i s ion Representative: 

Meaber: 

Taak Group on Method* of Coatings Analys is , D-33 
ACD Radiation Control Off icer 
Reapirator Trainer 
ASTM Coaaittee D-33, Protect ive Coating and Lining Work for 

Generation F a c i l i t i e s 

SELLER, J . U. 
Meaber: ACD Seainar Coaadttee 

Digi ta l Equipment Coapany Daera So-.iety (DECOS) 

B U T , L. I . 
Meaber: 

Secretary: 

Energy Syitems, PhD Recruiting Team 
ACD Long-Range Planning Coaaittee 
ACD Safety Coaai t tee 
ACS Division of Analyt ica l Cheaistry 

UXK, W. t . 
Chairman: 

Coordinator: 
Fellow: 
Meaber: 

Technical Program Chairman: 

Vice-Chairaan: 

Subcommittee C-26:05, Teat Methods, Ruclear Fuel Cyc le , ASTM 
ASTM Long-Range Planning Committee 
ACD Quality Assurance Program 
American Society for Testing and Materiala 
ASTM Committee D-33, Protect ive Coatings 
ASTM Committee on Technical Committee Operations 
ISO Technical Committee 85, Subcommittee 5 
ORNL Pregrievance Committee 
INKM Croup 5 . 1 , Analyt ical Chemistry Laboratory Measurement 

Control 
Energy Systeas-GAT Analyt ical Coaaittee 
28th ORML/DOE Conference on Analyt ical Chemistry i n Energy 

Technology 
ASTM Committee C-26, Huclear Fuel Cycle 

LTOII, W. S. 
Advisory Board: 
Chairman: 

Fellow: 
Honorary Member: 
Member: 

Regional Editor: 

Anal yet 
Honors 6 Awards Coaai t tee , Iaotopes 4 Radiation D iv i s i on , AMS 
Session on "Analytical Chemistry and the Environment," 

28th 0RH1/D0E Conference on Analytical Cheaistry id Energy 
Technology 

Aaerican Ruclear Society 
Coaaittee E-10, Ruclear Technology and Appl icat ions , ASTM 
Organizing Committee, 7th International Conference on Modern 

Trends in Act ivat ion Analysis 
S c i e n t i f i c Committee 25 on Radiation Protect ion in the Ose of 

Saall Neutron Generators, RCRP 
Journal of Radioanalytieal end Hualaar Chemistry 

HASKAXIRIC, U. t. 
Member: 

Organizer: 

ASTM E-19 Committee on Chromatography 
ASTM D-34 Coaaittee on Waste Disposal 
Planning Committee, 28th ORRL/DOf Conference on Analytical 

Chemistry in Energy Technology 
Session on "Analytical Cheaistry and the Environment," 

28th ORRL/DOE Conference on Analytical Cheaistry in Energy | 
Technology 
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, I . S. 
Diviaioo Representative: Interplant Computer Communications Committee 

McUCSmT, S. A. 
Member: 

Organizer: 

Planning Committee, 28th ORML/DOE Conference on Analytical 
Chemistry in Energy Technology 

Session on "Advances in Analytical Mass Spectrometry," 28th 
ORKL/DOE Conference on Analytical Chemistry in Energy 
Technology 

RsHUT, J . M. 
Member: 

RAMSEY, I. S. 
Member: 

•OSS, H. 1 . 
Chairman: 

Faculty Member 

Member: 

Organizer: 

Advanced Gas Centrifuge Review Team 

ACD Seminar Committee 
Steering Committee, Separation Science and Technology 

ORHL Graduate Student Selection Panel 
ORRL Postdoctorate Selection Panel 
Dept. of Chemistry, University of Tennessee, Knoxville 

(Science Alliance Professor, Part-time) 
Editorial Advisory Board, Journal of Badioanalytieal and. 

Muelear Chemistry 
Fellowship Committee, ACS, Diviaion of Analytical Chemistry 
ORBI. Technology Utilization Committee 
Symposium on "Muclear Methods in Analytical Cheaistry," 
ACS SE-SW Regional Meeting, Memphis, TH, Nov. 3-5, 1985 

•OSSEsX, T. M. 
Chairman: 

Chairman and 
Organizer: 

Awards Committee, Tenneasee Valley* Chapter, American Vacuum 
Society 

Scholarship Committee, Tencessee Valley Chapter, American 
Vacuum Society 

Session on "First Student Paper Competition," 5th Annual 
Tennessee Valley Chapter, AVS Symposium and Equipment 
Exhibition, Knoxville, TM, April 30-May 2, .1985 

SCOTT, T. C. 
Member: Committee D-19, Water, ASTM, and Subcommittee 4, Methodc of 

Radiochemical Analysis 
Health Physics Society 

MOLTS, W. B. 
Consultant'. 
Member: 

Energy Systems Career Planning Program 
Advisory Committee, "Analytical Approach," Analytical 

Omnd.itry 
Canvassing Committee for the ACS Awurd for Creative Advances 

in Environmental and Technology 
Editorial Board, Analytiaa Chimiea Acta 
ORML In-House Continuing Education Committee 
Technical Services Committee, Energy Systems 

http://Omnd.it
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, D. H. 
Chairman 

Keaber: 
Organiser: 

Aaerican Society of Masa Spectrometry Isotopes Ratio 
On—i ttee 

ACD Long-Range Planning Committee 
Syapoaina on Frontiera in laotope Eatio Measurements, 33rd 
Annual Conference on Haas Spectrometry and Applied Topica, 
San Diego, CA. May 19SS 

, J. I., Jr. 
Division Representative: 
Member: 

Taak Leader: 

ACD Environmental Protection Officer 
ACD Sol ids /Surfaces Characterisation Team, 

Fluorescence Methods 
International Working Croup, "Analytical Standards of 

Minerals, Ores, and Socks" 
Manuscript Review Board for Analytical Chemistry 
ASTM C-26 nuclear Fuel Cycle Taak: C-26.0S X-Ray Taak Group 

STOKILT, J . R. 
Coordinator: ACD MS/BS Recruiting 

, P . J. 
Coordinator: ACD Awards 

, B. A. 
Coordinator: ACD University Relations 

WWR, R. L. 
Advisory Panel Member: DOE/ISA Laboratory Advisory Group for Effluent Research 

(LAGER) 

wISB, M. B. 
Member: ACD Seminar Committee 

VUTTU, 9. B. 
Lecturer: ORAD Traveling Lecture Program 

J . P . 
Fellow: 
Member: 

Chairman and 
Organiser: 

Aaerican Associstion for the Advancement of Science 
Planning Coaaittee, 28th ORML/DOE Conference on Analytical 
Chemistry in Energy Technology 

Session on "Broadened Horizon* in Fourier Transform 
Spectroscopy," 28th ORHL/DOE Conference on Analytical 
Chemistry in Energy Technology 



Table 6.4 Sunmary of analytical vork 

Huaber of results reported by 
Mass and 
Emission Transuranium 

Organisation Spectrometry Laboratory 

ORNL Unit 
Analytical Cheniatry 125 
Biology 210 
Central Management 
Chemical Technology 3,757 27,808 
Chemistry 150 
Energy 
Engineering Phyaica 25 
Engineering Technology 1,053 
Environmental and Occupational 
Safety 122 

Environmental Science* 
Finance an<? Materials 
Fuel Recycle 175 
Fuaion Energy 207 
Health 
Health and Safety Re. -«rch 131 
Laboratory Protection 
Metals and Ceramics 3,745 
Operat ions 10,780 23,338 
Physics 76 
Plant and Equipment 
Solid State 1,053 

Othera 
Protective Coating Testing 
K-25 and Y-12 
Miscellaneous 688 732 
Nuclear Regulatory Commission 
Savannah River Laboratory 378 
Work for Others 

Radioactive Mate­
rials Analytical 

Laboratory 
Bio/Organic 
Analysis 

Ceneral and 
Environmental 

Analysis Total 

58 23 3,546 3,752 
4,224 4,434 
19,336 19,356 

2,709 2,277 38,719 75,270 
5 213 692 1,060 
8 6,590 6,398 

25 
1,200 2,253 

68 3,887 19,699 23,776 
421 6,916 83,799 91,136 

24 24 
4,179 219 4,573 

140 347 
8 61 916 985 

783 3,795 4,709 
12 119 131 

28 50 2,184 6,007 
1,948 9,478 7,471 53,013 

6 102 1R4 
156 869 1,025 
141 1,249 2,443 

801 801 
261 538 3,958 4,757 
12 43 793 2,268 

1,017 1,017 
378 

211 211 

TCTAL 22,675 51,878 10,723 23,619 199,640 310,335 
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8. PRESENTATION OF RESEARCH RESULTS 

A* in pest years, the division has actively re(ponded to the changing priorities 
of the Ot»L research effort by changing the emphasis of some of its own progress or 
instituting new studies. The increasing concern with energy - nuclear as well aa non-
nuclear - is reflected in the research results listed below. The aultidisciplinery 
approach required in many such probleas it indicated by the nuaber of papers and talks 
coanthored by •embers of other ORIL divisions. Such persons are designated by an 
asterisk. 

mucanon 

AvTBOR 

Bertram, L. K. 

Buchanan, M. V. 

Contributions to Books, Proceedings, and Imports 

AVTHOl(S) AID TITLE 

C l i s h , C. L . ; McBay, E. H.; McLuckey, S. A. ; 
Bertram, L. K. "A 'Reverse' Geometry Hybrid 
Instrument for MS/MS" 

Buchanan, M. V.; 
Data-Mast 

, K. C * JHC Spectral 

» 
PUBLISHED IH 

Proc., 33rd Amu. Conf. 
on Ham* Speetrom. and 
Allied Topic*, San 
Diego, CA, Nay 26-31, 
1985, p. 709 

Supplement Ho. 2, 
July 1, 1985, 
Thermodynamics Res. 
Ctr. 

C h r i s t i e , W. H. C h r i s t i e , W. H.; Donohue, D. L . ; Coeringer, 
D. E. ; HcKown, H. S. "Sputter Atomixation/ 
Resonance Ionizat ion Hass Spectrometry for 
High S e n s i t i v i t y I sotopic Analysis" 

James, R. B . ;* Narayan, J . ;* C h r i s t i e , W. H.; 
Eby, R. E. ; Holland, 0 . W.;* Hood, R. F .* 
Pulsed COj-Laser Annealing of Ion-Implanted 
S i l i con" 

Taylor, D. H.;* C h r i s t i e , V. H.; Pavone, D.* 
"Ir/Pu0 2 Compatibil ity: Transfer of 
Impurities from Plutonium Dioxide to 
Iridium Metal during High Temperature 
Agi»g" 

Aziz, X. J . ; * Hygren, I. ;* Chr i s t i e , W. H. 
White, C. W.;* Turnbull, b . * "Effect of 
Pressure on Se l f Diffusion in Crys ta l l ine 
S i l i con" 

Proc. , 3Zrd Anna. Conf. 
on Abas Speetrom. and 
Allied Topics, San 
Diego, CA, May 26-31 , 
1985, p . 59 

Proc. , Hotter. Ret. Soc. 
Synp; v o l . 35, 
Boston, MA, Nov. 26-
30, 1984, p . 413 (1985) 

Optimizing Materials for 
Nuclear Applications, 
Los Angeles, CA, F. A. 
Garner, D. S. C e l l e s , 
F. W. Wiffen, e d s . , The 
Metal lurgical S o c , 
Varrendale, PA, 1985, 
p. 201 

Proc., Hater. Ree. Soc. 
SW> Vol. 36, 
Boston, HA, Nov. 26-30, 
1984, p . 101 (1985) 
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AUTHOR 

Christie, W. H. 

Donohue, D. L-

Dyer, F. F. 

Eby, R. E. 

Clish, C. L. 

AUTHOR(S) AMD TITLE 

Dooobue, D. L.; Christie, W. B.; Goerlnger, 
D. E.; HcKovn, H. S. "Ultra-Sensitive 
Isotopic Analysis by Resonance Ionization 
Mass Spectroaetry" 

Tsao, J. Y.;* Thompson, M. 0.;* Percy, P. S. 
White, C. W.;* Christie, W. H. "Test of 
Two Solute Trapping Holds" 

Janes, R. B.;* Christie, W. H.; Eby, R. E. 
Darken;* Hills, B. E-* "Intervslence-Eand 
Absorption Saturation and Optically Induced 
Damage of Ca As by Pulsed CO2 Laser Sadlatloa 

Donohue, D. L.; Smith, D. H.; Young, J. P. 
"Spectral Studies Using Resonance Ionization 
Mass Spectroaetry Combined with Photoelectron 
Spect roscopy" 

Christie, W. H.; Dooohue, D. L.; Goerlnger, 
D. E.; McKown, H. S. "Sputter Atoaization/ 
Resonance Ionization Mass Spectroaetry for 
High Sensitivity Isotopic Analysis" 

Donohue, D. L.; Christie, W. H.; Coeringer, 
D. E.; HcKown, H. S. "Ultra-Sensitive 
Isotopic Analysis by Resonance Ionization 
Mass Spectroaetry" 

Roseberry, L. M.; Dyer, F. F. "Instruaental 
Neutron Activation Analysis in the Measure­
ments of Trace Element Distribution at Two 
Coal Conversion Plants" 

Jaaes, R. B.;* Narayan, J.;* Christie, W. H.; 
Eby, R. E.; Holland, 0. W.;* Wood, R. F.* 
Pulsed v'02~Laser Annealing of Ion-Implanted 
Silicon" 

James, R. B.;* Christie, W. H.; Eby, R. E. 
Darken;* Mills, B. E-* "Intervalence-Baod 
Absorption Saturation and Optically Induced 
Damage of Ga As by Pulsed CO2 Laser 
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28th ORNL-DOE Conf. on 
Anal. Chem. in Energy 
Technol., Knoxv i1le, 
TH, Sept. 30-Oct. 3, 
1985 

Donohue, D. L. Donohue, D. L,; Smith, D. H.; Young, J. P. 
"Resonance Ionization Mass Spectrometry for 
Isotopic Analysis of Uraniun and Plutonium" 

Donohue, D. L.; Smith, D. H.; Young, J, P. 
"Spectral Studies Using Resonance Ionization 
Mass Spectroaetry Coabined with Photoelectron 
Spectroscopy" 

Karlsruhe Int. Conf. on 
Anal- Chea. in Hucl. 
Techn., Karlsruhe, FRC, 
June 3-6, 1985 

33rd Annu. Conf. on Mass 
Spectroa. Allied 
Topics, San Diego, CA, 
May 26-31, 1985 



70 

SPEAKER 

Donobue, D. L. 

Dyer, F. F. 

Eldridge, J. S. 

AUTHOR(S) AID TITLE 

Doaohue, D. L. "Recent Advance* i n Resonance 
Ionizat ion Maaa Spectrometry" 

Donahue, D. L . ; Smith, D. H.; Young, J . P. 
"Advance! in Reaonance Ionizat ion Masa 
Spectrometry" 

Dyer, F. P . ; Eaery, J . P . ; Bate , L. C. 
"Determination of Thoriua and Uranium at 
the Nanogram per Gran Level in Semicon­
ductor Pott ing Plaat ica by Neutron Act iva­
t ion Analyaia" 

Dyer, F. F. "A Review c f Iaotope Di lut ion 
Haas Spectrometry for Bioaaaay of Uranium 
in Urine" 

Eldridge, J . S . ; Teaaley, R. A.; Oakea, T. W.; 
Stegnar, P .* "Applicationa of a Unique Lyo-
p h i l i r a t i o n Apparatua for Sample Preparation 
in Environmental Survei l lance Program*" 

Eldridge, J . S . ; Oakea, T. W.;* Stegnar, P .* 
"Radiological Emergency Reeponse: Labora­
tory Measurement* Under F ie ld Condition*" 

Eldridge, J . S . ; Oakea, T. W.* "A 'State -
of- the-Art ' Air Monitoring Network for 
Environmental Radioact iv i ty" 

Eldridge, J. S. "Special Analyt ical 
Technique* for Analysi* of Radioact iv i ty 
in Water" 

Eldridge, J , S, "A Syatea for Precioua 
Metal* snd Special Nuclear Material 
Inventories" 

Eldridge, J . S . ; Teaaley, N. A.; Oake*, T. W.* 
Stegnar, P.* "The U«e of Bio-Indicator 
Organism* in Environmental Surve i l lance -
Vehicle-Killed Deer Thyroid* for Radioiodine 
Releases" 

PRESENTED AT 

Univ. o f Alabama, 
Tuscaloosa, AL, 
Mar. 2 1 , 1985 

ACD Inf. Htg. , ORHL, 
Oak Ridge, TH, July 23, 
1985 

I n t . Synp. for Hue I . 
Anal. Chen., Dalhouai, 
Univ. , Halifax, 
Canada, June 5-7, 
1985 

Public Meeting of the 
Off. o f SRC, Washing­
ton , DC, Dec. 3 , 1985 

13th Symm. of the Yugo­
s lav ia Protect . 
Aasoc . , Pula, YU, 
June 10-15, 1985 

13th Symp. of the Yugo­
s l a v i a Protect . Aaaoc. 
A s s o c , Pula, YU, 
June 10-15, 1985 

Conf. on Anal. Chem. in 
Hucl. Techn., FRG, 
Karlsruhe, June 3 -6 , 
1985 

Toxin* and Pathogens: 
Impact on Drinking 
Water, courae 
presented by Univ. o f 
Missouri-Columbia, 
S t . Louis, MO, 
May 22-23, 1985 

IAEA Consultant'1 Mtg. 
on Advances in Nucl. 
Anal. Tech. and Their 
Appli. for Use in Dev. 
Countrie*, Karliruhe, 
FRC, June 7, 1985 

ACD I n f . , Htg. , ORNL, 
Oak Ridge, TN, 
July 2 3 , 1985 
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SPEAKER 

Eldridge, J. S. 

Glian, G. L. 

Coeringer, D. E. 

ADTHOR(S) ACT TITLE 

Rhea, T. A.; Eldridge, J. S. "Consideration 
for Selection and Installation of. Radiological 
Emergency Response Instrumentation" 

Eldridge, J. S.; Oak**, T. if.* "Rev Air 
Monitoring Method* for Environmental 
Radioactivity'* 

Glish, G. L.; McLuckey, S. A.; Coeringer, 
D. E.; McBay, E. H. "Low Energy Colliaional 
Activation: International Energy 
Considerations" 

Gliah, G. L.; ItcBay E. R.; McLuckey, S. A.; 
Bertram, L. K. "A 'Reverse' Geometry Hybrid 
Instrument for MS/KS" 

Glisb, G. L.; McLuckey, S. A.; McBay, 
"MS/MS Applications of a Rev Hybrid 
Instrument" 

E. H. 

Gl i sh , G. L . ; McLuckey, S. A. ; McKown, H. S. 
"A Tanden Mass Spectrometer for the 
Detection of Ri trosroaat ic Compounds and 
Other Electronegative Species in Ambient Air" 

Gliah, G. L . ; McLuckey, S. A. ; Bertram, L. K.; 
McBay, E, H. "Multi-Stage Mass Spectrometry 
with a Qusdrupole Mass F i l t e r Interfaced to a 
High Resolution Sector Maaa Spectrometer" 

Cl ieh , G. L- ; McLuckey, S. A. "The Effect 
of Para Subst i tuents on the 'Ortbo' Effect in 
Anions of Substituted Nitrosromatics" 

Glish, C. L . ; McBay, E. H.; McLuckey, S. A.; 
Bertram, L. K. "A 'Reverse' Geometry Hybrid 
Instrument for MS/MS" 

Coeringer, D, E . ; Donohue, D. L . ; C h r i s t i e , 
V. H.; McKown, H. S. "Sputter Atomization/ 
Resonance Ionizat ion Mass Spectrometry for 
High S e n s i t i v i t y Isotonic Analysis" 

Donohue, D. L . ; C h r i s t i e , W. H.; Coeringer, 
D. E, "Ion Microprobe Mass Spectrometry 
Using Sputtering Atoaization and Resonance 
Ionization" 

PRESENTED AT 

28th ORRL-OOE Conf. on 
Anal. Chem. i n Energy 
Techn., Knoxvil le , TV, 
Oct. 2 -3 , 1985 

SE/SV Beg. Am. Chem. 
Soc. Mtg., Memphis, TR, 
Oct. 9 -11 , 1985 

33rd Annu. Conf. on Mass 
Spectrom. Al l ied 
Topics, San Diego, CA, 
May 26-31, 1985 

33rd Anna. Conf. on Mass 
Spectrom. Al l ied 
Topics, San Dirgo, CA, 
May 26-31 , 1985 

36th Pittsburgh Conf. • 
Expo, on Appl. 
Spectrosc . , Raw 
Orleans, LA, Feb. 25-
Mar. 1, 1985 

28th ORRL-OOE Conf. on 
Anal. Chem. in Energy 
Tecbnol . , Knoxvi l le , 
TR, Sept. 30-Oct. 3 , 
1985 

28th ORHL-DOE Conf. on 
Anal. Chem. i n Energy 
Technol . , Knoxvi l le , 
TK, Sept. 30-Oct. 3 , 
198S 

10th Inc. Maas Spectrom. 
Conf., Swansea, UK, 
Sept. 9 -13 , 1985 

10th I n t . Mass Spectrom. 
Conf., Swansea, UK, 
Sept. 9-13, 1985 

36th Pittsburgh Conf. & 
Expo, on Appl. 
S p e c t r o s c , Rew 
Orleans, LA, Feb. 25-
Mar. 1, 1985 

F-'fth I n t . Conf. on 
Secondary Ion Mass 
Spectrom., Washington, 
DC, Sept. 29-Oct. 4 , 
1985 
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SPEAKER 

Goeringer, D. E. 

Grieat, H. H. 

ADTBOR(S) AMD TITLE 

Goeringer, D. E.; Christie, W. H.; Carter, 
J. A.; Walker, X. L. "Ultrasensitive 
Particulate Analyais via Spatter 
Atoeuzation/Resonance Ionization Hues 
Spectrometry" 

Crieat, W. H.; Higgins, C. E.; Guerin, H. R. 
"Comparative Chemical Characterization of 
Shale Oil- and Petroleum-Derived Dieael Fuel*' 

PRESENTED AT 

LAGER Program Review, 
Washington, DC, 
Nov. 13, 198S 

24th Hanford Life 
Sci. Symp., 
Richland, WA, 
Oct. 21-24, 1985 

Guerio, M. R. 

Ho, C.-h. 

Janes, R. B.* 

Klatt, L. N. 

Grieat, W. H.; Ho, C.-h.; Hitachi, H. R.:* 
Smith, L. H.;* Guerin, K. R. "Toxicological 
Beneficiation of Coal Liquids and Comparison 
with Petroleum Produces" 

Grieat, V. H.; Guerin, M. R.; Ho, C.-h. 
"Dermal Tumorigen PAH and Complex Mixtures 
for Biological Research" 

Guerin, H. R.; Ho, C.-h.; Buchanan, M. V. 
"Identification and Quantification of Mutagens 
in Complex Mixturea" 

Guerin, M. R.; Higgina, C. E.; Holladay, S. K.; 
Jenkins, R. A. "Measuring Environmental 
Emissions from Tobacco Combustion" 

Ho, C.-h.; Jones, A. R.; Smith, L. H.;* Epler, 
.". I.;* Griest, W. H.; Guerin, M. R. "Upgrading 
Coal-Derived Liquids for Toxicity Mitigation. 
I. Evaluation of Non-Hydrotreataent Proceases 
as Alternatea or Supplements to Hydrotreatment" 

James, R. B.;* Christie, W. H.; Eby, R. E.; 
Darken, L. S.* "Nonlinear Adaorption and 
Optically Induced Melting of GaAs:Zn by 
Pulsed CO2 Laser Radiation" 

Klatt, L. N. "Hot-Cell Instrumentation" 

Klatt, L. N. 'Hot-Cell Instrumentation" 

Klatt, L. N. "Analytical Chemistry 
Development for Breeder Fuel Processing 
in the United Kingdom" 

Contractors Conf., 
Pittsburgh, PA, 
Nov. 19-21, 1985 

DOE/OHER Complex Mix­
turea Rea. Program, 
Argonne Hat. Lab., 
Chicago, IL, 
June 17-18, 1985 

Am. Cheat. Soc. Hetrochem 
'85, Pocono Manor, PA, 
Oct. 13, i985 

Charac. of Contaminant 
Emissions from Indoor 
Sources Conf., Research 
Triangle Park, NC, 
May 13-15, 1985 

24th Hanforo Life 
Sci. Symp., 
Richland, WA, 
Oct. 21-24, 1985 

Int. Mtg. on Optica, 
Albuquerque, NH, Mar. 
4-8, 1985 

UKAEA Nuclear Power 
Development Eatab., 
Dounreay, Scotland, 
May 21, 1985 

UKAEA, Harwell Lab., 
Oxfordahire, England, 
May 30, 1985 

Conaolidated Fuel 
Reprocessing Program, 
ORNL, August 1, 1985 
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SPEAKER 

Laing, W. ». 

Leibman, C. P.* 

Lyon, V. S. 

AUTHOR(S) AID TITUi 

Laing,' V. R. "QA for Enviroomeatal Samp lee -
Difficult Task" 

Leibman, C. P.;* Maaantov, G.;* Todd, P. J. 
"Dae of Levi* Acid* in Secondary Ionization 
Ma** Spectrometry of Arenea" 

Lyon, W. S. "Scientoaetrica with Some 
Emphasis on Communication at Scientific 
Meeting* and Through Che 'Invisible' 
College" 

Lyon, W. S. "ftadioanalycicel Chemistry: 
Paat Imperfect, Future Tense" 

Kaskarinec, M. P. Maskarinec, M. P.; Burton, D. E.* "Using 
Electrokinetic Migration of Micelles for 
Liquid Chromatographic Separation*" 

Maskarinec, M. P.; Kiamell, T. A.* "Presenta­
tion of the Draft TCLP" 

McLuckey, S. A. 

Maakarinec, M. P. "Use of the TCLP Zero 
Headspace Extractor for Determining the 
Liquid Content of Hastes" 

Maskarinec, M. P.; Hanson, S. H- "Analysis 
of Volatile Priority Pollutants in Water" 

Maskarinec, M. P.; Francis, C. W.* "Mobility 
of Toxic Compounds in Hazardous Waste: Com­
parison of Three Test Methods Co a Lysimeter 
Model" 

McLuckey, S. A.; Glish, G. L. "MS/MS Studies 
of Explosives and Related Compounds" 

McLuckey, S, A.; Glish, C. L. "Substituent 
Effects in the Collisionally Activated 
Decompositions of Nitroaromatic Anions" 

PRESENTED AT 

Energy Systeas-
Goodyear Atomic 
5-Plant Anal. Chem. 
Forum, July 16, 1985 

SE Reg. Am. Chea. Soc. 
Mtg., Memphis, TR, 
Oct. 7-9, 1985 

Hat. Am. Chem. Soc. 
Mtg., Miami, FL, 
Apr. 28-Ray 3, 1985 

SE-SW Reg. Am. Chem. 
Soc. Mtg., Meaphi*. 
TM, Oct. 9-11, 1985 

10th Annu. Spring 
Training Workshop, 
Assoc. Off. Anal. Chea., 
Dallas, TX, 
Apr. 9, 1985 

10th Annu. Spring 
Training Workshop, 
Assoc. Off. Anal. Chea., 
Dallas, TX, 
Apr. 9, 1985 

10th Annu. Spring 
Training Workshop, 
Assoc. Off. Anal. Chem., 
Dallas, TX 
April 9, 1985 

D0E/0R0 Contractors' 
Environ. Workshop, 
Knoxville, i*N 
Apr. 22-23, 1985 

Symp. on Solid Waste 
Testing and Quality 
Assurance, Washington, 
DC, July 23-26, 1985 

36th Pittsburgh Conf. & 
£xpo. on Appl. 
Spectrose, New 
Orleans, LA, Feb. 25-
Msr. 1, 1985 

33rd Annu. Conf. on Mass 
Spectroa. Allied 
Topics, Ssn Diego, CA, 
May 26-31, 1985 



74 

SPEAKER ABT30R(S) AND TITLE 

McLuckey, S. A. McLuckey, S. A.; Glish, G. L. "Kinetic 
Energies Released in the Loss of Nitrogen 
Oxide fron Substituted Nitroaroaatic Anions" 

McLuckey, S. A.; Glish, G. L. "Studies of Cas 
Phase Ion Chemistry U«ing MS/KS" 

NcLuckey, S. A.; Glish, G. L. "MS/MS with an 
Instrument of QEB Geometry" 

McLuckey, S. A.; Glish, G. L. "Applications 
of a New Tandem Mass Spectrometer to the 
'"tudy of Fundamental Factors Underlying MS/MS" 

McLuckey, S. A.; Glish, G. L.; Carter, J. A. 
"Explosives Detection with MS/MS" 

Petersen, J. R. * Peterson, J. R.;* Young, J. P.; Haire, R. G.;* 
Begun, G. M.;* Benedict, U.* Using Pressure 
for Synthesis: Preparation of Orthorhombic 
Californium Tibromide, CfBrj" 

Haire, R. G.;* Young, J. P.; Peterson, J. R.* 
"Structural and Chemical Studies of Californium 
and Einsteinium Oxides" 

Ramsey, J. M. Ramsey, J. M.; Uhitten, W. B. "Degenerate 
Four Wave Mixing: A New Approach to 
Spectrochemical Analysis" 

Ramsey, J. M.; Uhitten, W. B. "Atomic 
Spectroscopy by Degenerate Four Wave Mixing" 

Ramsey, J. M. ; Whitten, W. B. 
Laser Spectroscopy" 

"High Resolution 

>ey, R. S. 

Ramsey, J. M.; Whitten, W. B. "Fourier 
Transform Microwave Spectroscopy" 

Ramsey, R. S . ; Todd, R. A.* "Constant-
Current, Pulse-Modulated Helium Ionization 
Detection" 

PRESENTED AT 

33rd Annu. Conf. on Mass 
Spectrom. Al l ied 
Topics, San Diego, CA, 
May 26-31, 1985 

DOE-BES Chea. S c i . S i t e 
Rev., ORNL, Oak Ridge, 
TN, Apr. 16-17, 1985 

DOE-BES Chea. Sc i . S i t e 
Rev., ORNL, Oak Ridge, 
TN, Apr. 16-17, 1985 

ACD Inf. Mtg., ORNL, 
Oak Ridge, TN, July 
23, 1985 

FBI Conf. on Explosive 
Detect ion , Quantico, 
VA, Oct. 1-2, 1985 

190th Nat. Mtg. Am. 
Chem. S o c , Chicago, 
IL, Sept. 9 , 1985 

Nat. Am. Chem. Soc. 
Mtg., Miami FL, Apr. 
28-May 3, 1985 

190th Nat. Mtg. Am. 
Chem. Soc . , Chicago, 
IL, Sept. 9 , 1985 

36th Pittsburgh Conf. 
& Expo, on Appl. 
Spec trosc . , New 
Orleans, LA, Feb. 25-
Mar. 1, 1985 

DOE-BES Chem. S c i . S i t e 
R e / . , ORNL, Oak Ridge, 
TN, Apr. 16-17, 1985 

28rh CRNL-DOE Conf. on 
Anal. Chem. in Energy 
Technol . , Knoxvi l le , 
TN, Sept. 30-Oct. 3 , 
1935 

36th Pittsburgh Cunf., 
New Orleans, LA, 
Feb. 25-Mar. 1, 1985 



7S 

SPEAKER 

Ramsey, R. S. 

Ro»«, H. H. 

Roaseel, T. M. 

Sucker, T. L. 

Sa les , B. C. 

Smith, D. H. 

Stewart, J . H. 

AOTHOR(S) AMD TITLE 

Raaaey, R. S. "Chemical Characteri-
aation of Selected Mil i tary Obscurants" 

Raaaey, R. S . ; Todd, R. A.* "Pulse 
Nodulated Heliua Ionization Detection" 

Roaa, R. H.: Alley C. S. "Evaluation of a 
Laboratory Robotics Systea" 

Roas, H. H 
in Envin 

Teaaley, N. A. 

"Radiocheaical Measure! 
nta l Analysis" 

Roaaeel, T. M.; Dale, J . M.; Hulett , L. D. 
Krause, H. F. ;* Pepai l l er , P. L . ; * 
Raaan, S . ; * Vane, C. R.;* Young, J. P. 
"Cheaical Ef fec t s in the Heavy-Ion-Induced 
X-ray S a t e l l i t e Emission (HIXSE) Spectra of 
Hiobiua Alloys and Coapounds" 

Rucker, T. L. "A Kulti-Coluan Step-Gradient 
Chromatography Systea for Automated Ion 
Exchange Separations" 

Sa le s , B. C . ;* Ramsey, R. S . ; Bates, J . B . ; * 
Boatner, I . A.* "Liquid Chromatography and 
Reman Spectroscopy Studies of Lead-Ircn 
Phosphate Classes" 

Donohue, D. L.; Smith, D. H.; Young, J . P. 
"Challenges in Isotope Ratio Mass Spectroaetry" 

Smith, D. H. ; Walker, R. L . ; McBay, E. H. ; 
Carter, J. A. "Development of Internal 
Standards for Plutonium and Uranium" 

Stewart, .1. H.; Dunn, H. W. "Quantitative 
Determination of Amoaite, Anthophi l i te , 
Crocidol i te and Chrysotile Asbesto* in 
Solid Materials by X-Ray Diffractome try" 

Stewart, J. H. "Rapid Combined Method for 
Quantitative Determination of Aaosite 
Anthophyllice, Crocidol i te and Chrysoti le 
Asbestos in Sol id Materials by X-rsy 
Diffractometry" 

Teaaley, N. A.; Eldridge, J. S. "A Systea 
for Precious Metals-and Special Nuclear 
Materials Inventories" 

PRESENTED AT 

Wayne State Univ. , 
Detroi t , MI, Sept. 20, 
1935 

AGO Inf. Mtg., CRKL 
July 25, 1985 

ACD Inf. Mtg., OUtL, 
Oak Ridge, TM, 
July 23, 1985 

Univ. of Tennessee, 
Kaoxvi l le , TO, Aug. 1, 
1985 

6th Symp. on X- and 
Gaaaa-Ray Sources and 
Applicat ions, Oniv. of 
Michigan, Ann Arbor, 
MI, May 21-23, 1985 

28th 0RNL/D0E Conf. on 
Anal. Chen, in Energy 
Techn., Knoxvil ie, TN, 
Oct. 1-3, 1985 

Aaer. Phys. S o c , 
Baltimore, KD, 
March 25-29, 1985 

D0E-P5S Chem. S c i . S i t e 
Rev., ORNL, Oak Ridge, 
TN, Apr. 1*-17, 1935 

ACD Inf. Mtg., CRNL, 
Oak Ridge, TN, 
July 23, 1985 

1935 0R0 Contractors 
Environ. Workshop, 
Knoxvil le , TN, Apr. 
23-24, 1985 

SE-SW Reg. Am. Chem. 
Soc. Mtg., Memphis, 
TN, Oct. 9-11, 1985 

Nat. Am. Chem. Soc. 
Mtg., Miami, FL, 
Apr. 28-May 1, 1985 



SPEAKER 

Todd, P. J. 

Tonkins, B. A. 

ADTWMUS) AHD TITLE 

Todd, P. J.; Leibaan, C. P.* "Secondary Ion 
Mass Spectrometry of Lewi* Acids™ 

Todd, P. J.; Leibaan, C. P.* "Lewi* Acid 
Enhanced Eaiiaaion of Organic Secondary 
Molecular Ion*" 

Todd, P. J.; Leibaan, C. P.* "Organic 
Secondary Ion Intensity and AncIyCe 
Concentration" 

Todd, P. J. "Local Thermal Equilibrium Model 
of Molecular Secondary Ion Emission" 

Todd, P. J.; Christie, W. B. 
Maai Spectrometry" 

"Secondary Ion 

Whitten, W. B. 

Todd, P. J . ; Croenewold, G. S. "Evaporation 
and Ion Damage in Molecular SIMS" 

Todd, P. J. "Secondary Ion K i n Spectrometry 
of Volat i l e Amine*" 

To<Jd, P. J . ; Leiboan, C. P . ; * Mamantov, G.* 
"Levi* Acid Enhanced Emission of Secondary 
Molecular Ion*" 

Todd, P. J . "Secondary Ion Maa* Spectrometry 
of Vo la t i l e Amine*" 

Tomkini, B. A.; Jenkini, R. A.; Reagan, R. S . ; 
Griest , W. H.; Holladay, S. K. "Liquid 
Chromatographic Determination of Trace Level* 
of Benzo(a)pyrene in Che Total Part iculate 
Hatter of Cigarette Smoke" 

Tonkin*, B. A. "Chromatographic Detector* U*ed 
for the Determination of Nitrated Polycyc l ic 
Aromatic Hydrocarbon*" 

Ramaey, J. M.; Whitten, V. B. "High 
Resolution Later Spectroscopy" 

TITLE 

33rd Annu. Conf. on Haas 
Spectrom. Allied 
Topica, San Diego, CA, 
Mey 26-31, 1985 

33rd Amm. Conf. on Masa 
Spectrom. Allied 
Topic*, San Diego, CA, 
May 26-31, 1985 

Fifth Int. Conf. on Ion 
Mae* Spectrom., 
Washington, DC, Sept. 
29-Oct, 4, 1985 

Fifth Int. Conf. on Ion 
Mass Spectrom., 
Washington, DC, Sept. 
29-Oct. 4, 1985 

DOE-BES Chem. Sci. Site 
Rev., ORNL, Oak Ridge, 
TH, Apr. 16-17, 1985 

33rd Annu. Conf. on Haas 
Spectrom. and Allied 
Topics, San Diego, CA, 
May 26-31, 1985 

ACD Inf. Mtg., ORHL, 
Oak Ridge, TH, 
July 23, 1985 

10th Int. Mass Spectrom. 
Conf., Swansea, UK, 
Sept. 9-13, 1985 

AT&T Bell Labs, Murray 
Kill, HJ, July 17, 
1985 

36U. Pittsburgh Conf., 
Nev Orleans, LA, 
Feb. 25-Mar. 1, 1985 

Hat. Am. Chem. Soc. 
Mtg., Miami Beach, PL, 
Apr. 28-May 3, 1985 

ACD Inf. Mtg., ORML, 
Oak Ridge, TH, 
July 23, 1985 



77 

SPEAKER ADTHOR(S) AMD TITLE 

Wise, M. B. Wise, M. B. ; Holladay, S. R.; B igg ins , C. E . ; 
. e n k i n s , I . A.; Guerin, M. R. "The Chemical 
Characterist ics of Smoke Delivered by Clove-
Containing Cigarettes" 

Wis-, M. B. "Fourier Transferal Mass 
Spectrometry: Advanced Instrumentation for 
Research and Chemical Analys:"*" 

Wise, M. B. ; Guerin, M. a. 
of Clove-Cigarette Smcke" 

"Chemical Analysis 

PRESERTED AT 

39th Tobacco Chemists' 
Res. Conf., Montreal, 
Quebec, Canada, 
Oct. 2 - 5 , 1985 

Five Plant Anal.Conf., 
Oak Ridge Rat. Lab. , 
Oak Ridge, TO, 
July 16, 1985 

Banbury Center Conf. on 
New Aspects of Tobacco 
Carcinogenesis , 
Cold Spring Harbor, 
Hew Tork, Sept . 8 -11 , 
1985 

Toung, J . P. Donohue, D. L . ; Smith, D. H.; Young, J . P. 
"Resonance Ionizat ion Mass Spectrometry at 
Oak Ridge Rational Laboratory" 

Young, J . P. "Counting Atoms and Isotopes 
by Resonance Ionizat ion Techniques" 

Young, J . P. "Counting Atoms and Isotopes 
by Resonance T oniza t ion Techniques" 

Young, J . P. "Counting Atoms and Isotopes 
Resonance Ionization Techniques" 

Young, J . P. "Counting Atoms and Isotopes 
Resonance Ionization Techniques" 

Young, J . P . ; Rosseel , T. K. ; Hulet t , L. D.; 
Dale, J . H. "Heavy-Ion Induced X-ray 
S a t e l l i t e Emission, HIXSE, A Rev Analytics 1 
Technique" 

Wilmarth, W. S . ;* Peterson, J . R.;* 
Young, J . P. "Spectrophotometry Studies 
of Californium in Selected Lanrhanide 
Trihalide Hosts" 

Young, J. P . ; Donohue, D. L . ; Smith, D. H. 
"Application of Resonance Ionizat ion Mass 
Spectrometry: Survey of the Lanthatiide 
Elements in the Region of 430-455 nm" 

Young, J . P, "Counting Atoms and Isotopes 
by Resonance Ionization Techniques" 

Central Reg. Mtg. Am. 
Chem. S o c , Akron, OH, 
June 5 -7 , 1985 

Chemical Ins t , of 
Be i j ing , Be i j ing , 
People's Republic of 
China, Aug. 19, 1985 

Ins t , of Atomic Energy, 
Be i j ing , People 's 
Republic of China 
Aug. 29, 1985 

Modern I n s t , of by 
Chemistry, Xian, 
People ' s Republic of 
China, Aug. 24, 1985 

Fuijian I n s t , of by 
Research on the 
Structure of Matter, 
Fuzhou, People's 
Republic of China, 
Aug. 28, 1985 

36th Pittsburgh Conf. 
4 Expo, on Appl. 
S p e c t r o s e , New 
Orleans, LA, Feb. 25-
Har. 1, 1985 

SE-SW Reg. Am. Chem. 
Soc. Mtg., Memphis, 
TR, Oct. 9 - U , 1985 

Annu. Mtg. Opt. Soc. 
of Am., Washington, 
DC, Oct. 14-18, 1965 
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Buchanan, H. V. 5 1 6 
Carter, J. A. 2 2 4 
Chriitie, W. H. 1 1 
Clark, B. R. 2 2 4 
Costanzo, D. A. 2 2 
Dale, J. M. 1 1 
Eldridge, J. S. 2 2 
Feldaan, C. 5 5 
Cliah, C. L. 2 1 3 
Criest, W. H. 4 3 7 
Cuerin, M. R. 10 10 
Hulett, L. 0. 4 2 6 
Jenkina, R. A. 1 1 
Lyon, V. S. 3 2 3 8 
Maakarinec, M. P. 3 4 7 
Raatey, J. M. 2 1 3 
Raaaey, R. S. 5 1 6 
Ro»f, H. H. 1 4 2 7 
Roaaeel, T. M. 2 2 
Shaw, R. W. 1 1 
Shulta, W. D. 2 2 6 10 
Todd, P. J. 1 6 2 9 
Toakina, B. A. 12 2 7 21 
Whitt«n, W. B. 1 2 3 
Wise, M. B. 1 1 
Young, J. P. 4 2 6 

Total 47 2 2 2 3 2 2 35 41 136 
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DIVISIONAL HAN-POWER AND FINANCIAL SUMMARY 
FY 1985 

Source SK PY 

DOB program* 
Health and Environmental Research 
Basic Energy Sciences 
Nuclear Energy 
Fossil Energy 
Safeguards and Security 
DOE - Miscellaneous 

Total DOE programs 

658 4.9 
1,382 10.0 
340 2.5 
321 2.6 
497 3.5 
89 0.7 

3,287 24.2 

Work for others - federal agencies 
Department of Defense (U.S. Army) 
National Cancer I n s t i t u t e 
Department of S t a t e 
National I n s t i t u t e on Drug Abuse 
Miscellaneous 

Total work for others - federal agencies 

444 3.8 
388 3.1 
124 1.1 
163 1.4 
44 0.4 

1,163 9.8 

Work for others - nonfederal agencies 
Protective coating companies 
Uranium ore testing companies 
International Research and Development Corporation 
Miscellaneous 

Total work for others - nonfederal agencies 

108 0.9 
46 0.4 
128 1.1 
176 1.5 
458 3.9 

Support/Services 
0RNL divisions 
Other clients 

Total financial plane 

4,479* 69.1 
1,145* 16.0 

5,624* 85.1 

10,532 123.0 

*Does not reflect Laboratory general and administration expense or general 
plant services. 



80 

A M A L V T I C A l C H C S M T H T OfYNUOM 

W D r * U l T * . M E C T O R 
S J RAMWtT, SCC 
S t QkCM*. SEC 

T K C M H H C A L SUPPOMT 

OUAUTT ASSURANCE COOHOllMTOA W • l A M f t * 
OUAI ITT CONTROL O f f K E N - P L W O W f l l " 
IMCRMMCT SAMPLES COOAOIAA TO*, J f EMERY* 
ENVMONMCNTAL PROTECTION omcE*. i •* STEW ANT* •1 

AOMUMSTNATlVE SEBVICES. * L * A R * O 0 * 
T. A DAMME* . SEC 

F M A N C t OFFICER. Z M S t M S O N " * 
SAFETY ofneu. * L MAAAOO* 
RADIATION CONTROL ownctR. • t (ONES' 
A F M I M A m r C ACTtON M P R E SEMTATtVf. S 0 CATf S* 

ANALYTICAL SPS cm oscorr 

J A CANTER. SECTION HEAO 
O C SMITH. SCC 
M 6 VINEYARD. SEC ' 

M O N A M V C C M U M T 1 T 

J R STOHCl* . SECTION H lAO 
S 0 C A T U . S E C * 

M W O A C T I V I M A T t M U L S L A S O I t A T O N M U 

W R LAiMS. SECTION HEAD' 
t • M M O M . SCC 

ACTMHOCS A N O ISOTONIC 
H A M Mtcniovtniv 
R L W A U C f t . M O U P LEADER 
L K SfRTRAM 
I f 9 M A T 
i a wutufi 
C A fllfTCHAAO 

M W MOMACf* 
( C MULCH 

M O N O A M C AWO SECONDARY I O N MASS 
• M C T K O M C T I I T 

W H CHRISTIE. « I O V Lf AOER 
o c aoumof 
C P UESMANN* 
S A M M M T T W 
P J TOOO 
R f V A U 4 A 

N C BRYANT 
( H W A T f U * 

I N S T R U M C N T A T I O N * * a 

M H •OSS ONOuP LEADER 
D A • o s n e * 
L m KLATT 
J M H A W t l V 
I L I U C X M 
H M b u w 
H • WNlTTCN 

•MCTI IO*CO»IC * « • rao««Aif* 

o » M I I H . «ou» L U O I I 
o L CKMOXUI' 
H f H f f O M m 
j » r O u M 

0 L Ol t f r t . n 
1 M M C I A T 
I A M C i u C M r * 

o H n n A « 

L o M t i f T T . n 
I M O A l f 
T M H O t t f f l 

CHEMICAL AND P N 1 M O A L ANALYSIS 

J M STEWART. J « CNOUP LEADER' 
S J I M I O W H l 
C P E L O M A N 
• C GRANT 
c s MACOOuCA. I 
J C M I C f 

c S A L l f Y 
J H MACCUTT 
a L HOLMES 
• T M I L P O T 
M r SOGERS 
a • WEBS 

S N V m O M M f H T A l ANALYTICAL LABORATORY 

M M F M C U S O N CROJP uADER 
W 1 MUSlC I 
J M W A O f 

L t BARRINGS* 
M I MOOiC 
S J MORTON 
c i WATSON 

M • G U I R M . MCTiOM HCAO 
P J M U U M S . U C 
I D COL0CN. SCC 
D J w m i sic 

MAOfOACTrVE MATBJUALB AMALTTlCAL 
t A M N A T O N T 

D A C05TAMZ0. OSOUP LFAOU 
P I HOWELL* 
R E JONES' 

l R MALI 
M 6 MCCLUMC 

M O U ^ V I AMD m O J « C T « 

M G OAVTft 
I I I JONCS' 
J M KCLLf* 

t W P J U * 

HAOIOCWIMICAL AND ACTHfAT IJA AAALTtM) 

j r I M ( H T . e a o w P U A o r ^ ' 
> f O T M 
i S I L M I C M K 
V R O t l M t O N 

M A T t A t U T 

1 AHALTTICAL LASOHATOI IT 

J 1 l O T T f . M O l t P LEADCR 
j M m i l 

C 0 VANMAOOAC 
M 1 P i n N S . i* A fMIFT 
S C W i l l i 
C C FOUST I SMirT 
J 0 M A Y T M 
II A JONES C W » T 
R w i A H i 
ff ' P A C I 0 SHIFT 
M I CAROA 

OA«ARWC M T A A A T M H I S AND • T W T M E » « 

W H c * * * r . CROUP LEAOCR 
C -I I . HO. Pi 
C r MA 

M P M A S C A R M f C . PI 
0 f •UHTOM* 
A A C A A f V * 
0 I M A M M M C 

• A TOMUMS 
R W MARVTY 

0H4AMC AMALYAIS 

j E CATOM. anour ICAOEH 
M V. •UCMAMAM. PI 
% I KOLLAOAT 
R MCftft lWCATMR 
I • RUfMN 
M • WISE 

W M CALOWffU 
S N HARMON 
a M HCftOCRSO* 
a OLER»CM 

L O W ' U V I L HAO*OCHIM»CAl ANALYSIS 

r a scc * r , GROor LEADIR 
I 0 SISLI 
p s aouot 
c c a«A(»2«« 
1 L IOMRINO 
W C M A S S E T 
S H PRIfTW/OOO 

n M u u MID raoMCTt 
• » HOUKHna. aaour ixxtfn 
T M OATU1' 
j M MOmrHUN 
> ( U M H V 

ll A Mtnm% m 
C I H M S H M ' 
c v mowrso* 

o D FAM 

O O M V l T A H T f 

C < M M " 
C MAMAMTOV 
M J f fAANIAK 

A O m M R T C O H H t T T I l 

J ' A A / I H 
J C G A A f t t f l l ' 
f H i i I / / » « I 
j w r A n . 0 4 

i m M B l H T H A K T O a A T l O X AUD 
» 0 I U T W ( U » * K A e € M O * « A M 

• I I C l A H I . m O C A A H M A M A M " 
• e V I M Y A K O M C ' 

COWUTMt AMO TftfCOMUUHICtT l)h$ OlVlilO* 
FWAHCl AMD UATMIMt DtVlilOM 
mnnuuixTtrio* AHO comtoii orvwo* 

' ttui ring AHIUIMMT 
' rmoocromu gruoim urn 
• UAvl or Atrmcn IATA 
' wiQMm rrIIO*I 



81 

ORNL-6236 
Distribution Category UC-4 

INTERNAL DISTRIBUTION 

1. " . Adair 6 9 . E. H. Krieg 136. J . C. White 
2 . \ . D. Anderson 7 0 . W. R. Laing 137. W. B. Whitten 
3 . B. R. Appleton 7 1 . C. E. Laab 138. M. K. Wilkinson 

4 - 2 8 . J . T. Atherton 7 2 . A. P. Kallnauskas 139. P. Wooldridge-Paducah 
2 9 . S . I . Auerbach 7 3 . D. L. Manning 140 . R. G. Wymer 
30 . J . B. B a l l 7 4 . M. P. Maskarinec 141 . J . P. Young 

31-32 . V. B. Baylor 7 5 . S. A. McLuckey 142. A. Zucker 
3 3 . Z. H. Benson 7 6 . L. E. McNeese 1 4 3 . B i o l o g y Library 
34. D. A. Bost ick 7 7 . 0 . B. Morgan 144. Laboratory Sh i f t Supv. 
35 . J . L. Bot ts 7 8 . R. W. Morrow 145. ORNL Y-12 L ibrary , 
36 . H. V. Buchanan 7 9 . W. R. Muslck Document Reference 
37 . W. D. Burch 8 0 . D. C. Parzyck 146. Laboratory Records, 

38 -39 . J . A. Carter 8 1 . J . M. Peele 0RNL-RC 
4 0 . J . E . Caton, J r . 8 2 . H. Postma 147. ORAU Technica l Library 
41 . W. H. C h r i s t i e 8 3 . H. L. Poutsma (MERT) 
42 . B. R. Clark 8 4 - 8 5 . R. H. Powell 148. 0RAU/UPD 
43 . D. A. Costanzo 8 6 . J . M. Ramsey Beth J inkerson 
4 4 . J . M. Dale 8 7 . R. S. Ramsey 149. Patent S e c t i o n 
45. R# M# Davis 8 8 . C. R. Richmond 150. PGDP Library 
46 . J . G. Dorsey 8 9 . D. E. Reichle (B. Barbre) 
47. F. F. Dyer 9 0 . L. Robinson 151-152 . Centra l Research Library 
48 . B. G. Eads 9 1 . P. S. Rohwer 153-156. Laboratory Records 
49. J . S. Eldridge 9 2 . H. H. Ross 157-158. Technica l P u b l i c a t i o n s 
50 . J . F. Emery 9 3 . T. M. Rossee l 
51 . L. D. Eynan 9 4 . T. H. Row 
52 . C. Feldman 9 5 . I . B. Rubin 
53 . N. M. Ferguson 9 6 . T. L. Rucker 
54 . J . C. Franklin 9 7 . T. G. Scott 
55. W. Fulkerson 9 8 . R. W. Shaw 
56 . T. M. Gayle 9 9 - 1 2 3 . W. D. Shul ts 
57. G. L. Gl i sh 124. D. H. Smith 
58 . D. E. Goerlnger 125. J . H. Stewart 
59. R. A. Griesemer 126. J . 0 . S t i e g l e r 
60 . W. H. Grles t 127. J . R. Stoke ly 
61 . M. R. Guerin 128. P. J . Todd 
6 2 . R. L. Hahn 129. C S. Travagl inl 
63. C. -h . Ho 130. B. A. Tomklns 
6 4 . L. L. Horton 131. H. E. Trammell 
65. L. D. Huletc 132. R. L. Walker 
66 . R. A. Jenkins 133. C. W. Weber 
67. J . M. Ke l l er 134. R. S. Wi l t sh i re 
68. L. N. Klatt 135. M» B# Wise 



82 

EXTERNAL DISTRIBUTION 

158. D. A. Coffin, Health Effects Research Laboratory, MD-52, EPA, 
Research Triangle Park, NC 27711 

159. Paul Cunningham, Analytical Chemistry Division, Los Alamos 
National Laboratory, CMB-1, MS G740, Los Alamos, NM 87545 

160. P. Duhamel, Pollutant Characterization & Safety Research, Office 
of Health & Environmental Research, USDOE, GTN, Washington, DC 20545 

161. J. U. Frazer, 6767 Alisal Street, Pleasanton, CA 94566 
162. J. E. Garaelr. Sohio Engineered Materials Company, P.O. Box 832, 

Niagara falls, NY 14302 
163. C. Giddings, 3978 Emigration Canyon, Salt Lake City, UT 84108 
164. G. Goldstein, Pollutant Characterization & Safety Research, Office of 

Health & Environmental Research, USDOE, GTN. Washington, DC 20545 
165. J. A. Goleb, Division of Safeguards and Security, USDOE, GTN, 

Washington, DC 20545 
166. David W. Green, Chemical Technology Division, Argonne National 

Laboratory, 9700 South Cass Avenue, Argonne, IL 60439 
167. Institute for Energy Analysis, P.O. Box 117, Oak Ridge, TN 37830 
168. G. Hieftje, Chemistry Department, Indiana University, Bloomington, IN 

47401 
169. R. Hirsch, Division of Chemical Sciences, Office of Energy Research, 

USDOE, ER-162, GTN, Washington, DC 20545 
170. G. Hamantov, Dept. of Chemistry, University of Tennessee, Knoxvilie, 

TN 37916 
171. R. S. Marianelli, Division of Chemical Sciences, Office of Energy 

Research, USDOE, ER-14, GTN, Washington, DC 20545 
172. R. B. Neel, US Nuclear Regulatory Commission, MS-130SS, Willste 

Bldg., 7915 Eastern Avenue, Silver Springs, MD 20210 
173. T. B. Owen, National Cancer Institute, Bethesda, MD 20014 
174. E. Pelllzzari, Director for Analytical Sciences, Research Triangle 

Park, NC 27709 
175. D. Stevenson, Division of Chemical Sciences, Office of Basic Energy 

Sciences, USDOE, ER-142, GTN, Washington, DC 20545 
176. U3DA SEA-TIS National Agricultural Bldg., Current Serial Records, 

Beltsville, MD 20705 
177. R. W. Wood, Deputy Director, Office of Health & Environmental 

Research, USDOE, ER-74, GTN, Washington, DC 20545 
178. D. J. Wynn, USATHAMA, DRX TH-TE-A, Bldg. E4585, Aberdeen Proving 

Ground, MD 21010 
179. Office of Assistant Manager, Energy Research and Development, DOE, 

Oak Ridge Operations Office, Oak Ridge, TN 37830 
180-324. Distribution as shown In D0E/TIC-4500 under category UC-4 (Chemistry) 

(25 copies—NTIS) 

»U.». QOVUmtMl FffWTMO OffKt l«M431 -0MO0290 


